
lable at ScienceDirect

The Breast 59 (2021) 1e7
Contents lists avai
The Breast

journal homepage: www.elsevier .com/brst
The usefulness of CanAssist breast in the assessment of recurrence risk
in patients of ethnic Indian origin

Dinesh Chandra Doval b, Anurag Mehta b, S.P. Somashekhar d, Aparna Gunda a,
Gurpreet Singh c, Amanjit Bal c, Siddhant Khare c, Chandra Prakash V Serkad a,
Manjula Adinarayan a, Naveen Krishnamoorthy a, Devanhalli Govinda Vijay f,
Radha Anantakrishnan g, G.S. Bhattacharyya h, Manjiri M. Bakre a, *

a OncoStem Diagnostics, Bengaluru, Karnataka, India
b Rajiv Gandhi Cancer Institute, New Delhi, India
c Post-Graduation Institute of Medical Education and Research, Chandigarh, India
d Manipal Hospital and Comprehensive Cancer Centre, Bengaluru, Karnataka, India
f HCG Cancer Centre, Ahmedabad, India
g G.Kuppuswamy Naidu Memorial Hospital, Coimbatore, India
h Saltlake City Medical Centre, Kolkata, India
a r t i c l e i n f o

Article history:
Received 16 March 2021
Received in revised form
13 May 2021
Accepted 24 May 2021
Available online 28 May 2021

Keywords:
CanAssist breast
Prognostication
Early-stage
Hormone-receptor
Luminal subtypes
* Corresponding author. OncoStem Diagnostics Pvt L
Rd, Aanand Tower, 2nd Floor, Bangalore 560 0025, In

E-mail address: manjiri@oncostemdiagnostics.com

https://doi.org/10.1016/j.breast.2021.05.007
0960-9776/© 2021 The Authors. Published by Elsevier
a b s t r a c t

Accurate recurrence risk assessment in hormone receptor positive, HER2/neu negative breast cancer is
critical to plan precise therapy. CanAssist Breast (CAB) assesses recurrence risk based on tumor biology
using artificial intelligence-based approach. We report CAB risk assessment correlating with disease
outcomes in multiple clinically high- and low-risk subgroups. In this retrospective cohort of 925 patients
[median age-54 (22e86)] CAB had hazard ratio (HR) of 3 (1.83e5.21) and 2.5 (1.45e4.29), P ¼ 0.0009) in
univariate and multivariate analysis. CAB's HR in sub-groups with the other determinants of outcome, T2
(HR: 2.79 (1.49e5.25), P ¼ 0.0001); age [< 50 (HR: 3.14 (1.39e7), P ¼ 0.0008)]. Besides application in
node-negative patients, CAB's HR was 2.45 (1.34e4.47), P ¼ 0.0023) in node-positive patients. In clini-
cally low-risk patients (N0 tumors up to 5 cms) (HR: 2.48 (0.79e7.8), P ¼ 0.03) and with luminal-A
characteristics (HR: 4.54 (1e19.75), P ¼ 0.004), CAB identified >16% as high-risk with recurrence rates
of up to 12%. In clinically high-risk patients (T2N1 tumors (HR: 2.65 (1.31e5.36), P ¼ 0.003; low-risk
DMFS: 92.66 ± 1.88) and in women with luminal-B characteristics (HR: 3.24; (1.69e6.22), P < 0.0001;
low-risk DMFS: 93.34 ± 1.34)), CAB identified >64% as low-risk. Thus, CAB prognostication was signifi-
cant in women with clinically low- and high-risk disease. The data imply the use of CAB for providing
helpful information to stratify tumors based on biology incorporated with clinical features for Indian
patients, which can be extrapolated to regions with similarly characterized patients, South-East Asia.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Endocrine therapy after surgical resection of tumor with or
without radiotherapy is the standard of care in ERþ/HER2-breast
cancer disease; unfortunately, if the patient is risk stratified based
on clinical risk factors, then almost 60% of them would receive
some form of chemotherapy with the benefit of 7e11% in patients
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aged below 50 and 2e3% in women aged above 50 years over a
period of 10 years [1]. To improve up on the chemotherapy benefit
breast cancer has been characterised and defined based on genomic
expressions by multigene tests with a caveat of not having data for
non-Caucasian population and the vast difference of the genomic
understanding and interrelationship between tests; besides
expertise and costs [2e7]. The need is for a test which is cost-
effective, is based on commonly performed platform of IHC, uses
few biomarkers from pathways which give information on cancer
progression, drug resistance and relapse. When this platform is
integratedwith a dynamic algorithm based onmachine learning for
clinical characters of tumor size, node status and grade give a more
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holistic scoring systemwith a wider range of application globally. A
test which incorporates this principle is CanAssist Breast (CAB) [8].
A test developed on patients of Indian origin and ethnicity and
validated in the same population along with a wider exposure in
Caucasian patients. The test has followed the principles of analyt-
ical validity and clinical validity in Indian as well as in Caucasian
subjects [9,10].

CAB predicts risk of distant recurrence in 5 years from diagnosis
by segregating the patients into low- and high-risk groups for
distant recurrence; based on this recurrence risk prediction an
informed decision can be made on use of systemic anti-cancer
therapy for the patient [8,11,12].

The usefulness of the prognostic test lies in its validation in the
‘application population’ delegated within geographical and ethnic
limits which can be used in making informed decision. In this real-
world analysis of retrospective cohort (median follow-up 67
months, range: 4e132), we assessed the prognostic value of CAB
based risk stratification in clinically high-risk patients which
included younger patients (�50), node-positive patients and pa-
tients with luminal B characteristics, more commonly seen in In-
dian and neighbouring South-East Asian countries. In short, CAB
has been studied in the re-stratification of ‘clinically high- and low-
risk’ ethnic Indian patients with applicability extrapolated to
South-East Asian regions.

2. Methods

2.1. Ethics approval

This is the real-world analysis of a non-interventional, anony-
mized retrospective cohort using archived patient tumor FFPE
samples. It was conducted with the approval of the institutional
review board (IRB) and/or Ethical and Scientific Committees of all
the participating hospitals (both from urbanised and semi-
urbanised settings) and with the approval from Bangalore Ethics
Committee (ECR/87/Indt/KA/2013).

2.2. Patient selection

Primary surgical FFPE blocks of women diagnosed with stage I-
IIIA hormone receptor-positive and HER2/neu disease who had a
minimum of 5-year clinical follow-up post-diagnosis or an event at
a distant site within 5 years were used. All the patient information
and treatment follow-up details such as age, year of diagnosis, type
of surgery, clinical parameters, hormone receptor status, treatment
regimen, date of recurrence or death were obtained from the
hospital. Tumor samples of patients diagnosed between 1997 and
2016 were used. Patients had undergone either mastectomy or
breast conserving surgery or lumpectomy. Samples of patients who
underwent neoadjuvant chemotherapy were not included.

2.3. Immunohistochemistry

Tumor content of every block was assessed by Haematoxylin
and Eosin staining and blocks with �30% tumor were used for the
study. IHC stainings for ER/PR/HER2 & Ki67 were performed at the
ISO/CAP accredited reference laboratory of OncoStem.

2.4. CAB test

CAB uses 5 biomarkers (CD44-a stemness marker; N-Cadherin,
pan-Cadherin-cell adhesion and invasion markers; ABCC4 and
ABCC11-drug exporters) which are reflective on biology of the tu-
mor beyond proliferation with a focus at on pathways involved in
the tumor cell migration from a primary site to a distant site, drug
2

resistance and dormancy in tumor cells which causes metastasis.
CAB test predicts risk of recurrence using an artificial intelligence
algorithm by incorporation of IHC staining information of these 5
biomarkers along with 3 clinical parameters-tumor size, grade and
node-status. IHC staining for 5 CAB biomarkers and grading were
carried out as described earlier [8]. Further details are provided as
appendix.

Luminal subtype characterization: Luminal A and B subtypes
classification was based on Ki-67 IHC levels as described by Tang
et al. with cut-off of 14% [13].

2.5. Statistical analyses

Kaplan-Meier (KM) curves (GraphPad 8), univariate hazard ra-
tios (HR) and P-values (Log-rank test), multivariate Cox propor-
tional model (MedCalc software) were used to assess the
association between CAB risk score and clinical outcomes. Distant
Metastasis Free Survival (DMFS) for the risk groups was estimated
from KM survival curves.

3. Results

3.1. Cohort description

A cohort of 925 early-stage hormone receptor positive, HER2/
neu negative breast cancer patients of Indian ethnic origin was
analysed for this current report. Of this cohort, 730 patients were
part of the earlier work that showcased a different analysis [10]. The
current cohort has 38% of patients aged �50 years and 12% � 40
years. The median age at diagnosis in the node-positive and node-
negative sub-cohort is similar with 54 (range: 22 to 86) and 55
years (range: 26e85) respectively. Seventy percent of the cohort
had stage II diagnosis. Half of the cohort had either node-negative
tumors or moderately differentiated tumors (G2). Eighty-three
percent of the cohort was positive for both ER and PR. Only 2% of
patients had ER-/PRþ tumors. All patients were treated with
endocrine therapy for at least five years post-surgery and local
therapy. Seventy-nine percent of them had undergone chemo
endocrine therapy (Table 1). The median follow-up was for 67
months (range: 4e132).

4. Prognostication by CanAssist Breast

4.1. Unaffected by chemotherapy

Based on KM curves and HR analysis shown in Fig.1a and Table 2
CanAssist Breast (CAB) provided significant prognostic information
(HR: 3 (95% CI, 1.83e5.2), P < 0.0001) in the total cohort (chemo
endocrine þ endocrine therapy alone) (n ¼ 925) with distinct low-
(72%) and high-risk (28%) groups. The DMFS estimate in the low-
risk patients from the KM curves at five years from the time of
diagnosis was 95 ± 0.84 (Table 2). This was further improved in
endocrine therapy alone cohort (n ¼ 196) (HR: 6.5 (95% CI, 1.5e27),
P ¼ 0.0008) (Fig. 1b) with DMFS of 97.37 ± 1.29 (Table 2). In the
multivariate analysis, CAB risk score had a higher and significant HR
of 2.5 (95% CI, 1.45-4.29, P ¼ 0.0009) compared to age and clinical
parameters alone (Table 3).

4.2. Independent of tumor anatomical features

Prognostic information provided by CAB was superior to tumor
anatomical features, node status and tumor size with higher HR
(Fig. 2). Based on node status, HR was 2.32 (1.45e3.72), P¼ 0.0005)
while CAB had a HR of 3 (1.83e5.2), P < 0.0001) (Fig. 2). In the node-
negative (HR: 2.56 (0.9e6.7), P ¼ 0.01) and node-positive (HR: 2.45



Table 1
Baseline tumor and patient characteristics.

n (%) P-value

aAge at diagnosis �50 years 355 (38) <0.0001
>50 years 562 (61)

Tumor size T1 223 (23) <0.0001
T2 642 (70)
T3 60 (7)

bNumber of nodes with tumor cells 0 (N0) 513 (55) <0.0001
1-3 (N1) 312 (34)
4-9 (N2) 99 (11)

Histological grade Highly differentiated, G1 83 (9) <0.0001
Moderately differentiated, G2 472 (51)
Poorly differentiated, G3 370 (40)

ER/PR status ERþ/PRþ 766 (83) <0.0001
ERþ/PR- 136 (15)
ER-/PRþ 23 (2)

Treatment Endocrine therapy alone 196 (21) <0.0001
Chemoendocrine therapy 729 (79)

a Age at diagnosis for 8 patients was unknown.
b For one patient node-status was unknown.

Fig. 1. KaplaneMeier distant recurrence curves by CanAssist Breast risk groups and clinicopathological characteristics. Rates of distant recurrences for the entire cohort (a)
endocrine therapy alone sub-cohort (b), node-negative sub-cohort (c), node-positive sub-cohort (d), patient group above 50 years (e), patient group below and equal to 50 years (f),
T<5cmN0 sub-cohort (g) in patients with luminal characteristics (i), in patients with luminal B characteristics (j), T2N1 sub-cohort (k) clinically high risk as per monarchE trial (l).
Distant recurrence curves in luminal A and B patients (h). The box under each graph presents the number of patients at risk at each time point.
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(1.34e4.47), P ¼ 0.0023) sub-groups, CAB provided similar prog-
nostic information with similar HRs (Fig. 1c and d, Table 2). Eighty-
one percent of the node-negative sub-cohort was stratified as low-
risk with a DMFS of 95.8 ± 0.88 (Table 2), while 61% in the node-
positive sub-cohort were stratified as low-risk with a DMFS of
92.82 ± 1.62 (Table 2). In node-negative sub-cohort, CAB high-risk
patients (19%) were significantly lower (P < 0.0001) compared to
that of node-positive patients (39%).

Based on tumor size, HR was 1.95 (0.83e4.5, P¼ 0.08) (Fig. 2). In
T1 and T2 tumors, CAB had higher HR of 3.34 (0.86e12), P < 0.0001)
and 2.79 (1.49e5.24), P ¼ 0.0001) (Table 2) respectively.
3

4.3. In young patients (�50 years)

CAB risk stratification was unaffected by age of the patient at
diagnosis. CAB provided significant prognostic value in patient
groups aged above (HR: 2.75 (95% CI, 1.3e5.76), P¼ 0.0018, low-risk
DMFS: 95.77 ± 1) and below 50 years (HR: 3.14 (95% CI, 1.39e7),
P ¼ 0.0008, low-risk DMFS: 94.3 ± 1.4) (Fig. 1e and f) with similar
low-risk proportions (above 50, 72%; under 50, 74%) (Table 2).
Additionally, we assessed the prognostic performance of CAB in
patients under 50 years with T2/G3 tumors. It was interesting to see
out of 69% of patients under 50 who had T2 tumors, CAB segregated
76% of these patients as low risk with DMFS of 94.11 ± 1.7 and HR of



Table 2
Univariate HRs with 95% CIs and DMFS in CAB risk categories of various clinical sub-groups.

No of patients Hazard Ratio (95% CI) Low-risk High-risk

% DMFS as % ± SE % DMFS as % ± SE

CanAssist
Breast

Cohort Total (Chemo endocrineþEndocrine therapy
alone)

925 3.09 (1.83e5.21) 72 95.03 ± 0.84 28 85.31 ± 2.2

Endocrine therapy alone 196 6.51 (1.53e27.62) 78 97.372 ± 1.29 22 83.59 ± 5.67
Node and tumor Node-negative 513 2.57 (0.97e6.7) 81 95.88 ± 0.98 19 89.66 ± 3

Node-positive 411 2.45 (1.34e4.47) 61 92.82 ± 1.62 39 83.11 ± 2.96
T1 tumors 223 3.34 (0.86e12) 79 96 ± 1.46 21 86.95 ± 4.9
T2 tumors 642 2.79 (1.49e5.24) 74 94.48 ± 1 26 85.29 ± 2.72

Age Age ≤ 50 years 355 3.14 (1.39e7) 74 94.3 ± 1.4 26 82.95 ± 3.8
Age ≤ 50 years, T2 246 3.07 (1.11e8.49) 76 94.11 ± 1.7 24 83 ± 4.89
Age ≤ 50 years, G3 146 2.79 (0.76e10.2) 64 95.45 ± 2.08 36 88.46 ± 4.4
Age > 50 years 562 2.75 (1.31e5.76) 72 95.77 ± 1 28 88.66 ± 2.5

Clinically low risk T≤ 5cmN0, Total 486 2 .48(0.79e7.8) 84 96.3 ± 0.94 16 91 ± 3.24
T≤ 5cmN0, Endocrine therapy alone 152 10.9 (1.4e84) 86 97.66 ± 1.33 14 77.27 ± 8.9
T≤2cmN0, Total 143 5.33 (0.32e86) 89 97.62 ± 1.36 11 87.5 ± 8.3
Luminal A 263 4.54 (1e19.75) 81 97.19 ± 1.13 19 87.75 ± 4.68

Clinically high risk Luminal B 469 3.24 (1.69e6.22) 74 93.34 ± 1.34 26 79.65 ± 3.63
T2N1 299 2.65 (1.31e5.36) 64 92.66 ± 1.88 36 81.47 ± 3.74
as per monarchE trial 265 2.44 (1.2e4.94) 53 92.87 ± 2.17 47 83.18 ± 3.34

Luminal subtypes (A-low risk; B-high risk) 732 2.31 (1.37e3.91) 36 95.43 ± 1.29 64 89.45 ± 1.4

Abbreviations: HR-Hazard ratio, DMFS-distant metastasis free survival, CAB-CanAssist Breast.

Table 3
Multivariate Cox Proportional Analysis of age, clinical parameters, and CanAssist
Breast risk score.

Covariate Hazard Ratio P-value 95% CI

Age: �50, >50 1.35 0.23 0.82e2.22
Tumor size: �T1, >T1 0.7 0.47 026e1.85
Node status: N0, Nþ 0.81 0.89 0.33e2.36
Grade: G1, G2þG3 0.63 0.08 0.37e1.06
TN: T � 5 cm,N0, any TNþ 2 0.16 0.73e5.9
CAB risk score: high, low 2.5 0.0009 1.45e4.29
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3.07 (1.11e8.49) (P ¼ 0.0068) (Table 2). Finally, we had 41% of pa-
tients with grade 3 tumors. In this sub-group CAB had a HR of 2.79
(0.76e10.2, P ¼ 0.09), with 64% identified as low risk (DMFS of
95.45 ± 2.08) (Table 2).

4.4. In clinically low-risk sub-groups

In node-negative patients with tumors up to 5 cms (n ¼ 486),
CAB stratified 16% patients as high-risk for recurrence with a low
risk DMFS of 96.3 ± 0.9 (Table 2, Fig. 1g). In endocrine therapy alone
sub-cohort of these patients with T � 5 cm, N0 tumors (n ¼ 152),
14% were at high risk for recurrence with an event rate of 23% and
with an excellent DMFS of 97.66 ± 1.33 in the low-risk group
(Figure A.1 and Table 2). In the T1N0 sub-group (n ¼ 143) CAB
identified (P ¼ 0.04, Fig. 1i) 11% of the sub-group as high risk with
about 5 times higher recurrence rate compared to the low-risk
group (12.5% vs 2.4%) which had a DMFS of 97.62% ± 1.36
(Table 2, Figure A.2).

Patients with luminal A characteristics (with low Ki67 expres-
sion) are perceived to have a low risk for recurrence. In a sub-cohort
of 732 patients, based on Ki67 (14% cut off) and PR IHC, 263 patients
(36%) were with Luminal A while 469 (64%) patients were with
Luminal B characteristics (Fig. 1h) with a HR of 2.31 (95% CI,
1.37e3.9), P ¼ 0.0072) (Table 2 and Fig. 2). We observed 19% of
patients with luminal A characteristics were at high risk by CAB
(DMFS ¼ 87.75 ± 4.68), P ¼ 0.004) (Table 2 and Fig. 1i). The study
cohort had 76 and 79 patients with luminal A and luminal B
characteristics respectively, treated with endocrine therapy alone.
CAB provided weak prognostic value with non-significant segre-
gation in KM analysis (Figure A.3) with a DMFS of 95% in patients
4

with luminal A and 92% in patients with luminal B characteristics
(P ¼ 0.5) (Figure A.3). While in the patients treated with endocrine
therapy alone, CAB provided superior and significant prognostic
value (P¼ 0.0004) (Figure A.4). CAB identified 14% of this endocrine
therapy alone treated patients with luminal A characteristics as
high-risk with 27% event rates (P < 0.0001) (Figure A.5).

4.5. Prognostication in clinically high-risk patients

Using CAB based stratification we identified 74% (P < 0.0001)
(Fig. 1j) of patients with luminal B characteristics as low risk for
distant recurrence (DMFS¼ 93.34 ± 1.34) (Table 2) and 26% as high-
risk with DMFS of 79.65 ± 3.63 (Table 2) and HR of 3.24 (1.69e6.22)
(Fig. 2).

In patients with T2N1 tumors CAB had a HR of 2.65 (1.31e5.36)
(P ¼ 0.003) (Figs. 2 and 1k) with 64% as low-risk with a DMFS of
92.66 ± 1.88 (Table 2).

5. Discussion

The basic concept of medical care today has undergone a change
which is now based on the principles of personalised, predictable,
preventive and participatory (P4) [14]; these principles are more
applicable in cancer medicine more so in breast cancer and well
summarised by multigene and multiparametric testing widely
adapted in North America and Europe for prognostication of pa-
tients as well as in predictability of use of type of drugs. However,
these tests have not been well adopted in a low- and middle-
income countries more so, coming in from Asia. There are multi-
ple reasons for this, including that these tests have not been vali-
dated clinically and analytically in ethnic subjects. The Indian
council of Medical Research does not recommend the use of ‘mul-
tigene’ tests for prognostication in breast cancer due to lack of
validation on Indian patients [15]. CanAssist Breast (CAB) was
developed for bridging this gap for Asian ethnic women as a well
validated and cost-effective test. Moreover, the test had 83%
concordance with Oncotype DX in selecting patients at low risk of
recurrence who can avoid systemic therapy despite the fact that
CAB uses biomarkers which are different to that of Oncotype DX
[12]. Thus, the molecular markers of CAB enable disease prognos-
tication beyond the standard clinical parameters and markers of



Fig. 2. Hazard ratios by Univariate log-rank test for distant recurrence. Hazard ratios (HR) for age, across clinical parameters-tumor size, node status; luminal sub-types are
shown. HRs for CanAssist Breast risk score across various clinically high-risk sub-groups is also shown. HR above 2 is considered significant. The horizontal lines represent the 95%
confidence interval.

D. Chandra Doval, A. Mehta, S.P. Somashekhar et al. The Breast 59 (2021) 1e7
proliferation, hormonal indices. The cost effectiveness analysis
showed that with CanAssist Breast there is a savings of 41% on
expenditure incurred due to chemotherapy compared to expenses
in the absence of a prognostic test. This test has been used in good
number of breast cancer patients over a period of last 5 years
[10,11].

The most important use of prognostic tests is aiding in treat-
ment decision of ‘clinically high-and low-risk’ patients since
emerging evidence suggests that while clinical parameters are
valuable to predict prognosis, are limited by the lack of informative
correlation with tumor biology [8,10,16]. In this manuscript, we
specifically showcase the usefulness of CAB in segregating the
‘clinically’ high- and low-risk patients seen frequently in South Asia
in an extended dataset. Studies have shown that the disease strikes
Asian women in premenopausal age with a median age at 50
[17e19]. Disease at young age is often aggressive and considered to
be high risk with high grade tumors leading to treatment with
chemotherapy [20e23]. However, we believe that ‘tumor biology’
plays a paramount role in cancer recurrence and hence assessed the
performance of CAB in young patients (�50 years). Thirty eight
percent of patients in this cohort was under and equal to 50 years.
CAB stratified about a third of them as low risk for cancer recur-
rencewith 94% DMFS (P < 0.0008). Additionally, young age coupled
with further high-risk features like T2/G3/N1 tumors makes ‘pre-
scribing or not prescribing’ chemotherapy decision even more
difficult. It was encouraging to note 76% of young patients with T2
tumors (69% of� 50 sub-cohort) were low risk by CAB with 3 times
lower recurrence rates (5.9% versus 16.9%) than high-risk patients.
Of these young patients with N1 disease (34%), 66% patients were
stratified as low risk with half the recurrence rates (8.7% versus
5

17.5%) (Appendix Table 1). compared to high-risk patients. Finally,
of the 41% of this under 50 years sub-cohort with grade 3 tumors,
64% of them were low risk for cancer recurrence with recurrence
rates of 4.5% as against 11.5% in high-risk patients by CAB. This data
showed CAB was indeed able to find the ‘low-risk’ patients with
lower recurrence rates amongst the ‘clinically high-risk’ patients. It
is notable here, that many of these young patients had been treated
with chemo endocrine therapy. We agree that this data would have
been even more robust with the same patients treated with
endocrine therapy alone. Since this an ambidirectional study and
due to unavailability of prognostic tests, the number of patients
treated without chemotherapy was less (~10%) in the current
cohort. Nevertheless, this data implies that risk stratification by
CAB in these ‘clinically high-risk’ patients could help to avoid
chemotherapy in young patients who do not wish to take it for
various reasons like fertility preservation or co-morbidities. We
hope to do a prospective randomized trial in future to further
substantiate the usefulness of CAB in this group. We also have
shown similar performance of CAB in an ethnically different pa-
tients from Europe (under review).

Another important issue in managing cancer treatment is pre-
venting under treatment of ‘clinically low-risk’ patients ie patients
with small, node-negative tumors who are typically spared of
chemotherapy based on clinical parameters alone. We analysed
performance of CAB in these clinically low-risk patients to assess if
CAB can identify a subset of patients with high-risk of recurrence
based on ‘tumor biology’. Of the 52% patients who belong to T1/T2
N0 category, CAB stratified 16% as ‘high risk’with a HR of 2.48 (95%
CI, 0.79e7.8, P ¼ 0.03) showing CAB was able to find the high-risk
patients with aggressive tumor biology who otherwise could be
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missed. Based on the limited data on 31% of endocrine therapy
alone treated patients in this category, we see that 14% of the high-
risk patients had increased recurrence rates of 23%within five years
of diagnosis. This data from endocrine therapy alone patients
substantiates CAB is indeed assessing tumor biology beyond clinical
parameters and is thus helpful in finding the correct set of patients
who would benefit from taking chemotherapy.

Treatment planning based on luminal A/B characteristics is a
widely adopted approach. Comparison of CAB based risk stratifi-
cation with that based on luminal A and B features showed CAB is
more accurate in assessing the risk of recurrence. Luminal B pa-
tients categorised based on inputs from ER, PR, HER2 and Ki 67, are
perceived to have a high risk of recurrence [24]. In these high-risk
patients with luminal B characteristics CAB found significant
number (74%) of patients as low-risk and 19% of patients with
luminal-A characteristics with a high risk of recurrence. CAB uses 5
biomarkers reflective of aggressiveness of the tumor regarding
spread of tumor cells from primary to the secondary site and does
not use ER, PR, HER2 and Ki67 in its algorithm. This data in luminal
subtypes showcases the added benefit of CAB biomarkers in
assessing tumor biology beyond proliferation markers.

Finally, how is the risk stratification beneficial to clinician or
patient especially in clinically high-risk patients? Recently
concluded monarchE trial showed ‘clinically high-risk’ patients
benefit from CDK4/6 inhibitors in their treatment beyond chemo-
therapy [25]. While this data is relatively new and extended follow
up will substantiate the benefit further. The clinical high-risk
category used in the monarchE study was based on tumor size,
node, Ki67 and grade. CAB segregated (HR-2.44 (1.2e4.94) (Fig. 2)
only 47% of these ‘clinically high-risk patients’ as high-risk with the
remaining 53% as low-risk (P ¼ 0.016) (Fig. 1l) with a DMFS of
92.87 ± 2.17 (Table 2) which is equivalent to the DMFS of the arm of
high-risk patients who received CDK4/6 inhibitors of this trial. In
this context, CAB seems to help identify a subset of these ‘clinically
high-risk’ patients as ‘prognostically high-risk’ based on tumor
biology who will benefit from CDK inhibitor therapy. Patient se-
lection for any drug is an important factor to balance the benefit to
toxicity aspects. Keeping this in mind, we, therefore, think that CAB
based risk stratification is certainly useful in patient selection for
additional targeted drugs in first line adjuvant settings.
6. Conclusion

The strength of the study is the well-balanced cohort repre-
senting the real-world ethnic Indian patient demographics and
tumor characteristics, with a good representation of young (�50
years) and women with node-positive tumors which is extrap-
olatable to South-East Asia. The limitations of the study are- the
mixed cohort of patients treated with chemo endocrine and
endocrine alone, lack of higher proportion of chemotherapy un-
treated patients, lack of data on 10-year follow-up and lack of
chemotherapy benefit predictive ability. Another limitation of the
study is the lack of validation of CAB in a prospective setting. We
recognize the importance of prospective data and have initiated
validation of CAB in samples from a prospective randomized clin-
ical trial to overcome this.

CAB thus provided sufficient and significant molecular prog-
nostic information based on tumor biology for choosing the HRþ/
HER2 negative early-stage breast cancer patients who do not
require chemotherapy. CAB's prognostic information was clinically
meaningful and superior in clinically low-risk and high-risk pa-
tients, young patients, and patients with node-positive tumors.
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