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Abstract

Objective: The study aimed to investigate the distribution and clinicopathologic features of breast cancer patients in
South India, while also examining the overall survival (OS) and identifying predictive factors affecting it. Additionally,
we aimed to assess the influence of risk factors on Disease Free Survival (DFS) and Distant Disease-Free Survival
(DDFS). Methods: This retrospective cohort study on breast cancer trends used comprehensive follow-up including
regular patient contact, medical record review and collaboration with healthcare providers. Patients without follow-up
information for more than 12 months were contacted by telephone, while those with no follow-up after 2 years were
labelled as lost to follow-up. Results: A total of 3256 patients were identified from a single cancer institute in India.
The median follow-up time was 8.1 years. The 5-year survival rates were 89%, 84%, 85%, 88% and 10-year were
82%, 78%, 79%, 83% for luminal cancers, Triple Negative Breast Cancers, HER2 enriched and luminal with HER2
enriched respectively. Conclusion: Poorer survival rates were seen among those with pT3/4 tumors, nodal involvement
at diagnosis, Estrogen receptor negative status, high Ki67 proliferative index and higher TNM stage at diagnosis of the
disease. Although our patients were younger and had more aggressive types of cancer, their DFS, DDFS and overall
survival were comparable to other developed nations.
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Introduction

Breast cancer is characterised by its heterogencous
nature, encompassing various subtypes with distinct
cellular composition and clinical behaviors [1] . It remains
as one of the leading causes of mortality among women
in both developing and developed countries [2]. Due to
rapid advancements in treatment paradigms and improved
population screening, mortality rates for breast cancer
are steadily declining in developed countries. A recent
study conducted in Austria, found that there is a decline
in breast cancer-related mortality over the past few
decades, the annual percent change ranging from 17.5%
to -0.8%, indicating a substantial reduction in the number
of breast cancer deaths [3]. Similarly, a study conducted
in Sweden found a 49% decrease in the 5 year breast
cancer-related mortality during the period from 1989-2013
[4]. These positive trends can be attributed to the following
developments. Firstly, increased awareness and public
education regarding the symptoms of breast cancer, as well

as screening programs have helped detect breast cancer in
its early stage. Secondly, newer chemotherapeutic agents
and targeted therapies have become more affordable and
accessible, improving the survival of patients with breast
cancer world over. Thirdly, the multidisciplinary approach
which involves collaboration with different specialists
including surgeons, medical oncologists, radiation
oncologists and pathologists provides a comprehensive
treatment protocol for each patient. Lastly, several
therapeutic options for metastatic breast cancer patients
are now available, which allow many women to live longer
with the disease [5].

However, while numerous studies have been conducted
on breast cancer survival rates in Western populations,
limited research has been undertaken in developing
countries like India, where breast cancer patients show
distinct characteristics and diagnostics and treatment
options are more limited. A pooled analysis involving
5 million patients across 195 world countries from
1990 - 2015 showed a notable increase in the breast cancer
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mortality rate in many countries including India [6].
From the limited number of studies, it appears that in the
Indian population, breast cancer tends to exhibit a more
aggressive nature compared to the Western population
[7]. Breast cancer patients in India are notably younger,
at around 47 years, compared to the Western population
where the median age was 63 [8]. Additionally, there is
a higher prevalence of locally advanced breast cancer
cases in India compared to the western countries [9].
Approximately 30% of breast cancer cases in India are
categorised as triple-negative, which is significantly higher
than the 12-15% observed in the Western population
[10]. Only a small number of studies have reported long-
term outcomes of breast cancer patients in India [11].
Lack of general awareness, social stigma, and severe
financial constraints all present several roadblocks in the
management of breast cancer in India. Our study aims to
showcase the survival rates of Indian women with breast
cancer in the state of Kerala, which are comparable to the
survival rates of other developed nations, reiterating the
fact that quality healthcare can be provided even in the
presence of resource limitations. A better understanding
of breast cancer characteristics in India will facilitate the
development of more tailored treatment strategies with the
ultimate aim of improving the survival rates and enhancing
quality of life.

This study presents the findings from the Amrita
Breast Cancer Cohort. This cohort consists of breast
cancer patients from South India who were treated in a
tertiary care institute, which provides affordable care as
well as charitable care and offers a full range of primary
and speciality care medical services. The cohort includes
patients who were treated between 2004 to 2020 and were
followed up until 2023. This long follow-up is one of the
strengths of our cohort. The majority of routine follow-up
visits were scheduled as follows: 3 monthly for the first 2
years after completing treatment, followed by 6 monthly
for the next 3 years, and annually for the remaining years.
As aresult, a detailed assessment of the long-term patient
outcomes was possible. The current manuscript describes
the characteristics of this breast cancer cohort in detail and
investigates survival and recurrence outcomes. The results
of this study provide a more thorough understanding of
the unique features of breast cancer patients in South India
and highlight the differences from cohorts in developed
countries.

Materials and Methods

Patients

A retrospective cohort study was conducted to analyze
the characteristics and survival of female breast cancer
patients diagnosed between January 2004 and December
2020 and the patients were followed up till June 2023.
Women who completed treatment for breast cancer
at the Amrita Institute of Medical Sciences (AIMS),
which is a super-speciality tertiary-care hospital in south
India, with at least 6 months of follow-up comprised the
cohort for this study. Patients who did not come back
for any follow-up after the primary treatment or patients
who did not complete all the treatments were excluded
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from the study. Details of patients’ characteristics,
clinicopathological details, and follow-up after surgery
were collected from the hospital-based electronic medical
record system. Patients without follow-up information
for more than 12 months were contacted by telephone to
update this information. 12.6% of patients whose follow-
up information was not available after 2 years were tagged
as lost to Follow-up and those patients were excluded
from the study.

Measurements

Patient details including age, TNM, stage, Grade,
molecular type, OS, DFS, DDFS calculated from the
dates were available for all 3256 patients. In addition,
patient characteristics such as menopausal status, Ki67
proliferative index, histological type and patient treatment
details were only available for the subgroup of 1877
patients who were diagnosed in the year between 2010
to 2020.

The molecular classification of all patients was
examined histologically based on ER, Progesterone
Receptor (PR), and HER2. This leads to 4 molecular
classes of breast cancer, namely Luminal Cancers (HR+/
HER2-), Luminal with HER2 enriched (HR+/HER2+),
HER2 enriched (HR-/HER2+) and TNBC (HR-/HER2-).
Ki67 testing was not included in the diagnostic evaluation
prior to 2010 in our institution, thus patients prior to that
year did not undergo Ki67 evaluation. The cut-off to
determine the high and low categories of Ki67 has been
under discussion for the past few decades [12]. In our
study, we evaluated the survival benefits of Ki67 with a
cut-off of 20% and reported that Ki67 is a useful predictor
of risk of recurrence in women with breast cancer. Thus
Ki67 index could also be added as a factor for prognostic
assessment and for guiding adjuvant, local or systemic
treatment decisions.

All patients were staged according to the American
Joint Committee for Cancer (AJCC 8th edition) TNM
staging system for breast cancer. In our study molecular
classification was performed through histological
examination of ER, PR, HER?2 and Ki67. A cut-off value
of 20% was used to differentiate between luminal A
and luminal B. We have analyzed data based on various
parameters including the stage of the disease, molecular
classification and treatment undergone. The study was
reviewed and approved by the Institutional Review Board
of AIMS.

Objectives and Outcomes

The primary objective of this pooled analysis was to
determine the distribution, clinicopathologic features,
and their survival and to identify the predictive factors
affecting the overall survival of breast cancer patients
in south India. OS was defined as the time in years
from diagnosis to death or the date of last contact. The
secondary objectives were to assess the influence of the
risk factors on DFS and DDFS. DFS was defined as the
time in years from diagnosis of the disease to first relapse
(local or distant), Second Malignancy or death from any
causes, whichever occurs first. DDFS was defined as
time in years from diagnosis to any distant recurrence of



the disease. The impact of potential risk factors such as
patients’ age at diagnosis, menopausal status, pathological
tumor stage, nodal stage, tumor grade, Histologic tumor
type, Hormone Receptor and HER2 Status, Ki67 Index,
biological subtype, and treatment approaches on DFS,
DDFS, and OS were analyzed.

Statistical Analysis

Continuous variables were described by means with
standard deviations while categorical variables were
described by contingency tables. The effective percentage
of clinicopathological characteristics and patient
outcomes were calculated. For potential risk factors,
DFS, DDFS, and OS rates and their corresponding 95%
confidence intervals were calculated and the survival
curves were visualized using the Kaplan-Meier plots.
The survival rates were additionally analyzed in the
subgroups according to the biological subtypes. Patients
with missing values for the variable-defining subgroup
were excluded from the analysis of this subgroup. Cox
regression was used to assess the effect of risk factors.
Schoenfeld Residuals were used to check the proportional
hazards assumption. Conditional density plots were used
to visualize the change over time in the distribution of the
clinicopathological characteristics. Cox regression with
natural cubic splines was used to investigate trends in the
survival rates depending on the years of diagnosis. All
tests were two-sided and the reported p-values smaller
than 0.05 were considered statistically significant. All
analyses were performed using R Version 4.3.0.

Results

Patient characteristics

Between 2004 and 2020, a total of 3256 patients
diagnosed with breast cancer were identified from
hospital-based cancer registry databases. The median age
of patients with breast cancer was 54 (IQR 46 - 62) years.
After a median follow-up of 8.1 years, 80.6% were found
to be alive and 19.4% of patients were deceased.

Clinicopathological Characteristics and Patient
characteristics of the patients are depicted in Table 1.
Three-quarters of the patients presented with early-stage
breast cancer. Only 10% of patients had a low-grade tumor.
The most common molecular type was luminal cancer.
Among luminal cancer patients, 53.8% were luminal A
and 46.9% were luminal B. Invasive ductal carcinoma was
the most common histological tumor type. The number
of left-sided and right-sided tumors was roughly equal,
with a small number of bilateral tumors (2.1%). Figure 1
shows that the distribution of clinicopathological features
has not changed much over time.

Treatment patterns

Patients underwent either Modified Radical
Mastectomy or Breast Conserving Surgery (BCS) with
the majority being Mastectomy (73.8%). Upfront surgery
was performed in 87.48% of luminal cancers, 71.28% of
TNBC patients, 64.36% of HER2-enriched patients and
75.45% of Luminal with HER2-enriched breast cancer
patients. Among clinically node-positive patients, 72.72%
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were offered upfront surgery.

Overall, radiotherapy was offered for 57.9% of
patients and the schedule followed was either 50Gy/25#
or 40Gy/15#. The patients who underwent BCS received
radiotherapy with a dose of 40Gy/15# followed by tumor
bed boost.

Neoadjuvant Chemotherapy (NACT) was given to
23.34%, The most frequent regimen was a combination
of Adriamycin and cyclophosphamide with four cycles of
paclitaxel/docetaxel (4AC+4T). 26.7% of patients with
NACT achieved pathological complete response (PCR).

Adjuvant chemotherapy was recommended for 68.78%
of patients based on clinicopathological characteristics.
Chemotherapy was recommended for all TNBC and
HER2 enriched patients who could tolerate it. The most
common regimens for TNBC patients were 4AC+4T
or dose-dense 4AC+4T. HER2-enriched patients were
recommended anti-HER2 therapy along with scheduled
chemotherapy. Only 40.95% of these patients with Her
2 positive breast cancer actually received anti-HER2
therapy due to financial constraints. Before 2014, only
<10% of HER2-positive patients received anti-HER27
while >80% of HER2-enriched patients received anti-
HER?2 therapy after 2018. 54.79% of luminal A patients
and 73.92% of luminal B patients received adjuvant
chemotherapy. The chemotherapy schedules used in most
luminal cancers were 4AC+4T or 4 cycles of Docetaxel
and Cyclophosphamide (4TC).

Patients with hormone receptor-positive status
received either tamoxifen or letrozole depending on
menopausal status for a minimum period of 5 years.
Among premenopausal women with hormone receptor-
positive status, 16% of patients underwent oophorectomy
as a part of their treatment.

Patient outcomes

Disease Free Survival (DFS), Distant-DFS (DDFS)
and Overall Survival (OS) rates over 5 years, 10 years and
15 years of various subgroups are presented in Table 2. In
the entire cohort, the 5-year, 10-year and 15-year DFS rate
of breast cancer patients were 94.3% (CI: 93.3 — 95.4),
90.5% (CI: 89.1 —92) and 86.4% (CI: 84.3 —88.5) while
5 year, 10 year and 15-year DDFS were 95.3% (CI: 94.4
—-96.2), 93.8% (CI:92.7-95)and 91.6 (CI: 90.1 - 93.1).
Additionally, OS rates on 5-year, 10-year and 15-year
follow-ups were 99.1% (CI: 98.7 - 99.6), 98.9% (CI:
98.4 — 99.5) and 97.7% (CI: 96.8 — 98.7) respectively.
Lower DFS, DDFS and OS rates were observed in pT3/4
and pN2/N3 (>4 positive nodes) diseases. Higher tumor
grades also led to worse survival outcomes. Ki67 was
highly predictive of survival outcomes as well. Survival
rates of breast cancer molecular subtypes according to
various groups were analysed. However, the survival rates
among different breast cancer molecular subtypes within
various groups did not reveal significant differences in
the outcomes. A concise summary of these findings can
be found in supplementary Appendix 1.

The Kaplan Meier plots for DFS, DDFS and OS
with respect to TNM Staging are shown in Figure 2.
Stage 1 and 2 had similar outcomes, while stage 3 and
stage 4 were much worse in terms of all three survival
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Figure 1. Conditional Density Plots which Shows the Distribution of Patients among Different Categories across the
Study Period.
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Table 1. Characteristics of the Patients Affected with
Breast Cancer who were Included in the Study (N =3256)

Parameter Category N (valid %)
Age <40 297 (9.1)
40--50 898 (27.6)
50--60 1019 (31.3)
60--70 731 (22.5)
>70 311 (9.6)
Menopausal status ~ Postmenopausal 1197 (63.8)
Premenopausal 680 (36.2)
Tumor Stage T1 582 (18.7)
T2 1999 (64.2)
T3 334 (10.7)
T4 197 (6.3)
Nodal Stage NO 1496 (46.8)
N1 1084 (33.9)
N2 368 (11.5)
N3 252 (7.9)
Grading Gl 308 (10.2)
G2 1665 (55.3)
G3 1039 (34.5)
TNM Stage I 1397 (43.5)
II 1037 (32.3)
111 606 (18.9)
v 171 (5.3)
Histotype ductal 1538 (84.8)
lobular 105 (5.8)
mucinous 43 (2.4)
others 128 (7.1)
Estrogen Receptor ~ Negative 1110 (34.1)
Positive 2146 (65.9)
Progestron Negative 1204 (37)
Receptor Positive 2052 (63)
HER?2 Receptor Negative 2548 (80.2)
Positive 630 (19.8)
Ki67 index Less than 20% 677 (39.6)
More than 20% 1034 (60.4)
Molecular Profile Luminal 1792 (56.4)
TNBC 758 (23.9)
HER?2 Enriched 333 (10.5)
Luminal with HER2 293 (9.2)
PR after NACT No PCR 192 (73.3)
PCR 70 (26.7)
Local recurrence No 3131 (96.2)
Yes 125 (3.8)
Site of local Same Breast 47 (1.4)
fecurrence Chest Wall 21 (0.6)
Lymph Nodes 67 (2.1)
Distant metastases  No 2805 (86.1)
Yes 451 (13.9)
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Table 1. Continued

Parameter Category N (valid %)
Site of distant ~ Bone metastasis 218 (6.7)
metastasis Lung metastasis 153 (4.7)
Liver metastasis 137 (4.2)
Brain metastasis 79 (2.4)
Metastasis to other sites 28 (0.9)
Second No 3204 (98.4)
Malignancy Yes 52 (1.6)
Site of Second  Same Breast 3(0.2)
Malignancy Opposite Breast 22 (1.2)
Ovary/Uterine Metastasis 9(0.5)
Death Alive 2294 (80.6)
Dead 552 (19.4)

Note: Contains the number of patients of the particular category and
their effective percentages. For some categories, data were available for
patients who were diagnosed between 2010 and 2020. Abbreviations:
ductal, Invasive mammary carcinoma; lobular, Invasive lobular carci-
noma; mucinous, Invasive mucinous carcinoma; NACT, NeoAdjuvant
Chemotherapy; PCR, Pathological Complete Response.

outcomes. Among postmenopausal early-stage luminal
cancers, there were no significant differences between
the patients who received chemotherapy and those who
received chemotherapy in addition to endocrine therapy.
Figure 3 shows significant improvements in breast cancer
survival outcomes over time, while the distribution of
clinicopathological features did not change much over
time as shown in Figure 1. DFS, DDFS, and OS improved
over time from 2004 to 2020 by about 10%. This can be
seen from the survival rates in Table 2 and the hazard
ratios in Table 3.

Risk factors

Table 3 shows the hazard ratios for each potential risk
factor for DFS, DDFS, and overall survival. Proportional
hazard assumptions were found to be reasonable by
investigating Schoenfeld residual plots. Age was a
significant predictor for overall survival. Patients aged
less than 30 years and more than 75 years showed the
worst overall survival. Premenopausal status was also
associated with poorer survival. Survival outcomes
were significantly worse for patients having advanced
tumor stages, higher numbers of positive lymph nodes,
and higher gradings. Worse survival outcomes were also
observed in patients with high values of the Ki67 index.
Patients who received NACT were at higher risk than the
patients who didn’t receive it for a DFS event, as they were
patients who had a higher stage of disease at the time of
diagnosis. Finally, patients who had estrogen receptor-
positive status had better survival rates compared to
estrogen receptor-negative cancer. Similarly, the patients
who had positive Progesterone receptor status had better
survival. While in case of HER2 Receptor, patients who
were identified positive had lower survival.

Discussion

This analysis presents the characteristics and long-
Asian Pacific Journal of Cancer Prevention, Vol 25 2637
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Table 2. Disease-Free Survival Rates, Distant Disease-Free Survival Rates and Overall Survival Rates for Different Categories of Patients having Breast Cancer. Rates for 5-year, 10-

year and 15-year is provided along with 95% Confidence Interval.

S-year rate 10-year rate 15-year rate
Parameter Category DEFS rate DDFS Rate OS Rate DEFS rate DDFS Rate OS Rate DEFS rate DDFS Rate OS Rate
Age <30 71 (57, 87) 71 (57, 87) 81 (69, 95) 57 (42,79) 57 (42,79) 60 (44, 82) 57 (42,79) 57 (42,79) 60 (44, 82)
30-50 82 (80, 84) 83 (81, 86) 88 (86, 90) 76 (73,79) 78 (76, 81) 83 (81, 85) 73 (70, 75) 76 (73, 78) 80 (77, 82)
50-175 82 (80, 84) 83 (81, 85) 88 (86, 89) 73 (71, 76) 76 (74, 79) 80 (78, 83) 68 (65,71) 71 (69, 74) 76 (73, 78)
>75 67 (57,77) 67 (57,77) 69 (59, 79) 51 (40, 64) 52 (42, 66) 55 (44, 68) 46 (36, 60) 48 (37, 62) 48 (37, 62)
Menopausal Status Postmenopausal 84 (82, 86) 85 (83, 87) 90 (88, 92) 75(72,79) 78 (75, 81) 81 (78, 85) 60 (46, 79) 65 (53, 80) 64 (51, 80)
Premenopausal 84 (81, 87) 85 (82, 88) 92 (89, 94) 78 (73, 82) 82 (79, 86) 88 (85,91) 61 (43, 85) 57 (37, 86) 59 (40, 86)
Type of surgery Mastectomy 83 (81, 85) 84 (82, 86) 90 (89, 92) 75(73,79) 78 (76, 81) 83 (81, 86) 60 (47, 78) 64 (51, 80) 63 (51,79)
BCS 89 (86, 93) 91 (88, 94) 92 (89, 95) 78 (72, 86) 85 (80, 91) 87 (82,93) 52 (29, 94) 51(26,97) 52 (27, 98)
Tumor stage T1 88 (85,91) 90 (87, 93) 92 (89, 94) 78 (74, 82) 84 (80, 87) 87 (84,91) 74 (69, 79) 80 (76, 84) 85 (82, 89)
T2 86 (84, 87) 87 (85, 88) 91 (89, 92) 78 (76, 80) 80 (78, 82) 84 (82, 86) 73 (70, 75) 76 (73,78) 79 (77, 82)
T3 74 (69, 79) 74 (70, 79) 81 (77, 85) 67 (61, 72) 69 (64, 75) 74 (70, 80) 64 (59, 70) 66 (61, 72) 70 (64, 76)
T4 50 (43, 58) 51(44,59) 63 (56, 70) 43 (36, 51) 43 (36, 52) 50 (42, 58) 43 (36, 51) 43 (36, 52) 49 (42, 57)
Nodal stage NO 91 (89, 92) 92 (90, 93) 93 (92, 95) 83 (80, 85) 86 (84, 88) 89 (88, 91) 78 (75, 81) 82 (79, 84) 85 (82, 87)
N1 81 (79, 84) 82 (80, 85) 87 (85, 90) 74 (71,77) 75 (73,78) 80 (77, 83) 69 (66, 73) 72 (69, 75) 76 (73,79)
N2 73 (68, 77) 74 (70, 79) 82 (77, 86) 65 (60, 70) 66 (61, 72) 72 (67, 78) 60 (54, 66) 62 (57, 68) 69 (64, 75)
N3 53 (47, 60) 55 (49, 62) 69 (63, 75) 45 (39, 52) 47 (41, 54) 57 (50, 64) 45 (38, 52) 46 (40, 53) 54 (48, 62)
Grade Gl 88 (84,91) 89 (85, 92) 92 (89, 95) 81 (77, 86) 83 (79, 87) 87 (83,91) 74 (68, 81) 78 (73, 84) 82 (77, 88)
G2 83 (81, 85) 84 (82, 85) 88 (87, 90) 74 (72, 77) 77 (74, 79) 81 (79, 84) 70 (68, 73) 73 (70, 75) 77 (75, 80)
G3 79 (77, 82) 81 (78, 83) 86 (83, 88) 73 (70, 76) 76 (73,79) 80 (77, 82) 69 (65, 73) 73 (70, 77) 77 (74, 81)
Molecular profile ~ Luminal 84 (82, 85) 85 (83, 86) 89 (88,91) 75(73,77) 77 (75,79) 82 (80, 84) 70 (67, 73) 73 (71,76) 78 (75, 80)
TNBC 79 (76, 82) 80 (77, 83) 84 (81, 87) 73 (70, 77) 75 (72,79) 78 (75, 81) 68 (64, 72) 70 (66, 74) 73 (70, 77)
HER?2 Enriched 78 (74, 83) 80 (76, 85) 85 (81, 89) 71 (66, 77) 75 (70, 80) 79 (74, 84) 69 (64, 75) 74 (69, 79) 77 (72, 83)
Luminal with HER2 81 (76, 86) 82 (77, 87) 88 (84, 92) 74 (68, 80) 78 (73, 84) 83 (78, 88) 72 (66, 79) 76 (71, 82) 81 (76, 87)
Ki67 index <20% 87 (84, 90) 88 (85,91) 92 (90, 95) 77 (73, 82) 81 (77, 85) 84 (80, 89) 69 (57, 83) 55(31,99) 56 (31, 100)
>20% 83 (81, 86) 84 (81, 86) 90 (88, 92) 76 (72, 80) 80 (77, 83) 84 (81, 87) 44 (24, 79) 50 (30, 81) 49 (30, 82)
TNM Stage I 90 (89, 92) 91 (90, 93) 93 (92, 95) 82 (80, 85) 86 (83, 88) 89 (87,91) 77 (74, 80) 81 (78, 83) 85 (82, 87)
I 87 (85, 90) 88 (86, 91) 91 (89, 93) 79 (76, 82) 81 (79, 84) 85 (82, 87) 74 (70, 77) 77 (74, 81) 80 (77, 83)
I 74 (70, 77) 75(72,79) 81 (77, 84) 65 (61, 70) 67 (62,71) 72 (68, 76) 63 (59, 68) 64 (60, 69) 69 (64, 73)

Abbreviations: BCS, Breast Conservation Surgery; luminal contains both luminal A and luminal B; Luminal with HER2, luminal with HER2 enriched; NACT, Neoadjuvant Chemotherapy; PCR, Pathological Complete Response;

PR, Pathological Response.
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term survival rates of breast cancer patients in the
Amrita Breast Cancer Cohort, the largest cohort from a
single center in India described in the literature so far.
The breast cancer patients in this cohort are similar to
patients in developed countries with respect to some
characteristics but also show some distinct peculiarities.
Differences and similarities will now be discussed for
demographics, molecular subtypes, stage of disease, and
survival outcomes.

It is reported that the demographic characteristics
of Indian breast cancer patients differ from that of the
Western population in terms of the age at diagnosis.
Shaoyuan Lei et al. [11] have reported that in the USA,
Belgium, Australia, and the United Kingdom, the highest
incidence of breast cancer was among women in their
60s. In contrast, women in China, Japan, Iran, Fiji and
Morocco were diagnosed in the age range of 55-60 years,
while women in India tend to be diagnosed between 45-55
years of age [13, 14]. In the current study, the majority
of patients were diagnosed between the ages of 50 and
60 years. This distribution pattern of age is similar to
other Asian countries [15,16]. M Khadije et al in their
meta-analysis described those patients between the ages
46-50 showed the highest survival rates, with survival
rates decreasing in both patients less than 30 years and
more than 75 years, which was consistent with the results
of our study [17]. It is worth noting that in our cohort, the
distribution of age and menopausal status has not changed
much since 2004.

A large study conducted in the US reported the
distribution of breast cancer subtypes Luminal A, Luminal
B, HER2 enriched, and TNBC was 72.6%, 11.2%, 4.8%,
and 11.3%17. In a study conducted in southern China, the
distribution of breast cancer subtypes was 31.1%, 30.4%,
22.1%, and 16.5% respectively [18]. A meta-analysis of
Indian patients showed a prevalence of 33%, 17%, 15%,
and 30% respectively [19]. The current study supports this.
This indicates that in India, there is a higher proportion of
aggressive molecular subtypes compared to the Western
population.

When examining the long-term outcomes, the
correlation between molecular subtypes and patient
prognosis indicates that individuals with luminal cancers
had a superior DFS, DDFS and OS as compared to other
molecular subtypes. These findings were consistent with
previous studies conducted in other countries [20,21].
The most favourable survival pattern was observed
among women with luminal cancer, followed by HER2,
and TNBC had the worst survival rate. This study further
finds that patients who achieved Pathologic Complete
Response (PCR) showed better survival outcomes. This
finding is in agreement with other studies from low- and
middle-income countries [22].

In developed countries, the proportion of women
with TNM stage 3 and 4 breast cancer ranges from 8%
to 22%. However, in developing countries, including
India, this proportion is higher ranging from 40 — 50%.
Reasons include lack of awareness, education, affordable
healthcare, and social stigma [9, 23-26]. In our cohort, we
observed a slightly higher prevalence of locally advanced
or metastatic disease (25%) compared to the Western
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Table 3. Univariate Analysis Conducted for Patients having Breast Cancer Based on Different Categories. The hazard ratio is reported by taking one category as the reference group.
Hazard ration greater than 1 indicates higher event rate and vice-versa.

Category

Comparison

DFS: HR (CI) p

DDFS: HR (CI) p

0S: HR (CI) p

Age
Menopausal Status
Type of surgery

Tumor stage

Nodal stage

Grade

Molecular profile

Ki67 index
TNM Stage

Pathological response

Histotype

ER Receptor
PR Receptor
HER2 Receptor

Year of Diagnosis

per year
Premenopausal vs Postmenopausal
BCS vs Mastectomy

T2 vs Tl

T3 vs Tl

T4 vs T1

NI vs NO

N2 vs NO

N3 vs NO

G2 vs Gl

G3 vs Gl

TNBC vs Luminal

HER?2 Enriched vs Luminal
Luminal with HER2 vs Luminal
More than 20% vs Less than 20%
MvsI

MIvsI

IVvsl

No PCR vs PCR

lobular vs ductal

mucinous vs ductal

others vs ductal

Positive vs Negative

Positive vs Negative

Positive vs Negative

patients from 2004-'10 vs 2011-'20

1.02 (1.01, 1.02) <0.01
0.78 (0.58, 1.04) 0.09
0.67 (0.46, 0.97) 0.03
1.34 (1.02, 1.76) 0.04

2.34 (1.68, 3.25) <0.01

5.29 (3.82, 7.32) <0.01
1.84 (1.49, 2.27) <0.01

2.65 (2.0, 3.42) <0.01

4.48 (3.48, 5.77) <0.01
1.40 (1.01, 1.92) 0.04
1.52(1.09, 2.12) 0.01
1.35 (1.11, 1.64) <0.01
1.17 (0.89, 1.54) 0.25
0.94 (0.68, 1.31) 0.71
1.28 (0.94, 1.73) 0.12
1.33 (1.06, 1.67) 0.01

2.61 (2.08, 3.27) <0.01

13.29 (10.44, 16.92) <0.01

1.61 (0.71, 3.65) 0.25
0.75 (0.38, 1.47) 0.41
1.44 (0.64, 3.25) 0.38
1.23 (0.76, 1.98) 0.40
0.77 (0.65, 0.91) <0.01
0.83 (0.71, 0.98) 0.03
1.02 (0.83, 1.26) 0.83
2.22 (1.83, 2.69) <0.01

1.01 (1.00, 1.02) <0.01
0.92 (0.73, 1.15) 0.46
0.65 (0.49, 0.87) <0.01
1.12 (0.90, 1.38) 0.31
1.80 (1.38, 2.36) <0.01
420 (3.21, 5.50) <0.01
1.63 (1.37, 1.94) <0.01
2.44 (1.97, 3.03) <0.01
4.34 (3.50, 5.38) <0.01
1.30 (0.9, 1.70) 0.06
1.48 (1.12, 1.95) 0.01
1.18 (0.99, 1.39) 0.06
1.19 (0.95, 1.49) 0.14
1.04 (0.80, 1.35) 0.77
1.31(1.02, 1.66) 0.03
1.15 (0.95, 1.39) 0.15
2.16 (1.78, 2.61) <0.01

574.45 (373.70, 883.04) <0.01

2.47(1.27, 4.82) 0.01
0.91 (0.56, 1.48) 0.70
1.78 (1.00, 3.18) 0.05
0.84 (0.54, 1.31) 0.43
0.84 (0.72, 0.96) 0.01
0.88 (0.76, 1.01) 0.07
1.09 (0.91, 1.30) 0.35
1.61 (1.38, 1.87) <0.01

1.01 (1.00, 1.02) <0.01
0.89 (0.70, 1.13) 0.34
0.54 (0.39, 0.75) <0.01
1.30 (1.03, 1.66) 0.03
2.23 (1.67, 2.99) <0.01
5.37 (4.02, 7.17) <0.01
1.86 (1.54, 2.25) <0.01
2.84 (2.26, 3.57) <0.01
5.10 (4.08, 6.39) <0.01
1.31 (0.9, 1.73) 0.06
1.44 (1.07, 1.93) 0.01
1.19 (1.00, 1.42) 0.05
1.12 (0.88, 1.43) 0.35
0.99 (0.75, 1.31) 0.94
1.35 (1.05, 1.74) 0.02
1.21 (0.98, 1.48) 0.07
2.48 (2.03, 3.04) <0.01

269.18 (199.15, 363.84) <0.01

2.23 (1.14, 4.37) 0.02
0.89 (0.53, 1.51) 0.68
1.63 (0.87, 3.08) 0.13
0.91 (0.58, 1.44) 0.70
0.84 (0.72, 0.97) 0.02
0.87 (0.75, 1.01) 0.06
1.06 (0.88, 1.28) 0.54
1.72 (1.47,2.02) <0.01

Dhanya Mary Louis et al

Note: Hazard Ratios are reported with corresponding Confidence Intervals and p-values. Abbreviation: BCS, Breast Conservation Surgery; HR, Hazard Ratio ; CI, Confidence Interval; p, p-value; PCR, Pathological Complete
Response; luminal, both luminal A and luminal B; Luminal with HER2, luminal with HER2 enriched.
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Figure 2. Kaplan - Meier Curves for the Patients based on TNM Classification. The horizontal axis(x-axis) represents
the time in years, and the vertical axis(y-axis) shows the probability of surviving people. The lines represent the
survival curves of the groups. A vertical drop in the curves indicates an event. The vertical tick mark on the curves
means that a patient was censored at this time. At time zero, the survival probability is 1(100% of the participants are
alive). (a): Disease Free Survival Curve for TNM Classification. (b): Distant Disease Free Survival curve for TNM
Classification. (c): Overall Survival curve for TNM Classification.
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Figure 3. Trends in the hazard ratio among the patients yearwise is shown using Regression Plot. Log relative hazard
is plotted on y-axis and year of diagnosis on x-axis. (a): Trend in Hazard Ratio for Disease Free Survival over years.
(b): Trend in Hazard Ratio for Distant Disease Free Survival over years. (c): Trend in Hazard Ratio for Overall

Survival over years.

population [9], but a lower rate compared to developing
countries [18]. This encouraging trend could be attributed
to the enhanced knowledge and awareness regarding
breast cancer as well as the availability of resources for
early detection in Kerala, a state in South India. The
proportion of patients presenting with metastatic disease
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in our cohort (5.6%) was comparable to the Western
population (3 — 6%) [13] and other studies from India (5
—10%). Consistent with other studies, our study showed
differences in overall survival rates based on different
stages. Notably, the recurrence rate differed depending
on the tumor and nodal status of breast cancer patients.



Fabiana Tonellotto et al. [26] conducted a study on breast
cancer patients with positive lymph nodes and found that
five-year breast cancer recurrence was higher for pN2 and
pN3 compared to pN1 patients [27], which aligns with
our own findings.

While the distribution of the clinicopathological
characteristics of the patients in the cohort did not change
significantly over the last decade, the survival rates
have continuously improved, from 80% in the 5-year
survival of the 2004-2010 cohort to 90% after 2010 and
are now comparable to developed countries. This can be
seen from a pooled analysis of survival rates from 52
countries, where the 5-year survival rate was 80-85% in
developed countries and 65-75% in developing countries
[15,28]. Similarly, a study conducted by Ademuyiwa FO
et al reported an overall 5-year survival rate of 89% for
breast cancer in the Western population [26]. In contrast,
studies from developing countries like India, China and
Iran reported lower 5-year survival rates of 51%, 59%,
and 72% respectively. However, in the current study, the
survival rate is more comparable to the survival rate of
86.9% in Western populations [29-31].

Retrospective studies in many developing
countries encounter several challenges, including
inadequate documentation, difficulties in data retrieval,
noncompliance with treatment and loss to follow-up
[7]. These difficulties are not present for the Amrita
Breast Cancer Cohort, since this is a single-center study
and the diagnosis and the treatment procedures were
consistent for all patients during the study period. It is
worth mentioning that patients from outside India were
excluded from the analysis and that the study had a very
comprehensive follow-up with only 12.6% of patients
lost to follow-up. Some limitations of the current study
should be mentioned. Detailed information on the patients
lost to follow-up is not available. It might for example be
the case that those who were lost to follow-up on average
had high staging as compared to those not lost. This has
to be acknowledged as a potential source of bias. The
inclusion of cases from a single center may raise concerns
about the generalizability of the findings to the broader
population, as they may not be fully representative of
the general population. Furthermore, in the first 6 years,
some patient characteristics were not digitally recorded,
and in this subset, only stage, tumour characteristics and
follow-up data were included.

Lower survival outcomes in developing countries
could be attributed to poor public awareness, social
and cultural stigma, and limitations in accessible and
affordable healthcare centers [12, 18]. As a society, the
state of Kerala has higher literacy rates (Over 90% for
over 2 decades) and higher mean income compared to
the rest of India. This translates to increased awareness,
access and affordability to healthcare amongst the general
public, and this could be the reason why the survival
rates of our cohort is comparable to several developed
nations. This also highlights the importance of education
and financial stability, which should be the key focus of
all policies in health care drafted by developing countries
including India. Uplifting and educating the women
in each community, and dispelling myths about breast
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cancer treatment can encourage more women to seek
help at the earliest.

Author Contribution Statement

Conception and design: Dhanya Mary Louis,
Lakshmi Malavika Nair, Dehannathparambil Kottarathil
Vijayakumar, Keechilat Pavithran. Collection and
assembly of data: Dhanya Mary Louis, Lakshmi Malavika
Nair. Data analysis and interpretation: Merin Mathew,
Georg Gutjahr. Manuscript writing: all authors. Final
approval of manuscript: all authors

Acknowledgements

We would like to express our sincere gratitude to
Dr. Victor Novack from the Soroka University Medical
Centre, Beer-Sheva, Israel for the invaluable guidance
and support throughout the creation of the manuscript.
Additionally, we extend our appreciation to the Cancer
Registry department for providing the necessary resources
that facilitated our research endeavors. This work was
made possible by their support.

Ethical Clearence

Ethical approval was granted by Amrita Institute of
Medical Sciences Institutional Ethics Committee with
approval number IEC-AIMS-2022-PHARM-178.

Availability of data
Patient-level data can not be shared due to regulations.

Conflict of interest
The authors have no conflict of interest to declare

References

1. Liiond F, Tiede S, Christofori G. Breast cancer as an example
of tumour heterogeneity and tumour cell plasticity during
malignant progression. Br J Cancer. 2021;125(2):164-75.
https://doi.org/10.1038/s41416-021-01328-7.

2. Maajani K, Khodadost M, Fattahi A, Pirouzi A. Survival
rates of patients with breast cancer in countries in the
eastern mediterranean region: A systematic review and
meta-analysis. East Mediterr Health J. 2020;26(2):219-32.
https://doi.org/10.26719/2020.26.2.219.

3. llic L, Haidinger G, Simon J, Hackl M, Schernhammer E,
Papantoniou K. Trends in female breast cancer incidence,
mortality, and survival in austria, with focus on age, stage,
and birth cohorts (1983-2017). Sci Rep. 2022;12(1):7048.
https://doi.org/10.1038/s41598-022-10560-x.

4. Nordenskjold AE, Fohlin H, Arnesson LG, Einbeigi Z,
Holmberg E, Albertsson P, et al. Breast cancer survival
trends in different stages and age groups - a population-based
study 1989-2013. Acta Oncol. 2019;58(1):45-51. https://doi.
org/10.1080/0284186x.2018.1532601.

5. Jatoi I, Miller AB. Why is breast-cancer mortality declining?
Lancet Oncol. 2003;4(4):251-4. https://doi.org/10.1016/
s1470-2045(03)01037-4.

6. Azamjah N, Soltan-Zadeh Y, Zayeri F. Global trend of
breast cancer mortality rate: A 25-year study. Asian Pac J
Cancer Prev. 2019;20(7):2015-20. https://doi.org/10.31557/
apjcp.2019.20.7.2015.

Asian Pacific Journal of Cancer Prevention, Vol 25 2643



Dhanya Mary Louis et al

7. Viral P, Pavithran K, Beena K, Shaji A, Vijaykumar DK.

Ten-year survival outcome of breast cancer patients in
india. J Carcinog. 2021;20:1. https://doi.org/10.4103/jcar.
JCar 26 20.

8. Parmar V. Rising incidence of breast cancer in the young

fertile indian population-a reality check. Indian J Surg
Oncol. 2018;9(3):296-9. https://doi.org/10.1007/s13193-
018-0800-4.

9. Sathwara J, Bobdey S, Ganesh B. Breast cancer survival

studies in india: A review. Int J Res Med Sci. 2016;4:3102-8.

10. Kulkarni A, Kelkar DA, Parikh N, Shashidhara LS, Koppiker

11.

12.

13.

14.

15.

16.

CB, Kulkarni M. Meta-analysis of prevalence of triple-
negative breast cancer and its clinical features at incidence
in indian patients with breast cancer. JCO Glob Oncol.
2020;6:1052-62. https://doi.org/10.1200/g0.20.00054.

Lei S, Zheng R, Zhang S, Wang S, Chen R, Sun K, et al.
Global patterns of breast cancer incidence and mortality: A
population-based cancer registry data analysis from 2000
to 2020. Cancer Commun (Lond). 2021;41(11):1183-94.
https://doi.org/10.1002/cac2.12207.

Louis DM, Nair LM, Vallonthaiel AG, Narmadha MP,
Vijaykumar DK. Ki 67: A promising prognostic marker in
early breast cancer-a review article. Indian J Surg Oncol.
2023;14(1):122-7. https://doi.org/10.1007/s13193-022-
01631-6.

Walters S, Maringe C, Butler J, Rachet B, Barrett-Lee P,
Bergh J, et al. Breast cancer survival and stage at diagnosis
in australia, canada, denmark, norway, sweden and the
uk, 2000-2007: A population-based study. Br J Cancer.
2013;108(5):1195-208. https://doi.org/10.1038/bjc.2013.6.
Huang J, Chan PS, Lok V, Chen X, Ding H, Jin Y, et al.
Global incidence and mortality of breast cancer: A trend
analysis. Aging (Albany NY). 2021;13(4):5748-803. https://
doi.org/10.18632/aging.202502.

Maajani K, Jalali A, Alipour S, Khodadost M, Tohidinik
HR, Yazdani K. The global and regional survival rate of
women with breast cancer: A systematic review and meta-
analysis. Clin Breast Cancer. 2019;19(3):165-77. https://doi.
org/10.1016/j.cIbc.2019.01.006.

Dajsakdipon T, Konmun J, Udomsubpayakul U, Sirisinha
T. Real world experience of long term treatment outcome
in hormone receptor-positive metastatic breast cancer with
or without everolimus and exemestane after prior aromatase
inhibitor. Asian Pac J Cancer Care. 2021;6:149-58. https://
doi.org/10.31557/apjcc.2021.6.2.149-158.

17. Acheampong T, Kehm RD, Terry MB, Argov EL, Tehranifar

18.

19.

20.

21.

P. Incidence trends of breast cancer molecular subtypes by
age and race/ethnicity in the us from 2010 to 2016. JAMA
Netw Open. 2020;3(8):2013226. https://doi.org/10.1001/
jamanetworkopen.2020.13226.

Xue C, Wang X, Peng R, Shi Y, Qin T, Liu D, et al.
Distribution, clinicopathologic features and survival of
breast cancer subtypes in southern china. Cancer Sci.
2012;103(9):1679-87. https://doi.org/10.1111/j.1349-
7006.2012.02339.x.

Jonnada PK, Sushma C, Karyampudi M, Dharanikota A.
Prevalence of molecular subtypes of breast cancer in india:
A systematic review and meta-analysis. Indian J Surg Oncol.
2021;12(Suppl 1):152-63. https://doi.org/10.1007/s13193-
020-01253-w.

Howlader N, Cronin KA, Kurian AW, Andridge R.
Differences in breast cancer survival by molecular subtypes
in the united states. Cancer Epidemiol Biomarkers Prev.
2018;27(6):619-26. https://doi.org/10.1158/1055-9965.
Epi-17-0627.

Huober J, van Mackelenbergh M, Schneeweiss A, Seither
F, Blohmer JU, Denkert C, et al. Identifying breast cancer

2644 4sian Pacific Journal of Cancer Prevention, Vol 25

22.

patients at risk of relapse despite pathological complete
response after neoadjuvant therapy. NPJ Breast Cancer.
2023;9(1):23. https://doi.org/10.1038/s41523-023-00525-2.
Domingo ce, ortega fl, james arce mb, cruz-ordinario mve,
gorospe adyc . Survival outcomes of patients with locally
advanced breast cancer after neoadjuvant systemic therapy
in st. Luke’s medical center. Asian Pac J Cancer Care.
2023;8(1):83-95. .

23. Gajalakshmi CK, Shanta V, Swaminathan R, Sankaranarayanan

24.

25.

26.

27.

28.

29.

30.

31.

R, Black RJ. A population-based survival study on female
breast cancer in madras, india. Br J Cancer. 1997;75(5):771-
5. https://doi.org/10.1038/bjc.1997.137.

Kumilau R, Hayati F, Liew JE, Sharif SZ, Sahid Nik Lah
NA. Short term recurrence and survival rate of breast cancer
patients post surgical treatment; north borneo experience.
Ann Med Surg (Lond). 2022;81:104560. https://doi.
org/10.1016/j.amsu.2022.104560.

de Lemos LLP, Carvalho de Souza M, Pena Moreira D,
Ribeiro Fernandes Almeida PH, Godman B, Verguet S, et al.
Stage at diagnosis and stage-specific survival of breast cancer
in latin america and the caribbean: A systematic review and
meta-analysis. PLoS One. 2019;14(10):e0224012. https://
doi.org/10.1371/journal.pone.0224012.

Tonellotto F, Bergmann A, de Souza Abrahdo K, de Aguiar
SS, Bello MA, Thuler LCS. Impact of number of positive
lymph nodes and lymph node ratio on survival of women
with node-positive breast cancer. Eur J Breast Health.
2019;15(2):76-84. https://doi.org/10.5152/ejbh.2019.4414.
Allemani C, Weir HK, Carreira H, Harewood R, Spika D,
Wang XS, et al. Global surveillance of cancer survival
1995-2009: Analysis of individual data for 25,676,887
patients from 279 population-based registries in 67 countries
(concord-2). Lancet. 2015;385(9972):977-1010. https://doi.
org/10.1016/s0140-6736(14)62038-9.

Ademuyiwa FO, Groman A, Hong CC, Miller A, Kumar S,
Levine E, et al. Time-trends in survival in young women with
breast cancer in a seer population-based study. Breast Cancer
Res Treat. 2013;138(1):241-8. https://doi.org/10.1007/
$10549-013-2425-1.

Yeole BB, Kumar AV, Kurkure A, Sunny L. Population-
based survival from cancers of breast, cervix and ovary
in women in mumbai, india. Asian Pac J Cancer Prev.
2004;5(3):308-15.

Zhu J, Chen JG, Chen YS, Zhang YH, Ding LL, Chen TY.
Female breast cancer survival in qidong, china, 1972-2011: A
population-based study. BMC Cancer. 2014;14:318. https://
doi.org/10.1186/1471-2407-14-318.

Movahedi M, Haghighat S, Khayamzadeh M, Moradi A,
Ghanbari-Motlagh A, Mirzaei H, et al. Survival rate of breast
cancer based on geographical variation in iran, a national
study. Iran Red Crescent Med J. 2012;14(12):798-804.
https://doi.org/10.5812/ircm;j.3631.

Glolel

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.



