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Clinical relevance of clinical treatment
score post-5 years (CTS5) in HR-positive,
HER2-positive breast cancer
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There is currently no reliable predictive tool for late recurrence in hormone receptor (HR)-positive,
human epidermal growth factor receptor 2 (HER2)-positive breast cancer. This study aimed to explore
the potential of the clinical treatment score post-5l̥years (CTS5) as a predictive tool for long-term
survival beyond 5 years in patients with specifically HR-positive, HER2-positive breast cancer. We
collected patient-level data from the HERceptin Adjuvant (HERA) (BIG1-01; ClinicalTrials.gov
identifier: NCT00045032) trial. Our investigation focused on assessing the risk of late distant
recurrence (DR) and overall survival (OS) according to the CTS5 risk score as continuous value and
CTS5 stratification risk groups. A total of 1,818 patients with HR-positive, HER2-positive breast
cancer were included in this analysis. The CTS5 score, as a continuous variable, emerged as an
independent prognostic factor for both late DR (adjusted HR, 2.05; 95%CI, 1.63-2.58; P < 0.001) and
OS (adjusted HR, 2.02; 95% CI, 1.58-2.58; P < 0.001), respectively. In addition, multivariable analysis
showed a significant association between the high-risk group and adverse outcomes in late DR
(adjusted HR, 2.76; 95% CI, 1.84-4.13; P < 0.001) and OS (adjusted HR, 2.44; 95% CI, 1.59-3.73;
P < 0.001) compared to low/intermediate group. Consistent results were observed, regardless of age
or administration ofHER2-targeted therapy.CTS5 is a useful prognostic tool for predicting lateDRand
OS in HR-positive, HER2-positive breast cancer patients. Extension of endocrine therapy should be
actively considered in patients with CTS5 high-risk group.

In the treatment of early-stage hormone-receptor (HR)-positive, human
epidermal growth factor receptor 2 (HER2)-negativebreast cancer, adjuvant
endocrine therapy for 5 years has become a standard practice due to its
proven efficacy in reducing recurrences and mortality1. Nevertheless, a
substantial number of women still face the risk of late recurrences even after
completing the adjuvant endocrine therapy with ~50% of recurrences
occurring beyond the initial 5 years2,3. Several clinical trials have suggested
that patientswith amore extensive tumor burdenwere likely to benefit from
extending endocrine therapy after 5 years4,5. However, there are several
concerns regarding the endocrine therapy extension, including potential
overtreatment and adverse effects, as well as adherence to endocrine
therapy.

Currently, several multi-gene assays, including Breast Cancer Index
(BCI), MammaPrint, EndoPredict, Oncotype DX, and PAM50, have
demonstrated potential for predicting late recurrence in HR-positive,
HER2-negative breast cancer6. Particularly, BCI has been specifically vali-
dated for its ability to predict the benefit of extended endocrine therapy7–9.
However, the routine application of these multi-gene assays for predicting
late recurrence in all patients remains challenging in daily clinical practice.
The Clinical treatment score post-5 years (CTS5) is one of the available
tools, designed to predict the risk of late relapse occurring between
5–10 years after diagnosis for postmenopausal women. CTS5 is based on
clinicopathologic parameters, including tumor size, nodal status, age, and
histologic grade10. This model was developed and validated using data from
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two major randomized clinical trials, the ATAC (Arimidex, Tamoxifen,
Alone or Combination) trial11 and the BIG (Breast International Group)
1-98 trial12. Low CTS5 scores are indicative of a very low risk of late distant
recurrence, suggesting that extended endocrine therapy may not be neces-
sary for this specific subgroup.

Approximately 10% of breast cancers belong to HR-positive, HER2-
positive subtype13,14.While patients withHR-positive,HER2-positive breast
cancer also tend to experience late relapses compared to those with HR-
negative, HER2-positive breast cancer, or triple-negative breast cancer15,16,
the optimal duration of endocrine therapy for this subtype remains
uncertain. The ATAC and BIG 1-98 trials, which formed the basis for the
development and validation ofCTS5, enrolledpatients during the late 1990s
and early 2000s and, as such, did not evaluate HER2 status. Consequently,
the clinical utility of CTS5 in this specific context is still questionable.

This study aimed to determine whether the CTS5 could serve as a
valuable tool for predicting long-term survival beyond 5 years in patients
with HR-positive, HER2-positive breast cancer. To achieve this, we utilized
patient-level data from the HERceptin Adjuvant (HERA) (BIG1-01; Clin-
icalTrials.gov identifier: NCT00045032) trial17. We also assessed the clinical
validity ofCTS5 in relation to several factors, such as age and administration
of trastuzumab.

Results
Baseline characteristics
The study includeda total of 1818patientswithHR-positive,HER2-positive
breast cancer. The patient demographics are summarized in Table 1. Of
total, 1109 (61.0%) patients were aged 50 or less, and 1046 (57.5%) patients
had tumor grade III.Most patients (95.5%) had pT1 or T2 stage. In terms of
pN stage, 37.8% of patients were categorized as pN0, 36.4% as pN1, and
25.7% as pN2. Besides, 19.7% of patients received ovarian-function sup-
pression, 33.3% received trastuzumab for 1 year, and 34.9% received tras-
tuzumab for 2 years.

Out of these patients, 403 (22.2%) were classified in the low-risk sub-
group, 596 (32.8%) in the intermediate-risk subgroup, and 819 (45.0%) in
the high-risk subgroup. As expected, tumor grade, pT stage, and pN stage
significantly increased in the order of high-, intermediate-, and low-risk
groups. The majority of patients with tumor grade 3 (564 of 1046 [53.9%]),
pT3 (70of 81 [86.4%]), andpN2 (449of 468 [95.9%])were classified ashigh-
risk group.Meanwhile, theproportionofpatients aged50or less and the rate
of ovarian function suppression (OFS) application were significantly higher
in the order of CTS5 low-, intermediate-, and high-risk groups (P < 0.001,
P < 0.001, respectively). The other variables, such as ER and PR status and
administration of trastuzumab, did not differ depending on risk groups.

Table 1 | Baseline characteristics of study participants according to CTS5 risk group

Variables Low (N = 403) Intermediate (N = 596) High (N = 819) Total (N = 1818) P

Age <0.001

≤ 50 305 (75.7) 376 (63.1) 428 (52.3) 1109 (61.0)

> 50 98 (24.3) 220 (31.0) 391 (47.7) 709 (39.0)

ER 0.320

Positive 368 (91.3) 535 (89.8) 754 (92.1) 1657 (91.1)

Negative 35 (8.7) 61 (10.2) 65 (7.9) 161 (8.9)

PRa 0.857

Positive 281 (72.8) 404 (71.4) 550 (44.5) 1235 (72.2)

Negative 105 (27.2) 162 (28.6) 208 (27.4) 475 (27.8)

Tumor grade <0.001

1 26 (6.5) 14 (2.3) 7 (0.9) 47 (2.6)

2 238 (59.1) 239 (40.1) 248 (30.3) 725 (39.9)

3 139 (34.5) 343 (57.6) 564 (68.9) 1046 (57.5)

pT <0.001

1 372 (92.3) 317 (53.2) 232 (28.3) 921 (50.7)

2 30 (7.4) 269 (45.1) 517 (63.1) 816 (44.9)

3 1 (0.3) 10 (1.7) 70 (8.5) 81 (4.5)

pN <0.001

0 349 (86.6) 311 (52.2) 27 (3.3) 687 (37.8)

1 54 (13.4) 266 (44.6) 343 (41.9) 663 (36.5)

2 0 19 (3.2) 449 (54.8) 468 (25.7)

Endocrine therapy 0.165

No 31 (7.7) 51 (8.6) 49 (6.0) 131 (7.2)

Yes 372 (92.3) 545 (91.4) 770 (94.0) 1687 (92.8)

OFS <0.001

No 285 (70.7) 472 (79.2) 702 (85.7) 1459 (80.3)

Yes 118 (29.3) 124 (20.8) 117 (14.3) 359 (19.7)

Trastuzumab use 0.629

Observation 126 (31.3) 199 (33.4) 253 (30.9) 578 (31.8)

1 year 141 (35.0) 184 (30.9) 280 (34.2) 605 (33.3)

2 years 136 (33.7) 213 (35.7) 286 (34.9) 635 (34.9)
aMissing values.
ER estrogen receptor, PR progesterone receptor, pT pathologic T stage, pN pathologic N stage, OFS ovarian function suppression.
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Prognosis according to CTS5 risk groups
During the median follow-up of 132 months (range 61–158 months),
112 late DR events and 90 deaths occurred. There was a significant
difference in the probability of late DR and OS based on the CTS5
risk groups. Kaplan-Meier curves showed that the high-risk group
had significantly poor survival outcomes, while the low- and
intermediate-risk groups exhibited similar prognosis (Fig. 1).
Therefore, we analyzed survival outcomes by dividing the CTS5 risk
group into two groups: low/intermediate vs. high.

The high-risk group had a significantly worse prognosis in terms
of late DR (log-rank P < 0.001) and OS (log-rank P < 0.001) in all
patients (Fig. 1). Multivariable analysis showed that the high-risk
group was significantly associated with adverse late DR (adjusted HR,
2.76; 95% CI, 1.84-4.13; P < 0.001) and OS (adjusted HR, 2.44; 95%
CI, 1.59-3.73; P < 0.001) compared to low/intermediate group
(Table 2). In addition, the CTS5 score as a continuous variable was
an independent prognostic factor for late DR (adjusted HR, 2.05; 95%
CI, 1.63-2.58; P < 0.001) and OS (adjusted HR, 2.02; 95% CI, 1.58-
2.58; P < 0.001), respectively (Table 2).

Performance of CTS5 in subgroups
Next, we assessed the performance of CTS5 stratified by several clin-
icopathologic variables. Similar to the results in all patients, poor lateDRand
OS were observed in a high-risk group, regardless of age (Fig. 2). The
multivariable analysis revealed that the patients within the high-risk group
had significantly poor late DR (age ≤ 50: adjusted HR, 2.91; 95% CI,
1.74–4.89; P < 0.001, age > 50: adjusted HR, 2.46; 95% CI, 1.28–4.73;
P = 0.003) and OS (age ≤ 50: adjusted HR, 2.49; 95% CI, 1.38–4.49;
P = 0.003, age > 50: adjusted HR, 2.18; 95% CI, 1.18–4.03; P = 0.013)
compared to those within low/intermediate-risk group (Table 2). Further-
more, theCTS5 score as a continuous value alsohadaprognostic solid value,
irrespective of age (Table 2).

The difference in clinical outcomes according to the CTS5 risk group
remained similar in each patient group divided by administration of tras-
tuzumab (Fig. 3). In line with this, the multivariable analysis revealed that
patients within the high-risk group had significantly poor late DR (obser-
vation: adjusted HR, 2.00; 95% CI, 1.06–3.76; P = 0.032, trastuzumab for
1 year: adjusted HR, 3.20; 95% CI, 1.47–6.96; P = 0.003, trastuzumab for
2 years: adjustedHR, 3.46; 95%CI, 1.67–7.17; P = 0.001) compared to those

Fig. 1 | Kaplan-Meier estimates of survival according to CTS5 risk group.
Kaplan-Meier estimates of (A) late distant recurrence (DR) and (B) overall survival
(OS) according to CTS5 risk group (low vs. intermediate vs. high). Kaplan-Meier

estimates of (C) late distant recurrence (DR) and (D) overall survival (OS) according
to CTS5 risk group (low/intermediate vs. high).
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in the low/intermediate-risk group. Similarly, poor OS was observed in the
high-risk group (observation: adjusted HR, 2.16; 95% CI, 1.10–4.26;
P = 0.026, trastuzumab for 1 year: adjusted HR, 1.83; 95% CI, 0.85–3.92;
P = 0.122, trastuzumab for 2 years: adjusted HR, 3.69; 95% CI, 1.66–8.20;
P = 0.001). Moreover, the CTS5 score as a continuous value consistently
demonstrated robust prognostic value for both late DR and OS across all
trastuzumab administration groups (Table 3).

Discussion
In recent years, there have been efforts to broaden the application of CTS5, a
prognostic tool developed using data from postmenopausal women with
HR-positive breast cancer. However, most prior research has pre-
dominantly focused on assessing the applicability of CTS5 for pre-
menopausal women with HR-positive, HER2-negative breast cancer18–20.
Despite the common clinical scenario of deciding whether to extend
endocrine therapy in patients with HR-positive, HER2-positive breast
cancer, the precise predictive marker for guiding this decision remains
unclear. Toour knowledge, only one retrospective cohort study, utilizing the
Surveillance, Epidemiology, and End Results database, has demonstrated a
moderate prognostic value for CTS5 in late DR in HR-positive, HER2-
positive breast cancer21. Moreover, this study had a fatal limitation in that
the SEER database did not incorporate accurate treatment information.

For this reason, we explored the clinical validity of CTS5 in HR-posi-
tive, HER2-positive breast cancer using long-term outcome data from a
large-scale phase III trial comparing the effects of homogeneous anti-HER2
targeted therapy in early HER2-positive breast cancer.We found that CTS5
is a valuable tool for estimating the risk of late DR in patients with HR-
positive, HER2-positive breast cancer who remain free of DR during the
initial 5 years after randomization. Besides, we evaluated the performance of
CTS5 in subgroups stratified by age (≤50 vs. >50) and administration of
trastuzumab (observation vs. trastuzumab for 1 year vs. trastuzumab for
2 years), whichmay impact long-term clinical outcomes. Notably, poor late
DR and OS in patients within the CTS5 high-risk group are consistently
confirmed in each subgroup. Taken together, our results suggest that HR-
positive, HER2-positive breast cancer patients identified as high risk by
CTS5 may benefit from the extension of endocrine therapy.

Given the prevailing treatment practices in clinical settings, there are
several considerations for identifying the high-risk group using CTS5. First
of all, the patients likely to be CTS5-high risk usually receive neoadjuvant
systemic therapy rather than upfront surgery22. The present CTS5 model
relies on postoperative assessment of pathologic tumor size, the number of
involved nodes, and tumor grade,making its application in the neoadjuvant

setting challenging. Thus, it is essential to develop a novel model with a
combination of factors evaluated from the clinical stage and biopsy samples.
Furthermore, treatment response to neoadjuvant systemic therapy, such as
pathologic complete response, serves as a surrogate marker for predicting
prognosis23,24. Accordingly, it is crucial to evaluate whether predictive
models like CTS5 outperform compared to treatment response as an
indicator of late DR.

Unlike the results from the ATAC and BIG 1-98 trials, we observed no
difference in prognosis between the low- and intermediate-risk groups.
There are a couple of factors that might explain this discrepancy. The
percentage of patients classified as low-risk byCTS5 in our studywas 22.2%,
which is notably lower compared to the 42% and 42.6% proportions
observed in the ATAC and BIG 1-98 trials where the CTS5 model was
developed. Furthermore, given that participants who have received che-
motherapy are enrolled, the patients with an extremely early stage, such as
T1a-b and N0, are unlikely to be included in the HERA trial. Another
potential factor is the incomplete documentation ofmenopausal status for a
substantial portion of the HERA trial participants. Notably, 61% of patients
were aged 50 years or younger, although it is estimated that about one-third
of this subgroup received ovarian function suppression. Further analysis in
large-scale cohorts with more extremely early stages is needed to accurately
assess the prognostic significance of intermediate-risk by CTS5 in HR-
positive, HER2-positive breast cancer.

Our study has several limitations. First, our results should be inter-
preted with caution because this exploratory study was not prespecified
statistical analysis. Additionally, we could not obtain the data related to the
extensionof endocrine therapy,which couldpotentially have influencedour
findings. Given that the HERA trail was conducted in the early 2000s, it is
unlikely that the participants would receive the extension of endocrine
therapy. Lastly, in the HERA trial, only trastuzumab was administered as
anti-HER2 targeted therapy. Considering the evolving landscape of treat-
ment modalities in the contemporary era, such as the adoption of dual
HER2 blockade25 and the utilization of adjuvant trastuzumab emtansine in
patients who did not attain a pathological complete response (pCR) fol-
lowingneoadjuvant systemic therapy26, aswell as extended adjuvant therapy
withneratinib for high-riskHER2-positive breast cancer27, ourfindingsmay
not fully align with current clinical trends. Accordingly, a new validation
study onCTS5 comprising a cohort of HR-positive,HER2-positive patients
treated in accordance with current treatment guidelines.

In conclusion, our study provides substantial insights into the utility of
the CTS5 in predicting lateDR andOS in patients withHR-positive, HER2-
positive breast cancer. Notably, the discerning power of CTS5 persists when

Table 2 | Cox regression analysis of prognosis according to CTS5 risk group, stratified by age

Cohort CTS5 Late DR OS

HRa (95% CI) P HRa (95% CI) P

All patients CTS5 scoreb 2.05 (1.63-2.58) <0.001 2.02 (1.58-2.58) <0.001

CTS5 risk group

Low/intermediate Ref. Ref.

High 2.76 (1.84-4.13) <0.001 2.44 (1.59-3.73) <0.001

Age ≤ 50 CTS5 scoreb 2.06 (1.52-2.81) <0.001 1.95 (1.37-2.79) <0.001

CTS5 risk group

Low/intermediate Ref. Ref.

High 2.91 (1.74-4.89) <0.001 2.49 (1.38-4.49) 0.003

Age > 50 CTS5 scoreb 2.06 (1.44-2.94) <0.001 2.02 (1.44-2.85) <0.001

CTS5 risk group

Low/intermediate Ref. Ref.

High 2.46 (1.28-4.73) 0.007 2.18 (1.18-4.03) 0.013
aAdjusted for the administration of endocrine therapy, ovarian function suppression, and trastuzumab (observation vs. 1 year vs. 2 years).
bContinuous value.
CTS5 Clinical Treatment Score post-5 years, DR distant recurrence, OS overall survival.
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evaluated as both a continuous risk score and categorical risk groups. The
classification of patients into the high-risk group, as defined by CTS5, is
robustly associated with a significantly poorer prognosis compared to
individuals categorized as low- or intermediate-risk. Importantly, these
findings endure regardless of patient age or the administrationof anti-HER2
targeted therapy, both ofwhichmay exert an influence on long-term clinical
outcomes. As a consequence, our results advocate for the consideration of
prolonged endocrine therapy beyond the customary five-year period in this
specific subpopulation, underscoring the need for personalized therapeutic
approaches in HR-positive, HER2-positive breast cancer patients.

Methods
Study populations
In this study, we utilized Individual participant data from the phase III
clinical trial, HERA (NCT00045032). We accessed it according to Roche
policy, and it has been made available through Vivli, Inc. (www.vivli.org;
https://doi.org/10.25934/PR00006472). The HERA trial included 5102
female patients with HER2-positive invasive breast cancer who were ran-
domlyassigned1:1:1 toobservation (without trastuzumab), trastuzumab for
1 year, or trastuzumab for 2 year17,28. Through the open data resource, 4902

individual participant data were available. From these, we excluded 3084
women who (1) had HR-negative breast cancer (n = 2419), (2) lacked
clinicopathologic information for calculating CTS5 (n = 110), (3) had a
follow-up period of <5 years, or (4) experienced distant recurrence (DR)
event within 5 years after randomization. Finally, 1818 women were
included in this post hoc analysis (Fig. 4).

The study protocol was reviewed and approved by the Institutional
Review Boards of the Gangnam Severance Hospital, Yonsei University,
Seoul, Korea (IRB no. 2021-0961-001), and adhered to the principles of the
Declaration of Helsinki. The requirement for written informed consent was
waived due to the retrospective study design.

CTS5 calculation
We calculated the CTS5 score for each patient using the final CTS5 algorithm,
incorporating coefficients from the ATAC and BIG 1-98 datasets (https://
www.cts5-calculator.com). The clinicopathologic variables used for calculation
included age, tumor size, nodal status, and tumor grade: the equation of
CTS5= 0.438 ×number of involved nodes+ 0.988× (0.093× tumor size—
0.001× tumor size2+ 0.375 × tumor grade+ 0.017 × age)10. All tumor sizes
exceeding 30mm were replaced with a value of 30mm, and nodal status was

Fig. 2 | Kaplan-Meier estimates of survival according toCTS5 risk group. A Late distant recurrence (DR) and (B) overall survival (OS) in age≤ 50; (C) LateDR and (D) OS
in age > 50.
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converted to five-point categories: 0 and 1 as 0, 1 respectively, 2 ~ 3 as
2, 4 ~ 9 as 3, and >9 as 4. Patients were divided into three risk groups
using the cutoff points: low-(CTS5 < 3.13 for risk < 5%), inter-
mediate-(3.13 to 3.86 for risk of 5%–10%), and high-risk
(CTS5 > 3.86 for risk > 10%)10.

Statistical analysis
The primary objective was to evaluate whether CTS5 could predict the late
DR in patients with HR-positive, HER2-positive breast cancer. Time to late
DRwas definedas the period from5 years after randomization to the date of
the first tumor recurrence that occurred 5 years after randomization,

Fig. 3 | Kaplan-Meier estimates of survival according to CTS5 risk group. A Late distant recurrence (DR) and (B) overall survival (OS) in observation group; (C) Late DR
and (D) OS in 1 year trastuzuamb group. (E) Late DR and (F) OS in 2 years trastuzuamb group.
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excluding contralateral disease and locoregional recurrences, with deaths
before recurrence of distant breast cancer considered censoring events. In
addition, we examined whether there was a difference in overall survival
(OS) according to CTS5 stratification risk groups. OS was defined as the
time interval from 5 years after randomization to the first death event for
any reason.

Clinicopathologic features such as age, estrogen-receptor (ER) posi-
tivity, progesterone-receptor (PR) positivity, tumor grade, pathologic tumor
(pT) stage, pathologic nodal (pN) stage, and the administrationof endocrine
therapy, OFS, and trastuzumab between the groups were compared using
the chi-squared test. Kaplan-Meiermethodwasused to estimate the survival
rate, and the results between the groups were compared using the log-rank
test. Hazard ratios (HR) with its associated 95% confidence intervals (CI)
were estimated using Cox regression analysis adjusted for clinicopathologic
variables related to prognosis. All statistical analyses were performed using
SPSS statistical software version 26 (SPSS; Chicago, IL, USA), with sig-
nificance tests being two-sided, and a P-value < 0.05 considered statistically
significant.

Data availability
No datasets were generated or analysed during the current study.
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