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A B S T R A C T   

Background: UK COVID-19 mortality rates are amongst the highest globally. Controversy exists on the vulnera-
bility of thoracic cancer patients. We describe the characteristics and sequelae of patients with thoracic cancer 
treated at a UK cancer centre infected with COVID-19. 
Methods: Patients undergoing care for thoracic cancer diagnosed with COVID-19 (RT-PCR/radiology/clinically) 
between March-June 2020 were included. Data were extracted from patient records. 
Results: Thirty-two patients were included: 14 (43%) diagnosed by RT-PCR, 18 (57%) by radiology and/or 
convincing symptoms. 88% had advanced thoracic malignancies. Eleven of 14 (79%) patients diagnosed by RT- 
PCR and 12 of 18 (56%) patients diagnosed by radiology/clinically were hospitalised, of which four (29%) and 2 
(11%) patients required high-dependency/intensive care respectively. Three (21%) patients diagnosed by RT- 
PCR and 2 (11%) patients diagnosed by radiology/clinically required non-invasive ventilation; none were 
intubated. Complications included pneumonia and sepsis (43% and 14% respectively in patients diagnosed by 
RT-PCR; 17% and 11% respectively in patients diagnosed by radiology/clinically). In patients receiving active 
cancer treatment, therapy was delayed/ceased in 10/12 (83%) and 7/11 (64%) patients diagnosed by RT-PCR 
and radiology/clinically respectively. Nine (28%) patients died; all were smokers. Median time from symptom 
onset to death was 7 days (range 3–37). 
Conclusions: The immediate morbidity from COVID-19 is high in thoracic cancer patients. Hospitalisation and 
treatment interruption rates were high. Improved risk-stratification models for UK cancer patients are urgently 
needed to guide safe cancer-care delivery without compromising efficacy.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (COVID-19) was 

first reported in Wuhan China in December 2019 and has rapidly spread 
worldwide [1]. On 11th March 2020, the World Health Organisation 
(WHO) characterised COVID-19 as a pandemic [1]. Globally, the United 
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Kingdom (UK) has the second highest overall mortality rate from 
COVID-19 [1,2]; and the highest rate of excess mortality in Europe [3]. 
Despite initial suppression of COVID-19 infection after a nationwide 
lockdown, the COVID-19 case rate is again rapidly rising, resulting in a 
second peak of COVID-19 infection in the UK. Over 989,000 COVID-19 
cases have been confirmed in the UK by 31st October 2020, resulting in 
over 58,000 deaths [2]. 

The WHO estimates the global case fatality rate (CFR) from COVID- 
19 is 2.6% [1], but CFR varies significantly between countries. The UK’s 
CFR is currently 2.1 per 100,000 resident population, however the CFR 
was as high as 26% in hospitalised patients during the first COVID-19 
peak [2,4]. Whilst interpretation is limited by differences in COVID-19 
testing, data collection, and definitions of COVID-19-related mortality 
between countries, this indicates that variation in ethnicity and medical 
practice between countries may be associated with differential out-
comes, and thus assessment of region-specific patient populations are 
important to guide local guidelines and recommendations. 

Patients with cancer are susceptible to infection due to the immu-
nosuppressed state caused by local and systemic anti-neoplastic treat-
ments and presence of malignancy [5,6]. Population-based studies have 
demonstrated that patients with cancer have a higher risk of severe 
events and death from COVID-19 compared with patients without can-
cer; and patients with haematological and lung malignancies are 
particularly at risk [4,6,7,8,9,10]. The global Thoracic Cancers Inter-
national COVID-19 Collaboration (TERAVOLT) published the first 
report of outcomes in thoracic cancer patients with COVID-19 in July 
2020. This was followed by a single institution United States (US) study 
describing COVID-19 outcomes in lung cancer patients. Both demon-
strated a high mortality rate (33% and 25% respectively), supporting 
prior observations that this is a high-risk patient population [5,11]. 

Access to healthcare in the UK is different to other geographies given 
the control placed on emergency access from the National Health Ser-
vice (NHS) Gold command since declaration of a major incident, and 
may have impacted on UK-specific outcomes not easily distinguishable 
from pooled international datasets. Additionally, UK-specific cancer 
guidelines have resulted in treatment modifications including short 
radiotherapy fractionation, extended duration between immunotherapy 
doses and use of non-chemotherapy-based regimens [12]. 

Given the rising COVID-19 case rate in the UK and the high mortality 
rate from COVID-19 in thoracic cancer patients, factors associated with 
mortality need to be specifically explored for a UK cohort of patients 
with thoracic cancer, so clinicians can modify treatment advice to 
reduce morbidity and mortality in this at-risk patient population. 
Therefore, we describe the clinical characteristics and sequelae of UK 
patients with thoracic malignancy infected with COVID-19. 

2. Materials and methods 

2.1. Population 

Patients undergoing care for thoracic malignancies (as per the 
TERAVOLT inclusion criteria: small cell lung cancer, non-small cell lung 
cancer, mesothelioma, thymic epithelial tumours) at the Royal Marsden 
Hospital (RMH), a large academic cancer referral centre, and diagnosed 
with COVID-19 between 1 March and 30 June 2020 were included. 

Patients were diagnosed using one or more of the following methods: 
reverse transcriptase polymerase chain reaction (RT-PCR) test (defined 
as a positive RT-PCR assay result from a nose and/or throat swab as 
reported by local laboratory), computerised tomography (CT) scan of 
the chest (defined as reported to have radiological findings consistent 
with COVID-19 infection by radiologist and documented by treating 
clinician to have suspected COVID-19 infection on patient electronic 
medical records) and/or clinical symptoms (defined as having symp-
toms consistent with COVID-19 and documented by treating clinician to 
have clinically suspected COVID-19 infection on patient electronic 
medical records). 

2.2. Data collection 

COVID-19 positive patients were identified through the RMH 
microbiology list of patients who received RT-PCR testing, and through 
chart review of all patients booked into RMH lung unit clinics between 
March–June 2020 using electronic clinic lists. Additional chart review 
was performed on patients who made contact with the thoracic cancer 
nurse with symptoms suggestive of COVID-19 infection and/or were 
admitted to hospital. 

Data was prospectively collected from the electronic medical re-
cords, radiology reports and microbiology reports. The following data 
points were collected: demographics (age, sex, ethnicity, smoking status, 
performance status, height, weight, comorbidities, concomitant medi-
cations); cancer history (stage, histology, molecular status, sites of 
metastatic disease, cancer treatment); COVID-19 infection (diagnosis, 
symptoms, imaging, blood and RT-PCR results, hospitalisation, venti-
lation, complications, treatment received); and outcomes (death, cancer 
treatment interruption, home oxygen requirement, post COVID-19 im-
aging). Never-smokers were defined as those who had smoked less than 
100 cigarettes in their lifetime. Fever was defined as a temperature of 
38.0 ◦C or higher. Active treatment was defined as receiving treatment 
within 3 months before COVID-19 diagnosis. 

2.3. Outcomes 

The objectives were to describe the clinical characteristics, man-
agement and outcomes of patients with thoracic malignancy infected 
with COVID-19, and to describe factors associated with mortality. 

2.4. Statistical analysis 

Descriptive analyses were performed. Categorical variables were 
reported as frequencies (percentage) and continuous variables were 
reported as median (range). Outcomes for patients diagnosed by RT-PCR 
and those diagnosed by radiology and/or clinical symptoms only are 
described separately. 

Approval for this study was obtained through the RMH committee 
for clinical research (service evaluation number SE936). Patient consent 
was not required for this service evaluation. This research did not 
receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors. 

3. Results 

3.1. Patient characteristics 

Of 6379 records assessed, 32 patients with COVID-19 infection were 
included: 14 patients were diagnosed by RT-PCR, 18 patients were 
diagnosed by radiology and/or clinical symptoms only (Fig. 1 and 2). 
Three of 18 eligible patients who had clinical symptoms and radiological 
findings suspicious for COVID-19 tested negative on RT-PCR. 

Demographics are shown in Table 1. The median age was 70 years 
(range 40–84 years). Most were active or ex-smokers (75%); 31% had 
underlying chronic obstructive pulmonary disease and 19% had cardiac 
comorbidities. The majority had advanced thoracic malignancies (88%), 
and were on active treatment (72%). One patient included in the study 
was operated on for suspected lung cancer, but was found to have 
histoplasmosis. 

3.2. Presentation 

Twenty-seven patients (84%) were symptomatic at diagnosis. Ap-
pendix table A.1 shows the clinical characteristics of the 14 patients 
diagnosed by RT-PCR. Common symptoms were fever (57%), cough 
(50%) and dyspnoea (50%). Appendix Table A.2 shows the clinical 
characteristics of the 18 patients diagnosed by clinical symptoms and/or 
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* All patients who made contact with the thoracic cancer nurse with symptoms suggestive of COVID-19 infection, and patients admitted to 
hospital were captured in the electronic clinic lists between 1 March – 30 June 2020

** 7 patients received more than 1 RT-PCR test 

*** 6 patients had RT-PCR performed at another hospital (not RMH)

Records assessed for eligibility 
(n = 6,379)

Included (n = 24)

Lung Unit clinic appointments at 
Royal Marsden Hospital

(n = 3,062) *

Included (n=8) ***

Royal Marsden Hospital 
Microbiology PCR reports

(n = 3,317) 

Included in analysis

(n = 32)

Excluded (n = 3,038)
• Duplicate patients

(n = 2,298)
• Already identified through 

microbiology report 
(n = 8)

• No documented diagnosis 
of COVID-19 
(n = 732)

Excluded (n = 3,309)
• PCR negative 

(n = 3,141)
• Not thoracic cancer 

(n=158)

• Duplicate/multiple tests **
(n = 10) 

Fig. 1. Eligible patients. * All patients who made contact with the thoracic cancer nurse with symptoms suggestive of COVID-19 infection, and patients admitted to 
hospital were captured in the electronic clinic lists between 1 March – 30 June 2020. ** 7 patients received more than 1 RT-PCR test. *** 6 patients had RT-PCR 
performed at another hospital (not RMH). 
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radiological findings. Of these 18 patients, 14 (78%) experienced cough, 
10 (56%) experienced dyspnoea and 9 (50%) experienced fever; 6 (33%) 
patients experienced cough, dyspnoea and fever. One of the 2 patients 
who were asymptomatic at COVID-19 diagnosis later developed symp-
toms consistent with COVID-19 (fever and dyspnoea) and died from 
respiratory failure. 

Twenty-three patients had chest imaging, 22 (96%) of which re-
ported radiological changes suggestive of viral infection. Of the 14 pa-
tients diagnosed by RT-PCR, 11/14 had radiological findings on chest 
imaging: 6/11 (55%) on CT imaging, 5/11 (45%) on CXR (Appendix 
table A.1). The most common radiological findings were ground-glass 
change (7/11, 64%) and consolidation (5/11, 45%). Of the 18 patients 
diagnosed by clinical symptoms and/or radiological findings, 11/18 had 
radiological findings on chest imaging: 7/11 (64%) on CT imaging, 4/11 
(36%) on CXR (Appendix table A.2). The most common radiological 
findings were ground-glass change (7/11, 64%) and consolidation (5/ 
11, 45%). 

Thirteen patients had a subsequent scan after recovery from COVID- 
19 infection, of which 9 (69%) reported persistent radiological changes. 
The median time between the initial radiological scan at time of COVID- 
19 diagnosis and the subsequent radiological scan after recovery from 
COVID-19 infection was 60 days (range 34–91 days). Fig. 3 shows an 
example of one patient with COVID-19 who demonstrated radiological 
changes on routine response evaluation chest imaging, two months 
before development of symptoms. After development of symptomatic 
COVID-19 infection, she deteriorated rapidly, requiring hospitalisation 
and non-invasive ventilation for respiratory failure. She died one week 

after hospitalisation (Appendix Figure A.1: patient 2). 

3.3. Management and outcomes 

Outcomes are described in Table 2. Of the 14 patients diagnosed by 
RT-PCR, 11 (79%) patients were hospitalised (median duration of hos-
pitalisation 7 days; range 2–31 days). Four of 14 patients (29%) were 
admitted to the high dependency unit (HDU), and 4 (29%) died. Three of 
the 4 patients (75%) admitted to HDU died. Seven patients (50%) pa-
tients required oxygen, 3 (21%) required non-invasive ventilation (NIV) 
but no patients were intubated. Acute complications included pneu-
monia (43%) and sepsis (14%). Acute treatment received for COVID-19 
infection included antibiotics (9/14, 64%), corticosteroids (3/14, 21%) 
and anti-viral therapy (1/14, 7%). One patient required domiciliary 
oxygen at home after hospital discharge, and later died at home. All 3 
patients requiring NIV received antibiotics, 1 received corticosteroids 
(prednisolone 30 mg daily), and none received anti-viral or anti-fungal 
therapy. Cancer therapy was delayed or ceased in 10 of 12 (83%) pa-
tients on active treatment. 

Of the 18 patients diagnosed by clinical symptoms and/or radio-
logical findings, 12 (56%) patients were hospitalised (median duration 
of hospitalisation 3 days; range 2–9 days). Six (33%) patients required 
oxygen, 2 (11%) required NIV and 5 (28%) patients died. One patient 
was admitted to HDU, and one patient was admitted to the intensive care 
unit (ICU); both patients died. Patients were treated with antibiotics 
(12/18, 67%), corticosteroids (7/18, 39%) and anti-fungal therapy (2/ 
18, 11%). Acute complications included pneumonia (17%), acute 

RT-PCR

1 (3%)

0 (0%) RADIOLOGY

2 (6%)

SYMPTOMS

7 (22%)

11 (34%)

2 (6%) 9 (28%)

Fig. 2. Methods of COVID-19 diagnosis.  
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respiratory distress syndrome (ARDS) (11%), sepsis (11%) and ar-
rhythmias (11%). Cancer therapy was delayed or ceased in 7 of 11 (64%) 
patients on active treatment. 

Of the 9 patients who died, all were active or ex-smokers (Appendix 
Table A.3). Timelines for these patients are shown in Appendix 
Figure A.1. Half (55%) of the deceased patients were receiving chemo-
therapy at time of COVID-19 infection (Appendix Table A.3). The me-
dian time from symptom onset to death was 7 days (range 3–37 days). 
Seven patients died in hospital. 

One patient with a fluorodeoxyglucose (FDG) avid lung nodule on 
positron emission tomography (PET)/CT was incidentally diagnosed 
with COVID-19 infection on a routine pre-operative screening COVID-19 
RT-PCR prior to her elective lung surgery. She did not undergo a pre-
operative biopsy due to COVID-19 resource limitations. She underwent a 
left lower lobe wedge excision and frozen section with a view to proceed 
to lobectomy, 23 days after COVID-19 diagnosis. The final pathological 
diagnosis of the resected lung mass on the wedge resection was fungal 
infection, likely histoplasmosis. Patchy mild interstitial chronic 

Table 1 
Demographics of included patients.   

Total Diagnosed by RT-PCR Diagnosed by clinical symptoms / radiological findings      

n (%) n (%) n (%)  
N ¼ 32 N ¼ 14 N ¼ 18 

Age (years)    
Median (range) 70 (40 – 84) 63 (40 - 84) 70 (42 – 83) 
Sex    
Male 19 (59%) 8 (57%) 11 (61%) 
Female 13 (41%) 6 (43%) 7 (39%) 
Ethnicity    
White 28 (88%) 12 (86%) 16 (89%) 
Other 4 (12%) 2 (14%) 2 (11%) 
Smoking    
Never 7 (22%) 6 (43%) 1 (6%) 
Former / Current 24 (75%) 8 (57%) 16 (89%) 
NA 1 (3%) 0 (0%) 1 (6%) 
Pack year history    
Median (range) 27.5 (0 – 120) 10 (0 - 70) 30 (0 - 120) 
Body Mass Index    
Median (range) 24.2 (20.9 – 41.4) 23.2 (20.9 - 34.5) 24.8 (21.2 - 41.4) 
ECOG *    
0 5 (16%) 3 (21%) 2 (11%) 
1 21 (65%) 10 (71%) 11 (61%) 
2 6 (19%) 1 (7%) 5 (28%) 
>2 0 (0%) 0 (0%) 0 (0%) 
Comorbidities    
COPD 10 (31%) 2 (14%) 8 (44%) 
Cardiac disease** 6 (19%) 2 (14%) 4 (22%) 
Diabetes 3 (9%) 0 (0%) 3 (17%) 
Cerebrovascular disease 4 (12%) 1 (4%) 3 (17%) 
Chronic kidney disease 3 (9%) 1 (4%) 2 (11%) 
Regular medications    
Steroids*** 7 (22%) 2 (14%) 5 (28%) 
ACE inhibitor 3 (9%) 1 (4%) 2 (11%) 
ARB inhibitor 3 (9%) 1 (4%) 2 (11%) 
Aspirin 7 (22%) 2 (14%) 5 (28%) 
NSAID 5 (16%) 5 (36%) 0 (0%) 
Cancer type    
NSCLC 23 (72%) 9 (64%) 14 (78%) 
SCLC 3 (9%) 1 (4%) 2 (11%) 
Mesothelioma 3 (9%) 2 (14%) 1 (6%) 
Thymoma/Thymic 2 (6%) 1 (4%) 1 (6%) 
NA**** 1 (3%) 1 (4%) 0 (0%) 
Current stage    
1 to 2 3 (9%) 2 (14%) 1 (6%) 
3 to 4 28 (88%) 11 (79%) 17 (94%) 
NA 1 (3%) 1 (7%) 0 (0%) 
Cancer treatment    
None 9 (28%) 2 (14%) 7 (39%) 
Active treatment 23 (72%) 12 (86%) 11 (61%) 
• Immunotherapy 2 (6%) 0 (0%) 2 (11%) 
• Chemotherapy 6 (19%) 3 (21%) 3 (17%) 
• Chemoimmunotherapy 7 (22%) 5 (35%) 2 (11%) 
• TKI 5 (16%) 3 (21%) 2 (11%) 
• Radiation 2 (6%) 0 (0%) 2 (11%) 
• Surgery 1 (3%) 1 (7%) 0 (0%) 

Abbreviations: ACE: Angiotensin-converting enzyme; ARB: Angiotensin II receptor blockers; COPD: chronic obstructive pulmonary disease; ECOG: Eastern Cooperative 
Oncology Group performance status; NA: not applicable; NSAID: non-steroidal anti-inflammatory; NSCLC: non-small cell lung cancer; RT-PCR: reverse transcriptase 
polymerase chain reaction; SCLC: small cell lung cancer; TKI: tyrosine kinase inhibitor. 

* ECOG at last review prior to diagnosis of COVID-19. 
** Cardiac comorbidities: 4/6 had ischaemic heart disease and 2/6 had arrhythmias requiring permanent pacemaker. 
*** Steroids ≥ 10 mg prednisolone equivalent. 
**** Patient had suspected lung cancer based on imaging at time of COVID-19 diagnosis, but surgical resection specimen showed necrotising granuloma only. 
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inflammation was noted in the lung away from the nodule (Fig. 4). She 
did not proceed to lobectomy, and did no experience complications from 
her surgery or COVID-19 infection. 

4. Discussion 

This study of 32 thoracic cancer patients treated at a single academic 
UK cancer centre confirms the high mortality rate (28%) from COVID-19 
infection in patients with thoracic malignancies, which is higher than 
the CFR of the UK general population [2]. The mortality rate in our study 
is similar to the global TERAVOLT study of thoracic cancer patients 
(33%) and the US study of lung cancer patients with COVID-19 (25%) 
[5,11]. Likewise, the UK Coronavirus Cancer Monitoring Project 
(UKCCMP) study of 800 UK cancer patients diagnosed with COVID-19, 
reported an overall mortality rate of 28% (226/800) and a calculated 

mortality rate of 36% (32/90) in patients with respiratory and intra-
thoracic cancers (odds ratio for death 1.50; 95% CI, 0.91–2.45; p = 0.12) 
[6]. 

Despite the high mortality rate, only 1 patient (6%) in our study was 
admitted to ICU, and no patients received invasive ventilation. This 
proportion is lower than that seen in the general UK population (17% 
and 10% of hospitalised patients respectively) [4], and US lung cancer 
patients (21% and 18% respectively) [11]. However, it is similar to the 
UK general cancer population and the predominantly European thoracic 
cancer patient cohort enroled on the TERAVOLT registry [5,6]. It is 
unclear if this is related to patient wishes, cultural and/or institutional 
expectations or prioritisation of limited ICU resources to patients 
without cancer, especially in a cohort of patients with predominately 
advanced-stage thoracic malignancy. 

Patient characteristics in our study were similar to the TERAVOLT 

6th Jan 2020: Pre-COVID-19

1st April 2020: Radiological diagnosis of suspected COVID-19. Asymptomatic

28th May 2020: Admission to hospital for worsening dyspnoea.

Progressive clinical deterioration during hospitalisation.

28th May 2020: Admission to ICU 1st June 2020: NIV 3rd June 2020: 
Continued deterioration

4th June 2020: Death

Fig. 3. Radiographic changes of COVID-19 seen in one patient.  
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study (predominantly white, current/ex-smokers, advanced-stage, 
NSCLC, on active therapy), however most patients included in TERA-
VOLT were enroled from Italy, Spain and France (90%); only 2 patients 
from the UK were included in the preliminary analysis [5]. Due to the 
established high false-negative rate with nasopharyngeal swab RT-PCR 
[13,14], and the low rates of COVID-19 testing in the UK early in the 
pandemic (199 tests per million people) [15,16], half of the patients 
included in our study were diagnosed by clinical symptoms and/or 
radiological findings with unknown or negative RT-PCR results, higher 
than that reported by TERAVOLT [5]. Demographics were similar be-
tween those who were diagnosed by RT-PCR versus clinically; and pa-
tients in our study experienced similar symptoms (most common: cough, 
dyspnoea, fever) compared to previous studies with cancer and 
non-cancer patients, and similar rates of hospitalisation and death 
compared to previous studies with thoracic and non-thoracic cancer 
patients [4,5,6,7,9,10,17,18,19,20]. 

While chest imaging features, such as peripheral bilateral ground- 
glass opacities (GGOs) with or without consolidation, are sensitive for 
COVID-19 infection, they are not specific [6,14]. This is especially a 
challenge in thoracic cancer patients, as radiotherapy and drug-related 
pneumonitis are common mimics of COVID-19. The Radiological Soci-
ety of North America and the British Society of Thoracic Imaging have 
published guidance on reporting chest CT findings related to COVID-19, 
to help delineate COVID-19 changes from other aetiologies [21,22]. In 

our study, we found that almost all patients who had chest imaging had 
reported COVID-19 changes. One patient with chest imaging shown in 
Fig. 3 demonstrated radiologic changes typical of COVID-19. Before 
onset of symptoms, she demonstrated typical early stage changes of 
small subpleural GGOs mainly in the lower lobes. After symptom 
development, she developed progressive stage changes of peripheral 
bilateral multifocal GGOs, which then rapidly developed into areas of 
consolidation. 

To reduce the risk of COVID-19 transmission and mortality in pa-
tients with cancer, significant changes to patient care have occurred 
internationally, with fewer face-to-face patient visits, modifications to 
local and systemic cancer therapy, and alterations to response evalua-
tion [23]. Furthermore, the UK government implemented interim 
shielding measures for vulnerable populations, including patients with 
thoracic malignancies, which further complicate care delivery in UK 
cancer patients [2]. However, to balance cancer-related morbidity and 
mortality with that of COVID-19, it is crucial to identify predictors of 
poor outcomes, to thereby better inform appropriate treatment modifi-
cations. Albeit small sample size, only 1 of 5 (20%) patients on tyrosine 
kinase inhibitor (TKI) therapy died, while 5 of 8 (63%) patients on 
chemotherapy died. While small studies have previously suggested an 
increased risk of mortality in patients who recently received cytotoxic 
chemotherapy [19,24], this observation has not been reinforced by 
larger cancer database studies [5,6,10]. All patients who died in our 
study were current or ex-smokers, a risk factor observed in other studies 
with thoracic cancer patients [5,11]. A systematic review showed that 
22% of current smokers and 46% of ex-smokers had study-defined se-
vere complications from COVID-19 infection. Current smokers had a 
higher risk of severe complication (relative risk 1.45; 95% CI, 
1.03–2.04) compared to former and never smokers, and a higher mor-
tality rate (38.5%) [25]. Tobacco smoking could therefore be an 
important modifiable risk factor in the thoracic cancer population. 

In addition to risk-minimising care delivery changes, treatment 
strategies for COVID-19 remains a rapidly changing paradigm. Use of 
corticosteroids for management of COVID-19 was until recently 
controversial, with previous metanalysis from the Middle East respira-
tory syndrome coronavirus (MERS-CoV), severe acute respiratory syn-
drome (SARS-CoV) and H1N1 influenza pandemics suggesting harm in 
patients treated with corticosteroids; and small early Chinese studies 
reported increased mortality in patients with COVID-19 treated with 
corticosteroids [24,26]. Recently, the RECOVERY study, which rando-
mised 6425 patients to receive dexamethasone 6 mg once daily or usual 
care, demonstrated lower 28-day mortality rates in patients treated with 
dexamethasone compared to usual care (22.9% versus 25.7%; rate ratio 
0.83; 95% CI, 0.75–0.93; p<0.001) [27]. The benefit was mostly seen in 
those who required mechanical ventilation (rate ratio 0.64; 95% CI, 
0.51–0.81) or oxygen therapy (rate ratio 0.82; 95% CI, 0.72–0.94), and 
not in patients who did not require ventilatory support (rate ratio 1.19; 
95% CI, 0.91–1.55) [27]. Ten patients in our study received cortico-
steroids for COVID-19 management, of which 7 (70%) survived and 3 
(30%) died. However, of these 10 patients, 5 (50%) developed pneu-
monia as a secondary complication of COVID-19 infection. 

Another important treatment consideration is antimicrobial therapy. 
Evidence for anti-viral therapy has been disappointing [28]; only 1 pa-
tient in our study received anti-viral therapy. Co-infections with bacteria 
or fungi are common complications of influenza, and are major cause of 
mortality [29,30,31]. In patients with COVID-19, prevalence of reported 
secondary co-infection is low (6–15%), much lower than reported 
antimicrobial use (up to 70%) [20,32,33,34]. In the UK, a retrospective 
study of 836 hospitalised patients found a low frequency of bacterial 
infection (6.1%) and no evidence of fungal infection [34]. Twenty-eight 
percent of patients in our study developed pneumonia, higher than the 
general UK population; 66% received antibiotics and 6% received 
anti-fungal therapy. This finding may reflect the immunocompromised 
state of this patient cohort, and thus a lower threshold to implement 
antimicrobial therapy. 

Table 2 
Consequences of COVID-19.   

Totaln 
(%)N ¼
32 

Diagnosed by 
RT-PCRn (%)N 
¼ 14 

Diagnosed by clinical 
symptoms / radiological 
findingsn (%)N ¼ 18 

Died    
Yes 9 (28%) 4 (29%) 5 (28%) 
No 23 (72%) 10 (71%) 13 (72%) 
Hospitalised    
Yes 19 (59%) 11 (79%) 8 (44%) 
No 13 (41%) 3 (21%) 10 (56%) 
Required oxygen    
Yes 13 (41%) 7 (50%) 6 (33%) 
No 19 (59%) 7 (50%) 12 (67%) 
Required NIV    
Yes 5 (16%) 3 (21%) 2 (11%) 
No 27 (84%) 11 (79%) 16 (89%) 
HDU/ICU 

admission    
No 26 (81%) 10 (71%) 17 (94%) 
Yes 6 (19%) 4 (29%) 2 (12%) 
• ICU 
• HDU 

1 (3%) 
5 (16%) 

0 (0%) 
4 (29%) 

1 (6%) 
1 (6%) 

Complications    
Pneumonia 9 (28%) 6 (43%) 3 (17%) 
ARDS 3 (9%) 1 (7%) 2 (11%) 
Sepsis 4 (12%) 2 (14%) 2 (11%) 
Arrhythmia 3 (9%) 1 (7%) 2 (11%) 
Treatment 

received    
Antibiotics 21 (66%) 9 (64%) 12 (67%) 
Antivirals 1 (3%) 1 (7%) 0 (0%) 
Antifungals 2 (6%) 0 (0%) 2 (11%) 
Steroids 10 (31%) 3 (21%) 7 (39%) 
Home oxygen on 

discharge    
Yes 2 (6%) 1 (7%) 1 (6%) 
No 30 (94%) 13 (93%) 17 (94%) 
Treatment 

interruption    
No 15 (47%) 4 (29%) 11 (61%) 
Yes 17 (53%) 10 (71%) 7 (39%) 
• Delay 
• Cessation 

9 (28%) 
8 (25%) 

6 (43%) 
4 (29%) 

3 (17%) 
4 (22%) 

Abbreviations: ARDS: acute respiratory distress syndrome; HDU: high de-
pendency unit; ICU: intensive care unit; NIV: non-invasive ventilation; RT-PCR: 
reverse transcriptase polymerase chain reaction. 
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In addition, 1 patient in this study with radiologically suspected lung 
cancer was later proven to have histoplasmosis on surgical excision and 
no malignancy (Fig. 4). Of note, there was patchy interstitial chronic 
inflammation in the background lung, consistent with studies examining 
pathological changes in patients with COVID-19 infection which have 
also reported patchy inflammatory cellular infiltrates without hyaline 
membrane formation in early phase infection [35,36,37,38]. Severe 
COVID-19 lung pathology, such as diffuse alveolar damage and throm-
botic changes which can progress to fibrosis weeks to months later, were 
not detected in this asymptomatic patient [38]. 

This patient also highlights the significant disruption to lung cancer 
pathways during the COVID-19 pandemic, in that biopsy was not un-
dertaken prior to surgery due to resource prioritisation and reduced 
access to interventional procedures. Delays to diagnostic procedures is 
expected to lead to later presentation of more advanced malignancies in 
the months ahead. This is a hidden, grave consequence of the COVID-19 
pandemic which is not captured in current datasets. In addition, the high 
rates of cancer treatment interruption in patients on active treatment 
(74% in this study) has serious potential implications on future survival 
and morbidity. Furthermore, long term respiratory complications of 
COVID infection itself in patients with underlying lung disease are un-
known. Therefore, longitudinal follow-up will be crucial to understand 
the lasting implications of COVID-19 infection in survivors. 

Our study has several limitations. It is a small single-centre study, 
and therefore our results may not be generalisable to specific subgroups, 
such as patients receiving radiotherapy, or thoracic cancer patients 
outside the UK. Due to UK-specific implementation of patient shielding 
and UK-specific risk modifying changes to treatment, this population 
may not be representative of the global thoracic cancer population. In 
addition, UK patients with non-severe symptoms were advised to self- 
isolate at home rather than present to hospital during the first peak of 
COVID-19 infections. Therefore, our study may under-report the total 
number of thoracic cancer patients with COVID-19, as patients shielding 
in the community with mild COVID-19 symptoms, who were not booked 
into outpatient clinic and did not notify the RMH of their symptoms, 

may not have been captured in this study. Due to low COVID-19 testing 
rates in the UK during the early phase of the pandemic, we included 
patients diagnosed clinically and/or radiographically. Although our 
patient demographics is consistent with previously published studies 
which only included patients with RT-PCR-confirmed COVID-19 infec-
tion, pathological confirmation is not available for all patients in this 
study. Lastly, data regarding long-term consequences of COVID-19 
infection is lacking in our study, therefore we are not able to describe 
the true impact of this virus on lasting morbidity and subsequent 
mortality. 

This study highlights that COVID-19 mortality rates are particularly 
high in patients with thoracic malignancies. However, it also raises 
many questions regarding identification of predictors of poor outcome 
in thoracic cancer patients, to thereby better inform treatment decisions, 
an area of crucially needed research. Ten percent of lung cancer patients 
are never-smokers, and are usually on TKI therapy due to the oncogene- 
addicted nature of never-smoking lung cancer [39]; hence theoretically 
have minimal excess mortality risk. Furthermore, we did not demon-
strate increased mortality in patients receiving immunotherapy or 
radiotherapy. Treatment modifications, such as strict shielding mea-
sures, short radiotherapy fractionation and extended duration between 
immunotherapy treatments, may only achieve modest improvements in 
minimising COVID-19-related complications, but could compromise 
patient care and sense of wellbeing in this subgroup of thoracic patients. 
For clinicians to provide the best advice regarding cancer treatment, 
risk-stratification models to assess an individual’s vulnerability to 
serious COVID-19 infection are urgently needed. 

5. Conclusion 

Our single institution study describes a high mortality rate from 
COVID-19 in patients with thoracic malignancies during the first COVID- 
19 infection peak in the UK. All patients who died were current or ex- 
smokers, supporting the observation that smoking is an important 
modifiable risk factor in the thoracic cancer population during COVID- 

Fig. 4. Histoplasmosis mimicking lung cancer. A) The mass comprises a large necrotising granuloma with adjacent satellite granulomas. B) A Grocott stain shows 
small focally budding fungal spores, characteristic of histoplasmosis. C) Lung away from the nodules shows a patchy lymphoid infiltrate, consistent but not specific 
with COVID-19 infection. 
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19. 
Uncertainty regarding balancing the need to modify practices to 

minimise COVID-19 risk, while not compromising cancer care and 
quality of life is difficult, particularly in patients with advanced cancer 
and limited prognosis. Whilst the UK government initially enforced 
interim shielding and social distancing measures for vulnerable patients 
and provided short-term guidelines regarding delivering cancer therapy, 
future recommendations in this at-risk population remains unclear. As 
COVID-19 cases are again increasing in Europe, and COVID-19 is pre-
dicted to persist long-term in the UK, development of more complex and 
nuanced models to assess an individual’s vulnerability to serious COVID- 
19 infection are critically needed, that take into account not only the 
characteristics of the cancer but co-morbidities and other factors that 
influence risk. Treatment factors, such as the interaction of radiotherapy 
and COVID-19 infection, need to be further explored. Longitudinal 
follow-up is needed to better understand the chronic sequelae from 
COVID-19 infection, and its direct and indirect impacts on morbidity 
and subsequent mortality, and to guide chronic care recommendations 
for survivors of COVID-19. 
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