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abstract

PURPOSEBreast cancer is themost common cancer in women in India, with higher incidence rates of aggressive
subtypes, such as triple-negative breast cancer (TNBC).

METHODS A systematic review was performed to compute pooled prevalence rates of TNBC among patients with
breast cancer, and clinical features at presentation were systematically compared with non-TNBC in an Indian
cohort of 20,000 patients.

RESULTS Combined prevalence of TNBC among patients with breast cancer was found to be on the higher side
(27%; 95% CI, 24% to 31%). We found that the estrogen receptor (ER) expression cutoff used to determine ER
positivity had an influence on the pooled prevalence and ranged from 30% (ER/progesterone receptor [PR] cut ff
at 1%) to 24% (ER/PR cutoff at 10%). Odds for TNBC to present in the younger age-group were significantly
higher (pooled odds ratio [OR], 1.35; 95% CI, 1.08 to 1.69), with a significantly younger mean age of incidence
(weighted mean difference, −2.75; 95% CI, −3.59 to −1.92). TNBC showed a significantly higher odds of
presenting with high grade (pooled OR, 2.57; 95% CI, 2.12 to 3.12) and lymph node positivity (pooled OR, 1.39;
95% CI, 1.21 to 1.60) than non-TNBC.

CONCLUSION Systematic review and meta-analysis of 34 studies revealed a high degree of heterogeneity in
prevalence of TNBC within Indian patients with breast cancer, yet pooled prevalence of TNBC is high in India.
High proportions of patients with TNBC present with aggressive features, such as high grade and lymph node
positivity, compared with patients without TNBC. We emphasize the need for standardizedmethods for accurate
diagnosis in countries like India.
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INTRODUCTION

Breast cancer is themost common cancer in India, with
the highest numbers of new cancer incidence per year
(14%) and with a high incidence-to-mortality ratio
(approximately 50%) according to GLOBOCAN 2018.1

At present, breast cancer is classified into 4 molecular
subtypes on the basis of expression of estrogen receptor
(ER), progesterone receptor (PR), and human epider-
mal growth factor receptor 2 (HER2). Positive expres-
sion of ER/PR and/or HER2 determines the ER-positive
and/or HER2-positive subtype, while absence of ER,
PR, and HER2 expression defines triple-negative breast
cancer (TNBC).2 Both, ER-positive and HER2-positive
subtypes are effectively and routinely treated with re-
spective targeted therapy.3 In contrast, TNBCs lack
targeted therapy and are still treated with systemic che-
motherapy drugs. In addition, TNBCs tend to present
with more aggressive clinical features4 and tend to re-
cur earlier and with higher frequency, which make them
a most aggressive subtype of breast cancer.5,6

TNBC incidence in the West is at 12.2%-13% of all
breast cancers,4,6 with the highest prevalence in Blacks
(22.5%-23.7%).4,6 In India, several reports have sug-
gested that TNBC incidence is higher and up to 31%.7,8

Having a higher incidence of TNBC may translate into
a higher proportion of the aggressive disease that is
clinically difficult to target, which contributes to higher
mortality rates in India. Moreover, there is a high
degree of variability in TNBC prevalence among in-
dividual studies.7,8 We conducted a systematic review
and meta-analysis to assess the effect of detection
method for ER/PR positivity that determines triple-
negative status of the disease because such methods
are reportedly varied across centers in India.9,10 Clini-
cal features of TNBC and non-TNBC at incidence,
such as age, grade, and lymph node involvement,
were systematically compared with the understanding
of whether TNBC in Indian cohorts present with a higher
degree of aggressive features, as has been observed in
the West.6
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METHODS

Search Criteria

The key terms used to search for the breast cancer reports
in Indian cohorts were as follows: breast cancer, breast
carcinoma, triple negative, ER, PR, HER2, TNBC, and
Indian or India. The studies that were peer reviewed and
listed in PubMed until October 2019 were included. To be
certain that breast cancer studies with patients from India
or of Indian origin were included in the analysis; individual
studies/reports were manually curated for the following:
studies conducted at and published from an Indian center
(assuming that all the patients were of Indian origin) or
studies conducted in countries other than India, with data
clearly annotated for Indian-origin patients. With these
inclusion criteria, 49 studies were identified7-9,11-55 (Data
Supplement).

Exclusion Criteria

Of the 49 studies identified, those that did not mention
criteria for defining HER2 positivity or negativity, subtype
prevalence, or cohort details; had information missing for
part of the cohort; or were review articles were excluded. In
total, 15 articles were excluded for reasons shown in
Figure 1. The remaining 34 studies were considered for the
systematic comparison between TNBC and non-TNBC for
prevalence and clinical features at incidence, such as age,
grade, and lymph node involvement.

Quality Assessment

Quality of the studies was assessed independently by 2
authors while following Newcastle-Ottawa Scale criteria for
selection, comparability, and outcome. Consensus scores
for each study are listed in the Data Supplement. Overall,
33 studies scored good for quality, with 3 stars in the se-
lection domain, 2 stars in the comparability domain, and 2
stars in the outcome/exposure domain. One study scored
fair for quality, with 2 stars in the selection domain.36

Data Extraction

For the articles included in the study, data were in-
dependently extracted by 2 investigators (A.K. and N.P.) for
cohort number, ER/PR and HER2 expression reported by
immunohistochemistry (IHC) while following standard
guidelines given by ASCO-College of American Pathologists
(CAP); TNBC and non-TNBC; number of patients; age at
incidence; grade; and lymph node involvement. Extracted
data were confirmed for each study (M.K).

In total, 34 studies reported the cohort numbers for patients
with breast cancer with the molecular subtypes (Data
Supplement). These studies were screened for their as-
sessment of ER/PR status. According to 2010 ASCO-CAP
guidelines, . 1% ER/PR expression is considered posi-
tive.56 Before these guidelines, . 5%-10% ER/PR ex-
pression was set as a cutoff for ER/PR positivity.57 On the
basis of the reports, we observed that it has taken time to
implement the guidelines across India, and a few articles
published later than 2010 still followed the older guidelines.
To assess the impact of this variability in defining TNBC
status, we evaluated each study with respect to the ER
expression cutoff used. First, all the studies that followed
ASCO-CAP guidelines were evaluated here. The studies
were segregated into 3 subgroups as follows: the ones that
used 1% expression as cutoff to define ER/PR positivity
(subgroup 1; n = 15), the ones that used 5%-10% ex-
pression as cutoff (subgroup 2; n = 5), and the ones that did
not mention the percent expression cutoff or did not refer to
the year of ASCO-CAP guidelines but did refer to ASCO-CAP
guidelines (subgroup 3; n = 14).

Method for HER2 positivity assessment was also screened.
All the studies evaluated here referred to the ASCO-CAP
guidelines to determine HER2 positivity. The studies in
subgroups 1 and 2 either referred to ASCO-CAP 2007
guidelines (n = 5) or determined HER2 positivity with HER2
IHC scores of 3+ or 2+ with positive fluorescence in situ

CONTEXT

Key Objective
The meta-analysis systematically compared prevalence of triple-negative breast cancer (TNBC) in a large cohort of 20,000

Indian/Indian-origin patients from 34 studies.
Knowledge Generated
Indian patients with TNBC present with high rates (27%) of prevalence, although with a high degree of variability. To our

knowledge, this is the first time a possible source of variability in TNBC prevalence among the studies has been objectively
analyzed. Our study reveals and emphasizes the need for standardized methods for a standardized diagnostic protocol
across the country.

Relevance
Even with the variable prevalence, patients with TNBC in India present at a significantly younger age compared with patients

without TNBC and with a higher odds ratio of high-grade disease and lymph node involvement. Understanding the high
rates of prevalence and clinical features of the most aggressive, triple-negative subtype may help to clarify and better
interpret breast cancer outcomes in India.
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hybridization (FISH; n = 14). The studies from subgroup 3
referred to ASCO-CAP guidelines without referring to the
year, except for 3 studies that defined HER2 positivity with
HER2 IHC scores of 3+ or 2+ with positive FISH.

Twenty-three of 39 studies reported age at incidence either
asmean or as grouped by younger and older age. Mean age
at incidence was reported by 12 studies, and 8 studies
reported age-groups for patients with or without TNBC.
Fourteen of 34 studies reported grade and lymph node
status for patients with and without TNBC. In these 14
studies, grade was grouped into low (grade 1 and 2) and
high (grade 3) categories. Lymph node involvement was
referred to as positive when≥ 1 lymph nodes were reported

to be involved on the basis of a pathologic report, as
mentioned in the studies.

Statistical Analysis

The reported number of patients with TNBC within the
breast cancer total cohort of a given study was used to
calculate TNBC proportions. These proportions were logit
transformed to calculate effect size and study weight. In-
dividual effect sizes and study weights were then pooled in
fixed- and random-effects models and back transformed to
proportions. The analysis was done on the basis of the
inverse variance method, using the DerSimonian-Laird
estimator for τ2 and Clopper-Pearson CI as described in
Wang et al.58 Data were analyzed using the metafor (2.1.0)
package59 in R version 3.6.160 for Windows (Microsoft
Corporation, Redmond, WA).

Moderator analysis allowed us to test for sources of het-
erogeneity in the pooled analysis. We used the reported IHC
cutoff for ER positivity as the moderator for subgroup
analysis. The 3 subgroups created for ER positivity were
those described in the Data Extraction section. These
subgroups were analyzed individually using a random-
effects model, which assumed a difference between
study variance (τ2) across subgroups. Finally, the sub-
groups were pooled using a mixed-effects model, and the
moderator effect was assessed by Wald test.

The statistical significance for the difference in mean age at
incidence for 12 studies was analyzed using t test. Of those
12 studies, 9 reported a mean age with either standard
deviation, significance values, or CIs. Standard deviation
was computed for all significance values or CIs. These data
were pooled and a meta-analysis performed for the con-
tinuous data. Mean differences in the mean age at in-
cidences between TNBC and non-TNBC for the 12 studies
were plotted in a forest plot with both the random-effects
and the fixed-effects models because the heterogeneity (I2)
was close to 50%.

For meta-analysis of categorical data, namely binned age at
incidence, high grade (grade 3), and lymph node positivity
within TNBC and non-TNBC cohorts, pooled odds ratios
(ORs) of the binary outcomes were estimated. When
the heterogeneity index (I2) was . 50% and/or significant
(P , .05), the DerSimonian-Laird method was used for
the pooled estimate of the ORs using the random-effects
model. Otherwise, the Mantel-Haenszel method was used
to obtain the fixed-effects model of the pooled ORs. Data
were analyzed using the meta package in R.61 Study
outliers are assessed by visual inspection of the funnel plot
for OR against SE. Data were re-analyzed and forest plots
replotted after removal of the outliers to examine outlier
effect.

RESULTS

To assess the variability and the source of variability in the
prevalence rates of TNBC in Indian patients with breast

Search Criteria:
Breast cancer, breast carcinoma,

triple negative,
ER, PR, HER2, TNBC
and Indian or India 

Study inclusion criteria
Female breast cancer

cohort Indian patients or Indian-origin patients
IHC staining protocol mentioned or referred

Exclusion criteria
Reviews (n = 4)

No cohort details (n = 3)
HER2 IHC not done (n = 2)
Age 40-50 years missing

 (n = 1)

Exclusion criteria
No reference to

patients without TNBC (n = 5)

Systematically reviewed
while following PRISMA guidelines

49

studies

39

studies

34

studies

FIG 1. Search and inclusion/exclusion criteria of the studies. The
flowchart depicts search criteria used to select the studies with
breast cancer cohorts of Indian and/or Indian-origin patients. Ex-
clusion and inclusion criteria are explained and led to the inclusion
of 34 studies in the systematic review. ER, estrogen receptor; HER2,
human epidermal growth factor receptor 2, IHC, immunohisto-
chemistry; PR, progesterone receptor; PRISMA, Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; TNBC, triple-
negative breast cancer.
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cancer, we selected and curated studies in breast cancer
cohorts of Indian and/or Indian-origin patients (Fig 1). A
systematic review of 34 such research articles published
during 2009-2019 that reported incidence numbers and
clinical parameters of patients with breast cancer according
to molecular subtype is compiled in the Data Supplement.
The average cohort size was 608 patients (range, 72-5,436
patients), with a total number of 20,678 patients. The meta-
analysis was performed for prevalence of TNBC. Clinical
parameters associated with the aggressive characteristic of
the disease, such as age at incidence, high grade, and
lymph node positivity, were compared between TNBC and
non-TNBC using summary OR with 95% CIs.

Prevalence of TNBC Within Indian Cohorts

Pooled prevalence of TNBC for all 34 studies was
27% (95% CI, 24% to 31%; Fig 2). The lowest prevalence
observed was 7%12 and 11.8%,62 while the highest prev-
alence was 47%14 and 50%40 (Fig 2). Thus, significantly
high heterogeneity was observed among the 34 studies (I2 =
95.1%), with . 50% of the studies falling outside the CIs
(Data Supplement).

In an attempt to understand the source of heterogeneity, we
tested whether different ER expression cutoffs used to
define ER positivity had any influence on the TNBC
prevalence. Accordingly, the 34 studies were grouped into
3 subgroups. Heterogeneity analysis was computed for
TNBC prevalence for each subgroup independently (Data
Supplement). All 3 subgroups had high heterogeneity. The
highest heterogeneity was observed for subgroup 3, where
the studies did not mention a cutoff for ER/PR positivity.
Combined prevalence was computed for each subgroup
using a random-effects model. Subgroup 1, which used
1% ER expression as cutoff, showed a higher prevalence of
TNBC (30%; 95% CI, 26% to 34%) compared with sub-
group 2, which used 5%-10% ER expression as the cutoff
(24%; 95% CI, 19% to 30%; Fig 2). Subgroup 3 (no
mention of cutoff) showed a prevalence of 26% (95% CI,
21% to 33%). Among subgroups, prevalence variation was
not significant, as revealed by the test of moderators, in-
dicating that the heterogeneity within subgroups as well as
in all 34 studies may be due to factors other than ER ex-
pression cutoff used.

Age at Incidence

Twenty of the 34 studies reported age at incidence for
patients with and without TNBC in the cohort. Mean age at
incidence for TNBC was 47.52 6 3 years, which is sig-
nificantly younger than that for non-TNBC (51.02 6 2.4;
P = 0.005; n = 12; Data Supplement). In 9 of 12 studies,
mean difference in the mean age at incidence between
TNBC and non-TNBC was plotted as a continuous forest
plot using a fixed-effects model. A weighted mean differ-
ence of −2.75 (95% CI, −3.59 to −1.92) significantly fa-
vored younger age at incidence for TNBC (Fig 3A). The

studies were highly homogeneous, as observed in the
funnel plot shown in Data Supplement.

For the studies that reported age at incidence in bins of
, 50 years and . 50 years, the ORs for incidence at
, 50 years were computed and plotted as a dichotomous
forest plot (n = 8). Study heterogeneity was observed to be
55%; hence, both random- and fixed-effects models were
used. Both models showed significantly higher odds for age
, 50 years for incidence of TNBC compared with non-
TNBC (pooled OR, 1.35; 95% CI, 1.08 to 1.69) in the
random-effects model (Fig 3B). The studies are more or
less homogeneous as observed in the funnel plot (Data
Supplement). Either as mean age or grouped age, TNBC in
Indian cohorts seem to consistently present at a signifi-
cantly younger age than non-TNBC.

Tumor Grade

Higher histologic grade of tumor at incidence is a significant
predictor of poor prognosis. Patients with TNBC were more
likely to have higher histologic tumor grade than those
without TNBC.63,64 We compared grade records for TNBC
versus non-TNBCwithin the Indian cohorts. Fourteen of the
34 studies had grade records for patients with and without
TNBC. We compared the ORs for the proportion of grade 3
within TNBC with respect to grade 3 within non-TNBC
(Fig 4A). The heterogeneity analysis using funnel plot
was significantly high with 3 outliers (Data Supplement).
The outliers were removed and ORs pooled and re-
analyzed for the 11 studies. Heterogeneity within the 11
studies was , 50%; hence, the forest plot for ORs was
plotted using the fixed-effects model. For these 11 studies,
patients with TNBC had a 2.57 times higher odds of pre-
senting with high-grade (grade 3) disease compared with
those without TNBC, with a highly significant overall effect
(Fig 4B).

Lymph Node Positivity

Tumor metastasis to axillary lymph nodes is one of the
prognostic factors for breast cancer recurrence.65 We an-
alyzed Indian cohorts for any difference in proportions of
lymph node positivity between TNBC and non-TNBC at
presentation. Fourteen of 34 studies reported data on
lymph node status for patients with and without TNBC. The
pooled data for lymph node positivity in TNBC and non-
TNBC showed high heterogeneity and were therefore an-
alyzed by random-effects model. The pooled OR favored
lymph node positivity in TNBC (OR, 1.35; 95% CI, 0.94 to
1.92), but the overall effect was not significant (Fig 5A).
Visual inspection of the funnel plot for these data showed 3
outliers.18,31,37 Re-analysis of the pooled data from the
remaining 11 studies after removal of the outliers showed
a marked decrease in heterogeneity. The pooled OR
showed that lymph node positivity was favored in TNBC
over non-TNBC (OR, 1.39; 95% CI, 1.21 to 1.60), with
a significant overall effect (Fig 5B).
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FIG 2. Prevalence of triple-negative breast cancer (TNBC) in Indian cohorts. Forest plot of prevalence (%) of TNBC within 34 studies that reported
data on Indian patients with breast cancer. Subgroups were made by guidelines followed for estrogen receptor (ER)/progesterone receptor (PR)
positivity: studies that used 1% expression of ER/PR as a cutoff, 10% expression of ER/PR as a cutoff, or studies that did not mention the ER/PR
expression criteria. Heterogeneity (I2) is noted to be significantly high for each subgroup as well as for all 34 studies together. Combined pooled
prevalence for all 34 studies estimated by a random-effects model (REM) is shown in purple. The fixed-effects (continued on following page)
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DISCUSSION

To our knowledge, this systematic review of 34 studies is
one of a kind, covering the highest number of peer-
reviewed articles published so far for Indian patients with
breast cancer, and for the first time, a possible source of
heterogeneity observed in the prevalence of TNBC and OR
of clinical features at presentation within Indian cohorts has
been systematically explored. Pooled prevalence from all
34 studies was found to be high at 27% (95% CI, 24% to

31%), with high variation (range, 7%-50%). The reviews
published in an earlier report indicated similar variation,
although with a fewer number of articles.7,8 We reason that
the differences in defining ER positivity may have con-
tributed to the variation in prevalence. Revised ASCO-CAP
guidelines for ER/PR positivity were published in 2010, yet
we did encounter studies published as late as 201516 that
followed the 10% ER expression cutoff as a guideline to call
out ER-positive breast cancer. Half of the studies did not

FIG 2. (Continued). estimate is also shown. Pooled prevalence for each subgroup computed with random effects is shown as orange diamonds. The
subgroup variances are pooled together in a mixed-effects model (FEM; teal diamond). Intergroup variance in pooled prevalence is tested by Wald
test, and test of moderators are not significant. The spread of each diamond represents the 95% CIs for the pooled estimate. The dotted line
represents the proportion calculated from the mixed-effects model with moderators.
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mention the cutoff they used to define ER positivity.
Irrespective of the guidelines followed, all the subgroups
presented with high heterogeneity as well as variation in
TNBC prevalence.

Thirty percent prevalence in the subgroup with 1% cut-
off for ER/PR positivity is alarmingly high, as pointed
out earlier.8 Significantly high heterogeneity within this

subgroup may indicate inconsistent IHC diagnostic
methods. It is highly likely that factors like uneven tissue
fixation, inadequate retrieval methods, and use of dif-
ferent and/or unconventional antibodies contributed to
lower expression of ER and hence, high TNBC prevalence
(reviewed in Shet9). Similar to ER-positive selection criteria,
some of the studies used HER2 score with no reference to
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FISH. Definitions for both ER/PR and HER2 positivity
are determining factors in defining TNBC. Inconsistent
methods as well as variation in detection methods across
centers may have contributed to false-negative reporting of
ER/PR and HER2 expression, especially for tumors that
inherently express these receptors at low levels. Of the 34
studies reviewed here, 1 reported that with the improvement

in the detection methods and protocol over a period of
6 years, the percentage of patients with TNBC reduced from
40% to 26% in its cohort.17

Our meta-analysis reveals that the variations in tissue
processing and detection protocols and/or standards as
well the lack of reporting thereof (eg, subgroup 3 in our
analysis) might be important and major contributing factors
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toward the observed variation in TNBC prevalence in Indian
cohorts. An analysis of SEER data in the United States after
1988 showed that women of Asian Indian/Pakistani origin
had significantly higher rates of ER/PR-negative cancer than
White women (30.6% v 21.8%; P = .0095).66 This cohort
may be considered as representative of a population of
Indian immigrants and their descendants in the United
States.67 Because this data set did not include HER2 status,
ER/PR-negative cancers represent both HER2 and TNBC.
This cohort was found to be significantly younger (, 50 years
of age) and presented with higher-grade cancer. More re-
cently, Plasilova et al6 analyzed updated data from SEER,
which included HER2 by IHC and FISH. In detailed race
analysis of cancer subtypes, the authors reported subtype
data for Asian Indians. The proportion of TNBC in the Asian
Indian group (15.4%) was found to be significantly higher
than in the White group (11.6%; P = .0003), and the second
highest among all the races reported. Although significantly
higher, the TNBC incidence rate for the Asian Indian pop-
ulation (15.6%) is substantially lower than the pooled TNBC
prevalence of 27% shown in Figure 2. Even with greater
standardization of diagnostic procedures and reporting, the
TNBC rate in a biased Indian-origin subpopulation is high
compared with White rates. This reinforces the conclusion
that TNBC rates in an Indian/Indian-origin population are
intrinsically high; however, some of the observed increase in
our meta-analysis may stem from diagnostic limitations
across the country.

With this backdrop, it will be interesting to systematically
review the IHC protocols used in Indian centers as a source
of variation. High TNBC in Indian cohorts may be partly due
to a lack of standardized protocols and stringent guidelines
in diagnostic centers leading to inadequate assessment of
hormone receptor expression. Moving forward, standard-
ized protocols with unified and stringent guidelines are

essential in the Indian setting for accurate assessment of
hormone receptor expression in breast cancers. In the
meantime, performance of PAM50 on select and repre-
sentative cohorts may give a true assessment of TNBC
proportions in Indian cohorts.68 The difference between the
biologically high TNBC prevalence and the observed TNBC
prevalence may become clearer as health care standards
improve across the country.

Regardless of high prevalence and variation in the prev-
alence, the clinical features that TNBC presents within
Indian cohorts tend to be aggressive compared with non-
TNBC, similar to the observations in western cohorts.6 All
the studies reviewed here reported that patients with TNBC
are significantly younger and that significantly higher
proportions have high-grade tumors compared with non-
TNBC (except for Alcantara et al20), with studies being
highly homogeneous. For lymph node positivity, hetero-
geneity was low (after removal of outliers), and all the
studies except 2 (Alcantara et al and Jana et al14) showed
higher odds for TNBC to present with lymph node positivity.
The pooled OR is significantly in favor of TNBC after the
removal of outliers.

In summary, the systematic review of Indian cohorts once
again reflects a higher prevalence of TNBC within Indian
cohorts. Indian patients with TNBC presented at a younger
age compared with those without TNBC and with a signif-
icantly higher proportion of aggressive clinical features,
such as high grade and lymph node positivity. In India,
TNBC with its higher prevalence and clinically aggressive
features needs focus and consistent efforts to identify an
appropriate and effective treatment regimen to tackle this
clinically challenging disease. Before that, however, India
needs to standardize the detection methods that identify
this aggressive subtype of breast cancer with accuracy.
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