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Abstract 

Background Hormone receptor (HR)‑positive, HER2/neu‑negative breast cancers have a sustained risk of recurrence 
up to 20 years from diagnosis. TEAM (Tamoxifen, Exemestane Adjuvant Multinational) is a large, multi‑country, phase 
III trial that randomized 9776 women for the use of hormonal therapy. Of these 2754 were Dutch patients. The current 
study aims for the first time to correlate the ten‑year clinical outcomes with predictions by CanAssist Breast (CAB)—a 
prognostic test developed in South East Asia, on a Dutch sub‑cohort that participated in the TEAM. The total Dutch 
TEAM cohort and the current Dutch sub‑cohort were almost similar with respect to patient age and tumor anatomi‑
cal features.

Methods Of the 2754 patients from the Netherlands, which are part of the original TEAM trial, 592 patients’ sam‑
ples were available with Leiden University Medical Center (LUMC). The risk stratification of CAB was correlated with 
outcomes of patients using logistic regression approaches entailing Kaplan–Meier survival curves, univariate and 
multivariate cox‑regression hazards model. We used hazard ratios (HRs), the cumulative incidence of distant metasta‑
sis/death due to breast cancer (DM), and distant recurrence‑free interval (DRFi) for assessment.

Results Out of 433 patients finally included, the majority, 68.4% had lymph node‑positive disease, while only a 
minority received chemotherapy (20.8%) in addition to endocrine therapy. CAB stratified 67.5% of the total cohort as 
low‑risk [DM = 11.5% (95% CI, 7.6–15.2)] and 32.5% as high‑risk [DM = 30.2% (95% CI, 21.9–37.6)] with an HR of 2.90 
(95% CI, 1.75–4.80; P < 0.001) at ten years. CAB risk score was an independent prognostic factor in the consideration of 
clinical parameters in multivariate analysis. At ten years, CAB high‑risk had the worst DRFi of 69.8%, CAB low‑risk in the 
exemestane monotherapy arm had the best DRFi of 92.7% [vs CAB high‑risk, HR, 0.21 (95% CI, 0.11–0.43), P < 0.001], 
and CAB low‑risk in the sequential arm had a  DRFi of 84.2% [vs CAB high‑risk, HR, 0.48 (95% CI, 0.28–0.82), P = 0.009].
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Conclusions Cost‑effective CAB is a statistically robust prognostic and predictive tool for ten‑year DM for postmeno‑
pausal women with HR+/HER2−, early breast cancer. CAB low‑risk patients who received exemestane monotherapy 
had an excellent ten‑year DRFi.

Keywords CanAssist Breast (CAB), Early breast cancer, Adjuvant, Endocrine therapy, Distant recurrence

Background
Nowadays, integrated models are used to make treat-
ment decisions about escalation or de-escalation of either 
endocrine therapy or chemotherapy for early-stage, hor-
monal receptor (HR)-positive, HER2/neu-negative breast 
cancer, with the consideration of both anatomical and 
biologic risk [1]. Genomic tools, such as the 21-gene 
recurrence score (RS, Oncotype-Dx), 70-gene recurrence 
score (MammaPrint), PAM50 (Prosigna), and EndoPre-
dict Clin (EPClin) provide clinicians with information on 
clinical prognosis or chemotherapy response prediction 
[2–5].

However, there is a great need for better prognostic/
predictive tests in HR+/HER2−breast cancer that dig 
deeper into tumor biology independent of prolifera-
tive capacity, including aggressive biology of younger or 
node-positive patients. Also, prognostic tools useful 
in long-term risk predictions in patients with clinically 
intermediate risk (we defined it as one to three lymph 
nodes involved and/or grade II, TNM stage II) diseases 
are still elusive and will undoubtedly add value. Current 
genomic tools are based on either qPCR or RNA micro-
array methods, which are expensive and may increase the 
social-economic burden, some of them without combin-
ing clinical parameters. Immunohistochemistry-based 
tests have several advantages, such as direct and func-
tional state visualization of proteins, quantitative and cel-
lular location information, and not being confounded by 
effects of non-tumorous tissues.

CanAssist Breast (CAB), a prognostic test was devel-
oped based on three clinical parameters (tumor size, 
grade, and axillary lymph nodes) and the expression 
of five biomarkers (CD44, N-Cadherin, pan Cadherin, 
ABCC4 and ABCC11) quantitated using immunohisto-
chemistry and scoring by pathologists [6]. CAB uses a 
Support Vector Machine Learning (SVML)-based algo-
rithm to predict risk score and category (high or low) 
[7–9]. CAB predicts the risk of distant recurrence within 
five years from diagnosis in early-stage, HR+/HER2− 
breast cancer patients. CAB has been validated on breast 
cancer patient cohorts from India, the USA, and Europe 
showcasing identical performance on 5-year recur-
rence  risk predictions across multiple races/ethnicities 
[8, 10, 11]. It was interesting to see 83–85% concordance 
in the low-risk group between CAB and Oncotype DX/ 
MammaPrint, the highest ever shown between any two 

prognostic tests [11, 12]. Interestingly, CAB stratified a 
higher percentage of the previous retrospective cohort as 
low-risk than the IHC4 score and re-stratified over 74% 
of patients with both high Ki-67 and IHC4 intermediate-
risk score into the low-risk category [13]. Nevertheless, it 
has not been validated in the context of a phase III rand-
omized trial and moreover, it would be judicious to eval-
uate the performance of CAB for long-term recurrence 
risk predictions.

Therefore, the present exploration analysis is sought 
to clinically validate CAB in the Dutch sub-cohort of the 
TEAM trial (Tamoxifen, Exemestane Adjuvant Multina-
tional). TEAM trial showed that disease-free survival was 
similar between the two arms (exemestane alone versus 
sequential treatment with tamoxifen followed by exemes-
tane) at ten years [10, 14, 15]; thus it requires an addi-
tional assay to further differentiate the prognosis of these 
two arms. The current validation study on tumor samples 
from the TEAM trial aimed to assess the ability of CAB 
to predict the risk of distant recurrence at ten years for 
the first time, for postmenopausal patients with early 
breast cancer, HR-positive, HER2-negative, node-nega-
tive or positive disease.

Methods
Study population
The parent trial for this study was TEAM, a global mul-
ticenter, open-label, randomized, phase III study of post-
menopausal women with HR+breast cancer, conducted 
from 2002 to 2016 (Trial Registration: ClinicalTrials.
gov NCT00279448, NCT00032136, and NCT00036270; 
Netherlands Trial Registry NTR267). The inclusion and 
exclusion criteria and registration information of TEAM 
were described previously [10]. Patients were randomly 
assigned (1:1) to receive exemestane (25 mg once a day, 
orally) or sequential therapy (tamoxifen of 20 mg once a 
day, orally for 2.5–3.0 years, and switched to exemestane 
therapy for a total duration of 5.0  years). Stratification 
factors included center, adjuvant chemotherapy (yes vs 
no) and time period between surgery and starting hormo-
nal therapy (0–3 months vs 3–6 months vs > 6 months). 
In the original TEAM trial, 6120 patients were involved 
in the intention-to-treatment (ITT) analysis. The samples 
from a cohort of 592 patients were collected from the 
Dutch trial population of 2754 patients. Finally, CAB was 
successfully done on 480 patient samples. Patients with 
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HER2-positive receptor status, TNM stage IV or missing 
lymph node status, and loss of follow-up were excluded 
from the final analysis of the present study (Additional 
file  1: Figure S1). The study has been carried out in 
accordance with the Declaration of Helsinki. All patients 
provided informed consent.

Study end points
The primary endpoint of this study was the cumula-
tive incidence of distant recurrence or metastasis/death 
due to breast cancer (DM), or the freedom from dis-
tant metastasis or death due to breast cancer (known as 
[DRFi]). DRFi was defined as the time from randomiza-
tion to distant recurrence or death due to breast cancer 
if no recurrence was reported before death. Other end-
points were cumulative incidence of relapse or recur-
rence-free survival (RFS), cumulative mortality or overall 
survival (OS), and cumulative incidence of invasive breast 
cancer disease or invasive disease-recurrent free survival 
(iDFS). RFS was defined as the time from randomization 
to any breast cancer recurrence or death due to breast 
cancer if no recurrence was reported before death. OS 
was defined as the time from randomization to death 
due to any cause. iDFS was defined as the time from ran-
domization to disease recurrence (locoregional or dis-
tant recurrence or new primary breast cancer, excluding 
ductal carcinoma in situ [DCIS] of any kind and new sec-
ond primary non-breast cancer) or death from any cause.

Statistical analysis
Kaplan–Meier estimates of DM, cumulative incidence of 
relapse, cumulative mortality, and cumulative incidence 
of invasive disease were calculated for CAB risk groups 
for the total cohort, treatment groups or designated sub-
groups, compared by log-rank tests. Univariate and mul-
tivariate hazard ratios (HRs), as well as the interaction 
between subgroups and prognostic factors, were calcu-
lated by the Cox proportional hazard model. For multiple 
comparisons, the P value was adjusted using the method 
of Benjamini–Hochberg (BH). Data were collected in the 
Central Statistical and Data Centre (Leiden University 
Medical Center, LUMC, Leiden, the Netherlands). Statis-
tical analyses were done with R (4.0.3 version) with the 
Survival, Survminer, Ggplot2, Ggpubr, Forestplot, Rms, 
and Rstatix packages. The endpoints were censored at 
10.0 years. All tests were two-sided, and a P-value of less 
than or equal to 0.05 was considered significant.

Performance of CAB
Tumor samples were initially assessed for amount of 
tumor with the hematoxylin and eosin staining method. 
CAB is only performed in OncoStem’s CAP (College 
of American Pathologists) and ISO13485 accredited 

laboratory in Bangalore, India. Tumor samples with 
greater than 30% of tumor content were processed for 
immunohistochemistry (IHC) experiments for CAB 
markers. IHCs were  performed on a Ventana Benchmark 
automated IHC stainer [8]. The IHC grading information 
along with clinical parameters (tumor size, histological 
grade, node status) was provided as inputs to the statis-
tical algorithm. The algorithm predicts a risk score and 
based on the predefined threshold, patients with a risk 
score of below and equal to 15.5 are deemed to have a 
low risk for distant recurrence and patients with a risk 
score of above 15.5, are considered as a high risk for dis-
tant recurrence [16].  The team performing CAB were 
blinded to patient outcomes. 

Results
Patient and tumor characteristics
Of the 592 Dutch patients enrolled in TEAM, 433 
(73.1%), consistent with the inclusion criteria of the 
present study, underwent CanAssist Breast (CAB) test 
(Additional file  1: Figure S1). The two trial arms in the 
current study were well-balanced, with a median fol-
low-up of 10.5  years (IQR 10.4–10.6). A total of 221 
patients were randomized  to  the exemestane arm, and 
212 patients were randomized into the sequential arm 
(Table  1). The median age was 65.0  years. The majority 
were T2 (51.3%), lymph node-positive (68.4%), TNM 
stage II (79.4%), and grade II-III (79.5%). Most of the 
patients (79.2%) received endocrine therapy alone. 404 
(93.3%) patients had lymph node stage of pN0-1, defined 
as node-negative (31.6%) plus one to three nodes (61.7%) 
involved, while 6.7% had N2 disease. The distributions of 
the tumor stage, lymph node stage, TNM stage, age, and 
estrogen receptor (ER) were not significantly different 
compared to the Dutch population (n = 2754 patients), 
while in the current study, there were higher proportions 
of low-grade, progesterone receptor (PR)-positive and 
patients without receiving chemotherapy (Table 1).

Validation of CAB in the Dutch cohort of TEAM trial
CAB was analyzed as a categorical variable (low or 
high-risk). 32.5% of patients were classified as the high-
risk group, while the rest of them were in the low-risk 
group. In Kaplan–Meier survival analysis, CAB signifi-
cantly stratified patients for the primary endpoint, DM 
[11.5% (95% CI, 7.6–15.2) for low-risk, vs 30.2% (95% 
CI, 21.9–37.6) for high risk; HR, 2.90 (95% CI, 1.75–
4.80); P < 0.001; Fig.  1A]. Other endpoints included 
cumulative incidence of relapse (HR, 1.99; 95% CI, 
1.27–3.10; P < 0.001; Fig.  1B), cumulative mortal-
ity (HR, 1.38; 95% CI, 0.93–2.07; P = 0.09; Additional 
file 2: Figure S2A), and cumulative incidence of invasive 
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breast cancer recurrence (HR, 1.40; 95% CI, 0.98–2.01; 
P = 0.05; Additional file  2: Figure S2B). In each of the 
endpoints barring cumulative mortality, CAB high-risk 
patients had significantly higher recurrences/worse 
outcomes than CAB low-risk patients.

The Cox regression model was adjusted for T stage, 
lymph nodal status, grade, and CAB risk in multivariate 
analysis. The result showed that CAB risk score (HR, 

2.54; 95% CI, 1.67–3.85; P < 0.001) was an independent 
prognostic factor for DM (Table 2).

CAB risk stratification in N+ and N0‑1 subgroups
The CAB risk score was prognostic for DM in the sub-
set of patients with lymph node-positive (N+; HR, 3.11; 
95% CI, 1.76–5.48; P < 0.001; Fig.  1C), or in the sub-
set of patients with N0-1 (HR, 2.63; 95% CI, 1.48–4.68; 

Table 1 Baseline patient characteristics

a  For the tumor stage in the total Dutch population, there was one case classified as T0 or T in situ, not shown but calculated in this table. There were another five 
cases classified as Tx or unknown, not shown but calculated in this table. For the lymph node stage in the total Dutch population, 132 cases included N3, one case 
unknown, not shown but calculated in this table. For the TNM stage in the total Dutch population, there were 136 cases classified as IIIC or IV stage, 15 cases unknown, 
not shown but calculated in this table. For grade in the total Dutch population, there were 181 cases classified as grade unknown, not shown but calculated in this 
table. For ER in the total Dutch population, there was one case classified as unknown, not shown but calculated in this table. For PR in the total Dutch population, 
there was one case classified as unknown, not shown but calculated in this table. b For continuous variables with normal distribution, a t-test was performed. Chi-
squared test was performed when comparing categories. For the trend in proportion, the Cochran-Armitage trend test was performed

Exemestane 
Arm (N = 221)

Sequential Arm (N = 212) Total (N = 433) Dutch population in 
TEAM trial analysis 
(N = 2754)a

P value (current study 
vs. Dutch population in 
the TEAM trial)b

Age

 Median [Min, Max] 65.0 [46.0, 85.0] 64.5 [46.0, 90.0] 65.0 [46.0, 90.0] 64.0 [38.0, 96.0] 0.694

Tumor stage

 pT1 100 (45.2%) 94 (44.3%) 194 (44.8%) 1236 (44.9%) 0.423

 pT2 112 (50.7%) 110 (51.9%) 222 (51.3%) 1329 (48.3%)

 pT3 5 (2.3%) 3 (1.4%) 8 (1.8%) 120 (4.4%)

 pT4 4 (1.8%) 5 (2.4%) 9 (2.1%) 63 (2.3%)

Lymph node stage

 pN0 71 (32.1%) 66 (31.1%) 137 (31.6%) 832 (30.2%) 0.085

 pN1 139 (62.9%) 128 (60.3%) 267 (61.7%) 1454 (52.8%)

 pN2 11 (5.0%) 18 (8.5%) 29 (6.7%) 327 (11.9%)

TNM stage

 I 30 (13.6%) 22 (10.4%) 52 (12.0%) 354 (12.9%) 0.208

 IIA 102 (46.2%) 105 (49.5%) 207 (47.8%) 1183 (43.0%)

 IIB 74 (33.5%) 63 (29.7%) 137 (31.6%) 661 (24.0%)

 IIIA 11 (5.0%) 17 (8.0%) 28 (6.5%) 352 (12.8%)

 IIIB 4 (1.8%) 5 (2.4%) 9 (2.1%) 53 (1.9%)

Histological grade

 G1 40 (18.1%) 49 (23.1%) 89 (20.6%) 420 (15.3%) < 0.001

 G2 117 (52.9%) 115 (54.2%) 232 (53.6%) 1219 (44.3%)

 G3 64 (29.0%) 48 (22.6%) 112 (25.9%) 934 (33.9%)

Estrogen receptor (ER)

 Positive 219 (99.1%) 209 (98.6%) 428 (98.8%) 2700 (98.0%) 0.335

 Negative 2 (0.9%) 3 (1.4%) 5 (1.2%) 53 (1.9%)

Progesterone receptor (PR)

 Positive 185 (83.7%) 176 (83.0%) 361 (83.4%) 1999 (72.6%) < 0.001

 Negative 35 (15.8%) 31 (14.6%) 66 (15.2%) 601 (21.8%)

 Not determined 1 (0.5%) 5 (2.4%) 6 (1.4%) 153 (5.6%)

Chemotherapy received

 Yes 44 (19.9%) 46 (21.7%) 90 (20.8%) 812 (29.5%) < 0.001

 No 177 (80.1%) 166 (78.3%) 343 (79.2%) 1942 (70.5%)
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P < 0.001; Fig.  1D). During the first five years, CAB was 
also prognostic for early DM in N+ patients (HR, 2.60; 
95% CI, 1.24–5.46; P = 0.008; Additional file  3: Figure 
S3A). The significant interaction between node status 
and CAB was recorded (Pinteration < 0.001), but node sta-
tus was not an independent risk factor in the multivariate 
regression model.

Association of endocrine therapy and CAB sub‑categories 
with survival outcomes
In the exemestane arm, patients were significantly clas-
sified into low or high-risk groups by CAB for DM 
(HR, 4.76; 95% CI, 2.26–10.04; P < 0.001; Fig. 2A). In the 
sequential arm, CAB could also predict the prognosis for 
DM (HR, 2.00; 95% CI, 1.01–3.97; P = 0.03; Fig. 2B). The 
stratification ability of CAB was better in the exemestane 
arm than in the sequential arm.

For patients with N+, there was significant associa-
tion between CAB risk category and DM at ten years, 
in exemestane arm (HR, 4.74; 95% CI, 2.03–11.03; 
P < 0.001; Additional file  3: Figure S3B) and sequential 
arm (HR, 2.17; 95% CI, 1.01–4.65; P = 0.04; Additional 
file 3: Figure S3C).

Prognostication by CAB in patients treated with endocrine 
therapy alone
CAB provided statistically significant prognostic infor-
mation on DM in patients who received endocrine 
therapy alone (HR, 3.30; 95% CI 1.83–5.94; P < 0.001; 
Fig.  2C). For patients with N+ who did not receive 
chemotherapy, CAB could significantly stratify patients 
for DM as well (HR, 3.05; 95% CI, 1.58–5.88; P < 0.001; 
Fig. 2D). Furthermore, CAB could stratify patients into 
low or high-risk groups for DM in both arms; exemes-
tane alone (HR, 4.59; 95% CI, 2.11–10.00; P < 0.001; 

Fig. 1 Cumulative incidence of distant recurrence/death due to breast cancer (DM), or cumulative incidence of relapse, stratified by CanAssist 
Breast (CAB) at ten years for the total cohort or subgroups. A DM for the total cohort. B Cumulative incidence of relapse for the total cohort. C 
Lymph node‑positive subgroup. D Lymph node stage N0‑1 subgroup
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Additional file  2: Figure S2C) or sequential regimen 
(HR, 2.32; 95% CI, 0.94–5.71; P = 0.03; Additional file 2: 
Figure S2D).

Overall performance and predictive ability of CAB
CAB statistically significantly stratified three groups at 
ten years (log-rank P < 0.001; Fig.  3A), including CAB 
high-risk with a DRFi of 69.8% (95% CI, 62.4–78.1), CAB 
low-risk in the exemestane arm with a DRFi of 92.7% 
[95% CI, 88.5–97.2; vs CAB high-risk, HR, 0.21 (95% CI, 
0.11–0.43), P < 0.001], and CAB low-risk in the sequen-
tial arm with a DRFi of 84.2% [95% CI, 78.2–90.7; vs CAB 
high-risk, HR, 0.48 (95% CI, 0.28–0.82), P = 0.009].   

In CAB low-risk group (Additional file 4: Figure S4A), 
for patients who received endocrine therapy alone, 
exemestane arm had better overall survival (OS; HR, 
1.79; 95% CI, 1.16–2.78; P = 0.03), iDFS (HR, 1.92; 95% 
CI, 1.29–2.87; P = 0.007), and RFS (HR, 2.05; 95% CI, 
1.17–3.58; P = 0.04) than the sequential arm, but this sur-
vival benefit was not observed  for DRFi (HR, 1.51; 95% 
CI, 0.77–2.96; P = 0.31). In addition, in low-risk group 
(Additional file  4: Figure S4A), patients who received 
chemo-endocrine therapy did not have an advantage 
of improved survival benefit for either OS (HR, 1.99; 
95% CI, 1.03–3.83; P = 0.09), iDFS (HR, 1.42; 95% CI, 
0.85–2.38; P = 0.24), RFS (HR, 0.99; 95% CI, 0.54–1.82; 
P = 0.98), or DRFi (HR, 0.93; 95% CI, 0.44–1.97; P = 0.88), 
when compared with endocrine therapy alone.

In high-risk group, for patients who received endocrine 
therapy alone (Additional file 4: Figure S4B), there was no 
significant difference in the outcomes between two rand-
omized arms for all the end points: OS (HR, 0.79; 95% CI, 
0.45–1.40; P = 0.50), iDFS (HR, 0.81; 95% CI, 0.48–1.35; 
P = 0.50), RFS (HR, 0.80; 95% CI, 0.44–1.45; P = 0.54), 
and DRFi (HR, 0.77; 95% CI, 0.41–1.43; P = 0.48). Moreo-
ver, in high-risk group (Additional file 4: Figure S4B), the 
patients who received chemotherapy had an advantage 
of OS (HR, 2.38; 95% CI, 1.21–4.68; P = 0.04), and iDFS 
improvement (HR, 2.40; 95% CI, 1.31–4.38; P = 0.02) over 
patients received endocrine therapy alone; however, this 
survival advantage was not observed in either RFS (HR, 
1.80; 95% CI, 0.97–3.34; P = 0.12) or DRFi (HR, 1.59; 95% 
CI, 0.85–2.96; P = 0.22). Our data showed chemotherapy 
may have benefits in CAB high-risk patients of exemes-
tane arm alone, but due to small sample size, this cannot 
yet be convincingly shown.

Discussion
Dramatically reduced mortality from breast cancer 
has been achieved due to the widespread application 
of adjuvant systemic therapy [17–20]. For women with 
early, HR-positive, HER2-negative breast cancer, adju-
vant endocrine therapy is the cornerstone of systemic 
treatment, a few may also benefit from adjuvant chem-
otherapy. The magnitude of benefit from chemother-
apy depends on both clinical features as well as tumor 
biology.

CAB, a prognostic test in early HR-positive HER2-
negative breast cancer uses three clinical parameters and 
five distinctive biomarkers using an immunohistochem-
istry platform. Therefore, it would be much simpler to 
use and more economically efficient than pure gene-pro-
filing-based prognostic tools [6, 16]. It is unique because 
this test uses immunohistochemistry combined with an 
SVML-based algorithm to predict risk scores [7, 21–25]. 
CAB segregates patients into two groups based on what 
corresponds to the CAB risk score with a cutoff of 15.5 
[26–32]. Although the CAB has well-demonstrated data 
on cohorts from various geographies at five years since 
diagnosis, this is the first time we are showing the prog-
nostic value of CAB at ten years of diagnosis in Dutch 
sub-cohort of the TEAM trial.

To validate a prognostic signature in a realistic manner, 
it is critical that the patient characteristics of the present 
study are diverse and distinct from those tested by previ-
ous prognostic tools. Most of the patients in our current 
study had clinical features of intermediate-recurrence 
risk, with about two-thirds involving one to three nodes, 
a larger  proportion of higher grade, nearly 80% of whom 
were TNM stage II and despite this approximately four-
fifths of patients were treated with endocrine therapy 

Table 2 Multivariate analysis of Dutch‑cohort of TEAM for 
distant metastasis or death due to breast cancer (DM)

a Model undergone multivariate step-cox regression (both direction), adjusted 
for T stage (T2-4 vs T1), lymph nodal status (N+ vs N−), grade (G2 + 3 vs G1), 
and CAB risk score. Likelihood ratio was used to test whether the model was 
statistically significant. DM: distant metastasis or death due to breast cancer, 
CAB: CanAssist Breast. b P < 0.05. c Model likelihood ratio test = 24.59, P < 0.001. 
d There was only one patient who died due to breast cancer with only local 
recurrence, without distant metastasis

Variable DM a,c,d (total cohort)

Hazard ratio (95% CI) P value

Tumor stage

 T1 Reference –

 T2‑4 1.28 (0.85–1.93) 0.31

Lymph node status

 Negative Reference –

 Positive 1.19 (0.75–1.88) 0.54

Histological grade

 G1 Reference

 G2 + 3 2.07 (1.00–4.27) 0.10

CAB risk category

 Low‑risk Reference –

 High‑risk 2.54 (1.67–3.85) < 0.001 b
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alone. Therefore, the current study is interesting and 
important to understand how CAB would stratify these 
patients for this information to be used in daily clinical 
practice. Interestingly, the CAB risk score was confirmed 
to be an independent prognostic factor in this cohort 
of “intermediate clinical risk” regardless of tumor size, 
lymph node status and grade which shows the ‘impor-
tance’ of ‘tumor biology’ that CAB brings out over the 
clinical parameters.

There are a large proportion (about two-thirds) of 
patients stratified as low-risk, who had an 89% of DRFi 
at ten years, while only 70% of DRFi was achieved in the 
high-risk group, with an almost three-fold hazard of dis-
tant recurrence or death, which warrants the use of esca-
lated therapies to reduce the risk of distant recurrence 
events in CAB high-risk group (Fig.  3B). Other clinico-
pathological factors were not statistically significant, 
which were consistent with previous findings from retro-
spective studies [13, 33].

A prognostic factor itself does not always have the 
value as a predictive factor. Although CAB could stratify 
patients in both randomized arms, CAB performed much 
better in the exemestane arm than the sequential arm, 
with much higher HR, and a highly significant P-value. It 
suggested patients with CAB low-risk receive exemestane 
rather than a sequential regimen to have a better DRFi 
(Fig. 3). The underlying mechanisms why CAB performs 
better in the exemestane arm needs further study. Pre-
vious exploratory analyses in the context of TEAM dis-
covered several biomarkers or gene signatures that could 
predict the response of a sequential regimen [34–41]. 
These biomarkers studies continued in conjunction with 
CAB-based risk stratification can give us more insights 
into an endocrine response which will lead to better 
drugs in the years to come.

Although both MammaPrint and RS have been evalu-
ated in node-positive disease, data for both are limited 
in this setting. In the RxPonder trial, postmenopausal 

Fig. 2 DM stratified by CAB in designated subgroups. A DM for exemestane arm. Interaction (randomization vs CAB) P < 0.001. B DM for the 
sequential arm. C Patients received endocrine therapy alone subgroup. D Patients with lymph node‑positive received endocrine therapy alone
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women (two-thirds of those enrolled, nine percent  with 
three involved nodes) had over 90% of five-year invasive 
DFS without chemotherapy [42]. The follow-up has not 
been updated for up to ten years. In the PlanB study, for 
patients with low RS (approximately 34% of whom had 
N1 stage), the five-year disease-free survival was 95% 
[43, 44]. In this TEAM study, 67% of patients were with 
node-positive disease and CAB low-risk patients had 

93% of DRFi at five years and this prognostic ability con-
tinues from five years to ten years from diagnosis which 
once again shows the usefulness of CAB in node-positive 
patients.

The absolute benefit of chemotherapy in patients with a 
low risk of recurrence is often small. The decision to pre-
scribe chemotherapy must consider many parameters to 
avoid potential toxicities at best. Some experts strongly 

Fig. 3 Overall CAB performance with prognostic and predictive values in HR+/HER2− early breast cancer patients. A DRFi was stratified into three 
groups: CAB high‑risk, CAB low‑risk in the exemestane arm, and CAB low‑risk in the sequential arm. P value was adjusted using the method of 
Benjamini‑Hochberg (BH). B Schematic overall performance of CAB
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recommend offering chemotherapy to all patients with 
lymph node-positive disease. This approach may rep-
resent overtreatment for some patients who based on 
prognostic tests are at low risk. In this TEAM study, the 
patients who received exemestane alone, without chemo-
therapy, if CAB low-risk, had an excellent DRFi of 91% 
at ten years, irrespective of either node-negative or N1 
stage. On the other hand, chemotherapy seemed to add 
survival benefits in CAB high-risk patients for OS and 
iDFS as endpoints. This is the first time that CAB has 
been shown to be predictive for use of chemotherapy 
in high-risk patients in a prospective randomized trial 
although with limited statistical power. The lack of chem-
otherapy benefit for DRFi endpoint in the total cohort is 
the limitation of this study. For patients with CAB high-
risk who had low DRFi at ten years, other escalated treat-
ments, for example, poly ADP ribose polymerase (PARP) 
inhibitors (when bearing BRCA mutations), CDK4/6 
inhibitors, or a longer duration of endocrine therapy, etc. 
are options.

Conclusions
In conclusion, in the Dutch sub-cohort of the TEAM 
trial, our findings revealed that CAB provides a prognos-
tic signature for the clinical outcome for postmenopausal 
women with early breast cancer, HR-positive, HER2-
negative disease  of ten-year follow-up. It is very useful to 
help individualize endocrine-only treatment, for patients 
assigned to either the sequential endocrine regimen or 
exemestane alone.
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