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Abstract 

Dramatic improvement in Hodgkin Lymphoma (HL) survival rates over recent 

decades has come at significant cost: treatment‐related late effects which are 

epitomised in female HL patients treated at young ages.  

The aims of this PhD were to investigate the clinicopathological features of 

secondary breast cancers following irradiation, and to explore treatment-

related risk factors for a range of less well reported but clinically significant co-

morbidities including: thyroid abnormalities, bone disorders, lymphoedema, 

and neuropathies. 

A national cohort study of 5,002 female HL patients treated with 

supradiaphragmatic radiotherapy was extended and updated to include 803 

breast cancers after mean follow up 24.7 years. Histological subtype and 

hormone receptor status did not differ markedly from sporadic breast cancers, 

however cases were more commonly diagnosed at young ages, early stage, 

were higher grade, and bilateral. More aggressive clinical features 

(oestrogen/progesterone receptor negative, triple negative, high grade) 

occurred more commonly with shortest follow up time after HL treatments.  

I designed and conducted a questionnaire study in 237 HL survivors 

demonstrating high cumulative burden of a range of conditions at mean 23.5 

years since treatment. The most frequently reported disorders were thyroid 

(33.8%), with significantly raised risks after neck irradiation, and neurological 

disturbance (36.1%). Increased risk of sensory disturbance was associated 

with increasing cycles of chemotherapy, particularly vinca-alkaloids. 

Osteoporosis occurred commonly at young ages and was associated with a 

significantly increased risk of bone fractures. Lymphoedema and dropped 

head syndrome were less frequently reported but represent potentially 

overlooked late effects following high dose irradiation in adulthood. In 

summary, this work describes and investigates the risks of a range of HL-

treatment related late effects, some of which have been scarcely investigated, 

which contributes to knowledge of late effects in both adult and childhood 

treated HL patients, with potentially important clinical implications.   
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Chapter 1  

 

1. Introduction  

1.1 Background  

Hodgkin Lymphoma (HL) is one of the most common malignancies diagnosed 

in young adults and represents a remarkable success story for Oncologists –

in the last few decades treatments have seen transformation of what was once 

an almost universally fatal disease to one where the majority of patients are 

now cured following the introduction of combination chemotherapy alongside 

radiotherapy.1  In the 1970s, less than 50% of people diagnosed with Hodgkin 

Lymphoma survived beyond 10 years compared with over 80% in the current 

era.2 However this success has come with a cost – late toxicities from the 

treatments. There is a growing cohort of long-term HL survivors, likely over 

10,000 in the UK, 3 who are living for many decades after their treatment. The 

treatments are now known to be highly toxic and long-term HL survivors are 

at high risk of treatment-related mortality and morbidity, which seriously 

impact on their long-term health and quality of life.4,5   

The long term treatment consequences are particularly pertinent to address 

for Hodgkin Lymphoma survivors as this population of patients combine a 

distinct set of characteristics; they are largely young age at incidence,6 have 

high survival rates7 and the treatments used have included high dose, large 

field radiotherapy and combination chemotherapy treatments for cure which 

result in high risks for long-term side effects. Female survivors in 
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particular may be at greater risk of specific late outcomes from HL treatments 

such as osteoporosis,8,9 hypothyroidism10,11 premature menopause12,13 as well 

as gender-specific cancers such as breast cancer.14   

The substantially raised risks of women developing breast cancer following 

chest irradiation have long been established in a large number of studies over 

the last 3 decades,1-7 however fewer have been able to describe or interrogate 

a range of clinicopathological characteristics of these breast cancers. This is 

because, despite being an increasingly recognised and important cause of 

morbidity and early death in HL survivors, second breast cancers are still a 

relatively infrequent event within the general population, they take many years 

to develop following treatments,8-10 so even within dedicated cohort studies 

many cases may be lost to follow up, historic case-notes may also not have 

rigorously recorded pathological details or may be incomplete or destroyed, 

the testing for certain characteristics have only been developed more recently 

(e.g. HER-2 receptor testing), and national and regional datasets may not have 

systematically captured all of these variables over many decades. Thus, even 

the largest late effect studies are limited by small numbers of breast cancer 

cases with incomplete clinicopathological details.  

Part of this research comprises a cohort to investigate a range of these 

clinicopathological features of secondary breast cancers. The study is unique 

in the range of variables that have been collected with high completeness over 

a long diagnostic and follow up period. 

In addition to breast cancers, a range of other non-fatal but clinically significant 

co-morbidities in HL survivors have been described, some of which have been 
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well characterised in relation to treatments, such as thyroid disorders, but have 

predominantly been reported on in those treated historically and often in those 

treated in childhood. 

Other long-term sequelae such as neurological disturbance,11,12 osteoporosis, 

and lymphedema have been much less widely reported on in this population, 

but represent important, and potentially overlooked causes of serious long-

term morbidity. There is a need to specifically address some of these issues, 

such as neurological disturbance, which has been rarely reported on with long-

term follow up and lymphoedema and osteoporosis for which there is very 

limited to no data in the HL population. 

The background literature and rationale for the range of co-morbidities 

focussed on within this research is described in more detail within Chapter 5. 

Overall the range and severity of this morbidity burden is distressing13 and has 

enormous multisystem medical ramifications for these patients, impacting 

significantly on their quality of life.14,15 Poor awareness and limited data on 

these outcomes mean that many conditions go undiagnosed and unmanaged 

by the medical community.16-18 The burden has also translated into much 

higher use of healthcare facilities by HL survivors than the general 

population.19  Capturing the full morbidity profile is therefore very important. 
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1.2 Scientific Rationale and Aims of PhD  

The largest studies to date that have analysed and profiled a wide range 

of non-fatal co-morbidities that HL survivors develop have focussed 

on patients treated predominantly in childhood and have described 

outcomes for HL survivors grouped amongst those treated for a range of 

childhood cancers, not specifically examining a range of late effects following 

HL treatments. Many of these studies have also been undertaken in patients 

treated with historical treatments15-17 and late effect risk profiles may have 

changed with more modern treatments as there has been a general move 

towards de-intensification of treatments over recent decades.18   

An overarching aim of this research is to therefore address the need to 

investigate a wide range of late effects, in particular late effects which have 

been less well described, for women who have been diagnosed and treated 

for HL in adulthood (as well as childhood) as well as for patients who have 

been diagnosed and treated more recently.   

Specific aims include:  

1. Investigate with up to date follow up the prevalence and clinical 

characteristics of breast cancers in young women treated for HL since 

the 1950s.  

2. Investigate the prevalence and incidence of a range of less well 

reported non-fatal but clinically significant co-morbidities in women 

treated for HL including: thyroid abnormalities, bone 

disorders, lymphoedema, neuropathies, fertility and premature 

menopause.  
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3. Analyse the risk of developing these co-morbidities according to 

detailed HL treatment and a range of lifestyle-related risk factors 

including smoking, alcohol and physical activity in childhood and 

adulthood.  
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Chapter 2 

2. Methods 

2.1 Introduction 

The work undertaken involved building on and improving an existing cohort 

and nested case control study based at the Institute of Cancer Research (ICR). 

The original cohort comprised 5,002 women treated for Hodgkin Lymphoma 

with supradiaphragmatic radiotherapy across England and Wales at ages <36 

during the years 1956-2003, and was set up in order to investigate long-term 

risk of breast cancer in these women.20 In this chapter I will describe the 

background to how this cohort was established and detail the work I undertook 

over the course of this PhD to improve and extend the cohort and data 

collected. The study is ongoing and will form part of future work outlined within 

Chapter 12 of this thesis. 

2.2 Cohort Set up  

The cohort was originally established as part of a collaborative academic and 

national clinical recall exercise between Professor Anthony Swerdlow and 

consultants at treatment centres across England and Wales, under the 

auspices of the Department of Health (DoH). This was undertaken between 

2003-2010. The broad aims were as follows: 

• Identify all women in England and Wales treated for HL with 

supradiaphragmatic radiotherapy (likely to have included part or all of 

the breast) at age < 36 years, as far back as records would allow. 
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• Recall these women identified to be at high risk for breast cancer to 

clinic to be counselled on their breast cancer risk and offer appropriate 

breast cancer surveillance.  

• Establish the incidence of breast cancer in these women after HL 

treatments including supradiaphragmatic radiotherapy. 

• Investigate a range of environmental, behavioural and hormonal risk 

factors known to influence breast cancer risk to be able to produce 

individualised risk estimates for these women. Reproductive and 

menstrual risk factors were investigated via a questionnaire sent out to 

all eligible women. Pathology specimens and blood samples were also 

collected for women who were identified as having developed breast 

cancer. Blood samples were also collected for matched controls within 

the cohort (i.e. women who had been treated for HL but did not develop 

breast cancer matched on date and age of first treatment and length of 

follow up). 

A national effort was required to assemble this cohort with the input and 

collaboration of a large number of institutions. The Department of Health 

coordinated development of a “Toolkit” document which was written to provide 

guidance on the practical elements of this exercise. The Toolkit was authored 

by an “Expert Advisory Group” which included a range of experts in HL, breast 

cancer, epidemiology, screening and genetics. The document was sent out by 

the DoH National Cancer Policy team, disseminated to lead cancer clinicians 

across the country, GPs (if patients were discharged from follow up), breast 

cancer consultants and cancer network managers to ensure optimum and 



 

29 
 

comprehensive national engagement with patient identification, data collection 

and patient contact. It contained comprehensive guidance on how to identify 

patients and collect treatment from different data sources, provided templates 

for data collection, assigned regional data collection co-ordinators, provided 

guidance on how to contact and recall patients (and their relatives) to counsel 

them regarding breast cancer and gave detailed advice on breast cancer 

surveillance options to be communicated with patients. The study received 

approval from the South East Multi-centre Research Ethics Committee which 

at the time also encompassed Welsh centres. 

Patient Identification 

A total of 7,912 women were identified as having been diagnosed with HL 

under the age of 36 across England and Wales, of whom 5,002 were found to 

have been treated with radiotherapy above the diaphragm.  

A number of data sources were used to identify potential cohort members over 

this period: 9 regional population-based cancer registries (8 English registries 

and 1 Welsh registry), which identified all registered patients diagnosed with 

HL (earliest dates variable by region but earliest year of diagnosis 1956), 37 

cancer networks, radiotherapy centres and Lymphoma treating services 

across England and Wales. Approximately 50 hospital consultants who treated 

Lymphoma patients formed the “England and Wales Hodgkin Lymphoma 

Follow-Up Group” who also contributed to identifying and collecting data for 

these women. At some hospitals, consultants had databases of HL patients 

which were shared with the study team.  



 

30 
 

Lists of potentially eligible patients provided by each of these sources were 

sent to the ICR and manually cross-matched by the team at the ICR to 

eliminate duplicates in records due to name changes, record errors, or women 

moving between areas, and to eliminate those patients who on cross-matching 

were found to have diagnoses other than HL (i.e. non-Hodgkin Lymphoma).  

Data collected 

In order to undertake cohort analyses investigating risk of breast cancer after 

HL treatment according to a range of treatments and other breast cancer risk 

factors, once the patients were identified, the following data were collected 

and / or confirmed: 

• Current residence in UK confirmed 

• Vital status and date of death if deceased or date of last follow up 

• Date of HL diagnosis  

• Details of HL treatments 

• Date of breast cancer diagnoses 

• Details on environmental, behavioural and reproductive risk factors for 

breast cancer 

• Tumour and blood samples for women identified with breast cancer 

• Where possible diagnostic mammograms of breast cancer cases 

Information on demographic details of the patients and residence in the UK 

was established through the cancer networks, cancer registries, and through 

medical case-notes. Treatment information was extracted from medical 

records at hospitals, radiotherapy centres and Lymphoma treating centres via 

a data collection form. Where notes had been destroyed or could not be 



 

31 
 

traced, it was attempted to confirm treatment information through clinical 

correspondence and radiotherapy planning records to be able to establish 

fields and doses of radiotherapy delivered. 

Follow-up and vital status of the women was collected through the same data 

sources and also through contact with GPs to establish if contact was possible 

or appropriate. Vital status was collected with 97% completeness until 31st 

December 2008.20  

For patients who were still alive, questionnaires were then either handed to 

the patient at clinic or sent by mail to the patient, if the GP or treating clinician 

considered it was clinically acceptable to do so. The questionnaire, with signed 

informed consent, obtained the information on environmental, behavioural, 

menstrual, and reproductive risk factors for breast cancer. A total of 2,504 

women of 3,507 (71.4%) who were eligible to be contacted, returned 

completed questionnaires at the last point of follow up in 2008. 

Data on breast cancer incidence was obtained from cancer registries, medical 

case-notes, breast cancer screening clinics, reports from clinicians and by 

direct report from the patients themselves. Oestrogen receptor (ER) status 

was obtained from medical records. Pathology specimens for breast cancer 

cases were also requested to obtain further information about the tumour 

phenotypes in particular oestrogen, progesterone and HER-2 receptor status. 

Where possible details of oestrogen receptor status for the breast cancers 

were also collected from medical case-notes, and from registries. 

The data collected from this exercise established the largest cohort worldwide 

on treatment-related effects in young women with HL, and enabled analyses 
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of breast cancer risk after radiotherapy in female HL patients according to a 

range of treatment-related and reproductive and hormonal risk factors which 

produced several key publications in this area.20-22 

2.3 Improving and expanding the cohort  

On joining the research team, I commenced work to update and expand the 

original cohort to address the research questions which have been described 

in the aims section of Chapter 1. This was achieved by undertaking the 

following steps: 

1. Updating treatment information for the 5,002 original women to include any 

treatments that had been received after 2003 (the last point of treatment 

information when the cohort was originally established) until 2018. However 

2010 was chosen as the last year of first treatment in the new protocol so as 

to allow sufficient time (at least 5 years when we made the applications in 

2015) following treatments for late effects such as breast cancer to have 

developed. 

2. Improving completeness of the treatment data by obtaining missing 

treatment (and other) data for the original cohort. 

3. Updating breast cancer incidence for the cohort and improving 

completeness of oestrogen, progesterone, and HER-2 receptor status data. 

4. Expanding the clinical information collected both for HL cases (e.g. 

histological subtype and stage) and for the breast cancers to include grade, 

histological subtype, stage at diagnosis, receptor status and treatments for 

breast cancers. 
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Figure 2.1 summarises how I have updated the original cohort data and what 

data sources were used. 

Additional ongoing work 

The above aims have allowed me to undertake the work that is described 

within the PhD. I am also currently in the process of expanding the cohort in 

additional ways which will form the basis of future work which is described in 

the Chapter 12.  I am working to: 

1. Expand the cohort to include any female HL patients first treated at ages 

<36 years from 2003 until 2010. 

2. Expand the cohort to include all women who received any treatment for HL, 

not limited to supradiaphragmatic radiotherapy as far back as records would 

allow. 
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Figure 2.1 Data flows and sources for work undertaken and updated work 

1956-2003 2003-current 

Diagnoses 
English and Welsh cancer 
registries 
Cancer networks  
Radiotherapy centres 
Hospital consultants 

  Update & crossmatch all known HL cases 1956-2010 
 Public Health England 

 Hospital Consultants  
Databases of clinical trial patients 

7912 women 
diagnosed HL 

<36 

  

    
    Update & improve treatment data 2003-2018 
Hospital case notes data 
collection  

  Hospital case notes data collection 
Databases of clinical trial patients 

Radiotherapy centres    
Hospital consultants     

 5002 women 
treated with 

SupraRT < 36 

  

  Update vital status / follow up until 2018 
Public Health England (linked to Office of National Statistics) 

    
Follow up data     
Breast cancer cases     
English and Welsh cancer 
registries 
Cancer networks 
Screening clinics 
Patient reported 
(Questionnaires) 

   Update breast cancer and clinical information until 2016 
Hospital case notes data collection 
Public Health England 
Histopathology reports 

  

373 breast 
cancer cases 

 

 
  

Hospital consultants   
Red shaded area=work undertaken as part of original recall exercise; blue shaded area=work undertaken as part of PhD to expand and update the cohort 
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Applications for cohort expansion 

To achieve these aims involved writing and submitting a number of formal 

applications, which due to the timeline for this PhD, I commenced work on with 

Professor Swerdlow approximately 1 year prior to registering for my PhD. We 

co-authored a substantial amendment application to the national Health 

Research Authority (HRA) Research Ethics Committee (REC) and to the 

Confidentiality Advisory Group (CAG) Committee in order to be able to receive 

identifiable and sensitive information about patients without their consent 

(under Section 251 of the NHS Act 2006). This application also involved 

amending the existing study protocol, providing scientific justification for the 

extension of the research, and designing the data collection form and 

supportive paperwork (study protocol synopsis, study flow diagram, letters of 

invitation and updates to consultants and letters to research teams) for this 

extension. These supporting documents are attached in Appendix A and 

described in more detail within data collection, section 2.6. We also worked 

with the Lymphoma Association to provide a summary for patients and the 

public as a news article published on their website. 

We obtained the approvals from the national ethics and privacy committees in 

England (REC and CAG) by 23rd May 2016. We also made an application for 

adoption of this study onto the National Institute for Health Research (NIHR) 

Clinical Research Network (CRN) portfolio which I also co-wrote with 

Professor Swerdlow. 

It was not possible during the time constraints for this PhD to obtain permission 

to seek this further information for the patients who had been diagnosed and 
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treated in Welsh centres (who represented 2.9% of the cohort and therefore a 

great deal more work for relatively little gain). This will potentially be part of 

future work. 

In order to establish the total updated cohort of HL patients and also to receive 

information on updated breast cancer cases we applied to the National Cancer 

Registration and Analysis Service (NCRAS) within Public Health England, 

where regional cancer registry data has been centralised across England 

since 2005. This involved writing and submitting an application to the Office of 

Data Release (ODR), including detailed data specifications and justifications 

for use of each data item, and responding to queries from the ODR.  

2.4 Establishing an updated and “cleaned” cohort 

Updated data and crossmatching information 

We obtained from NCRAS in January 2017 an updated list of all women 

diagnosed with Hodgkin Lymphoma under the age of 36 years across the 

country from 1956 until 2003. These cases needed to be crossmatched with 

the assembled cohort of 5,002 women at the ICR, who were known to have 

received supradiaphragmatic radiotherapy, in order to remove duplicates and 

merge new information provided by NCRAS in order to update data for the 

cohort. Table 2.1 demonstrates the variables we received for the HL cases 

and the completeness of each variable. I received the following identifiable 

data from NCRAS to be able to perform crossmatching for; names, date of 

birth, NHS number, postcode, date of death and date of diagnosis of HL. 

I peformed crossmatching checks in Microsoft Access using combinations of 

these variables to establish a “true match.” Discrepancies were manually 



 

37 
 

checked using other variables and rules for accepting these discrepancies 

described in Table 2.2. Surnames in general were not used as part of 

crossmatching queries due to the high frequency of women changing 

surnames after marriage during this time period. 

In total 4668 (93.3%) of the original cohort were matched to the NCRAS 

dataset. Of the 334 patients who were not matched, a substantial proportion 

(143, 42.8%) had been originally diagnosed in Wales and provided by the 

Welsh cancer registry and Welsh hospitals during the original recall exercise. 

PHE data does not include patients diagnosed in Wales so these would not be 

expected to matched.  

The remaining unmatched cases (191, 3.8%) were confirmed cases of HL 

obtained through the recall exercise collected through the various sources 

previously described (cancer networks, hospital case notes, radiotherapy 

centre records or information from treating clinicians) but were not present in 

NCRAS records. There are multiple reasons why cancer registry data may not 

record all incident cases in a population which have been well described 

related to the quality and efficacy of collection, information sharing systems, 

timeliness of notifications and recording from multiple sources over time.23,24 

There were also likely cases captured by this exercise from a period earlier 

than that covered by PHE. In this case, that only 3.8% of cases from this cohort 

were unmatched to the registry demonstrates a high degree of completeness 

of HL case identification by the registry for this period compared to other 

studies assessing cancer registration in England.25 
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The proportion of Death Certificate Only (DCO) cases recorded was also low 

with only 9 of the 4668 (0.2%) established from this route, which is another  

indirect measure of high completeness of registration of these HL cases 

through the registries.23 

Each patient of the entire cohort was then assigned a unique 8-digit ICR 

patient ID. 
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Table 2.1 Completeness of patient and diagnostic information received from PHE for 4668 HL patients matched to original cohort 

HL=Hodgkin Lymphoma; ICD-10=International Classification of Diseases version 10 

 
 

Completeness 
 

Number of HL patients with complete demographic & disease-related variables (%) 

Name 
Date of 

birth 
NHS 

number 
Date of 

Diagnosis 
Postcode 

Diagnostic 
site code 
(ICD-10) 

Behaviour 
code 

Morphology 
code 

Place of 
diagnosis 

Complete 4668 (100) 4668 (100) 4189 (89.7) 4668 (100.0) 4517 (96.8) 3248 (69.6) 4481 (96.0) 4597 (98.5) 4065 (87.0) 

Partially complete 0 0 0 0 0 0 0 0 17 (0.4) 

Missing 0 0 479 (10.3) 0 151 (3.2) 1420 (30.4) 187 (4.0) 71 (1.5) 586 (12.6) 
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Table 2.2 Combinations of variables used to match HL cases between registry and 
cohort cases and rules for accepted discrepancies 

Queries used for matching Discrepancies accepted 

NHS number 1 digit error / 2 digit transpsitions if name, 
date of birth, date of death (if applicable), 
HL diagnosis date matched (or within 6 
months) 

Firstname and date of birth and 
date of HL diagnosis 

Alternate spellings of first names (e.g. Clare 
versus Claire) accepted if date of birth and 
date of HL diagnosis matched 

Firstname and date of birth and 
date of death 

Different first names accepted (as above) 
and dates of HL diagnosis within 6 months 
accepted if date of birth and dates of death 
matched  

Firstname and date of diagnosis 
and postcode / region of residence 

Different first names (as above) and 
birthdate accepted if day / month 
transposition error (e.g. 06/07/1983 versus 
07/06/1983) and postcode / region similar 
and date of HL diagnosis within 6 months 

  



 

41 
 

Diagnostic codes 

The Hodgkin Lymphoma cases sent to us by NCRAS included site-specific 

diagnostic codes from a range of coding systems over time. These coding 

systems (Table 2.3) included; the World Health Organisation (WHO) 

International Classification of Diseases, Eighth, Ninth and Tenth Revisions 

(ICD-8, ICD-9, ICD-10), and ICD-O (International Classification of Diseases 

for Oncology), versions 2 and 3 (ICD-O-2 and ICD-O-3), and MOTNAC 

(Manual of Tumour Nomenclature and Coding). An overview of the evolution 

of these coding systems and how they relate to each other is provided in 

Figure 2.2.26 

Of the 4,668 HL cases successfully matched to the NCRAS dataset, there 

were 3,493 (74.8%) HL cases which had been assigned an ICD-10 code by 

NCRAS through a centralised standardised mapping of codes using WHO 

guidance (personal correspondence with PHE cancer data analyst). For the 

remainder of cases, NCRAS provided us with coded information about the site, 

morphology and behaviour of the cancer using historical coding sytems. I used 

this information to map more historical codes, according to the coding system, 

along with morphology and behaviour information, to create an updated 

derived ICD-10 code for all of the remaining 1,175 cases using guidance 

provided in the ICD-10 and ICD-O Third Edition Manual and Surveillance, 

Epidemiology, and End Results (SEER) guidance.26,27 The decisions made 

are shown in Appendix B (Table 1). For the 334 unmatched HL cases that had 

been captured during the original  
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Table 2.3 Coding systems for classification of diseases 

Coding System  Years covered Number of patients (%) 

ICD-8 1968-1978 183 (3.9) 
ICD-9 1979-1998 803 (17.2) 
ICD-10 1990 3602 (77.2) 
   ICD-O-2†    1992-2000    3248 (69.6) 
   ICD-O-3†    2001-    354 (7.6) 
MOTNAC 1951 80 (1.6) 

Total  4668 (100.0) 
†oncology specific classification within the ICD-10 revision  

 

 

Figure 2.2 Evolution of international classification systems for cancers 

 

ICD=international Classification of Disease; WHO=World Health Organisation; ACS=American Cancer 
Society; CAP=College of American Pathologists; MOTNAC=Manual of Tumor Nomenclature and 
Coding; STAT=Statistical Code for Human Tumours; SNOMED=Systematised Nomenclature of 
Medicine
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Table 2.4 Derived site, morphological and behaviour codes 

Derived 
ICD-10 

Description 
Morphology 

Codes ICD-10-
O2 / O3* 

Behaviour 
Code 

n % 

C77.9† 

Secondary and 
unspecified 
malignant neoplasm 
of lymph node 

8000,9590,9658 3 3 0.1 

C81.0 
Nodular lymphocyte 
predominant 
Hodgkin lymphoma 

9659 3 76 1.5 

C81.1 
Nodular sclerosis 
classical Hodgkin 
lymphoma 

9650-9667 3 1572 31.4 

C81.2 
Mixed cellularity 
classical Hodgkin 
lymphoma 

9652 3 188 3.8 

C81.3 
Lymphocyte 
depleted classical 
Hodgkin lymphoma 

9653 3 83 1.7 

C81.7 
Other classic 
Hodgkin Lymphoma 

8000, 9650 3 6 0.1 

C81.9 
Hodgkin Lymphoma, 
unspecified 

8000, 9650, 
9661-9662 

3 3074 61.4 

Total 5002 100.0 

†confirmed HL cases primary HL during recall exercise 
*missing for a total of 405 (334 unmatched cases plus 71 of the cases matched to PHE) 
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cohort, for some cases we had text describing the histological subtype of HL 

which had been ascertained from case notes. In these cases, the relevant ICD-

10 code was derived using this information but for cases where it was 

unspecified a code of “C81.9” was assigned. A summary of the overall final 

derived ICD-10 codes that were assigned for the entire cohort (5,002 women) 

from NCRAS data and originally collected data are provided in Table 2.4. 

Hospital information 

I assembled a list of 251 current cancer treating centres across England and 

Wales (and the trusts within which multiple hospitals were grouped). Each 

patient was then assigned a hospital for the location of their HL diagnosis in 

order to be able to seek updated treatment information. 

We received a hospital name for 4065 (87.0%) of the 4668 matched cases. I 

compared this to hospital information where it was available from the original 

recall exercise dataset, which also incorporated the cancer network and 

registry information, to check the hospital assigned was accurate. Among 

these hospital names received from PHE, there were a substantial number of 

cases (1256, 26.9%) where an alternative centre needed to be allocated for a 

number of reasons: 

1. Hospital name was not specific to one hospital (e.g. St Mary’s, West 

Midlands NOS, SBH) - 261 cases 

2. The centre provided was not a hospital (e.g. St Wilfred’s hospice, GP) 

– 19 cases 

3. The hospital had closed or merged with another centre – 942 cases 

4. Private hospitals – 34 cases 
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In these cases, an alternative hospital was allocated to each patient. I chose 

to reassign private hospitals to the nearest NHS hospital as private hospitals 

were not covered by the NIHR CRN research portfolio funding (although were 

covered within the ethical approvals). As many private cases are discussed 

within NHS multidisciplinary teams at an associated site where the consultant 

works or cases may be reviewed by pathologists within an NHS site we hoped 

to be able to capture this information from these nearby or associated centres.  

The choice of alternative hospital was made based on the postcode of the 

patient from both PHE sources and from the original recall dataset, or network 

/ registry information from the original dataset to assign the geographically 

closest largest cancer-treating centre.  

The same procedure was adopted for the 603 (13.0%) patients with missing 

hospital information and for the 334 unmatched cases.  

Therefore in total, hospitals had to be manually assigned or re-allocated for 

2193 (43.8%) of the cohort.  

2.5 Identifying new and missing information 

HL demographic and treatment information 

New information I wished to obtain which had not been collected 

systematically during the initial recall and data collection exercise included: 

• Any treatments received by women who were alive after 01/09/2003 

• Histological subtype of HL 

• HL stage (including presence of B symptoms) 

• Date of stem cell transplant, type of transplant (autologous or 

allogeneic) and transplant conditioning regimens used 
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Some stem cell transplant information had been collected within 

chemotherapy regimens as part of the original recall exercise so this needed 

to be separated out from within the original dataset to be able to determine 

what information collected was “new” (described further in merging and 

harmonising data). 

At 01/09/2003, 4,144 of the cohort were still alive so could have received 

further treatment at relapse, however 120 of these were Welsh so were not 

included in further data collection. Of the 858 women who had died by 

01/09/2003, 60 were identified as having key missing treatment variables 

(described below). 

There was therefore a total of 4,084 (81.6%) of the original 5,002 patients for 

whom I sought further information.  

In order to improve the dataset, I also established what were the key missing 

data, or data that needed to be improved or clarified, for the entire cohort. I 

wrote a program in STATA v16.0 in order to describe the degree of 

completeness of select key variables from the original data. I chose the 

following variables as key to look for further information if some or part of the 

data was missing or needed checking: 

• Date of birth 

• Date of diagnosis 

• Date of first radiotherapy treatment 

• Dose of radiotherapy (for any epsiode of treatment) 

• Specific field of radiotherapy (for any epsiode of treatment) 

• Date of first chemotherapy treatment 
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• Chemotherapy regimen or drugs received (for any epsiode of 

treatment) 

There were many examples of “non-specific” fields of radiotherapy from the 

raw dataset which I flagged for further clarification. For all of the patients in the 

cohort we had received confirmation that they had received some form of 

supradiaphragmatic radiotherapy. However for many patients, no anatomical 

field detail was given, or the information given could not be clearly related to 

an anatomical site (e.g. “upper half”, “boost”, “involved field”). There were also 

cases where we had received detailed information about the 

supradiaphragmatic sites of radiotherapy but unclear information about other 

sites of radiotherapy that were received (e.g. “lower body”, “bone disease”, “rt 

below diaphragm”) for which I elected to seek clarification. In addition there 

were discrepancies in relation to some of the treatment or diagnosis dates 

between different data sources.  

I wrote a STATA program to summarise the degree of completeness and any 

discrepancies of information for each of these variables and for each episode 

of treatment (where there were multiple episodes). I generated a count of the 

number of variables with missing or contradictory information per person and 

an overall count of the total number of women of the 5,002 who had any 

missing information (Table 2.5). 

I established there were a total of 2,091 patients who had data missing from 

any of these key variables or had data that needed checking. Of these, 143 

women had been treated in Welsh hospitals, so I was unable to collect further 

information for these patients. I also elected not to seek further information if 
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there was only 1 of the following data items missing as these were deemed to 

have minimal impact on the final analyses; the month of birth, month of 

diagnosis, month of first chemotherapy, number of chemotherapy cycles 

missing for only one episode of chemotherapy treatment, or month of date of 

first radiotherapy. 

This resulted in a total of 1,698 women (33.9%) for whom I sought key 

“missing” treatment variables from the original cohort. This was important to 

flag when we were in contact with hospitals so we could highlight this 

information as being important.  

So overall I sought new data for a total of 4,084 women from the original 

cohort, of whom 1,698 had missing key data I sought to clarify. 

Figure 2.3 shows the overall patient sample for whom I collected further data.  
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 Table 2.5 Completeness of key variables collected during original recall exercise 

NK=not known; mth=month; yr=year; SupraRT=supradiaphragmatic radiotherapy; InfraRT=infradiaphragmatic radiotherapy 
*% of total cohort 5,002 
†includes those with missing data or data to be improved for ≥1 episode 
††Of 3,300 patients known to have had chemotherapy

Variable Data missing or to be improved 
No. of 

patients 
%* 

Total no. of 
patients 

%* 

Treatment info > 2003    4144 82.8 

 Women alive at 01/09/2003 4144 82.8   

Date of birth    52 1.0 

 Month NK 4 0.08   
 >1 mth difference between data sources 48 1.0   

Date of diagnosis    315 6.3 

 Year and month NK 98 2.0   

 Month NK 126 2.5   
 >1 yr difference between data sources 91 1.8   

Date of first radiotherapy    337 6.7 

 Month NK 189 3.8   
 No date info 148 3.0   

Field of radiotherapy†     656 13.1 

 Any field of radiotherapy to be clarified 656 13.1   

Dose of radiotherapy†    942 18.8 

 Any SupraRT field dose missing 921 18.4   
 Any InfraRT field dose missing 66 1.3   

Date of first chemotherapy††    371 11.2 

 Month NK 143 2.9   
 No date info 228 4.6   

Chemotherapy regimen††    362 11.0 

 Unknown drugs / regimen 358 7.2   
 Drug clarification  4 0.08   

No. of chemotherapy cycles††    899 27.2 

 NK 899 18.0   

Any Key Variable Any missing or data to be improved from any key variable 2091 41.8 
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Figure 2.3 Sample size within total cohort for whom new and missing treatment 
information collected  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The green shaded areas represent the women for whom I sought further information for.  This was made 
of 4144 women who were alive on 01/09/2003, the last point at which treatment data was collected, and 
included 1698 women with key historical treatment data missing from the original data collection 
exercise. 
858 women who had died by 01/09/2003 (red shaded area) could not have received further treatment 
but 60 had key missing data so these were also included in the data collection exercise (green area). 
We were unable to collect further information for any of the 143 welsh patients (blue shaded area). 
I therefore sought data for a total of 4,084 women. 
SupraRT=supradiaphragmatic radiotherapy 

  

4144 alive 2003 

143 
Welsh 

858 died 2003 

5002 women treated with SupraRT across England and Wales 

1698 
Missing 

key 
treatment 

data 
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Breast Cancer Information 

Information on breast cancer incidence as well as certain clinical information 

about these cases was collected from various sources over many years with 

varying degrees of completeness (described in the next section 2.6).  

At the point of starting work on this PhD, a total of 724 breast cancer cases for 

626 women had been identified as occurring in the cohort of 5,002 women 

until 31/05/2015. The earliest year of diagnosis of a breast cancer case was 

1979. 

The data collected and completeness of each variable at the point I 

commenced work on this PhD is summarised in Table 2.6. The breast cancer 

incidence in this cohort of women was last published with 97% complete 

follow-up until 2008 (at that point 373 patients had developed breast cancer).20 

Since that time regular updates of new cases were received periodically from 

cancer registries, screening clinics and reports from hospital consultants 

between 2008-2015. However other clinical variables such as histological 

subtype, stage and grade were not rigorously collected as can be seen by the 

large proportion of missing data in Table 2.6 (histology 37.1%, stage 79.4%, 

grade 86.6%). As part of this research I improved on the completeness of the 

following variables and collected new information. Variables I improved 

completeness for included: 

• ER, PR and HER-2 receptor status (and scores) 

• Anatomical breast cancer stage 

• Histological subtype and tumour behaviour 

• Laterality 
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Table 2.6 Baseline completeness of breast cancer data for 724 breast cancer cases at start of PhD 

ER=oestrogen receptor; PR= progesterone receptor; HER-2=Human epidermal growth factor receptor 2 

 

 

Completeness 

Number of cases with breast cancer variables complete (%) 

Date of 
diagnosis 

Place of 
diagnosis 

Side of 
breast 
cancer 

(laterality) 
 

Behaviour 
 

ER status 
 

PR status 
 

HER-2 
receptor 
status 

Histology Stage Grade 

Complete 630 (87.0) 679 (93.8) 675 (93.2) 627 (86.6) 349 (48.2) 223 (30.8) 186 (25.7) 455 (62.8) 144 (19.9) 97 (13.4) 

Partial Info 94 (13.0) 42 (5.8)  0 0 0 0 0 0 5 (0.01) 0 

Missing 0  3 (0.4) 49 (6.8) 97 (13.4) 375 (51.8) 501 (69.1) 538 (74.3) 269 (37.1) 575 (79.4) 627 (86.6) 
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New variables I sought included: 

• Grade of breast cancer 

• Whether breast cancer case was screen detected 

• Breast cancer treatments 

2.6 Data collection  

Demographic, treatment and some breast cancer information was collected 

via a multicentre national data collection exercise. Breast cancer information 

was collected partly through this exercise but also via data linkage with PHE 

datasets, obtained directly from hospitals and also from pathology 

departments and through the collection of histological specimens. The data 

collection processes adopted to obtain different types of data are described 

within this section. 

Socio-economic status was derived from postcode information at the point of 

diagnosis which are used to assign an “Acorn score.” These scores are 

produced by a company called CACI28 and use census and other 

geodemographic data to produce categories of socio-economic status ranging 

from high (category 1) to low (category 6).  

Treatment and demographic data 

A Microsoft Access database was established in order to manage the data 

collection process for 4,084 patients that I had identified for whom to collect 

missing treatment and demographic information.  

A harmonised list was created of demographic details with an individual 

hospital code assigned per patient. A total of 239 hospitals was identified to 
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contact within 195 hospital “Trusts” (an organisational unit within the NHS 

usually comprised of 1-3 hospitals) for these 4,084 women.  

I identified a lead consultant contact and a lead research and development 

(R&D) team contact for each hospital which was incorporated into the contact 

database in order to be able to track contact with each person within the site. 

Opening sites 

In order to collect further data for these patients, under current national 

research regulations, each site was required to review and process all of the 

updated ethical approvals, amendments to the study documents, data 

collection forms and supporting documentation, as well as reviewing their own 

capacity to perform the research before issuing “Confirmation of Capacity & 

Capability.” This was a labour intensive and time-consuming process which 

could take many months per site and for some sites >2 years. I acted as the 

co-ordinator for this activity overseeing the opening of all sites. I authored the 

core study documents for data collection and co-authored supporting 

documentation that was required for sites to open  with Professor Swerdlow. 

These documents included: 

• Synopsis of study extension (Appendix A) 

• Reports of numbers of patients by decade of diagnosis and vital status 

• Flow diagram of activity (Appendix A) 

• Schedule of Events 

• A “log sheet” template (list of patients to collect data for) (Appendix A)  

• Data collection – Medical Records Form (Appendix A) 
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I wrote to each site and team, explained the study, conducted “site induction 

visits” (which included telephone conferences) and answered all queries from 

the teams in order to open this study successfully at 174 sites. Once I had 

received confirmation of capacity and capability from the site, we sent the team 

a list of the women for whom we wished to collect data, via a secured nhs.net 

email, on a site-specific “log sheet” along with a specifically designed data 

collection form.  

Data collection – Medical Records Form 

I designed and produced a data collection form (Medical Records Form) 

(Appendix A) in order to collect the following items: 

• updated treatment information after 2003 

• missing treatment variables from before 2003 

• vital status 

• details on breast cancer diagnosis including anatomical stage, grade, 

histological subtype and receptor information 

• follow up frequency and length 

Due to the large number of centres and teams we needed to contact and 

describe the study process to and in order to be able to collect data for a large 

number of patients, for simplicity the same data collection form was used for 

all patients whether patients had only partial information missing, small 

discrepancies, or lots of missing information. However, for the patients 

identified as having key missing treatment variables, these were flagged to the 

team as particularly important. Teams were asked to complete 1 form per 

patient. 
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Study process and data management 

Lists of patients were sent to each site via a log sheet and staff were asked to 

provide a “response code” for each patient  to indicate whether or not they 

were able to locate records for the patient at that site using the codes “Y” (Yes), 

“N” (No) or “P” (Partial information).  

No information or partial information available 

If the team were unable to locate (response code “N”) we requested a reason 

to know whether to seek information elsewhere. I assigned a “follow up status” 

summary code to be able to track patients’ status: 

• No Treatment Info - New Centre 

• Notes destroyed 

• No record of patient 

• Visiting patient from abroad 

• Insufficient staff for workload – not returned 

If the first site had no information, I used the original data sources to look for 

an alternative site of treatment and reallocated the patient to this site. If the 

team could only find partial information for the patient’s treatment (e.g. the 

patient was referred to another centre to be treated - often for radiotherapy or 

transplants, or patient moved abroad during treatment) we asked the team to 

allocate a response code “P” and again asked for alternative treating hospital 

or consultant information. We also asked for information about when patients 

were known to have moved abroad for censoring of follow up. 

For all patients we received either a “P” or an “N” code for, I reallocated these 

patients to an alternative hospital. 
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Completed Medical Record Forms 

Once a completed Medical Records Form (MRF) was received, the data was 

entered to a designated database. I worked closely with the data entry team 

who would raise any queries with me at the time of data entry to minimise 

errors. This also enabled immediate clarification of data with the site and 

hospital teams (e.g. chemotherapy regimen provided “hybrid regimen.”) 

If data items were left blank or missing by the hospital teams, we generated a 

“missing data” report sent back to the hospital study team. 

Each patient was assigned an overall “follow up status” code used to 

summarise the status for each patient for internal study monitoring purposes 

and also to generate a “Recruitment Report” for each centre. Periodically each 

centre was sent a recruitment report which detailed the patients they had 

completed data collection for and those for whom we were still awaiting 

information. 

If we had received completed medical records forms but with missing 

information, we sent an accompanying “Missing Data Report” to ask for these 

items or if the information needed further clarification.  

A flow diagram describing the workflow for establishing the cohort and data 

collection is presented in Figure 2.4.   

Recruitment 

Once a completed medical records form was received with treatment 

information the patient was counted as “recruited” to the study. I generated 

monthly reports which were then uploaded to the NIHR CRN portfolio for 

national funding allocation purposes.   
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Figure 2.4 Flow diagram describing cohort identification and data collection 

dob=date of birth; ICR=Institute of Cancer Research  
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Study Pilot  

A sample of 50 random patients were selected from those who were 

diagnosed at the Royal Marsden Hospital and sent to the research team there. 

Based on the feedback received alterations were made to the Medical Records 

Form and the recruitment reports.  

Breast Cancer Data 

Information on new breast cancer cases we well as updated information on 

previously identified cases was obtained from a variety of sources. 

Data Collection – Medical Records Form 

The following breast cancer-related variables were requested as part of the 

national data collection exercise (Medical Records Form within “Other 

Cancers” section): 

• Date of breast cancer diagnosis, side of breast cancer, stage, grade, 

ER, PR and HER-2 receptor status and scores, histological subtype, grade, 

behaviour and whether screen detected. 

This was undertaken only for the 4,084 HL patients for whom we were 

seeking missing treatment and demographic information. 

NCRAS and historical cancer registry data 

Periodic updates of breast cancer cases that developed in the women in this 

cohort were received from regional cancer registries between 2003-2010 prior 

to the centralisation of cancer registration systems under NCRAS. These were 

sent directly from the regional registries as lists of new cases which were then 

cross matched at the ICR to ensure there were no duplicate cases.  
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As part of this PhD, we applied to PHE to receive a centralised update on all 

breast cancer diagnosis in the women who had been successfully 

crossmatched with English registry sources (4,668 women). In January 2017 

we obtained from NCRAS a total of 748 breast cancer cases that had occurred 

in 640 of the total cohort. The earliest year of breast cancer diagnosis was 

1979. Due to known lag times between the occurrence of cases being 

registered centrally with national registration services, we cut the most recent 

time of breast cancer case diagnosis as 31/7/2016 based on numbers of cases 

after this time falling markedly so likely to be much less complete. 

We received the following variables from NCRAS about these breast cancer 

cases: 

• Date of breast cancer diagnosis, hospital of diagnosis, side of breast 

cancer, stage, grade, ER, PR and HER-2 receptor status and scores, 

histological subtype, grade and behaviour.  

Table 2.7 demonstrates the degree of completeness of each variable we 

received from NCRAS.  

Most of the breast cancer cases (98.0%) had been assigned an ICD-10 site-

specific diagnostic code by NCRAS (C501-C509 for an invasive case or D050-

D059 for ductal carcinoma in situ). For the 15 (2.0%) where this information 

was missing we had received site coded information from historical coding 

systems, morphological code and behaviour which I used to create an updated 

ICD-10 diagnostic code (in a similar method adopted for the HL case 

diagnostic coding). 
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Pathology specimens 

Pathology specimens for the breast cancer cases have been requested from 

histology departments in hospitals across England and Wales since January 

2012 any time new cases of breast cancer were identified.  

Once a specimen and the associated histology report was received at the ICR, 

a member of the study administrative team scanned the histology report and 

entered diagnostic and clinical information about the breast cancers onto a 

dedicated Microsoft Access database. Information collected for each case 

included: 

• Date of specimen, type of specimen (e.g. core biopsy, mastectomy), 

TNM status (tumour, node, metastasis), size of invasive tumour (mm), 

presence of invasive carcinoma, presence of carcinoma in situ, grade 

of invasive component, grade of non-invasive (in situ) component, ER, 

PR and HER-2 status, morphology code or description of morphology. 

We have received histopathology reports for a total of 438 breast cancer cases 

and tumour tissue for 279 cases.  Tumour micro arrays are created from the 

pathology material, as a resource for molecular epidemiology studies but this 

was not in the scope of this PhD work. 

Hospital teams and MDT Co-ordinators 

Any missing clinical information data items that persisted following the larger 

systematic data collection exercises described above after harmonisation and 

cross-matching of all information received, were checked on an individual 

patient level by phoning or writing to hospital treating teams, MDT co-

ordinators and histopathology departments. 
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Table 2.7 Completeness of diagnostic information received from PHE for 748 second breast cancer cases in HL patients 

Completeness 
Number of patients with breast cancer variables complete (%) 

Date of 
diagnosis 

Site 
diagnostic 

code 
Behaviour Laterality ER status PR status 

HER-2 
status 

Grade Histology 
Anatomical 

Stage 

Complete 
748 (100.0) 737 (98.5) 741 (99.1) 0 325 (43.4) 195 (26.1) 244 (32.6) 567 (75.8) 733 (98.0) 472 (63.1) 

Partially complete 
0 0 0 0 8 (1.1) 0 0 0 0 79 (10.6) 

Missing 
0 11 (1.5) 7 (0.9) 748 (100.0) 415 (55.5) 553 (73.9) 504 (67.4) 181 (24.2) 15 (2.0) 197 (26.3) 

ER=oestrogen receptor; PR=progesterone receptor; HER-2=human epidermal growth factor-2 
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2.7 Merging & harmonising data 

Treatment and demographic data 

Demographic and treatment data received from each medical records form 

was compared with raw data collected from the original cohort at an individual 

record level due to the complexity of the differences in the data fields to 

generate a final merged record per patient. This involved selecting the most 

complete and accurate data available from all sources. Any additional or 

entirely new data were added to each patient’s record. Some general rules 

were adopted in order to choose data which was likely to be the most accurate 

and comprehensive if discrepancies existed (Appendix C).  

Breast Cancer Data  

All of the breast cancer cases obtained from the various data sources 

described above were harmonised into a complete and updated dataset for 

this PhD. All breast cancer cases that were diagnosed prior to the first HL 

treatment were excluded from analyses. 

This involved creating a dedicated Microsoft Access Database which linked to 

5 main sources of data which included: 

• List of all cases collected via cancer registries since 2003 

• The NCRAS updated list of breast cancers from Jan 2017 

• Breast cancer data collected from the national data collection exercise 

for this PhD 

• Histopathology sample database 

• Information collected from hospital teams, MDT co-ordinators and 

pathology labs 
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Multiple cross checks were performed to ensure there were no duplicate cases 

and all cases were confirmed as breast cancer. This included cross-matching 

names, date of birth, dates of diagnosis, NHS numbers, place or region of 

diagnosis, diagnostic codes and clinical information.  

Cancer registries follow rigorous guidance to ensure that only new incident 

cases are recorded if information is received about multiple cases occurring in 

the same person, so it was generally presumed that all cases reported by the 

registry sources were new and distinct cases. Where we received information 

about cases from hospital records, histology specimens, hospital teams or any 

other source we devised rules using guidance that has been written by the 

SEER Program Coding and Staging Manual for multiple primaries29 to ensure 

only new diagnoses were recorded where there was potentially more than 1 

case reported (i.e. multiple primaries). Rules are included in Appendix C 

(Table 2.) 

I performed checks on all cases where there were queries about the diagnosis 

e.g. if diagnosis suggested from hospital records via a mammogram report but 

no histological confirmation. This involved chasing histology specimens, 

calling treating teams or cross-checking information from multiple sources. If 

we had not received registry or pathological confirmation of a breast cancer 

case but had received information that the patient had been treated with 

chemotherapy or radiotherapy for breast cancer this was recorded as a case.  

Where there was conflicting information or discrepancies between data 

sources, data sources were prioritised to take the source most likely to be 

accurate in the following order of most reliable to least corroborated: 
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Pathology > registry information > documents from hospital case-notes > 

Medical Records Form data > MDT co-ordinators / hospital team information. 

Breast cancers were categorised by their behaviour into invasive cases or 

carcinoma in situ, but all types of behaviour are shown in results. 

Receptor status’ for breast cancer cases were, in general, poorly reported prior 

to 2000, in particular for non-invasive cases (although slightly more complete 

for ER status compared to PR and HER-2 status). I therefore report 

completeness of all receptor status as a proportion of invasive cases 

diagnosed >31/12/1999. 

Receptor status’ were defined either by NCRAS or from pathology or medical 

records, defined according to international recommendations prior to January 

2020 where a positive result for ER, PR or HER-2 status was characterized by 

an immunohistochemical result of ≥10% of cells staining positive, or for HER-

2 if at 2+ staining positivity was then determined by gene amplification via 

fluorescent in situ hybridization (FISH) procedure.  

Invasive carcinomas were further characterized using receptor status into 

intrinsic tumour subtypes of clinical and prognostic significance;30,31 “Luminal 

A” (ER+,PR+,HER-2-), “Luminal B” (ER+PR-HER-2+/- or ER-PR+HER-2+/-), 

“HER-2 enriched” (ER-PR-HER-2+) or “triple negative” (ER-PR-HER-2-). If 

any receptor status was unknown these are shown as “unclassified intrinsic” 

subtype. 
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2.8 Grouping treatment data for analyses 

For each patient in the cohort, an updated and merged treatment record was 

created per person which included radiotherapy, chemotherapy and transplant 

data, which could contain multiple episodes of treatment. 

Different types of treatment were grouped to allow for analyses of breast 

cancer risk according to different types of treatment and treatment-related risk 

factors. The broad groupings and how they were achieved are as follows: 

• Radiotherapy fields 

o Supradiaphragmatic radiotherapy including breast 

o Supradiaphragmatic radiotherapy field not including breast 

o Supradiaphragmatic radiotherapy plus infradiaphragmatic 

radiotherapy 

• Chemotherapy drug classes 

o Classic alkylating agents 

o Non-classic alkylating agents 

o Anthracyclines 

o Vinca-alkaloids 

o Platinums 

o High intensity multi-drug regimens (MDRs) – regimens 

containing > 4 chemotherapy drugs 

I generated rules for grouping radiotherapy fields based on anatomical terms 

for each episode. These were used to generate an overall summary 

description of any field of radiotherapy received used for analyses. Rules for 

grouping radiotherapy fields are provided in Appendix D. Doses of each 
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episode of radiotherapy field were summed to give total overall doses of 

radiotherapy to these different field groups per patient. Where different doses 

were provided for radiotherapy fields within a larger “summary” field for the 

same episode (e.g. mantle 40Gy, axillae 38Gy, neck 39Gy), the maximum 

dose per episode was chosen.  

In order to group chemotherapy regimens according to classes of 

chemotherapeutic agents they contained, I provided rules based on individual 

drug names or regimens to form chemotherapy class groupings, using 

guidance provided by the SEER treatment antineoplastic drugs database.32 

This required extracting each drug contained within the regimens recorded for 

those who had received chemotherapy. A total of 1,237 variations of 

chemotherapy regimens were harmonised into groupings of different classes 

of chemotherapy which were made up of combinations of 90 different drugs 

(Appendix E). Various “non-chemotherapy” drugs which were included in raw 

data such as anti-emetics and also steroids were not included as 

chemotherapeutic agents. An overall indicator variable describing whether or 

not each patient had received a particular class of chemotherapy was 

generated for analyses.  Total numbers of cycles of each class of agent were 

calculated per episode. Total overall numbers of cycles of each type of 

chemotherapy class received per patient were also calculated across all 

episodes.  

Chemotherapy used within transplant conditioning regimens were included 

within groups of chemotherapy agents and counts of number of cycles used. 
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Distinct “lines” of chemotherapy were defined by the start of a new episode of 

chemotherapy treatment, usually with a different regimen or drug, except if 

hybrid regimens (e.g. ABVD/ChlVPP) were used with consecutively dated 

episodes which were counted as 1 line of treatment. If the same drugs were 

used for different episodes, a gap of at least 2 months after the end of a 

treatment episode prior to the start of another chemotherapy episode would 

count as 2 distinct lines of treatment. 

Transplant data were grouped according to type of transplant (i.e. autologous, 

allogeneic, or unknown). 

These groupings and calculations were performed using code written in SAS 

v 9.4. 

2.9 Analyses 

I have tabulated the numbers and proportions of women with improved 

demographic, treatment and breast cancer data and overall baseline clinical 

characteristics of the cohort. I have also tabulated clinical characteristics of 

breast cancer cases including behaviour, laterality, stage, grade, ER, PR and 

HER-2 receptor status and intrinsic subtypes.  

Testing for differences in proportions of clinical characteristics by time since 

first radiotherapy and age at first radiotherapy were undertaken using Chi 

Square test and p values given. Tests for linear trend were undertaken using 

extended Mantel-Haenszel Chi Square test for linear trend and p(trend) values 

given.  

At the time of writing this thesis, there remain a large proportion of women for 

whom we have not yet received complete treatment data from all of the 
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hospitals, for the reasons described in Chapter 2.5, I therefore could not at this 

stage conduct satisfactory analyses of risk of breast cancer in relation to 

treatment, to compare with the literature on this.33-36 I have therefore not 

presented in this thesis, cohort analyses of risk using national “expecteds” by 

age and calendar year, and instead these will form part of future work leading 

on from the data collection during my PhD. 

There is a second type of analysis that the data collection enables, and for 

which I can make valid comparisons with the literature using the data now 

collected: analyses based on the clinical characteristics of the breast cancers 

for which no national expected data are available and where comparisons with 

the literature therefore centre on comparisons with clinical series (e.g. Withrow 

et al,35 Gervais-Fagnou et al37), and comparisons with data on the same 

characteristics in breast cancers in the general population. 

I have therefore presented proportions of breast cancers by behaviour, grade, 

stage, and subgroups of clinical significance including oestrogen receptor 

status and triple negative breast cancers. These are tabulated according to 

age at first treatment, decade of first treatment, age at breast cancer diagnosis 

and follow up time since first HL treatment. Testing for differences in 

proportions within these tabulations were undertaken using Chi Square test 

and p values given. Tests for linear were undertaken using extended Mantel-

Haenszel Chi Square test for linear trend and p(trend) value given. All p values 

were considered significant at <0.05. 
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Chapter 3 

3. Results 

3.1 Improving the data – overall summary 

Of the 5,002 women who had been identified as part of the original recall 

exercise, a range of data were improved upon and extended via various data 

sources. Table 3.1 summarises the proportion of the total cohort for whom 

different variables were either improved upon or entirely new data were 

collected during the course of this PhD, and the data sources from which this 

information was collected. For some variables, the number for whom data 

were collected depended on how complete data were at the beginning of the 

PhD which has been described in the methods e.g. date of birth was complete 

for 99.0% of patients at baseline so only needed to be improved for 1.0%, 

whereas stage of HL and follow up / vital status needed to be collected for all 

of the cohort. 

Entirely new data which were sought and successfully collected for the cohort 

included socioeconomic status (81.1%), histological subtype (48.7%), stage of 

HL at diagnosis (22.8%) and place of HL diagnosis (43.8%). Follow up and 

vital status was established for 95.6% of the cohort until 1st October 2018, at 

which point 1,621 (32.4%) of the cohort had died and 3,278 (65.5%) were 

known to still be alive. 103 patients (2.1%) had emigrated or were not traceable 

by PHE (Public Health England). For 220 of the patients unmatched to English 

registries (largely Welsh patients), we had established vital status following
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 Table 3.1 Proportion of patients or breast cancer cases with new and improved data and data sources 

HL=Hodgkin lymphoma; OC=original cohort; NCRAS=national cancer registration and analysis service, MRF=medical records form, MDTs=multidisciplinary team 
coordinators

Type of data New or Improved Data Source(s) n % 

Date of birth Improved OC, NCRAS, MRF 48 1.0 

Date of HL diagnosis Improved OC, NCRAS, MRF 315 6.3 

Place of HL diagnosis New & improved OC, NCRAS 2193 43.8 

Socioeconomic status New OC, NCRAS (derived) 4056 81.1 

Follow up / vital status Improved NCRAS, MRF, hospital teams 5002 99.2 

Histological subtype HL New NCRAS, MRF 4994 48.7 

Stage HL New NCRAS, MRF 1139 22.8 

HL treatments New & improved OC, MRF 1062 21.2 

Total 5002 100.0 

Breast cancer cases New & improved OC, NCRAS, MRF, Pathology 803 - 

   Histological subtype New & improved NCRAS, MRF 206 25.7 

   Receptor status of breast cancers New & improved NCRAS, MRF, Pathology, MDTs, hospital teams 338 42.1 

   Stage of breast cancers New NCRAS, MRF, hospital teams 659 82.1 

   Grade of breast cancers New NCRAS, MRF, hospital teams 706 87.9 

   Laterality of breast cancers New & improved NCRAS, MRF, hospital teams 70 8.7 

Total 803 100.0 
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treatment for 179 patients at some point prior to October 2018 (range 0.9 – 

48.2 years after treatment, mean follow up time 20.5 years) and for 41 patients 

we had no information on their vital status after their HL treatment. Overall, 

therefore we had vital status information after HL treatment for 99.2% of the 

cohort.  

HL treatment data has been improved for 1062 (21.2%) of the cohort in 

addition to new episodes of treatment collected for a total of 323 patients within 

the cohort (detailed improved treatment data shown in Section 3.4 Table 3.6).  

A total of 79 new cases of breast cancer (including invasive and non-invasive) 

were added to the 724 known at the beginning of this PhD at 31/05/2015 to 

give a total of 803 cases which occurred after HL treatment in the 5,002 

women. Entirely new data which were sought and successfully collected 

included stage (82.1%) and grade of breast cancer (87.9%). Data which were 

improved for the enlarged number of breast cancer cases included histological 

subtype (25.7%), laterality (8.7%) and receptor status (42.1% improved for at 

least 1 type of receptor including oestrogen, progesterone or HER-2), (Section 

3.7, Table 3.7). 

3.2 Data collection - site opening and response rates 

A total of 4,084 patients of the total cohort had been identified for whom to 

seek further treatment information, as well as to improve certain demographic 

and clinical characteristics.  

As a result of the length of time taken for hospitals to undertake the process 

of “opening” the study at their site (described in Chapter 2, Methods), which in 

many cases involved substantial delays waiting for sufficient staff to undertake 
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the exercise, not all of the hospitals approached were able to contribute to this 

data collection exercise, and many have not provided further data by the time 

of writing this PhD. 

Tables 3.2-3.4 show how many requests for data I was able to make by 

September 2019 and the response rates for the data collection exercise and 

the proportion for whom either clinical or treatment information was received. 

A total of 2,910 requests to complete a medical records form (MRF) were sent 

for 2,698 patients (more than 1 request was sent for 208 patients) at 174 sites 

across the country between March 2017-Sept 2019. Sixty-five sites have yet 

to agree to data collection with the predominant reasons given for delayed 

opening being insufficient staff to undertake data collection. Ten centres have 

not yet returned any MRFs (Table 3.2). A response has been received for 

1,156 (42.8%) of the 2,698 requests for information sent. However, of those a 

completed (or partially completed) MRF containing treatment or clinical 

information has so far been received for 1,062 patients, giving an MRF 

response rate of 39.4%.  

The most common reasons given by centres for not being able to complete a 

MRF (Table 3.3) included there being no record of the patient at the site 

(36.6%), insufficient staff to complete data collection (27.2%), or that the 

medical notes had been destroyed (22.5%). For the majority of patients where 

there was no record of the patient at the site where the request was sent, this 

was due to the named hospital having closed since the HL diagnosis or 

merged to form a larger Trust, so in general these patients were diagnosed 

longer ago.  Some centres had a policy to destroy medical notes within a 
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specified period after a patient had died, so it was more likely that patients’ 

notes had been destroyed if they had died. 

Information was almost twice as likely to be received for patients diagnosed 

between 1996-2003 compared to 1956-1975 (Table 3.4).   

Response rates were generally good for the largest regions of the country 

including the South East (61.9%), Midlands (60.4%), London (90.0%) and the 

North (88.1%). Poor response rates were seen from the large North West 

region (41.2%) and from the much smaller West of England (22.4%). This was 

due to the majority of the patients in these 2 regions being diagnosed at 3 large 

hospitals who did not have enough staff to complete data collection for a large 

proportion of patients.  

Overall, of the 4,084 patients I sought further information for, I have received 

information for 1,542 patients, 1,062 (26.0%) for whom this included treatment 

data, there are a total of 1,156 patients (28.3%) for whom I am awaiting a 

response from a hospital following a data request and 1,386 patients (33.9%) 

where the hospital has not yet opened. 
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Table 3.2 Response rates for MRF data collection exercise 

MRF=medical records form 

†multiple MRFs to different sites were sent for 208 patients, responses relate to “best” response (i.e. a 
fully or partially completed MRF) received of MRFs sent per patient 
 

 

 

 

 Table 3.3 Extent of data received per patient and reasons given by hospitals 

MRF=medical records form  

Characteristics 
Total Eligible 

(%) 
Requests 
sent (%) 

Response 
(%) 

Total number of patients 4084 (100.0) 2698 (66.1) 1542 (37.8) 

Patient requests outstanding 1386 (33.9) - - 

Medical Record Forms†  - 2910 (100.0) 1698 (58.4) 

    Fully completed form - - 845 (29.0) 

    Partially completed form - - 217 (7.5) 

    No MRF received - - 636 (21.9) 

No reply of MRFs requested - 2910 (100.0) 1212 (41.6) 

Total number of hospitals 239 (100.0) 174 (72.8) 164 (68.6) 

Hospitals yet to open 65 (27.2) - - 

Regions across England 17 (100.0) 15 (100.0) 15 (100.0) 

Reasons for extent of 
data received 

No MRF 
received 

Partially 
completed MRF 

Fully completed 
MRF 

n % n % n % 

Total 636 100.0 217 100.0 845 100.0 

No record of patient 233 36.6 - - - - 

Insufficient staff  173 27.2 - - - - 

Notes destroyed 143 22.5 - - - - 

Moved to another centre 73 11.5 78 35.9 - - 

Patient moved abroad 14 2.2 2 0.9 - - 

MRF completed - - 137 63.2 845 100.0 
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Table 3.4 Response rates (treatment info received) by region and diagnosis date 

MRF=medical records form; HL=Hodgkin Lymphoma 
*total 15 regions grouped to form 9 larger regions, 2 Welsh regions excluded 

  

Characteristic 
Sent Received info Response Rate 

n n % 

Region (grouped)*    

   North East 67 40 59.7 

   North West 255 105 41.2 

   North 126 111 88.1 

   Midlands 285 172 60.4 

   West of England 107 24 22.4 

   East of England 188 128 68.1 

   London 221 199 90.0 

   South West 66 46 69.7 

   South East 383 237 61.9 

HL Diagnosis date    

   1956-1975 264 111 42.0 

   1976-1985 494 276 55.9 

   1986-1995 586 389 66.4 

   1996-2003 354 286 80.8 

 1698 1062 62.5 
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3.3 Improving demographic and clinical data 

Of the 5,002 cohort, histological subtype was unknown or unspecified for 

96.0% at the commencement of this PhD and is now complete for almost half 

of cases (48.7% - Table 3.5). This was obtained from a combination of ICD-10 

diagnostic codes provided for 93.3% of the cohort matched to the national 

cancer registration and analysis service (NCRAS) and the remainder from the 

data collection exercise (Table 3.5). Of those assigned a diagnostic code 

indicating a histological subtype (n=2440), the majority were classical HL, 

nodular sclerosis (80.9%), mixed cellularity (10.8%) or Lymphocyte Depleted 

(4.5%). Nodular Lymphocyte Predominant Hodgkin Lymphoma (NLPHL) 

comprised 3.4% of those with a known subtype.  

HL stage (Ann Arbor) including presence of B symptoms was unknown for 

96.3% of the cohort at baseline and was improved to completeness for almost 

a quarter (22.9%) of the women during this PhD via record linkage with 

NCRAS and the MRF data collection exercise. Stage was unknown at baseline 

for HL cases for the vast majority (84.2%) of cases linked to NCRAS datasets. 

Once all information was merged, of those with a known stage (1139, 22.9%), 

the majority (80.9%) had early stage disease (stage 1-2) with only 19.1% 

diagnosed with advanced stages III-IV. A total of 31% had B symptoms (of 797 

patients where this was known). 
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 Table 3.5 Improved demographic and clinical data for total extended cohort 

NCRAS=national cancer registration and analysis service; MRF=medical records form; NOS=not otherwise specified; NLPHL=nodular lymphocyte predominant HL; 
NK=not known 

Baseline 
Demographic & 
Clinical 
Characteristics 

Number of patients (%) 

Original cohort 
New data Total extended & 

improved cohort NCRAS MRF 

n % n % n % n % 

Histological subtype         
   Nodular Sclerosis 146 2.9 1553 33.3 738 69.5 1975 39.4 
   Mixed cellularity 22 0.4 188 4.0 112 10.5 263 5.3 
   Lymphocyte depleted 18 0.4 82 1.8 14 1.3 104 2.1 
   NLPHL  8 0.2 74 1.6 17 1.6 82 1.6 
   Other 3 <0.1 3 0.0 10 0.9 16 0.3 
   NOS / NK 4805 96.0 2768 59.3 171 16.1 2562 51.3 
         
HL Stage         
   1 31 0.6 145 3.1 168 15.8 211 4.2 
   2 152 3.1 460 9.9 545 51.3 711 14.2 
   3 21 0.4 93 2.0 105 9.9 144 2.9 
   4 12 0.2 38 0.8 60 5.6 73 1.5 
NK 4787 95.7 3932 84.2 189 17.8 3863 77.1 

         
B symptoms present 47 0.9 52 1.1 277 26.1 251 5.0 
No B symptoms 141 2.8 115 2.5 547 51.5 546 10.9 
NK 4815 96.3 4501 96.4 238 22.4 4207 84.1 
         

Total 5002 100.0 4668 100.0 1062 100.0 5002 100.0 
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3.4 Improving HL treatment data 

Table 3.6 summarises the range of selected clinical and treatment variables 

that were improved or where entirely new data were collected for 1,062 

patients for whom a completed MRF was received.  

Date of birth and date of diagnosis were improved to almost 100% 

completeness for the entire cohort, so all missing data were improved (except 

for 4 patients where we only had year of birth). 

Missing date of first radiotherapy treatment was improved for nearly two thirds 

of patients (59.6%), field of radiotherapy improved for 29.9%, and dose for 

23.8% which yielded high overall completeness of radiotherapy-related data 

for the final cohort (date of radiotherapy 97.3%, field 90.8% and dose 85.6%). 

In addition, entirely new radiotherapy episodes were obtained for 52 patients 

(majority >2003).  

Chemotherapy missing data were also improved with 84% of missing 

chemotherapy dates filled in and 39% of missing chemotherapy regimens 

obtained. For the final cohort chemotherapy dates were complete for 98.1% of 

those who received chemotherapy, regimens were known for 92.7% and the 

number of chemotherapy cycles was complete for 85.8%.  In addition, new 

chemotherapy episodes were collected for 79 patients, mainly after 2003 

giving a new total number of patients who received chemotherapy as 3379 

(67.6%) of the total cohort compared with 3300 (66.0%) at baseline.  

A total of 125 patients were found to have had any type of treatment after 

2003.  
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 Table 3.6 Improved treatment data for total extended cohort 

†month of birth missing, year of birth complete for everyone 
*% of 3,300 in original cohort known to have received chemotherapy 
**% of new total 3,379 known to have received chemotherapy 
¥% of new 311 pts known to have received transplant

Key Improved  
Characteristics  

No. of patients 
with data 
missing - 

Original Cohort 

No. of patients with improved 
or new data - 

Medical Records Form 

Total  
Extended & improved cohort 

Missing Complete 
Overall 

Completeness Improved data New data 

n % n %   n n n % 

Date of birth 52 1.0 48 92.3 - 4† 4998 99.9 

Date of diagnosis 315 6.3 315 100.0 - 0 5002 100.0 

Date of first radiotherapy 337 6.7 201 59.6 - 136 4866 97.3 

Field of radiotherapy 656 13.1 196 29.9 52 460 4542 90.8 

Dose of radiotherapy 942 18.8 224 23.8 48 718 4284 85.6 

Date of first chemotherapy 371 11.2* 310 83.6 79 65 3314 98.1** 

Chemotherapy regimen 362 11.0* 156 38.9 79 245 3134 92.7** 

No. of chemotherapy cycles 899 27.2* 420 46.7 79 479 2900 85.8** 

Treated with transplant - - - - 311 - 311 100.0¥ 

Date of transplant - - - - 308 3 308 99.0¥ 

Type of transplant - - - - 184 127 184 59.2¥ 

Transplant conditioning regimen - - - - 289 22 289 92.9¥ 

Treatment episodes 2003-2018 - - - - 125 - 125 100.0 

Total 5002 100.0 1062  323 5002 100.0 
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Transplant information collected was new and 6.2% of the cohort were found 

to have been treated with any type of stem cell transplant. For 92.9% the 

conditioning regimen was known and for over half (59.2%) the type of 

transplant was known. 

3.5 Improving Breast Cancer data 

Table 3.7 demonstrates variables that were improved for breast cancers after 

HL treatment for the total cohort. At the start of this PhD, up until 31/05/2015, 

724 breast cancer cases had been confirmed. Via a number of different 

sources (described in Table 3.1), 79 new cases of breast cancer were 

confirmed, yielding a total of 803 cases diagnosed until 31/07/2016. This 

comprised 28 newly identified cases that had been historically diagnosed prior 

to 31/05/2015 and 51 new cases that occurred between 31/5/2015-31/7/2016. 

Date of diagnosis of breast cancers was improved from 87.0% to 100% 

completeness, laterality improved from 93.2% to 96.4% and behaviour from 

86.6% to 99.8% completeness. 

Variables with the most substantial improvement in completeness included 

breast cancer grade (complete for 83.1% compared with 13.4% at baseline), 

stage (77.5% complete compared with 19.9%) and histological subtype (found 

for 97.5% of the cases, compared to 79.7% at baseline).  

ER status was substantially improved from 61.7% to 99.1% for all invasive 

cases diagnosed after 31/12/1999. Completeness of HER-2 status was also 

substantially improved from 37.8% complete to 80.9% and PR improved from 

40.9% to 73.8% completeness. 
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 Table 3.7 Improved breast cancer data for overall cohort compared to start of PhD  

¥% of missing data improved 
*month or day of diagnosis missing, year of diagnosis known for all cases 
**invasive cases after 31/12/1999 
†% of 413 invasive breast cancers diagnosed >31/12/1999 
α% of 61 invasive new breast cancer 
††% of 530 invasive breast cancers diagnosed >31/12/1999  
 

 

Characteristic 

Missing data at 
baseline 

New or improved data Overall Improved and extended data 

Improved 
New 

cases  
Missing Complete Completeness 

n % n %¥ n n n % 

Date of diagnosis* 94 13.0 94 100.0 79 0 803 100.0 
         
Laterality 49 6.8 10 20.4 60 29 774 96.4 
         
Behaviour 97 13.4 95 97.9 79 2 801 99.8 
         
ER status** 158 38.3† 155 98.1 60α 5 525 99.1†† 
         
PR status** 244 59.1† 112 45.9 37α 139 391 73.8†† 
         
HER-2 status** 257 62.2† 165 64.2 55α 101 429 80.9†† 
         
Histology 147 20.3 127 86.4 79 20 783 97.5 
         
Grade 627 86.6 511 81.5 55 136 667 83.1 
         
Stage 580 80.1 398 68.6 78 181 622 77.5 
         

Total 724 100.0 724 100.0 79 803 100.0 
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3.6 Description of the Cohort 

Demographic and clinical characteristics 

Table 3.8 presents descriptive characteristics for the 5,002 women treated with 

supradiaphragmatic radiotherapy under the age of 36 years who comprised 

this cohort. Mean age at diagnosis was 23.6 years (range 1 month – 36 years), 

with the most common age group of diagnosis age 20-24. A quarter of the 

cohort had been treated under the age of 19. 

Treatment was most frequently administered between 1985-1994 (33.1%) and 

then 1975-1984 (25.5%). First treatment for HL was well distributed across all 

decades from 1956-2003 (last dates of treatment up until 2018 including 

relapses). Mean follow up time was 24.7 years (range 0-56 years) and 12.3% 

of the cohort had 40 or more years of follow up. By 31/10/2018 1,621 (32.4%) 

of the cohort had died.  

Almost half (45.7%) of participants lived in Greater London or the South of 

England at the time of diagnosis, consistent with what would be expected in 

the general population.38  

ACORN (socio-economic status) scores were missing for 18.9% of the cohort, 

but for those where it was known, a large proportion (21.5%) were grouped 

into the highest socio-economic status, with the lowest proportion (1.6%) 

categorised in the lowest socio-economic status group.  

Histological subtype and stage have been described previously within Table 

3.5. Most known histological subtypes of HL were classical subtype (95.7%) 

and most cases of HL were diagnosed at an early stage (80.9%). 
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Table 3.8 Descriptive characteristics of cohort  

NK=not known; NLPHL=nodular lymphocyte predominant HL; NOS=not otherwise specified 

Characteristic 
Patients 

n % 

Age at diagnosis (yrs)   
   <15 277 5.5 
   15-19 1033 20.7 
   20-24 1477 29.5 
   25-29 1267 25.3 
   30-35 948 19.0 

Alive on 31/10/2018 3381 67.6 
Deceased by 31/10/2018 1621 32.4 

Year of first treatment   
   1956-1974 881 17.6 
   1975-1984 1274 25.5 
   1985-1994 1656 33.1 
   1995-2003 1191 23.8 

Region of residence at diagnosis   
   North of England 1633 32.6 
   Midlands & Trent 940 18.8 
   Thames 1526 30.5 
   Southern England 760 15.2 
   Wales 143 2.9 

Socio-economic status (ACORN score)   
   1 (Highest) 871 17.4 
   2 351 7.0 
   3 1244 24.9 
   4 881 17.6 
   5  646 12.9 
   6 (Lowest) 64 1.3 
   NK 946 18.9 

Histological subtype 
  

   Nodular Sclerosis 1975 39.4 
   Mixed cellularity 263 5.3 
   Lymphocyte depleted 104 2.1 
   NLPHL  82 1.6 
   NOS 2554 51.1 
   Other 16 0.3 
   NK 8 0.2 

HL Stage   
   1 211 4.2 
   2 711 14.2 
   3 144 2.9 
   4 73 1.5 
   NK 3863 77.1 

B symptoms present 251 5.0 
No B symptoms 546 10.9 
NK 4207 84.1 

Splenectomy   
   Yes 716 14.3 
   No 3304 66.1 
   NK 982 19.6 

Total 5002 100.0 
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A total of 716 women (14.3%) were known to have had a splenectomy, 80% 

of which occurred prior to 1985. 

Treatment characteristics 

Table 3.9 summarises treatments received by the women in this cohort. The 

majority (58.1%) were treated with combination radiotherapy and 

chemotherapy, whilst 30% received only supradiaphragmatic radiotherapy 

and no other treatment. For the vast majority (93.0%) of those who received 

supradiaphragmatic radiotherapy, the field included the breast area. A small 

proportion (11.9%) were treated with radiotherapy below the diaphragm in 

addition to above the diaphragm. 

The mean dose received to any supradiaphragmatic field was 38.6Gy for the 

whole cohort, and slightly lower at 35.9Gy for supradiaphragmatic fields 

including the breast. Participants most commonly received doses of 

radiotherapy above the diaphragm between 35-39Gy (33.8% treated with 

doses in this range). 

Of the 3,379 women who were treated with chemotherapy, the most commonly 

used chemotherapeutic agents used within regimens were vinca-alkaloids 

(92.2%), classic alkylating agents (79.5%) and anthracyclines (53.3%). Most 

women (74.1%) received only 1 line of chemotherapy treatment, although 

5.3% received 4 or more lines of chemotherapy (of whom over a third had 

received a stem cell transplant). Over half (52.3%) treated with any 

chemotherapy received 6 cycles of chemotherapy or fewer, yet a substantial 

proportion (33.5%) were known to have been treated with >6 cycles. 

 Regimens most frequently used in the first line setting in order of frequency 
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Table 3.9 Treatment characteristics of cohort 

Characteristic 
Patients 

n % 

SupraRT only 1503 30.0 
SupraRT and chemotherapy 2907 58.1 
SupraRT and InfraRT only 121 2.4 
SupraRT and InfraRT and chemotherapy 471 9.5 

SupraRT including breast area 4651 93.0 
SupraRT not including breast area 351 7.0 

Total dose of SupraRT (Gy) 
  

   1-34  945 18.9 
   35-39 1689 33.8 
   40 875 17.5 
   >40 776 15.5 
   NK 718 14.4 

Total dose of SupraRT to breast area (Gy) 
  

   1-34  938 18.8 
   35 1209 24.2 
   36-39 530 10.6 
   40 828 16.6 
   >40 613 12.3 
   NK 534 10.7 

Chemotherapy 
  

   None 1623 32.4 
   Any 3379 67.6 
      Classic Alkylator 2685 53.7 
      Anthracycline 1800 36.0 
      Vinca-alkaloid 3116 62.3 
      Platinum 94 1.9 
      MDR 1072 21.4 
      NK 245 4.9 

Total no. of chemotherapy cycles*  
  

   1-3 290 8.6 
   4-5 334 9.9 
   6 1143 33.8 
   7-12 922 27.3 
   >12 211 6.2 
   NK 479 14.2 

No. of chemo lines* 
  

   1 2504 74.1 
   2-3 693 20.5 
   4+ 178 5.3 
   NK 4 0.0 

Stem cell transplant** 
  

   Any 311 5.6 
   Autologous 173 55.6 
   Allogeneic 5 1.6 
   Both 6 1.9 
   NK 127 40.8 

Total 5002 100.0 

SupraRT=supradiaphragmatic radiotherapy; InfraRT=infradiaphragmatic radiotherapy; NOS=not 
otherwise specified; Gy=Gray; NK=not known; MDR=multi-drug regimen 
*% of the 3379 who received chemotherapy 
**% of the 279 who were treated with a transplant 
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were MOPP/MVPP (18.6%), ChlVPP (14.0%), ABVD (13.1%), or hybrid 

combinations of these regimens, consistent with the treatment practices during 

the time periods over which these women were treated. 

A total of 311 (6.2%) of the cohort were treated with a stem cell transplant. 

Although for a large proportion of patients the type of transplant was unknown 

(40.8%), it is likely that the majority were autologous transplants consistent 

with known treatment practices. Only eleven patients were reported to have 

had an allogeneic transplant (0.2%).  

3.7 Breast Cancer Cases – Descriptive Characteristics 

Tables 3.10 and 3.11 show detailed clinical characteristics of all 803 breast 

cancer cases which occurred in 687 of the 5,002 women (13.7%) following 

treatment for HL until 31/07/2016 after a mean follow up of 24.7 years.  

Of the 687 women who developed breast cancer, 113 (16.4%) developed 2 

breast cancers and 3 (0.4%) women developed 3 breast cancers (2 were 

bilateral cases followed by another case and 1 woman presented with bilateral 

tumours with 2 ipsilateral but histologically distinct tumours). 

Invasive cases comprised 82.2% of cases, 17.8% were “carcinoma in situ,” 

including both ductal (92.1%) and lobular (7.9%) in situ subtypes. Infiltrating  

ductal carcinoma (IDC) represented the most common histologically invasive 

subtype (82.8%) and lobular the second most common (6.7%) (Table 3.10). 

One case was reported as a “borderline” malignant Phyllodes breast tumour. 

Mean time to occurrence was 25.3 years following first treatment for any case 

(within the context of mean follow up time of 24.7 years for the whole cohort). 

There was no discernible difference in proportions of invasive compared with 
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Table 3.10 Clinical Characteristics of all breast cancer cases after HL 

*2 cases self-reported as “breast cancer” by patients presumed invasive. 1 case “borderline” Phyllodes 
tumour included within invasive. 
**proportion of known cases (% by row) 
†proportion of known invasive cases and of known in situ cases (% by column)  

NOS=not otherwise specified; DCIS=ductal carcinoma in situ; LCIS=lobular carcinoma in situ; NK=not 
known 
  

 Behaviour* 
Total 

Characteristic Invasive In situ 

 n %** n %** n 
Age at breast cancer diagnosis (yrs)      
   24-44 258 83.0 53 17.0 311 
   45-54 258 79.9 65 20.1 323 
   55-64 109 85.2 19 14.8 128 
   65-76 35 85.4 6 14.6 41 

Year of breast cancer diagnosis      
   1979-1989 24 88.9 3 11.1 27 
   1990-1999 104 94.5 6 5.5 110 
   2000-2009 285 79.2 75 20.8 360 
   2010-2016 247 80.7 59 19.3 306 

Age at HL diagnosis (yrs)      
   4-14 43 81.1 10 18.9 53 
   15-24 403 81.6 91 18.4 494 
   25-35 214 83.6 42 16.4 256 

Year of HL diagnosis      
   1956-1969 54 90.0 6 10.0 60 
   1970-1979 246 84.8 44 15.2 290 
   1980-1989 267 80.7 64 19.3 331 
   1990-2003 93 76.2 29 23.8 122 

Mean time to case (yrs) 25.2 - 25.5 - 25.3 

Laterality      
   Left 280 83.1 57 16.9 337 
   Right 279 85.1 49 14.9 328 
   Bilateral synchronous 26 56.5 20 43.5 46 
   Bilateral metachronous 57 87.7 8 12.3 65 
   NK 18 - 9 - 27 

Histological Subtype†      
   Infiltrating ductal carcinoma 530 82.8 - - 530 
   Lobular  43 6.7 - - 43 
   Carcinoma NOS 27 4.2 - - 27 
   Mixed Subtypes 22 3.4 - - 22 
   Tubular 5 0.8 - - 5 
   Mucinous 4 0.6 - - 4 
   Medullary 4 0.6 - - 4 
   Ductular 2 0.3 - - 2 
   Paget Disease 1 0.2 - - 1 
   Haemangiosarcoma 1 0.2 - - 1 
   Phyllodes 1 0.2 - - 1 
   DCIS - - 129 92.1 129 
   LCIS - - 11 7.9 11 
   NK 20 - 3 - 23 

Total 660 82.2 143 17.8 803 
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in situ cases diagnosed at different age groups. Of the invasive cases overall, 

over three quarters (78.2%) of invasive cases were diagnosed in women aged 

under 55 (range 24-76 years), at a mean age of 47 years, and 82.5% of the in 

situ cases were diagnosed under age 55 (range 31-70 years, mean age 47 

years). It appeared that in situ cases were more frequently diagnosed than 

invasive cases in more recent years (approximately double the proportion of 

in situ cases were diagnosed at or after 2000 compared to before 2000). This 

pattern also occurred with year of HL diagnosis, with increasing proportions of 

in situ cases seen in the most recent years of HL diagnosis. 

The majority (61.5%) of women who developed breast cancer overall had been 

treated for HL aged 15-24. 

Forty-six patients (5.9%) had bilateral breast cancers (invasive or carcinoma 

in situ) at the point of diagnosis. Of invasive cases, 26 (4.0%) were known to 

present with bilateral tumours. 

Table 3.11 shows that 91.8% percent of patients overall (n=571) with known 

stage were diagnosed with early stage breast cancer (Stage 0-2) and both 

invasive (n=291, 48.6%) and in situ (n=41, 60.3%) breast cancers were most 

commonly high grade.  

Receptor status in general was not well known for carcinoma in situ cases but 

much more complete for invasive cancers (Table 3.11). Oestrogen Receptor 

(ER) status was known for 86.4% of all cases (including in situ cases) and 

98.9% complete for all invasive cases diagnosed after 31/12/1999. 

Progesterone receptor (PR) status was the least complete of ER, PR and 

HER-2, 260 cases (39.1%) had unknown status.   
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Table 3.11 Clinical Characteristics of all breast cancer cases after HL 

*2 cases self-reported as “breast cancer” by patients presumed invasive. 1 case “borderline” Phyllodes 
tumour included in invasive 
**proportion of known cases (% by row) 
†proportion of known invasive cases and of known in situ cases (% by column) 
¥of 666 cases diagnosed >31/12/1999, 531 invasive, 134 in situ, 1 borderline 
DCIS=ductal carcinoma in situ; NK=not known; ER=oestrogen receptor; HER-2=human epidermal 
growth factor 2; PR=progesterone receptor  

 Behaviour* 
Total 

Characteristic Invasive In situ 

 n %** n %** n 
Grade      
   Low 87 85.3 15 14.7 102 
   Intermediate 221 95.3 12 5.2 233 
   High 291 87.7 41 12.3 332 
   NK 61 - 75 - 136 
      
Clinical Stage at diagnosis†      
   0 (carcinoma in situ) - - 143 100.0 143 
   1 257 38.9 - - 257 
   2 171 25.9 - - 171 
   3 42 6.4 - - 42 
   4 9 1.4 - - 9 
   NK 181 - 0 - 181 
      
Oestrogen Receptor Status¥      
   ER+ 395 91.4 37 8.6 432 
   ER- 118 92.2 10 7.8 128 
   Not performed 12 - 3 - 15 
   NK 6 - 84 - 90 
      
Progesterone Receptor Status¥      
   PR+ 245 92.5 20 7.5 265 
   PR- 133 95.0 7 5.0 140 
   Not Performed 14 - 4 - 18 
   NK 139 - 103 - 242 
      
HER-2 Receptor Status¥      
   Positive 72 96.0 3 4.0 75 
   Negative 333 97.7 8 2.3 341 
   Borderline 8 100.0 0 0.0 8 
   Not Performed 17 - 6 - 23 
   NK 101 - 117 - 218 
      
Intrinsic Receptor Subtype¥      
   Luminal A 164 97.6 4 2.4 168 
   Luminal B HER-2- 32 100.0 0 0.0 32 
   Luminal B HER-2+ 50 94.3 3 5.7 53 
   Luminal B unclassified 9 100.0 0 0.0 9 
   HER-2 enriched 19 100.0 0 0.0 19 
   Triple negative 61 96.8 2 3.2 63 
   Luminal unclassified 68 71.6 27 28.4 95 
   Non-luminal unclassified 5 50.0 5 50.0 10 
   Unclassified 123 - 93 - 216 

Total 660 100.0 143 100.0 803 
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Of all 531 invasive cases with known receptor status, over three-quarters 

(77.0%) were ER+, 64.8% were PR+ and 17.4% were HER-2+ve.  The most 

common intrinsic subtype of breast cancer was Luminal A overall (28.6%), 

which comprised over a third (40.2%) of invasive cases, followed by any 

Luminal B subtype (17.1%). There were 61 invasive cases (11.5%) that were 

known to be triple negative. 

3.8 Breast Cancer Characteristics in relation to HL treatment-

related characteristics 

I have presented tabulations of breast cancers in relation to pathological and 

clinical characteristics which I compare (in the discussion) to the literature on 

such characteristics in HL survivors and in breast cancers in general. Cohort 

analyses of risk in comparison to the general population expected will be 

undertaken as future work after this thesis, once complete treatment data have 

been collected.  

Tables 3.12-3.15 show the proportions and clinical characteristics of first 

breast cancer cases, comparing invasive with in situ cases and by ER and 

triple negative hormone receptor status and grade, in relation to age at first 

radiotherapy, follow up time since first treatment, decade of HL treatment, and 

age at diagnosis of breast cancer.  

Overall, it appeared that longer time since treatment and treatment within more 

recent treatment periods appeared to be more commonly associated with 

diagnosis of carcinoma in situ breast tumours. There was a significant trend 

towards a greater proportion of ER positive invasive breast cancers seen with 

longer time since first treatment and a greater proportion of ER negative, triple 
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negative (TN) and high grade breast cancers were seen with shorter time since 

treatment.  

Early stage breast cancers were most commonly seen in those treated at the 

youngest ages and with longer follow up time since first treatment. Advanced 

stage breast cancers were more likely to be diagnosed within the shortest 

follow up period after treatment.  

Age at first radiotherapy 

There was no significant difference in behaviour of cases by age at first HL 

treatment (Table 3.12). 

Table 3.13 shows the cases according to ER status and triple negative (TN) 

receptor status. ER positive invasive cases appeared to occur more frequently 

in those treated at younger ages (84.6% ages 4-14), compared with older age 

groups at first radiotherapy (76.9% aged 25- 35), and TN breast cancers were 

seen more frequently in those treated at older ages (17.3% ages 25-35) 

compared with the youngest treated (5.0% age <14). However, the numbers 

treated at the youngest age group were small and differences were not 

significant.  

Early stage breast cancers were much more commonly seen overall than late 

stage breast cancers (91.8% of breast cancers with a known stage diagnosed 

at stages 0-2 - Table 3.14). They appeared to be more commonly diagnosed 

in those treated with radiotherapy at the youngest ages. Patients receiving 

radiotherapy first at ages < 15 years all developed early stage breast cancer, 

compared with approximately 9% of those treated at ages 15 and older, 

however differences were not significant (X2 3.1, p=0.062).  
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Table 3.12 Behaviour of first breast cancer cases according to HL treatment-related 
variables 

*Phyllodes tumour not included 
**proportion and number of first breast cancer cases within treatment group (% by row) 
†proportion of first invasive cases diagnosed >31/12/1999 with known receptor status  
RT=radiotherapy; ER=oestrogen receptor; NK=not known; NP=not performed; Rx=treatment; br 
ca=breast cancer; het=test for heterogeneity; NS=not significant 

Treatment-related 
characteristic 

Total 
Behaviour** 

Invasive In situ p values 

n % n % n % het trend 

Age at first RT (yrs)         
   4-14 39 5.7 34 87.2 5 12.8 NS NS 
   15-24 411 59.9 336 81.8 74 18.0   
   25-35 236 34.4 202 85.2 34 14.3   
         
Time since first RT (yrs)         
   0-19 41 5.9 39 95.1 2 4.9 NS NS 
   20-29 193 28.1 155 80.3 38 19.7   
   30-39 283 41.4 238 84.1 45 15.9   
   >40 169 24.6 140 82.8 29 17.2   
         
Decade of HL Rx         
   1956-1969 49 7.1 43 87.8 6 12.2 0.2 0.03 
   1970-1979 251 36.6 216 86.1 35 13.9   
   1980-1989 276 40.2 228 82.6 48 17.4   
   1990-2003 110 16.0 85 77.3 25 22.7   
         
Age at br ca diag (yrs)         
   24-44 277 40.4 234 84.5 43 15.5 NS  NS 
   45-54 270 39.4 219 81.1 51 18.9   
   55-64 105 15.3 90 85.7 15 14.3   
   65-76 34 5.0 29 85.3 5 14.7   

         

Total 686 100.0 572  114    
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Table 3.13 ER and TN status of first invasive breast cancer cases >31/12/1999 according to HL treatment-related variables 

Treatment-related 
characteristic 

Total 
ER status† Triple Negative† 

Positive Negative NK/NP p values Yes Other NK/NP p values 

n % n % n % n het trend n % n % n het trend 

Age at first RT (yrs)                 
   4-14 26 5.8 22 84.6 4 15.4 0 NS NS 1 5.0 19 95.0 6 NS NS 
   15-24 266 59.1 189 73.5 68 26.5 9   32 15.3 177 84.7 57   
   25-35 158 35.1 120 76.9 36 23.1 2   22 17.3 105 82.7 31   

                 

Time since first RT (yrs)                 

   0-19 20 4.4 11 55.0 9 45.0 0 <0.001 <0.001 4 30.8 9 69.2 7 0.01 <0.001 
   20-29 129 28.7 80 63.0 47 37.0 2   24 23.1 80 76.9 25   
   30-39 196 43.6 153 80.5 37 19.5 6   20 12.9 135 87.1 41   
   >40 105 23.3 87 85.3 15 14.7 3   7 8.3 77 91.7 21   

                 

Decade of HL Rx                 

   1956-1969 18 4.0 15 83.3 3 16.7 0 0.03 0.003 0 0.0 11 100.0 4 0.03 0.007 
   1970-1979 155 34.4 121 80.7 29 19.3 5   14 11.6 107 88.4 34   
   1980-1989 194 43.1 143 75.7 46 24.3 5   23 15.3 127 84.7 44   
   1990-2003 83 18.4 52 62.4 30 36.6 1   18 25.4 53 74.6 12   

                 

Age at br ca diag (yrs)                 

   24-44 154 34.2 100 67.1 49 32.9 5 0.03 0.04 26 21.3 96 78.7 32 0.02 NS 
   45-54 187 41.6 148 80.9 35 19.1 4   13 8.8 134 91.2 40   
   55-64 80 17.8 59 75.6 19 24.4 2   13 21.0 49 79.0 18   
   65-76 29 6.4 24 82.8 5 17.2 0   3 12.0 22 88.0 4   

                 

Total 450 100.0 331  108  11   55  301  94   
†numbers and proportions of first invasive cases diagnosed >31/12/1999 with known receptor status (% by row) 
RT=radiotherapy; ER=oestrogen receptor; TN=triple negative; NK=not known; NP=not performed; Rx=treatment; br ca=breast cancer; het=test for heterogeneity; 
NS=not significant 
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Table 3.14 Stage of first breast cancer cases according to HL treatment-related variables 

RT=radiotherapy; br ca=breast cancer; Rx=treatment; NK=not known; het=test for heterogeneity; NS=not significant 
†Phyllodes tumour excluded 
*number and proportion of patients with a known stage of breast cancer within treatment group (% by row) 
††Early stage=0-2; Advanced stage=3-4 

Treatment-related 
characteristic 

Total† 

 First breast cancer cases   
 Anatomical Stage*   

0 1 2 3 4 NK Early†† Advanced†† p value 

n % n % n % n % n % n % n n %* n %* het trend 

Age at first RT (yrs)                    

   4-14 39 5.7 5 15.2 16 48.5 12 36.4 0 0.0 0 0.0 6 33 100.0 0 0.0 NS NS 

   15-24 411 59.9 75 23.7 117 36.9 94 29.7 26 6.3 5 1.6 94 286 90.3 31 9.7   

   25-35 236 34.4 34 18.4 84 45.4 52 28.1 11 5.9 4 2.2 51 170 91.9 15 8.1   

Time since first RT (yrs)                    

   0-19 41 5.9 2 8.0 9 36.0 8 32.0 4 16.0 2 8.0 16 19 76.0 6 24.0 0.045 NS 

   20-29 193 28.1 38 25.5 58 38.9 42 28.2 8 5.4 3 2.0 44 138 92.6 11 7.4   

   30-39 283 41.4 45 19.8 94 41.4 69 30.4 17 7.5 2 0.9 56 208 91.6 19 8.4   

   >40 169 24.6 29 21.6 56 41.8 39 29.1 8 6.0 2 1.5 35 124 92.5 10 7.5   

                    

Decade of HL Rx                    

   1956-1969 49 7.1 6 18.2 16 48.5 6 18.2 4 12.1 1 3.0 16 28 84.8 5 13.2 NS NS 

   1970-1979 251 36.6 35 19.2 78 42.9 54 29.7 13 7.1 2 1.1 69 167 91.8 15 8.2   

   1980-1989 276 40.2 48 21.7 83 37.6 72 32.6 13 5.9 5 2.3 55 203 91.9 18 8.1   

   1990-2003 110 16.0 25 25.3 40 40.4 26 26.3 7 7.1 1 1.0 11 91 91.9 8 8.1   

                    

Age at br ca diag (yrs)                    

   24-44 277 40.4 43 22.1 70 35.9 64 32.8 13 6.6 5 2.6 82 177 90.8 22 9.2 NS NS 

   45-54 270 39.4 51 23.2 88 40.0 64 29.1 16 7.3 1 0.5 50 203 92.3 17 7.8   

   55-64 105 15.3 15 17.0 43 48.9 22 25.0 5 5.7 3 3.4 17 80 90.9 8 9.1   

   65-76 34 5.0 5 15.6 16 50.0 8 25.0 3 9.4 0 0.0 2 29 90.6 3 9.4   

Total 686 100.0 114  217  158  37  9  151 518  46    
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Table 3.15 Grade of first breast cancer cases according to HL treatment-related 
variables 

*number and proportion of first breast cancer cases within treatment group (% by row) 
RT=radiotherapy; br ca=breast cancer; Rx=treatment; NK=not known; het=test for heterogeneity; 
NS=not significant 

 

  

Treatment -related 
characteristic 

Total 
Grade* 

High Intermediate Low NK p values 

n % n % n % n % n het trend 

Age at first RT (yrs)            
   4-14 39 5.7 13 37.1 15 42.9 7 20.0 4 NS NS 

   15-24 411 59.9 189 54.3 110 31.6 49 14.1 63   

   25-35 236 34.4 89 46.6 74 38.7 28 14.7 45   

            

Time since first RT (yrs)            

   0-19 41 5.9 20 64.5 10 32.3 1 3.2 10 0.01 <0.001 

   20-29 193 28.1 94 58.8 48 30.0 18 11.3 33   

   30-39 283 41.4 114 46.2 97 39.3 36 14.6 36   

   >40 169 24.6 63 46.3 44 32.4 29 21.3 33   

            

Decade of HL Rx            

   1956-1969 49 7.1 15 45.5 12 36.4 6 18.2 16 0.007 0.002 

   1970-1979 251 36.6 94 45.0 72 34.4 43 20.6 42   

   1980-1989 276 40.2 124 51.5 91 37.8 26 10.8 35   

   1990-2003 110 16.0 58 63.7 24 26.4 9 9.9 19   

            

Age at br ca diag (yrs)            

   24-44 277 40.4 132 59.2 70 31.4 21 9.4 54 0.002 <0.001 

   45-54 270 39.4 107 46.3 84 36.4 40 17.3 39   

   55-64 105 15.3 46 50.0 30 32.6 16 17.4 13   

   65-76 34 5.0 6 21.4 15 53.6 7 25.0 6   

            

Total 686 100.0 332  232  102  112   
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There appeared to be no association between age at first radiotherapy and 

grade of breast cancer diagnosed (Table 3.15). 

Time since first HL treatment 

The proportion of in situ compared with invasive cases was significantly 

smaller at 0-19 years after treatment compared to subsequent years of follow 

up, during which general proportions of in situ and invasive cases remained 

broadly similar (15.9-19.7% of cases were in situ >19 years after RT compared 

with 4.9% within 19 years of RT - Table 3.12). 

Table 3.13 demonstrates that amongst invasive cases, there was a significant 

trend of increasing proportions of oestrogen positive breast cancers with 

longer time since first RT treatment (85.3% at >40 years compared with 55.0% 

within 19 years, X2 20.2, p(trend)<0.0001) and higher proportions of triple 

negative breast cancers were seen in those with shortest follow up (30.8% at 

0-19 years after RT compared with 8.3% >40 years, X2 11.0, p(trend)< 0.0001).  

The greatest proportion of advanced stage breast cancers were diagnosed in 

women soonest after first radiotherapy treatment (24.0% diagnosed stages 3-

4 within 20 years of follow up compared with only 7.4-8.4% of cases diagnosed 

at advanced stages at 20+ years of follow up, X2 8.06, p=0.045, Table 3.14).  

There was a significant trend towards higher grade cases being diagnosed 

closer to radiotherapy compared to low grade (X2 11.03 p(trend)=0.0008, 

Table 3.15).  

Decade of HL treatment 

The majority of breast cancers developed in women who had first been treated 

for HL in the 1980s (40.2% 1980-1989, Table 3.12).  
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There was a significant trend towards a greater proportion of in situ cases 

being diagnosed in more recent decades, in particular after 1980-1989 (X2 

5.05 p(trend)=0.025, Table 3.12). A greater proportion of ER negative (X2 8.56 

p(trend)=0.0034) and TN cases were also seen in those treated more recently, 

(X2 7.42 p(trend)=0.0065, Table 3.13). No association was seen with stage of 

diagnosis and decade of treatment (Table 3.14). 

There was a significant trend towards higher grade cases being diagnosed in 

more recent decades of treatment (X2 9.39 p(trend)=0.002, Table 3.15). 

Age at breast cancer diagnosis 

A greater proportion of ER positive breast cancers were diagnosed at older 

ages compared with breast cancers at younger ages and triple negative cases 

were more commonly seen in those diagnosed younger, implying that the 

pattern of receptor change by time since treatment may be contributed to by 

age at breast cancer diagnosis (Table 3.12-3.13). 

There was also no clear association between age of breast cancer diagnosis 

and stage (Table 3.14). 

There was a significant trend towards higher grade cases being diagnosed in 

those at younger ages (X2 20.49 p(trend)=0.0003, Table 3.15).  
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Chapter 4 

4. Discussion  

4.1 Breast Cancers after HL 

We found that breast cancers developed after an average of 25.3 years, a high 

proportion of breast cancers were diagnosed in women at a young age, at an 

early stage and were non-invasive. Compared to breast cancers seen in the 

general population, cases were more commonly higher grade, and greater 

proportions were bilateral at presentation. In general breast cancers with more 

aggressive clinical features, namely ER negative status, triple negative (TN) 

and high grade tumours were seen more commonly within the shortest follow 

up time after HL treatments, and in those treated in the most recent decades, 

which did not appear to be related to the young age at diagnosis.   

We found that the histological subtypes and overall receptor status of these 

breast cancers were similar to those seen in the general population. 

Table 4.1 shows the largest studies to have reported on clinical characteristics 

of breast cancers in women treated for HL at any age, including age range and 

treatment period for those treated for HL, the treatments for HL, as well as 

highlighting which breast cancer characteristics have been described or 

investigated. They are listed in order of largest numbers of breast cancer 

cases after HL treatments. 

I have included studies with a range of methodologies in order to capture as 

much information about what is known about breast cancers after HL as 
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possible but have separated cohort studies (and nested case-control studies 

from within cohorts) from retrospective case note reviews. Cohorts are listed 

first, and I have highlighted where papers have reported on duplicate 

populations (e.g. cohort with more updated follow up or overlapping registry 

populations). 

We have reported on a wide range of clinical characteristics in more than 

double the number of breast cancer cases than the next largest cohort studies. 

Most of the largest cohorts studies in breast cancers after HL, after our study, 

have been undertaken in the US as SEER-based registry linkage studies and 

are limited by less detailed treatment (e.g. SEER does not collect specific 

chemotherapy data35) and have shorter follow up time compared with our 

study. Many of the more detailed clinical characteristics, such as stage and 

receptor status are also not recorded with high completeness in national 

registries, particularly from cases diagnosed more historically e.g. ER status 

was not collected in SEER before 1990.35 Multicentre cohorts such as the 

CCSS in USA, FCCSS in Europe and BCCSS in the UK have much more 

detailed treatment and breast cancer case information including certain clinical 

characteristic, and have accrued significant follow up time, however HL 

patients form only a subset of the patients in these studies who are treated for 

a range of tumour types in childhood, and outcomes are often not analysed 

separately for HL patients, so it is difficult to extrapolate pooled findings for HL 

patients.  
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Table 4.1 Characteristics of cohort studies of breast cancers after treatment in female HL patients 

†treatment info provided pooled for multiple tumour types  
††treatment info provided for both men and women 
(*) overlapping SEER populations 
(**) overlapping CCSS populations 
SEER=Surveillance Epidemiology and End Results; CCSS=childhood cancers survivors study; FCCSS=French childhood cancer survivor study; CT=chemotherapy; 
RT=radiotherapy; Inv=invasive; DCIS=ductal carcinoma in situ; Hist=histology; ER=oestrogen receptor status; NK=not known; Y=yes; N=no; path=pathological staging only   

Study 
authors & 
location 

Year Data sources 
No. of HL 

pts 

No. of 
breast 

cancers 

Ages of 
HL pts 
(yrs) 

Median 
follow 

up (yrs) 

Years of 
treatment 

Treatment received 
(%) 

Clinical Characteristics reported 

CT RT Both 
Inv + 
DCIS 

ER Hist Stage Grade 

Cohort studies                

Our study 2019 
Multicentre/ 
Registries 

5002 803 ≤35 
Mean 
24.7 

1956-2003 67.6 100.0 67.6 Y Y Y Y Y 

Withrow39 (*) 
(SEER13, USA) 

2018 SEER Registry 7355 377 10-39 
Mean 
12.0 

1973-2009 34.0 81.0 NK 
N  

(inv only)  
Y N N N 

Veit-Rubin40 (*) 
(SEER, USA) 

2012 SEER Registry 9620 316 2-96 9.8 1973-2007 NK 53.8 NK Y Y Y Y Y 

Elkin41 
(USA) 

2011 Multicentre NK 253 11-67 18.0 1980-2006 35.0 100.0 35.0 Y Y Y Y N 

Dores42 (*) 
(SEER, USA) 

2010 SEER Registry 2645 166 ≤35 
NK 

(range  
5-15+) 

1973-2000 NK 100.0 NK 
N  

(inv only) 
Y Y Y Y 

Moskowitz43 (**) 
(CCSS,USA) 

2017 
CCSS-26 
institutions 

669 160 <21 26.0 1970-1986 NK† NK† NK† Y Y N N N 

Travis3 
(N. America & 
Europe) 

2003 
Registries/ 

Nested  
case-control 

3817 105 ≤30 
NK  

(range  
1-25+) 

1965-1994 NK 97.0 NK Y N Y Y N 

Demoor-
goldschmidt44 
(FCCSS, 
France) 

2018 Multicentre NK 76 <18 
NK 

(range 5-
48+) 

1986-2000 NK† 100.0 NK† Y Y Y 
Y 

(path) 
Y 
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Table 4.1 Characteristics of cohort studies of breast cancers after treatment in female HL patients continued 

Study 
authors & 
location 

Year 

Data sources 
/ Type of 

study 

No. of HL 
pts 

No. of 
breast 

cancers 

Ages of 
HL pts 
(yrs) 

Median 
follow 

up (yrs) 

Years of 
treatment 

Treatment received 
(%) 

Clinical Characteristics reported 

CT RT Both 
Inv + 
DCIS 

ER Hist Stage Grade 

Cohort studies                

Kenney45 (**) 
(CCSS, USA) 

2004 
CCSS-26 
institutions 

806 65 <21 19.0 1970-1986 NK 76.8 NK Y Y Y Y N 

Sanna46 
(Italy) 

2007 
1 Institution/ 
nested case- 

control 
35 35 13-49 NK NK (<2005) 6.0 31.0 63.0 Y Y Y 

Y 
(path) 

N 

Erhardt47,48  
(St Jude’s, USA) 

2019 1 Institution 174 31 18-60 22.7 1962-2001* NK† NK† NK† Y Y Y 
Y 

(path) 
N 

Howell49 
(UK) 

2009 
Regional 
registry 

417 23 <36 ~17.0 1965-2003 NK 100.0 NK Y Y Y N Y 

Hancock8 
(USA) 

1993 1 Institution 885 26 4-81 
Mean 
10.0 

1961-1990 56.7 95.9 52.0 Y N Y 
Y 

(path) 
N 

Taylor2  
(BCCSS, UK) 

2007 National registry 383 16 ≤15 
Mean 
20.3 

1940-1991 NK 81.1 NK Y N Y Y Y 

Gervais-
Fagnou37 
(Canada) 

1999 1 Institution 427 15 ≤30 
Mean 
12.3 

1965-1990 45.0 100.0 45.0 Y Y Y 
Y 

(path) 
N 

Aisenberg50 
(USA) 

1997 1 Institution 
111 

(stage1-2) 
14 <60 18.0 1964-1984 25.2 100.0 25.2 Y N Y Y N 

Diller51 
(USA) 

2002 1 Institution 90 10 <30 16.0 1975-1985 30.0 100.0 30.0 Y Y Y 
Y 

(path) 
N 

*ongoing recruitment, treatment period given for latest published outcomes 
†treatment info provided pooled for multiple tumour types  
CCSS=childhood cancers survivors study; BCCSS=British Childhood Cancer Survivor Study; NK=not known; CT=chemotherapy; RT=radiotherapy Inv=invasive; DCIS=ductal 
carcinoma in situ; Hist=histology; ER=oestrogen receptor status; Y=yes; N=no; path=pathological staging only 
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Table 4.1 Characteristics of case-notes studies of breast cancers after treatment in female HL patients continued 

Study 
authors & 
location 

Year 

Data sources 
/ Type of 

study 

No. of HL 
pts 

No. of 
breast 

cancers 

Ages of 
HL pts 
(yrs) 

Median 
follow 

up (yrs) 

Years of 
treatment 

Treatment received 
(%) 

Clinical Characteristics reported 

CT RT Both 
Inv + 
DCIS 

ER Hist Stage Grade 

Case-notes review              

Cutuli52 
(Europe & USA) 

2001 Multicentre  117 117 7-67 16.0 1960-1988 37.0 99.1 37.0†† Y N Y Y N 

Horst53 
(USA) 

2014 1 Institution 71 71 10-48 20.0 1966-1999 54.0 100.0 54.0 Y Y Y 
Y 

(path) 
N 

Castiglioni54 
(Italy) 

2007 
1 Institution/ 

Case notes & 
lab testing 

67 67 
NK 

(range 
10->41) 

NK NK NK† NK† NK† Y Y N N Y 

Wolden55 
(USA) 

2000 1 Institution 65 71 13-71 21.2 1960-1997 43.0 98.0 41.0 Y Y Y Y Y 

Yahalom56 
(USA) 

1992 1 Institution 45 45 11-60 15.0 NK (<1991) 27.0 100.0 27.0 Y Y Y 
Y 

(path) 
Y 

†treatment info provided pooled for multiple tumour types  
NK=not known; CT=chemotherapy; RT=radiotherapy; Inv=invasive; DCIS=ductal carcinoma in situ; Hist=histology; ER=oestrogen receptor status; Y=yes; N=no; 
path=pathological staging only
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Studies involving retrospective case-note reviews or case series provided 

some of the first and most detailed studies of stage, histopathological subtypes 

and receptor phenotypes of breast cancers after HL, often not possible on the 

scale of national cohort studies which are limited by poor completeness or 

absence of data collected over long periods of time. However, small 

institutional reviews are likely to represent a more select and biased group of 

cases which may impact on the ability to interpret findings of clinical 

characteristics. The bias may arise for a number of reasons e.g. more 

aggressive breast cancer cases after HL, or cases which are more difficult to 

treat such as bilateral cases, may be more likely to be referred to large centres 

with greater expertise where a large majority of these studies are undertaken, 

cases which are followed up at larger centres may differ from the general HL 

population in terms of HL treatments received (e.g. many treated with specific 

clinical trials) or ages at which they were treated (e.g. in specialist paediatric 

centres).  

Our study therefore provides a unique investigation into breast cancers after 

HL with the largest national cohort of breast cancer cases in HL survivors, 

unbiased by selection of either HL or breast cancer cases, with detailed HL 

treatment information not pooled with survivors treated for other tumour types. 

We have the longest follow up of size-comparative cohorts and also have 

detailed clinical breast cancer characteristics diagnosed over many decades. 

Overall time since treatment and age at diagnosis 

We have analysed occurrence of breast cancer over longer follow up time after 

irradiation compared to most other published studies and have therefore 
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described a longer time to developing breast cancer (25.3 years) in these 

studies which have reported median times between 15-22 years.9,41,42,52,57  

The follow up reported in these studies predominantly lie in the range 10-20 

years (Table 4.1). A meta-analysis of 34 cohort studies investigating breast 

cancer risk after HL57 reported a median follow up of 14.9 years compared with 

our median follow up of 25 years.  

To further investigate whether longer follow up time overall in our study 

contributed to the longer time to breast cancer cases, additional analysis of 

time to first case was undertaken following censorship of follow up time within 

the total cohort population at 25 years following first HL treatment. Breast 

cancer cases which occurred after this time were therefore not included in 

analyses in order to allow for a more meaningful comparison with other 

existing cohorts. 

Mean follow up time overall for the cohort was 19.0 years following censorship 

at 25 years, a 5.7 year reduction in mean follow up time compared with 

uncensored data (24.7 years). A total of 362 breast cancer cases had occurred 

and mean time to first case was 18.7 years, a 6.6 year reduction in time to 

case compared with uncensored data (25.3 years). This gives substantial 

weight to the suggestion that the longer latency time to case we have seen is 

largely due to longer overall follow up time in the cohort. 

The mean age at which the women in our study developed breast cancer was 

47 years, nearly 20 years younger than the UK average age of diagnosis at 63 

years, which is largely reflective of the length of follow up time and age of 

exposure to irradiation (younger age of exposure to irradiation, particularly in 
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adolescence / young adulthood is known to correlate with increased risk of 

breast cancer due to increased sensitivity of developing breast tissue to 

ionizing radiation.22,33,34,36,48,51,58,59) as well as the induction period. Our mean 

age at diagnosis is notably older than that reported in most other cohort studies 

investigating second breast cancer in HL patients. In a meta-analysis of 34 

cohort studies investigating breast cancer after irradiation in women, mean 

age of diagnosis of breast cancer was 35 years.57 However, as described 

above with respect to the difference in censored follow up time this is very 

likely due to the fact that the women in our study are older at treatment and 

had longer follow up.  

It will be important to undertake age and follow up time adjusted per year at 

risk analyses to investigate whether or not our findings represent a later onset 

of excess risk of breast cancer (i.e. excess risk at older ages) following 

treatment beyond that which has been shown in other cohorts of HL survivors 

limited by shorter follow up after treatment.7,9  

A substantially raised incidence of breast cancer in this cohort compared to 

the general UK population was reported with shorter follow up time until the 

end of 2008.1 At this point of follow up 373 breast cancers had occurred and a 

standardised incidence ratio (SIR) of 5.0 was seen for the whole cohort with 

relative risks increasing markedly by age at first treatment with a peak SIR of 

47.2 seen in those treated at age 14. Absolute excess risk was also 

substantially raised for many decades after treatment, with the largest excess 

risks seen in those in older age groups (highest ages 50-59) despite less 

substantially increased relative risks due to the increase in background breast 
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cancer rates. That we have now, just over a decade since risks were last 

analysed, reported that more than double this number of breast cancer cases 

have now occurred in the same cohort of women, the question of quantifying 

relative and absolute excess risks has arguably become more pressing with 

important public health implications for ensuring these women treated with 

chest irradiation are being appropriately screened.Another key question is 

whether treatments given in our cohort may have influenced longer time to 

cases and / or older age of breast cancers compared to other HL survivors.  

Presuming that this longer time to breast cancer diagnosis does represent a 

“true” difference compared to other studies there are possible differences with 

the treatments received in our study compared to others to consider. 

The latency period following irradiation, which acts as an “initiating event”, to 

development of breast cancer is known to arise from a multistep process. A 

cumulative series of genetic changes occur involving inducing DNA damage 

or aberrant recombination of chromosomes alongside the evolution of a 

number of “hallmark” features of cancer,60,61 which may take many years to 

result in malignancy.62  

It has been well established from a large number of studies, including results 

previously published from this cohort, that extent and anatomical field of 

radiotherapy (including breast, mediastinum and axillae) and increasing dose 

of radiotherapy is associated with a steeper and greater overall increase in 

cumulative incidence of breast cancer.6,10,33,59,63 Studies in atomic bomb 

survivors also show a linear increasing dose-response relationship with 
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radiation dose exposure and breast cancer risk with shorter latency time to 

developing secondary breast cancers in those with the highest risk.64,65  

As all of the women in our study received treatments known to be high risk for 

breast cancers with risks rising more rapidly after treatments, namely 

supradiaphragmatic radiotherapy, predominantly mantle field (62.6%) and 

majority high doses (>60% given ≥35Gy), one might have expected to see a 

shorter time to, and therefore younger age at diagnosis of breast cancer 

diagnosis in our cohort compared to those where less radiotherapy was given, 

rather than the longer time we found.2,45  

Another consideration is whether a greater proportion of the women in our 

study received gonadotoxic treatments which may have mitigated against 

earlier onset of breast cancer. Published work from this cohort highlighted that 

the overall risk of developing breast cancer was reduced with induction of 

premature ovarian failure by gonadotoxic treatments (≥5Gy pelvic 

radiotherapy and alkylating chemotherapy).22 A number of case control studies 

have demonstrated a protective effect of gonadotoxic treatments and that 

those with induction of premature menopause have a strongly decreased 

breast cancer risk.10,34,36,43,66 Of 2,497 women within this cohort who 

responded to a questionnaire, 63% had received gonadotoxic treatments, and 

36% had experienced premature menopause (of those aged ≥ 40 years). This 

appears to be generally larger than the proportions of women who are reported 

to have received gonadotoxic treatments in these other case control studies 

compared to ours (Travis et al reported only 10.5% received ovarian RT + 

alkylating agents34, Inskip et al report 43.3% received alkylating agents and 
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9.4% ovarian RT ≥5Gy, van Leeuwen et al reported 8.0% receiving ovarian 

RT ≥5Gy and 46.6% had received alkylating chemotherapy and 30.8% of 

those aged ≥ 40 years only 30.8% had experienced premature 

menopause.)36,66 

The larger proportion of women receiving treatments which were gonadotoxic 

and were associated with a reduced risk of breast cancer in our study may 

therefore explain the longer time to cases and older age at diagnosis in our 

women compared to other HL survivor cohorts (again with the presumption 

this is not simply reflective of longer follow up time).  

There are also a large number of other known risk factors which influence 

breast cancer risk in the general population, which may have affected time to 

and age of diagnosis in our cohort, including age at menarche, reproductive 

history, breastfeeding, exercise, body mass index, breast density, hormonal 

(OCP and HRT) use, family history and genetic characteristics.22,43,66-72 

Published results from this study amongst others have addressed some of 

these, including BMI in postmenopausal women, age at first pregnancy and 

use of HRT in those with early menopause, none of which showed a significant 

impact on breast cancer risk.22,36,66 Later age at menarche was shown in this 

cohort to be associated with a greater risk of breast cancer, somewhat at odds 

with the effect in the general population where late onset menarche is 

associated with a reduced risk of breast cancer, however again this is unlikely 

to explain the relatively later time to diagnosis of breast cancer by many years 

in our cohort compared to other HL survivors as the change in risks are small 
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and the average age of menarche was comparable to the general UK 

population (13.5 years versus 12.9 years).  

Further investigation as to what degree these other risk factors alongside 

treatments, may be contributing to timing (i.e. the latency period after 

treatments) and age of onset of cases, once adjusted per year at risk analyses 

are undertaken, would be important as part of future work and is feasible with 

the data collected from questionnaires as well. Additional work using blood 

samples to investigate the role of genetic factors would also be interesting.  

Histology 

The histological subtypes and proportion of invasive and in situ breast cancer 

cases in our cohort is very similar to the proportions reported in the general 

population,73 with the vast majority comprised of IDC and DCIS. These are 

also similar to the findings within a systematic review of young female HL 

patients treated with chest irradiation, which reported a range of subtypes 

comparable to that of sporadic breast cancers and in breast cancers that arose 

after Hiroshima and Nagasaki64   

The occurrence of cases of more unusual histological subtypes including a 

phyllodes tumour as well as more aggressive phenotypes including a 

haemangiosarcoma is also consistent with other series in HL survivors after 

irradiation.52,55,56 Radiation-induced sarcomas constitutes a clinically distinct 

defined and well described74 subset of breast cancers which occur after 

radiotherapy, often with poor prognoses.75 The woman in our cohort who 

developed breast angiosarcoma patient died within 4 years of diagnosis, 

cause of death metastatic breast disease (stage at presentation unknown).  
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Behaviour / Stage 

The vast majority of the invasive breast cancers diagnosed in our cohort were 

of an early stage, 1-2 (89%), higher than proportions of stages 1-2 seen in 

sporadic breast cancers in the UK population (79-87%),76 and the finding that 

increasing proportions of in situ cases relative to invasive cases were seen in 

those irradiated in more recent decades is likely to reflect screening practices 

and increased awareness of secondary breast cancer risk. The tendency for 

breast cancers to be diagnosed at earlier stages has been noted in a number 

of other studies of HL survivors.49,55 A greater proportion of in situ breast 

carcinomas are picked up through screening (~19%) compared to invasive 

and more advanced stage cases (~6%),77 and increased risks of breast 

cancers after irradiation have been reported since the early 1990s so both 

clinician and public awareness of these risks would have become more 

prominent.8,56,78 Breast cancer screening started in the general population for 

women aged 50 or older in 1988, thus the combination of screening and 

increased awareness is likely to explain this pattern,79 in particular as we saw 

the largest increase in non-invasive cases diagnosed from 1990-2003 after 

these changes came about. Where screening practices have been introduced, 

such as the national screening programme for irradiated HL survivors in the 

UK (NRASP), secondary breast cancers are more likely to be picked up by 

screening than through symptomatic presentation.49 It is hoped that this will 

translate into better outcomes for these women, which remains to be seen. 

The rate of uptake of screening and impact on outcomes is an important 

question being investigated through the ongoing Breast Screening After 
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Radiotherapy (BARD) initiative in the UK, a study to which the women in this 

cohort contribute a large proportion of the subjects.80 

Laterality 

Our findings of a higher proportion of bilateral invasive disease, 12.9% in total 

(4.0% synchronous, 8.9% metachronous) is approximately double the 

proportion seen in the general UK population (4-6%),81 and other comparable 

European populations.82 Our findings are in keeping with a number of other 

studies in breast cancers after irradiation where proportions of synchronous 

bilateral breast cancers at presentation are significantly raised and range 

between 3.8 -11%.34,41,45,52,55,56,83  

Irradiation including both breast fields is likely to be the predominant risk factor 

for this increased risk. There are, however, a number of other risk factors 

associated with an increased risk of developing bilateral breast cancer in the 

general population, including family history of breast cancer, reproductive 

history, body mass index and mutations in specific genes including BRCA1, 

BRCA2, CHEK2 and ATM.84 Future work could feasibly include assessing to 

what degree reproductive history, BMI and higher risk genetic mutations 

contributed to this increased likelihood of bilateral disease in our cohort as we 

have both questionnaires and blood samples from large numbers of cases and 

controls.  

Presentation with synchronous bilateral breast cancer is associated with 

poorer overall survival in the general population,82,85 but no studies in HL 

survivors have specifically looked at whether presentation with bilateral breast 

cancers is associated with poorer survival in secondary breast cancers in HL 
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patients. Some of the largest studies (with 25341 and 31640 breast cancer 

cases) have reported that breast cancer-related survival after HL is poorer 

than in an age matched general breast cancer population but did not account 

for stage and a smaller study has shown it is similar when matched for stage.55 

Important future work we could undertake within this cohort would include 

investigation of survival by stage and presentation with bilateral disease and 

whether or not it differs compared to breast cancers in the general population. 

We are also in the process of collecting breast cancer treatment information 

which would also be important to adjust for as poorer outcomes in these 

women are very likely contributed to by the fact that they cannot be treated 

optimally for their breast cancer, in particular are unlikely to receive further 

radiotherapy because of previous HL treatments and the subsequent co-

morbidities.55,86 This has important clinical implications and reinforces the 

importance of increased surveillance of the contralateral breast in these 

women as well as discussions of possible risk-reduction strategies including 

prophylactic mastectomies or use of Tamoxifen. It would also be interesting to 

investigate whether survival improved in breast cancers diagnosed after 

implementation of the NRASP. Unfortunately the method of breast cancer 

detection (i.e. whether or not screen detected) was missing for a large number, 

particularly of the more historic cases in our data, so we would be unable to 

analyse by method of detection. 

Grade 

Our study showed that a larger proportion of high grade tumours (49.8%) were 

diagnosed than would be expected compared to a sporadic breast cancer 
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population (35.4%),87 with a significantly greater proportion of high grade 

breast cancers diagnosed closer to the time of treatment and in those 

diagnosed at a younger age than the general population.  

Breast cancers which present at younger ages in the general population are 

known to present with a more aggressive phenotype and are more commonly 

poorly differentiated or high grade,88 and have poorer outcomes,89 even after 

accounting for stage at presentation.90,91 Higher grade tumours are also more 

likely to be hormone (oestrogen or progesterone) negative, a pattern that was 

also seen in our study (95.3% of grade 1 tumours were ER positive compared 

with only 59.2% of grade 3 tumours, discussed further below) which not only 

has poorer prognostic implications92 but also has important implications for 

treatment decisions. 

It may well be that the greater proportion of higher grade tumours diagnosed 

than would be expected is entirely related to the lower average age of 

diagnosis of women in our study. In a large study of operable breast cancer 

cases,92 56.2% of cases diagnosed ≤50 years were grade 3 compared with 

53.6% of the (stage 1-3 cases from within in our study for comparison 

purposes) cases diagnosed at age ≤50 years in our study.  

The fact that shorter time since treatment is associated with a greater 

proportion of high grade tumours may point to treatments inducing a more 

aggressive carcinogenic pathway in a subset of patients and it will be 

interesting to look at whether there is a steeper increase in risk of developing 

high grade cancers by treatment modality (in particular radiotherapy at high 



   
 

115 

doses), once treatment information have been fully collected. I am not aware 

that this has been previously investigated. 

Timing of breast irradiation close to menarche, (which likely represents a 

surrogate for timing of treatment around thelarche) has been associated with 

higher overall risk of developing breast cancers in HL survivors, including in 

this cohort,22,36 and more recently with increased risk of developing ER 

negative breast cancers.43 The large proportion of high grade cases in our 

cohort may therefore be reflective of treatment factors augmenting risk of 

developing hormone negative disease, and it may be that these cancers 

develop more rapidly after treatment. 

Although we did not clearly see a relationship between age at first radiotherapy 

and grade of breast cancer within tabulations, cohort analyses are needed to 

fully delineate whether or not these factors are linked.  

The higher frequency of high grade tumours in those treated more recently 

may also be a result of the shorter follow up time, which also remains to be 

seen once time adjusted analyses are undertaken.  

Hormone receptor status / Intrinsic subtype 

Women in this study overall developed a similar proportion of ER positive 

invasive breast cancer cases (77.0%)  than would be expected in the general 

population (70-80%).93 A number of other smaller series reporting on ER 

status of breast cancers in HL survivors show lower than expected proportions 

of ER positive breast cancers, compared to a general population and controls 

within these studies, ranging from 44-63%.35,40-43,53,55,56 Although our findings 

are consistent with a small number of other studies which show ER positive 
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proportions similar to those expected in sporadic cases.9,83 Our study has 

almost double the number of cases than the next largest series in which this 

is examined, and receptor status is known for 98.0% of invasive cases 

(diagnosed after 1999), and is thus likely to represent a more accurate capture 

of the receptor profile. In almost all of the other studies, there is a much higher 

proportion of unknown (≥15% in most40-43,83 and up to 60% in some 

studies55,56). Many also do not report on the proportion of cases where ER 

status is known: the proportion of ER positive cases would seem smaller if 

these are not excluded. Using this cut-off point of 31/12/1999 to maximise 

completeness of reporting limits generalisability of findings prior to this time 

but by reducing the proportion of unknown receptor, this improves accuracy 

and reduces bias in our findings (e.g. all cases without receptor status testing 

may have been more advanced or more aggressive before this date). It is 

possible that older treatments resulted in development of breast cancers with 

a different hormone receptor profile to those diagnosed before 2000 which is 

a limitation of having a greater proportion of missing data for historic cases. 

Relative to other series, however, we are able to report with more extensive 

data than has been done before. 

We noticed a relationship between time since treatment and ER status, cases 

being more likely to be ER negative with shorter time since HL treatment. It is 

known that breast cancers presenting at a younger age are more likely to be 

ER negative,73 and to be high grade, as discussed above, so it is possible that 

our population being younger in general at diagnosis could explain this.  
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We also saw a similar proportion of HER-2 positive (17.4%) and triple negative 

(11.4%) cases (of those where receptor status known after 1999) compared 

to the general population. There was a higher proportion of TN cases in those 

diagnosed at young ages, with proportions almost identical to other studies in 

the general breast cancer population diagnosed similar ages. In our study 20% 

of those diagnosed (after 1999) aged ≤40 years were TN compared to 21% in 

those diagnosed at these ages in a general population,94 and 21.7% of those 

aged ≤35 were TN compared to 22.2% in another large study of young women 

in the general population.95 

Mirroring the pattern seen with ER status, there appeared to be a relationship 

between greater numbers of TN status invasive cases with closer time since 

treatment, and again no clear relationship with TN status and age at breast 

cancer diagnosis which could potentially explain this. 

Overall it appears that breast cancers with a number of poor clinical prognostic 

features within the secondary breast cancers in our cohort are seen with 

shorter time since treatment, namely more invasive cases compared with in 

situ, more advanced stage, higher grade, ER negative and TN cases.  

As there are no national data on expected rates of breast cancer according to 

receptor status or grade in the UK it will not be possible to undertake age and 

calendar period matched comparisons with the general population. There are 

4 other studies of which I am aware of that have investigated receptor profiles 

in breast cancers after HL, in particular oestrogen receptor, HER-2 and TN 

status, with respect to age and time since treatment. Horst et al (71 cases) did 

not show any difference in ER or HER-2 status with time since treatment, or 
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age at first treatment,53 Dores et al (166 cases) found, conversely to what our 

findings suggest, that the risk of TN and ER negative breast cancer increased 

with time since treatment,42 and Moskowitz et al (160 cases) reported TN 

cases being more common in those treated at older ages.43 A retrospective 

study of HER-2 status in 77 cases following irradiation for range of cancers 

(predominantly HL survivors), demonstrated that the proportion of HER-2 

positive breast cancers was significantly higher in those treated after thelarche 

and within 4 years of menarche than those treated further away from these 

events (either before or after). Although they did not specifically look at risk in 

relation to time since treatment, treatment with higher doses of radiotherapy 

(>40Gy) were associated with higher proportions of TN breast cancers.54 

Our findings would support the idea that irradiation induces a biologically more 

aggressive phenotype of breast cancer,40,52,54 more quickly than sporadic 

breast cancers and potentially more quickly compared to other types of 

treatment, although this remains to be seen with adjusted age and time at risk 

analyses. 

Future work including analyses by modalities and doses of radiotherapy in 

addition to timing of treatments according to these more aggressive 

phenotypes will be important in addressing this question. It may be that there 

are pathophysiologically distinct subgroups of breast cancer cases, some 

more aggressive than others, defined by presentation with different behaviour, 

histology, stage, grade and receptor status that are associated with and could 

be “predicted” by exposure to specific treatments, such that timing and 

modality of surveillance could be personalised for each woman.  Following on 
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from this clinically it will also be important to address whether or not these 

characteristics translate into poorer overall survival for these women, as has 

been suggested in some studies,40,52 but not all where survival is similar to an 

age matched population and is largely driven by stage at diagnosis.55 

 

Overall, this study represents much the largest to have described clinical and 

pathological characteristics of breast cancers following irradiation in young 

women treated for HL. We have shown, in keeping with other studies in HL 

survivors, women are more likely to be diagnosed at young age compared to 

the general population, and present with a greater proportion at early stage 

and a greater proportion present with and develop bilateral disease, but unlike 

other smaller series, time to breast cancer cases was longer. This may be as 

a result of our longer follow up, or may be related to the treatments received 

in our population. Many of the clinicopathological features are similar to those 

in the general population and this may be due to us having an unbiased 

population of cases, longer follow up time or having more complete data on 

these characteristics than in most other studies. Breast cancers diagnosed 

closer to HL treatment appeared to exhibit more clinically aggressive features. 

Investigation of associations between clinically poor prognostic subtypes with 

treatment modalities will form part of future work.  

In order to more definitively address whether or not these breast cancer cases 

are clinically or biologically distinct from those arising in the general population 

according to the clinicopathological features described, future work will involve 

a collaboration with Prof Darby’s Group in Oxford who have developed 
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comprehensive comparator control groups from PHE data which would allow 

matched comparisons of these prognostically important clinical features. 

In addition, future work could incorporate information known regarding a range 

of hormonal and reproductive risk factors for breast cancer known from 

questionnaires in a large subset of these women, and investigate potential 

genetic risk factors using blood samples, along with updated treatment 

information would enable amongst more detailed profiling of a broad range of 

risk factors for breast cancer in this high risk population of women. 



   
 

121 

Chapter 5 

5. Hodgkin Lymphoma Survivorship 

Questionnaire Study 

5.1 Introduction 

The Hodgkin Lymphoma Survivorship Study was set up and undertaken as a 

stand-alone project as part of this PhD, although the research questions were 

designed to complement and expand upon the focus of the cohort study in 

addressing a wide range of late HL treatment-related effects in addition to 

breast cancer. In this chapter I will describe the broad current literature in 

relation to a number of co-morbidities which I have identified as being under-

researched. I explain why they are important, and describe gaps in the 

literature and identify unanswered questions in relation to the selected 

outcomes.  

5.2 General Background 

Morbidity Burden in HL survivors  

I have described in chapter 1 the large number of studies which have assessed 

the most clinically severe long-term sequelae of treatment in Hodgkin 

Lymphoma (HL) survivors. Most frequently studied are causes of premature 

mortality,96-102 second malignancies7,20,22,103-107 and cardiovascular 

disease.108-112 What these studies reveal is that, in addition to the better 

studied causes of late mortality in HL survivors, there is a high burden of mild 
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and moderate long term conditions in survivors16,113,114 and, worryingly, this 

incidence continues to rise over time, particularly if the patients were treated 

longer ago. In the US childhood cancer survivor study (CCSS) cohort, at least 

one chronic condition was reported by 70% of HL survivors at 28 years after 

treatment,115 and only 19% of lymphoma survivors were free of any adverse 

events in the Dutch population at 17 years of follow up.16 HL survivors 

epitomise the range and severity of issues that cancer survivors may face. 

They have experienced increasingly high survival rates as well as being 

treated at young ages, so may live for decades beyond treatment,116 and they 

are also amongst the first who were treated with high dose combination 

chemotherapy and high dose radiotherapy.  

Older treated survivors 

The largest HL treatment-related late effects studies with the longest follow up 

have been undertaken in those treated for a range of childhood cancers but 

do not include those treated into adulthood.14,16,113,117 Amongst the highest 

incidence of HL diagnoses occurs in early adulthood at ages 20-24118 so it is 

important to study this large proportion of  patients to allow for the 

measurement of risks which have not yet been undertaken.  The risk of 

developing late effects may also differ markedly according to age at treatment, 

as discussed below in relation to hypothyroidism and infertility. There is 

therefore a pressing need to investigate age at treatment an important 

independent risk factor for developing these selected outcomes. 
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Female HL survivors 

The first part of this thesis describes in detail the greatly increased risk of 

developing breast cancer in women if treated with radiotherapy at a young 

age,20,106 but they may also be at greater risk of developing sex-specific 

outcomes such as osteoporosis,119,120 pregnancy problems,121 and premature 

menopause.21,122 There is therefore a need to investigate female HL survivors 

as a group with distinct risks of developing certain outcomes compared to male 

HL survivors. 

More recent treatment periods  

The largest cohorts investigating long-term co-morbidities in HL 

survivors16,123,124 are comprised largely of children treated historically, mostly 

in the 1970s-1980s. These periods capture risks following treatments that 

were used largely before a general approach of treatment de-intensification, 

such as reduced radiotherapy field sizes, doses and modification of delivery 

and less toxic alternative chemotherapy regimens, as a result of growing 

knowledge of late treatment effects.17,125 The general reduction in treatment 

intensities over the past 2-3 decades has led to, as was hoped, the emergence 

of a notable reduction of overall chronic disease incidence in more recently 

treated patients compared to historical decades.114 And although the overall 

incidence of second malignancies has not significantly reduced in more 

recently treated patients, risk of breast cancers have been mitigated in those 

who did not receive radiotherapy to the axillae.7 It is therefore important to 

include both newer and older treatment strategies to be able to investigate 
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whether or not treatment de-intensification strategies have been effective for 

certain outcomes.  

5.3 Identifying the Outcomes 

Through undertaking a literature review, meeting with Consultant clinicians 

and specialist nurses treating Hodgkin Lymphoma, and incorporating my own 

clinical experience seeing patients on long-term follow up after HL treatments, 

I have identified the following less well reported nonfatal but clinically 

significant late effects of treatment and describe the questions I seek to 

address for each. 

Thyroid Disease 

Hypothyroidism is the most commonly reported thyroid abnormality in HL 

survivors126,127 and the most common endocrinopathy observed in all 

childhood cancer survivors.128-130 There is international consensus therefore 

to regularly measure thyroid function in HL patients who are deemed at high 

risk of developing hypothyroidism.131-133 The most important risk factors 

identified for developing thyroid disease include high dose radiotherapy to the 

neck, head, or both sites, and time since treatment. However there are other 

risk factors, such as age at first treatment or use of high dose chemotherapy 

regimens, where the relationship is less clear.129,132,133 The common 

occurrence of hypothyroidism following neck irradiation in HL was first noted 

in a number of small studies through the 1960s-1980s134-140 and was then 

widely reported on as follow up increased. However during these earlier 

decades patients were almost universally treated with high dose large field 

radiotherapy encompassing the neck in a mantle field.141,142 Much less is 
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known about any change in incidence of hypothyroidism following more recent 

treatments where chemotherapy only has been used much more frequently, 

or smaller involved field radiotherapy or involved site radiotherapy and smaller 

doses with higher fractionation are used.126,143 The studies that have covered 

more recent treatment periods do not also include those treated longer ago to 

enable a comparison, or have much smaller numbers, usually restricted to 

those treated uniformly on trials, which does not allow for subgroup analyses 

by treatment types within these periods.144,145,58,146  The role of age at 

treatment as an independent risk factor is also not yet clear, with some studies 

reporting greater incidence of hypothyroid disease in those treated at younger 

compared with older ages147-149 (but with the confounding effect of use of older 

higher risk treatments in the American studies). However, a large analysis from 

the questionnaires of HL survivors from the CCSS showed treatment >15 

years of age associated with greater risk than for treatment below age 15.126 

It may be that the risk is associated with treatment intensity rather than age 

due to the reduction of intensity of treatments in children compared to adults. 

There is also little known about the risk of hypothyroidism in HL survivors 

treated with chemotherapy alone. The use of CCNU has been associated with 

a raised risk of hypothyroidism but this was measured in patients with a range 

of childhood cancers not HL survivors specifically and in small numbers.149 

The largest evidence-base for those treated with chemotherapies alone are in  
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Table 5.1 Largest studies investigating thyroid disease after treatment for HL 

HL=Hodgkin Lymphoma; CT=chemotherapy; RT=radiotherapy; Rx=treatment 
*data from CCSS 
**Radiotherapy or classes of chemotherapy or combinations of both 

Study Details 
No. of HL 

patients (n) 
Risk factors investigated 

Treatmen
t period 

Follow up time 
since treatment 

Comments 

Hypothyroidism 
*Inskip et al149 2018 1,550 RT dose to thyroid & pituitary 

Dose response 
Treatment types**  
Sex 
Age at Rx, Time since Rx 
Treatment calendar period 

1970-1986 Mean 16.3 years Children only (age <21 years) 
Historic treatment period  
94% had RT 
HL treatments not analysed separately 

Jensen et al148 2018 1,713 Diagnosis period 

Age at diagnosis 

Sex 

1976-2009 Median 10 years No treatment info 

Ages 15-39 years 

Only hospital diagnosed (i.e. severe) cases 

Cella et al144 2012 53 Detailed RT dose to thyroid 

Sex 

Age at treatment 

2001-2009 Median 32 months Recent treatment period only 

Short follow up 

Small numbers 

Hypothyroidism, Hyperthyroidism & Thyroid nodules 
*Mostoufi-Moab et al129 

2016 

1,927 Time since diagnosis 
Radiation exposure 
Thyroid irradiation dose 

1970-1986 Median 24 years HL patients not analysed separately 
Children only (ages <21 years) 
Historic treatment period 

*Sklar et al126 2000 1,791 Estimated RT dose to thyroid 

Time since treatment 

Sex 

1970-1986 Range 0-27 years Children only (age <21 years) 

Historic treatment period (1970-1986) 

Unable to investigate CT alone – only 1 pt 

Bethge et al143 2000 177 Treatment types**  

Age at treatment 

1970-1994 Median 6 years Short follow up 

Small numbers for subgroup analysis (19% CT alone) 

Hancock et al150 1991 1,787 Treatment types**  

Estimated RT dose to neck region 

Time since Rx, Age at Rx 

1961-1989 Median 9.9 years Historic treatment period (1961-1989) 

Confounding effect of lymphangiography in most pts 

97% of pts had RT so unable to analyse CT alone 

*Bhatia et al127 1996 89 Dose of RT 

Treatment types** 

Time since Rx 

1970-1986 Median 11 years Children only (age <21 years) 

Historical treatment period (1971-1986) 

73/89 (82%) had lymphangiography 

Small numbers treatment subgroups 
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those conventionally used in stem cell transplantation.151-153 Those included in 

these studies were not, however, treated only for HL, but for other cancers and 

disorders, making it difficult to apply the measured risks in chemotherapy 

treatments not common to a HL population. Greater incidence of a range of 

other abnormalities such as hyperthyroidism and thyroid nodules have also 

been reported but the largest of these studies do not report on HL survivors 

separately and the burden of morbidity has not been well described in an adult-

treated population compared to those treated in childhood.126,127,129,147  Table 

5.1 summarises the largest studies that have focussed on different types of 

thyroid disease, the risk factors investigated and unanswered questions from 

each are highlighted in the comments. I have indicated with an asterisk where 

studies have reported on data from the same population (from the CCSS). 

Neuropathies / Neuromuscular Conditions 

The largest studies of incidence and morbidity associated with radiation-

induced plexopathies and fibrosis have been undertaken in breast cancer 

survivors154,155 where higher doses of irradiation are used, but  it remains 

under- investigated in HL where mantle radiotherapy or large volume axilla 

fields may result in plexopathy.156 RILP may also develop in those having 

received moderate doses of radiotherapy to the pelvic nodes and to date there 

has been no large study to assess prevalence in those treated with recent 

treatments compared with those more historically treated.156  

Peripheral and autonomic neuropathies occur in HL survivors due to the use 

of vinca-alkaloid-containing chemotherapy regimens.157,158 For this reason, 

less intensive regimens such as ABVD have increasingly been used to 

mitigate against some of the toxicity associated with these older multi-drug 



 

128 
 

regimens. In one study the proportion of patients developing any severe 

(CTCAE159 grade 3 or 4) neuropathy was significantly reduced from 8% in 

those treated with  multi-drug more intensive drug combinations to 3% in those 

treated with ABVD.160 However, the outcomes measured were at relatively 

short follow up times of <5 years. It would be important to know about survivors 

living with such effects beyond this. 

Dropped head syndrome has been consistently described as a late effect 

following mantle radiotherapy in HL161-165 in many small series. However 

incidence has not been investigated on a larger scale despite the fact it can 

be clinically debilitating and monitoring forms part of survivorship 

guidelines.166,167  

Skeletal or bone disorders 

There are few studies analysing risk of osteoporosis in HL survivors, although 

the prevalence of low bone mineral density can be up to 18% in general 

cohorts of childhood cancer survivors.130 Osteoporosis is a particularly 

pertinent issue in women due to the known increased risk of premature ovarian 

failure and early menopause in female HL survivors.21,119,120,168  The majority 

investigating osteoporosis are small studies of less than 100 participants and 

are again predominantly in patients treated in childhood and those treated 

many decades ago.168-171 The largest study including HL patients involved 

>500 mixed lymphoma patients who self-reported a significantly raised 

incidence of osteoporosis (11.5% following recent treatment from 1998-2008) 

compared with a matched control population.172 Osteoporosis is a major 

predictor of risk of bone fractures, an important cause of morbidity and 

mortality in the general population,173,174 but the risk of fragility fractures 
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associated with osteoporosis in cancer survivors in general and specifically in 

HL survivors is as yet poorly understood.166,175 

This is particularly important in HL where multiple direct and indirect risk 

factors for osteoporosis and therefore potentially bone fractures may co-exist, 

such as use of glucocorticoids, potentially osteo-toxic chemotherapy agents, 

use of radiotherapy and the development of gonadal dysfunction.175 Two small 

studies to date have highlighted an increased risk of osteoporosis in female 

Hodgkin Lymphoma survivors treated with alkylating agents and high doses of 

corticosteroids.195,308 Both focus on those treated in childhood and have very 

small numbers. A much larger cancer survivor study found high risks of low 

bone mineral density and fractures in children treated with stem cell 

transplantation however this was in childhood acute lymphoblastic leukaemia 

survivors where treatment modalities differ markedly to those used in HL.176 

An important unanswered question, considering the rising peak of HL 

incidence in peri-pubertal ages, is whether treatment during puberty is a higher 

risk period leading to greater risk of subsequent osteoporosis and bone 

fractures than those treated in childhood or those treated post-puberty. 

Weight, smoking and levels of physical activity are key confounding and 

modifiable risk factors in relation to risk of low bone mineral density in HL 

survivors that have not yet been reported on which would be important to 

investigate.175  

Lymphoedema 

This is a very poorly measured late effect in HL with a dearth of studies 

analysing its incidence after treatments. It has been highlighted as an 

important long term side effect in HL,17 and is recommended as an important 



 

130 
 

late effect to be monitored as part of cancer survivorship guidelines in the 

US.132 It has been most commonly studied following lymph node surgery and 

radiotherapy in breast cancer, and in a smaller number of other cancer types, 

where it is associated with a great degree of morbidity and significant detriment 

to quality of life.177-179 Certain cancer treatments, such as large field and high 

dose irradiation, which have been commonly used in HL patients, are known 

to be associated with a greater risk of lymphoedema. This would therefore be 

an important cause of morbidity to measure in this group. 

Premature Menopause and Infertility 

High incidence of menses disruption and premature menopause has been 

consistently noted in female HL survivors due to treatments and has important 

implications for fertility.122,180-185 The largest study undertaken was a national 

recall study in England and Wales21 in women treated  under 36 years of age 

with long term follow up (17.8 years). This demonstrated the highest risk 

associated with combination high dose alkylating-containing chemotherapy 

and pelvic radiotherapy and also slightly increasing risk at older age of 

treatment. However, this study included women who were treated more 

historically so outcomes may be different with newer treatments and it does 

not include those treated at older age. The implications for fertility post 

treatment and successful pregnancies in female HL survivors treated both in 

childhood and adulthood are not as well investigated as premature 

menopause. A historical study excluded those with premature ovarian 

failure186 so will have underestimated treatment effects and a recent single 

centre study only included 36 patients who had ABVD so it is difficult to 

extrapolate from these results.187 A large recent study from the US childhood 
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cancer cohort analysed pregnancy and birth rates but in a cohort where HL 

survivors were not analysed separately.188 The periods of treatment analysed 

ended in 1999 so the treatments used are now largely historical. The biggest 

study to date that has investigated birth rates in HL survivors was in Sweden 

where birth rates in 447 women treated up to the age of 40 were compared to 

age-matched comparators in the general population.189 However, pregnancy 

rates or pregnancy outcomes were not investigated in addition to birth rates.  

It was also performed in a relatively recently treated patient population so 

would not capture outcomes from those treated before 1992. An up-to-date 

analysis incorporating both historical and current treatments and any 

difference in outcomes would be important to undertake. 

Other studies investigating parenthood have been undertaken in patients 

treated in childhood and do not assess outcomes for those treated in early 

adulthood despite this comprising the most commonly diagnosed age group 

of HL.190,191  

The extent of the use of assisted reproductive techniques (ART) and 

parenthood in female HL survivors has also been minimally reported on, with 

only 2 studies to date undertaken in Norway121 and Sweden.189 The Norwegian 

study included both female and male survivors and showed much higher use 

of ARTs in men than women and higher rates of parenthood in both sexes in 

those treated with radiotherapy only (the majority treated with 

supradiaphragmatic fields) and low gonadotoxic chemotherapy.121 The 

Swedish study asked women about fertility preservation prior to treatment, 

which was most common in those who received the most chemotherapy and 

no RT. They were able to confirm recorded infertility diagnoses and referral for 
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IVF post HL treatment from medical records. However, this could only be 

undertaken for a proportion of the patients diagnosed in a limited and more 

recent time window from 2001-2009. There are no studies I am aware of that 

have investigated pregnancy outcomes in addition to birth rates.  
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Chapter 6 

6. Methods 

6.1 Introduction 

This chapter describes the design and data collection methods for the Hodgkin 

Lymphoma Survivorship Questionnaire study. Methodological issues related 

to the analyses of the selected outcomes will be discussed separately in the 

relevant analysis chapters. 

6.2 Study Design 

This is a single-centre questionnaire study to investigate the prevalence and 

incidence of a range of the specified nonfatal late effects, described in the 

background, and the risk of developing these outcomes according to a range 

of exposures including treatment-related risk variables. It included all women 

treated for Hodgkin Lymphoma between 1970 and 2015, with treatment up to 

the age of 45 years, at The Royal Marsden Hospital (RMH), who have survived 

for at least 2 years beyond their HL treatment. The outcomes of interest were 

collected through a one-off questionnaire completed by the participants and 

occurrence of the most common thyroid disorders; hypothyroidism, thyroid 

nodules / cysts and hyperthyroidism, were validated through medical case 

notes. Demographic variables, treatment and disease-related information 

were abstracted from medical records. 
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6.3 Study Population & Eligibility 

There are, approximately 170 cancer-treatment centres across England and 

Wales. For logistical reasons, given the large amount of time, staff and 

infrastructure required, I focussed this study within RMH, the largest treating 

centre of HL patients in the country. I estimated this would include 

approximately 20% (400 of 1900) of those who would be eligible nationally.1192 

RMH patients are also from a broad geographic area due to referrals from 

across the country.  

1970 was adopted as the cut-off for earliest year of treatment from experience 

from other studies investigating lymphoma patients at RMH where high 

completeness was achieved back to 1970.20,109 

Due to the known lag-time to emergence of many of the described late effects, 

sensitivities regarding contacting patients recently treated and risk of relapse 

being highest in the first 2 years following treatment, only those patients who 

survived more than 2 years after treatment were included. This allowed for 

sufficient time for acute treatment-related effects to resolve but was soon 

enough after treatment to capture the earliest occurring late effects under 

investigation. At the time of application to set this study up, the most recent 

treatment year was 2015. 

The study group included patients treated up to the age of 45 years in order to 

cover the age group of women most at risk of developing and living with these 

late effects, and also to cover reproductive ages which are pertinent to the 

 
11900 female HL survivors who were treated ≤ 45 years are expected to have survived >2 

years following diagnosis across England and Wales between 1991 and 2010.1 
Based on numbers of young women known to have been treated for HL at RMH within a 
national cohort3, I estimated that 400 patients would be eligible to be mailed from RMH. 
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outcomes being measured such as infertility, pregnancies and premature 

menopause.  

6.4 Study Process 

It was important for me to be able to centrally administer and co-ordinate the 

questionnaire mailing process for a number of reasons: 

To ensure duplicate patients were removed 

Tracing through the NHS Strategic Tracing System (NSTS) so that no 

deceased patient was contacted 

To minimise delays and ensure contact was appropriately timed following 

patient replies which were directed to the ICR 

In order to be able to do this I required that the list of patients who could 

potentially be included in the study be sent to the ICR. There are four clinical 

Units who treated HL patients within RMH, and I therefore asked for each of 

these Units to provide me with a list of potentially eligible patients to mail.  

This practically involved a two stage process for ethical reasons described 

below.  

The first stage involved identifying patients according to the following inclusion 

criteria: 

Inclusion criteria 

• Female 

• Treated with any modality of treatment for HL <46 years of age 

• First treatment at RMH between 1970-2015 

• UK resident at time of contact 
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Then in a second stage, the patients who needed to be excluded were 

identified according to the following exclusion criteria and pseudonymised in a 

separate list: 

Exclusion criteria 

• Deceased 

• Moved abroad 

• Currently aged <16 years 

• Inappropriate to contact (determined by treating physician) 

The national Confidentiality Advisory Group (CAG) would not allow us at the 

ICR to receive any identifiable data for the excluded patients. For scientific 

reasons I wished to be able to describe differences in characteristics of those 

who were excluded and those we were able to mail. Therefore only non-

identifiable data were sent through by the clinicians for patients who met the 

exclusion criteria. The non-identifiable data for these excluded patients we 

were sent included age at HL diagnosis, year of HL diagnosis, vital status, year 

of death and region of residence.  

Patient Identification 

Patients were identified from the following data sources: 

• RMH Electronic patient records coded as having had HL diagnosis 

• RMH Consultants’ / trial databases of HL patients 

Once I had received the lists of both (identifiable) included and (non-

identifiable) excluded patients from the clinical Units, I performed checks to 

remove any duplicate patients. Members of the team then traced patients 

through the online NHS Strategic tracing system (NSTS), and I assigned a 

unique patient study ID. 
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I assigned and contacted a “lead” Consultant for each Unit treating the HL 

patients based on information in the medical records. This was important 

ethically in order for the Consultants to be the first point of contact for patients 

and also in order to identify a clinician to be able to contact patients on behalf 

of other Consultants who were no longer working at RMH. The clinical Units 

and the lead Consultants at RMH are listed below:  

Clinical Unit Lead Consultant 

Medical Oncology Professor David Cunningham 

Clinical Oncology Dr Emma Alexander 

Haematology Dr Sunil Iyengar 

Paediatrics Dr Mary Taj 

  

6.5 Patient Mailing / Recruitment 

Once I had processed the lists of patients, I then sent back the final list of 

included patients to be mailed to each lead Consultant. The Consultant then 

sent the initial invitation letter to each patient and the Consultant’s teams 

informed me of the date these were sent so I could organise all subsequent 

correspondence from the ICR. 

A dedicated Microsoft Access database was created in order to coordinate 

and track mailing of invitations and questionnaires to patients, monitor their 

responses, update patient and clinician information, ensure correct patient 

details were recorded when we received new information, and that each of the 

mailing stages was appropriately timed.  

The initial invitation letter included a patient information sheet (PIS) explaining 

what the study involved and a reply slip with a prepaid envelope. The reply slip 

and envelope were addressed to the ICR study team. 
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For patients who expressed interest by returning the reply slip to the ICR, this 

was logged on the database and a “questionnaire pack” was sent out by the 

study team which included: 

• Covering letter from us at the ICR 

• Copy of PIS (appendix F) with attached consent form (appendix F)  

• Questionnaire (appendix F) 

• Prepaid reply envelope 

All patients who returned a questionnaire were formally “recruited” into the 

study on the date we received the questionnaire at the ICR. Each 

questionnaire was manually entered onto a Microsoft Access Database by a 

member of the ICR study team. Cleaning and checking of the data are 

described later. Further details on funding associated with recruitment are 

described in the section below.  

Patients who replied and declined participation were not contacted further. For 

those who did not reply, we sent a reminder pack from the ICR which consisted 

of a reminder cover letter, PIS and reply slip and prepaid envelope. If they did 

not respond to this after six weeks, we did not contact them further. If we 

received information to suggest a new address, we sent an invitation to 

participate to the new address. If we received a return to sender, we made no 

further contact. Figure 6.1 provides an overview of the study processes from 

identification to mailing and reminding patients. 

CRN Recruitment 

Professor Swerdlow and I made an application for this study to be adopted 

onto the NIHR CRN study portfolio which was approved. The approval was 

based on an assessment that this is research that would provide benefit for 
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NHS patients.  As a result, dedicated NIHR funding was assigned to RMH as 

a result of recruitment of patients. The funding was linked to the number of 

patients recruited and it was required that target numbers of patients expected 

to be recruited were provided for national monitoring. The study was also 

advertised on a national NIHR database which promoted awareness of this 

study and also generated interest from other centres who were keen to 

participate, although we unfortunately did not have the capacity to do this 

during my PhD. I developed a Microsoft Access database linked to excel 

spreadsheets to be able to generate reports of the numbers of patients who 

had returned questionnaires (and had therefore been recruited to the study) 

on a monthly basis for each clinical Unit within RMH. This also allowed us at 

the ICR and also the clinical teams at RMH to track the responses of patients 

and was required by the NIHR so that the RMH research team could register 

recruited patients on their local patient management system. At the same time, 

I was required to upload pseudonymised details of recruited patients to a 

nationally monitored centralised CRN database every month.  

6.6 Other Data Sources 

Once women had consented to the study, I abstracted information on 

treatments and other selected clinical information using a combination of the  
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                 Figure 6.1 Recruitment and mailing process for Questionnaire Study 
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RMH electronic patient records, archived treatment records and RMH trial 

databases (detail on the information is provided later). 

6.7 Questionnaire Design 

I designed and produced a questionnaire (Appendix F) to collect data on the 

late effects of interest described in the background. It comprised the following 

six main sections: 

1. Physical development – height and weight  

2. Medical Conditions 

3.1  Thyroid disorders – hyper- and hypothyroidism, thyroid 

operations and other thyroid disorders 

3.2  Skeleton or bone disorders – osteoporosis, fractures 

3.3  Lymphoedema  

3.4  Neuropathy – weakness, sensory disturbance, peripheral 

neuropathy, dropped head syndrome 

3. Pregnancies – outcomes of pregnancies, use of assisted reproductive 

techniques (ARTs) 

4. Menstrual cycle and menopause – timing, cause and use of HRT 

5. Physical Activity – current exercise levels and levels in childhood, 

intensity of exercise levels and current sedentary behaviour 

6. Lifestyle factors - smoking and alcohol intake 

Questionnaire Design for Specific Variables 

The format of the questions was designed to capture the ever-occurrence of 

specific outcomes and their timing and intensity or to capture lifestyle factors.  
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For most questions I therefore provided a simple categorical tick box answer 

or a list of options, or the answer required a numerical character (such as a 

date). I used free text answers when further clarification might be needed or if 

the event could not be captured through a list of options. 

Below I describe considerations for the design of certain questions. 

Skeleton or bone disorders 

Questions related to incidence of osteoporosis and ever-occurrence of a 

fracture following “minor” falls (defined as from standing height or less) were 

designed incorporating the National Institute of Clinical Excellence (NICE) 

guidance on assessment of osteoporotic-related fragility fractures,193 

published questionnaires involving Canadian and German study of HL 

survivors,194,195 and the large ongoing HORIZON study in the UK evaluating 

patient-reported late effects in common tumour types.196  

Lymphoedema 

The definition of lymphoedema incorporated wording from published 

questionnaire studies, one of which was validated by clinical examination178,197 

as well as definitions used within the CTCAE159 and International Society of 

Lymphology Consensus198 with respect to grading severity, which is known to 

be an important issue for patients with lymphoedema following breast cancer 

treatment.  

Neuropathies 

Capturing self-reported incidence of neuropathies via questionnaire after 

cancer treatments is well established,158,199 however there have been very few 

studies differentiating between the distinct iatrogenically caused 

pathophysiological types of neuropathy through self-reporting i.e. radiation-
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induced plexopathy versus chemotherapy-induced peripheral neuropathy. I 

developed questions to assess three important types of symptom that can 

indicate any type of neuropathy as well as distinguish between different types, 

as well their severity according to CTCAE criteria: weakness, numbness, and 

pins and needles. I asked about functional activities (lifting arms above head) 

that have been shown in some studies to strongly correlate with the presence 

of radiation-induced neuropathy of the upper limbs154,156 and incorporated 

questions shown to have high specificity in screening for radiation induced 

brachial plexopathy (RIBP) and have been clinically validated in breast cancer 

survivors.154 As these symptoms are commonly associated with a number of 

other non-treatment related conditions, I also asked the patient if they believed 

these symptoms were due to one of a list of the most common other possible 

causes based on my clinical knowledge.  

Participants were also specifically asked if they had been given a diagnosis of 

peripheral neuropathy, to further delineate whether symptoms were likely to 

be chemotherapy versus radiotherapy-related symptoms. 

Dropped Head Syndrome 

I specifically asked if participants had ever been diagnosed with “dropped head 

syndrome” or “floppy head syndrome.” As this is such a rare condition with a 

unique clinical phenotype which has a profound impact on functional status, I 

made an assumption that anyone who had this condition would have sought 

medical input and would have been diagnosed with this. 

Pregnancies and Infertility 

The use of ARTs was used as an indirect measure of infertility as well as to be 

able to describe uptake of ARTs in this population.  
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Physical Activity 

Current levels of activity were assessed using the reference period of “a usual 

/ normal week,” which has shown to give reasonably reliable measures of 

moderate and light physical activity in an international validity study comparing 

self-reported levels to accelerometry.200,201 Questions were structured to 

capture three different levels of activity intensity (strenuous, moderate-light, 

and sitting) by describing different common activities (e.g. strenuous activity 

included swimming and jogging, walking included in moderate-light). The 

number of days per week and minutes in a day performing each activity were 

asked for to enable calculation of total minutes per week. For sitting this was 

divided into work and non-workdays to enable the time sitting to be captured 

more reliably. Only strenuous levels of activity in childhood were asked about 

as I believed that patients would be more likely to recall strenuous rather than 

non-strenuous levels of activity after many years.  

6.8 Study Pilot  

A sample of 15 patients was selected at random from the eligible list of patients 

to pilot the questionnaire study before sending out to larger numbers. This 

process enabled me to make improvements on questions (e.g. I added a 

question to ask participants to specify the condition they took steroids for), the 

questionnaire layout, and also the mailing process (e.g. checks to ensure the 

most recent surname was used in the invitation letters using NSTS and the 

medical records) and practical issues such as physically attaching one copy 

of the consent form to the questionnaire which led to a substantially improved 

completion rate. 
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I then proceeded to roll-out the study and asked the clinicians to mail out 

invitations to their patients in batches of 30-50, to ensure a steady workflow 

for the data processing team. 

6.9 Questionnaire Data Processing and Checking 

On receipt of each questionnaire, data were manually entered by a member 

of the team using a data entry form. I created a list of key variables and 

generated rules for the study administrator to flag to me for further checking, 

including: 

• If any of the key outcomes or start year had a “NK” or blank response 

• Contradictions in reported outcomes or timing 

• Unlikely numerical values reported (I provided ranges of unlikely 

values) 

• If any additional information was provided in free-text responses or 

comments 

These data issues were flagged to me and the data tabulated through coding 

in SAS and STATA so that I could perform checks. 

I corrected any obvious errors in data entry (e.g. transcription errors) or 

misplaced responses (e.g. participant left “Hypothyroidism” section blank but 

later told us they developed hypothyroidism in comments). 

I checked contradictory or missing values for the key medical outcomes as 

well as unusual outlier values by calling the patients over the phone to clarify 

this information. For a randomly selected sample of patients, I verified thyroid 

disorders using medical records (described in more detail in the next section 

6.10). 
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I entered all corrections into a dedicated Access Database to ensure decisions 

could be tracked and new modified datasets were generated for analysis. 

6.10 Treatment & Disease-related Data Collection 

I designed a medical record form to extract disease and treatment information 

(including treatment for relapses) which included: 

• Date of diagnosis and stage & histological subtype of HL 

• Radiotherapy dates, fields, dose and fraction 

• Chemotherapy dates, regimen and number of cycles 

• Haematological transplant dates, induction and conditioning treatments  

This was extracted for approximately half of the patients by myself and a 

research nurse at RMH from electronic and archived patient records and, for 

the remaining patients, I extracted this information from Excel files from RMH 

trial databases. 

Validation against medical records 

I conducted a validation exercise to investigate to what extent self-reported 

prevalence of thyroid conditions reliably concurred with medically recorded 

diagnoses at RMH. I included hypo-, hyperthyroidism and thyroid nodules / 

cysts in this validation exercise. If patients had been prescribed or mentioned 

use of thyroxine replacement in notes, I recorded them as having developed 

hypothyroidism. Dates of diagnosis of each condition were reported. I selected 

a random sample of 40 patients including those who had reported thyroid 

abnormalities as well as those who had not. Agreement between patient-

reported and medically recorded occurrences of thyroid outcomes are 

tabulated and described in the results section of Thyroid disorders, Chapter 

8.3. 
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I specifically selected thyroid conditions as an outcome that, based on my 

clinical experience, would have been commonly and consistently recorded 

once diagnosed in Oncology clinic medical records. Other outcomes such as 

infertility treatments and bone disorders are much less likely to be captured 

consistently in Oncology medical records as patients are often seen in clinics 

with patients undergoing active cancer treatments or having recently been 

treated (most are discharged after 5 years of follow up) and therefore the 

clinical focus is often more related to assessing for risk of relapse and 

therefore the range of potential late effects are less likely to be consistently 

asked about or recorded. 

Neuropathies and symptoms related to neuropathies are likely to be 

consistently recorded during the time of treatment but after treatments end, 

again the clinical focus is more on assessing for risk of relapse and so 

persistent treatment-related effects are less likely to be consistently recorded 

in medical records which is why I did not undertake such an exercise for this 

outcome.  

 

6.11 Analyses 

Descriptive and Baseline Characteristics 

I have tabulated baseline demographic, disease and treatment-related 

characteristics for all respondents. Stage of disease at diagnosis is given 

according to the Ann Arbor classification system. B symptoms refer to 

prognostically significant clinical symptoms including night sweats, 

unintentional weight loss of >10% of body weight, fevers. To investigate the 

potential for introduction of bias as a result of exclusions of those deemed 
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eligible, I tabulated and investigated differences between age at diagnosis and 

treatment period between patients who were included and those excluded 

using Chi Square test. P values are given (significant at <0.05).  I also explored 

differences in these characteristics compared current age and geographic 

location between those who were eligible and who responded compared with 

those who did not respond (respondents and non-respondents) using Chi 

Square test.  

Grouping Variables for analyses 

In order to be able to tabulate and analyse the different outcomes, I generated 

rules to group the data into categories.  

For some of the outcomes the categorisation is fairly self-explanatory e.g. the 

patient reported ever having hypo- or hyperthyroidism, but for others, such as 

neuropathies, I describe here how I grouped them. 

Patients were asked if they had site-specific weakness and pins and needles 

and were asked to give what they believed to be the cause (or causes) for their 

symptoms. I assigned the causes provided as either “treatment-related” or 

“non-treatment related” based on their responses, and then grouped patients 

according to those who developed treatment-related weakness, or pins and 

needles, or both, and those who developed non-treatment related weakness 

or pins and needles, or both. Within those who developed treatment-related 

symptoms I further grouped patients according to chemotherapy-related or 

radiotherapy-related symptoms by the responses provided (the patients 

specified whether they believed the symptoms were radiotherapy or 

chemotherapy induced). I also grouped combinations of symptoms which 

suggested radiotherapy-induced upper limb complications (presence of upper 
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limb weakness and unable to lift arms above head) compared to 

chemotherapy-induced symptoms (presence of hand or lower limb pins and 

needles or numbness). The symptoms were grouped according to site of the 

body affected which I categorised more broadly into upper limb or lower limb.  

For the data related to physical activity, total minutes per week for each type 

of physical activity, including sitting, were calculated for each participant. 

Based on these totals, patients were grouped for analysis into four overall 

levels of activity: no activity, low, moderate and high. 

Ex and current smokers were grouped as smoking <20 cigarettes / day or ≥20 

cigarettes / day. 

Participants were grouped according to whether they were current drinkers, 

ex-drinkers and never drinkers. Units of alcohol consumption per week were 

calculated based on numbers of drinks of different types of alcohol provided. 

For any of the outcome or lifestyle variables where there was additional 

information provided in comments on free-text spaces provided, I assigned a 

grouping depending on the variable and information given e.g. in comments if 

patient wrote “I am taking thyroxine for underactive thyroid” I assigned 

grouping of Hypothyroidism. 

Treatment Data  

Radiotherapy treatments were broadly grouped according to anatomical fields, 

including supradiaphragmatic and infradiaphragmatic fields, fields specifically 

including the neck, axillae or chest fields, and dose (Gy). 

Chemotherapy regimens were grouped into categories according to whether 

or not they contained specific classes of drugs, including the following: 

• Classic and non-classic alkylators 
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• Platinum-like 

• Anthracycline 

• High intensity multi-drug regimens (MDRs) 

• Transplant conditioning regimen 

Alkylating chemotherapy agents were defined as either “classic alkylators” 

which included older nitrogen-mustard agents, and newer “non-classic 

alkylators” such as Dacarbazine, classified according to the SEER 

Antineoplastic Drugs Database.202  High intensity multi-drug regimens (MDRs) 

were classified as regimens containing >4 drugs. This grouping has been used 

in other studies investigating intensities of treatments and treatment-related 

toxicities.160 

A full list of the chemotherapeutic agents captured in this study and their 

categories can be found in Appendix E. 

Statistical Analyses 

I investigated specific outcomes separately according to treatment-related and 

lifestyle-related risk factors. For each group of disorders, specific variables 

analysed are described in more detail in the dedicated Chapter. 

I first determined overall prevalence of each of the co-morbid medical and non-

medical / reproductive outcomes based on binary (yes/no) reporting of the 

events having ever happened. 

The percentage (proportion or risk) of participants reporting each condition 

was then calculated (in strata) according to various treatment-related and 

demographic or lifestyle risk factors.  Ratios of these proportions (i.e. relative 

risks), relative to a ‘baseline’ group within the study population were 

calculated. The 95% confidence intervals for these ratios of proportions and 
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tests for trend were calculated for all of the selected outcomes using a log-

poisson regression approach.  This statistical method is suggested for 

outcomes which are relatively common (≥10%).203 I presented ratios of 

proportions in preference to ratios of odds because odds ratios may 

exaggerate the ratio of proportions, important in the context of interpreting 

outcomes for the purposes of influencing clinical policy or follow up. P values 

are provided and considered significant if p<0.05. Where significant they are 

given to 3 s.f. and non-significant p values given to 1 d.p. 

Risk factors investigated included various different treatment types as 

described in the Treatment Data section above; exposure to irradiation, 

radiotherapy fields, including any supradiaphragmatic field and neck and 

axillary fields, radiotherapy doses (including those to specified fields), 

chemotherapy regimens containing specific agents such as classic and non-

classic alkylators, anthracyclines, platinum agents and multi-drug regimens 

(MDRs), total numbers of cycles of chemotherapy and each class of 

chemotherapy, stem cell transplantation, as well as age at treatment and time 

since treatment, and according to various lifestyle factors including alcohol 

consumption, smoking and physical activity.  

The calculated ratios of proportions are then adjusted for other risk factors 

based on initial univariate analyses which demonstrated a factor significantly 

affecting the outcome, where p<0.05, most commonly time since treatment. 

The factors adjusted for are indicated in each table.  

To gain further insight into occurrence of late effects, cumulative prevalence 

for the occurrence of selected outcomes were calculated by using the Kaplan-

Meier method for survival analyses204 where time at risk for each participant 
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started at the time of first ever treatment for HL and ended at either the date 

reported of occurrence of the outcome in question, or was censored at the time 

of questionnaire completion if the outcome was not reported as having 

occurred. The numbers of participants at risk and confidence intervals at key 

time points over the follow-up period are reported. If women developed the 

specified conditions prior to the diagnosis date for HL, that specific outcome 

was excluded from analysis. If no date of occurrence was provided, the 

participant was also excluded from cumulative prevalence analysis. 

Cumulative prevalence were also calculated according to different treatment 

risk factors for different outcomes such as type of treatment and dose of 

radiotherapy.  

As well as calculating cumulative prevalence for individual outcomes, overall 

cumulative prevalence of increasing numbers of co-morbidities were also 

calculated and according to different treatment types and severity to capture 

the overall co-morbidity burden for the study population.  

To investigate for any bias that may have been introduced in studying only 

those who met the inclusion criteria and also in those who were eligible but did 

not responded compared with those who did, I compared key characteristics 

of included and excluded patients and respondents versus non-respondents, 

including age at HL diagnosis, year of HL diagnosis and region of residence. 

Differences in characteristics were investigated with a chi squared test with p-

values provided. All reported p values are two sided.  
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Chapter 7 

7. Results: Description of HLS population 

7.1 Participant Identification 

A total of 870 women were registered as being treated for HL at the Royal 

Marsden Hospital, Sutton and Chelsea sites, from 1970 to 2015 under the age 

of 45 years (Figure 7.1). Of these patients, 222 (25.5%) were subsequently 

found to be ineligible, 4 (0.4%) because they did not have a diagnosis of HL, 

32 (3.7%) had been treated at a hospital other than RMH and 186 (21.4%) 

because they were non-UK resident patients.  

Therefore 648 fulfilled the study inclusion criteria. Of these, 158 (24.5%) had 

died by July 2018, 5 (0.8%) had been treated within 2 years of this date, or 

had medical reasons why it was inappropriate to contact them, 13 (2.0%) had 

moved abroad, and 9 (1.4%) participants were untraceable. All were age >16 

years at the time of the study, even if treated as children. Therefore, of the 

total who were eligible to be contacted, 188 (29.0%) were excluded. In total, 

460 patients were mailed an invitation to participate.  

Table 7.1 shows the numbers of eligible patients by clinical Unit. Patients were 

only registered for treatment under one unit. 

Table 7.1 Eligible patients treated within each Clinical Unit 

Clinical Unit where treatment received Number of 
patients 

Percent  
(%) 

Medical Oncology 230 50.0 
Clinical Oncology 115 25.0 
Haematology 29 6.3 
Paediatrics 86 18.7 

Total 460 100.0 
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Figure 7.1 Eligibility of patients identified from Royal Marsden hospital records 
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Figure 7.2 Response rate of HLS questionnaire study 
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7.2 Participant Response  

Figure 7.2 demonstrates the response rate at each stage of contact as of 

16/01/2020. Of the 460 mailed an invitation, 21 (4.6%) were discovered to 

have either moved abroad or be uncontactable. Of the 440 who were 

contactable, a positive expression of interest was received from 298 (67.7%) 

of participants and a completed questionnaire for 237 (53.9% of those 

contactable, or 79.5% of those mailed a questionnaire). 6 (1.4%) patients 

declined to participate.  

7.3 Description of participants 

Table 7.2 shows the descriptive demographic characteristics of the 237 

participants who completed a questionnaire by data cut-off point 16th January 

2020. The mean age at completion was 47.5 years (range 18.0-76.0 years) 

and the mean time since first HL treatment was 23.5 years (range 2.0-48.0 

years). The mean age at HL diagnosis was 22.8 years, the youngest at 6 years 

and the largest proportion were treated at ages 20-29 (43.5%).  

A greater proportion of the women who responded to this questionnaire are in 

the highest socio-economic group, as measured by the ACORN score28 

compared with the general UK population (43.0% vs 22.0%). Despite 

capturing patients only treated at RMH, the patients were currently resident at 

a range of geographic areas across the country, although largely in London 

and the South East of England (67.1%). Some of these patients will have 

moved following their treatment, however this distribution of geography also 

likely reflects the national referral patterns of patients resident across the UK 

to be treated at RMH.  
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Table 7.2 Descriptive Characteristics of HLS Questionnaire Study participants 

Characteristics Number (%) 

 
Mean age at diagnosis of HL (yrs) 
 
Age at HL diagnosis (yrs) 
    0-9 
    10-19 
    20-29 
    30-45 
 
Socioeconomic status (ACORN score) 
    1 (Highest) 
    2 
    3 
    4 
    5 
    6 (Lowest) 
 
Region of UK participant resident 
   London & South East 
   South West 
   Midlands & East 
   North West 
   North 
   Scotland 
   N Ireland 
 
Calendar period of first treatment 
   1965-1974 
   1975-1984 
   1985-1994 
   1995-2004 
   2005-2015 
 
Time since first HL treatment (yrs) 
    0-9 
    10-19 
    20-29 
    30-39 
    40-49 
 
Mean time since first HL treatment (yrs) 
 
Mean age at Questionnaire completion (yrs) 
 

 
22.8 

 
 

5 (2.1) 
79 (33.3) 

103 (43.5) 
50 (21.1) 

 
 

102 (43.0) 
33 (13.9) 
60 (25.3) 
19 (8.0) 
19 (8.0) 
4 (1.7) 

 
 

159 (67.1) 
40 (16.9) 
25 (10.6) 
6 (2.5) 
3 (1.3) 
2 (0.8) 
2 (0.8) 

 
 

12 (5.1) 
45 (19.0) 
70 (29.5) 
50 (21.1) 
60 (25.3) 

 
 

43 (18.1) 
46 (19.4) 
70 (29.5) 
55 (23.2) 
23 (9.7) 

 
23.5 

 
47.5 

Total 237 (100) 
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The proportions of patients treated within each decade of treatment were fairly 

evenly distributed, except those treated longest ago in the period 1965-1974 

which constituted the smallest proportion of respondents (5.1%), unsurprising 

considering ≥44 years have passed since their treatment. A sizeable number 

of respondents, 23 patients (9.7%), responded at ≥40 years after their 

treatment (treated between ages 8-32). 

7.4 Lifestyle characteristics 

Table 7.3 shows the reported lifestyle characteristics of the respondents. Only 

approximately half of the participants (53.6%) reported being in the “healthy” 

BMI range of 18.5-24.9, with a large proportion (37.6%) reporting a BMI>25.0. 

Most of the participants had never smoked (63.7%), just over a quarter had 

previously smoked, and only 8.9% currently smoked. 

The vast majority (85.7%) of participants reported currently drinking alcohol. 

 A majority reported undertaking some kind of physical activity regularly within 

the last year before questionnaire completion, either strenuous (63.3%) or, 

more frequently, moderate / light exercise (85.7%). 

Of those undertaking strenuous exercise, 70% undertook less than 

approximately 3 hours per week (<200 mins/week) and 12 (5.1%) of patients 

reported high levels of strenuous physical activity of ≥10 hours (≥600mins) / 

week. Of the 203 patients who undertook moderate/light exercise, over a third 

(38.4%) undertook between 200-599 mins/week and approximately a quarter 

(22.7%) reported ≥10 hours (≥600mins)/week. Frequency of sitting was less 

well reported, with 29.7% with unknown levels, but of those who did report 

time, nearly half (47.6%) were sedentary for 1500-2499 mins/week (25-40 

hours/ week). Just over half (54.4%) reported any strenuous childhood activity.  
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Table 7.3 Lifestyle characteristics reported by participants 

Lifestyle Characteristics Number (%) 

Current BMI   
   <18.5 11 (4.6) 
   18.5-22.4 68 (28.7) 
   22.5-24.9 59 (24.9) 
   >25.0 89 (37.6) 
   NK 10 (4.2) 

Smoking status  

   Never 151 (63.7) 
   Ex 65 (27.4) 
   Current 21 (8.9) 

Alcohol intake  

   Current alcohol drinker 203 (85.7) 
   Ex alcohol drinker 16 (6.8) 
   Never 18 (7.6) 

Current Physical Activity  

   Strenuous  
      Y 150 (63.3) 
      N 79 (33.3) 
      NK 9 (3.8) 
   Moderate/light  
      Y 203 (85.7) 
      N 18 (7.6) 
      NK 16 (6.8) 

Current activity levels (mins/week)   

   Strenuous  
      0 88 (37.1) 
      1-99 48 (20.3) 
      100-199 57 (24.1) 
      200-599 32 (13.5) 
      ≥600 12 (5.1) 

   Moderate/light  

      0 34 (14.3) 
      1-99 34 (14.3) 
      100-199 45 (19.0) 
      200-599 78 (32.9) 
      ≥600 46 (19.4) 

   Sitting  

      NK 71 (29.7) 
      1-1499 36 (15.2) 
      1500-2499 79 (33.3) 
      2500-4999 44 (18.6) 
      ≥5000 7 (3.0) 

Strenuous activity levels childhood (days/week)  

   NK 22 (9.3) 
   0 86 (36.3) 
   1-3 88 (37.1) 
   4-6 26 (11.0) 
   7 15 (6.3) 

Total 237 (100.0) 
NK=not known; BMI=body mass index 
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7.5 Disease and Treatment Characteristics 

Of the 237 participants who responded, where stage was known, 63.1% were 

diagnosed as “early stage” (stage I-II) and 36.9% were diagnosed at more 

advanced stages III-IV (Table 7.4). Stage was unknown for 25.7% of 

respondents, predominantly those treated longer ago, predominantly before 

the use of electronic records at the Royal Marsden Hospital and where many 

of historical paper records were not available or poorly complete, (82.0% of 

those missing were treated prior to 1995 and stage was not missing for anyone 

treated after 2004). Over two thirds (67.1%) of patients were known to have 

presented with B symptoms and 32.9% of patients did present with B 

symptoms. For 29.5% of patients, the presence of B symptoms was unknown. 

Of those who did not have B symptoms at diagnosis, the majority were 

diagnosed at an earlier stage (I-II, 75.0%), and of those who did present with 

B symptoms, patients were more commonly diagnosed at advanced stages 

(41.8% early stages vs 54.5% advanced stages III-IV).  

Most patients were diagnosed with Nodular Sclerosing HL, as would be 

expected. For 54 (22.8%) patients’ histological subtype was not known, 

predominantly those treated >25 years ago (81.5% before 1995) at which point 

most records were archived, incomplete or are unavailable.   

A total of 149 (62.9%) received radiotherapy as part of their treatment and 205 

(86.5%) received chemotherapy. One hundred and seventeen patients 

(49.4%) were treated with a combination of radiotherapy and chemotherapy.  

A minority of patients were treated only with radiotherapy (13.5%), all of these 

patients being treated before 1997, and a greater proportion were treated only 

with chemotherapy (37.1%), most commonly those treated within the last 



 

161 
 

decade. Of the 237 participants, 8.0% of patients had an autologous stem cell 

transplant. 

Table 7.5 provides further details on fields and dose of radiotherapy received 

at any time either for initial treatment of HL or relapse. Of the 149 participants 

who received radiotherapy, almost all (147, 98.7%) had a supradiaphragmatic 

field involved in their treatment and of these, 130 had only supradiaphragmatic 

radiotherapy. A small minority of patients (n=2, 1.3%) exclusively had 

radiotherapy to an infradiaphragmatic field (i.e. no radiotherapy to any other 

anatomical site). 

Of the 147 who received any supradiaphragmatic radiotherapy, 77.6% had 

received radiotherapy including the neck within the field and 57.8% had a 

radiotherapy field including either one of the axillae. 

The majority of patients (71.2%) received doses between 30-49Gy, with 11.4% 

receiving >50Gy. The patients who received >50Gy had almost all been 

treated to both supradiaphragmatic and infradiaphragmatic fields with large 

doses to both (e.g. 35Gy to mantle field and 35Gy to para-aortic field). For 

descriptive purposes the total cumulative dose to all anatomical fields is given 

here but for analyses of site-specific outcomes, only doses to distinct 

anatomical sites are given (described within the relevant analyses tables).   
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Table 7.4 Disease and Treatment Characteristics of respondents 

Disease and Treatment Characteristics Number (%) 

 Stage at diagnosis 
    I 
    II 
    III 
    IV 
    NK 
 
B symptoms at diagnosis 
    Yes 
    No 
    NK 
 
Subtype of HL 
    Nodular Sclerosis 
    Mixed Cellularity  
    Lymphocyte Rich 
    Lymphocyte Depleted 
    NLPHL 
    Other 
    NK 
 
Radiotherapy 
   Yes 
   No 
 
Chemotherapy 
    Yes 
    No 
 
Chemotherapy and Radiotherapy 
Radiotherapy alone 
Chemotherapy alone 
 
Stem cell transplant 
   No transplant  
   Autologous 
   Allogeneic 
   

 
20 (8.4) 
91 (38.4) 
26 (11.0) 
39 (16.5) 
61 (25.7) 

 
 

55 (23.2) 
112 (47.3) 
70 (29.5) 

 
 

153 (64.6) 
16 (6.8) 
1 (0.4) 
2 (0.8) 
3 (1.3) 
8 (3.4) 

54 (22.8) 
 
 

149 (62.9) 
88 (37.1) 

 
 

205 (86.5) 
32 (13.5) 

 
117 (49.4) 
32 (13.5) 
88 (37.1) 

 
 

218 (92.0) 
19 (8.0) 
0 (0.0) 

 

Total 237 
NK=not known; NLPHL=nodular lymphocyte predominant HL 
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Table 7.5 Radiotherapy treatment information of respondents 

Radiotherapy Treatment Information Number (%) 

 
SupraRT +/-  InfraRT  
   SupraRT Only  
   SupraRT + InfraRT 
InfraRT only 
 
SupraRT +/- InfraRT 
       Including neck 
       Excluding neck 
       Including axilla(e) 
       Excluding axilla(e) 
 
Total Radiotherapy dose (Gy) 
    1-29 
    30-39 
    40-49 
    50+ 
    NK 

 
147 (98.7) 
130 (87.2) 
17 (11.4) 
2 (1.3) 

 
147 (98.7) 
114 (76.5) 
33 (22.1) 
85 (57.0) 
64 (43.0) 

 
 

12 (8.1) 
74 (49.7) 
32 (21.5) 
17 (11.4) 
14 (9.4) 

 

Total 149 (100) 
SupraRT=supradiaphragmatic radiotherapy; InfraRT=infradiaphragmatic radiotherapy; Gy=Gray; 
NK=not known 
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Table 7.6 provides more detail on chemotherapy treatments received. Of the 

large majority (205) of the patients who received chemotherapy at any point, 

the largest proportion received 5-6 cycles (48.8%) and only a quarter (24.9%) 

received 1-4. Almost all were known to have received a Vinca-alkaloid agent 

(98.0%) as part of their regimen, just under half (47.3%) received a classic 

alkylator and 72.7% received an anthracycline. Only a small proportion (4.9%) 

received a platinum-derived agent, all in the second line setting or later. A total 

of 25 of 205 (12.2%) were treated with a high density multidrug regimen (MDR) 

at any point. All patients had between 1-4 lines of treatment. The majority had 

only 1 line of treatment (77.1%), 22 (19.0%) had 2 lines and 3 patients had 4 

lines of chemotherapy (all had received at least 1 line of treatment at initial 

diagnosis and then at relapse).  



 

165 
 

Table 7.6 Chemotherapy treatment information of respondents 

Chemotherapy Treatment Information Number (%) 

Total number of chemotherapy cycles 
   1-4 
   5-6 
   >6 
   NK 
 

Vinca-alkaloid chemotherapy 
   Yes 
   No 
   NK 

Classic Alkylator chemotherapy 
    Yes 
    No 
    NK 
 
Anthracycline-containing regimens 
   Yes 
   No 
   NK 
 
Platinum-containing chemotherapy 
   Yes 
   No 
   NK 
 
High intensity MDR 
   Yes 
   No 
   NK 
 
Lines of chemotherapy 
   1 
   2 
   3 
   4 
   NK 
 

 

51 
100 

43 
11 

 
 

201 
0 
4 

 
 

97 
104 

4 
 

 
149 

52 
4 

 
 

10 
191 

4 
 
 

25 
176 

4 
 
 

158 
39 
4 
3 
1 

 

(24.9) 
(48.8) 
(21.0) 
(5.3) 
 
 
(98.0) 
(0.0) 
(2.0) 
 
 
(47.3) 
(50.7) 
(2.0) 
 
 
(72.7) 
(25.4) 
(2.0) 
 
 
(4.9) 
(93.1) 
(2.0) 
 
 
(12.2) 
(85.9) 
(2.0) 
 
 
(77.1) 
(19.0) 
(2.0) 
(1.5) 
(0.5) 

Total 205 (100) 

NK=not known; MDR=multi-drug regimen 
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7.6 Comparison of included and excluded patients and 

respondents and non-respondents 

Included and excluded patients 

A significantly larger proportion of those who were diagnosed at older ages 

(72.9% vs. 61.8% aged >20) and had been diagnosed longer ago (61.7% vs. 

18.5% diagnosed before 1985) had to be excluded compared to those who 

remained eligible and included in the study (Table 7.7). This was largely 

because the older patients treated longer ago had died. Of those excluded, 

158 of the 188 (84.0%) were excluded because they had died. Twenty two 

(11.7%) patients were excluded because they had moved abroad or were 

untraceable and were generally younger at HL diagnosis (all diagnosed 

between ages 15-32) compared with those who were included but had been 

treated in a range of treatment periods including both recent and historic 

treatment periods.  
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Table 7.7 Differences in Characteristics of eligible included and eligible excluded 
patients 

   

Characteristic 
Eligible and 

included 
(%) 

Eligible but 
excluded 

(%) 
p-value 

Age at HL diagnosis 
    0-9 
    10-19 
    20-29 
    30-45 
Decade of treatment 
   1965-1974 
   1975-1984 
   1985-1994 
   1995-2004 
   2005-2015 

 
17 

159 
187 

97 
 

22 
63 

123 
118 
134 

 
(3.7) 
(34.6) 
(40.7) 
(21.1) 
 
(4.8) 
(13.7) 
(26.7) 
(25.7) 
(29.1) 

 
0 

51 
100 

37 
 

47 
69 
36 
24 
12 

 
(0.0) 
(27.1) 
(53.2) 
(19.7) 
 
(25.0) 
(36.7) 
(19.1) 
(12.8) 
(6.3) 

 
 
 

p=0.003 
 
 
 
 

p<0.001 
 
 

Total 460 188 648 
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Respondents and non-respondents 

Table 7.8 demonstrates differences in characteristics between those eligible 

who returned a questionnaire (respondents) compared to those who did not 

(non-respondents). There was no difference in age at HL diagnosis or region 

of the UK currently resided in between respondents and non-respondents. A 

greater proportion of respondents were older at the time of study invitation and 

questionnaire response than those who did not reply (71.2% of respondents 

were aged >40 vs. only 58.8% of non-respondents), and therefore it follows 

were more likely to be treated within more historic treatment periods, (54.1% 

of respondents treated before 1995) compared with those who did not (only 

35.8% of non-respondents were treated <1995). Non-respondents were much 

more likely to have been treated in the last 2 decades compared with 

respondents (64.1% vs 46.0%). 
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Table 7.8 Differences in Characteristics between Respondents & Non-Respondents 

Characteristic 
Respondents 

(%) 

Non-
Respondents 

(%) 
p-value 

Age at HL diagnosis 
    0-9 
    10-19 
    20-29 
    30-45 
 
Age at study invitation  
   16-29 
   30-39 
   40-49 
   50-59 
   60-79 
 
Dates of HL diagnosis 
   1965-1974 
   1975-1984 
   1985-1994 
   1995-2004 
   2005-2015 
 
Region of UK 
   London & SE 
   South West England 
   Midlands & East England 
   North West England 
   North England 
   Scotland 
   Northern Ireland 
 

 
5 

79  
103  

50  
 
 

32  
34  
52  
71  
48  

 
 

13  
44  
71  
49  
60  

 
 

159 
40 
25 
6 
3 
2 
2 

 
(2.1) 
(33.3) 
(43.5) 
(21.1) 
 
 
(13.5) 
(14.4) 
(21.9) 
(30.0) 
(20.3) 
 
 
(5.5) 
(18.6) 
(30.0) 
(20.7) 
(25.3) 
 
 
(67.1) 
(16.9) 
(10.6) 
(2.5) 
(1.3) 
(1.0) 
(1.0) 

 
12  
85  
83  
43  

 
 

51  
41  
61  
45  
25  

 
 

9  
19  
52  
69  
74 

 
 

173 
32 
8 
4 
4 
2 
0 

 
(5.4) 
(38.1) 
(37.2) 
(19.3) 
 
 
(22.9) 
(18.4) 
(27.4) 
(20.2) 
(11.2) 
 
 
(4.0) 
(8.5) 
(23.3) 
(30.9) 
(33.2) 
 
 
(77.6) 
(14.4) 
(3.6) 
(1.8) 
(1.8) 
(0.8) 
(0.0) 
 

 
 
 

p=0.15 
 
 
 
 
 

P=0.001 
 
 
 
 
 

P=0.001 
 
 
 
 
 
 
 
 

P=0.054 

Total 237 223 460 
HL=Hodgkin Lymphoma; SE=south east 
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7.7 Fertility and premature menopause outcomes 

Unfortunately due to time constraints, I was unable to undertake the analyses 

of fertility and reproductive data that was planned. The data have been 

collected as part of the questionnaires and I plan to check, clean and process 

these data for analyses as part of future work. 
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Chapter 8 

8. Thyroid disorders 

8.1 Introduction 

Thyroid disorders have been well established as one of the most frequently 

occurring nonfatal co-morbid medical issues in long-term survivors of 

Hodgkin’s Lymphoma.129 The vast majority of studies investigating thyroid 

abnormalities have been undertaken in childhood cancer survivors, and have 

largely focussed on hypothyroidism, rather than a range of thyroid outcomes 

which patients are at risk of and which will be investigated here. These include 

hypothyroidism, hyperthyroidism, thyroid nodular disease, operations on the 

thyroid gland, goitres and thyroid cancer.  

Irradiation to the head and neck area is the risk factor most strongly associated 

with developing these conditions,126,127,130,138,140,147-149 with increased risks for 

developing hypothyroidism of 9.9-17.1 compared to controls 126,127, 7-20 for 

developing hyperthyroidism,150 and risks of 27-53 times those of controls for 

developing thyroid cancer,126,147 with dose-response effects consistently 

described for all of these outcomes.126,127,150 Treatment with radiotherapy and 

dose of radiotherapy is also associated with raised risks of thyroid nodular 

disease.126,147 The effect of chemotherapy and in particular use of different 

types of chemotherapy alone on developing thyroid disease is less clear 

specifically in the HL survivor population as much of the existing studies were 

conducted in historical treatment periods before the increased use of 

chemotherapy and decreasing administration of radiotherapy and were also 
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conducted in those treated for a range of cancers. Relationships between 

timing of treatments by age and risk of various thyroid disorders have also 

been conflicting with few studies including those treated in adulthood to 

compare to those treated in childhood. 

8.2 Methods 

Thyroid Outcomes 

Patients who answered “Yes” to having been diagnosed with the following 

conditions after the date of their first HL treatment; hypothyroidism, 

hyperthyroidism, having ever had an operation on their thyroid or being 

diagnosed with any thyroid disorder were included in analyses. If the answer 

was left blank or they answered “NK”, these patients were presumed to not 

have developed the condition in question for risk factor analyses, although 

these answers are shown in the descriptive results. Types of thyroid conditions 

were grouped for analyses as shown in the results. Time to each condition 

was measured in months from the time of first HL treatment but presented in 

years since treatment. If only a year was provided by the participant, the month 

of July was imputed for time-related analyses. If no date was provided for the 

event, these events were excluded from analyses. The total number of 

disorders included multiple occurrences of any event in the same patient 

(relevant only for thyroid nodules).  Thyroid operations are described as 

separate events to thyroid disorders although the reason for the operation was 

captured within the total number of thyroid disorders, e.g. if a patient 

developed a thyroid nodule and then thyroid cancer and had a thyroidectomy 

for the cancer they would have developed 2 thyroid disorders and had 1 

operation. 
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Validation of thyroid outcomes 

Medical records were reviewed for a random sample of 40 patients who 

responded to the questionnaire for all thyroid outcomes. For hypothyroidism, 

if thyroxine was commenced this was presumed to indicate a diagnosis of 

hypothyroidism. Date of the event was recorded. If there was no mention of 

the outcome within medical records, the event was recorded as “N.” 

Patients were routinely followed up for varying periods of time at RMH. If 

patients had been discharged from follow up at RMH <5 years of their 

treatment, and an event had not occurred, I recorded the outcome as “NK.” 

Date of last follow up was collected and is described within results where 

outcomes were reported in the questionnaire and were not found within 

medical records.  

Sensitivity and specificity validity measures of the questionnaire were 

calculated for the most thyroid disorders; hypothyroidism, thyroid nodules / 

cysts and hyperthyroidism. The term ‘sensitivity’ is defined as the proportion 

of those with the disorder recorded within the medical records who are 

correctly classified by the questionnaire. ‘Specificity’ is the proportion of the 

study population that truly does not have the complication and is correctly 

classified by the questionnaire. 

Statistical Analyses 

Overall prevalence of any thyroid disorder and thyroid operation and mean 

time to occurrence was determined. 

Univariate logistic regression using a generalized linear model was first used 

to investigate the risk of developing one or more thyroid disorders and 

hypothyroidism, according to each grouped treatment and time-related risk 
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factor compared to a reference group within the study population. The 

treatment-related risk factors investigated are described in chapter 6.11 but 

include treatment modality, radiotherapy field (additionally sub-grouped as to 

whether the neck was involved), total radiotherapy dose received, class of 

chemotherapy, age at first treatment, time since first treatment, age at 

questionnaire response and decade of treatment. Hypothyroidism was the 

most frequently occurring outcome which is why it was analysed separately.   

As the relationship between treatments and time-related variables were under 

investigation I did not decide a priori which factors to adjust for but based this 

on the results of univariate analyses for each outcome which are presented. 

Based on these results, I then performed multivariate analyses using logistic 

regression adjusting treatment-related exposures for age at treatment and 

follow up time since treatment. Analyses of age at first treatment (adjusted for 

time since treatment) and time since treatment (adjusted for age and 

radiotherapy dose received) were undertaken in patients treated with 

radiotherapy separately. Analyses of classes of chemotherapy agents were 

undertaken in those treated with chemotherapy alone. Relative risks are 

presented alongside 95% confidence intervals and p values. 

Quantitative exposure values were grouped for analyses and unknown values 

included in descriptions but excluded from tests for trend. Tests for trend were 

undertaken using the quantitative variables as continuous values as 

distribution of cases amongst different groups was not always uniform. 

The cumulative prevalence of hypothyroidism, hyperthyroidism and thyroid 

nodules / cysts after HL treatment were calculated by dividing the total number 
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of each event that had occurred at specified time periods of follow up by the 

number of women at risk at these time points. 

Survival analysis using the Kaplan Meier method204 was used to describe time 

to occurrence of the most frequently occurring outcome, hypothyroidism and 

stratified according to different modalities of treatment (radiotherapy, 

chemotherapy or both) and dose of radiotherapy (<40Gy or ≥40Gy). The log-

rank test was used to test statistical differences between these survival curves. 

Women were censored at time of occurrence of hypothyroidism or time of 

questionnaire completion if the event had not occurred by that point.    

Estimated rates of hypothyroidism per 1,000 person years were calculated 

according to periods of follow up time. In order to investigate in more detail the 

relationship between risk of hypothyroidism at time since treatment, and 

attained age at questionnaire completion, Cox proportional hazards regression 

modelling was used to calculate hazard ratios and corresponding 95% 

confidence intervals at specified groups of the relevant variables which are 

then plotted.  
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8.3 Results 

All Thyroid Disorders 

Table 8.1 shows the proportion of participants who reported developing any 

thyroid disorder at any time following their HL treatment, and the mean time to 

the first episode of each of these conditions. Thyroid disorders included any 

reported episode of hypo- or hyperthyroidism, an operation on the thyroid 

gland or any other disorder of the thyroid or parathyroid glands reported by the 

respondents. Among the 237 respondents, after a mean follow up time of 23.5 

years, 33.8% of participants reported developing any thyroid condition. The 

first event occurred an average of 13.5 years (range 0-38) after HL treatment.  

25.3% of participants reported developing at least one disorder, 7.6% 

developed two different thyroid issues and 2 participants (0.8%) reported three 

separate thyroid conditions. The most commonly reported abnormality was 

hypothyroidism which developed in 30.0% of patients at a mean time of 12.9 

years (range 1-38) after HL treatment, followed by hyperthyroidism which 

developed in 10 patients (4.2%) at a mean time of 16.4 years (range 0-36). 

Overall, 19 patients (8.0%) had surgery to their thyroid at a mean time of 16.9 

years (range 0-38) after HL treatment, most commonly for thyroid nodules (12 

out of 19). Therefore 23.8% of the 80 patients who developed a thyroid 

disorder were operated on, including two cases of thyroid cancer.  
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Table 8.1 Thyroid disorders reported by participants 

Thyroid Disorder 
Number of 

participants (%) 

Mean time to first 
episode from HL 

treatment yrs (range) 

Any thyroid disorder 
No thyroid disorder 
 
Number of thyroid disorders 

   0  
   1  
   2  
   3  
 
Hypothyroidism 
   Yes 
   No 
   NK 
 
Hyperthyroidism 
   Yes 
   No 
   NK 
 
Other Thyroid Disorder 
   No 
   Thyroid Nodule / Cyst 
   Goitre 
   Hypo/Hyperparathyroidism 
   Thyroid Cancer 
   Other  
 
Thyroid Operation 
   Yes 
   No 

80 
157 

 
 

157 
60 
18 
2 

 
 

71 
162 

4 
 
 

10 
211 

16 
 
 

208 
16 
7 
3 
2 
1 

 
 

19 
218 

 

(33.8) 
(66.2) 
 
 
(66.2) 
(25.3) 
(7.6) 
(0.8) 

 
 

(30.0) 
(68.3) 
(1.7) 

 
 

(4.2) 
(89.0) 
(6.8) 

 
 

(87.8) 
(6.8) 
(3.0) 
(1.3) 
(0.8) 
(0.4) 

 
 

(8.0) 
(92.0) 
 

13.5 (0-38) 
- 
 
 
- 

  12.0 (0-36)†* 
15.2 (0-38)* 
15.5 (2-27)* 

 
 

12.9 (1-38) 
- 
- 
 
 

16.4 (0-36)†† 
- 
- 
 
 
- 

16.4 (1-35) 
27.4 (11-38) 
27.3 (14-36) 

1.0†† 
3.0 

 
 

16.9 (1-38) 
- 

Total 237  (100%)  

NK=participant reported they did not know if event had occurred on questionnaire 
*range of years relates to the first thyroid episode occurring in this group of patients 
†date NK for 6 events 
††date NK for 1 event 
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Sixteen patients (6.8%) indicated a history of thyroid nodules. This was the 

only condition that occurred more than once per participant. Three patients 

developed two thyroid nodules so overall 16 patients developed 19 nodules. 

(Table 8.2). The mean time to developing the first thyroid nodule was 16.4 

years (range 1-35).  

A total of 7 patients (3.0%) developed a goitre at a mean time of 27.4 years 

following their HL treatment with the earliest goitre occurring after 11 years. 

Three patients (1.3%) developed a parathyroid abnormality which tended to 

occur much later than the other conditions, on average 27.3 years after 

treatment (range 14-36 years) and two patients (0.8%) developed thyroid 

cancer. For one of these events the timing was unknown, although the patient 

indicated that it did occur after her treatment. 

Overall, 80 patients reported the development of 114 thyroid conditions. The 

frequency of thyroid conditions occurring and number of participants affected 

by each condition are detailed in Table 8.2.  
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Table 8.2 Number of Thyroid Disorders reported per number of participants 

Thyroid Disorder Reported Number of thyroid 
conditions (%) 

Number of 
participants† (%) 

   Hypothyroidism 
   Thyroid nodules / cysts 
   Hyperthyroidism 
   Goitre 
   Hypo/Hyperparathyroidism 
   Thyroid cancer 
   Other 

61  
19 
9 
7 
3 
2 
1 

(59.8) 
(18.6) 
(8.8) 
(6.9) 
(2.9) 
(2.0) 
(1.0) 

61 
16 
9 
7 
3 
2 
1 

(61.6) 
(16.2) 
(9.1) 
(7.1) 
(3.0) 
(2.0) 
(1.0) 

Total 114 (100) 80 (100) 

†Participants may have developed more than 1 disorder  
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Treatment-related risk factors for number of thyroid disorders: 

unadjusted 

Treatment-related risk factors for those developing at least one thyroid 

disorder, or at least two thyroid disorders, are shown in Table 8.3. The risk of 

developing at least one disorder was 8.6 times higher in those treated with 

radiotherapy alone and 5.5 times higher in those treated with combination 

chemotherapy and radiotherapy compared with chemotherapy alone. The risk 

of developing at least two thyroid disorders was significantly raised at 13.8 

times higher in those treated with radiotherapy alone compared with 

chemotherapy alone. Of all those whose treatment included any radiotherapy 

(including those also treated with chemotherapy), patients treated with a field 

including the neck had the highest risk of developing at least one thyroid 

disorder, with a relative risk of 6.3 compared with those who had no 

radiotherapy at all, and a 5.8 fold increased risk of developing at least two 

thyroid conditions. 

There was a significant dose-response relationship between radiotherapy 

dose and risk of developing any thyroid disorder, with the risk of those 

developing one or two conditions increasing by 4% per Gy delivered.  



 

  

Table 8.3 Treatment-related risk factors for developing one or more thyroid disorders 

Risk Factor 

Number of thyroid disorders 

1 ≥2 

Number 
affected 

Total %* RR 95% CI p value 
Number 
affected 

Total %* RR 95% CI p value 

Chemotherapy alone 7 88 8.0 1.0 - - 2 88 2.3 1.0 - - 
Chemotherapy & Radiotherapy 51 117 43.6 5.5 2.5-12.1 <0.001 8 117 6.8 3.0 0.6-14.2 0.16 
Radiotherapy only 22 32 68.8 8.6 3.7-20.2 <0.001 10 32 31.3 13.8 3.0-62.8 <0.001 
             
No Radiotherapy 7 88 8.0 1.0 - - 2 88 2.3 1.0 - - 
Any SupraRT 72 147 49.0 6.1 2.8-13.4 <0.001 17 147 11.6 5.1 1.2-22.0 0.030 
  SupraRT† including neck 57 114 50.0 6.3 2.9-13.8 <0.001 15 114 13.2 5.8 1.3-25.3 0.020 
  SupraRT† excluding neck 15 33 45.5 5.7 2.3-14.0 <0.001 2 33 6.1 2.7 0.4-18.9 0.3 
InfraRT 1 2 50.0 6.3 0.8-51.1 0.1 1 2 50.0 22.0 2.0-242.6 0.012 
             
Dose of SupraRT (Gy)**             
   No radiotherapy 7 88 8.0 1.0 - - 2 88 2.3 1.0 - - 
   1-29 2 11 18.2 2.3 0.4-10.1 0.36 1 11 9.1 3.9 0.3-40.4 0.3 
   30-39 33 74 44.6 5.6 2.5-12.7 <0.001 4 74 5.4 2.4 0.4-13.0 0.3 
   >40 32 48 66.7 8.3 3.6-18.6 <0.001 10 48 20.8 9.0 2.0-41.0 0.005 
   NK dose 6 14 42.9 5.4 1.8-16.0 0.002 3 14 21.4 9.4 1.6-56.4 0.014 
Trend    1.04 1.03-1.05 <0.001    1.04 1.01-1.08 0.013 
             

Total 80 237     20 237     

SupraRT=supradiaphragmatic radiotherapy; InfraRT=infradiaphragmatic radiotherapy; RT=radiotherapy NK=not known; RR=relative risk; CI=confidence interval 
*proportion of group exposed 
**2 patients treated with infradiaphragmatic radiotherapy excluded from analysis 
†SupraRT including and excluding neck are subgroups within group “Any SupraRT”, compared to baseline group “No Radiotherapy” 

 
  



 

  

Table 8.4 Demographic and time-related risk factors for developing one or more thyroid disorders 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*proportion who developed condition of group exposed (% by row) 
†No events 
††Baseline reference group 

Risk Factor 

Number of thyroid disorders 

1 ≥2 

n Total %* RR 95% CI p value n Total %* RR 95% CI p value 

Age at first HL treatment (yrs)             
   0-19 25 74 33.8 1.0 - - 9 74 12.2 1.0†† - - 
   20-29 38 109 34.9 1.0 0.6-1.7 0.9 8 109 7.3 0.6 0.2-1.6 0.3 
   30-39 16 41 39.0 1.2 0.6-2.2 0.7 3 41 7.3 0.6 0.2-2.2 0.4 
   40-45 1 13 7.7 0.2 0.03-1.7 0.1 0 13 0.0 -† - - 

Trend    0.99 0.97-1.02 0.7    0.96 0.91-1.02 0.2 

Time since first HL Rx (yrs)             
   0-9  5 43 11.6 1.0 - - 0 43 0.0 -† - - 
   10-19 7 46 15.2 1.3 0.4-4.1 0.6 1 46 2.2 1.0†† - - 
   20-29 28 70 40.0 3.4 1.3-8.9 0.011 4 70 5.7 2.6 0.3-23.5 0.4 
   30-39 27 55 49.1 4.2 1.6-11.0 0.003 8 55 14.6 6.7 0.8-53.5 0.07 
   40-49 13 23 56.5 4.9 1.7-13.6 0.003 7 23 30.4 14.0 1.7-113.8 0.014 

Trend    1.04 1.02-1.06 <0.001    1.10 1.05-1.15 <0.001 

Age at questionnaire response             
   18-29 2 32 6.3 1.0 - - 0 32 0.0 -† - - 
   30-39 7 34 20.6 3.3 0.7-15.9 0.1 1 34 2.9 1.0†† - - 
   40-49 18 52 34.6 5.5 1.3-23.9 0.022 4 52 7.7 2.6 0.3-23.4 0.4 
   50-59 36 71 50.7 8.1 2.0-33.7 0.004 7 71 9.9 3.4 0.4-27.2 0.3 
   60-79 17 48 35.4 5.7 1.3-24.5 0.020 8 48 16.7 5.7 0.7-45.3 0.1 

Trend    1.03 1.01-1.05 0.001    1.06 1.02-1.10 0.005 

Calendar period of treatment             
   1965-1974 5 12 41.7 1.0 - - 3 12 25.0 1.0 - - 
   1975-1984 25 45 55.6 1.3 0.6-2.7 0.4 9 45 20.0 0.8 0.3-2.5 0.7 
   1985-1994 28 70 40.0 1.0 0.5-2.0 0.9 5 70 7.1 0.3 0.08-1.0 0.06 
   1995-2004 14 50 28.0 0.7 0.3-1.5 0.3 3 50 6.0 0.2 0.05-1.0 0.06 
   2005-2015 8 60 13.3 0.3 0.1-0.8 0.017 0 60 0.0 -† - - 
Trend    0.96 0.95-0.98 <0.001    0.91 0.88-0.95 <0.001 

Total 80 237     20 237     
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Time and age at treatment as risk factors for number of thyroid 

disorders: unadjusted 

There was no significant association between age at first HL treatment and 

risk of developing one or two thyroid disorders (Table 8.4). 

Analysis by time since HL treatment showed a significant trend of increasing 

risk of developing at least 1 thyroid disorder with increasing time since 

treatment with a 4% higher risk with every year after treatment so that at 40-

49 years after treatment the risk was almost 5 times higher than at 0-9 years. 

A similar and even more pronounced effect was seen for those who developed 

at least two thyroid conditions, at 14.0 times higher at 40-49 years after 

treatment than those within 10-19 years of HL treatment (as there were no 

events at 0-9 years the reference group was changed), with a 10% rise in risk 

of developing 2 or more thyroid conditions seen with each year after 10 years. 

Increasing age at questionnaire response was also associated with an 

increased risk of developing both 1 and 2 thyroid disorders, the relationship 

more pronounced with 2 disorders (RR trend = 1.06 per year) compared with 

1 disorder (RR trend = 1.03). 

There was no clear relationship between decade of treatment and risk of 

developing 1 thyroid disorder, although the overall trend was significant 

towards a decreasing risk with more recent treatment decade, this was largely 

contributed to by a significantly reduced risk (RR=0.3) seen with treatment in 

the most recent decade of treatment 2005-2015. The effect of reducing risk 

with more recent treatment decade is more pronounced with 2 disorders with 

a reduction in risk of 9% per year (although numbers are much smaller).   
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The potential for confounding effects between increasing age at questionnaire 

response, increasing time since treatment and decades of treatment are 

accounted for by adjusting for these factors in the following sections. 

Treatment-related risk factors for number of thyroid disorders: 

adjusted 

I analysed risks according to treatment modality adjusted for time since first 

treatment and age at first treatment (Table 8.5.). This demonstrated similar 

significantly raised risks of developing 1 thyroid disorder after any radiotherapy 

treatment with a persistent significant radiotherapy dose associated trend as 

those seen in unadjusted analyses, although the RR following treatment with 

radiotherapy alone was slightly attenuated (adjusted RR=6.8 compared with 

unadjusted RR=8.6 Table 8.3).  

The risk of developing ≥2 thyroid disorders following any radiotherapy 

treatment was markedly attenuated and became insignificant (unadjusted for 

radiotherapy alone RR=13.8 p<0.001, adjusted RR=5.1 p=0.15). Of the 18 

patients who developed ≥2 thyroid disorders, 16 were treated with 

radiotherapy and 14 of 16 had follow up of >30 years contributing to the very 

high unadjusted raised risk.   

The association with higher dose of radiotherapy and increasing risk of 

developing one thyroid disorder persisted after adjustment for time since 

treatment, although became less pronounced. The relationship with 

developing 2 disorders, however, disappeared after adjustment, likely due to 

the majority of those developing >1 thyroid disorder being treated >30 years 

ago and with the highest doses of radiotherapy. Again there were small 

numbers (Table 8.5).  
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Table 8.5 Treatment-related risk of thyroid disorders adjusted for time since first HL 
treatment and age at first HL treatment 

HL=Hodgkin Lymphoma; SupraRT=supradiaphragmatic radiotherapy; InfraRT=infradiaphragmatic 
radiotherapy; Gy=Gray 
*2 women treated with infradiaphragmatic radiotherapy excluded from analysis 
†No events  

  

Risk Factor 

No. of thyroid disorders 

1 ≥2 

RR 95% CI p value RR 95% CI p value 

       
Chemotherapy alone 1.0 - - 1.0 - - 
Chemotherapy & Radiotherapy 5.0 2.2-11.3 <0.001 2.6 0.3-21.1 0.4 
Radiotherapy Only* 6.8 2.6-18.0 <0.001 5.1 0.6-46.3 0.2 
       
No Radiotherapy 1.0 - - 1.0 - - 
Any SupraRT* 5.1 2.2-11.5 <0.001 3.1 0.4-24.0 0.3 
  Including neck 5.0 2.1-11.6 <0.001 2.8 0.3-22.9 0.3 
  Excluding neck 5.2 2.1-12.9 <0.001 3.4 0.3-34.9 0.3 
InfraRT 4.6 0.5-38.5 0.2 2.4 0.4-15.3 0.4 
       
Dose of SupraRT (Gy)*       
   No SupraRT 1.0 - - 1.0 - - 
   1-29 1.0 0.1-7.5 0.98 -† - - 
   30-39 5.4 2.7-10.9 <0.001 1.1 0.2-5.1 0.95 
   >40 7.3 3.6-14.8 <0.001 2.9 0.6-13.5 0.2 
   NK dose 4.8 2.0-11.8 <0.001 2.4 0.4-14.9 0.4 
Trend 1.03 1.02-1.05 <0.001 1.01 0.97-1.06 0.5 
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Table 8.6 Risk of developing any thyroid disorder by time since first treatment only in 
those treated with SupraRT adjusted for age at first treatment 

HL=Hodgkin Lymphoma; Rx=Treatment 
*proportion of total exposed (i.e. % by row) 
†No events 
 

     

  

Risk Factor 
Any Thyroid Disorder 

Number 
affected 

Total %* RR 95% CI p value 

Time since first HL Rx (yrs)       
   0-9  2 9 22.2 1.0 - - 
   10-19 5 23 21.7 1.0 0.2-5.0 0.98 
   20-29 27 47 57.5 2.6 0.6-10.8 0.2 
   30-39 26 46 56.5 2.5 0.6-10.6 0.2 
   40-49 12 22 54.6 2.4 0.5-10.8 0.3 
Trend    1.02 0.99-1.04 0.1 

Total 72 147     
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To further explore the effects of treatment modality and time, I analysed the 

effect of time since treatment on developing any thyroid disorder (numbers 

were too small in the >1 thyroid disorder subgroups) only in those treated with 

radiotherapy, adjusted for age at first HL treatment (Table 8.6). It can be seen 

that after removing those who did not receive radiotherapy there is then no 

relationship seen with time since treatment and risk of developing 1 thyroid 

disorder.  

The vast majority of those treated with chemotherapy alone did not develop a 

thyroid condition and were mostly treated more recently (mean follow up time 

18.8 years in chemotherapy alone group versus 29.3 years for those treated 

with radiotherapy) and it is this which has led to the apparently reduced risk in 

earlier follow up times seen in Table 8.4. Therefore, it appears to be the 

delivery of radiotherapy that is the main contributing factor to the increased 

risk of developing a thyroid disorder and not time since treatment.  

It was not possible to further explore risk by calendar period adjusted for time 

since treatment as these variables were strongly correlated due to the design 

of the study (e.g. all participants treated in 1970 would  have the same length 

of follow up by virtue of having responded to the questionnaire at 

approximately the same point in time). No effect of age at first treatment was 

seen across all treatment types after adjusting for time since treatment. Table 

8.7. further investigates this focussing on the highest risk treatment group, 

those treated with supradiaphragmatic radiotherapy (uniformly distributed 

across all age categories). There is a suggestion of reduction in risk at older 

ages treated with radiotherapy, even after adjusting for dose of radiotherapy 

received (Table 8.7), however this is not significant.  
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Table 8.7 Risk of thyroid disorders by age at first treatment in patients treated with 
SupraRT adjusted for time since treatment 

SupraRT=supradiaphragmatic radiotherapy; HL=Hodgkin Lymphoma; RR=relative risk; CI=confidence 
interval; Gy=Gray 
*proportion of group exposed (i.e. proportion by row) 
 

 

Risk Factor 

Any Thyroid Disorder 

Number 
affected 

Total %* RR 95% CI p value 

       

Age at first HL treatment (yrs)       

   0-19 21 40 52.5 1.0 - - 

   20-29 36 72 50.0 1.0 0.6-1.7 0.99 

   30-39 14 28 50.0 1.1 0.5-2.1 0.9 

   40-45 1 7 14.3 0.3 0.04-2.6 0.3 

Trend    1.0 0.97-1.03 0.9 

Adjusted for total SupraRT dose (Gy) 

       
Age at first HL treatment (yrs)       
   0-19 21 40 52.5 1.0 - - 
   20-29 36 72 50.0 1.1 0.6-2.0 0.7 
   30-39 14 28 50.0 1.1 0.5-2.3 0.8 
   40-45 1 7 14.3 0.4 0.05-2.9 0.3 
Trend    1.0 0.97-1.03 0.98 

Total 72 147     
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Prevalence of the most common thyroid disorders over time 

Of the three most frequently reported thyroid conditions hypothyroidism, 

hyperthyroidism, and thyroid nodules / cysts, the prevalence of each condition 

continued to rise steadily over time up to 39 years after treatment. The 

prevalence of each respective condition was 7.7%, 0.8% and 0% at 5 years 

after HL treatment, 14.1%, 1.5% and 1.0% at 10 years after treatment, 26.2%, 

4.0% and 4.7% at 20 years and 32.1%, 14.3% and 14.3% at 39 years (Table 

8.8 and Figure 8.1). The cumulative prevalence of developing any type of 

thyroid condition by 39 years follow up was 42.9%.



 

  

 Table 8.8 Prevalence of thyroid conditions by time since HL treatment (years) 

Thyroid Condition 
5 years (n=233)  10 years (n=199) 20 years (n=149) 30 years (n=82) 39 years (n=28) 

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI 

Hypothyroidism 
Hyperthyroidism  
Thyroid Nodule / Cyst 

7.7 
0.8 
0.4 

4.6-11.9 
0.1-3.1 
0.0-2.4 

14.1 
1.5 
1.0 

9.6-19.7 
0.3-4.3 
0.1-3.6 

26.2 
4.0 
4.7 

19.3-34.0 
1.5-8.6 
1.9-9.4 

31.7 
7.3 
8.5 

21.9-42.9 
2.7-15.2 
3.5-16.8 

32.1 
14.3 
14.3 

15.9-52.4 
4.0-32.7 
4.0-32.7 

Any thyroid condition 9.0 5.7-13.4 16.1 11.3-21.9 31.5 24.2-39.7 41.5 30.7-52.9 42.9 24.5-62.8 

HL= Hodgkin Lymphoma; n=no. of participants at risk at the given time point post HL treatment 

 

 

Figure 8.1 Cumulative prevalence of thyroid disorders by time since HL treatment 
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Hypothyroidism 

I have undertaken further analyses for the outcome hypothyroidism due to the 

numbers affected allowing for more detailed analyses which were not possible 

for the other conditions.   

As previously mentioned, hypothyroidism was by far the most commonly 

reported thyroid abnormality, affecting 71 of 237 (30.0%) participants at a 

mean time of 12.9 years (range 1-38 years) after HL treatment. 

Treatment-related risk factors for hypothyroidism: unadjusted 

Modality of treatment significantly affected the risk of developing 

hypothyroidism. Those treated with radiotherapy alone had a RR 11.7 times 

higher than those treated with chemotherapy alone and those treated with 

radiotherapy and chemotherapy had a RR of 9.4 (Table 8.9).  

Of the participants treated with any radiotherapy, those treated with a 

supradiaphragmatic field including the neck had the greatest relative risk, 10.6 

times higher than those who did not receive any radiotherapy. Increasing dose 

of radiotherapy received was also associated with increasing risk of 

hypothyroidism. Risk increased from 1.6 in those receiving 1-29Gy up to an 

11.7-fold risk in those treated with >40Gy with significant increase in risk of 

1.05 per Gy delivered. 

There was also a trend towards increasing doses of radiotherapy being 

associated with increasing time to developing hypothyroidism. Patients who 

were treated with chemotherapy alone developed hypothyroidism at a mean 

time of 6.5 years after their treatment, compared to 11.7 years for those treated 

with 1-29Gy, 12.0 years following 30-39Gy and 14.0 years after 40-49 years. 
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Those treated with the highest doses, however, were on average treated more 

historically, with a mean follow up time of 30.9 years in the patients receiving  

>30Gy compared to mean time of 19.5 years since treatment in those treated 

with <30Gy.  

Having a stem cell transplant did not significantly affect the risk of developing 

hypothyroidism.  

Table 8.10 examines risks of developing hypothyroidism in those treated with 

chemotherapy alone. Relative risks for chemotherapy regimens were 

compared with other patients treated with chemotherapy alone but not treated 

with the drug or regimen specified. No significant association with any type of 

chemotherapy or number of lines of treatment and risk of hypothyroidism was 

seen. 

 

Time and age at treatment as risk factors for hypothyroidism: 

unadjusted 

The risk of having ever developed hypothyroidism increased consistently with 

increasing time since first treatment (Table 8.11). The highest risk periods 

were 40-49 years follow up after treatment (RR 3.6 at 20-29 years, 3.1 at 30-

39 years and 4.1 at 40-49 years) compared to those treated within 0-9 years. 

The age at which patients were first treated for HL did not significantly affect 

the risk of developing hypothyroidism (Table 8.11). Increasing age at 

questionnaire response was also generally associated with increasing risk of 

hypothyroidism with a linear trend seen until the maximum risk age range at 

ages 50-59 (RR=14.4) with a slight reduction in magnitude seen in the oldest 

age group 60-69 (RR=9.3). The overall trend paralleled that seen with time. 
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Table 8.9 Treatment-related risk factors for developing hypothyroidism 

Risk factor 
Number 
affected 

Total %* RR 95% CI 
P 

value 

       

Chemotherapy alone 4 88 4.6 1.0 - - 
Chemotherapy and radiotherapy 50 117 42.7 9.4 3.5-25.1 <0.001 
Radiotherapy alone 17 32 53.1 11.7 4.2-32.2 <0.001 
       
No Radiotherapy 4 88 4.6 1.0 - - 
SupraRT 66 147 44.9 9.9 3.6-27.1 <0.001 
   Including neck 55 114 48.3 10.6 4.0-28.2 <0.001 
   Excluding neck 11 33 33.3 7.3 2.5-21.5 <0.001 
InfraRT 1 1 50.0 11.0 2.0-59.5 0.005 
       
SupraRT dose (Gy)       
   No Radiotherapy** 4 88 4.6 1.0 - - 
   1-29 1 11 9.1 1.6 0.2-12.8 0.6 
   30-39 36 85 42.4 7.6 3.1-18.5 <0.001 
   >40 24 37 64.9 11.7 4.8-28.3 <0.001 
   Dose NK 5 14 35.7 6.4 2.1-19.4 <0.001 
Trend    1.05 1.03-1.06 <0.001 
       
Stem cell transplant       
   No 66 218 30.3 1.0 - - 
   Yes (Autologous) 5 19 26.3 0.9 0.4-2.2 0.8 

Total 71 237     

SupraRT=supradiaphragmatic radiotherapy; InfraRT=infradiaphragmatic radiotherapy; NK=Not known; 
RR=relative risk; CI=confidence interval; Gy=Gray 
*proportion of group exposed (i.e. % by row) 
**InfraRT treated patients excluded from analysis 

 
 

  



 

194 
 

Table 8.10 Risk of hypothyroidism according to type of chemotherapy 

Type of Chemotherapy 
Number 
affected 

Total RR 95% CI p value 

Chemotherapy containing: 
Classic alkylators 
Anthracycline 
Vinca-alkaloid 
MDR regimen 
Platinum 
 
No. of lines of chemotherapy 
1 
2 
3+ 

 
1 
4 
4 
1 
1 
2 
 

3 
1 
0 

 
27 
79 
87 
10 
5 

16 
 

72 
14 
2 

 
0.7 
-† 

-† 

2.6 
5.5 
-† 

 
1.0 
0.99 

-† 

 
 

0.07-7.1 
- 
- 

0.3-24.7 
0.6-52.5 

- 
 

- 
0.5-2.0 

- 
 

 
0.8 
- 
- 

0.4 
0.1 
- 
 
- 

0.4 
- 

Total 4 88    

†No hypothyroid events in comparator group so unable to analyse 
RR=relative risk; CI=confidence interval; MDR=multidrug regimen 
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Table 8.11 Demographic and time-related risk factors for developing hypothyroidism 

Risk factor 
Number 
affected 

Total % RR 95% CI P value 

Time since HL treatment (yrs)       

   0-9 5 43 11.6 1.0 - - 

   10-19 6 46 13.0 1.1 0.4-3.4 0.8 
   20-29 29 70 41.4 3.6 1.5-8.5 0.004 
   30-39 20 55 36.4 3.1 1.3-7.7 0.013 
   40-49 11 23 47.8 4.1 1.6-10.4 0.003 
Trend    1.03 1.02-1.05 <0.001 

       

Age at first HL treatment (yrs)       
   0-19 23 84 27.4 1.0 - - 
   20-29 36 103 35.0 1.3 0.9-2.4 0.3 
   30-39 11 39 26.2 1.0 0.7-2.4 0.9 
   40-45 1 11 9.1 0.3 0.05-2.2 0.3 
Trend    1.00 0.99-1.03 0.6 
       

Age at questionnaire response (yrs)       
   18-29 1 32 3.1 1.0 - - 
   30-39 5 34 14.7 4.7 0.6-38.3 0.1 
   40-49 19 52 36.5 11.7 1.6-83.5 0.014 
   50-59 32 71 45.1 14.4 2.1-101.4 0.007 
   60-79 14 48 29.2 9.3 1.3-67.8 0.027 
Trend    1.03 1.02-1.04 <0.001 
       
Calendar period of treatment       
   1965-1974 2 12 16.7 1.0 - - 
   1975-1984 22 45 48.9 2.9 0.8-10.8 0.1 
   1985-1994 27 70 38.6 2.3 0.6-8.5 0.2 
   1995-2004 13 50 26.0 1.6 0.4-6.0 0.5 
   2005-2015 7 60 13.7 0.7 0.2-3.0 0.6 
Trend    0.97 0.95-0.98 <0.001 

Total 71 237     

RR=relative risk; CI=confidence interval; HL=Hodgkin Lymphoma 
*proportion of group exposed 
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since treatment, an increased risk of 3% per year of increasing age at 

response. More historical treatment periods were generally also associated 

with greater risks of hypothyroidism (RR trend 0.97 by calendar year), except 

for the oldest calendar period 1965-1974 analysed (used as the reference 

group), although the smallest number of participants of the study were treated 

in this decade. 

The potential confounding effects of time since treatment, calendar period of 

treatment and age at treatment are investigated further by adjusting for each 

separately below. 

Treatment-related risk factors for hypothyroidism: adjusted 

After adjusting for time since HL treatment and age at first treatment, the 

significantly raised risk (RR=10.2, p<0.001) of developing hypothyroidism 

following treatment with radiotherapy alone, or radiotherapy in combination 

with chemotherapy (RR=8.7, p<0.001) compared with chemotherapy alone 

remained comparably high as with unadjusted analyses (Table 8.12). 

The significant associations between increasing dose of supradiaphragmatic 

radiotherapy (RR trend =1.04 per Gy), field of radiotherapy delivered, in 

particular greater risk seen with treatment to fields including the neck (RR=9.7) 

seen in unadjusted analyses, persisted with similarly magnitudes once 

adjustments for time and age at treatments were undertaken (Table 8.12).  

Time and age at treatment as risk factors for hypothyroidism: 

adjusted 

Tables 8.13-8.14 further explore time since treatment and age at treatment, 

adjusted for each other, on risk of developing hypothyroidism in the highest 

treatment risk group – those treated with supradiaphragmatic radiotherapy. 
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The association with increasing risk with time since first treatment disappears 

when focussing on this group and adjusting for age (and disappears even 

before adjusting for age) – Table 8.13. 

There remains no effect on risk of hypothyroidism seen with different ages at 

HL treatment after adjusting for time since treatment in this group of patients 

(Table 8.14). 
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Table 8.12 Treatment risk factors for developing hypothyroidism adjusted by time 
since treatment and age at first treatment 

SupraRT=supradiaphragmatic radiotherapy; InfraRT=infradiaphragmatic radiotherapy; HL=Hodgkin 
Lymphoma; NK=Not known; RR=relative risk; CI=confidence interval; Gy=Gray 
*proportion of group exposed (% by row) 
**2 patients treated with InfraRT excluded 
 

  

Risk factor 
Number 
affected 

Total %* RR 95% CI P value 

Chemotherapy alone 4 88 4.6 1.0 - - 
Chemotherapy & radiotherapy 50 117 42.7 8.7 3.4-22.8 <0.001 
Radiotherapy alone 17 32 53.1 10.2 3.8-27.5 <0.001 
       
No radiotherapy 4 88 4.6 1.0 - - 
SupraRT 66 147 44.9 8.8 3.4-22.9 <0.001 
   Including neck 55 114 48.3 9.7 2.8-26.3 <0.001 
   Excluding neck 11 33 33.3 6.8 2.3-19.9 <0.001 
InfraRT 1 1 50.0 10.0 2.1-47.3 0.004 

 
SupraRT dose (Gy)**       
   No SupraRT 4 88 4.6 1.0 - - 
   1-29 1 11 9.1 1.6 0.2-12.9 0.6 
   30-39 36 85 42.4 7.5 3.0-18.8 <0.001 
   >40 24 37 64.9 11.4 4.5-29.0 <0.001 
   Dose NK 5 14 35.7 6.3 2.0-20.0 0.002 
Trend    1.04 1.03-1.06 <0.001 

Total 71 237     
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Table 8.13 Time since Rx as risk factor for developing hypothyroidism adjusted by 
age at treatment in SupraRT treated pts 

 

Table 8.14 Age at Rx as risk factor for developing hypothyroidism adjusted by time 
since treatment in SupraRT treated pts  

Risk factor 
Number 
affected 

Total %* RR 95% CI P value 

Time since HL treatment (yrs)       
   0-9 1 9 11.1 1.0 - - 
   10-19 6 23 26.1 2.3 0.3-17.0 0.4 
   20-29 29 47 61.7 5.6 0.9-36.0 0.07 
   30-39 20 46 43.5 3.9 0.6-25.7 0.2 
   40-49 10 22 45.5 4.1 0.6-27.6 0.1 
Trend    1.01 0.99-1.02 0.60 

Total 66 147     

Risk factor 
Number 
affected 

Total %* RR 95% CI P value 

Age at first HL treatment (yrs)       
   0-19 19 40 47.5 1.0 - - 
   20-29 33 63 52.4 1.2 0.8-1.9 0.3 
   30-39 6 20 30.0 1.0 0.5-1.8 0.9 
   40-45 1 4 25.0 0.4 0.06-2.5 0.3 
Trend    1.00 0.98-1.03 0.9 

Total 66 147     
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Prevalence of Hypothyroidism over time by types of treatment 

The proportion of patients reported to have developed hypothyroidism over 

time according to modality of treatment is shown in Figure 8.2. A significantly 

greater proportion of patients treated with radiotherapy alone and combination 

treatment including radiotherapy developed hypothyroidism compared to 

those treated with chemotherapy alone. This effect persisted and continued to 

increase with increasing time since first HL treatment. At 30 years after HL 

treatment, almost half of all patients followed up to that point who were treated 

with radiotherapy, either alone or with chemotherapy, had developed 

hypothyroidism compared to approximately 5% of those treated with 

chemotherapy alone.  

Those who were treated with radiotherapy alone did receive slightly higher 

doses to supradiaphragmatic fields compared with those treated with 

combination radiotherapy and chemotherapy (mean dose 35.5Gy vs 29.9Gy).  

I therefore explored (Figure 8.3) whether there was any difference in 

proportions affected over time in those receiving radiotherapy alone versus 

chemotherapy and radiotherapy, stratifying by dose of radiotherapy received 

(<40Gy compared with ≥40Gy). The proportions developing hypothyroidism at 

doses ≥40Gy increased more steeply in the early years after HL treatment 

than the patient groups who received <40Gy but then plateaued to similar 

levels as the <40Gy group although this difference was not statistically 

significant using the log-rank test. Our numbers were too small to investigate 

smaller dosing groups. 
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Figure 8.2 Proportion of participants developing hypothyroidism according to 
modality of treatment over time 

 
 
 
Figure 8.3 Proportion of participants developing hypothyroidism according to 
type of treatment and dose of radiotherapy over time 
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Rates and hazard ratios of hypothyroidism according to time since 

first HL treatment adjusted for attained age 

 Figure 8.4 demonstrates HR (hazard ratios) of proportions of patients 

developing hypothyroidism, compared with those within 4 years of first 

treatment as the baseline reference group, at increasing time points since first 

HL treatments, adjusted for attained age.   
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Figure 8.4 Hazard ratios of hypothyroidism over time since HL treatment 
adjusted for attained age 

 

 

 

 

Table 8.15 Rates and hazard ratios of hypothyroidism according to time since first HL 
treatment adjusted for attained age 

Risk Factor Rates (per 1,000) Hazard Ratio 95% CI p value 

Time since HL treatment (yrs)     

0-4 15.6 1.00 - - 
5-9 14.7 0.80 0.39-1.65 0.55 
10-19 11.4 0.55 0.26-1.18 0.13 
20-29 12.0 0.58 0.23-1.50 0.26 
30+ 7.3 0.51 0.11-2.30 0.38 
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Validation of thyroid outcomes 

Of the 40 patients randomly selected within the sample population, 7 patients 

had been discharged from routine follow up within 5 years of HL treatment so 

outcomes were recorded as NK, unless an event was known to occur either 

through further correspondence with outside centres or because it had 

occurred prior to discharge. Where events in the questionnaire are reported 

where there was no record in medical notes, date of last follow up is described. 

Hypothyroidism 

A total of 9 of the 40 (22.5%) selected patients were diagnosed with 

hypothyroidism according to medical records and 13 of 40 patients in this 

sample indicated yes to developing hypothyroidism (32.5%). Of the 9 

diagnoses found in medical records, 7 patients reported “Y” within the 

questionnaire, yielding a sensitivity of 77.8% and specificity of 80.6% (Table 

8.16). Of the 13 patients reporting they had developed hypothyroidism in the 

questionnaire, only 7 of these were diagnosed in medical records, yielding a 

PPV of 53.8% and an NPV of 92.6% (Table 8.16). However, of the 6 where 

there was no record in notes, 4 of these patients had last been seen for follow 

up prior to the date of reported development of the hypothyroidism.  

For the 7 patients where there was concordance of reporting of hypothyroidism 

between medical records and the questionnaire, year of diagnosis was the 

same for 2 patients. For the remainder, 2 cases were diagnosed in medical 

records prior to the patient’s reported date (8 and 3 years prior), 2 cases as 

after the patients reported date (5 and 3 years after) and for 1 patient the date 

of diagnosis was unknown. 
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Thyroid Nodules / Cysts 

From medical records, 2 patients were diagnosed with nodules or cysts in 

medical records but did not report this in the questionnaire, and 1 patient 

reported removal of a cyst which had not been captured in medical records. 

Sensitivity and PPV were therefore 0.0%, but specificity and NPV were 97.3% 

and 94.9% respectively. The patient reported cyst removal had occurred within 

the period of patient follow up RMH. 

Hyperthyroidism 

None of the patients within this sample were diagnosed with hyperthyroidism, 

nor reported this within the questionnaire, yielding a specificity and NPV of 

100.0%, but sensitivity and PPV are unable to be measured.  

 

Table 8.16 Concordance of self-reported thyroid disorders with medical records 

Outcome 

Occurrence in medical 
records vs questionnaire 

Sensitivity Specificity PPV NPV 

Y/Y N/Y Y/N N/N (%) (%) (%) (%) 

Hypothyroidism 7 6* 2 25 77.8 80.6 53.8 92.6 

Nodules / cysts 0 1 2 37 0.0 97.3 0.0 94.9 

Hyperthyroidism 0 0 0 40 - 100.0 - 100.0 

PPV=positive predictive value; NPV=negative predictive value; Y=Yes; N=No 
*2 NK from medical records 
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8.4 Discussion  

All Thyroid Disorders 

The current study of self-reported outcomes demonstrates that a large 

proportion of women treated for HL before age 45 reported developing a 

thyroid disorder, with 33.8% developing at least one condition after a mean 

follow up of 23.5 years. The average time to developing each thyroid condition 

varied but of the three most prevalent thyroid disorders, hypothyroidism, 

hyperthyroidism and thyroid nodular disease, onset could be as soon as the 

same year as treatment and cumulative prevalence increased consistently and 

markedly up to 40 years after treatment with nearly half of the population 

developing a thyroid abnormality after 40 years. Hypothyroidism had the 

shortest time to onset on average compared to all other thyroid conditions. The 

increased burden of any thyroid disease is clearly associated with delivery of 

radiotherapy to supradiaphragmatic fields including the thyroid region, as has 

been shown in a number of studies.126,136,138,143,150 Radiotherapy was also 

more strongly related to having a greater number of thyroid conditions, with a 

clear dose-response relationship between Gy received and risk of developing 

any thyroid disorder. The administration of chemotherapy alone conferred the 

lowest risk of thyroid disease of all treatments administered which is in keeping 

with other findings in studies of HL survivors of comparable size to this 

study.126,127,143 We have investigated outcomes in those treated as adults as 

well as childhood and have been able to include a large proportion of patients 

treated in more recent decades. We have the longest follow up period of any 

study of which we are aware investigating thyroid outcomes in both childhood 

and adult treated HL survivors. 
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The proportion affected by thyroid disease in this study is in keeping with other 

studies which have investigated the occurrence of a comparable range of 

thyroid conditions after HL treatments126,129,149,150, and a large cohort of 

Hiroshima and Nagasaki atomic bomb survivors.205 Studies in HL survivors 

have reported proportions affected by at least one thyroid condition as ranging 

from 32%-60%.126,127,129,149,150,194 The study where the highest proportion 

(60.1%) of HL survivors were reported as developing any thyroid condition with 

comparable follow up to our study of 24 years, included those only treated in 

childhood in historical treatment periods (1970-1986) where higher risk 

treatments were used (large field high dose radiotherapy),129 which is likely to 

account for the higher proportion affected. Focussing on those treated <21 

years in our study, who had similar follow up time to the overall study 

population (23.8 years), a slightly higher proportion were affected by any 

thyroid disorder (35.9%) but only 57.1% of these patients were treated with 

radiotherapy compared to 67% in the CCSS (not specified for HL patients only) 

so it may be the increased use of radiotherapy which accounts for the higher 

proportion. It may also be that enrolment within this CCSS with more intensive 

follow up and screening for thyroid conditions has led to increased diagnosis 

compared to in our population where active follow up often ceased after 5-10 

years.206  Other studies with shorter follow up time (median follow up to 16 

years) reported a similar proportion affected to our study of 20%-44% of 

patients.126,149,207  

Our study, unlike others, included a sizeable proportion of patients treated with 

chemotherapy only (37.1%) as we included more recently treated patients, as 

well as more historic regimens to enable us to compare newer with older 
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treatments. The majority of the chemotherapy only treated patients in our study 

were treated in the modern era (80% of those treated with chemotherapy alone 

were treated after 1995) when less toxic regimens were adopted. Other 

studies that have included only more recently treated patients are unable to 

compare with more historic treatments. Reassuringly, the proportion of 

patients treated with chemotherapy alone who reported developing any thyroid 

condition remained low, which may in part be explained by those treated with 

chemotherapy alone being 10 years younger than those treated with any 

radiotherapy. However, only 7 (8.0%) patients in this group developed any 

thyroid condition and 4 patients (4.5%) developed hypothyroidism, only slightly 

higher than the proportion (3-4%) of the general population which would be 

expected to be affected in adulthood up to age 50.208,209 This group treated 

with chemotherapy alone have a mean follow up of 16.5 years after treatment 

so this length of time should have allowed for capture of the majority of events, 

however as can be seen from cumulative prevalence which continues to rise 

over time, it may be that a greater proportion of these patients will still develop 

thyroid disorders with longer follow up. Only a small number of other studies 

have been able to investigate HL patients treated with chemotherapy alone, 

largely because treatment of HL patients historically frequently included 

radiotherapy. The studies that have been undertaken show that 

chemotherapy, in particular older alkylating agents like CCNU, likely contribute 

a small increased risk of hypothyroidism149 and thyroid cancer,210 but the 

majority of the risk is conferred by radiotherapy. A study from the US based 

CCSS estimated 57.5% of the increased risk of hypothyroidism was conferred 

by radiotherapy and 9.4% by chemotherapy.149 However this study included 
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those treated for other tumour types including CNS cancers and sarcomas 

treated with higher dose and intense regimens of classic alkylating agents so 

it is likely to overestimate the contributory risk of chemotherapy for HL 

survivors. Our study did not find any association with any specific 

chemotherapy agent, or the receipt of chemotherapy in general, and risk of 

developing thyroid disorders and reflects the wider literature where is no 

evidence to date that more modern chemotherapies confer an increased risk 

of thyroid abnormality. 

We found that those who received radiotherapy were 6.8 times more likely to 

develop one thyroid condition, and 5.1 times more likely to develop at least 

two thyroid conditions compared to those treated with chemotherapy alone. 

These increased relative risks are unsurprising considering that the majority 

of thyroid conditions in those with >1 thyroid abnormalities consisted of 

hypothyroidism and thyroid nodular disease, outcomes well known to be 

associated with direct radiation-induced damage to the thyroid.136,140,145,147,205 

As has also been well described in other studies, but usually in relation to 

individual thyroid outcomes, the risk of developing any thyroid condition, and 

in particular more than one thyroid condition, increased significantly with 

increasing dose of radiotherapy (increased RR of 1.02/Gy for one condition 

and 1.05/Gy for more than one condition). A dose-response relationship has 

been well described in relation to the risk of hypothyroidism after 

radiation144,149,150 thyroid nodules and goitres,205,211 and thyroid carcinoma212 

(discussed in more detail in relation to each outcome later). 

The increased risk of ever developing one or more conditions appeared to 

slightly increase over time since HL treatment, however the trend was not 
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significant and the pattern was significantly attenuated after focussing only on 

those irradiated, suggesting therefore that the majority of the increased risk at 

increased time was related to having had radiotherapy. However, the 

cumulative prevalence however of developing any thyroid condition was 

striking in that by 40 years of follow up almost half (42.9%) of the study 

population developed any thyroid disorder. The three most prevalent 

conditions were hypothyroidism, hyperthyroidism and thyroid nodular disease 

and the prevalence continued to rise even up to 40 years after treatment. 

This is consistent with the two largest studies of these conditions that have 

shown lag times and prevalence for all of these outcomes continuing to rise 

up to four decades after treatment.126,150 We demonstrate that this pattern 

persists with even longer follow up and does not seem to plateau up to 40 

years after treatment which has important implications for ongoing monitoring 

of the survivors who were treated with radiotherapy many decades ago.  

Hypothyroidism 

Hypothyroidism was by far the most common abnormal thyroid condition 

noted, as expected, with overall risks of developing this condition 11.7 times 

greater in those treated with radiotherapy alone compared to none. A clear 

radiotherapy dose-response related increase in risk could also be seen in our 

population with the greatest relative risk seen in those treated with >40Gy (RR 

11.7) compared to no radiotherapy and gradually increasing risk with 

increasing dose noted. This dose-response relationship for risk of 

hypothyroidism has been well established in a number of other 

studies144,145,149,150 where doses between 30-40Gy have been shown to be 

predictive of a “high risk” of developing hypothyroidism.  Giving increasingly 
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higher radiation doses appears to result in a correlated reduction in size of the 

thyroid,144,211 although the exact pathological molecular mechanisms for 

inducing hypothyroidism remain unclear, autoimmune and vascular-induced 

changes have been proposed.213 In general those treated with the highest 

doses were treated longer ago in our study population (average time since 

treatment 32.9 years in those treated with 40-49Gy versus 19.8 years in those 

treated with 1-29Gy), reflecting the wider clinical trend to decrease radiation 

dose exposure, however the dose-related trend persisted even after adjusting 

for time, confirming this association in seen in other studies in these women. 

We did also see a trend towards decreasing risk of hypothyroidism in more 

recently treated patients, supporting the theory that risks of developing 

hypothyroidism will decrease with more modern treatments. 

The relationship between age at HL treatment and risk of hypothyroidism has 

not been definitively established, largely because the majority of studies are 

focussed in childhood survivors only which does not allow for comparison of 

risk with adults, but also because the relationship between age and dose of 

radiotherapy treatment cannot be easily separated out. Younger patients tend 

to receive lower doses of radiotherapy. Time since treatment represents an 

additional confounding factor as higher doses were used longer ago even in 

younger populations. A study undertaken in 740 women treated 1961-1989 at 

one institution150 included patients treated at all ages and demonstrated an 

increased RR of 1.6 of hypothyroidism in those treated (all with radiotherapy) 

at ages 15-30 compared to younger ages (<10 years old), although this was 

confounded by the use of higher doses of radiotherapy in the adult population 

which could not be easily adjusted for as almost all of the adult population had 
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high doses.150 Studies of self-reported outcomes undertaken from the CCSS 

also demonstrated a similarly raised RRs of 1.5 in those treated older than 15, 

after adjusting for irradiation dose, however they only included paediatric 

patients so again were unable to compare to an adult population. 

Our results do not demonstrate a significant difference in risk of 

hypothyroidism by age at treatment. Studies to date including HL, head and 

neck cancer survivors and populations exposed to ionising 

radiation126,134,150,175 suggest that younger patients may be more 

radiosensitive to the effects of dose up until young adulthood after which time 

the effects become less pronounced, however other studies similar in size to 

ours have shown no effect by age at treatment.127,214,215 It may be that larger 

numbers than we have in this population would be required to see such a 

difference.  

Longer time since HL treatment unadjusted for modality of treatment appeared 

to be associated with a greater risk of developing hypothyroidism in this study, 

however after focussing on only those treated with radiotherapy this 

association became non-significant, likely because of a confounding affect that 

the majority of those treated with radiotherapy, and at higher doses as 

discussed above, were treated longer ago. This is shown clearly in the 

increasing cumulative proportion of those developing hypothyroidism being 

most significantly raised in those treated with radiotherapy or combination 

radiotherapy with chemotherapy. This significantly raised cumulative 

proportion of patients affected after time since HL treatments, in particular 

irradiation is similar to those seen in other studies including HL patients,129,149 

although most of these studies do not have a comparable length of follow up 
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as this current study. Examination of rates of proportions demonstrated that 

the rates of developing hypothyroidism in fact tended to decline over 

increasing time since treatment, which agrees with other studies undertaken 

from the CCSS149, although a slight increase in rates in the 1990s was 

assigned to increased clinical awareness of this complication leading to 

greater rates of diagnosis. This was not seen in our population and has 

important implications for follow up practice in terms of monitoring thyroid 

function more closely within the first decade of treatment. Despite this, 

however, there were still a number of patients developing hypothyroidism 

many years, sometimes decades, after their initial radiotherapy-containing 

treatments. Long latency periods to developing hypothyroidism after irradiation 

have been reported elsewhere,126,138,150,213 however this is the first study to 

report on risks of hypothyroidism specifically in HL patients including some 

with nearly 50 years of follow up. 

There have been a limited number of studies where it is possible to investigate 

whether the use of chemotherapy, or different types of chemotherapy, affects 

the risk of developing hypothyroidism as studies have been predominantly 

undertaken in historically treated cohorts where radiotherapy was used in 

almost all patients.11,127,143 The studies that have been able to investigate risks 

have been undertaken in small numbers of HL patients, or where numbers are 

larger have pooled patients with other childhood cancer survivors.129 and have 

been largely treated with stem cell transplantation, although even in these 

patients total body irradiation is often used151,153 and for a range of childhood 

cancers, so are not directly applicable to the HL population. One small study 

suggest that there may be a very slight increased risk of hypothyroidism linked 
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to the use of Busulphan-cyclophosphamide based conditioning regimens in 

young children151 although this was in 64 patients, many of whom were treated 

for autoimmune-related conditions which may have affected their underlying 

risk. A larger study investigating those treated for AML showed high 

proportions developing hypothyroidism in patients undergoing stem cell 

transplantation, particularly repeated allogeneic stem cell transplantation 

which is not often used in the HL population.216 A small HL focused study 

measuring biochemical thyroid dysfunction did not show any increased risk 

following treatment with chemotherapy alone,127 nor did the very small 

proportion of patients treated with chemotherapy in the Stanford series150. Our 

study, unlike others, included a sizeable proportion treated with chemotherapy 

alone (37.1%). As has been alluded to in relation to overall risk of thyroid 

disease, we did not find an increased risk of hypothyroidism related to 

treatment with chemotherapy alone, any type of transplantation or any specific 

type of chemotherapy based on our results, including older “classical” 

alkylating agents, more recently introduced “non-classical” alkylating agents 

(such as Dacarbazine) and anthracyclines. Risks of using increasing lines of 

treatment were also analysed and again no effect was seen. These subgroup 

analyses were limited by small numbers developing any thyroid condition. This 

low number of events may be interpreted as reassuring, for patients being 

treated in the modern era, increasingly with chemotherapy-only based 

strategies. 

Primary hypothyroidism is found in 2-3% of the UK population and becomes 

more prevalent with increasing age, with more than 5% of those over 60 

affected.217 Women are 5 -10 times more frequently affected than men 
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constituting the majority of the measured prevalence, with cohort studies from 

the UK reporting a female specific prevalence of 3-4% at all age groups, with 

a mean age of diagnosis of 58-60.209,218,219 Considering that in our study 

population of women, with a current mean age of 47.5 years, a prevalence of 

self-reported hypothyroidism of 30.0% occurred at a mean age of 35.7 years, 

this is approximately a ten-fold greater prevalence than would be expected 

occurring at much younger ages than would be expected in the general UK 

population. 

Hyperthyroidism 

Hyperthyroidism is a reasonably well described, although less frequently 

occurring thyroid disorder than hypothyroidism, following treatment in HL 

survivors. Most studies have been undertaken predominantly in those treated 

in childhood and, as with hypothyroidism, demonstrate significantly increased 

risks in those treated with irradiation to the neck or thyroid region, particularly 

doses above 25-30Gy.125,127 The clinical picture usually mirrors Graves’ 

disease and is characterized by a diffusely enlarged thyroid gland, elevated 

levels of thyroid hormone and suppressed levels of TSH.150 The precise 

pathophysiological mechanism of radiotherapy-induced hyperthyroidism 

remains unclear and may depend upon the time it develops in relation to 

treatment. A group in Japan reported that  during neck radiation release of 

excessive levels of thyroid hormones are noted which then causes elevated 

TSH secretion leading to acute thyrotoxicosis, what they term the “thyrotoxic 

phase” of treatment, which preceded development of later onset 

hypothyroidism.220 One proposed mechanism for late onset hyperthyroidism is 

that irradiation induces the release of specific antigens which facilitates the 
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production of thyroid-related stimulating antibodies leading to a chronic 

autoimmune thyroiditis.221,222 These studies have demonstrated increased 

levels of thyroiditis and thyroid stimulating antibodies following irradiation in 

animal models, predominantly mice models, and remains to be established as 

a causative mechanism in humans.223 An alternative proposal is that changes 

to vasculature induced by radiation, with initial increase in blood flow to the 

organ during treatment itself, followed by later damage and compromised 

microvascular architecture may induce both hypo- and hyperthyroidism.224,225 

The exact mechanisms, however have yet to be elucidated.  

A similarly raised risk of hyperthyroidism, although smaller compared with 

hypothyroidism, has been noted in those receiving irradiation has also been 

noted in the small number of studies undertaken in those treated in 

adulthood,141,148 suggesting increasing that age at treatment is less important 

than the receipt of irradiation. The 2 largest studies that have been able to 

investigate incidence of hyperthyroidism by age at first treatment, from the 

CCSS and by a large institutional study involving 1,787 HL patients including 

those treated in both childhood and adulthood, have not shown any significant 

relationship with age at first treatment.147,226 Due to small numbers I was 

unable to interrogate risks  by treatment types or age at treatment, although 

all of the patients who developed hyperthyroidism, except one, had been 

treated with SupraRT at a mean dose of 32.1Gy, which would be consistent 

with a presumed association. Larger numbers of patients would be needed 

who did not have irradiation to further explore this. Similar proportions of 

patients have been shown to develop this condition after treatment as within 

our study, at 3-5%.124,125 There have been reports among childhood cancer 
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survivors of transient autoimmune-mediated hyperthyroidism, described post 

allogeneic stem cell transplant, likely due to transfer of immunity from the graft 

done, and is usually followed by hypothyroidism.126,129 One of the patients 

developing hyperthyroidism had been treated with a stem cell transplant but 

this was an autologous transplant thus could not have arisen as a result of 

transferred immunity. Again numbers are too small to draw any conclusions.  

In the UK, by far the most common cause of hyperthyroidism is Grave’s 

disease followed by toxic multinodular goitre. Overall prevalence of any type 

of thyrotoxicosis in women in the UK ranges from between 0.5 and 2%, as with 

hypothyroidism it is much more common in women, approximately 10 times 

more frequently seen and more commonly in older age groups.217,218 The 

prevalence of 4% noted in this relatively young population represents 

approximately a 2-3 times higher proportion of women affected than would be 

expected.  
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Thyroid Nodules / Cysts 

Raised risks of thyroid nodules and cysts have been reported since the late 

1970s following irradiation of the neck in HL survivors136,147,150 although in 

general these outcomes have been much less widely reported on than 

hypothyroidism.  Overall comparable proportions of HL survivors in our study 

reported developing nodular or cystic changes (6.8%) similar to other studies 

with of HL survivors with long follow up (5.1% at median 26 years in 1787 

patients150 and 9% in 1791 patients where 39% had 16 years or more of follow 

up) similarly treated. A raised but non-significant risk associated with treatment 

with radiation alone was seen in our population (RR 3.4, p=0.07) and a trend 

towards a dose-response relationship which was non-significant (RR=1.02 per 

Gy of supradiaphragmatic radiotherapy, p=0.3) was also seen and has been 

well described in relation to the risk thyroid nodules and goitres.205,211  

The UK lifetime risk of developing a thyroid nodule is around 5%.217 That 6.8% 

of our population, with a mean age of 47.5 years, so much younger than the 

general population, have developed nodular disease suggests an increased 

frequency of this outcome in this group of treated patients, although it is difficult 

to quantify without age-matched general population controls. This is supported 

by studies where HL treated patients (in the US CCSS) have raised risks up 

to 27 times higher compared with untreated sibling controls.126,129 

Monitoring nodular disease is clinically important as, although it is not the most 

frequent, as it has been reported that between 8-30% of thyroid nodules after 

irradiation may be malignant.126,147,227 Regular monitoring of the thyroid with 

ultrasonography has therefore been recommended by some groups including 

the Children Oncology Survivorship Group (COG).211,228 Considering the 
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comparable prevalence seen in populations including adult treated HL patients 

as childhood treated patients, there is a strong argument for this type of 

screening to be considered for adult treated patients, for whom there is no 

current consensus for this to be done. 

Thyroid Cancer 

The largest study investigating treatment associated with thyroid cancer in HL 

patients is from the CCSS which included 1,669 HL patients of whom 97.6% 

were treated with irradiation.210 The proportion of women (0.9%) who 

developed thyroid cancer in our study (n=2) is approximately 10-15 times 

higher than would be expected based on UK prevalence,229 again likely related 

to the use of radiotherapy as both of these women had extended field mantle 

radiotherapy, which has been found to associated with significantly raised risk 

of thyroid cancer (5-18 times greater than in the general population) in other 

larger studies,7,103,126,230-232 although overall incidence is low with per person 

risks of developing thyroid malignancy reported to be around 0.1% per person 

per year following treatment.232 Approximately 2,800 women develop thyroid 

cancer per year in the UK, which equates to an incidence of 8.5 new cases 

per 100,000.233 Extrapolating from our data, an estimate of the equivalent rates 

yields an estimate of approximately 35 cases per 100,000 women developed 

per year follow up (using mean follow up time), broadly in keeping with a 4-

fold increase consistent with other studies with raised relative rates described 

above. A pooled analysis in 9 cohorts investigating the effects of low dose 

irradiation dose and thyroid cancer confirmed a linear dose-response 

relationship at doses of <0.2 Gy received,234 as well as an increased risk of 

developing secondary thyroid cancer after irradiation if treated at younger 
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ages. As all of the cohorts in this pooled analysis were those treated in 

childhood, assessing any differences in risk by age at first treatment were 

limited, however even within childhood treated cohorts, raised risks appear 

greatest compared to controls for those treated at younger ages, 

predominantly up to age 15.234 Similarly, a non-significant decrease in raised 

risk was seen in children exposed at older ages to irradiation at Chernobyl235 

Cohorts involving those treated into adulthood support reports of much higher 

risks seen at younger age at radiation exposure,147 Ng et al saw highest risks 

in women treated age 20 or younger (RR 19.5 compared with RR 5.3 ages 20-

35) and very few cases in those treated above age 35.232 These low dose 

irradiation cohorts included a mixture of those treated both for malignancy and 

benign disease, so it is difficult to extrapolate and compare findings with ours. 

Our participants were also treated with much higher doses of radiotherapy and 

due to the small numbers affected in our study it was not possible to investigate 

other factors such as age at treatment, time since treatment or a radiation dose 

relationship (one received 35Gy, the dose was unknown for the other patient, 

however as the field was mantle and it was given in 1976 it is very likely to 

have been 35-40Gy).  

Hyperparathyroidism 

We saw a similar proportion of participants affected by hyperparathyroidism 

as  one study (1.0%) investigating those treated with radiation to the tonsils for 

childhood cancers,236 although lower than another much smaller study where 

a prevalence of 5% was noted in those treated with head and neck 

irradiation.237 Regardless, a 1.0% prevalence of hyperparathyroidism is 
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approximately 4 times greater than the expected population prevalence for 

females.238  

Clinical Implications 

The burden of thyroid disease in female HL survivors is high and remains high 

for several decades after treatment. This is largely due to the historic use of 

large doses of radiotherapy however it means that prevalence remains high 

and will remain high for many decades for survivors treated with radiotherapy. 

What will be important to see over coming years is whether or not the gradual 

reduction in use of radiotherapy by PET-driven response239, much more 

targeted treatment fields141, overall reduction in radiotherapy dose used and 

more modern radiotherapy techniques such as hyperfractionation definitively 

results in lower rates of thyroid disease. Results such as ours suggest this will 

happen. Another important issue to raise is the introduction of newer 

immunotherapies such as Nivolumab,142,240 which may well become an 

increasing component of treatment for HL, which are also associated with high 

rates of hypothyroidism and thyroiditis. It is clear that this issue will continue 

to remain important for the foreseeable future and may even become more 

prominent if both radiotherapy and immunotherapy are utilised in combination.  

It is important to emphasise that it is clearly important to incorporate 

surveillance of thyroid disorders into the follow up management for those 

treated as adults and not just for those treated in childhood, where the majority 

of evidence lies and where follow up guidelines are often focussed.131,142,241 

Adult patients can be often overlooked. Our patients who were treated with 

radiotherapy were on average treated at age 24 years (range 8-43) and we 

have confirmed that they have a significantly raised risk for developing a 
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number of thyroid conditions which persist for many decades after treatment. 

Our data suggest that these conditions may develop fairly quickly after 

treatment which may warrant early surveillance whereas most current 

guidelines either do not specify when to look for thyroid disease or recommend 

monitoring begins 5 years after treatment.241 Hypothyroidism is the most 

prevalent condition and all current late effect guidelines suggest monitoring 

patients who have received radiotherapy to the neck,131-133 however there is 

much less awareness and specific guidance regarding the risks of monitoring 

for other thyroid disorders, such as thyroid cancer, particularly in those treated 

in adulthood.  There is a need for this to be more robustly addressed with more 

comprehensive guidance in the adult treated population. 

Limitations 

There are limitations to this study which must be taken into consideration when 

interpreting these findings. The lack of detailed field information and the fact 

that treatment information was extracted from medical records from many 

years ago may have led to misclassification of treatment fields affecting risk 

calculations. In general, however, fields were applied in quite a standardised 

way historically and we did have more detailed information if specific areas 

such as the neck were omitted in more recently treated patients. Issues with 

pituitary / hypothalamus field causing disruption of H-P axis. There was 

missing dose information for 23 of the 127 (18%) patients treated with 

radiotherapy and we did not have detailed radiation dose distribution to areas 

such as the neck and thyroid, however we still saw significant dose-response 

and field related effects in those with known dose and field information, 

consistent with other studies and supporting the validity of these data.  
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Our data are self-reported outcomes, but I did undertake an exercise to 

validate thyroid outcomes in a sample of these patients, which showed high 

sensitivity (77.8%) and specificity (80.6%) for reporting of hypothyroidism, 

although a PPV of only 53.8%. Much poorer validity of self-report for 

hyperthyroidism and thyroid nodules / cysts was found (Table 8.16). However, 

small numbers or no occurrence of events for the latter 2 outcomes make 

interpretation of concordance difficult.  

An important limitation in use of medical records to assess these outcomes, 

as predicted, was that a substantial proportion of patients had been discharged 

from clinical follow up at varying times after their initial HL treatment and 

therefore outcomes would not have been captured. Seven patients had been 

discharged within 5 years and I therefore recorded the outcomes as unknown 

(unless it was known to have occurred by outside correspondence or within 

that short follow up time). However considering the range of time since 

treatment that the events occurred that have been reported here, there may 

have been other events that were not captured by medical records once follow 

up had ceased, which would reduce the reliability of medical records 

diagnoses considerably. Of this sample of 40 patients, the average length of 

clinical follow up (difference between date of last clinical review and date of 

HL treatment) was 15 years and 70% had follow up of ≥10 years. It is 

reasonable to presume therefore that for the majority of these patients’ medical 

records would have captured most outcomes. 

For the outcome hypothyroidism, 4 of 6 patients who reported the event where 

there was no diagnosis in medical records had last been seen at the hospital 

prior to the date of the event occurring. If we presume all of these truly occurred 



 

224 
 

and would have been captured in notes, sensitivity, specificity and PPV would 

all have improved to 84.6%, 92.6% and 84.6% respectively.   

These findings for hypothyroidism are similar to those from other studies 

measuring concordance with medical records in cancer survivors which shows 

reporting of hypothyroidism has high sensitivity and specificity and supports 

validity of reports in our patients.34 In general, findings from a range of studies 

show that disorders which patients find generally easy to understand and can 

be explained clearly are fairly accurately reported in questionnaire 

studies.242,243  

The sensitivity appears to be low for self-reporting of hyperthyroidism or 

thyroid nodules / cysts, however it is difficult to draw definitive conclusions on 

validity as the sample size was likely too small to assess these less frequent 

outcomes. 

A limitation of this study is a lack of control group with which to compare 

outcomes, however there are difficulties with selecting an appropriate control 

group for this population of patients. Comparison with the general population 

may be biased by differences in medical surveillance and lifestyle factors in 

HL survivors. Ideally controls would consist of similar patients who have had 

HL but without treatment which is not possible. Other studies have used 

siblings as controls but this can also cause issues with increased response 

rates related to the outcome of interest, overdiagnosis of outcomes due to 

heightened awareness with siblings and also sharing common confounding 

factors with the survivor. Where possible I have attempted to correlate findings 

with expected rates from the most relevant and comparable population-level 

data. I was also unable to ascertain outcomes in those who did not or could 
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not respond to the questionnaire which could have potentially introduced 

significant bias in the effects found. On further exploration of patient 

characteristics that were likely to have impacted the risks of thyroid disease, 

such as age and time since diagnosis, there were no significant differences in 

those who were invited and responded compared to those who did not 

respond. I unfortunatley could not, for ethical reasons, collect treatment 

information on those who did not respond and this may therefore mean that 

there may have been a difference in treatment risk factors in those not 

responding. The fact that those who responded had been treated more 

historically on average than those who did not respond, suggests that the risks 

found here may be larger as a greater proportion of those treated more 

historically would have had more extensive higher dose radiotherapy. In 

addition I was unable to collect treatment and outcome information on those 

who had died. However, considering the outcomes in question, the presence 

of thyroid disease would not cause such considerable disability that is likely to 

interfere with response rate to this study, nor is it associated with higher death 

rates (even the thyroid cancers which are rarely diagnosed post-irradiation are 

in general associated with good outcomes), so I think it is unlikely that a 

significant bias would have been introduced by excluding those unable to or 

unwilling to reply. It is very likely that much more intense treatments (higher 

doses of radiotherapy and repeated exposures to radiotherapy and 

chemotherapy) would have been administered in the proportion of patients 

with aggressive relapsing disease who are more likely to have died and been 

excluded. However in general these patients have poor survival rates and are 
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unlikely to have lived long enough to have developed or have been diagnosed 

with the thyroid conditions in question.  
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Chapter 9 

9. Neuropathies 

9.1 Introduction 

The vast majority of the literature related to neurotoxicity following HL 

treatments relates to acute neurotoxicity whilst on treatment and for short 

periods of follow up, largely from clinical trial data.160,244,245 Acute neurological 

toxicity most commonly relates to peripheral neuropathy from chemotherapy 

treatments, most frequently the Vinca-alkaloid class in the HL population.  

Longer term neuropathies following HL treatments are most commonly 

reported due to radiation-induced plexopathies or indirect neurological 

damage via radiation-induced fibrosis.  A number of small case reports and 

case series in HL survivors describe development of delayed neurological 

plexopathies associated with radiation damage to the brachial246-249 (RIBP) 

and lumbar250 plexuses (RILP) which can be severely disabling, but these 

have not been assessed in larger survivor populations. 

There are also very few studies in HL survivors with follow up more than 5 

years which address the question of different types of long-term neuropathies 

in relation to a range of both chemotherapy and radiation treatments which I 

address in this questionnaire. 

The frequency of dropped head syndrome, a rarer but well described 

complication of radiotherapy to the head and neck region in childhood-treated 

cancer survivors,251,252 was also assessed.  
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9.2 Methods 

Patients were asked to report the occurrence of 2 types of symptoms; 

“weakness” or “pins and needles or numbness.” For each of these symptoms, 

I asked about which specific anatomical site of the body was affected, 

focussing on the hands, arms and legs and if only 1 side or both sides of the 

body were affected. Those who answered “Yes” to developing these 

symptoms after the date of their first HL treatment were asked about time of 

onset and if symptoms were ongoing or, if not, the date of cessation. If the 

answer was left blank or they answered “NK”, these patients were presumed 

to not have developed the condition in question for risk factor analyses, 

although these answers are shown in the descriptive results.  

Where time to onset was left blank, all missing data was complete by calling 

patients to ensure symptoms occurred after HL treatment. If they occurred 

before, these symptoms were excluded from analyses. If the month was 

unknown but year was provided, July was imputed. 

Statistical Analyses 

Overall occurrence of either weakness or sensory disturbance is presented in 

addition to the occurrence of both symptoms, or either symptom, at any point 

after treatment and grouped by anatomical sites and sides of the body 

affected. The distribution of time to occurrence of all cases of reported 

weakness and sensory disturbance are shown. Time to each condition was 

measured in months from the time of first HL treatment but presented in years 

since treatment.  
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The relationship between developing weakness or sensory disturbance and 

age at first HL treatment, time since HL treatment, current age (at 

questionnaire response) and decade of treatment are explored using robust 

(modified) Poisson regression253 to estimate ratios of proportions (expressed 

as relative risks) compared to a reference group within the study population 

(indicated in results tables). Relative risks are presented alongside 95% 

confidence intervals and p values which are considered significant if <0.05.  

Tests for linear trend were undertaken using continuous variables and 

unknown values excluded from trend tests. 

I then performed stepwise multivariable analyses for treatment and time-

related risk factors. The relationship between time since first treatment was 

undertaken adjusting for age at first treatment as patients treated longest ago 

are generally older now and have had longer to develop symptoms. 

Investigation of relative risks of age at first treatment of treatment were also 

adjusted for time since treatment and attained age at questionnaire 

completion. 

Treatment risk factor analyses were undertaken in relation to the risk factors 

described in the Methods Chapter 6.11 but included treatment modality, field 

of radiotherapy (SupraRT or InfraRT), dose of radiotherapy, class of 

chemotherapy, number of chemotherapy lines and cycles.  

These results are shown unadjusted and then adjusted for time since 

treatment and age at first treatment. 

Specific grouping of combinations of symptoms affecting selected anatomical 

sites and sides were then undertaken for treatment-related risk analyses with 

the aim of reflecting the clinical picture of the most commonly described 
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neurological disorders: bilateral hand and leg sensory disturbance to reflect 

peripheral neuropathies, arm and leg weakness for radiation-induced 

neuropathy (unilateral and bilateral). 

Estimated rates of both weakness and sensory disturbance per 1,000 person 

years were calculated, adjusted for attained age at questionnaire response, 

according to periods of follow up time. Cox proportional hazards regression 

modelling was used to calculate hazard ratios and corresponding 95% 

confidence intervals at 5-10 year time intervals since first HL treatment which 

are plotted.  

Descriptive characteristics of the occurrence of dropped head syndrome are 

presented. Due to small numbers of events, subgroups analyses were not 

possible, but types of treatments and timing of treatments are described for 

each case. 

9.3 Results 

The analyses within this chapter were undertaken at an earlier data cut-off 

point than for the other questionnaire outcomes, when 213 questionnaires had 

been received and treatment data collection was not complete for all 

respondents. Missing treatment information is described in each results table 

and included in analyses, although missing continuous variables are excluded 

from tests for trend. 

Descriptive Characteristics 

Table 9.1 shows the proportion of patients who reported developing symptoms 

of weakness, or pins and needles (paraesthesia) / numbness at any time after 

their first HL treatment. For ease I will refer to the symptoms of paraesthesia / 

numbness as “sensory disturbance.” Participants were asked to report 
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occurrence of each symptom affecting specific sites of the body including 

either their hands, arms, or legs as well as the duration of these symptoms 

and the side of the body affected.  

Of 213 respondents, a total of 55 (25.8%) reported developing weakness 

affecting at least one site, 45 (21.1%) reported developing sensory 

disturbance at any site and 77 (36.1%) developed at least one but not both of 

these symptoms. Twenty-three (10.8%) respondents developed both 

symptoms. 

The hands were the most commonly affected site by any symptom. Weakness 

or sensory disturbance of the hands were reported by 59 (27.7%) participants. 

The legs were the next most commonly affected site (19.7%) and least 

commonly affected were the arms (11.7%).   
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Table 9.1 Symptoms of weakness or sensory disturbance by anatomical site and side 
of body affected 

NK = Not known  

  

Anatomical site(s) 
and side affected 

Symptoms Reported 

Weakness 
Sensory 

Disturbance 
Weakness 

AND Sensory 
Disturbance 

Weakness OR 
Sensory 

Disturbance 

n % n % n % n % 

Any Reported         
   Yes 55 25.8 45 21.1 23 10.8 77 36.1 

   No 158 74.2 168 78.9 190 89.2 136 63.9 

         

Hands 36 16.9 38 17.8 15 7.0 59 27.7 

   Bilateral 25 11.7 25 11.7 10 4.7 40 18.8 

   Unilateral 9 4.2 9 4.2 1 0.5 15 7.0 

   NK 2 0.9 4 1.9 4 1.9 4 1.9 

         

Arms 23 10.8 9 4.2 7 3.3 25 11.7 

   Bilateral 15 7.0 3 1.4 2 0.9 13 6.1 

   Unilateral 8 3.8 4 1.9 2 0.9 10 4.7 

   NK 0 0.0 2 0.9 3 1.4 2 0.9 

         

Legs 32 15.0 25 12.2 15 7.0 42 19.7 

   Bilateral 25 11.7 14 6.6 7 3.3 30 14.1 

   Unilateral 6 2.8 8 3.8 5 2.3 8 3.8 

   NK 1 0.5 3 1.4 3 1.4 4 1.9 

         

Upper & lower limbs 18 8.5 16 7.5 8 3.8 26 12.2 
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Figure 9.1 Timing of symptoms after first Hodgkin Lymphoma treatment 

 

 

Responders more frequently reported bilateral symptoms of sensory 

disturbance and weakness compared to unilateral symptoms. However, 

weakness of the arms more commonly affected one side of the body.  

Figure 9.1 demonstrates the frequency of patients reporting symptoms of both 

weakness and sensory disturbance in relation to the time of first HL treatment. 

Weakness and sensory disturbance were reported to occur during or very 

soon after the time of treatment for a large proportion of patients, and for the 

remaining patients, the range of time to onset of both types of symptoms was 

wide. Approximately half (46.7%) of all patients reporting sensory disturbance 

reported occurrence within 5 years of their first HL treatment, but the 

remainder of cases occurred at a low but steady frequency over the course of 

40 years after treatment (range 0-39 years). A total of 20.1% of patients treated 

with any chemotherapy reported developing pins and needles or numbness 
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and of these, 12.8% reported developing sensory disturbance within 5 years 

of treatment.  

The time to onset of weakness was more widely spread but again an early 

peak of time to onset, occurring within 5 years of treatment, was seen in 25.5% 

of patients, with the remaining cases occurring steadily and at low frequency 

over many decades after first treatment (range 0-47 years). The range of follow 

up from time of first treatment to time of questionnaire completion was 0-48 

years. We therefore cannot comment on what may happen after this duration. 

Time to onset of symptoms following HL treatment is explored in more depth 

in the next section. 

Risk factors according to time and age of treatment 

Analyses of risk of developing either weakness or sensory disturbance 

according to demographic risk factors and timing first of HL treatment are 

shown in Table 9.2. These factors are then adjusted for in later analyses 

exploring treatment-related risk factors.  

There was no clear relationship between age at first HL treatment and 

developing weakness.  

However, participants were, significantly (p=0.039) more likely to report 

sensory disturbance at older ages of first treatment, with a 3% increased risk 

of developing sensory disturbance with every 1 year increase in age. 

Analysing the risk of developing either type of symptoms according to time 

since first HL treatment showed that risks for both types of symptoms were, in 

general, reduced for all time periods at least 5 years after treatment, however 

there were no significant trends.  
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There was a significant reduction in risk of weakness at 10-19 years after 

treatment (RR=0.28, p=0.038) and a significant reduction in risk of sensory 

disturbance at 40-49 years after treatment compared to 0-4 years after 

treatment (RR=0.20, p=0.047).  

There was also no clear relationship between age of questionnaire response 

and risk of developing either symptom. There appeared to be a u-shaped 

effect for weakness with risks highest at the youngest (ages 18-29 baseline 

group) and oldest (ages 40-49 years, RR 1.12) age groups, however this was 

not statistically significant (Table 9.2).  

A significantly reduced risk for developing both weakness (RR=0.39) and 

sensory disturbance (RR=0.36) was seen in those completing the 

questionnaire between ages 40-49 compared to those aged 18-29 years.   

Analysis of calendar periods of treatment and risk of developing either type of 

symptom did not demonstrate any significant relationship.  
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Table 9.2 Demographic and time-associated risk factors for developing weakness or sensory disturbance  

 HL=Hodgkin Lymphoma; RR=relative risk; CI=confidence interval 
*test for trend using continuous variables

Risk factor 

Symptoms reported 

Weakness Sensory Disturbance 

Number 
affected 

Total % RR 95% CI 
p 

value 
Number 
affected 

Total % RR 95% CI 
p 

value 

Age at first HL treatment (yrs)             
   0-19 18 71 25.4 1.00 - - 9 72 12.7 1.00 - - 
   20-29 19 98 19.4 0.76 0.43-1.35 0.4 22 98 22.5 1.77 0.87-3.61 0.1 
   30-39 15 35 42.9 1.69 0.97-2.94 0.06 11 35 31.4 2.48 1.13-5.42 0.023 
   40-45 3 9 33.3 1.31 0.48-3.60 0.6 3 9 33.3 2.63 0.87-7.96 0.09 

Trend* - - - 1.02 0.99-1.05 0.2 - - - 1.03 1.00-1.6 0.039 

Time since first HL treatment (yrs)             
   0-4  3 7 37.1 1.00 - - 3 7 42.9 1.00 - - 
   5-9 10 28 35.7 0.83 0.31-2.24 0.7 7 28 25.0 0.58 0.20-1.70 0.3 
   10-19 5 41 12.2 0.28 0.09-0.93 0.038 7 41 17.1 0.40 0.13-1.18 0.1 
   20-29 16 62 25.8 0.60 0.23-1.56 0.4 17 62 27.4 0.64 0.25-1.65 0.4 
   30-39 13 52 25.0 0.58 0.22-1.55 0.3 9 52 17.3 0.40 0.14-1.14 0.09 
   40-49 8 23 34.8 0.81 0.29-2.26 0.7 2 23 8.7 0.20 0.04-0.98 0.047 
Trend* - - - 1.00 0.99-1.03 0.6 - - - 0.98 0.96-1.00 0.09 

Age at questionnaire completion             
   18-29 9 25 36.0 1.00 - - 8 25 32.0 1.00 - - 
   30-39 6 31 19.4 0.54 0.22-1.31 0.2 5 31 16.1 0.50 0.19-1.35 0.2 
   40-49 6 43 14.0 0.39 0.16-0.96 0.041 5 43 11.6 0.36 0.13-0.99 0.048 
   50-59 15 67 22.4 0.62 0.31-1.24 0.2 18 67 26.9 0.84 0.42-1.68 0.6 
   60-79 19 47 40.4 1.12 0.60-2.10 0.7 9 47 19.2 0.60 0.26-1.36 0.2 
Trend* - - - 1.01 0.99-1.03 0.2 - - - 0.996 0.98-1.02 0.7 

Calendar period of treatment             
   1965-1974 5 13 38.5 1.00 - - 1 13 7.69 1.00 - - 
   1975-1984 13 42 31.0 0.80 0.35-1.83 0.6 6 42 14.3 1.86 0.25-14.05 0.6 
   1985-1994 14 64 21.9 0.57 0.25-1.30 0.2 18 64 28.1 3.66 0.53-25.0 0.2 
   1995-2004 9 43 20.9 0.54 0.22-1.34 0.2 6 43 14.0 1.81 0.24-13.73 0.6 
   2005-2015 14 51 27.5 0.71 0.31-1.62 0.4 14 51 21.1 3.57 0.52-24.71 0.2 
Trend* - - - 0.99 0.97-1.01 0.6 - - - 1.02 1.00-1.04 0.1 
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Risk factors according to time and age of treatment: adjusted 

Tables 9.3-9.5 demonstrate adjusted risk analyses for time and age-related 

variables on risk of developing each type of symptom. The relationships 

between time since first treatment, adjusted for age at first treatment, and 

developing either symptom (Table 9.3) were similar to unadjusted analyses 

(Table 9.2). Risks of developing each symptom reduced with increasing time 

following treatment but the trends were non-significant.  

The association between older age at first HL treatment and developing 

weakness (Table 9.4) were the same after adjustment for time since treatment 

and age at questionnaire completion, RR=1.7 in those treated at ages 30-39 

compared to ages 0-19 (unadjusted RR=1.7, p=0.06, Table 9.2). The trend 

however was not significant.  

After adjustment for time since treatment, the risk of developing sensory 

disturbance increased by 3% for each year of increasing age at first HL 

treatment (Table 9.4). 

There is some indication, after adjustment, of a linear reduction in risk of 

developing both weakness and sensory disturbance with each calendar period 

(Table 9.5), whereas for unadjusted analyses there was no effect seen. The 

trend test however does not quite reach significance for either symptom 

(weakness RR 0.61, p=0.065, sensory disturbance RR 0.51, p=0.16).  
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Table 9.3 Risk of symptoms according to time since treatment adjusted for age at first HL treatment 

 

Risk factor 
Symptoms reported 

Weakness Sensory Disturbance Weakness OR Sensory Disturbance 

RR 95% CI p value RR 95% CI p value RR 95% CI p value 

Time since first HL treatment (yrs)          
   0-4  1.00 - - 1.00 - - 1.00 - - 
   5-9 0.78 0.26-2.30 0.7 0.53 0.18-1.54 0.3 0.52 0.26-1.03 0.06 
   10-19 0.26 0.08-0.87 0.029 0.35 0.12-1.02 0.054 0.31 0.15-0.64 0.002 
   20-29 0.54 0.19-1.55 0.3 0.56 0.23-1.40 0.2 0.49 0.27-0.89 0.019 
   30-39 0.57 0.20-1.65 0.3 0.39 0.14-1.08 0.07 0.48 0.26-0.88 0.017 
   40-49 0.83 0.28-2.51 0.8 0.21 0.04-1.01 0.051 0.56 0.28-1.14 0.1 
Trend* 1.00 0.98-1.03 0.5 0.98 0.96-1.01 0.1 1.00 0.98-1.02 0.9 

HL=Hodgkin Lymphoma; RR=relative risk; CI=confidence interval  
*Test for trend adjusted for every year since treatment by increase in age at first treatment (continuous) 
 
 
 
 
 

Table 9.4 Risk of symptoms according to age at first HL treatment adjusted for time since treatment 

HL=Hodgkin Lymphoma; RR=relative risk; CI=confidence interval  
*Test for trend adjusted for every increase in 1 year of time since first treatment (continuous) 

 

Risk factor 
Symptoms reported 

Weakness Sensory Disturbance 
Weakness OR Sensory 

Disturbance 

RR 95% CI p value RR 95% CI p value RR 95% CI p value 

Age at first HL treatment (yrs)          
   0-19 1.00 - - 1.00 - - 1.00 - - 
   20-29 0.78 0.44-1.37 0.38 1.78 0.88-3.62 0.11 1.06 0.67-1.66 0.81 
   30-39 1.74 1.00-3.03 0.050 2.40 1.10-5.22 0.027 1.77 1.11-2.81 0.016 
   40-45 1.44 0.51-4.04 0.49 2.18 0.71-6.70 0.17 1.48 0.64-3.40 0.36 
Trend* 1.02 0.99-1.05 0.18 1.03 1.00-1.06 0.08 1.02 1.00-1.04 0.11 
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Table 9.5 Risk of symptoms by decade of treatment adjusted for age at first treatment  

HL=Hodgkin Lymphoma; RR=relative risk; CI=confidence interval  

Risk factor 

Symptoms Reported 

Weakness Sensory Disturbance Weakness OR Sensory Disturbance 

RR 95% CI p value RR 95% CI p value RR 95% CI p value 

Calendar period of treatment          
   1965-1974 1.00 - - 1.00 - - 1.00 - - 
   1975-1984 0.60 0.24-1.50 0.3 0.85 0.10-7.51 0.9 0.45 0.19-1.08 0.08 
   1985-1994 0.30 0.09-0.98 0.047 0.72 0.06-9.33 0.8 0.30 0.08-1.11 0.07 
   1995-2004 0.21 0.04-0.98 0.048 0.15 0.01-3.86 0.3 0.11 0.02-0.76 0.025 
   2005-2015 0.18 0.02-1.37 0.1 0.11 0.01-6.31 0.3 0.09 0.01-1.18 0.07 
Trend* 0.61 0.36-1.03 0.07 0.51 0.19-1.31 0.2 0.53 0.28-1.01 0.055 
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Treatment modality risk factor analyses 

Tables 9.6 explores a variety of treatment-related and other risk factors for 

developing either weakness or sensory disturbance with analyses then 

adjusted in Table 9.7 for age at first treatment and time since treatment.   

Table 9.6 demonstrates that there was no significant association with receipt 

of any particular modality of treatment, including radiotherapy, chemotherapy 

or autologous transplant, and reported development of weakness. Equally 

there were no significant associations seen with the number of chemotherapy 

lines or chemotherapy cycles received containing different class groups of 

chemotherapy. 

Exploration of dose of radiotherapy received showed no clear relationship or 

trend between risks of weakness associated with different doses of 

radiotherapy. 

There was also no significant association of risk of developing sensory 

disturbance with any modality of treatment. A tendency towards those being 

treated with chemotherapy having an increased risk of developing sensory 

disturbance compared to those who were treated with radiotherapy was 

observed. RRs were 2.34 for those treated with chemotherapy alone (p=0.096) 

compared to radiotherapy alone, RR = 1.56 (p=0.37) for those treated with any 

chemotherapy compared with radiotherapy alone. 

The risk of developing sensory disturbance was more than doubled and was 

statistically significant in those who did not have radiotherapy (i.e. treated with 

chemotherapy alone) compared to those treated with any radiotherapy (RR = 

2.13, p=0.012). Of those who did receive radiotherapy, there was no clear 

trend relationship between dose of radiotherapy and sensory disturbance. 



 

241 
 

Investigation of the class of chemotherapy drugs used and sensory 

disturbance (Table 9.6 continued) demonstrated no significant association 

although there was a tendency towards use of high dose multi-drug regimens 

(MDRs), (RR = 1.82, p=0.10), and Vinca-alkaloid agents (RR = 1.59, p=0.35), 

being associated with the greatest risk of sensory disturbance. 
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Table 9.6 Treatment modality risk factors for developing weakness or sensory disturbance 

 NK = Not known; SupraRT = Supradiaphragmatic Radiotherapy (subgroup of Radiotherapy); RT = Radiotherapy; MDR = Multi-drug regimen; Gy = Grays; RR = relative risk; CI 
= confidence interval 
†test for trend excluded those with NK dose / treatment 
  

Risk factor 

Symptoms reported 

Weakness Sensory Disturbance 

Number 
affected 

Total % RR 95% CI p value 
Number 
affected 

Total % RR 95% CI p value 

Treatment Type             

   Radiotherapy only 10 31 32.3 1.00 - - 4 31 12.9 1.00 - - 
   Chemotherapy only 14 53 26.4 0.82 0.41-1.62 0.6 16 53 30.2 2.34 0.86-6.37 0.1 
   Chemo & RT 22 96 22.9 0.71 0.38-1.33 0.3 14 96 15.6 1.13 0.40-3.18 0.8 
   Treatment NK 9 33 27.3 0.85 0.40-1.80 0.7 11 33 33.3 2.58 0.92-7.27 0.07 
             
Radiotherapy 32 127 25.2 1.00 - - 18 127 14.2 1.00 - - 
No Radiotherapy 14 53 26.4 1.05 0.61-1.80 0.9 16 53 30.2 2.13 1.18-3.85 0.012 
Treatment NK 9 33 27.3 1.08 0.57-2.04 0.8 11 33 33.3 2.35 1.23-4.48 0.009 
             
Chemotherapy 36 149 24.2 1.00 - - 30 149 20.1 1.00 - - 
No Chemotherapy 21 31 67.7 1.34 0.74-2.39 0.3 4 31 12.9 0.64 0.24-1.69 0.4 
Treatment NK 9 33 27.3 1.13 0.60-2.11 0.7 11 33 33.3 1.66 0.15-2.95 0.09 
             
Auto Transplant 2 9 22.2 1.00 - - 2 9 22.2 1.00 - - 
No Auto Transplant 44 171 25.7 1.16 0.33-4.04 0.8 32 171 18.7 0.84 0.24-2.97 0.8 
Treatment NK 9 33 27.3 1.23 0.32-4.70 0.3 11 33 33.3 1.50 0.40-5.58 0.049 
             
Dose of RT (Gy)             
   No radiotherapy 15 53 28.3 1.00 - - 17 53 32.1 1.00 - - 
   1-29 2 11 18.2 0.67 0.18-2.51 0.6 1 11 9.1 0.29 0.043-2.00 0.2 
   30-39 15 71 21.1 0.77 0.42-1.45 0.4 11 71 15.5 0.50 0.26-0.98 0.044 
   ≥40 7 27 30.4 1.12 0.52-2.38 0.8 3 23 13.0 0.42 0.14-1.31 0.1 
   NK dose 7 20 25.8 1.28 0.61-2.69 0.5 2 20 10.0 0.32 0.08-1.28 0.1 
Trend† - - - 1.05 0.98-1.12 0.2 - - - 0.98 0.96-1.00 0.050 
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Table 9.6 continued Treatment modality risk factors for developing weakness or sensory disturbance  

 MDR = multi-drug regimen; RR = relative risk; CI = confidence interval 
**No events 
†test for trend excluded those with NK treatment   

Risk factor 

Symptoms reported 

Weakness Sensory Disturbance 

Number 
affected 

Total % RR 95% CI p value 
Number 
affected 

Total % RR 95% CI p value 

No. of chemo lines             
   No Chemo 10 31 32.3 1.00 - - 4 31 12.9 1.0 - - 
   1 31 128 24.2 0.75 0.41-1.36 0.35 26 128 20.3 1.57 0.59-4.18 0.36 
   2+ 5 21 23.8 0.74 0.29-1.85 0.52 4 21 19.1 1.48 0.41-5.23 0.55 
Test for trend† - - - 0.83 0.52-1.34 0.45 - - - 1.21 0.72-2.06 0.47 

Regimen contains:              
   No Chemo 10 31 32.3 1.00 - - 4 31 12.9 1.00 - - 
   Vinca-Alkaloid 35 146 24.0 0.74 0.41-1.34 0.32 30 146 20.6 1.59 0.60-4.19 0.35 
   Classic Alkylator 15 77 19.5 0.60 0.31-1.20 0.15 15 77 19.5 1.51 0.54-4.19 0.43 
   MDR 5 17 29.4 0.91 0.37-2.23 0.84 4 17 23.5 1.82 0.52-6.39 0.10 
   Platinum 1 9 11.1 0.34 0.05-2.34 0.28 0 9 0.0 -** - - 
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Treatment modality risk factor analyses: adjusted 

After adjusting for age at first HL treatment, time since first treatment and age 

at questionnaire completion, Table 9.7 shows that there remained no 

significant difference between the risks of developing weakness for different 

treatment modalities. Suggestion of increased risk of developing sensory 

disturbance for those treated with chemotherapy alone persisted, but 

remained non-significant (RR=2.34, p=0.096 unadjusted, RR=2.07, p=0.20 

adjusted) compared with those treated with radiotherapy alone. 

Being treated with chemotherapy alone (no radiotherapy) was, after 

adjustment for age and time since treatment and age at questionnaire 

completion, (Table 9.7) still associated with a significantly increased risk of 

developing sensory disturbance, RR=2.09 times compared with those who 

were not treated with radiotherapy. As treatment with one type of therapy is 

related to the other (i.e. more chemotherapy is usually given when less 

radiotherapy is given and vice versa), I accounted for the confounding factor 

of total number of chemotherapy cycles received. Those who were treated with 

chemotherapy alone were on average treated with 1.7 cycles more 

chemotherapy than those who were given any form of radiotherapy (mean 6.8 

cycles versus mean 5.1 cycles). After adjusting for number of chemotherapy 

cycles received, the raised risk of developing sensory disturbance when 

treated with chemotherapy alone (i.e. no radiotherapy) remains, although it 

becomes smaller and less significant (RR=1.88, p=0.075), suggesting that the 

raised risk is dose-related. After adjustment, the relationship between dose of 

radiotherapy and developing weakness or sensory disturbance remained 

broadly similar to the unadjusted analyses.    
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Table 9.7 Treatment modality risk factors for developing symptoms adjusted for age at first treatment and time since treatment 

MDR=Multi-drug regimens; RR=relative risk; CI=confidence interval 
*excluded those with NK dose / treatment, test with continuous variables  

 
Risk factor 

Symptoms reported 

Weakness Sensory Disturbance Weakness OR Sensory Disturbance 

RR 95% CI p value RR 95% CI p value RR 95% CI p value 

Treatment Type          
   Radiotherapy only 1.00 - - 1.00 - - 1.00 - - 
   Chemotherapy only 0.89 0.41-1.90 0.76 2.07 0.68-6.31 0.20 1.32 0.71-2.45 0.38 
   Chemo & RT 0.73 0.37-1.43 0.36 0.99 0.34-2.90 0.98 0.89 0.50-1.60 0.70 
   Treatment NK 1.00 0.42-2.39 0.99 2.42 0.77-7.63 0.13 1.23 0.62-2.44 0.56 

Radiotherapy 1.00 - - 1.00 - - 1.00 - - 
No Radiotherapy 1.14 0.65-2.00 0.64 2.09 1.11-3.94 0.023 1.59 1.05-2.41 0.03 

Dose of RT (Gy)          
   No Radiotherapy 1.00 - - 1.00 - - 1.00 - - 
   1-29 0.66 0.18-2.46 0.53 0.29 0.04-2.03 0.21 0.62 0.22-1.70 0.35 
   30-39 0.72 0.39-1.35 0.31 0.50 0.25-1.00 0.052 0.67 0.42-1.06 0.087 
   ≥40 1.04 0.48-2.28 0.92 0.43 0.13-1.37 0.15 0.72 0.38-1.38 0.33 
   NK dose 1.27 0.58-2.80 0.55 0.36 0.08-1.58 0.18 0.76 0.38-1.52 0.44 
Trend* 1.06 0.96-1.18 0.23 0.98 0.96-1.00 0.016 0.99 0.98-1.00 0.076 

Adjusted for number of chemotherapy cycles received 

Radiotherapy 1.00 - - 1.00 - - 1.00 - - 
No Radiotherapy 1.09 0.58-2.05 0.78 1.88 0.94-3.77 0.075 1.52 0.95-2.44 0.081 

Dose of RT (Gy)          
   No Radiotherapy 1.00 - - 1.00 - - 1.00 - - 
   1-29 0.82 0.21-3.16 0.78 0.73 0.18-2.80 0.64 0.84 0.36-1.94 0.68 
   30-39 0.70 0.35-1.43 0.33 0.57 0.27-1.22 0.15 0.67 0.40-1.11 0.12 
   ≥40 1.34 0.53-3.39 0.54 0.49 0.12-2.03 0.33 0.74 0.34-1.61 0.45 
   NK dose 1.33 0.52-3.43 0.56 0.25 0.03-1.82 0.17 0.58 0.23-1.45 0.24 
Trend* 0.99 0.98-1.01 0.46 0.98 0.96-1.00 0.066 0.99 0.97-1.00 0.041 
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Table 9.7 continued Treatment modality risk factors for developing symptoms adjusted for age at first treatment and time since treatment  

 MDR=Multi-drug regimens; RR=relative risk; CI=confidence interval 
**No events 

 
 

 
Risk factor 

Symptoms reported 

Weakness Sensory Disturbance Weakness OR Sensory Disturbance 

RR 95% CI p value RR 95% CI p value RR 95% CI p value 

          
Chemotherapy 1.00 - - 1.00 - - 1.00 - - 
No Chemotherapy 1.30 0.68-2.48 0.42 0.82 0.29-2.32 0.71 1.03 0.58-1.82 0.93 
          
Transplant 1.00 - - 1.00 - - 1.00 - - 
No Transplant 1.02 0.29-3.60 0.98 0.90 0.25-3.18 0.86 0.74 0.35-1.59 0.45 
          
No. of chemo lines          
   0 1.00 - - 1.00 - - 1.00 - - 
   1 0.76 0.40-1.47 0.42 1.22 0.43-3.47 0.71 0.99 0.56-1.74 0.96 
   2+ 0.81 0.31-2.17 0.68 1.19 0.64-6.50 0.23 1.11 0.52-2.37 0.78 
          
Regimen contains:           
   No Chemo 1.00 - - 1.00 - - 1.00 - - 
   Vinca-Alkaloid 0.76 0.40-1.46 0.41 1.21 0.43-3.40 0.72 1.00 0.57-1.75 0.99 
   Classic Alkylator 0.67 0.33-1.36 0.27 1.27 0.45-3.60 0.99 0.96 0.53-1.73 0.90 
   MDR 1.02 0.40-2.64 0.97 1.52 0.41-5.60 0.53 1.45 0.69-3.03 0.33 
   Platinum 0.37 0.05-2.59 0.31 -** - - 0.31 0.58-1.79 0.94 
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The risks of developing sensory disturbance associated with number of lines 

of chemotherapy and for each type of chemotherapy agent, after adjustment 

for time and age variables (Table 9.7 continued), became smaller and less 

significant compared to unadjusted analyses (Table 9.6). 

Risk of sensory disturbance according to numbers of cycles of 

different chemotherapy groups 

Table 9.8 explores unadjusted risk of sensory disturbance by total numbers of 

cycles of chemotherapy of different classes received as well as total number 

of cycles. There was a significant trend of an increasing risk of 11% with every 

additional cycle of Vinca-alkaloid agent given (p=0.009). The risk in those 

receiving >6 cycles containing a Vinca-alkaloid was almost three-fold greater 

(RR = 2.94) compared to those who received no chemotherapy at all. A 

comparable trend was not seen for classic alkylating-containing 

chemotherapy, although a non-significant raised risk of sensory disturbance 

was seen in those receiving >6 classic alkylating cycles (RR = 2.71, p=0.073) 

compared to those not treated with chemotherapy. Numbers of those treated 

with MDRs and platinum-containing regimens were small, and few events 

occurred. There was a suggestion of an association between increasing 

numbers of cycles of MDRs received and the risk of sensory disturbance, but 

this was not significant.  

Overall, a significantly raised greater than three-fold risk (RR = 3.04, p=0.033) 

of developing sensory disturbance was seen in those who received over 6 

cycles of any chemotherapy compared with those who received none. There 

was a trend towards increasing risk (RR=1.06) of developing sensory 
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disturbance with increasing numbers of overall chemotherapy cycles received, 

however this did not reach significance (p=0.097). 

Risk of sensory disturbance according to numbers of cycles of 

different chemotherapy groups: adjusted 

Table 9.9 explores these risks, omitting the MDR and platinum groups with 

small numbers and non-significant associations, adjusted for time since 

treatment and age at first HL treatment. After adjustment, the dose-response 

relationship between numbers of Vinca-alkaloid chemotherapy containing 

cycles and sensory disturbance remains with an 11% increased risk with each 

additional cycle given. This significant trend, however, is derived entirely from 

a significantly raised risk associated with >6 cycles received (RR=2.01 

compared to those not treated with chemotherapy) as risks are not raised with 

smaller numbers of cycles received. 

The trend of risk of sensory disturbance increasing with increasing numbers 

of cycles of classic alkylators after adjustment is almost identical to unadjusted 

analyses (RR=1.06 adjusted compared to RR=1.05 unadjusted), and remains 

non-significant. 

The trend for increased risk of developing sensory disturbance with total 

number of any chemotherapy cycles became significant after adjustment with 

an increased risk of 2% with each additional cycle of chemotherapy received 

(p=0.010). 

I explore symptoms affecting specific anatomical sites of the body in the next 

sections. 
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Table 9.8 Risk of sensory disturbance according to numbers of cycles of different 
chemotherapy groups 

MDR = Multi-drug regimen; RR = relative risk; CI = confidence interval 
*Pts received chemo but not specified class group 
**No events 
†test for trend per 1 chemotherapy cycle increase, excluding those with NK cycles / treatment 
 

Risk factor 
Sensory Disturbance 

Number 
affected 

Total % RR 95% CI p value 

No. of cycles for 
regimen containing: 

      

   Vinca-Alkaloid       
      No Chemo 4 31 12.9 1.00 - - 
      0* 1 8 12.5 0.97 0.12-7.51 0.98 
      1-4 6 38 15.8 1.22 0.38-3.95 0.74 
      5-6 12 74 16.2 1.26 0.44-3.60 0.67 
      >6 11 29 37.9 2.94 1.05-8.20 0.039 
Trend† - - - 1.11 1.03-1.20 0.009 
       
   Classic Alkylator         
      No Chemo 4 31 12.9 1.00 - - 
      0* 16 75 21.3 1.65 0.60-4.55 0.33 
      1-4 4 21 19.1 1.48 0.41-5.26 0.41 
      5-6 3 33 9.1 0.70 0.17-2.90 0.63 
      >6 7 20 35.0 2.71 0.91-8.09 0.073 
Trend† - - - 1.05 0.94-1.17 0.40 
       
   MDR       
      No Chemo 4 31 12.9 1.00 - - 
      0* 27 131 20.6 1.60 0.60-4.23 0.35 
      1-4 3 9 33.3 2.58 0.70-9.48 0.15 
      5-6 0 4 0.0 -** - - 
      >6 0 5 0.0 -** - - 
       
    Platinum       
      No Chemo 4 31 12.9 1.00 - - 
      0* 29 135 21.5 1.66 0.63-4.39 0.30 
      1-4 1 8 12.5 0.97 0.12-7.52 0.98 
      5-6 0 3 0.0 -** - - 
      >6 0 3 0.0 -** - - 
       
   Total Chemo       
      No Chemo 4 31 12.9 1.00 - - 
      1-4 6 36 16.7 1.29 0.40-4.16 0.67 
      5-6 12 75 16.0 1.24 0.43-3.55 0.69 
      >6 11 28 39.3 3.04 1.09-8.48 0.033 
      NK 11 33 33.3 0.78 0.10-6.15 0.81 
Trend† - - - 1.06 0.99-1.14 0.097 
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 Table 9.9 Risk of sensory disturbance according to numbers of cycles of different 
chemotherapy groups adjusted for time since treatment and age at HL treatment 

 RR=relative risk; CI=confidence interval 
†excluding those where number of cycles NK 

 
 
 

  

No. of cycles for chemo 
regimen 

Sensory Disturbance 

Number 
affected 

Total % RR 95% CI p value 

       

   Vinca-Alkaloid       
      No Chemo 4 31 12.9 1.00 - - 
      0 1 8 12.5 0.92 0.12-6.88 0.93 
      1-4 6 38 15.8 0.60 0.16-2.19 0.44 
      5-6 12 74 16.2 0.89 0.28-2.79 0.84 
      >6 11 29 37.9 2.01 0.70-5.76 0.19 
Trend† - - - 1.11 1.03-1.20 0.009 
       
   Classic Alkylator         
      No Chemo 4 31 12.9 1.00 - - 
      0 1 8 12.5 1.11 0.33-3.78 0.87 
      1-4 6 38 15.8 1.13 0.30-4.30 0.85 
      5-6 12 74 16.2 0.69 0.16-2.87 0.61 
      >6 11 29 37.9 2.04 0.65-6.40 0.22 
Trend† - - - 1.06 0.94-1.18 0.34 
       
   Total Chemo       
      No Chemo 4 31 12.9 1.00 - - 
      1-4 6 36 16.7 0.67 0.18-2.45 0.54 
      5-6 12 75 16.0 0.91 0.29-2.81 0.86 
      >6 11 28 39.3 2.13 0.73-6.23 0.16 
      NK 11 33 33.3 0.74 0.10-5.75 0.78 
Trend†  - - - 1.02 1.07-1.64 0.010 
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Hands & Legs Sensory Disturbance: treatment-related risk factors: 

adjusted 

Receiving chemotherapy alone compared with those who received any form 

of radiotherapy was associated with a greater than two-fold risk of developing 

hand (RR=2.31, p=0.015) and leg (RR=2.68, p=0.027) sensory disturbance. 

(Table 9.10). 

Exploring numbers of chemotherapy lines received demonstrated a 

significantly increased risk of sensory disturbance (RR=2.04) in the legs but 

this was non-significant (p=0.069). No significant association was seen 

between treatment with any particular class of chemotherapy and sensory 

disturbance in the hands or legs. 

Table 9.11 presents adjusted analyses for sensory symptoms and numbers of 

cycles of different classes of chemotherapy received, which shows that both 

for the hands (RR=1.16, p=0.004) and legs (RR=1.14, p=0.045) there is a 

significant correlation with increasing number of Vinca-alkaloid chemotherapy 

cycles and overall numbers of cycles of chemotherapy received. 

A significantly increased risk of sensory disturbance in the legs of 12% 

(p=0.044) is observed for every cycle of any class of chemotherapy received.  

The association in the hands, although raised, is not significant (RR=1.10, p 

=0.063).
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Table 9.10 Treatment-related risk factors for developing sensory disturbance in the hands or legs adjusted for time since treatment and age at 
treatment 

Risk factor 
Hand Sensory Disturbance Leg Sensory Disturbance 

Number 
affected 

Total % RR 95% CI p value 
Number 
affected 

Total % RR 95% CI p value 

Treatment Type             
   Radiotherapy only  3 31 9.7 1.00 - - 1 31 3.2 1.00 - - 
   Chemotherapy only 14 53 26.4 2.99 0.85-10.5 0.088 11 53 20.8 6.80 0.82-56.04 0.075 
   Chemo & RT 13 96 13.5 1.35 0.40-4.57 0.63 9 96 9.4 2.83 0.36-22.42 0.32 
   NK 8 33 24.2 3.05 0.85-10.97 0.088 4 33 12.1 4.32 0.45-41.64 0.21 
             
Radiotherapy 16 127 12.6 1.00 - - 10 127 7.9 1.00 - - 
No Radiotherapy 14 53 26.4 2.31 1.17-4.55 0.015 11 53 20.8 2.68 1.12-6.42 0.027 
             
No Chemotherapy 3 31 9.7 1.00 - - 1 31 3.2 1.00 - - 
Chemotherapy 27 149 18.1 1.68 0.52-5.45 0.39 20 149 13.4 3.56 0.46-27.28 0.22 
             
No Auto Transplant 29 171 16.7 1.00 - - 20 171 11.7 1.00 - - 
Auto Transplant 1 9 11.1 0.74 0.11-5.13 0.76 1 9 11.1 0.91 0.13-6.49 0.92 

             

No. of chemo lines             
   No Chemotherapy 3 31 9.7 1.00 - - 1 31 3.2 1.00 - - 
   1 24 128 18.8 1.71 0.52-5.58 0.38 16 128 12.5 3.33 0.43-25.75 0.25 
   2+ 3 21 14.3 1.45 0.31-6.73 0.64 4 21 19.1 5.61 0.61-51.19 0.13 
Trend - - - 1.25 0.64-2.40 0.51 - - - 2.04 0.94-4.42 0.069 

             

Regimen contains:              
   Vinca-Alkaloid 27 146 18.5 1.67 0.49-5.65 0.41 20 146 13.7 3.58 0.41-31.10 0.25 
   Classic Alkylator 13 77 16.9 1.67 0.40-7.00 0.49 11 77 14.3 3.83 0.46-31.71 0.21 
   MDR 2 17 11.8 1.23 0.22-6.84 0.38 3 17 17.7 4.97 0.47-52.07 0.18 
   Platinum 0 9 0.0 - - - 1 9 11.1 2.87 0.15-54.37 0.48 

NK=not known; RT=radiotherapy; RR=relative risk; CI=confidence interval 
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Table 9.11 Risk of sensory disturbance in hands and legs according to numbers of cycles of different chemotherapy groups adjusted for time 
since treatment and age at treatment  

 

Risk factor 
Hand Sensory Disturbance Leg Sensory Disturbance 

Number 
affected 

Total % RR 95% CI p value 
Number 
affected 

Total % RR 95% CI p value 

No. of cycles for 
regimen containing: 

      
      

   Vinca-Alkaloid             

      No Chemo 3 31 9.7 1.00 - - 1 31 3.2 1.00 - - 
      0 0 8 0.0 -* - - 1 8 12.5 3.76 0.25-56.68 0.34 
      1-4 6 38 15.8 0.98 0.24-4.04 0.98 4 38 10.5 1.90 0.16-22.76 0.61 
      5-6 11 74 14.9 1.34 0.37-4.94 0.65 9 74 12.2 3.00 0.32-27.97 0.34 
      >6 10 29 34.5 2.30 0.81-9.30 0.10 6 29 20.7 5.17 0.59-45.73 0.14 
Trend† - - - 1.16 1.05-1.29 0.004 - - - 1.14 1.00-1.30 0.045 

             

   Classic Alkylator               
      No Chemo 3 31 9.7 1.00 - - 1 31 3.2 1.00 - - 
      0 14 75 18.7 1.59 0.39-6.37 0.52 10 75 13.3 2.92 0.28-29.87 0.37 
      1-4 4 21 19.1 1.77 0.42-7.47 0.44 3 21 14.3 3.50 0.33-37.56 0.30 
      5-6 3 33 9.1 0.96 0.21-4.52 0.96 3 33 9.1 2.71 0.29-25.47 0.38 
      >6 6 20 30.0 2.48 0.67-9.20 0.17 4 20 20.0 4.77 0.52-44.11 0.17 
Trend† - - - 1.05 0.93-1.18 0.45 - - - 1.05 0.91-1.21 0.50 

             

   Total Chemo Cycles             
      No Chemo 3 31 9.7 1.00 - - 1 31 3.2 1.00 - - 
      1-4 6 36 16.7 1.09 0.27-4.48 0.90 3 36 8.3 1.43 0.12-16.58 0.77 
      5-6 11 75 14.7 1.33 0.37-4.88 0.66 10 75 13.3 3.11 0.36-26.87 0.30 
      >6 10 28 35.7 2.99 0.88-10.23 0.081 6 28 21.4 4.80 0.56-41.47 0.15 
      NK 0 10 0.0 - - - 1 10 10.0 2.97 0.20-43.22 0.43 
Trend† - - - 1.10 1.00-1.21 0.063 - - - 1.12 1.00-1.24 0.044 

RR=relative risk; CI=confidence interval  
*No events 
†NK no. of chemo cycles excluded 
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Hand Weakness: treatment-related risk factors: adjusted 

Table 9.12 demonstrates that there was no significant association between 

any modality of treatment, including different types and number of lines of 

chemotherapy received and development of hand weakness (combinations of 

different types of chemotherapy and radiotherapy and radiotherapy doses are 

not shown but showed no significant association). 

Arm Weakness: treatment-related risk factors: adjusted 

There was a tendency towards treatment with radiotherapy being associated 

with an increased risk of developing arm weakness. However, the raised risks 

were not statistically significant (Table 9.13). Further exploration revealed no 

dose-response relationship between dose of radiotherapy and risk of 

developing arm weakness, although at the highest doses of radiotherapy 

(≥40Gy) a non-significant 1.56 fold rise in risk was seen. After adjusting for 

dose of radiotherapy received, as those treated with radiotherapy alone 

received higher doses of radiotherapy than those treated with combination 

treatment of chemotherapy and radiotherapy, the risk of developing arm 

weakness in those treated with radiotherapy alone appeared greater 

(RR=3.05) than unadjusted risks (RR=2.26) but this was also not statistically 

significant (p=0.11).   

Leg Weakness: treatment-related risk factors: adjusted 

Table 9.14 demonstrates that there was no significant association between 

symptoms of leg weakness and modality of treatment.  
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 Table 9.12 Treatment-related risk factors for developing hand weakness adjusted for 
time since treatment and age at first treatment 

NK=not known; RR=relative risk; CI=confidence interval; RT=radiotherapy; MDR=multi-drug regimen 
 *NK treatment excluded

Risk Factor 

Hand weakness 

Number 
affected 

Total % RR 95% CI p value 

Treatment Type       
   Radiotherapy only 4 31 12.9 1.00 - - 
   Chemotherapy only  9 53 17.0 1.30 0.41-4.14 0.66 
   Chemo & RT 9 96 9.38 0.75 0.24-2.31 0.62 
   NK 5 33 15.2 1.60 0.35-7.22 0.54 

No. of chemo lines       
   0 4 31 12.9 1.00 - - 
   1 16 128 12.5 0.88 0.30-2.58 0.81 
   2+ 2 21 9.52 0.85 0.18-4.03 0.84 
   NK 5 33 15.2 1.42 0.31-6.51 0.66 
Trend* - - - 0.80 0.36-1.82 0.60 

Regimen contains:        
   Vinca-Alkaloid 18 146 12.3 0.87 0.30-2.52 0.80 
   Classic Alkylator 8 77 10.4 0.83 0.30-3.51 0.97 
   MDR 4 17 23.5 1.95 0.53-7.19 0.32 
   Platinum 1 9 11.1 0.84 0.10-7.12 0.88 
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 Table 9.13 Treatment-related risk factors for developing arm weakness adjusted for 
time since treatment, age at treatment and age at questionnaire completion 

NK=not known; RR=relative risk; CI=confidence interval; Gy=Grays; RT=radiotherapy; 
SupraRT=Supradiaphragmatic radiotherapy  

 

 

 

 

 

 

 

Risk factor 
Arm weakness 

Number 
affected 

Total % RR 95% CI p value 

Treatment Type       
  Chemotherapy only 5 53 9.4 1.00 - - 
   Radiotherapy only 5 31 16.1 2.26 0.67-7.58 0.19 
   Chemo & RT 10 96 10.4 1.07 0.41-2.79 0.90 
   NK 3 33 9.1 1.00 0.26-3.81 0.99 

       
No Radiotherapy 5 53 9.4 1.00 - - 
Radiotherapy 15 127 11.8 1.20 0.49-2.97 0.69 
   SupraRT 14 123 11.4 1.04 0.45-2.37 0.93 
       
No Chemotherapy 5 31 16.1 1.00 - - 
Chemotherapy 15 149 10.1 0.46 0.17-1.31 0.15 
       
Dose of SupraRT (Gy)       
   No Radiotherapy 6 53 9.4 1.00 - - 
   1-29 1 11 9.1 0.70 0.10-4.91 0.72 
   30-39 8 71 11.3 0.96 0.35-2.61 0.94 
   ≥40 4 23 17.4 1.56 0.46-5.21 0.47 
   NK dose 1 20 5.0 0.46 0.05-4.02 0.49 
Test for trend - - - 1.00 0.98-1.03 0.74 

Adjusted for dose of Radiotherapy received (Gy) 

Treatment Type       
   Chemotherapy only 5 53 9.4 1.00 - - 
   Radiotherapy only 5 31 16.1 3.05 0.79-11.70 0.11 
   Chemo & RT 10 96 10.4 1.42 0.46-4.43 0.54 
   NK 3 33 9.1 2.51 0.17-36.59 0.50 

No Radiotherapy 6 53 9.4 1.00 - - 
Radiotherapy 15 127 11.8 1.59 0.54-4.68 0.40 
   SupraRT 14 123 11.4 1.02 0.45-2.31 0.96 
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Table 9.14 Risk of developing leg weakness according to treatments adjusted for time since treatment and age at treatment 

 

Risk factor 
Leg weakness 

Number affected Total % RR 95% CI p value 

Treatment Type       
   Chemotherapy only 9 53 17.0 1.00 - - 

   Radiotherapy only 5 31 16.1 0.79 0.26-2.44 0.69 
   Chemo & RT 13 96 13.5 0.73 0.33-1.62 0.44 
   NK 5 33 15.2 1.07 0.40-2.85 0.90 
       
No Radiotherapy 9 53 17.0 1.00 - - 
Radiotherapy 18 127 14.2 0.74 0.34-1.60 0.45 
       
No Chemotherapy 5 31 16.1 1.00 - - 
Chemotherapy 22 149 14.8 0.997 0.38-2.63 0.99 
NK=not known; RT=radiotherapy; RR=relative risk; CI=confidence interval  
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Rates of developing weakness: adjusted for attained age 

Figure 9.2 and Table 9.15 demonstrate that the highest risk period of women 

developing weakness was 0-4 years (19.9/1,000 person years) after 

treatment, after which time the rates of weakness dropped significantly to the 

lowest rates seen at 10-19 years after treatment (2.3/1,000 person years, HR 

(hazard ratio)=0.09). After 10-19 years, rates of weakness remained low, 

reaching 0.37 times the risk (13.9/1,000 person years) at 30+ years after 

treatment compared to baseline (0-4 years). However, numbers within the 

longest follow up groups are relatively small, so confidence intervals are wide 

for these later follow up periods.  

Rates of developing sensory disturbance: adjusted for attained age 

Similarly to weakness, the highest rates of developing sensory disturbance, 

after adjusting for attained age, were seen in those within 0-4 years of their 

first HL treatment (10.7/1,000 person years) (Figure 9.3, Table 9.16). Rates 

then continued to drop the longer after treatment and reached the lowest 

relative risk period at 30+ years, with HR over 14 times lower than at baseline 

(HR=0.07). Although the hazard ratio was lowest the longer after treatment, 

the absolute rate at 30+ years was not as low as those noted at 10-19 years 

(2.17 per 1,000 person years).  
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Figure 9.2 Weakness over time since first HL treatment adjusted for attained 
age 

 

 
 
 
 
 
 
 
Table 9.15 Rates of weakness according to time since first HL treatment adjusted for 
attained age 

Risk Factor 
Rates  

(per 1,000) 
Hazard Ratio 95% CI p value 

Time since HL treatment (yrs)     

0-4 19.92 1.00 - - 
5-9 4.90 0.21 0.07-0.66 0.007 
10-19 2.25 0.09 0.02-0.36 0.001 
20-29 7.88 0.32 0.08-1.32 0.116 
30+ 13.94 0.37 0.06-2.19 0.272 

CI=confidence interval 
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Figure 9.3 Rates of sensory disturbance over time since first HL treatment 
adjusted for attained age 

  

 
 
 
 
 
Table 9.16 Rates of sensory disturbance according to time since first HL treatment 
adjusted for attained age 

Risk Factor 
Rates  

(per 1,000) 
Hazard Ratio 95% CI p value 

Time since HL treatment (yrs)     

0-4 10.70 1.00 - - 
5-9 4.76 0.38 0.11-1.35 0.137 
10-19 2.17 0.11 0.02-0.56 0.008 
20-29 4.18 0.10 0.02-0.63 0.015 
30+ 5.53 0.07 0.01-0.66 0.020 

CI=confidence interval 
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Dropped Head Syndrome 

Two respondents of the 213 (0.94%) reported developing dropped head 

syndrome, at 15 and 30 years after their HL treatment. Both of these patients 

were treated with mantle radiotherapy, one also in combination with 

chemotherapy. The patient who developed this condition at 15 years was 

treated with mantle radiotherapy alone at a dose of 40Gy. The patient who 

developed symptoms at 30 years was treated with mantle radiotherapy (in the 

1980s so likely to also have been approximately 40Gy) and also received 6 

cycles of ChlVPP. They were both treated at age 24 and both in the early 

1980s, so had the same follow up time captured at the point of questionnaire 

response (35 years). 

Both of these patients also reported developing bilateral hand weakness and 

sensory disturbance in addition to bilateral arm weakness. They both also 

assigned causality of their symptoms of hand and arm weakness to 

radiotherapy (one commented that they believed this was due to radiation-

related fibrosis). 

I was unable to perform detailed analyses due to the small number of events 

in this group.  
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9.4 Discussion 

It is well established that treatment with chemotherapy and radiotherapy can 

cause significant neurological toxicity in cancer patients.254-259 These effects 

may arise via a number of different mechanisms depending on the treatments 

given, including chemotherapy-induced peripheral neuropathy, autonomic 

neuropathies, radiation-related plexopathies or fibrosis leading to nerve 

damage, any of which may lead to significant morbidity.158,260 I have described 

the features of key clinical characteristics of both radiation and chemotherapy-

induced neuropathies that may develop in relation to HL treatments in Table 

9.17. 

Neurotoxicity is known to be a clinically important issue for patients, causing 

significant morbidity and with a detrimental impact on quality of life.199,261 This 

is particularly important for patients such as HL survivors where intense 

treatments are given at young ages and survival rates are high so patients 

may live with or be at risk of developing symptoms for many decades after 

treatment.167,262 

This study demonstrated that a large proportion of women, over a third (36.1%) 

of participants, treated for HL under the age of 46 years, reported developing 

symptoms of either weakness or sensory disturbance either during their 

treatment or at any time after up to 39 years later. 
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Table 9.17 Clinical characteristics of chemotherapy and radiation-related neuropathies commonly used HL treatments 

Type of Neuropathy Clinical features Timing of onset 

Chemotherapy-related 

Peripheral neuropathy Bilateral peripheral (hands and feet) 
paraesthesia and numbness progressing to 
painful sensory disturbance and weakness.  
Usually dose dependent effect.  

Commences within short weeks whilst on 
active treatment. 

    Vinca-alkaloids Numbness, occasionally pain and extensor 
muscle weakness. Can also rarely cause 
autonomic neuropathy (constipation, paralytic 
ileus).  

Symptoms usually regress within days to 
weeks of treatment cessation. 

    Platinums Numbness followed by loss of proprioception 
and loss of deep tendon reflexes 

Symptoms often start whilst on active 
treatment. However, there may be later 
onset many weeks to months after treatment 
known as the “Coasting phenomenon.” May 
be permanent. 

  

Radiation-related 

Brachial plexopathy / fibrosis Progressive usually painless weakness, muscle 
wasting of upper limb of side affected. 
Lymphoedema and swelling may also develop. 

Usually at least 1 year after radiotherapy to 
brachial plexus and plateaus after 4 years. 

Dropped Head Syndrome Gradual onset of extensor neck muscle 
weakness making it difficult to keep head in an 
upright position.  

Varied time to onset from 2-30 years after 
radiation to the neck and head. 

Clinical features summarised from those described in a range of sources for the most commonly used HL treatments historically, including textbooks and 

review papers and case reports and case series for dropped head syndrome12,155,157,158,162,248,262,263 
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Our study has the longest follow up of any study in HL survivors that focuses 

on neurotoxicity, and includes patients given a variety of treatments over 5 

decades.  

The results suggest that occurrence of neurotoxicity may be comparable or 

even higher than other late effects such as second malignancies, cardiotoxicity 

or endocrine complications.7,11,113,115,264  

Acute Neurotoxicity of HL treatments 

Much of the literature on treatment-related neurotoxicity in cancer patients 

focuses on acute, not late, treatment neurotoxicity and arises from historical 

well-established observational clinical experience for patients during active 

periods of treatment and for short periods after.258,262,265 Much of the acute 

neurotoxicity arises from chemotherapy-induced neuropathies. Acute 

radiation-induced neuropathies are much less common and may be seen 

when high doses of radiation to the brain, cranial nerves and spinal cord are 

given (rare in HL treatment) and radiation rarely causes acute peripheral nerve 

injury.257,262 Chemotherapy-induced acute neurotoxicity is often reported in 

relation to specific drugs. For the most frequently used neurotoxic agents in 

HL, the Vinca-alkaloids and platinum agents,158,259,262 reported incidence of 

acute chemotherapy-induced neuropathy ranges widely from 30-60%. 

Historically, most clinical trials in HL patients reported on the most severe or 

life-threatening toxicities and did not focus on neurotoxicity. Therefore much 

of the clinical data on acute chemotherapy-related neurotoxicity arises from 

studies in patients treated for other tumour types with the drugs (and also 

radiotherapy) used in HL but not HL-specific regimens or in HL patients, which 
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show varying proportions of patients affected by different treatments ranging 

from 8-90%.258,259,266-269  

In more recent decades, data on incidence of acute chemotherapy-related 

neuropathies specifically in HL patients have emerged from clinical trial data 

due to the introduction of high dose multi-drug regimens (MDRs) to treat 

refractory disease and also with the introduction of chemoimmunotherapeutic 

drugs such as Brentuximab Vedotin. These treatments have been noted to 

lead to greater incidence of neurotoxicity than historic and current 

chemotherapy regimens, with reports of up to 70% of patients affected whilst 

on treatment.160,270 With the implementation of anti CD30 agents such as 

Brentuximab into current treatment paradigms for HL,271,272 and use of MDRs 

in refractory disease, it is likely that clinical trials will now focus on 

neuropathies and report them more commonly as an outcome. The incidence 

of long term or late neuropathy following treatment of patients being treated in 

the current era therefore remains to be seen. 

Late Neurotoxicity of HL Treatments 

Later neurotoxic effects of treatments, most commonly reported as radiation-

related toxicity, can occur many years after treatment, which is the period 

addressed by the vast majority of the literature and predominantly for breast 

cancer patients.154,156,255,273-275 Studies have shown incidence of radiation-

related brachial plexopathies and radiation-related fibrosis is associated with 

higher overall doses of radiotherapy delivered and higher doses per fraction 

administered. In general when the total biological effective dose delivered is 

>55Gy and dose per fraction is >2.5Gy, incidence of RIBP rises rapidly.275 
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Breast cancer patients have tended to receive, on average, higher doses of 

radiotherapy than HL patients (50-60Gy compared to 30-40Gy historically), 

before awareness of radiation-related late effects led to reduction in doses 

delivered. Historically (up until the 1990s) HL patients were frequently treated 

with high doses of radiotherapy (19% of our patients who received 

radiotherapy were treated with ≥40Gy) and as time to onset for these late 

effects may be many years and are often irreversible, these are likely to still 

be prevalent in the HL survivor population. In HL patients, radiation-related 

toxicity has been described in smaller retrospective series or case reports but 

the frequency or prevalence has not been well measured.161,247,276-279  

There are very few cohort or questionnaire-based studies in HL patients with 

long-term follow up which report on prevalence or incidence of any type of 

neurotoxicity as a late effect.36,37 A USA-based questionnaire study11 in HL and 

NHL survivors reported a that 35% of HL patients developed pins and needles 

any time after treatment, however median follow up was much shorter than in 

our study at only 5 years. There is an ongoing large UK cohort study, 

HORIZONS,280 which is investigating medium-term neurotoxicity of treatments 

but in non-Hodgkin patients (currently ~700) with planned follow up currently 

at 5 years. 

The largest studies of long-term morbidity in HL patients report on morbidity 

burden in childhood cancer survivors, which include multiple tumour types with 

treatments which differ to those used in HL. These studies report prevalence 

of the number and severity of chronic conditions, most commonly second 

malignancies, cardiac and pulmonary toxicity and infective complications, 
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239,245,281-285   but do not specifically report neuropathies as a distinct outcome 

or report them specifically for HL patients.14,113,115,286,287 Where long-term 

neurotoxicity has been reported in these studies, prevalence reports range 

from 8-35%11,261,264 depending on the treatments and tumour type and with 

follow up ranging from 5-20 years.     

Our study has been able to address these important questions about 

prevalence and rates of both acute and long-term treatment related 

neurotoxicities specifically in HL survivors which has not been done before.  

Strengths and Limitations 

It is important to consider the reliability of capturing the occurrence of specific 

outcomes via patient-reported symptoms from a questionnaire compared to 

clinical assessment or medical record searches (as well as the timing of these 

assessments). 

In comparative studies investigating questionnaires versus clinically 

diagnosed neurological outcomes, clinicians have been shown to be more 

likely to under-report neurotoxicity compared to patients who often report 

symptoms earlier, as more severe as well as occurring more frequently than 

clinicians.288,289 A questionnaire study such as ours could therefore be 

arguably more reliable in ascertaining occurrence of chemotherapy-induced 

neuropathy where diagnosis relies to a large degree on subjective symptom 

reporting. 

A number of studies correlating clinical findings with patient-reported 

symptoms have demonstrated that presence of pins and needles / numbness 

correlate strongly to a clinical diagnosis of peripheral neuropathy.254,261,287,290 
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There are a wide range of tools and questionnaires which have been 

developed to attempt to capture different types of neuropathies, some of which 

are heavily resource and time-intensive and may involve concurrent clinical 

assessment and / or diagnostic testing.291 To date there is no agreed upon 

standard method to appropriately and accurately capture different types of 

neuropathies,291-293 although there are consistent symptoms, in particular pins 

and needles and numbness that are ubiquitous to chemotherapy-induced 

neuropathy. Within the context of designing a questionnaire which was 

attempting to capture a range of late effects, not just neuropathies, I therefore 

chose to incorporate a small number of validated key questions which I 

believed would most reliably capture chemotherapy-induced neuropathy, but 

not so many as to compromise the questionnaire response rates.  

I made the assumption within my analyses, as has been done in other studies 

and is part of the NCI CTCAE common toxicity scale diagnosis,11,159 that 

symptoms of pins and needles indicate the presence of chemotherapy-

induced peripheral neuropathy. This may have led to overestimation of the 

prevalence of chemotherapy-induced peripheral neuropathies if patients had 

developed these symptoms as a result of other conditions. In consideration of 

this, I asked patients what they felt the most likely cause of their symptoms 

were, and in the majority (61% of those with any sensory disturbance, and 

70.0% of those who developed bilateral sensory disturbance), patients felt 

symptoms of sensory disturbance were due to treatment (data not shown). For 

the remainder, the most common other conditions provided by patients as 

potentially causing the symptoms included arthritis, sciatica and carpal tunnel 



 

269 
 

syndrome and diabetes. It is not possible to know from patient-reported 

causality what the pathophysiological cause of their symptoms is, although it 

may be that if these conditions did cause or contribute to their symptoms, they 

may have been exacerbated by having had prior treatment for HL, so arguably 

this may not be an overestimation of causality, if the treatments are indirectly 

leading to these symptoms. There is evidence that pre-existing conditions 

which cause neuropathies and increasing age increase the likelihood of 

developing chemotherapy-induced neuropathy and many of these other 

conditions reported by the patients are related to these factors.294 There are 

therefore both strengths and limitations in using a questionnaire-based 

approach in determining the “true” incidence of these complications.  

Timing of asking questions about late effects is also an important factor 

influencing the measured incidence and prevalence. This study has a median 

follow up of 25 years which gives it the longest follow up of studies that we are 

aware of focussing on neurological outcomes in HL survivors. However, the 

questions asked about symptoms many years after their occurrence relies on 

accurate patient recall. This may have led to an underestimation of occurrence 

of earlier symptoms and overestimation of later symptoms in our questionnaire 

study.295 Patients may also not recall symptoms from many decades ago 

particularly if patients’ symptoms resolve over time, as we would expect with 

chemotherapy agents in particular, indeed of those who developed symptoms 

in our study, approximately two thirds reported that their symptoms were 

ongoing so in a third symptoms had resolved. 
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However, we did see that the highest risk of developing both pins and needles 

and weakness was reported by patients on treatment, with 21 patients (14.4% 

of those treated with chemotherapy- Fig.1) reporting sensory disturbance  and 

25.4% of those developing weakness developing this within 5 years of their 

treatment. Rates calculated using a survival method demonstrated a dramatic 

decrease of both symptoms within a short time after treatment ended (Figs 3. 

& 4). This fits particularly with peak timing of onset of chemotherapy-induced 

neuropathy which we would expect to see based on clinical data.258,262,266,296 

A major limitation of adopting a survival method for this type of analysis is that 

we have been unable to include those patients who either did not respond or 

died which may have introduced bias into these reported rates. In particular 

as those included were on average treated longer ago and are older than those 

who did not respond, it is possible that these rates may be overestimates 

considering that in general over the last few decades the trend has been 

reducing use of neuropathic agents and reduced neurotoxicity overall (also 

seen in our data Table 9.5). Conversely, one could argue that because those 

who responded were treated longer ago are less likely to recall events many 

decades ago, this may have led to underestimation, so it is difficult to 

definitively conclude how our methods may have influenced the outcomes 

reported. 

In terms of  potential bias by use of survival method for analysis, it is possible 

that the presence of neuropathy may have affected response rate to this study, 

as severe neuropathies are known to cause significant morbidity and when 

severe can lead to disability,297 which could lead to a lower response rate and 
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potential underestimation of the risk in this study. The proportion of patients 

that develop neuropathy this severe with the agents used in HL however is 

generally quite low and therefore not likely to have affected outcomes 

significantly. It is also possible that higher rates of neuropathy may have been 

seen in those who died from early relapse as they are more heavily treated 

and receive greater lines of chemotherapy in general, thus, again it is possible 

we may have underestimated risk using this approach. However as we are 

focussing on risk of late effects, it is only relevant to measure these outcomes 

in those who survive long enough to develop the late effects. 

Sensory Disturbance 

I asked about symptoms of pins and needles and numbness because they are 

known to be pathognomonic of chemotherapy-induced peripheral 

neuropathy.267,298 Paraesthesia is usually the first symptom to develop in 

chemotherapy-induced peripheral neuropathy followed by numbness as 

severity progresses with weakness developing in the most severe 

cases.259,262,299  

Treatment with chemotherapy, not radiotherapy, in this study was shown to be 

associated with a greater risk of developing sensory disturbance. A total of 

20.1% of patients treated with any chemotherapy developed pins and needles 

or numbness. We saw that there was a consistent association of treatment 

with increasing amounts of chemotherapy and likelihood of developing 

sensory disturbance, with analyses showing the effect was dose-related, i.e. 

the greater the number of chemotherapy cycles received, the greater the risk 

of developing sensory disturbance. 
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The symptoms of sensory disturbance associated with chemotherapy-induced 

peripheral neuropathies usually affect the hands and feet in a symmetrical 

distribution, progressing to weakness and pain when severe.158,262  

The most commonly used neurotoxic chemotherapy agents in our study 

included the Vinca-alkaloid class (68.5% of patients received these agents), 

most commonly Vinblastine used in the regimens ABVD or ChlVPP, Vincristine 

used in MOPP or COPP, or, less frequently the Platinum-containing 

compounds such as Cisplatin or Carboplatin, used in the second line setting 

for relapsed or refractory disease (only 4.2% of patients received these 

agents).  The Multi-Drug Regimens (MDRs) group described, most commonly 

incorporated the Stanford V or BEACOPP regimens which contain the Vinca-

alkaloid agents (8.0% exposed to MDRs).    

Of the drugs patients were treated with in this study, we would expect the 

strongest association to have been seen with use of the Vinca-alkaloid and 

platinum classes of chemotherapy and the high dose intensive multi-drug 

regimens (MDRs), based on clinical data and experience as well as reports 

from population-based studies.258,261,262 

We did indeed see that Vinca-alkaloid class of drugs were associated with 

dose-related increased risk in developing sensory disturbance in the 

peripheries, particularly the legs where (adjusted) relative risks in those treated 

with the most cycles were raised over five-fold compared to those not treated 

with chemotherapy (Table 9.11)  

The Vinca-alkaloid agents, Vincristine more frequently than Vinblastine, are 

known to cause sensorimotor peripheral neuropathies by inducing axonal and 
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dorsal root ganglion damage.12,262,287 Platinum agents, are also known to 

commonly affect the peripheries with symmetrical “stocking and glove” 

distribution paraesthesia. They induce this effect by causing crosslinking of 

DNA and apoptosis of neurons adversely affecting the dorsal root 

ganglion.260,300 The clinical symptoms are similar to those seen with the Vinca-

alkaloids causing. This is noted slightly less frequently in approximately 30% 

of patients treated and is again reversible on treatment cessation. What is also 

noted with platinum agents is that delayed onset of symptoms may occur many 

weeks after treatment cessation, known as a “coasting phenomenon”.260,262  

 However, although we would have expected to have seen an effect, there 

were no sensory events in this small group and no effect on risk of sensory 

disturbance. This may well be because we only had a very small number of 

patients in our study treated with platinum agents.  Of those treated with MDRs 

we did see a trend towards increased risk with exposure however it was also 

a small group and the effects were non-significant. 

The frequency of peripheral neuropathies is also known to be dose-related294 

so patients treated with higher cumulative doses of neurotoxic chemotherapy 

agents experience greater frequency and severity of symptoms. For the Vinca-

alkaloids this phenomenon can be reversible if treatment is stopped.260  

This is consistent with the significant 15% increase in risk of sensory 

disturbance that we saw in our study associated with each additional cycle of 

Vinca-alkaloid chemotherapy and suggests the questions asked were reliably 

capturing these outcomes.  
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It is also important to note that patients with higher stage, more advanced 

disease will usually receive more cumulative cycles of treatment133 and are 

therefore at greater risk for developing neuropathies. A recent trial reported 

peripheral neuropathies occurring in 43% of patients treated with ABVD for 

advanced stage HL (at least 6 cycles of treatment)270 and an older study 

investigating MOPP/ABV hybrid (including Vinblastine and Vincristine) in 

advanced stage HL reported dose reductions (implying at least grade 2 

neuropathy) for 24% and 35% of patients treated with Vincristine and 

Vinblastine respectively.301 We found that a total of 20.5% of those treated with 

Vinca-alkaloids developed any sensory disturbance which is slightly lower 

than the trial data quoted.  

A recent trial including early stage HL patients, treated with <6 cycles of ABVD, 

reported incidence of peripheral neuropathies as low as 3%,160 but only the 

most severe grades (CTCAE grade 3-4) were reported, thus the total 

proportion affected is likely higher. In more recent treatment decades, 

guidelines for treating physicians within clinical trials have also become more 

stringent about recommending interruption or stopping neurotoxic treatments 

if patients develop grade 2 neuropathy or above to avoid such severe 

neuropathies developing. Patients are vigilantly monitored for such outcomes. 

It is therefore likely that more recent trials would have lower incidence of 

neuropathies reported than more historic trials if neuropathies are diagnosed 

and acted upon at early stages. 
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As our study included a mix of advanced and localised disease the proportion 

expected to be affected should lie within this range which ours did, again giving 

weight to the suggestion we are reliably capturing this outcome. 

The proportion of our patients developing sensory disturbance is slightly lower 

than the proportion affected in a retrospective medical records-based study 

from the USA, where 33.1% of 809 cancer patients were diagnosed with 

peripheral neuropathy.261 However this study included patients treated with a 

number of agents for a range of tumour types so is not directly comparable. 

Of the chemotherapy drugs delivered to patients within our study, they noted 

37% of those treated with Vinblastine developed peripheral neuropathies, 

which is more than the 20.5% of our patients who reported sensory 

disturbance after treatment with Vinca-alkaloids.  

A study adopting a questionnaire methodology and in a population comparable 

to ours in the USA used self-reported outcomes in 352 Hodgkin’s Lymphoma 

survivors11 who were asked about “persistent numbness or tingling in the 

hands and / or feet.” Within their study 35% of the HL patients asked reported 

developing pins and needles at any time after their HL treatments which is, 

again, greater than our overall affected number of patients at 21.1%. A slightly 

lower proportion, 92% of their patients were treated with chemotherapy 

compared with 86.5% in ours which may account for some of the difference. 

The follow up time in their study is much shorter than ours with the median 

follow up time since treatment 5 years compared with 25 years. Considering a 

much smaller proportion of our patients than would be expected reported 

symptoms of peripheral neuropathy whilst on chemotherapy (12.8% compared 
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to trial data suggesting up to 40%), it may be that the symptoms have resolved 

or improved, which follows the usual natural history, and patients may 

therefore have forgotten that they first occurred many years ago which would 

account for this lower proportion reported as affected.  

Overall, the fact that we saw a consistent association with raised risk of pins 

and needles developing in the hands and with the legs with chemotherapy 

which is a well-established effect of these agents, and a significant dose-

related trend in increased risk with higher numbers of cycles, this gives weight 

that our data is reliably reflecting outcomes. Our data show that a substantial 

proportion of patients, almost a quarter (24.0%) of those treated with 

chemotherapy for HL may be affected by peripheral neuropathy at any time 

during or after treatment, highlighting this as an important issue for a large 

proportion of patients. 

Weakness 

Weakness in the arms or hands is one of the hallmark clinical features of 

radiation-induced plexopathies or fibrosis which is often accompanied by 

muscle wasting, pins and needles and which can later cause severe pain in 

the limb.246,248,262,302,303  

There was a tendency in this study towards the HL survivors having received 

radiotherapy, in particular at the highest doses (>40Gy) being associated with 

an increased risk of developing arm weakness although it was not significant. 

Radiation-induced brachial plexopathies have been most commonly studied in 

breast cancer survivors,155 where patients tend to receive high doses of 50-

60Gy of radiotherapy to the chest wall and axilla, in close proximity to the 



 

277 
 

brachial plexus.156,249 Although HL patients were generally treated with slightly 

lower doses of radiotherapy (35-40Gy) than breast cancer patients, the most 

common sites of disease treated are in the neck, submandibular, mediastinal 

and axillary nodes, so the brachial plexus often falls within the most common 

treatment field, particularly with older treatment techniques before involved 

field or involved site techniques were adopted.141 Reports of acute brachial 

plexopathy following mantle irradiation in HL patients emerged in the 1990s 

and became more widely reported but it still remains a rare complication which 

may explain why in this study of 213 patients, the number of events was not 

sufficient to see a significant number of events.247,304,305 There are no studies 

that we are aware of in HL survivors, apart from case reports and small case 

series, which specifically measure the incidence or prevalence of brachial 

plexopathies in a population of HL patients. Time of onset to symptoms in 

these case series varied from several weeks after starting treatment to many 

months or even years later where a smaller distinct subset of patients 

developing much later onset brachial plexopathy have been described.248 

Approximately 4% of patients in our study were reportedly affected with 

unilateral arm weakness and 7% bilateral arm weakness at any time after 

treatment, some up to 47 years after diagnosis. As with sensory disturbance, 

the question of reliability of patient-reported symptoms via questionnaire 

reflecting neurological diagnoses is one of the major limitations of this study. I 

did attempt to address by asking patients about the development of weakness 

using questions, such as whether patients have difficulty lifting their arms 

above their head, that have been validated against clinical assessments in 
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breast cancer survivors as being the most specific (98%) and sensitive (80% 

for asking about impaired hand functions) in identifying radiation-induced 

brachial plexopathy.154 I did also ask patients about causality of their 

symptoms and the majority were reported as treatment-related in particular 

radiotherapy related for unilateral arm weakness. The time to onset of 

symptoms of weakness in the arms were also much longer on average than 

other symptoms (range 18-28 years) which again may suggest that radiation-

related upper limb complications are underdiagnosed and may become more 

prevalent with longer follow up time. 

Age and time-related factors 

Symptoms of sensory disturbance in chemotherapy-induced neuropathy in 

particular tend to occur whilst on treatment and may resolve within a few 

months of treatment cessation.299,304 Overall, the expected pattern of reducing 

incidence over time290,291 is reflected in our data with the highest relative rate 

of sensory disturbance seen at 0-4 years after treatment and a slow decline in 

rate of developing pins and needles / numbness the further out of treatment 

(Fig 3.). The reported late cases of sensory disturbance we noted may be due 

to a well described “coasting phenomenon,”260,262 where delayed onset of 

symptoms occur many weeks or months after treatment cessation, however it 

has not been described many years after the end of treatment (few studies 

have this length of follow up). This occurs to a lesser degree with the 

symptoms of weakness and, what is notable from the long follow up period 

captured is that patients do continue to report developing symptoms, and rates 

even increase many years after treatment has finished (Figs 3. & 4.), which 
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may give further weight to the suggestion that these symptoms represent later 

radiation-related toxicity. 

It is also possible, that these later symptoms developed due to non-treatment 

age-related issues, as discussed previously, such as diabetic neuropathy or 

due to trauma.306 I attempted to take these into account by adjusting for age 

at questionnaire response and also asking patients about causality.  

It is difficult to establish expected rates for different types of long-term 

neuropathies for a HL survivor population to be able compare these to, due to 

the absence of data in this group. The majority of studies where neuropathies 

are reported in HL patients are whilst these patients are being treated and 

soon after, 245,281,282,307 usually with relatively short follow up of 5-10 

years,160,245,283,307 therefore we do not know about rates of neurological 

outcomes many decades after treatment. One paper reports rates of new 

cases of chemotherapy-induced peripheral neuropathy per year in the general 

population in the UK as 1 per 1,000.308 The rates seen in our patients are more 

than ten-times higher than this in the 0-4 years after treatment (10.7 per 1,000 

person years) and at 30+ years after treatment remain raised at 5.5 per 1,000 

person years, highlighting this as a particularly important issue for long-term 

HL survivors. 

We did not find a definitive association of increasing age at first HL treatment 

correlated to increasing risk of developing sensory disturbance which fits with 

existing data where there are conflicting reports on whether older age at 

treatment with chemotherapy leads to higher incidence of peripheral 

neuropathy. 52,70,71 Although much of the data is in other tumour types with 
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other treatments and not HL treatments and the greatest effects are seen in 

those treated at much older ages than those in our study. Some studies have 

shown no effect of age (but largely based on taxane use),309 whilst others show 

that younger and older treated patients reported developing chemotherapy-

induced toxicity at the same frequency but older patients were more likely to 

have persistent symptoms after treatment finished.268 One review reports that 

patients treated with the Vinca-alkaloids, specifically Vincristine are more likely 

to develop neuropathies if treated in older childhood.294  Our data suggested 

a tendency towards the opposite whereby those treated at ages 10-19 had a 

much lower risk (RR=0.34) than those treated at younger ages (0-4 years) but 

this was not significant. Overall, we did not find evidence that age at treatment 

has any effect on risk of neuropathic sensory disturbance. 

An interesting finding in our study, which others are unable to address as they 

may not have included patients treated over many decades, demonstrated a 

trend towards decreasing risk of developing sensory disturbance, for each 

more recent treatment decade, reducing by about a fifth of the risk from the 

1960s to 2005-2015. Although the trend was not quite significant for pins and 

needles, this pattern was also seen for symptoms of weakness, suggesting 

that potentially a common improvement in treatments and how they are given. 

There has been a systematic approach to attempt to reduce treatment-related 

toxicity and morbidity whilst improving survival outcomes for HL survivors for 

many decades,142 including implementation of the use of less neurotoxic 

regimens over time.141,160 A range of other improvements to healthcare 

provision, including better supportive care strategies, more standardised and 
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greater information among the oncology community on how best to avoid and 

manage neuropathies, better awareness amongst patients and greater 

reporting of these symptoms, as well as improvements in the treatment 

strategies themselves are all likely to have contributed to these reductions in 

risk of these outcomes over time. That these stepwise changes from our data 

appear to have led to overall reduced risks of these outcomes in more recent 

years is extremely encouraging.  

Dropped Head Syndrome 

Dropped head syndrome is a rare complication of radiation therapy 

characterised by late onset (usually developing 2-27 years after treatment), 

fibrosis, and contraction of the anterior cervical muscles, and atrophy of the 

posterior neck and shoulder girdle.279 There are several case reports of HL 

patients developing dropped head syndrome following mantle irradiation161,276-

278,310 which emphasise how debilitating this condition can be as well as how 

variable the time to onset after treatment is. It is always seen after high dose 

radiotherapy applied to the neck and head.252 There is classically a long 

diagnostic pathway due to the lack of awareness and multiple tests involved 

to exclude other potential causes of symptoms, most commonly disease 

relapse is thought of first.251,277 

Dropped head syndrome has been focussed on more frequently as a late 

effect of those treated in childhood with a significant impact on musculoskeletal 

development noted. Monitoring for this complication is not specifically 

recommended in most survivorship guidelines132,167,228 and yet early diagnosis 

and intervention is key to helping with the long-term morbidity of these 
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patients. Supportive braces and strengthening exercises may help improve 

symptoms. Our study demonstrated that 2 out of 213 patients reported being 

diagnosed with this condition (0.9%). Both women were treated in their early 

twenties with mantle radiotherapy. Therefore 1.4% of those treated with 

supradiaphragmatic irradiation developed this condition. There were 

approximately 2 additional patients who did describe features of what may 

have represented dropped head syndrome in the notes section in the 

questionnaire. One patient specifically describes “neck felt increasingly 

uncomfortable & find it hard to hold head up after mantle radiotherapy”. The 

other patient had been reviewed by a neurologist and was not aware of a 

formal diagnosis underlying these symptoms but again described having weak 

neck muscles, neck pain and difficulty holding her head up. It is impossible to 

know whether or not these are undiagnosed cases of dropped head syndrome 

without undertaking a thorough clinical history and assessment. However, it 

would not be unreasonable to be suspicious that this is the case considering 

the rarity of the condition and lack of awareness of this as a late complication 

in the medical community. If these did represent 2 additional undiagnosed 

cases then 1.9% of our population experienced this complication. There is no 

measured incidence of dropped head syndrome in the HL population to 

compare this to, however this would seem more common than has been 

suggested by the scarcity of data available. This may therefore a potentially 

seriously overlooked and underdiagnosed condition, not just for those treated 

in childhood, which may be causing significant morbidity. As such a more 
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rigorous investigation of the prevalence in those treated with high dose 

radiotherapy to the neck area may be warranted. 

Clinical Implications 

Our results suggest that long-term neurotoxicity may well be an 

underestimated and overlooked long term consequence of historic HL 

treatments which may continue to affect patients many years after their 

treatment has stopped. The introduction of novel chemotherapeutic agents 

including Brentuximab and immunotherapies such as CAR-T therapy which 

have been noted to have high rates of neuropathy – suggests that this will not 

be a historic issue and may represent increasingly important issue for the 

future. It is therefore important to develop strategies not only to prevent these 

issues but importantly diagnose and help patients manage these symptoms. 

The fact that this questionnaire was well responded to and able to capture 

symptoms over a long period of time, and seemed to correlate well with the 

treatment-related symptoms that would be expected, suggests that using 

questionnaires in HL survivors may be a useful method to assist in detecting 

these symptom, in particular, as evidence has demonstrated that clinicians 

may underestimate neurotoxicity of treatments, particularly so long after 

treatments when patients may no longer be under regular review. The clinical 

methods for diagnosis of these outcomes are often resource-intensive and 

challenging (including nerve conduction studies, multiple modalities of imaging 

and sometimes biopsies) and the diagnostic pathway may be long and 

clinically this may often be a diagnosis of exclusion. There is also commonly 

an absence of intensive long-term clinical follow up in this population of 
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survivors, so self-reported neurological symptoms and outcomes via 

questionnaires, as we have demonstrated here, may arguably be more useful 

and accurate for patients and pragmatically they have also been successfully 

implemented in a number of large populations with very good engagement 

uptake as a method of capturing these outcomes,11,113 
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Chapter 10 

10. Bone Disorders 

10.1 Introduction 

Osteoporosis is a bone disorder characterised by low bone mineral density 

(BMD) which is associated with an increased risk of fractures, in particular “low 

trauma” fractures, or fragility fractures. An increased risk of reduced BMD has 

been well described for a range of cancers predominantly in those treated in 

childhood.128,175,311,312 There are a number of both direct treatment-related and 

indirect risk factors in female HL patients which are known to increase the risk 

of osteoporosis, which in turn significantly increases the likelihood of 

developing bone fractures.169,171 Use of high dose corticosteroids is known to 

reduce bone mineral density and increase fracture risk313 and these are often 

used throughout HL regimens given over many months. The contribution of 

chemotherapy agents in HL patients has been suggested although difficult to 

separate from the use of steroids,314 stem cell transplantation,315 use of 

radiotherapy175  and premature ovarian failure,21,119,120,168 which are all factors 

which may increase the risk of reduced BMD and of  related fractures. 193  

These risk factors are all notably present in female HL survivors. 

Despite this there is a paucity of data on the prevalence of both osteoporosis 

and fracture rates specifically in HL survivors and their association with 

different treatments. There are also a range of key confounding lifestyle factors 

such as BMI, physical activity,316 smoking and alcohol intake317 known to affect 
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risk of these outcomes in addition to early menopause which, to date, have not 

been analysed in relation to osteoporosis and fracture risk in HL survivors. 

These factors are investigated here. 

10.2 Methods 

The outcomes of interest were diagnosis of osteoporosis, if they had 

developed osteoporosis under the age of 50, or whether or not they had 

broken a bone after a minor fall following HL treatment.  Patients who 

answered “Yes” to having been diagnosed with having a broken bone after a 

minor fall, or if they left the answer blank but provided information about the 

site of a break, were grouped together and considered to have had a broken 

bone. If the date provided was before HL treatment these outcomes were 

excluded. Time to each condition was measured in months from the time of 

first HL treatment but presented in years since treatment. If only a year was 

provided by the participant, the month of July was imputed for time-related 

analyses. If no date was provided for the event, these events were excluded 

from analyses. Some patients developed more than one bone fracture so total 

number of fractures and fractures per participant were described but risk 

analyses are performed in relation to the first fracture. Fragility fractures were 

a subgroup of total number of fractures which were defined as fractures 

occurring at sites most commonly associated with osteoporotic-related fragility 

fracture (at a “low energy trauma” as defined in the question) ; spine, hip, rib, 

pelvis, wrist and arm.193,318 
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Statistical Analyses 

Overall prevalence of osteoporosis diagnoses and occurrence of any bone 

fractures and fragility fractures and mean time to occurrence and age of 

occurrence was determined from the questionnaire data. 

There are a number of well-established validated risk factors known to 

significantly affect the risk of developing osteoporosis (and therefore 

osteoporotic-related fractures) which I had collected as confounding factors193 

including;  

• increasing age 

• long-term steroid therapy 

• low body weight / BMI 

• cigarette smoking 

• high alcohol intake 

I first explored the relationship between these variables and risk of developing 

both osteoporosis and bone fractures in our study population by undertaking 

robust (modified) Poisson regression253 to estimate ratios of proportions 

(relative risks) by the above grouped potential confounding factors compared 

to a reference group within the study population. Relative risks are presented 

alongside 95% confidence intervals and p values which are considered 

significant if <0.05.  Tests for linear trend were undertaken using continuous 

variables (age at questionnaire, time since HL treatment, current BMI).  The 

missing value group was included in the descriptive table for completeness but 

excluded from tests for trend. 
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The treatment-related risk factors investigated are described in the Methods 

Chapter 6.11 but included treatment modality, class of chemotherapy, number 

of chemotherapy lines and cycles.  

As the relationship between current age (i.e. age at questionnaire response) 

and osteoporosis is well established, all treatment-related analyses were 

adjusted for this variable, which also in effect accounted for differences in 

interval between HL diagnosis and questionnaire completion as these two 

variables are closely correlated in this study. 

There is not a well-established linear risk of developing bone fractures with 

age. However time since treatment would be expected to be associated with 

greater risk (as participants would have longer follow up time to develop the 

outcome) therefore all treatment-related analyses for risk of bone fracture were 

adjusted for time since treatment.  

I then performed stepwise multivariable analyses for treatment-related risk 

factors adjusting for potential confounding factors including current BMI, 

smoking, alcohol status and long-term steroid use. Categorical variables 

(Smoking status, alcohol status, use of long-term steroids) were grouped for 

analyses. 
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10.3 Results 

Osteoporosis and bone fractures  

Of the 237 participants, 18 (7.6%) reported developing osteoporosis at a mean 

time of 24.4 years after their treatment for HL (1 additional patient reported 

osteopenia), at an average age of 50.4 years (Table 10.1).   

A total of 25 (10.6%) participants experienced 31 bone fractures after 

treatment, with the first fracture occurring at a mean time of 18.5 years since 

treatment at a mean age of 41 years (Table 10.1). Of the total number of 

fractures, 15 (48.4%) were fragility fractures at a mean age of 39.5 years. 

Of the 18 patients who reported developing osteoporosis, 7 (38.9%) of these 

patients experienced fractures. 

Long-term steroid use was reported in 18 patients (7.6%) for reasons other 

than HL treatment (Table 10.2). These were largely due to respiratory and 

autoimmune conditions. 

Osteoporosis - Demographic & lifestyle factors 

Table 10.3 outlines characteristics of the participants who reported developing 

osteoporosis and explores the effect of these and other known risk factors on 

the risk of developing osteoporosis.  

Almost half (44.4%) of those diagnosed with osteoporosis reported being aged 

<50 years at the time of the diagnosis (Table 10.3). This should be considered 

within the context of women responding to the questionnaire at different ages 

(i.e. a 30 year old would not be able to report developing osteoporosis at an 
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Table 10.1 Female HL survivors affected by bone disorders 

Characteristic 

Number of patients and 
proportion affected 

Mean years  
since treatment 

(range) (n) (%) 

Osteoporosis    

     Yes 18 7.6 24.4 (2-39)† 
     No 210 88.6 - 
     NK 9 3.8 - 

Age at diagnosis of osteoporosis    

   <20 0 0.0 - 
   20-39 5 2.1 - 
   40-49  3 1.3 - 
   50-59 3 1.3 - 
   60-71 6 2.5 - 
   NK 1 0.4 - 

Mean age of osteoporosis - - 50.4 (21-67) † 

Bone fracture    
     Yes 25 10.5 18.5 (0-47) 
         Fragility fracture* 15 5.9 17.3 (2-38) 
     No 207 87.3 - 
     NK    5 2.1 - 
    
Age at Diagnosis of first fracture    
   <20 2 8.0 - 
   20-39 10 40.0 - 
   40-49  5 20.0 - 
   50-59 3 12.0 - 
   60-71 5 20.0 - 
   NK 0 0.0 - 
    
Mean age of first fracture - - 41.0 (14-71) 
    
No. of fractures per person    
     0 212 89.5 - 
     1 19 8.0 18.5 (0-47) 
     2 6 2.5 19.8 (8-28) 

Total 237 100.0  
†1 patient unknown year of event so excluded from time analyses but included in prevalence as pt 
indicated diagnosis occurred after HL treatment 
*fragility fractures are a subgroup within total number of fractures 
 
 
 

Table 10.2 Reasons for long-term steroid use 

Condition n % 

Respiratory (asthma/COPD) 7 38.9 
Autoimmune  6 33.3 
Second cancer 1 5.6 
Other 4 22.2 

Total 18 100.0 
COPD=chronic obstructive pulmonary disease  
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older age). Figure 10.1 shows the distribution of reported age at osteoporosis. 

The highest proportion of participants were diagnosed at ages 60-69, and 

approximately 2% of the study population were diagnosed at younger age 

groups (30-39, 40-49 and 50-59 years).   

The risk of developing osteoporosis significantly increased with the longest 

time since treatment (RR=9.3 at 40-49 years after treatment compared to 0-

19 years) with a trend of 1.08 increase (p=0.001) every year after treatment. 

Increased risk with the oldest ages at questionnaire response was also seen 

(RR=2.8 in those aged 60-79 compared to those aged 30-39). 

As time since treatment and age at questionnaire response are so closely 

correlated (it follows patients must be older with longer follow up), I performed 

adjusted analyses for reported lifestyle-related risk factors incorporating one 

of these factors together in the same models but not together to avoid over 

adjustment.319. For osteoporosis I included current age as this is the most  

well established demographic risk factor correlated with risk of developing 

osteoporosis.318  

A considerable proportion (27.8%) of participants diagnosed with osteoporosis 

had a low current BMI (<18.5) with the majority of the remainder within the 

“normal” (50.0%) or “overweight” (11.1%) ranges. 
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Table 10.3 Demographic & lifestyle factors associated with osteoporosis 

RR=relative risk; BMI=body mass index; NK=not known; CI=confidence interval 
*Groups combined for relative risk analyses due to small number of events 
†Status at time of questionnaire response, defined as periods stopping <50 years. Those with NK age 
at menopause, taking HRT, or NK due to surgery excluded  

  

Characteristic 
Number 
affected 

Total % RR 95% CI P value 

Time since HL treatment       

   0-19 1 43 2.3 
1.0* - -    10-19 1 46 2.2 

   20-29 3 70 4.3 
   30-39 8 55 14.6 4.6 1.6-13.6 0.005 
   40-49 5 23 21.7 6.9 2.2-22.1 0.001 
Trend    1.08 1.03-1.12 0.001 

Age at Questionnaire response       

   18-29 0 32 0.0 

1.0* - - 
   30-39 3 34 8.8 
   40-49 1 52 1.9 
   50-59 2 71 2.8 
   60-79 12 48 25.0 7.9 3.1-19.9 <0.001 
Trend    1.09 1.04-1.16 0.001 

Lifestyle risk factors adjusted for current age (age at questionnaire response) 

Current BMI - risk       

   <18.5 5 11 45.5 2.6 0.9-7.8 0.09 
   18.5-24.9 9 127 7.1 1.0 - - 
   >25.0 3 89 3.4 0.4 0.1-1.3 0.13 
   NK 1 10 10.0 0.9 0.1-5.5 0.89 
Trend    0.90 0.81-0.99 0.042 
       
Premature menopause        
   Premenopausal 3 108 2.8 - - - 
   Yes 9 74 12.2 1.7 0.2-13.9 0.62 
   No 1 12 8.3 1.0 - - 
   NK 5 43 11.6 - - - 

Use of long term steroids       

   No 16 219 7.3 1.0 - - 
   Yes 2 18 11.1 0.8 0.2-3.1 0.79 

Smoking status       

   Never 11 151 7.3 1.0 - - 
   Ex 6 65 9.2 

0.9* 0.4-2.2 0.88 
   Current 1 21 4.8 

Alcohol intake       

   Current alcohol drinker 13 203 6.4 1.0 - - 
   Ex alcohol drinker 4 16 25.0 2.6 1.0-6.8 0.055 
   Never 1 18 5.6 0.9 0.1-7.6 0.89 

Total 18 237     



 

293 
 

 Figure 10.1 Age at reported diagnosis of osteoporosis 

  
*Percentage calculated as proportion of those reporting age of osteoporosis diagnosis out of those 
who were at least that age at the point of questionnaire response in the study population 

  

0

2

4

6

8

10

12

0-29 30-39 40-49 50-59 60-69

P
er

ce
n

ta
ge

*

Age at Osteoporosis (yrs)



 

294 
 

Unadjusted analyses demonstrated a significantly raised risk of developing 

osteoporosis (RR=6.4) in those reporting a current BMI<18.5, compared to 

those within the “normal” BMI range (18.5-24.9). However, after adjustment 

for current age the raised risk became insignificant, likely as 4 of the 5 

participants with osteoporosis with the lowest BMI (<18.5) were the oldest at 

questionnaire completion (60-79). However, a significant linear trend did 

persist even after adjusting for age, showing that for every unit increase in 

BMI, there was a 10% reduction in risk for developing osteoporosis.  

Reporting the occurrence of early menopause (before the age of 50) was not 

associated with a measurable increase in risk of osteoporosis. 

Two patients with osteoporosis (11.1%) reported having taken long-term 

steroids, which had no measurable effect on the risk of developing 

osteoporosis.  

The majority of those developing osteoporosis were “never smokers” (61.1%).  

I grouped ex- and current smokers to investigate the effect of having ever 

smoked on risk of developing osteoporosis, which demonstrated no 

association. 

Of the 18 participants reporting osteoporosis, the majority (72.2%) were 

current alcohol drinkers. There was a tendency towards an increased risk of 

osteoporosis in those who were ex-alcohol drinkers compared to current 

drinkers, but numbers are small and not significant. 
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Table 10.4 Treatment-related risk factors for osteoporosis 

*% affected within exposure group 
†no events 
††Risk of chemotherapy regimens containing specific classes of chemotherapy were compared 
to other participants treated with chemotherapy not containing that class, except Vinca-
Alkaloids as known treatment regimens contained Vinca-alkaloid agents so comparison was 
made to those receiving no chemotherapy  
**smoking status variable “ever” versus “never”, alcohol “ex” versus “current” or “never”, and 
menopausal status “premature” or “>50” and only in those who were menopausal   

Adjusted for current age & BMI 

Characteristic 
Number 
affected 

Total %* RR 95% CI 
P 

value 

Age at first HL treatment       
   0-19 4 74 5.4 1.0 - - 
   20-29 8 109 7.3 

0.6 0.2-1.7 0.34    30-39  4 41 9.8 
   40-45 2 13 15.4 
Trend    0.99 0.93-1.04 0.62 

Treatment Type       
   Radiotherapy alone 2 32 6.3 1.0 - - 
   Chemotherapy alone 6 88 6.8 5.1 1.2-20.9 0.025 
   CT & RT 10 117 8.6 2.1 0.6-7.3 0.22 

   No Chemotherapy 2 32 6.3 1.0 - - 
   Chemotherapy 16 205 7.8 2.6 0.8-8.9 0.12 

   No Transplant 17 218 7.8 1.0 - - 
   Auto Transplant 1 19 5.3 0.7 0.09-4.8 0.70 
       
No. of chemo lines       
   No Chemo 2 32 6.3 1.0 - - 
   1 13 158 8.2 1.3 0.3-5.6 0.71 
   2+ 3 47 6.4 1.02 0.2-5.8 0.98 
       
Total no. of chemo cycles       
   No Chemo 2 32 6.3 1.0 - - 
   1-4 0 51 0.0 -† - - 
   5-6 11 100 11.0 4.5 1.3-16.1 0.020 
   >6 4 43 9.3 1.8 0.5-7.3 0.40 
   NK cycles 1 11 9.1 1.9 0.4-10.0 0.44 
Trend    0.99 0.9-1.1 0.80 
       
Chemo regimen†† contains:        
   Classic Alkylator  12 97 12.4 1.4 0.5-4.1 0.59 
   Vinca-Alkaloid 16 201 8.0 2.7 0.8-9.2 0.74 
   Anthracycline 6 149 4.0 0.4 0.1-1.3 0.13 
   MDR 1 25 4.0 0.5 0.06-3.6 0.47 
   Platinum 0 10 0.0 -† - - 

Also adjusted for menopausal status, smoking and alcohol status** 

Treatment Type       
   Radiotherapy alone 2 32 6.3 1.0 - - 
   Chemotherapy alone 6 88 6.8 5.6 0.9-34.6 0.07 
   CT & RT 10 117 8.6 1.9 0.5-7.2 0.35 
       
   No Chemotherapy 2 32 6.3 1.0 - - 
   Chemotherapy 16 205 7.8 2.3 0.5-10.0 0.26 

Total 18 237     
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Treatment-related risk factors for osteoporosis 

Table 10.5 demonstrates that treatment chemotherapy alone was associated 

with raised risk of osteoporosis (RR=5.1, p=0.025) after adjusting for current 

age and BMI. However, there was no “dose” effect seen with increasing 

number of cycles or lines of chemotherapy received and risk of osteoporosis 

(also not seen in those treated with chemotherapy alone).  

After adjusting for other known risk factors for osteoporosis; current BMI, 

menopausal status, smoking and alcohol status, the raised risk seen in those 

treated with chemotherapy alone became insignificant. Adjusting for long-

steroid use had no impact on results (results not shown). 

No particular class of chemotherapy was associated with risk of osteoporosis. 

I further explored risks for developing osteoporosis at a young age (<50 years).  

A stronger association (RR=9.1, p=0.005, Table 10.5) was seen for developing 

osteoporosis under 50 and being an “ex-alcohol drinker” compared with the 

risk of developing osteoporosis at any age (RR=2.6, Table 10.3) and there was 

a suggestion of a stronger association with low BMI, however this was not 

significant. There were no clear associations with specific treatment modalities 

or use of long-term steroids and risk of osteoporosis at a young age (Table 

10.5). 
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Table 10.5 Risk factors for developing Osteoporosis under 50 

†no events 

  

Adjusted for age at questionnaire completion 

Characteristic 
Number 
affected 

Total %* RR 95% CI P value 

Current BMI       
   <18.5 2 11 18.2 5.2 0.8-33.1 0.08 
   18.5-24.9 4 127 3.2 1.0 - - 
   >25.0 2 89 2.3 0.7 0.1-3.4 0.65 
   NK 0 10 0.0 -† - - 
Trend    0.88 0.7-1.1 0.24 
       
Alcohol intake       
   Current alcohol drinker 4 203 2.0 1.0 - - 
   Ex alcohol drinker 3 16 18.8 9.1 2.0-42.0 0.005 
   Never 1 18 5.6 2.8 0.3-23.6 0.33 
       
Smoking status       
   Never 5 151 3.3 1.0 - - 
   Ever (Current or Ex) 3 86 3.5 0.98 0.2-3.9 0.97 
       
Use of long term steroids       
   No 17 229 7.4 1.0 - - 
   Yes 1 8 12.5 1.6 0.2-12.0 0.65 
       
Treatment Type       
   Radiotherapy alone 1 32 3.1 1.0 - - 
   Chemotherapy alone 4 88 4.6 2.5 0.2-27.5 0.45 
   CT & RT 3 117 2.6 1.04 0.1-9.8 0.97 
       
   No Chemotherapy 1 32 3.1 1.0 - - 
   Chemotherapy 7 205 3.4 1.09 0.1-8.6 0.93 
       
   No Transplant 8 218 3.7 1.0 - - 
   Auto Transplant 0 19 0.0 -† - - 

Total 8 237     
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Bone Fractures  

Table 10.6 explores the relationship of demographic and lifestyle variables to 

risk of developing a fracture (analyses performed in relation to first bony 

fracture where multiple fractures occurred per participant). Increasing time 

since treatment and older current age were associated with a raised risk of 

bone fracture. The association with longer follow up time likely reflects the 

longer follow up time to able to report an occurrence rather than an association 

with time since treatment per se. All subsequent analyses were adjusted for 

time since HL treatment. 

The majority (64.0%) of participants reporting fractures fell within “normal” or 

“overweight” current BMI categories (18.5-29.9), although a notable proportion 

(16.0%) had a current BMI which would be classed as “obese,” (BMI >30.0)  

A significantly increased risk (RR=3.7, p=0.020) of having a broken bone was 

seen in those classed as currently underweight (BMI<18.5) compared to those 

with a normal BMI.  

Of the 25 participants reporting a fracture, 16.0% had used long-term steroids, 

however there was no significant relationship with fracture risk (RR=2.0, 

p=0.16).  There were slightly more current or ex-smokers (52.0%) compared 

with never smokers (48.0%), and 92.0% were current drinkers. Numbers were 

small for subgroup analyses but no association with smoking or alcohol intake 

was seen. 

Those with a diagnosis of osteoporosis were 3.4 times (p=0.006) more likely 

to develop a bone fracture than those without this diagnosis.  

There was no association seen between menopausal status smoking or 
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 Table 10.6 Characteristics of participants with bone disorders 

All results given in relation to first fracture 
†no events  

Characteristic 
Number 
affected 

Total % RR 95% CI P value 

Age at Questionnaire response       
   18-29 1 32 3.1 1.0 - - 
   30-39 3 34 8.8 2.8 0.3-25.9 0.36 
   40-49 5 52 9.6 3.1 0.4-25.3 0.30 
   50-59 6 71 8.5 2.7 0.4-21.6 0.35 
   60-79 10 48 20.8 6.7 0.9-49.8 0.06 

Trend  
 

 1.04 
1.00-
1.07 

0.030 

Time since HL treatment       
   0-19 0 43 0.0 -† - - 
   10-19 4 4 46 1.0 - - 
   20-29 7 70 10.0 1.1 0.4-3.7 0.82 
   30-39 9 55 16.4 1.9 0.6-5.7 0.27 
   40-49 5 23 21.7 2.5 0.7-8.5 0.14 

Trend  
 

 1.05 
1.02-
1.08 

0.002 

Lifestyle factors adjusted for time since HL treatment 

Current BMI       
   <18.5 4 - 16.0 - - - 
   18.5-22.4 5 - 20.0 - - - 
   22.5-24.9 3 - 12.0 - - - 
   25.0-29.9 8 - 32.0 - - - 
   30.0-39.9 2 - 8.0 - - - 
   >40.0 2 - 8.0 - - - 
   NK 1 - 4.0 - - - 
Premature menopause        
   Premenopausal 7 108 6.5 - - - 
   Yes 9 74 12.2 0.8 0.2-3.1 0.69 
   No 2 12 16.7 1.0 - - 
   NK 7 43 16.3 - - - 
Current BMI - risk       
   <18.5 4 11 36.4 3.7 1.2-11.3 0.020 
   18.5-24.9 8 127 6.3 1.0 - - 
   >25.0 12 89 13.5 2.0 0.8-4.6 0.12 
   NK 1 10 10.0 1.5 0.2-10.1 0.69 

Trend    0.97 
0.91-
1.04 

0.39 

Use of long term steroids       
   No 21 219 9.6 1.0 - - 
   Yes 4 18 22.2 2.0 0.8-5.1 0.16 
Smoking status       
   Never 12 151 8.0 1.0 - - 
   Ex 10 65 15.4 1.6 0.7-3.4 0.24 
   Current 3 21 14.3 1.9 0.6-6.4 0.31 
Alcohol intake       
   Current alcohol drinker 23 203 11.3 1.0 - - 
   Ex alcohol drinker 2 16 12.5 0.96 0.2-4.0 0.95 
   Never 0 18 0.0 -† - - 
Diagnosis of Osteoporosis       
   No 18 219 8.2 1.0 - - 
   Yes 7 18 38.9 3.4 1.4-8.1 0.006 

Total 25 237     
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alcohol status and risk of fracture in this group. 

Use of long-term steroids did not have a significant impact on risk of bone 

fractures  

Table 10.7 shows risks for bone fractures according to treatment-related 

variables. 

Overall, there was no specific treatment modality or type of treatment (class of 

chemotherapy agents also analysed not shown) associated with an increased 

risk of bony fractures. 
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Table 10.7 Treatment-related risk factors for bone fracture 

RR=relative risk; CI=confidence interval; CT=chemotherapy; RT=radiotherapy; NK=not known 
*proportion of those exposed 

†no events 

Adjusted for time since treatment 

Characteristic 

First fracture 

Number 
affected 

Total %* RR 95% CI 
P 

value 

Age at first HL treatment       
   0-19 11 74 14.9 2.0 0.9-4.8 0.11 
   20-29 8 109 7.3 1.0 - - 
   30-39  4 41 9.8 1.3 0.4-4.2 0.63 
   40-45 2 13 15.4 2.1 0.5-8.9 0.31 
Trend    1.01 0.9-1.1 0.86 
       
Treatment Type       
   Radiotherapy alone 6 32 18.8 1.0 - - 
   Chemotherapy alone 8 88 9.1 1.4 0.4-4.6 0.59 
   CT & RT 11 117 9.4 0.9 0.3-2.4 0.81 
       
   No Chemotherapy 6 32 18.8 1.0 - - 
   Chemotherapy 19 205 9.3 0.96 0.4-2.5 0.94 
       
   No Transplant 25 218 11.5 1.0 - - 
   Auto Transplant 0 19 0.0 -† - - 
       
Total no. chemo cycles       
   No Chemo 6 32 18.8 1.0 - - 
   1-4 2 51 3.9 0.5 0.09-3.2 0.51 
   5-6 11 100 11.0 1.1 0.4-3.1 0.80 
   >6 4 43 9.3 0.7 0.2-2.4 0.57 
   NK cycles 2 11 18.2 1.5 0.4-6.1 0.56 
Trend    1.03 0.9-1.2 0.69 

Total 25 237     
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10.4 Discussion 

Osteoporosis is defined as a disease characterised by low bone mineral 

density with a consequent increase in bone fragility and susceptibility to 

fracture.320 We found that 7.6% of female HL survivors reported developing 

osteoporosis and 10.6% reported having a bone fracture a mean time of 23.5 

years after HL treatment. The risk of developing a bone fracture was more 

than 3 times greater in women who had developed osteoporosis. This is the 

only study we are aware of which investigates risk of osteoporosis according 

to treatments in HL survivors treated in both childhood and adulthood, and 

also according to a range of lifestyle-related risk factors. It is the only study we 

are aware of that reports on occurrence of bone fractures in the HL survivor 

population.  

Current findings in the literature related to bone disorders in HL patients are 

summarised in Table 10.8. 

The proportion of women reporting osteoporosis in our study is slightly lower 

than self-reported long-term prevalence in childhood cancer survivors of 9-

18%.128,130,311 The only study that reports prevalence of osteoporosis 

specifically in a population of HL survivors reported a slightly lower prevalence 

of 5.1% of adult female HL survivors affected.194 This study had considerably 

shorter follow up period compared to the above long-term childhood cancer 

survivor studies and our study (8.9 versus 23.5 years), however this could also 

potentially be due to the risk being lower in the adult treated population 

compared to those treated in childhood 
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 Table 10.8 Studies in HL survivors on reduced BMD and bone fractures 

CT=chemotherapy; RT=radiotherapy; POF=premature ovarian failure; Rx=treatment; HRT=hormone replacement therapy; BMD=bone marrow density; TBI=total body 
irradiation 

 

Authors and Year of study 
Age range of 
patients at Rx  

Median / range 
follow up (yrs) 

No. of HL 
patients 

Years of treatment  
& type of treatments  

Findings 

Mostoufi-Moab et al129 
2016 

<21 
Median 24  

(range 5-39) 
1927 

1970-1986 
CT or RT or both 

Risk for self-reported 
osteoporosis higher after TBI or 
steroids. Mixed tumour types. 

Gebauer et al194 
2015 

26-57 Range 6-12 117 
1998-2008 
CT or RT or both 

Osteoporosis self-reported by 
5.1% women 

Muszynska-Roslan et al321  
2014 

12-21 Range 1-5 31 
1998-2009 
MVPP / B-DOPA + RT 

Lower measured BMD in 
younger age at diagnosis 

Brignardello et al130  
2013 

<18 Median 16 58 

Described as proportions treated 
before 1990, 1990-2000 and after 
2000. Range not given. 
HL treatments not specified. 

Not reported specifically for HL. 
17.6% prevalence in overall 
population. Higher risk in those 
treated with stem cell transplant. 

Hudson et al311 
2013 

<24 
Median 25  

(range 10-47) 
218 

1962-2001 
CT or RT or both 

Osteoporosis self-reported by 
9.6% (not only HL survivors) 

Van Beek et al 
2009120 

3-17 
Median 16  

(range 6-30) 
88 

1974-1998 
Chemotherapy only (ABVD/MOPP) 

Reduced measured BMD in 
women treated with MOPP 

Muszynska-Roslan et al322 
2009 

10-15 Median 6 35 
Info on treatment years not provided 
CT + RT 

No association with treatments 
and low BMD 

Kaste et al323  
2009 

3-20 
Median 7.5 (range 

5-12) 
109 

1990-2002 
CT only (Procarbazine, 
cyclophosphamide, methotrexate) 

HL survivors more likely to have 
more severe reduced BMD but 
overall no difference 

Sala et al195  
2007 

5-17 Range >1 22 
Treatment after 1980 (end of 
treatment period not given) 
Steroids. Other Rx types not given 

Higher dose of steroids 
associated with low measured 
BMD of radius 

Nysom et al170 
2001 

3-15 
Median 11  

(range 2-25) 
22 

1970-1992 
CT +/- thoracic irradiation 

Lower BMD associated with 
lumbar spine irradiation. HRT 
use protective for low BMD 

Howell et al324 
1998 

Info not available Info not available 27 
Info on treatment years not available 
Chemotherapy alone 
All had developed POF 

Small reductions in BMD in 
those with POF untreated with 
HRT 
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The majority of data related to long-term reduced BMD in cancer survivors 

relates to survivors of a range of childhood cancers,128,175,325 in particular 

ALL,326 where low BMD can affect up to 24% of long term survivors and persist 

for up to 20 years after treatments.311,327 

There is limited data in an adult treated population of lymphoma patients. The 

majority of studies focussing on low BMD as an outcome are undertaken in 

selected small numbers of patients, with clinical assessment of BMD and fairly 

short follow up. The largest studies are cross-sectional self-reported outcomes 

from the childhood cancer survivor studies in the USA so focus in those treated 

in childhood and do not report specifically on risks for osteoporosis in the HL 

population.  The only study in adult-treated Lymphoma patients demonstrates 

significantly reduced BMD after chemotherapy but focusses largely on DLBCL 

(diffuse large B cell Lymphoma) patients and has small numbers and short 

follow up of <1 year.328  Our results show no significant difference in risk of 

osteoporosis in HL patients treated at a young age (<19 years) compared to 

those treated in adulthood after 2 decades since treatment. This is the first 

study to be able to compare risk between these groups. 

Our study showed a markedly increased risk of osteoporosis in participants 

with increasing attained age, where the proportion of women affected rises 

steeply from approximately 2% before 50 years up to >10% at ages 60-69. 

The risk of osteoporosis is well established to increase with advancing age in 

the general population, in particular postmenopausal women317 where in the 

UK prevalence increases markedly from 2% at 50 years up to 25% at 80 

years.329 A similar pattern is observed in our data. As no control dataset is 
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available for comparison it is difficult to know how these data relate to matched 

untreated groups. In general, standardized country-specific prevalence 

estimates of osteoporosis are scarce. One study extrapolated USA-based 

national healthcare questionnaire data to estimate a UK prevalence of 

osteoporosis in women over 50 as 9%.330 Another study estimated prevalence 

in the UK for women over 50 by recruiting patients from general practice 

registers at six centres and measuring bone densitometry. Of 5,173 women 

included, the prevalence of osteoporosis at the femoral neck was 8.1%.331 A 

European consortium undertaken to estimate prevalence of 27 EU countries 

in 2010 estimated the number of women over 50 to be affected by 

osteoporosis to be 3.21 million,332 representing approximately 5% of the total 

population at that time. An additional study based on UK primary care data 

focussed on osteoporosis treatments recorded within the Clinical Practice 

Research Datalink (CPRD). Of women aged over 50 who had been prescribed 

any treatment used for osteoporosis, an estimate of osteoporosis incidence 

could be extrapolated at approximately 1.4% of the population affected.333 This 

is likely to substantially underestimate prevalence as many women with this 

diagnosis may not have been prescribed treatment, nor does this capture 

those in the population without a known diagnosis. Overall, however the 

proportions affected at different ages in our study do not appear strikingly 

raised compared to prevalence reported in similar age groups in the general 

population. Low BMD is much less common in premenopausal women and 

there is very little data from the general population on prevalence. Low BMD 

is detected largely when young women present with low-trauma fractures but 
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is not screened for. Select studies in high risk populations where women have 

other risk factors for low BMD (e.g. concurrent illness, malnutrition, low birth 

weight and premature menopause) have estimated prevalence from 0-

4.8%.334,335 In a comparable population to these women in the UK, expected 

prevalence of low bone mineral density in women aged 30-40 is expected to 

be ~0.5% when measured.336 The fact that we see a ~2% prevalence seen in 

this age group, suggests the prevalence is higher than would be expected in 

younger ages.   

We also saw higher risk of osteoporosis in those with lower current BMI which 

is a very well established risk factor for osteoporosis.337  

In relation to HL treatments, a small increased risk of osteoporosis was seen 

in those treated with chemotherapy and no other clear association with other 

treatments was seen. Most of the available data for osteoporosis risk in HL 

survivors show that the treatments which have been most consistently 

associated with risk of low BMD include use of glucocorticoids, total body 

irradiation, gonadotoxic irradiation (thereby inducing premature ovarian 

failure), and stem cell transplantation.128,130,153,169,170,175,312,315 The majority of 

studies elucidating the mechanisms of direct effects of irradiation on bone are 

animal studies with small numbers of studies observing anatomical / structural 

changes in human tissue.338,339 Structural changes observed in post-irradiation 

tissue demonstrate reduced vasculature, however it has been difficult to 

demonstrate that this is definitively related to reduced BMD in animal 

studies.338 Most studies show that the effects on bone are variable and largely 

dose dependent, with more severe changes seen with higher doses. At both 
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high and low doses of irradiation, increased osteoclast activity induced by 

irradiation has been implicated in reduced bone mass in mice.340 Irradiation 

has also been shown to increase DNA damage and cellular apoptosis of the 

bone lineage cells341,342 We saw no association with stem cell transplantation 

or infradiaphragmatic radiotherapy although numbers of women who received 

these treatments were small.  

Further exploration of the relationship to chemotherapy demonstrated no risk 

increase with a particular class of chemotherapeutic agent and there was also 

no clear dose-response relationship with increased number of cycles so it is 

difficult to know if this association was as a result of the chemotherapy itself 

or potentially another associated factor, such as use of steroid therapy with 

the chemotherapy regimens. The use of long-term steroids is well known to 

reduce bone mineral density by inducing decreased osteoblast activity and 

increased osteoclastic bone resorption,169 and there has been no consistent 

evidence of osteotoxicity for chemotherapy agents other than Methotrexate343 

which is not used in Hodgkin Lymphoma treatment. 

However, as we were unable to collect cumulative doses of steroids between 

different chemotherapy regimens in historically treated patients, we could not 

investigate this outcome which is a limitation of this study.  

We are the first study to report on fractures in long-term HL survivors and show 

that the reported prevalence was approximately 10.6%.  

 As with low BMD, the majority of data with respect to fractures incidence in 

cancer survivors have been in childhood cancers, particularly in ALL, where 

fractures have been reported to occur in up to 39% of children during treatment 
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for ALL.344 This study however reported on fractures diagnosed during or very 

soon after treatment via close radiological monitoring. The long-term fracture 

rate in cancer survivors, however, has not been well studied to date. 

The relationship between osteoporosis and increased risk of fracture is well 

described in the general population and the morbidity caused is one of the 

main reasons why it is an outcomes of such interest.345,346 However the risk of 

fracture in relation to low BMD in the cancer population has not been well 

defined. It was clearly seen that osteoporosis is an important risk factor for 

fractures in our population of HL patients, where risk of experiencing a fracture 

was raised >3 times in those who developed osteoporosis.  

The overall causes of low BMD and fractures may well be multifactorial in this 

population. Other common long-term effects of HL treatments such as second 

malignancies and their treatments, cardiovascular morbidity or secondary 

infections7,113,311,347 may have contributed to risk of developing these bone 

disorders but have not been measured. The fact that low current BMI was 

shown to be a common risk factor for developing both osteoporosis and a bone 

fracture may be in fact be a reflection of high levels of morbidity for other more 

severe late effects we have not been able to account for which is a significant 

limitation for this study.  Future work could involve asking patients about more 

serious co-morbidities that may have impacted on osteoporotic and bone 

fracture risk. 

One of the strengths of this study is the investigation of a broad range of known 

lifestyle-related variables that have been well described in relation to 

osteoporotic and fracture risk to be able to assess their relative effect as well 
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as adjust for these variables within the treatment-related risk analyses 

although numbers for subgroups such as never drinkers of alcohol, long-term 

steroid users or current smokers were small so significant relationships could 

sometimes be not determined. Larger numbers of survivors would be needed 

to further explore the contribution of these factors. 

Future work should attempt to take into account other risk factors such as 

previous fracture history, family history of fractures, race / ethnicity, dietary 

factors in particular dietary calcium intake which were not collected here. 

The self-reported nature of the outcomes in question may be considered a 

limitation, however for outcomes such as osteoporosis and bone fractures, 

where the diagnosis is well known and clearly defined by patients, the reliability 

and accuracy of reporting has been shown to correlate closely to clinically 

confirmed events.295 Future work could involve clinical assessment of a 

sample of these patients to validate these outcomes. 

The role of selection bias is also important when interpreting these results. The 

response rate was 52% and it may well be that women responding to this 

questionnaire were more likely to have the outcomes of interest and may have 

been treated differently to those who did not response. This may have led to 

an overestimation of prevalence and misleading, either over- or under-

estimation of risks of osteoporosis or bone fractures in relation to certain 

treatments. It is not possible to assess this degree of bias in relation to the 

treatments as we do not have this information for non-participants. However, 

we have shown that there is very little difference between key demographic 

features such as age at first treatment, ACORN score, and decade of 
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treatment between respondents and non-respondents (Chapter 7.5). 

Particularly important is the lack of difference between those responding 

treated in different decades which reduces concern of bias in relation to 

treatments somewhat as patients within the same treatment periods would 

have been treated, in general, with similar types of treatment. 

In summary we are the first study to report on bone fractures in relation to 

osteoporosis in HL survivors and show that a diagnosis of osteoporosis is 

associated with a higher risk of fracture. Having a lower current BMI was 

associated with a higher risk of both osteoporosis and developing a bone 

fracture. Osteoporosis does not appear to occur more frequently in the female 

HL survivors studied than in the general population based on estimates, 

except in young age groups (30-39) where prevalence appears to be higher 

than would be expected. Treatment with chemotherapy may slightly increase 

risk of osteoporosis although this may be due to other factors. 

Further investigation including other known risk factors and in a larger survivor 

population would be beneficial in determining the contribution of smaller risk 

factor groups known to be important in determining risk of bone disease in the 

general population. 
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Chapter 11 

11. Lymphoedema 

11.1 Introduction 

Lymphoedema following cancer treatments can cause substantial morbidity 

and can have a profound impact on quality of life of cancer survivors.348 It 

arises as a result of damage to or removal of lymphatic vessels causing 

impaired drainage of lymph fluid as a result of treatments such as surgery, 

irradiation and some chemotherapy agents.349  

Treatments which are known to be associated with greater risk of limb 

lymphoedema in other cancer survivors, such as large fields and high doses 

of radiotherapy encompassing lymph node regions in the axilla and 

pelvis,350,351 are commonly used to treat HL patients. Despite this there are 

few data on the effects in the HL survivor population. We have therefore 

investigated to what extent lymphoedema affects female HL patients overall 

as well as the risk of developing lymphoedema in relation to a number of 

treatment-related and lifestyle factors.  

11.2 Methods 

The occurrence of lymphoedema was measured by participants responding 

“Yes” to a question asking if they had ever “been diagnosed by a doctor with 

lymphoedema.” A clear description of lymphoedema was provided and 

distinguished from other common causes of peripheral oedema.  Year of 

diagnosis was asked for to calculate time to lymphoedema from HL treatment. 
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Only cases that occurred after the patient’s first HL treatment were included in 

analyses. Severity of lymphoedema was grouped into “mild”, “moderate” and 

“severe” by asking patients to tick a box with descriptions which relate to Grade 

1,2 and 3 severity from the Common Terminology Criteria for Adverse Events 

(CTCAE) version 4.0.159  

Statistical Analyses 

Prevalence of lymphoedema, anatomical sites, sides of the body affected and 

severity of lymphoedema were determined from the respondents who 

indicated they had experienced lymphoedema. 

The time to occurrence, age of occurrence and decade of HL treatment were 

calculated and described. 

Data were analysed in STATA 16.0 using modified Poisson regression253 to 

estimate relative ratios of prevalence (relative risks) for developing 

lymphoedema at any site and also arm lymphoedema according to various 

treatment-related risk factors. The treatment related risk factors included type 

of treatment (radiotherapy, chemotherapy or combination of both), dose and 

field of radiotherapy and timing of treatments (including age of treatment and 

time since treatment). Due to small numbers of outcome events, subgroup 

analyses of types of chemotherapy agents received and treatment with stem 

cell transplantation were not possible. Other risk factors known to be 

associated with lymphoedema were also investigated including age at 

questionnaire response (attained age) and current (i.e. at time of questionnaire 

response) body mass index (BMI). BMI was calculated using reported current 
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height and weight. Results of risk analyses for those with unknown BMI values 

are included and shown. 

Treatment-related relative risk analyses were adjusted for current age (age at 

questionnaire response as a continuous variable). Unadjusted and adjusted 

analyses are both shown. Linear trend tests were undertaken using 

continuous variables (age at first HL treatment, current age, time since 

treatment and radiotherapy dose (Gy). Missing values were included in risk 

analyses but not in trend tests. All relative risks are presented with 95% 

confidence intervals and p values which are considered significant if <0.05. 

11.3 Results 

A total of 12 patients (5.1%) out of the 237 patients reported developing 

lymphoedema after HL treatment, after a mean time of 15.4 years. 

Characteristics are described in Table 11.1. Lymphoedema most commonly 

affected the arm on one side of the body (50% of cases affected one arm). 

Most cases of reported lymphoedema were mild in severity (75.0%), and none 

were reported as severe.  

Table 11.2 demonstrates the relationship between treatments and other 

related risk factors for developing lymphoedema. There was no significant 

association with risk and age at fist HL treatment, although there is a 

suggestion of increased risk in those treated aged 10-19 compared to all other 

age groups.  There was a significantly increased risk at 30+ years after initial 

treatment for HL and a significant trend in risk of lymphoedema occurrence 

with longer time since treatment (RR=1.07 per year, p=0.007).   
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Table 11.1 Characteristics of patients with lymphoedema 

Characteristics  n 
% or 

(range) 

Site    
   Arm(s) 7 58.3 
   Leg(s) 4 33.3 
   Both 1 8.3 

Side    

   Unilateral 8 66.7 
   Bilateral 4 33.3 
   
Mean time to lymphoedema (yrs) 15.4 (0-37) 

Age at lymphoedema   

   10-19 3 25.0 
   20-39 2 16.7 
   40-59 6 50.0 

Severity of lymphoedema   

   Mild 9 75.0 
   Moderate 3 25.0 
   Severe 0 0.0 

Mean current BMI 27.5 (15.6-38.9) 

HL Treatment Decade   
   1965-1974 1 8.3 
   1975-1984 7 58.3 
   1985-1994 2 16.7 
   1995-2004 1 8.3 
   2005-2015 1 8.3 

Total 12 100.0 

BMI=body mass index; HL=Hodgkin Lymphoma 
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Table 11.2 Treatment-related risk factors for lymphoedema 

Risk Factor 
Lymphoedema 

Number 
affected 

Total % RR CI P value 

Age at HL treatment (yrs)       
   0-9 0 5 0.0 -† - - 
   10-19 7 69 10.1 3.7 1.0-13.8 0.053 
   20-29 3 109 2.8 1.0 - - 
   30-39 2 41 4.9 1.8 0.3-10.3 0.5 
   40-45 0 13 0.0 -† - - 
Age at questionnaire response       
   18-39 1 66 1.5 1.0 - - 
   40-49 4 52 7.7 5.1 0.6-44.3 0.1 
   50-59 4 71 5.6 3.7 0.4-32.6 0.2 
   60-69 3 48 6.3 4.1 0.4-38.6 0.2 
Trend per year    1.03 1.00-1.07 0.08 
Time since HL treatment (yrs)       
   0-9 1 43 2.3 

1.0 - -    10-19 1 46 2.2 

   20-29 1 70 1.4 
   30-39 7 55 12.7 

6.1* 1.7-22.0 0.006 
   40-49 2 23 8.7 
Trend per year    1.07 1.02-1.13 0.007 
BMI       
   <18.5 1 11 9.1 

1.0 - - 
   18.5-24.9 5 127 3.9 
   >25.0 6 89 6.7 1.6 0.5-4.7 0.4 
   NK 0 10 0.0 -† - - 
Trend per 1 unit (kg/m2)    1.07 0.99-1.16 0.09 
       

Adjusted for age at questionnaire response 

       
Treatment Type       
   Chemotherapy only 2 88 2.3 1.0 - - 
   Radiotherapy only 5 32 15.6 5.9 1.1-30.2 0.034 
   CT & RT 5 117 4.3 1.7 0.4-8.4 0.5 
       
No Radiotherapy 2 88 2.3 1.0 - - 
Radiotherapy 10 149 6.7 2.2 0.5-9.3 0.3 
    SupraRT (+/- InfraRT) 10 147 6.8 2.3 0.5-9.4 0.3 
             
Dose of RT (Gy)       
   No radiotherapy 2 88 2.3 1.0 - - 
   1-29 0 14 0.0 -† - - 
   30-39 2 75 2.7 1.2 0.2-7.8 0.000 
   ≥40 7 45 15.6 7.0 1.4-36.3 0.020 
   NK dose 1 14 7.1 3.2 0.2-43.4 0.9 
Trend per 1Gy    1.02 1.00-1.04 0.040 
       

Total 12 237     

BMI=body mass index; RT= radiotherapy; SupraRT=supradiaphragmatic radiotherapy; 
InfraRT=infradiaphragmatic radiotherapy 
†no events 
*Grouped as 0-29 years and 30-49 years for risk analyses due to small numbers of events  
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Table 11.3 Treatment-related risk factors for arm lymphoedema 

Risk Factor 

Arm lymphoedema 

Number 
affected 

Total % RR CI 
P 

value 
       
Treatment Type       
   No Radiotherapy 0 88 0.0 -† - - 
   Radiotherapy 4 32 12.5 3.7 1.0-13.9 0.057 
   CT & RT 4 117 3.4 1.0 - - 
       
   No Radiotherapy 0 88 0.0 -† - - 
   Radiotherapy 8 149 5.4 - - - 
      SupraRT 8 147 5.4 - - - 
       
Dose of SupraRT (Gy)       
   No radiotherapy 0 88 0.0 -† - - 
   1-29 0 13 0.0 -† - - 
   30-39 2 75 2.7 1.0 - - 
   ≥40 5 45 11.1 4.2 0.8-20.7 0.08 
   NK dose 1 14 7.1 2.7 0.3-27.7 0.4 
 Trend per 1Gy    1.05 1.03-1.08 0.000 
       

Total 8 237     

SupraRT=supradiaphragmatic radiotherapy; Gy=Grays; NK=not known; RR=relative risk; 
CI=confidence interval 
†no events 
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BMI did not significantly differ between those who developed lymphoedema 

and those who did not.  

Numbers were small, however investigation of risk by type of treatment (Table 

11.2) revealed a significant increased risk for lymphoedema following 

treatment with radiotherapy alone compared with chemotherapy alone 

(RR=5.9, p=0.034), with a significant trend associated with increasing dose of 

radiotherapy. Each additional Gy received was associated with a 2% increase 

in risk. 

As the largest group of cases were those affecting the arm, I further 

investigated risk according to treatment for developing arm lymphoedema 

(Table 11.3). This showed a trend towards association with receipt of 

radiotherapy and a significant association with increasing dose of 

supradiaphragmatic radiotherapy received (RR=1.05 per additional Gray, 

p=0.000). 

Two of the women who reported developing lymphoedema indicated that they 

had been diagnosed with breast cancer after their HL treatment. Examination 

of case notes for the women who reported lymphoedema revealed that a 

further 2 women had been diagnosed breast cancer. All of the 4 cases of 

breast cancer occurred after HL treatment. Stage and treatment were known 

for 3 of the 4 cases of breast cancer and are shown in Table 11.4. 
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Table 11.4. Details of breast cancer cases in women reporting lymphoedema 

Patient HL treatment 
SupraRT 

dose for HL 
Rx (Gy) 

Time to breast 
ca after HL Rx 

(yrs) 

Anatomic 
stage* of 

breast cancer 
(AJCC)352 

Breast cancer treatment 

Time to 
lymphoedema 

after HL Rx 
(yrs) 

1 
Radiotherapy 
only 

40.9 
1. 15 
2. (relapse) 25 

2 
1. Right WLE + ALND + chemo (MMM) 
2. (relapse) Right mastectomy + chemo (AC) 

25 

2 
Radiotherapy & 
Chemotherapy 

67.2 22 1 Surgery + ALN surgery** and Tamoxifen 22 

3 
Radiotherapy 
only 

40 27 2 
Right mastectomy + ALND + FEC-T + 
Tamoxifen 

27 

4 
Radiotherapy 
only 

42 35 NK NK 35 

SupraRT=supradiaphragmatic radiotherapy Rx=treatment; Gy=Gray; Ca=cancer; AJCC=American Joint Committee on Cancer; WLE=wide local excision ALND=axillary 
lymph node dissection; MMM=Mitomycin, Mitozantrone, Methotrexate; AC=Doxorubicin (Adriamycin), Cyclophosphamide; FEC-T=5-Fluorouracil, Epirubicin, 
Cyclophosphamide, Paclitaxel 
*stage relates to first incident case of breast cancer 
**type of axillary lymph node surgery unknown 
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11.4 Discussion 

We found that the occurrence of lymphoedema in HL treated patients after a 

mean follow up of 24 years is 5.1%. The majority of cases affected the arms 

and were mild in severity. Risk of developing lymphoedema, in particular arm 

lymphoedema, was significantly associated with increasing dose of 

radiotherapy received. 

Lymphoedema as a consequence of cancer treatments has been well 

described predominantly in relation to breast cancer patients where it can 

affect up to 65% of survivors.178,179 A smaller number of studies have focussed 

on lymphoedema after other cancers including gynaecological and urological 

cancers, where prevalence has been reported as between 7-38%,353-355 head 

and neck cancers, melanomas and sarcomas.350 Much less is known about 

lymphoedema occurrence following HL treatments.350  

The site where lymphoedema occurs is directly related to the damage induced 

by the cancer-related treatments causing impaired lymphatic drainage via 

either surgical removal of the lymphatic vessels themselves or impaired 

functionality from induced fibrosis as a consequence of radiotherapy 

treatment.356 Breast cancer patients therefore most commonly experience 

lymphoedema of the upper limb, usually unilateral on the side of the affected 

breast, as a result of receiving treatments which can cause regionalised 

damage to the lymphatic system draining the upper limb.357 The treatment-

related risk factors implicated most strongly include axillary lymph node 

surgery (with more extensive surgery associated with greater risk of 

developing lymphoedema349), radiotherapy to the chest wall and axillary 
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region.177,349,358 Larger fields of radiotherapy as well as higher doses of 

radiotherapy have been shown to be associated with increased risk of arm 

lymphoedema, with doses greater than approximately 40-46Gy359,360 showing 

significantly increased risk (although almost all breast cancer patients receive 

>50Gy in current treatment paradigms).361  Following treatment for cancers 

within the pelvis (gynaecological or urological predominantly but also stage 3 

melanomas or sarcomas), patients most commonly report bilateral lower limb 

oedema with treatment-related risk factors including extensive pelvic and 

inguinal lymph node dissection and radiotherapy to the pelvis and regional 

inguinal lymph nodes.353,355,362  

In many tumour types, concurrent surgical removal of regional lymph nodes in 

addition to adjuvant radiation augments the risk of developing lymphoedema 

in the site distal to the draining nodes.350,357  

The vast majority of the HL patients in our study who developed lymphoedema 

were treated historically (7 of 12 between 1975-1984) when large fields of 

radiotherapy were used at high doses comparable to the doses described in 

breast cancer patients conferring risk for upper limb lymphoedema. It was 

interesting to see that, despite small numbers, we found that the delivery of 

radiotherapy, in particular at doses of ≥40Gy, was associated with a significant 

> 6 fold increased risk of developing lymphoedema. The trend seen with risk 

of arm lymphoedema and greater doses of radiotherapy was even stronger 

with a 5% increased risk for every additional Gray received. This is concordant 

with the known literature described for other types of cancer treatments.   
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The numbers developing lower limb lymphoedema were too small to analyse 

and may reflect the fact that only a small proportion (8.4%) of the study 

population received infradiaphragmatic radiotherapy. 

Unfortunately we did not specifically ask patients about occurrence of breast 

cancer, which would represent the greatest confounding factor, likely to have 

contributed to the risk of lymphoedema in this group. After examination of 

medical notes, a total of 4 women were diagnosed with invasive breast cancer, 

3 of whom received treatments that are known to confer high risk of developing 

lymphoedema (axillary lymph node surgery, mastectomy or taxane-based 

chemotherapy) and the timing of the lymphoedema in all of these women 

occurred very closely after the breast cancer diagnosis (or breast cancer 

relapse for 1 patient).  

I re-examined risk by types of HL treatment, removing these women from the 

analysis (Appendix G) and found that a raised RR=6.9 remained for those 

receiving radiotherapy alone compared to receiving no radiotherapy, however 

the risk became insignificant (p=0.19).  Association of the highest doses of 

supradiaphragmatic radiotherapy (≥40Gy) also persisted (RR=5.2) but again 

became insignificant (p=0.10). 

It therefore appears that the treatments for breast cancers did significantly 

contribute to the overall risk of developing lymphoedema in this population, 

although these were only present for a third of the cases of lymphoedema (4 

of the 12) reported. The fact that there remains a trend towards an increased 

risk seen with radiotherapy treatment at high doses even after the breast 

cancer cases are removed would fit known risk factors for lymphoedema for 
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breast cancer patients where treatment with high doses and larger fields of 

radiotherapy (for the breast cancer) predicts higher risk of lymphoedema 

independent of other treatments such as axillary lymph node dissection and 

mastectomy.349,359  

Other non-treatment related risk factors which are known to increase risk of 

lymphoedema include multiple disease recurrence (as a surrogate marker of 

receiving further treatments)363 which, to a degree, we were able to take into 

account via analysis of cumulative radiotherapy dose received. However, this 

is information that could be sought in any future assessments. High BMI 

(>30.0) is also a well-established risk factor for cancer treatment-related 

lymphoedema, which showed a trend towards increased risk in our patients 

but was not significant, perhaps due to small numbers.  

This is the first study of which we are aware that specifically enquires about 

lymphoedema occurrence in the HL survivor population. A study investigating 

prevalence of self-reported chronic conditions from the US childhood cancer 

survivor study113 reported in their supplementary results (Supplement Table 

E) that 2 of 1,876 (0.1%) Hodgkin Lymphoma patients reported developing 

lymphoedema. However their questionnaire did not specifically ask about 

lymphoedema and this was reported within the category of cardiovascular 

conditions, which have an entirely distinct aetiology to that following cancer 

treatments.356 If prevalence in the CCSS was determined only from additional 

information volunteered by patients (e.g. in additional notes sections) this 

would substantially underestimate its occurrence and explain why the 

proportion affected is so much lower. It has also been shown in validated 



 

323 
 

studies that the way in which symptoms are asked about in questionnaires are 

important in to capture “true” incidence (i.e. that which correlates with clinical 

diagnosis).178,197 The phraseology of these questions was taken into account 

in the design of our questionnaire and it is therefore hoped our measured 

prevalence is as accurate as possible within the limitations of a questionnaire 

study.   

There are many methods that have been adopted to measure incidence and 

prevalence of lymphoedema in cancer survivor populations, most commonly 

by measuring limb circumference and “objective limb volume.”364 Clinical 

diagnosis and measurement often leads to much higher incidence rates 

compared with self-reported symptoms. Patients tend to under-report 

symptoms and there is a lack of systematic diagnostic screening for this 

condition, particularly if the condition occurs after routine oncological follow up 

has ceased.197,350 This may mean that the rates in our HL survivor population 

are even higher than those we found. We asked patients whether or not they 

had been “diagnosed by a doctor” with lymphoedema, which may also have 

led to underestimation if patients had not sought medical care for their 

condition. Future work could include clinical assessment of these patients to 

ascertain if the number of HL patients affected is higher although this is 

practically difficult to do in large numbers and may exclude patients unable to 

travel and come in for clinical assessment. 

As lymphoedema can follow a fluctuating course, it can be difficult and time-

consuming to assess on a prospective basis.364 Lymphoedema may not arise 

for many decades after initial treatment.365 Although the majority of 
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lymphoedema studies report lymphoedema after breast cancer treatments 

within the first 1-3 years,179,358,363,366 the vast majority of patients in our study 

reported lymphoedema being diagnosed significantly later, at 30-39 years 

after their HL treatment. This difference may be for a variety of reasons. It may 

be that we have not captured that many of these patients were treated for other 

second malignancies, known to be common in this patient group, and it was 

these treatments in addition to HL treatments received that caused the 

lymphoedema many years later. It may also be that the late onset represents 

a distinct pathophysiological process in this group of patients related to their 

disease and treatment. Finally, but less likely, it is possible that as the majority 

of these patients were treated historically when there was less of awareness 

of secondary lymphoedema as a consequence of treatment, they were 

diagnosed much later. Unfortunately it is not possible to address this important 

question within the limitations of the design of this study and further work may 

help to elucidate the relationship between time to onset of lymphoedema and 

treatment or disease-related factors in this patient group. 

In summary, we have specifically investigated the long-term prevalence of 

lymphoedema in HL survivors for the first time which is known to cause to 

substantial morbidity in cancer survivors. This affected 5.1% of our population, 

which is likely to be an underestimation, and should be confirmed via clinical 

validation of these self-reported outcomes and with a larger patient population. 

It appears that the higher risk of lymphoedema associated with radiotherapy 

treatment, in particular at the highest doses is contributed to substantially by 

the fact that a proportion of these women develop breast cancer, the 
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treatments for which contribute to the raised risk of developing lymphoedema. 

However, a raised risk with radiotherapy at higher doses (although 

insignificant) did persist and considering that the breast cancers themselves 

arise as a result of radiotherapy treatment, the overall morbidity caused by 

lymphoedema for this population remains. This gives further weight to the 

efforts to reduce doses and fields of radiotherapy given to HL patients where 

this can be done without compromise to disease specific survival.  

Additional supportive measures and interventions may be indicated in this 

group of patients to reduce the long-term morbidity which is likely 

underdiagnosed and sub-optimally managed in this group of survivors. 
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Chapter 12 

12. Summary discussion and conclusions 

The overarching aim of this research was to investigate and improve 

understanding of a range of late effects that develop specifically in female 

Hodgkin Lymphoma survivors. Some of these outcomes have been reported 

on previously but in smaller numbers or in pooled childhood cancer 

populations e.g. breast cancer clinical characteristics and thyroid disorders 

and other outcomes have not previously been investigated specifically in the 

HL population e.g. bone fractures and osteoporosis, lymphoedema and long-

term neuropathies or in relation to other lifestyle / treatment-related risk 

factors. 

To address a range of adverse health outcomes, I used 2 distinct 

methodologies; a cohort study in order to produce a study detailing the clinical 

and pathological characteristics of secondary breast cancers after 

radiotherapy; and a questionnaire study to investigate the long-term 

prevalence of self-reported risk factors for common and also less well 

investigated but clinically significant late effects in female HL survivors. 

12.1 Key findings 

Secondary breast cancers 

After mean follow up time of 24.7 years,  I analysed longer follow up time 

(average 24.7 years) than in the main comparative cohorts (predominantly 10-

20 years, see Chapter 4, Table 4.1) and in a wider age range than childhood 
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cohorts, and as a consequence found a longer latency period to development 

of secondary breast cancer than in other cohorts (mean 25.3 years compared 

with average 15-22 years)  and older age of diagnosis (47 years vs mean 35 

years).9,57 Overall compared with the general population, however, the women 

diagnosed are nearly 20 years younger than the average age of diagnosis in 

the UK, reflecting the age distribution of per year at risk in the cohort. 

The timing and age of onset of breast cancers after radiotherapy has important 

clinical implications for screening and monitoring of patients after radiation 

exposure. The well-established increased risk of breast cancers in this group 

of women (treated with irradiation at young ages), rapidly rises at least 5 years 

after breast irradiation, with the highest risks seen in those treated with high 

doses of radiotherapy to the breast field, and particularly around the start of 

menarche.1,9,57 This increased relative risk does not appear to plateau with 

increasing age9 and somewhat worryingly appears to be continuing to be 

raised even with the de-escalation of use of high risk treatments and 

modification of radiotherapy delivery,7 with cumulative incidence of breast 

cancer rising as high as 30% with 30 years follow up after treatment.1,3 These 

increased risks have prompted international strategies to attempt to mitigate 

against this risk with increased surveillance,132,142,228,367 which included the 

national “high risk screening” recall exercise (NRASP) and development of this 

cohort study. Since we last reported on secondary breast cancers in this cohort 

until 2008,1 there has been a 215% increase in numbers of cases from 373 

cases up to 803, emphasising the ongoing need to ensure these women are 

appropriately monitored, investigated and managed.  
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The primary aim of screening is to reduce breast cancer mortality; however 

there is no currently available quantitative evidence on this, and surrogate 

measures of benefit have been used, such as proportion of cancers detected 

at early stages,49 a correlate of improved overall survival. In our data we saw 

that the vast majority, 89% of cases, were diagnosed at early stages (1-2), 

slightly higher than would be expected in the general population (79-87%),76 

and a greater proportion of “in situ” cases were diagnosed >1990. That such 

a large proportion are detected at in situ or early invasive stage may reflect 

increased clinical awareness of raised risks of secondary breast cancers in 

more recent decades (>1990) as more studies reported on secondary breast 

malignancies, leading clinicians to undertake more monitoring and refer for 

diagnostic investigations with a lower threshold of suspicion. Reports on the 

rate of uptake of the high-risk screening service in these women have 

suggested up to 60% of women referred for screening did attend,49 and it will 

be interesting to see whether the proportion of early stage and in situ cases 

rises even higher after 2003 when the NRASP was introduced. Most 

importantly, addressing whether or not screening uptake correlates with 

improved breast-cancer related survival remains a key unanswered question 

in this group. A dedicated national Breast Cancer After Radiotherapy Dataset 

(BARD)368 has been set up in the UK from The Christie, in collaboration with 

clinicians across the country, with the intent to prospectively enroll as many of 

these high risk women treated with radiotherapy onto a national screening 

programme, but it will also be in an excellent position to evaluate the 

effectiveness of screening in this respect. Our cohort of women constitutes a 
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large proportion of this national dataset to contribute to addressing this 

question as part of future work. 

Another key and as yet not fully understood issue is an understanding of the 

behaviour and clinical subtypes of secondary breast cancers and whether or 

not they differ from sporadic breast cancers in the general population and 

according to different treatment-related characteristics of HL patients. This 

may have substantial implications for detection, management and survival 

outcomes of these breast cancers, as improved understanding of the biology 

of these cases could lead to more informed steps towards preventing them 

and improving treatments. For example, if greater proportions of triple negative 

cases compared to hormone (ER/PR) positive cases are seen, non-hormonal 

based strategies are likely to be of greater benefit than hormonal agents for 

both prevention and treatment. 

I investigated a number of clinically important prognostic and predictive factors 

(i.e. predictive of response to certain treatments) for these secondary breast 

cancers not previously undertaken on this scale. I found that generally the 

histological profile of these cancers did not differ markedly from the general 

population, bilateral cases were approximately twice as common as among 

sporadic breast cancers, as has been shown in many studies of breast cancers 

after radiotherapy to the chest, and that breast cancers diagnosed within 20 

years of HL treatments were more likely to express aggressive poor prognostic 

characteristics, in particular were oestrogen / progesterone receptor negative, 

triple negative, and high grade. This did not appear to be explained by earlier 

age at diagnosis alone, although this requires further investigation. 
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The development of high grade, hormone negative breast cancers after 

radiotherapy has been associated with carcinogenic genetic instability via a 

series of stepwise changes induced by the radiation,62 and leads to a unique 

gene expression profile which confers a more aggressive clinical phenotype in 

these breast cancers,369 as seen in the cases in our study developing closest 

to irradiation. Such distinct genetic profiles have also been characterised in 

BRCA1/2 mutant carriers and are associated with poorer survival.370 An 

important question to address would be whether or not there are specific 

genetic “signatures” that may predispose to higher risk of developing breast 

cancer in combination with radiotherapy, which may influence choice of 

treatments. Attempts to address this question have identified a small number 

of high risk gene variants,371 and cases and controls from this cohort have 

been used to generate a polygenic risk score to identify subgroups with 

increased risk for radiation-induced breast cancers372, but these have been 

limited by small numbers of cases and controls with tissue or blood samples 

to genotype.  Pooling cases and controls from a number of international HL 

cohorts would address this question more definitively and is being planned 

between the UK, USA and Europe currently.  

It was interesting to note that there was not a significantly raised proportion of 

hormone negative or triple negative cases overall in the cohort, for which there 

have been mixed reports from other studies.39,40,44,52 Timing of irradiation as 

well as use of gonadotoxic treatment may have influenced the hormonal profile 

of the breast cancers which developed at different times after treatment.43,54 

Exposure to endogenous and exogenous hormones have long been 
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established as risk factors for developing oestrogen positive breast 

cancers.373,374 It seems likely, therefore, the receipt of gonadotoxic treatments 

is likely to influence the hormone profile of secondary breast cancers, although 

no study to date has been able to fully address the effect of gonadotoxic 

treatments definitively due to lack of detailed treatment data, hormone receptor 

details, or limitations in number and follow up of patients.39,43 A large 

proportion of women in our study were treated at older ages compared with 

many of the childhood cancer studies, and with gonadotoxic treatments (63% 

received ≥5Gy pelvic radiotherapy or alkylating chemotherapy), and we have 

previously reported that 36% of these women developed premature 

menopause.22 It may be that the induction of premature menopause in a large 

proportion of women in this cohort led to the increased risk of hormone 

negative breast cancers closer to treatments. This would be an important 

factor we will be able to investigate once we have all of the treatment data.  

I found that higher grade tumours were also seen more commonly in those 

that were ER/PR negative and triple negative, a well described association in 

sporadic breast cancers92. It may be that the higher grade seen in breast 

cancers soonest after treatment is simply reflective of the hormone profile 

being more likely to be ER/PR negative soon after treatment, or it may be due 

to these women being diagnosed at younger ages, where again there is a large 

amount of data in general populations that women diagnosed at younger ages 

often have poorer clinical prognostic features, with higher proportions of triple 

negative and high grade features.88,89 
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This will be investigated further with time and age adjusted analyses once full 

treatment information is available. 

Thyroid disorders 

This thesis adds to the evidence of substantially increased risk of a range of 

thyroid disorders, in particular hypothyroidism, thyroid nodules or cystic 

changes and, although to a lesser degree, hyperthyroidism, after irradiation to 

fields involving the neck, with a clear dose-response relationship with radiation 

received. No association with any specific type of chemotherapy agent and 

development of any thyroid disorder was seen. This confirms results of other 

studies that suggest only specific agents such as classic alkylating agents, 

which are now not commonly used in HL treatment regimens, contribute to 

hypothyroidism or thyroid cancer, and then only in a minority of cases.145,149,210 

An ongoing increase in cumulative prevalence of thyroid disease up to 40 

years after treatment has been demonstrated in this study, with 42.9% of this 

population affected by a thyroid condition and no sign of plateau, with longer 

follow up than any other study including both childhood and adult treated HL 

patients. There is international consensus that biochemical surveillance 

should be undertaken for thyroid dysfunction in late effect follow up 

guidelines131,167,228,375 but no consensus on image-directed follow up. In view 

of these findings of such high prevalence of disorders, in addition to data from 

the wider population as well as cancer survivor populations that there is a 

substantial proportion of patients who develop subclinical disease not 

detectable by biochemical disturbance alone,175,207,211 our study supports use 

of image-guided surveillance, in accordance with recommendations of others 
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suggesting combination of biochemical and ultrasound-directed 

surveillance.211 We found no association with age at first treatment and there 

is a trend of reduced risk of developing hypothyroidism in more recent 

treatment periods (3% reduction in risk per calendar year, Chapter 8.3.2), 

which we postulate is due to the reduced use of high dose large field irradiation 

in this population beyond the 1990s. 

Neuropathies 

Our study has the longest follow up of HL survivors reporting on long-term 

neurotoxicity (by self-reporting symptoms of weakness or sensory 

disturbance) after HL treatments, with some patients 49 years after initial HL 

treatment. We demonstrated a large proportion (36.1%) developing these 

symptoms after treatment. The timing of symptom onset in relation to 

treatment as well as the combination and type of symptoms reported affecting 

different anatomical sites were all important factors to consider during 

analyses in order to establish whether the symptoms reflected treatment-

related neuropathies (as has been done in similar late effects studies).11,280 

The data reported in our study corroborated extensive clinical trial data in 

relation to the timing of risk of developing acute chemotherapy-induced 

peripheral neuropathies, namely we demonstrated a peak risk of onset of 

bilateral peripheral sensory disturbance during and shortly after chemotherapy 

use which then reduced over the following years (Chapter 9.3.1, Figure 9.3.). 

The greatest risks of developing bilateral sensory disturbance were seen with 

increasing number of cycles of chemotherapy received, but particularly with 

the Vinca-alkaloid class where the strongest associations were seen in a dose-
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dependent manner. A 15% increased risk of developing either hand or leg 

sensory disturbance was seen with each additional cycle of Vinca-alkaloid use. 

No associations with other types of chemotherapy agents were seen although 

numbers in these subgroups were small. Rates of sensory disturbance 

decreased over time and two-thirds of those reporting sensory disturbance 

reported their symptoms resolving, which again corroborates extensive clinical 

data on the extent of reversibility of chemotherapy-induced 

neuropathies.263,265,289,293 Later onset sensory disturbance was reported many 

years after treatment, with the longest follow up reporting on late neurotoxicity 

in HL patients we are aware of, and may reflect the direct long-term sequelae 

of these treatments, or may be a measure of indirect effects of treatments 

exacerbating other conditions causing neuropathic disorders. No effect was 

seen with age at first treatment and risk for developing sensory disturbance. 

Long periods of time since treatment and poor recall following resolved 

symptoms may explain why a lower proportion of patients treated with 

chemotherapy in our study reported developing these symptoms than has 

been reported in trial data (13% vs 25-40%). 

Despite this, the fact that almost a quarter of participants reported developing 

symptoms consistent with chemotherapy-induced neuropathies at any time 

after treatment, a third of which were non-reversible, highlights this is a 

clinically important issue which can persist for many decades in a substantial 

minority.  

I asked about weakness in the arms which have been clinically validated in 

association with radiation-induced plexopathy,154 and developed in 7% of our 
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patients. This occurred much longer after treatments than sensory disturbance 

(range 18-28 years) and tended to be seen more commonly in those treated 

with high dose supradiaphragmatic irradiation but these associations were 

non-significant.  

Overall there did appear to be a marked reduction in risk of developing either 

weakness or sensory disturbance in more recent decades of treatment (trend 

RR=0.53) however this did not quite reach significance (p=0.055). This would 

be a reassuring and, to a degree, expected finding based on a vast number of 

improvements that have been made with respect to delivery of chemotherapy 

and radiotherapy treatments to mitigate side effects, such as reduced doses, 

dose capping and modification of treatment schedules as greater awareness 

of these side effects has emerged over time. 

Dropped head syndrome is a rare but clinically debilitating long-term effect 

after high dose irradiation, predominantly reported in childhood cancer 

survivors. Here we report a prevalence of 0.9% (1.4% of those treated with 

supradiaphragmatic irradiation) but based on additional free-text descriptions 

of symptoms (rather than a confirmed diagnosis) provided by the patients in 

the questionnaire, the prevalence could be as high as 1.9% in the total 

population or 2.7% of those treated with supradiaphragmatic radiotherapy. 

This highlights a need to undertake further investigation of this potentially 

under-diagnosed condition, and potentially highlights the need for greater 

clinical surveillance, in those treated in adulthood with irradiation including the 

neck region, not just those treated in childhood. 

  



 

336 
 

Bone disorders 

A total of 7.6% of female HL survivors reported developing osteoporosis and 

10.6% reported developing a bone fracture after HL treatment.  

A strong association was seen between osteoporosis and risk of bone fracture, 

with a greater than 3 times increased risk seen in those with osteoporosis 

compared with those with normal bone mineral density. This is an important 

finding and is the first report of which we are aware of risk of bone fractures 

and association with osteoporosis in this population. 

The prevalence of reported osteoporosis appeared to be about four-fold 

greater than in the younger (age <50 and likely pre-menopausal) survivors 

than would be expected in the general population (4% vs ~0.5%).336 However 

there are limited data in this group as the majority of data are in post-

menopausal women in the general population. An association, although non-

significant, was seen with risk of developing osteoporosis with chemotherapy 

treatment (RR=5.6, p=0.07), but no dose effect was seen with increasing 

cycles of chemotherapy nor class effect with any particular agent. It is unclear, 

therefore, if an association of increased risk with osteoporosis with 

chemotherapy truly exists or if this reflects other factors such as use of 

steroids. No significant association with use of long-term steroids was seen 

and the only lifestyle-related risk factor that was significantly associated with 

these outcomes was low current BMI, which was shown to be associated with 

increased risk of osteoporosis and bone fractures. This fits with known risk 

factors for osteoporosis and related fragility fractures in the general post-

menopausal population. Low BMI may often be a surrogate for low muscle 
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mass and “general ill health”, as those with multiple chronic conditions often 

have reduced BMI. It would be interesting in future work to investigate if there 

were any specific HL disease-related or treatment-related risk factors (e.g. >1 

relapse, histological subtype) that were associated with having a low current 

BMI in this group of patients. 

Lymphoedema 

This is the first study of which we are aware to report on lymphoedema in a 

HL treated population. We found that 5.1% of women reported developing, 

predominantly mild cases of lymphoedema after a mean follow up of 24 years, 

although a third of these were most likely due to treatment for secondary 

breast cancer including axillary node surgery. There was a significantly 

increased risk of developing arm lymphoedema (>5-fold), in particular risk was 

raised for arm lymphoedema after >40Gy supradiaphragmatic radiotherapy, 

with a 5% increase in risk with every additional Gy, although after removing 

the women treated for breast cancer, the increased risk of arm lymphoedema 

associated with supradiaphragmatic irradiation remained high but did not quite 

reach significance (RR=6.9, p=0.19). Our data would suggest that further work 

is warranted in larger numbers to establish a more accurate prevalence of this 

overlooked symptom in this population, particularly in those treated with the 

highest doses of radiotherapy. 
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12.3 Methodological issues 

The cohort 

Strengths 

We have established a comprehensive and accurate assessment of 

clinicopathological features, unbiased by selection of HL or breast cancer 

cases, on a scale which has not been possible in the next largest cohort 

studies. This study also includes a wider age range of women treated than 

comparable cohort studies. 

Limitations 

Various barriers to treatment data collection, including R&D dept restructuring, 

high staff turnover, clinical pressures, in addition to introduction of general data 

protection regulation (GDPR), meant I was unable to complete treatment data 

collection and undertake cohort analyses of breast cancer risk during this PhD. 

This will form part of future work. 

We found that the majority of missing treatment data during the extension of 

our cohort was in those who are deceased and treated longer ago (most 

frequently those treated in the 1960s and 1970s), as hospitals are more likely 

to have destroyed or have missing medical records. This should not have a 

great impact on the analyses as most of the historical treatment information 

for those who had died has already been captured by the initial phase of data 

collection in 2003-2010. Completeness for most variables was also shown to 

be high (Chapter 3.4) and will be improved further once collection is complete.  

  



 

339 
 

Questionnaire study 

Strengths 

Treatment data were highly complete, including for those treated as far back 

as the 1960s, with no missing data related to modality of treatment that would 

have prevented accurate assessment of risk associations with treatments. For 

radiotherapy, field and dose information was also very complete, with only 9% 

of dose information missing. Future work could include collecting dose of 

different types of chemotherapy. 

Response rates were good in this study considering that a large proportion of 

these patients were no longer engaged with clinical follow up, although the 

proportion who did not reply do leave considerable scope for selection bias 

(discussed below). 

Participants frequently provided extensive additional information, and I 

received a great deal of positive feedback, suggesting future research in this 

population would have high levels of engagement.  

Limitations 

This was a cross-sectional study of self-reported data, the majority of which 

related to retrospectively reported outcomes occurring many years before. 

The likelihood of recall bias is high for outcomes in particular which may have 

been transient and have a fluctuating clinical course,295 such as neuropathies, 

or for conditions where patients may not be aware of a diagnosis, such as 

dropped head syndrome.243  

A number of studies assessing long-term morbidities in cancer patients as well 

as in the general population, have shown that agreement between patient-
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reported and clinician-assessed outcomes vary greatly depending on the 

outcome in question.242,243,289 These issues are addressed in more detail 

within the discussion section of the relevant outcome chapters. 

It was not possible within the scope of this PhD to validate all outcomes 

clinically due to practical and time-related issues, and use of medical records 

would not have been productive where patients had been discharged from 

follow up or for outcomes that would not have been routinely recorded.  

I validated self-reported hypothyroidism prevalence through use of medical 

records which confirmed high sensitivity and specificity for hypothyroidism but 

not for other thyroid conditions. This exercise also highlighted problems with 

using medical notes for late effects due to the variability of follow up times in 

addition to inconsistent capturing of outcomes. Future work could involve 

inviting these patients for clinical assessments of prevalence and severity of 

these outcomes as has been done in other survivor populations.264  

Patients were more likely to respond if they were currently older and treated 

longer ago. This may have led to overestimation of outcome prevalence if 

those who developed late effects responded more frequently compared with 

those who were well.  

Younger patients being less likely to respond may have led to underestimation 

of late effects occurring earlier after treatments, if they occur more frequently 

in younger patients. Conversely if rates of certain outcomes were lower, 

overestimation could occur. 
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It may be that a better ascertainment of events in the younger population would 

be obtained by active engagement soon after treatments to enable clinical 

measurement combined with self-report. 

The Royal Marsden is a specialist cancer centre with a high proportion of 

patients treated on clinical trials so patients may have received different types 

of treatments compared to the general population. Patients referred to a 

tertiary centre may also have had other risk factors which may make some late 

effects more likely e.g. more aggressive disease requiring more intensive 

treatments. In general, however, the treatment and disease characteristics did 

reflect those in the general population at the time. 

This study was initially set up and designed as a multicentre national 

questionnaire study, for which there was a great deal of interest from many 

centres and patients, however resource and time constraints meant I could 

undertake it only at the Royal Marsden for this PhD. 

Future work could involve expanding participating centres to increase the 

sample size to address questions for smaller subgroups. 

Internal comparisons for different risk factor groups were made for all 

outcomes and not with the general population. This is a reasonable control 

group as there does not exist an untreated surviving group of HL patients, thus 

the “unexposed” or “least treated” group within the survivor population was 

used as the reference. Some childhood cancer survivor studies have used 

sibling control groups,113 but interpretation was complicated by selective 

participation and confounding genetic influences for certain outcomes. 
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I did not assess by questionnaire other, more clinically severe treatment-

related outcomes, in particular second cancers and treatments, that may have 

confounded treatment-related risks of certain late effects e.g. lymphoedema 

and breast cancer treatments. I did retrospectively address this by 

interrogating medical records and removing these cases from analyses for this 

outcome. However, this may have been important for other outcomes e.g. 

neuropathies. To what extent this has impacted results is unclear.  

In future work I could therefore collect data on a full range of late effects and 

their treatments within a questionnaire to be able to address these questions 

of confounding.  

12.2 Future work and Clinical Implications 

I have suggested future work and how such work may translate into clinical 

impact for patients, both in this current Chapter and also throughout this PhD 

within the relevant discussion sections of each chapter. I suggest other 

broader directions for the work in these field and the clinical implications of 

these to build on work presented here: 

• I plan to complete updated analyses including data from questionnaires 

received since the cut-off date and analyses fertility and ART outcomes.  

• In addition to breast cancer risk, analyses of risk of other second 

malignancies and mortality and hospital admissions in this population, 

outcomes that we have already linked to from national NHS datasets, 

would allow for the broadest description of the profile of life-threatening 

complications in female HL patients. 
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• Genetic susceptibility to breast cancer after radiotherapy has been 

investigated on a relatively small scale due to the limited number of 

breast cancer cases and controls that have been genotyped in any one 

study. We now have the largest number of samples of female patients 

with breast cancer following irradiation of any study worldwide, so future 

work should involve pooling genetic information from cases and 

controls from this and other international cohorts, and combining this 

information with clinical information as well as other known risk factors 

to identify interactions and importantly, those types of patients who may 

have greatest susceptibility to radiation-induced malignancy. 

• Similar work identifying the clinical and pathological characteristics of 

other common malignancies after HL treatment, such as lung and colon 

cancers, could be undertaken within this extended cohort now we have 

a national dataset of secondary malignancies to investigate whether or 

not these differ with more modern treatments. Clinical characteristics, 

such as stage, histological subtypes, MMR (mismatch repair) status, 

RAS mutations, EGFR mutations and other important prognostic and 

predictive treatment factors could be investigated on a large scale. 

• Investigating secondary cancer-specific survival according to both 

primary HL treatment characteristics in addition to known prognostic 

factors for overall survival for different cancer types (e.g. stage, grade 

and ER status for breast cancer) could also be undertaken on a large 

scale. 
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• Assessment of the benefit of surveillance for secondary cancers in this 

population is much needed, namely whether screening improves 

secondary-cancer related and/or overall survival. This should start to 

be possible in populations where screening has now been underway 

for nearly 20 years in the HL population in the UK. There is a large-

scale national prospective study (BARD) in the UK underway to attempt 

to identify and screen all women deemed at high risk of breast cancer 

following radiotherapy. This would represent an excellent opportunity to 

interrogate to what degree the implementation of screening translates 

into mortality and/or quality of life benefits for patients. This should also, 

where possible, involve assessing the negative impact or harms of 

screening including false negatives and false positives, with the 

consequences of “unnecessary” investigations and their sequelae as 

well as resource and financial costs, not to mention anxiety and stress 

to these survivors as a result.   

• There is an urgent clinical need to translate the data from long-term 

treatment-related sequelae into meaningful and clinically useful tools 

for clinicians and patients at different points along the treatment 

pathway. For example, there are an increasing number of tools that 

predict risk of relapse based on disease and treatment-related factors, 

and which can be used at the point of consent to guide treatments. This 

should also be developed in relation to the risk of late effects to guide 

joint informed decision-making about different treatments to give 

patients a truly holistic and balanced overview of their disease and 
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treatment-related risks. Such tools may also be used at other points 

along the patient pathway when late effects become a key 

consideration, such as at the point of discharge, or when referrals to 

other specialists are made. 

• Investigation into the benefit of risk-stratified follow up and the different 

“models of care” i.e. where and how late effect care is delivered, in 

relation to selected late effect outcomes would be an important follow 

up area for this work. Different models of “survivorship” care have been 

suggested predominantly for survivors of childhood cancers, including 

hospital-based, community-based or shared care models in addition to 

risk-stratified follow up.376 This should, however, be being addressed 

for those treated in adulthood who clearly exhibit significant morbidity. 

Being able to identify which of these modalities and types of follow up 

are most beneficial for different patients and outcomes is an 

enormously important area for patients. This should ideally involve 

prospective randomisation of patients to different schedules, 

frequencies and modalities of follow up, according to identified 

treatment and patient-related risk factors for clinically significant 

outcomes. In particular this should focus on those with the highest risk 

of long-term mortality; second malignancies and cardiovascular 

disease. Identifying optimum follow up care models for these patients 

would have enormous benefit to patients, clinicians and healthcare 

systems.    
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12.4 Final summary and conclusions 

The work in this thesis describes a range of clinicopathological features of 

secondary breast cancers following irradiation, on a scale not previously 

achieved, by extending and building upon a national cohort of female HL 

patients. Our findings suggest that many of the overall clinical characteristics 

of these breast cancers, such as behaviour, histological subtype, and hormone 

receptor profile do not differ markedly from sporadic breast cancers in the 

general population, although women were diagnosed at much younger ages 

and more commonly with bilateral disease than would be expected, as has 

been described in other HL cohort studies. Clinically poor prognostic features 

(hormone negative, high grade) were seen more frequently closer to the time 

of irradiation, which did not appear to be related to age, but further 

investigation is required and planned with respect to treatments and 

associated risks of developing clinically distinct phenotypes.  

I also designed and oversaw a questionnaire study investigating treatment and 

demographic-related risk factors for a range of less well reported late effects. 

The most commonly occurring co-morbidities reported were thyroid disorders 

and neurological disturbance, with cumulative prevalence of thyroid disorders 

up to 43% 4 decades after treatment. Raised risks of thyroid disorders, 

particularly hypothyroidism, were seen in relation to supradiaphragmatic 

irradiation in a dose-dependent manner, and sensory disturbance was 

significantly associated with increased numbers of chemotherapy cycles, in 

particular the vinca-alkaloid class. 
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Osteoporosis occurred more commonly than would be expected at younger 

ages and we showed for the first time in this group that this was significantly 

associated with having low current BMI and trebled the risk of bone fractures.  

Lymphoedema and dropped head syndrome were reported less frequently but 

still affected a significant minority (2-5% of participants) and represent clinically 

overlooked late sequelae of high dose supradiaphragmatic irradiation in adult 

treated HL survivors. 

Findings from this thesis could have important clinical implications for risk-

stratified follow up and screening or management of late effects in this 

population of patients treated at a wider age range than in most late effect 

studies, and in particular those outcomes not extensively described, such as 

hormone profile of secondary breast cancers, osteoporosis and bone fractures 

and dropped head syndrome. Findings may also contribute to directing efforts 

to reduce treatment-specific late toxicities via future clinical research.  

Further work is required, particularly to investigate the risk of secondary breast 

cancer subtypes according to treatments, and to further investigate and 

validate the frequency of occurrence of some of the non-fatal co-morbidities, 

in order to assimilate and translate findings into clinically useful risk-modelling 

tools for patients and clinicians.   
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NATIONAL STUDY OF LATE EFFECTS AFTER HODGKIN LYMPHOMA 
 
 MEDICAL RECORDS INFORMATION 

To be completed by research nurse.  

If information is not known, please do not leave blank, indicate by ticking NK box or give reason e.g. N/A or ABVD at St. Elsewhere   

 
 
 
 
 

• Hospital: …………………………………………..                            Consultant: ……. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. HODGKIN DIAGNOSIS 

 

• Date of diagnosis: 

 
…….../…….../……………  (please give earliest pathology date if known) 
   DD        MM          YYYY 

• Histology subtype: 
         (please tick) 

                                                                    

                         Lymphocyte-Rich                          Mixed Cellularity 

 Lymphocyte Depleted  Nodular Lymphocyte-Predominant HL (NLPHL) 

 
Nodular Sclerosis 

 
Other (please specify) ……………………………….. 

• Stage at diagnosis: 
       (Ann Arbor) 

                         I                          II                          III                          IV                   NK 

 
 A (No symptoms)                          B (Presence of symptoms)                  NK 

• Splenectomy:        Yes          No            NK 
 
If yes, date of splenectomy: …….../…….../……………  

                                                        DD      MM       YYYY 

 

2. HODGKIN TREATMENTS 
 

2.1 Radiotherapy (please complete 1 row per course of treatment; if none put N/A, if not known put NK) 

Start date 
Field (e.g. mantle, axilla) 

Dose 
(Grays) 

No. of 
fractions 

Modality 
(e.g. 3D-CRT 
IFRT, IMRT) 

Name of 
clinical trial 
(if applicable) MM YYYY 

       

       

 

Patient: Surname(s) .……………………………………………………………………. 

              Forename(s) ……….………..………………………………………………… 

      DOB ……../………/……….                  Hospital number ……....….…………… 

                   DD        MM      YYYY 

NHS number ............................................ 

Address …………………………………………..…………………………………... 

…………………………………………………………………………………………. 

Postcode ……………………………………………………………………………… 

(or affix hospital label here) 
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2.2 Chemotherapy (complete 1 row per course of treatment; if none put N/A, if not known put NK) 

Start date End date 
Name of treatment (e.g. ABVD, Brentuximab, MOPP) 

No. of 
cycles 

received 

Name of clinical 
trial (if applicable) MM YYYY MM YYYY 

       

       

       

 

2.3 Stem cell transplant (if no transplant put N/A, if not known put NK) 

Date 
Type of stem cell transplant (e.g. auto, allo) 

High dose chemotherapy regimen (e.g. DHAP, 
BEAM) 

No. of 
cycles 

received MM YYYY 

 
    

 

3. CANCER DIAGNOSES OTHER THAN HODGKIN LYMPHOMA  
(complete 1 row per cancer OR if no other cancers write NO CANCERS and skip to Question 5.) 

Cancer type  

(e.g. breast cancer, AML, melanoma. Please include DCIS and CIN ) 

 
Date of diagnosis Stage  

(at diagnosis) 
Staging system 
(e.g. FIGO, Dukes) 

DD MM YYYY 

1.  
     

2.  
     

3.  
     

                                                                             

Was the breast cancer detected through screening? 
 
       Yes                  No                  NK 

 

If patient has had more than 1 breast or lung cancer, please write receptor / mutation status 
information for these cancers in the space given on last page. 

3.1 If breast cancer or DCIS: receptor status   (indicate which number breast tumour) 

     

Side of breast cancer............................... 

Estrogen receptor (ER) 

   (if both sides, please give info in the blank space on the back page of form) 

Progesterone receptor (PR) HER2 (ErbB2) 

 
     +ve               -ve               NK        +ve               -ve               NK        +ve            -ve           borderline   

        NK                  

 

 
Allred Score:…………   or          NK    

 
Allred Score: ………… or           NK   

 
Score:  ….…………..        or           NK 
 
If known, specify scoring system (e.g. IHC / 

FISH):  …………………………………… 

  

3.2 If lung cancer: mutation status 

      EGFR+ve                EGFR-ve                      NK 
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5. PROPHYLACTIC BREAST AND OVARIAN CANCER RISK REDUCING SURGERY 

Bilateral mastectomy:       Yes         No          NK 
 

If yes, date of mastectomy: ......./….../…… 
    DD   MM   YYYY 

Bilateral oophorectomy or 
bilateral ovarian ablation: 
(including TAHBSCO) 

      Yes         No          NK 

 
If yes, date of oophorectomy or 

ablation: 
......./….../…… 

    DD   MM   YYYY 

 

6. BREAST CANCER SCREENING  

Has patient had breast 
screening? 

      Yes         No          NK 
If yes, date of first breast 

screening: ......./….../…… 
    DD   MM   YYYY 

7. SMOKING HISTORY AT TIME OF FIRST HODGKIN DIAGNOSIS 

At the time of Hodgkin 
diagnosis, what was the 
patient’s smoking status? 
 

       Current smoker 

       Ex-smoker 

       Never smoker 

       NK        

If current or ex-smoker, 
please give  pack year 
history at time of 
Hodgkin diagnosis: 
 

No. of pack years      ............ ..................... 

or  No. of cigarettes smoked per day……… 

and  No. of years smoked for ..................... 

or          NK 

4. TREATMENTS FOR CANCERS OTHER THAN HODGKIN LYMPHOMA 

4.1 Radiotherapy (complete 1 row per course of treatment; if none put N/A, if not known put NK) 

Cancer type 
Start date 

Field (e.g. mantle, axilla) 
Dose 

(Grays) 
No. of 

fractions 

Modality (e.g.  
3d-CRT, IFRT, 

IMRT) 

Name of clinical 
trial (if applicable) MM YYYY 

 
 

      

 
 

      

4.2 Chemotherapy  

(complete 1 row per course of treatment including high dose for stem cell transplants & hormonal treatments; if not known put NK) 

Cancer type 
Start date End date 

Name of treatment (e.g. ABVD, Brentuximab, MOPP) 
No. of 

chemotherapy 
cycles received 

Name of 
clinical trial (if 

applicable) MM YYYY MM YYYY 

 
       

 
       

4.3 Cancer Surgery (complete 1 row per operation or procedure; if none put N/A, if not known put NK) 

Cancer type 
Date Name of operation / procedure 

 MM YYYY 

 
   

 
   

4.4 Stem cell / Bone marrow transplants (complete 1 row per operation or procedure; if none put N/A, if not known put NK) 

Cancer type 
Date Type of stem cell transplant  

(e.g. autologous, allogeneic) 
High dose chemotherapy 

regimen (e.g. DHAP, BEAM) 
No. of cycles 

received MM YYYY 
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8. FOLLOW UP AFTER HODGKIN TREATMENT  

 

• Has the patient ever received either a treatment summary, a recovery package or a Health 
Needs Assessment (eHNA) following their Hodgkin treatment? 

        Yes          No          NK 

 

• 5 years after treatment: 
Did the patient receive routine outpatient follow up (i.e. not for relapse, progression or 
second malignancy) at your hospital for Hodgkin Lymphoma 5 years after the end of 
treatment?  

        Yes          No          NK 

         Not reached 5 years 

 
If yes, how often was the patient followed up routinely for Hodgkin lymphoma as an 
outpatient during the 5th year following end of treatment (e.g. if Rx finished July 2000, 
how often were they seen July 2005-June 2006?) 
 

…… (times / year)           NK 

• 10 years after treatment: 
Was the patient still under routine outpatient follow up at your hospital for Hodgkin 
lymphoma 10 years beyond end of treatment? 

         

        Yes          No          NK 

         Not reached 10 years 

 
If yes, how often was the patient followed up routinely for Hodgkin lymphoma as an 
outpatient during the 10th year following end of treatment (e.g. if Rx finished July 2000, 
how often were they seen July 2010-June 2011) 

 

…… (times / year)           NK 

 

• 15 years after treatment: 
Was the patient still under routine outpatient follow up at your hospital for Hodgkin 
lymphoma15 years beyond end of treatment? 

         

         Yes          No          NK 

         Not reached 15 years 

 
If yes, how often was the patient followed up routinely for Hodgkin lymphoma as an 
outpatient, during the 15th year following end of treatment (e.g. if Rx finished July 2000, 
how often were they seen July 2015-June 2016) 

…… (times / year)            NK 

• Date patient discharged from hospital clinic follow up: ….../….../…….   or tick if  still under hospital follow up   
DD    MM    YYYY 

 

•  If patient is still under hospital follow up, please give the last date of attendance:   ……/……/………. 
DD    MM    YYYY 

 

If discharged, where was the patient discharged 
to? 
(please tick) 

  
GP 

 
Another consultant hospital clinic 

 
Late effects or Survivorship clinic 

 
Rapid/ open access or telephone follow-up 

 
Died 

 
Moved abroad 

 
Lost to follow-up / not known 

 

 

 

 

 

 

• If patient lost to follow-up or moved abroad, please give date last seen: ……/……/………. 
                                                                                                                   DD    MM    YYYY 
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Please use this space to include information or comments you would like to add 
including details where we have asked for further information. 

Cancer Type Question 
number 

Diagnosis / Treatment Information 

   

Other info / Comments 

 

 

 

 

 

 

 

 

 

Please enter your name (BLOCK CAPS): ............................................................ 

 

Signature: ............................................................................. ............... 

 

Date you completed this form:    ....../........../...........    and return to: 

For office use only 

 

 

 

 

 

 

 

 

Dr Aislinn Macklin-Doherty  

Division of Genetics & 

Epidemiology 

Institute of Cancer Research 

Sir Richard Doll Building  

Sutton  

SM2 5NG  
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Dear clinical team,  

Many thanks for your involvement in this study and we look forward to working with 
you. 
 
Please find attached a list of female patients diagnosed under the age of 36 at your 
Trust. There are a total of xx eligible patients diagnosed at xxx matching the 
inclusion criteria which are listed on the attached excel "log sheet." 
  
We would ask you please to complete the medical records form attached, one for 
each of the patients if possible and please give info on the log sheet if it is not possible 
for you to complete.  The medical records form asks for diagnostic / treatment info 
for the HL, any second cancers and treatment if they have had any and it asks for 
follow-up schedule information. If you have no information on the patients or only 
some info for whatever reason e.g. the patients moved centres or notes have been 
destroyed or archived etc please just write this information on the excel log sheet in 
the spaces provided and return this information to us. 
  
Those with an asterisk by their name on the log sheets are new recruits into the 
study which is why they are eligible for CRN accrual.  
  
For the patients who do not have an asterisk by their name, these patients were part 
of the original cohort recruitment so are already enrolled, we only have 
treatment information for them up until 2002 so any HL treatment information you 
have after this time would be enormously helpful for the research. We also have no 
information on second cancer treatments and follow up schedule information for 
these original women. The info would significantly contribute to the 
international power of the study. 
  
Therefore in total there are xx patients we seek information on as attached on the 
list.  Of these there are xx "new recruits" and xx already in the cohort study who we 
are seeking further information on, in particular further treatment information 
related to HL post 2002 as well as follow up schedules and second cancer 
information. 
  
Once we receive data from you we will process the forms at this end and follow this 
up with any queries we may have. At the end we will also generate a "recruitment 
report" for you to see which patients we are including and excluding that you will get 
CRN accrual points for. 
  
I hope that makes sense but please don't hesitate to contact either myself or Jane 
Lebihan, my colleague who is copied in, with any queries - no matter how small. 
  
Best wishes, 
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National Cohort Study of late effects of Hodgkin 

Lymphoma treatment 

 

Study Design 
This is a national multicentre, observational cohort study involving data 
collection from medical records at Hodgkin Lymphoma-treating sites across 
England and Wales. 

Target number of participants 
6,000 

Sponsorship 
Chief Investigator:  Professor Anthony Swerdlow, The Institute of Cancer 
Research 

Funding 
This is a non-commercial study with funding provided by charities Breast 
Cancer Now and Cancer Research UK with support from the NIHR CRN 
portfolio. 

Synopsis 
This is an extension of an existing study originally set up in 2003 and will collect 
and analyse treatment and co-morbidity information on women treated for 
Hodgkin Lymphoma across England and Wales at ages ≤35 years during 
1956-2010. The existing national cohort study of 5,000 women treated for 
Hodgkin Lymphoma is the largest of its kind in the world and has undertaken 
research to inform the risks of developing breast cancer after Hodgkin 
Lymphoma treatments. The cohort would be doubled in size to now include 
6,000 more young female Hodgkin Lymphoma patients who have been treated 
with a much wider range of treatments and more recently diagnosed patients. 
We aim to improve understanding of late-effects of different types of treatment, 
of longer follow-up periods and to greatly expand the range of long-term effects 
which have been reported on. By doing so we aim to contribute to the 
development of risk profiles to help inform treatment choices and personalised 
follow-up and screening schedules for Hodgkin Lymphoma patients. 

Inclusion Criteria 
• Women diagnosed with Hodgkin Lymphoma and treated up to and 

including the age of 35 years. 

• Treated for Hodgkin Lymphoma before 2010.  

• Treated in England and Wales. 

Exclusion Critera 
• Male 

• Women treated after the age 35. 

• Resident or treated outside of the UK. 
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Methods 
Hodgkin Lymphoma-treating sites across England and Wales will be contacted 
between Feb 2017 – September 2018 and provided with a list of eligible 
patients at their site who have been identified from cancer registries according 
to the inclusion and exclusion criteria. The site research nurses will then be 
asked to complete a Medical Records form for each identified patient. This 
form will ask for information about the identified patients’ Hodgkin Lymphoma 
diagnosis and treatments, any subsequent cancer diagnoses and treatments, 
and for information on their follow up. With national ethics and person-
identifiable data access committee approvals, this does not involve 
approaching individual patients. The Medical Records form takes 
approximately 20 mins to complete per patient and constitutes the enrolment 
of patients for the study.  

For patients where some or no information is available at the site e.g. because 
they were not treated at the identified site or they have moved hospitals, the 
research nurses are asked to indicate these reasons on a summary sheet 
provided. The summary sheet can either be emailed to the study co-ordinator 
or returned by post. Once complete, the medical records forms for each patient 
can be posted back to the ICR to the address provided.  

Study time period 
Open to recruitment 15/2/2017. Recruitment to be rolled out to sites until 
1/9/2019. 

Contact 
Chief Investigator:  Professor Anthony Swerdlow 

Study Co-ordinator: Dr Aislinn Macklin-Doherty 
   The Institute of Cancer Research 
   Department of Genetics & Epidemiology 
   Sir Richard Doll Building 
   Sutton 
   SM2 5NG 
 
Tel: 0208 722 4474 
Email: A.Macklin-Doherty@nhs.net 
 
 

We shall be in touch as soon as possible with the relevant paperwork and 
information to facilitate set up at your local sites. 
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Appendix B 

Table 1. Derived ICD-10 site codes created for 1175 cases based on historical 
site and morphology coding systems  

Morphology 
code 

Coding 
system 

Coded site 
description 

 
Coded site 

Derived 
ICD-10 
code 

n 

9650 ICD-9 unspecified  2019 C819 211 

9656 ICD-9 Nod Scl  2015 C811 326 

9653 ICD-9 LD or NOS  2017, 2019 C813 16 

9650 ICD-9 Nod Scl  2015 C811 20 

9650 ICD-9 Mix Cell  2016 C812 3 

9650 ICD-9 Nod LP  2014 C810 1 

9650 ICD-9 LD  2017 C813 1 

9650 ICD-9 Secondary 
malignancy of LNs 

 1969 C819 1 

9651 ICD-9 Nod LP  2014 C810 9 

9652 ICD-9 Mix cell  2016 C812 49 

9652 ICD-9 Unspecified  2019 C812 3 

9650 ICD-8 HD - unspecified  2019 C819 73 

9650 MOTNAC LN head or neck  1960 C819 1 

9650 ICD-O LNs head, face 
and neck, or 
mediastinum, or 
multiple sites or 
unspecified or 
axilla & UL 

 
1969,1649, 
1963,1960, 
1961,1968, 
1969 

C819 23 

9650 ICD-O-2 Reticuloendothelial 
system 

 C423 C819 86 

9650 ICD-O-3 Reticuloendothelial 
system 

 C423 C819 1 

9650 blank blank   201  C819 2 

9651 ICD-O-3 LNs head, face 
and neck, inguinal 
or LL or axilla & 
UL 

 
1960,1963, 
1965 

C810 6 

9652 ICD-8 HD - unspecified  2019 C812 14 

9652 ICD-O LNs NOS or axilla 
& UL, or head face 
and neck or 
inguinal & LL 

 1960,1963, 
1961,1965, 
1969 

C812 17 

9652 ICD-O-2 Reticuloendothelial 
system 

 C423 C812 11 

9653 ICD-8 HD- NOS or 
Other forms of 
lymphoma 

 2019 
201 
2029 

C813 140 

9653 ICD-O LNs NOS  1969 C813 1 

9653 ICD-O-2 Reticuloendothelial 
system 

 C423 C813 2 

9653 MOTNAC LN NOS   1969 C813 28 

9655 ICD-8 HD-NOS  201 C813 6 



 

382 
 

9655 ICD-O-2 Reticuloendothelial 
system 

 C423 C813 1 

9655 MOTNAC LN, NOS  1969 C813 3 

9656 ICD-8 HD-NOS  2019 C811 12 

9656 ICD-9 HD-NOS  2019 C811 2 

9656 ICD-O LNs head, face 
and neck, multiple 
sites, NOS, axilla 
& UL, intrapelvic, 
inguinal & LL 

 
1960,1963, 
1965,1966, 
1968,1969 

C811 50 

9657 ICD-9 Nod Scl or LP  2015, 2014 C811 7 

9657 ICD-8 HD-NOS or 
Lymphosarcoma 

 201 or 
2001 

C811 2 

9657 ICD-O LNs head, face 
and neck 

 1960 C811 1 

9657 MOTNAC LN, NOS  1969 C811 1 

9658 ICD-8 HD-NOS  2019, 201 C810 14 

9660 ICD-8 HD-NOS  2019 C817 1 

9660 ICD-O-2 Reticuloendothelial 
system 

 C423 C817 1 

9661 ICD-9 Hodgkin’s 
Granuloma 

 2011 C817 2 

9661 ICD-O-2 Reticuloendothelial 
system 

 C423 C817 1 

9662 ICD-8 HD-NOS  2019 C817 1 

9663 ICD-8 HD-NOS  201 C811 2 

9663 ICD-9 Nod Scl  2015 C811 1 

9663 ICD-O-2 Reticuloendothelial 
system 

 C423 C811 22 

 Total number of cases 1175 

Nod Scl=nodular sclerosis; HD-NOS=Hodgkin Disease, not otherwise specified; LP=lymphocyte 

predominant; LD=lymphocyte depleted; Mix Cell=mixed cellularity; LN=lymph nodes; UL=upper limbs; 

LL=lower limbs; ICD-International Classification of Diseases; ICD-O=International Classification of 

Diseases for Oncology; MOTNAC=Manual of Tumor Nomenclature and Coding 
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Appendix C 

Table 1. Rules for selection of demographic and treatment data 

 
 
 

  

Data items Rules adopted 

Date of HL diagnosis Earliest date chosen. If differences 
> 6 months and first date of 
treatment available, date chosen 
closest to and before first treatment 
data. 

First dates of treatment Earliest date chosen after date of 
diagnosis. If discrepancies > 6 
months between newly collected 
data and original recall exercise, 
original data chosen as collected 
closer to the time of treatment.  

Radiotherapy fields Most detailed anatomical 
descriptions chosen e.g. “left neck” 
> “neck” for episodes dated within 2 
months (i.e. presumed to be same 
episode). Any additional anatomical 
field information was added as new 
information. Where field information 
from the original data collection 
conflicted with new information, e.g. 
“mantle” versus “modified mantle”, 
the information collected closest to 
the time of treatment was chosen. 

Radiotherapy Doses Additional doses associated with 
new anatomical fields were added. 
More detailed decimal dosing 
information was chosen if available 
for the same episode (dated within 2 
months) e.g. “35.52” versus “35”. If 
differences existed between newly 
collected and old dose data for the 
same episode, the data collected 
closest to the time of treatment was 
chosen. 

Chemotherapy regimens If differences existed between newly 
collected and old data for the same 
episode, regimen data collected 
closest to the time of treatment was 
chosen. 
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Table 2. Rules for determining multiple cases of breast cancer 

Dates of breast cancer diagnoses on all sources within 6 months but 
different laterality, behaviour or histology then distinct cases. 

Dates of breast cancer diagnoses within 6 months, same laterality but 
different behaviour or different histology then recorded as distinct cases. 

Dates of breast cancer diagnoses >5 years since first case, if any notes from 
medical records or received from data source suggest metastatic relapse 
then not recorded as distinct case. 
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Appendix D 

RT Field Grouping Text within field contains 

Supra Only Mantle (upper / lower) 
Modified Mantle / Mini mantle 
Neck 
Mediastinum 
Axilla 
Lung 
Thorax 
Supraclavicular / SCF / Supraclavicular fossa 
Chest / Chest wall 
Arm 
Cervical nodes / Cervical chain 
Yes, details u/k 
T6, T7 
mediast 
Shoulder 
thorac 
cervico 
details u/k, supra 
“field u/k” AND “mediastinal” 
“had rt” AND “mantle” 
head 
parotid 
paratracheal 
face 
whole brain 
med 
ONLY “media” 
mediastinim 
medistinim 
medn 
auricular 
tonsil 
sternum 
skull 
“yes, details u/k” AND “underarm” 

Supra including breast breast 
chest 
thorax 
axilla 
mediastinum 
upper chest 
upper mediastinum 
infraclavicular 
mantle 
spine 
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supraclavicular 
modified mantle 
mini mantle 
supradiaphragmatic 
thoracic spine 
upper back 
back 

Supra not including 
breast 

arm 
cervical 
brain 
elbow 
face 
forequarter 
head 
mandible 
parotid 
nasal pharynx 
nasopharynx 
neck 
shoulder 
tonsil 

Infra  abdomen 
retroperitoneal 
inguinal 
pelvis 
para-aortic 
acetabulum 
spleen 
liver 
groin 
iliac 
Inverted-Y 
knee 
femur 
lower spine 
lumbar spine 
subdiaphragmatic 
trouser 
upper abdomen 

NK ONLY “NK” 
ONLY “ant” 
ONLY “ant&post” 
ONLY “field u/k” 
“gold grain implant” 
ONLY “field u/k” 
ONLY “lymph nodes” 
ONLY “parallel pair” or “parallel pair ant/post” 
“prt” 
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ONLY “upper” or “upper 1/2” 

Both Supra + Infra field or: 
TNI 
TBI 
spine 
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Appendix E 

Chemotherapy Group Chemotherapy Drug 

Classic Alkylator Mustine 
Carmustine 
Cyclophosphamide 
Chlorambucil 
Melphalan 
Carboplatin 
Bendamustine 
Uracil Mustard 
Lomustine 
ccnu 
Ifosfamide 
Estamustine 
Mitomycin 
thio-tepa 
mechlorethamine 
lowmustine 

Non-classic alkylator Dacarbazine 
Procarbazine 
methylhydrazine  
Methyl Hydrazine 

Anthracycline Epirubicin 
Doxorubicin 
Adriamycin 
Andromycin 
Daunorubicin 
idarubicin 

Vinca-alkaloid  Vincristine 
Vinblastine 
Vinorelbine 
Vindesine 

Platinum Cisplatin 
Carboplatin 
Oxaliplatin 

High intensity MDR  >drugs in 1 episode- excluding “non-
chemotherapy” drugs and steroids 

Anti-metabolites Fludarabine 
Cytarabine / cytarine 
clofarabine 
Gemcitabine 
Methotrexate 
Fluorouracil 
Mecaptapurine / Mercaptopurine 
cb3717 

Taxanes Docetaxel 
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Paclitaxel 

Non-grouped agents bleomycin 

hydroxyurea 

etoposide 

mitoxantrone 

pentamethethyl melamine 

teniposide 

vepeside 

hydroxyorea 

thioguanine 

razoxane 

Zalypsis 

campath 

Cyclophosporin 

teniposide 

dibromodulcitol 

basiliximab 

bortezomib 

Rituximab 

alemtuzumab 
 

Steroids Prednisolone 
Prednisone 
predsnisolone 
prenisolone 
Dexamethasone 
Hydrocortisone 
medrone 

Other “non-chemotherapy” drugs drinamyl 

Filgrastim 

G-CSF 

hydrochloride 

ondansetron 

maxolon 

Medarex 

NK 

terramycin 

allopurinol 

chloramphenicol 

largactil 

mesna 

metaclopramide 

neomycine 

Chlorpromazine 

prochlorperazine 

cyclizine 
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granisetron 

lorazepam 
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Appendix F 

HODGKIN LYMPHOMA SURVIVORSHIP QUESTIONNAIRE 
STUDY 

Patient Information sheet  

Introduction 
You are invited to take part in a national questionnaire research study investigating 

possible long term side effects of treatment in women with Hodgkin Lymphoma. This 

is being undertaken from the Institute of Cancer Research in collaboration with the 

Royal Marsden Hospital.  

This sheet explains why this research is being done and what it will involve, so that 

you can decide whether or not you wish to take part. Please take as much time as you 

need and feel free to discuss with your family, friends and anyone else you wish before 

deciding if you wish to participate. Do not hesitate to contact us if there is anything 

that is not clear or you need further information. 

Background and Purpose 
There is a considerable amount known about the long-term side effects that survivors 

of Hodgkin Lymphoma develop after their treatment, but there are also significant 

gaps in our knowledge that it is important to fill. 

By asking survivors of the disease questions about these late side effects for which 

relatively little is known, we hope to provide better information about long term risks 

of treatments and help improve the management and prevention of these side effects, 

not only for women such as yourself who have already been treated, but also for 

anyone in the future who develops Hodgkin Lymphoma. 

We are inviting women across the country who have been treated for Hodgkin 

Lymphoma at age 45 and under to take part. 

 

What will it involve?  
If you agree to participate we would ask that you sign the attached consent form before 

you complete the questionnaire. The questionnaire asks about health and lifestyle-

related factors, such as exercise, alcohol and smoking, as well as questions about 

certain medical conditions. It also asks for your permission to obtain details from your 

hospital doctor or medical notes to gain relevant information for use in this research, 

such as information about your diagnosis and treatments received. 

If you do not know the answers to all of the questions, please do not worry. 

Once you have completed the questionnaire, we have enclosed a prepaid envelope for 

you to return it to us at your convenience.  After you have done so, nothing else will 

be involved. 

In order to be able to gain as much understanding as possible about risks of late effects, 

we also request your permission to access stored biological material such as blood 

samples or tumour tissue samples that have already been taken by your hospital doctor 

during your treatment. There have been many important discoveries made over the 

last 15-20 years through studies using biological material to predict or test for risks of 

developing diseases, and therefore this could have great benefits for future Hodgkin 

Lymphoma patients. It would not involve you having any further tests or samples 

taken. 
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Do I have to take part? 
No, of course you do not have to take part if you do not want to. Participation is entirely 

voluntary and it is up to you to decide if you would like to do so. If you decide not to 

take part, this will not affect your medical care in any way. If you do decide to 

participate, you will be asked to complete and sign the consent form and you will be 

given a copy to keep.  

You will still, however, be free to withdraw at any time, without giving any reason. 

 

Will this information be kept confidential? 
Yes, of course. All information collected about you during the course of this research 

will be kept in the strictest confidence and kept under the medical supervision of 

Professor Anthony Swerdlow. We will not pass on any personal information about 

you to anyone else outside the study team, and no individually identifiable data will 

be published. The results will be published as overall statistics for everyone included 

in the study and not as results for individuals. The results will be published, and 

therefore available to you and your hospital doctor if you would like to know them at 

the end of the study. 

If you agree to us accessing relevant biological material such as tumour samples from 

biopsies or surgery you have had or blood samples, this will be accessed and stored in 

compliance with strict confidentiality criteria under the custodianship of the Institute 

of Cancer Research. The personal results of the material will never be made available 

to any agency or used for any purpose other than the research purpose described. 

 

What will happen to the results of this study? 
Once the research is complete we aim to publish the results in peer reviewed medical 

journals. We will send a results summary to the hospital doctors who wrote to you to 

invite you to take part who can then communicate the results directly to you. We will 

also publish a results summary on the ICR website which you will be free to access 

online. None of your personally identifiable data will be published. 

 

Who is organising and funding this study? 
This research has been funded by a grant awarded to the Institute of Cancer Research, 

which is part of the University of London by the medical research charity Cancer 

Research UK. 

 

Who has reviewed this study? 
All research in the NHS is looked at by an independent group of people, a Research 

Ethics Committee, to assess that the research is being conducted according to 

appropriate ethical standards and to protect your interests. This study has been 

reviewed and given favourable opinion by Greater Manchester West Research Ethics 

Committee. 

 

 

Contact for further information 
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If there is anything that is not clear or if you would like more information, please do 

not hesitate to contact the research team at the ICR using the details below, or your 

clinical team during office hours. 

Dr Aislinn Macklin-Doherty, Study Co-Ordinator 

Department of Epidemiology 

The Institute of Cancer Research 

Sir Richard Doll Building 

15 Cotswold Road, Sutton, Surrey 

SM2 5NG 

Tel: 0208 722 4474 

 

Contact for Support Services 
There are questions in this questionnaire relating to previous pregnancies. We 

sincerely apologise if you have found any of these questions difficult or distressing 

which has not been our intent. If you do need any additional support there are groups 

who can provide you with this and with more information. We include the contact 

details of some of these groups should you need them: 

The Lily Mae Foundation 

Website: www.lilymaefoundation.org 

Tel: 01676535716 

Email:  info@lilymaefoundation.org 

Address:  First Floor The Annex 

Fernhill Court 

Balsall Street East 

Balsall Common 

West Midlands 

CV7 7FR 

 

The Miscarriage Association 

Website: www.miscarriageassociation.org.uk 

Tel: 01924200799.  

Email:  info@miscarriageassociation.org.uk 

 

 

 

 

  

http://www.lilymaefoundation.org/
mailto:info@lilymaefoundation.org
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HODGKIN LYMPHOMA SURVIVORSHIP QUESTIONNAIRE STUDY 

CONSENT FORM 
 

In order to confirm whether you are willing to take part, as is standard in any medical 

research, we would be grateful if you could tick as appropriate each item below, sign 

and return this form. 

• I confirm that I have read and understood the information sheet for the 

above study, have had the opportunity to ask questions. I understand what 

is required for me to take part in this study. I understand that my 

participation is voluntary and I am free to withdraw at any time, without 

giving any reason, and without my medical care or legal rights being 

affected. 

 Yes  No 

    

    

• I am willing to complete the questionnaire for this study.     

   

• I agree that the research team may obtain information from my medical 

records or contact my hospital doctor or general practitioner, if they need 

to do so to gain information for use in this research. 

    

   

• I agree to the research team accessing stored biological material to obtain 

clinical information for future studies on late effects from the hospital 

doctors who look after me. 

    

    

Provide the contact name and address of your GP if you have consented for 

us to contact them: 

 

 ……………………………………………………………………………. 

 ……………………………………………………………………………. 

• I understand that relevant sections of my medical notes and data collected 

during the study may be looked at by individuals from The Institute of 

Cancer Research, from regulatory authorities or from the NHS Trust, where 

it is relevant to my taking part in this research. I give permission for these 

individuals to have access to my records. 

    

    

    

……………………………………………………….                   ……………………………….. 

SIGNATURE                                                                                  DATE 

………………………………………………………. 

NAME IN CAPITALS 
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Appendix G 

Treatment-related risk factors for lymphoedema - breast cancer cases 
removed  

Adjusted for current age (continuous) 

 

Risk Factor 
Lymphoedema 

Number 
affected 

Total % RR CI P value 

       
Treatment Type       
   No Radiotherapy 2 88 2.3 1.0 - - 
   Radiotherapy 2 29 6.9 3.5 0.5-23.2 0.19 
   Chemotherapy & Radiotherapy 4 116 3.5 1.6 0.3-9.1 0.57 
       
   No Radiotherapy 2 88 2.3 1.0 - - 
   Radiotherapy 6 145 4.1 1.8 0.4-8.9 0.46 
      SupraRT 6 143 4.2 1.8 0.4-8.9 0.45 
       
Dose of SupraRT (Gy)       
   No SupraRT 2 90 2.2 1.0 - - 
   1-29 0 11 0.0 - - - 
   30-39 2 85 2.4 1.3 0.2-8.5 0.80 
   ≥40 3 33 9.1 5.2 0.7-37.0 0.10 
   NK dose 1 14 7.1 4.2 0.3-59.8 0.29 
 Trend per 1Gy    1.02 0.98-1.07 0.34 
       

Total 8 233     


