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Abstract 
Purpose  Clinical Treatment Score at 5 years (CTS5) is a prognostic tool to estimate distant recurrence (DR) risk after 5 years 
of endocrine therapy for postmenopausal women with oestrogen receptor-positive (ER-positive) breast cancer.
Methods  The validity of CTS5 was tested in a retrospective cohort of patients diagnosed with early ER-positive breast can-
cer. The primary endpoint was DR in years 5–10. The primary analysis cohort consisted of postmenopausal women, with 
premenopausal women as a secondary analysis cohort. Cox regression models were used to determine the prognostic value 
of CTS5 and Kaplan–Meier curves were used with associated 10-year DR risks (%).
Results  2428 women were included with a median follow-up of 13.4 years. The CTS5 was significantly prognostic in both 
postmenopausal (N = 1662, HR = 2.18 95% CI (1.78–2.67)) and premenopausal women (N = 766, HR = 1.84 95% CI 
(1.32–2.56)). The 10-year DR risks were 2.9% (1.9–4.5), 7.2% (5.3–9.9), and 12.9% (10.0–16.7) for low, intermediate and 
high risk in postmenopausal women and 3.8% (2.2–6.7), 6.9% (4.4–10.8), and 11.1% (7.4–16.5) in premenopausal women, 
respectively. The number of observed DRs was significantly greater than expected in those predicted to be at high risk by 
CTS5 but this discordance was lost when those receiving more than 60 months of endocrine therapy were excluded.
Conclusions  The CTS5 demonstrated clinical validity for predicting late DR within a large cohort of unselected postmeno-
pausal patients but less so in premenopausal patients. Calibration of the CTS5 was good in patients who did not receive 
extended endocrine therapy. The CTS5 low-risk cohort has risk of DR so low as to not warrant extended endocrine therapy.
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Introduction

Oestrogen receptor (ER)-positive breast cancer can recur at 
distant sites up to at least 20 years after diagnosis [1]. Based 
on evidence from adjuvant studies [2–6], some women 
are recommended to extend endocrine therapy from 5 to 
10 years instead of 5 in order to ameliorate this risk. For 
women who have had 5 years of an aromatase inhibitor (AI) 
upfront, the benefit of a further 5 years is modest [5, 7]. For 
this reason, identification of women who can safely avoid 
extended endocrine therapy is of high clinical value.

The Clinical Treatment Score at 5 Years (CTS5) is the 
only risk prediction model that is calibrated for postmeno-
pausal women specifically for the risk of late distant recur-
rence (DR) (beyond 5 years). It is calculated from routinely 
collected clinicopathological variables (age, tumour size, 
tumour grade and lymph node burden) and was trained and 
validated on the datasets of postmenopausal women from 
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the ATAC and BIG 1–98 adjuvant endocrine therapy trials 
[8]. These data showed the prognostic value of the CTS5 in 
a combined population of over 13,000 women and demon-
strated its ability to assign women into specific risk catego-
ries, the lowest of which had a 3.6% risk of DR in years 5–10 
and hence these women can be advised of the limited value 
of extended endocrine therapy.

We aimed to establish whether the prognostic value of 
CTS5 can be extrapolated to a ‘real-world’ cohort of women, 
including both post- and premenopausal women. We con-
ducted a retrospective cohort study to test the validity of 
the combined ATAC/BIG 1–98 CTS5 algorithm in women 
treated for ER-positive early breast cancer in a single spe-
cialist centre. The result would indicate the degree of con-
fidence with which the CTS5 may be applied in routine 
clinical practice and also its potential for application in pre-
menopausal women. The CTS5 could help guide extended 
endocrine therapy decision making at 5 years in large num-
bers of women.

Methods

Patient cohort

Patients were identified through a computer-based search 
of hospital electronic patient records at the Royal Mars-
den NHS Trust. Standard demographic, histopathological, 
and treatment data were extracted. Inclusion criteria were: 
female, diagnosed with ER-positive breast cancer in years 
2000–2007, and underwent surgery with curative intent. 
Patients were excluded if they had a non-invasive cancer 
pathology, less than 5 years of follow-up since diagnosis, or 

developed a DR within 5 years of diagnosis. Women with 
ER-negative disease and those with missing clinicopatho-
logical information were also excluded (Fig. 1). Women 
were included in this analysis regardless of HER2 status 
and HER2 status was recorded.

It was initially planned for endocrine therapy beyond 
5 years to be an exclusion criterion. However, it was noted 
that by excluding these women, the cohort would become 
skewed in favour of those with lower stage disease. It was 
therefore decided that the primary analysis should include 
all women, irrespective of duration of endocrine therapy and 
a secondary analysis would exclude those receiving more 
than 5 years of endocrine therapy.

The CTS5 value was calculated for each patient using 
the published algorithm [8]. The CTS5 calculator is freely 
available on the internet to use (www.cts5-calcu​lator​.com). 
Where patients received neo-adjuvant chemotherapy or 
endocrine therapy, the higher of the pre-treatment and patho-
logical tumour indices was used. For patients with less than 
10 years of documented follow-up, it was assumed that they 
were recurrence-free.

Statistical analysis

The primary cohort for analysis was postmenopausal women 
and the secondary cohort was premenopausal women. The 
primary endpoint was DR in years 5–10 and the secondary 
endpoint was DR in years 5 onwards. Local, loco-regional 
relapse, and contralateral new primary events in years 0–5 
were not excluded. Pre-planned subgroup analyses were 
performed for chemotherapy-treated versus chemotherapy-
untreated patients and for those who received less than or 
equal to 5 years of endocrine therapy.

Fig. 1   CONSORT diagram Breast cancer diagnosis,
01/01/00 – 31/12/07,

Female, ER posi�ve and ER
unknown

(n=3598)

Included in analysis
(n=2428)

Excluded
Non-invasive disease (n=467)

Less than 5 years follow up (n=263)
Early recurrence (n=251)

Early death from other cause (n=98)
Lack of CTS5 input data ER nega�ve (n=36)

Metasta�c at diagnosis/Not treated cura�vely (n=16)
Not breast cancer (n=3)

Primary cohort
Postmenopausal

(n=1662)

Premenopausal

(n=766)

http://www.cts5-calculator.com
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For each endpoint, the prognostic value of the continuous 
CTS5 score was calculated using hazard ratios (HRs) for a 
unit increase in score along with 95% confidence intervals 
and likelihood ratios. Log-rank P values are presented to 
demonstrate degree of statistical significance. Patients were 
stratified into risk groups using the CTS5 cut-offs (<3.13, 
3.13–3.86 and >3.86) established in the development dataset 
which sought to define a low, intermediate and high-risk 
group with 5–10-year DR risk of <5%, 5–10% and >10%, 
respectively. Kaplan–Meier survival method was used to 
obtain the survival curves for the three risk categories based 
on the observed distant recurrence time and events. The 
5–10-year DR risks (%) were calculated with correspond-
ing 95% confidence interval. HRs between low/intermediate 
and low/high-risk groups were calculated with correspond-
ing 95% confidence intervals to demonstrate discrimination 
between risk groups.

Calibration of the CTS5 risk model in the postmeno-
pausal cohort was tested by comparing observed (O) with 
expected (E) DR events with the dataset divided into quin-
tiles. Expected events for each individual were derived from 
the baseline hazard in the original ATAC/BIG1–98 dataset. 
The baseline hazard was adjusted for patients with recur-
rences in years 5–10 and those who died of non-breast can-
cer causes in years 5–10. The adjustment was made on the 
basis of length of follow-up beyond 5 years. The overall per-
formance of the CTS5 is shown by likelihood ratio χ2 test.

Results

A total of 3598 women were identified by the electronic 
patient record search. After exclusions, a total of 2428 
women were included in the analysis (Fig. 1), with a median 
follow-up of 13.4 years (IQR 11.4–15.7) from diagnosis. 
1995 (82.2%) of women had HER2-negative disease, 222 
(9.4%), HER2-positive disease and for 211 (8.7%) HER2 
status was unknown. No post hoc analyses of the HER2-
positive subgroup were therefore considered.

The population included 1662 postmenopausal women 
(68.5%) and 766 premenopausal women (31.5%) (Table 1). 
Within the postmenopausal cohort, 46% were known pro-
gesterone receptor (PR)-positive (44% were PR unknown). 
Median tumour size was 18 mm and 73% of cancers were 
node-negative. 28% of women received chemotherapy 
(Table 1). Within the premenopausal cohort, 54% were 
known PR-positive (40% PR unknown) Median tumour 
size was 22 mm and 60% of cancers were node-negative. 
71% of women received chemotherapy. Median CTS5 score 
was near identical at 3.31 and 3.32 for pre- and postmeno-
pausal women, respectively (Table 1), which translated to a 
similar median DR risk of 5.96% and 6.03%, respectively. 
Median follow-up is shown in Table 1. 337 women had a 

documented follow-up of less than 10 years. Throughout 
the follow-up period, 149 (9%) DRs were recorded in post-
menopausal women, and 94 (12.3%) DRs in premenopausal 
women (Table 1 and Supplementary Table 1).

Prognostic value of the CTS5 for DR between 5 
and 10 years

Postmenopausal cohort

The CTS5 was significantly prognostic for late DR in 
years 5–10 in postmenopausal women with a HR of 2.18 
((1.78–2.67), p < 0.0001, LR-χ2 = 53.54) (Table 2). The 
predefined cut-off points were applied to stratify the cohort 
into three risk groups (Fig. 2a). Women in the intermediate 

Table 1   Baseline characteristics of the pre- and postmenopausal pop-
ulations

IQR interquartile range, ER oestrogen receptor, PR progesterone 
receptor, HER2 human epidermal growth factor 2, mm millimetre, DR 
distant recurrence

Premenopausal
(N = 766)

Postmenopausal
(N = 1662)

Median age (IQR) 46 (41–49) 62.5 (57–70)
Receptor Status
 ER-Positive 766 (100%) 1662 (100%)
 PR-Positive 417 (54.4%) 765 (46.0%)
 PR-Negative 49 (6.4%) 173 (10.4%)
 PR unknown 300 (39.2%) 724 (43.6%)
 HER2-Positive 97 (12.7%) 125 (7.5%)
 HER2-Negative 612 (79.9%) 1383 (83.2%)
 HER2 unknown 57 (7.4%) 154 (9.3%)

Tumour size (mm), median 
(IQR)

22 (14–33) 18 (12–27)

Grade
 Well 105 (13.7%) 356 (21.4%)
 Intermediate 405 (52.9%) 919 (55.3%)
 Poor 256 (33.4%) 387 (23.3%)

Nodes
 Negative 459 (59.9%) 1211 (72.9%)
 1 positive 133 (17.4%) 201 (12.1%)
 2–3 positive 96 (12.5%) 134 (8.1%)
 4–9 positive 64 (8.4%) 77 (4.6%)
 9+ positive 14 (1.8%) 39 (2.4%)

Chemotherapy 540 (70.5%) 468 (28.2%)
Endocrine therapy
 ≤ 60 months 572 (74.7%) 1405 (84.5%)
 >60 months 194 (25.3%) 257 (15.5%)

CTS5, median (IQR) 3.31 (2.69–3.85) 3.32 (2.71–3.85)
Number of DR after 5 years 94 (12.3%) 149 (9.0%)
Deaths after 5 years 68 (8.9%) 388 (23.4%)
Follow-up time, median (IQR) 13.8 (11.9–16.0) 13.2 (11.2–15.6)
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or high-risk group had a significantly higher risk (HR = 2.51 
((1.46–4.33), p = 0.001) and 4.67 ((2.78–7.85), p < 0.0001), 
respectively) compared to those categorized into the low-
risk group (Table 2). The low-risk category comprised 41% 
of the cohort whose risk of DR in years 5–10 was 2.9% 
(1.9–4.5) (Fig. 2a). The CTS5 remained highly prognos-
tic regardless of chemotherapy treatment, with a HR of 
2.08 ((2.03–3.2), p < 0.0001, LR-χ2 = 14.12) for chem-
otherapy-treated and HR = 2.42 (1.79–3.26), p < 0.0001, 
LR-χ2 = 31.06) for chemotherapy-naive patients (Table 2). 

We did not observe a significant interaction between CTS5 
and chemotherapy use (P = 0.52).

Observed versus expected DR events showed a signifi-
cant difference across quintiles with an overall χ2 for the 
difference between observed and expected of 4.2 with an 
O/E ratio of 0.82 (0.67–0.99) p = 0.041 (Fig. 3a). The sig-
nificant difference was explained by discordance in the high-
est quintile, where significantly fewer events were observed 
than expected (χ2 = 7.09). Similarly, good observed versus 
expected concordance by CTS5 risk group was seen in the 

Table 2   HRs (95% CI) for prognostic value of CTS5 according to menopausal status and follow-up period

HR hazard ratio, CI confidence interval, CTS5 clinical treatment score post 5 years, ET endocrine therapy

Years 5–10 Years 5+

Postmenopausal women
(N = 1662)

Premenopausal women
(N = 766)

Postmenopausal women
(N = 1662)

Premenopausal women
(N = 766)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

CTS5 continuous 2.18 (1.78–2.67) <0.0001 1.84 (1.32–2.56) <0.0001 2.08 (1.74–2.47) <0.0001 1.89 (1.48–2.41) <0.0001
  No chemotherapy 2.42 (1.79–3.26)

n = 1194
<0.0001 1.65 (0.75–3.66)

n = 226
0.21 2.27 (1.74–2.96) <0.0001 2.42 (1.39–4.23) 0.002

  Chemotherapy 2.08 (2.03–3.2)
n = 468

<0.0001 2.21 (1.42–3.41)
n = 540

<0.0001 1.82 (1.33–2.48) <0.0001 1.85 (1.35–2.55) <0.0001

P-interaction between 
CTS5 and chemo-
therapy

0.52 0.53 0.25 0.4

   ≤ 60 months ET 2.55 (2.03–3.20)
n = 1405

<0.0001 1.83 (1.22–2.74)
n = 572

0.003 2.29 (1.88–2.79) <0.0001 1.81 (1.35–2.41) <0.0001

CTS5 risk groups
  Low Reference Reference Reference Reference
  Intermediate 2.51 (1.46–4.33) 0.001 1.82 (0.88–3.78) 0.11 2.31 (1.47–3.63) <0.0001 2.36 (1.37–4.06) 0.002
  High 4.67 (2.78–7.85) <0.0001 3.04 (1.50–6.19) 0.002 4.41 (2.89–6.74) <0.0001 3.56 (2.06–6.13) <0.0001
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Fig. 2   Kaplan–Meier graphs for DR according to CTS5 risk groups in (a) postmenopausal women and (b) premenopausal women
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intermediate and low groups but lower than expected DRs 
were seen in the group predicted to be at high risk (Fig. 3b).

We secondarily assessed the prognostic value of the CTS5 
between 5 years to end of follow-up. The continuous CTS5 
had a similar HR in postmenopausal women as observed 
for years 5 to 10: 2.08 (1.74–2.7) versus 2.18 (Table 2). 
Significant risk stratification was observed between high, 
intermediate, and low-risk groups (high risk: HR = 4.41 
(2.89–6.74), p < 0.0001 and intermediate risk: HR = 2.31 
(1.47–3.63) p < 0.0001) (Table 2). Postmenopausal women 
in the low-risk group had a risk of DR of 6% (3.9–8.4) in 
years 5–19, which is approximately double compared to 
5–10 years.

Premenopausal cohort

The CTS5 was prognostic in the premenopausal cohort 
in years 5–10 (HR =  1.84 (1.32–2.56), p  <  0.0001, 
LR-χ2 = 13.25) (Table 2). In women treated with chemo-
therapy (N = 540), the CTS5 was significantly prognostic 
(HR = 2.21 (1.42–3.41), p < 0.0001, LR-χ2 = 12.50). For 
those who had not received chemotherapy (N = 226), the 
CTS5 score was not statistically significant for late DR 

(Table 2) but the test for interaction with chemotherapy was 
not statistically significant (P = 0.53).

Women in the CTS5 high-risk group had a threefold 
increased risk of late DR compared to those in the low CTS5 
risk group (HR = 3.04 (1.50–6.19), p = 0.002) (Table 2). 
The low-risk group comprised 41% of the cohort with a 
5–10-year DR risk of 3.8% (2.2–6.7) (Fig. 2b). However, 
no significant separation between low and intermediate risk 
groups were observed (Table 2). Calibration of CTS5 in the 
premenopausal cohort showed similar numbers of observed 
versus expected events in all quintiles (Fig. 4a). When apply-
ing the predefined CTS5 risk groups, significantly fewer 
observed versus expected events were observed in the high-
risk group (χ2 = 4.11) (Fig. 4b). Overall O/E ratio was 0.85 
(0.63–1.11), p = 0.231.

When analysing all events from year 5 onwards in pre-
menopausal women the continuous CTS5 had a HR for DR 
of 1.89 (1.48–2.41), p < 0.0001; LR-χ2 = 20.19) (Table 2). 
This significant effect was seen regardless of chemotherapy 
use. Significantly higher hazard ratios (high: HR = 3.56 
(2.06–6.13), p  <  0.0001) and intermediate: HR =  2.36 
(1.37–4.06), p = 0.003) were observed when compared to 
the low-risk group (Table 2). Women who were categorized 
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endocrine therapy use, (c) quintiles and 60 months or less of endo-
crine therapy use, and (d) risk groups and 60 months or less of endo-
crine therapy use
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into the low-risk group had a DR risk of 9% (5.2–15.5) in 
years 5–19 compared with women categorized into the inter-
mediate and high-risk groups where it was 16.5% and 25.6%, 
respectively.

999 women (744 postmenopausal and 255 premenopau-
sal) had less than 10 years documented follow-up. Analysis 
of the whole of the pre- and postmenopausal cohorts where 
patients were censored at last documented follow-up showed 
consistent results with presumed follow-up but slightly 
weaker HRs owing to shorter follow-up (Supplementary 
Table 2).

Prognostic value of the CTS5 for DR in those 
with ≤5 years of endocrine therapy

Finally, we investigated whether the length of endocrine 
therapy had an influence on the prediction of late DR by the 
CTS5. 1405 postmenopausal women and 572 premenopau-
sal women received no more than 60 months of endocrine 
therapy. The prognostic performance of CTS5 was improved 
in postmenopausal women but was near identical to that seen 
in irrespective of length of endocrine therapy in premeno-
pausal women (Table 2). The calibration in postmenopau-
sal women was improved for the top quintile/risk group 

of patients such that there were no significant differences 
between observed and expected numbers of events (O/E ratio 
of 1.00 (0.81–1.23) p = 0.94) (Fig. 3c). Similarly, the cali-
bration was much improved when looking at the CTS5 risk 
groups (Fig. 3d) with no excess predicted versus observed 
events in the high-risk group. In premenopausal women, the 
numbers of observed and expected distant recurrences were 
not significantly different as in the analysis irrespective of 
duration of endocrine therapy (Fig. 4c and d).

Discussion

Our results support the CTS5 being highly prognostic 
for the prediction of late distant recurrence in postmeno-
pausal women. This was regardless  of whether women 
received chemotherapy or not, and similar hazard ratios 
were observed for events in years 5–10 and also for years 5 
onwards. CTS5 stratified postmenopausal women into three 
distinctive risk groups and the 10-year DR risks largely mir-
rored those of the development set [8]. To our knowledge 
this is the first validation study of the combined ATAC/
BIG1–98 CTS5 algorithm and it gives important, promis-
ing results. We have shown that the CTS5 extrapolates to 
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a clinically unselected, non-trial population, is prognostic 
in premenopausal women and is applicable regardless of 
chemotherapy treatment.

Calibration of observed versus expected events was 
only significantly different for the top quintile of patients. 
Importantly, the secondary analysis, which excluded patients 
who were treated for longer than 60 months with endocrine 
therapy, led to good concordance between observed and 
expected events. This is almost certainly due to a reduction 
in risk due to extended endocrine therapy in this subgroup. 
Indeed, the reason for treating patients with extended endo-
crine treatment is to reduce their risk of relapse and the data 
here support that being achieved. The MA-17 study of the 
aromatase inhibitor letrozole showed a reduction in risk of 
DR of around 50% [5]. There appears to be less benefit from 
following 5 years of an aromatase inhibition with further 
aromatase inhibition but those data are less mature [9–11]. 
The proportions of patients receiving less than 60 months of 
endocrine therapy were 7%, 14% and 31% in those predicted 
to be at low-, intermediate- and high risk respectively, which 
is consistent with patients at lower risk, whose potential 
benefit from extended therapy is small, being denied this 
based on conventional risk estimates. This is also consistent 
with the difference in expected and observed events being 
most markedly changed between the primary and secondary 
analyses in the higher risk patients This evidence strongly 
supports CTS5 as an accurate prognostic tool for predict-
ing late distant recurrence in postmenopausal women in the 
absence of extending endocrine therapy.

Of particular note, the CTS5 was recently reported as 
overestimating late distant recurrence in patients at higher 
risk in a combined analysis of the TEAM and IDEAL trials 
[12]. However, all patients in the IDEAL trial and an unre-
ported proportion of patients in the TEAM trial received 
extended endocrine therapy, which would explain the appar-
ent overestimate of risk in only the higher risk group. Clearly 
validity of the CTS5 for estimating risk if endocrine therapy 
was not extended beyond 5 years can only be fairly tested in 
the absence of such therapy.

Given that the CTS5 was developed in a purely post-
menopausal cohort and includes an age component that 
reflects increased risk with age, we anticipated that its 
performance might be somewhat weaker in premenopausal 
women. The CTS5 was significantly prognostic for distant 
recurrence in years 5–10 and years 5 onwards in the pre-
menopausal population. The CTS5 identified a low-risk 
group whose DR risk in years 5–10 was 4.9%. However, 
this was greater than that seen in postmenopausal women 
and risk group stratification was not distinctive compared 
to the postmenopausal cohort. Interestingly however, 
there was an almost doubling of DR events among pre-
menopausal women beyond 10 years and this resulted 
in a more distinct separation of risk groups. Overall, the 

CTS5 demonstrated significant prognostic performance in 
premenopausal women but did not show strong clinical 
validity with regards risk group stratification as seen with 
postmenopausal women. The CTS5 might benefit from 
recalibration for use in premenopausal women. Of note, 
CTS5 was also applied to the TAILORx dataset and was 
found to have good prognostic value for women over 50 
but, as here, less so for women under 50 in an overall low 
stage population [13].

Strengths of this study are that the analysis is comprised 
of a large number of clinically unselected women and there-
fore represents a ‘real-life’ cohort. Data were carefully col-
lected by manual assessment of individual patient records 
after an initial computer search. Findings from the post-
menopausal cohort generally mirror that of the development 
dataset showing consistency between populations. Limita-
tions of the study are its retrospective nature and therefore 
relies on adequate documentation, which can have an impact 
on record-keeping. Within this study there was a small pro-
portion of patients with less than 10 years of follow-up, such 
that some events may have been missed in patients who were 
lost to follow-up. We estimated that this number is very low 
given that most women who experienced a recurrence return 
to their treating hospital for management. As in the original 
development of CTS5, the current study does not address the 
predictive value of the CTS5 for extended endocrine therapy. 
Applying the score to a cohort that has been randomized to 
continue endocrine therapy to 10 years versus stopping at 
five should therefore be conducted to generate evidence for 
the clinical utility of CTS5. Owing to the historic nature of 
this cohort, we were unable to perform subgroup analyses 
based on HER2 subtype. However, evaluation of the CTS5 in 
an ER-positive/HER2-positive population that has received 
HER2-targeted therapy is an important research question to 
address given the varied data that exists on HER2 status in 
the context of ER-positive breast cancer [14–16].

Several commercially available genomic assays have 
shown prognostic value for late distant recurrence [17–20] 
and have the benefit of incorporating clinical parameters 
with molecular predictors. Molecular assays, while adding 
more precision to risk estimation in years 0–5, carry a high 
cost and burden of resources, which will preclude their use 
in many centres both UK and worldwide. CTS5 on the other 
hand represents a cost-free, accessible tool that could be 
implemented immediately.

We recommend the use of the CTS5 for postmenopau-
sal women treated for ER-positive, HER2-negative breast 
cancer who are distant recurrence-free at 5 years. Our data 
supports recommendations that women who are ‘CTS5 low’ 
can safely stop endocrine therapy at 5 years owing to the low 
potential added benefit from continuing. Women who are 
‘CTS5 high’ are at sufficient risk to consider that continuing 
endocrine therapy would likely be worthwhile. For those that 
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fall into the intermediate category the management pathway 
is less clear and it may be that genomic models could further 
risk stratify these women.

Acknowledgement  This project represents independent research sup-
ported by the National Institute for Health Research (NIHR) Biomedi-
cal Research Centre at The Royal Marsden NHS Foundation Trust and 
the Institute of Cancer Research and Cancer Research UK. JR was 
funded by a Cridlan Fellowship.

Author Contribution  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by Juliet Richman and Ivana Sestak. The first draft of the 
manuscript was written by Juliet Richman and all authors commented 
on previous versions of the manuscript. All authors read and approved 
the final manuscript.

Data Availability  The datasets generated and/or analysed during the 
current study are available from the corresponding author on reason-
able request.

Compliance with ethical standards 

Ethical approval  This study was granted approval from the Committee 
for Clinical Research at the Royal Marsden Hospital. It was exempt 
from applying for research ethics approval as it was approved as a 
service evaluation.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Pan H, Gray R, Braybrooke J, Davies C, Taylor C, McGale P, Peto 
R, Pritchard KI, Bergh J, Dowsett M, Hayes DF, Ebctcg (2017) 
20-year risks of breast-Cancer recurrence after stopping endocrine 
therapy at 5 years. N Engl J Med 377(19):1836–1846

	 2.	 Davies C, Pan H, Godwin J, Gray R, Arriagada R, Raina V, Abra-
ham M, Alencar VHM, Badran A, Bonfill X, Bradbury J, Clarke 
M, Collins R, Davis SR, Delmestri A, Forbes JF, Haddad P, Hou 
MF, Inbar M, Khaled H, Kielanowska J, Kwan WH, Mathew BS, 
Mittra I, Muller B, Nicolucci A, Peralta O, Pernas F, Petruzelka 
L, Pienkowski T, Radhika R, Rajan B, Rubach MT, Tort S, Urru-
tia G, Valentini M, Wang Y, Peto R, G. Adjuvant Tamoxifen: 
Longer Against Shorter Collaborative (2013) Long-term effects 
of continuing adjuvant tamoxifen to 10 years versus stopping at 5 
years after diagnosis of oestrogen receptor-positive breast cancer: 
ATLAS, a randomised trial. Lancet 381(9869):805–816

	 3.	 Gray RG, Rea D, Handley K (2013) aTTom: long-term effects 
of continuing adjuvant tamoxifen to 10 years versus stopping at 

5 years in 6,953 women with early breast cancer. J Clin Oncol 
31(18):5

	 4.	 Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, Piccart MJ, 
Castiglione M, Tu D, Shepherd LE, Pritchard KI, Livingston RB, 
Davidson NE, Norton L, Perez EA, Abrams JS, Cameron DA, 
Palmer MJ, Pater JL (2005) Randomized trial of letrozole follow-
ing tamoxifen as extended adjuvant therapy in receptor-positive 
breast cancer: updated findings from NCIC CTG MA.17. J Natl 
Cancer Inst 97(17):1262–1271

	 5.	 Goss PE, Ingle JN, Pritchard KI, Robert NJ, Muss H, Gralow J, 
Gelmon K, Whelan T, Strasser-Weippl K, Rubin S, Sturtz K, Wolff 
AC, Winer E, Hudis C, Stopeck A, Beck JT, Kaur JS, Whelan K, 
Tu D, Parulekar WR (2016) Extending aromatase-inhibitor adju-
vant therapy to 10 years. N Engl J Med 375(3):209–219

	 6.	 Ohtani S, Iijima K, Higaki K, Sato Y, Hozumi Y, Hasegawa 
Y, Takei H, Tanaka M, Yagata H, Masuoka H, Tanabe M, 
Egawa C, Komoike Y, Saji S, Nakamura T, Yanagita Y, Ohtsu 
H, Mukai H, Iwase T (2019) Abstract GS3-04: a prospective 
randomized multi-center open-label phase III trial of extending 
aromatase-inhibitor adjuvant therapy to 10 years - results from 
1697 postmenopausal women in the N-SAS BC 05 trial: Arimi-
dex extended adjuvant randomized study (AERAS). Cancer Res 
79(4 Supplement):GS3-04-GS3-04

	 7.	 Mamounas EP, Bandos H, Lembersky BC, Jeong JH, Geyer CE 
Jr, Rastogi P, Fehrenbacher L, Graham ML, Chia SK, Brufsky 
AM, Walshe JM, Soori GS, Dakhil SR, Seay TE, Wade JL 3rd, 
McCarron EC, Paik S, Swain SM, Wickerham DL, Wolmark N 
(2019) Use of letrozole after aromatase inhibitor-based ther-
apy in postmenopausal breast cancer (NRG oncology/NSABP 
B-42): a randomised, double-blind, placebo-controlled, phase 
3 trial. Lancet Oncol 20(1):88–99

	 8.	 Dowsett M, Sestak I, Regan MM, Dodson A, Viale G, Thurli-
mann B, Colleoni M, Cuzick J (2018) Integration of clini-
cal variables for the prediction of late distant recurrence in 
patients with Estrogen receptor-positive breast cancer treated 
with 5 years of endocrine therapy: CTS5. J Clin Oncol 
36(19):1941–1948

	 9.	 Blok EJ, Kroep JR, Meershoek-Klein Kranenbarg E, Duijm-
de Carpentier M, Putter H, van den Bosch J, Maartense E, van 
Leeuwen-Stok AE, Liefers GJ, Nortier JWR, Rutgers EJT, van 
de Velde CJH, I.S. Group (2018) Optimal duration of extended 
adjuvant endocrine therapy for early breast cancer; results of the 
IDEAL trial (BOOG 2006-05). J Natl Cancer Inst 110(1)

	10.	 Colleoni M, Luo W, Karlsson P, Chirgwin J, Aebi S, Jerusalem G, 
Neven P, Hitre E, Graas MP, Simoncini E, Kamby C, Thompson 
A, Loibl S, Gavila J, Kuroi K, Marth C, Muller B, O’Reilly S, Di 
Lauro V, Gombos A, Ruhstaller T, Burstein H, Ribi K, Bernhard 
J, Viale G, Maibach R, Rabaglio-Poretti M, Gelber RD, Coates 
AS, Di Leo A, Regan MM, Goldhirsch A, S. Investigators (2018) 
Extended adjuvant intermittent letrozole versus continuous letro-
zole in postmenopausal women with breast cancer (SOLE): a 
multicentre, open-label, randomised, phase 3 trial. Lancet Oncol 
19(1):127–138

	11.	 Gnant M, Steger G, Greil R, Fitzal F, Mlineritsch B, Manfreda 
D, Tausch C, Balic M, Dubsky P, Moik M, Thaler J, Egle D, 
Bjelic-Radisic V, Selim R, Exner R, Singer C, Melbinger E, 
Haslbauer F, Stöger H, Helfgott R, Sevelda P, Trapl H, Wette 
V, Sölkner L, Jakesz R (2018) Abstract GS3-01: a prospective 
randomized multi-center phase-III trial of additional 2 versus 
additional 5 years of anastrozole after initial 5 years of adjuvant 
endocrine therapy – results from 3,484 postmenopausal women 
in the ABCSG-16 trial. Cancer Res 78(4 Supplement)

	12.	 Noordhoek I, Blok EJ, Meershoek-Klein Kranenbarg E, Putter H, 
Duijm-de Carpentier M, Rutgers EJT, Seynaeve C, Bartlett JMS, 
Vannetzel JM, Rea DW, Hasenburg A, Paridaens R, Markopou-
los CJ, Hozumi Y, Portielje JEA, Kroep JR, van de Velde CJH, 

http://creativecommons.org/licenses/by/4.0/


123Breast Cancer Research and Treatment (2021) 186:115–123	

1 3

Liefers GJ (2020) Overestimation of late distant recurrences in 
high-risk patients with ER-positive breast cancer: validity and 
accuracy of the CTS5 risk score in the TEAM and IDEAL trials. 
J Clin Oncol:JCO1902427

	13.	 Sestak, I., Crager M., J. Cuzick, et al (2019) Validation of the 
clinical treatment score post 5 years (CTS5) in women with hor-
mone receptor positive, HER2-negative, node-negative disease 
from the TAILORx study. In SABCS, TX, USA

	14.	 Kaufman B, Mackey JR, Clemens MR, Bapsy PP, Vaid A, Ward-
ley A, Tjulandin S, Jahn M, Lehle M, Feyereislova A, Revil C, 
Jones A (2009) Trastuzumab plus anastrozole versus anastrozole 
alone for the treatment of postmenopausal women with human 
epidermal growth factor receptor 2-positive, hormone receptor-
positive metastatic breast cancer: results from the randomized 
phase III TAnDEM study. J Clin Oncol 27(33):5529–5537

	15.	 Strasser-Weippl K, Horick N, Smith IE, O’Shaughnessy J, Ejlert-
sen B, Boyle F, Buzdar AU, Fumoleau P, Gradishar W, Martin M, 
Moy B, Piccart-Gebhart M, Pritchard KI, Lindquist D, Rappold 
E, Finkelstein DM, Goss PE (2015) Long-term hazard of recur-
rence in HER2+ breast cancer patients untreated with anti-HER2 
therapy. Breast Cancer Res 17:56

	16.	 Cameron D, Piccart-Gebhart MJ, Gelber RD, Procter M, Gol-
dhirsch A, de Azambuja E, Castro G Jr, Untch M, Smith I, Gianni 
L, Baselga J, Al-Sakaff N, Lauer S, McFadden E, Leyland-Jones 
B, Bell R, Dowsett M, Jackisch C, T. Herceptin Adjuvant Trial 
Study (2017) 11 years’ follow-up of trastuzumab after adju-
vant chemotherapy in HER2-positive early breast cancer: final 
analysis of the HERceptin Adjuvant (HERA) trial. Lancet 
389(10075):1195–1205

	17.	 Filipits M, Nielsen TO, Rudas M, Greil R, Stoger H, Jakesz R, 
Bago-Horvath Z, Dietze O, Regitnig P, Gruber-Rossipal C, Mul-
ler-Holzner E, Singer CF, Mlineritsch B, Dubsky P, Bauernhofer 

T, Hubalek M, Knauer M, Trapl H, Fesl C, Schaper C, Ferree S, 
Liu S, Cowens JW, Gnant M, Austrian B, G. Colorectal Cancer 
Study (2014) The PAM50 risk-of-recurrence score predicts risk 
for late distant recurrence after endocrine therapy in postmeno-
pausal women with endocrine-responsive early breast cancer. Clin 
Cancer Res 20(5):1298–1305

	18.	 Sestak I, Cuzick J, Dowsett M, Lopez-Knowles E, Filipits M, 
Dubsky P, Cowens JW, Ferree S, Schaper C, Fesl C, Gnant M 
(2015) Prediction of late distant recurrence after 5 years of endo-
crine treatment: a combined analysis of patients from the Austrian 
breast and colorectal cancer study group 8 and arimidex, tamox-
ifen alone or in combination randomized trials using the PAM50 
risk of recurrence score. J Clin Oncol 33(8):916–922

	19.	 Sgroi DC, Sestak I, Cuzick J, Zhang Y, Schnabel CA, Schroeder 
B, Erlander MG, Dunbier A, Sidhu K, Lopez-Knowles E, Goss 
PE, Dowsett M (2013) Prediction of late distant recurrence in 
patients with oestrogen-receptor-positive breast cancer: a prospec-
tive comparison of the breast-cancer index (BCI) assay, 21-gene 
recurrence score, and IHC4 in the TransATAC study population. 
Lancet Oncol 14(11):1067–1076

	20.	 Buus R, Sestak I, Kronenwett R, Denkert C, Dubsky P, Krapp-
mann K, Scheer M, Petry C, Cuzick J, Dowsett M (2016) Com-
parison of EndoPredict and EPclin with Oncotype DX recurrence 
score for prediction of risk of distant recurrence after endocrine 
therapy. J Natl Cancer Inst 108(11)

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Clinical validity of clinical treatment score 5 (CTS5) for estimating risk of late recurrence in unselected, non-trial patients with early oestrogen receptor-positive breast cancer
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 
	Introduction
	Methods
	Patient cohort
	Statistical analysis

	Results
	Prognostic value of the CTS5 for DR between 5 and 10 years
	Postmenopausal cohort
	Premenopausal cohort

	Prognostic value of the CTS5 for DR in those with ≤5 years of endocrine therapy

	Discussion
	Acknowledgement 
	References




