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Background: A breast cancer biobank with retrospectively collected patient data and FFPE tissue samples was 
established in 2018 at Prashanti Cancer Care Mission, Pune, India. It runs a cancer care clinic with support from a 
single surgeon’s breast cancer practice. The clinical data and tissue sample collection is undertaken with 
appropriate patient consent following ethical approval and guidelines. 
Methods: The biobank holds clinical history, diagnostic reports, treatment and follow-up information along with 
FFPE tumor tissue specimens, adjacent normal and, in few cases, contralateral normal breast tissue. Detailed 
family history and germline mutational profiles of eligible and consenting patients and their relatives are also 
deposited in the biobank. 
Results: Here, we report the first audit of the biobank. A total number of 994 patients with breast disease have 
deposited consented clinical records in the biobank. The majority of the records (80%, n = 799) are of patients 
with infiltrating ductal carcinoma (IDC). Of 799 IDC patients, 434 (55%) have deposited tumor tissue in the 
biobank with consent. In addition, germline mutation profiles of 84 patients and their family members are 
deposited. Follow-up information is available for 85% of the 434 IDC patients with an average follow-up of 3 
years. 
Conclusion: The biobank has aided the initiation of translational research at our center in collaboration with 
eminent institutes like IISER Pune and SJRI Bangalore to evaluate profiles of breast cancer in an Indian cohort. 
The biobank will be a valuable resource to the breast cancer research community, especially to understand South 
Asian profiles of breast cancer.   

Background 

Breast cancer is one of the cancers with the highest lifetime risks and 
a common cause of cancer death amongst women worldwide [1]. Breast 
cancers are characterized based on histopathological parameters such as 
tumor size, tumor grade, lymph node involvement [2] and classified by 

the expression of molecular hormone receptors such as estrogen receptor 
(ER), progesterone receptor (PR) and ERBB2 (HER2) [3]. Both the 
clinical stage and the molecular receptor expression affect the prognosis 
of the disease and also guide treatment decisions.  Most breast cancers 
(70%−85%) express hormone receptors ER/PR and/or HER2. Such 
receptor-positive tumors show a better response to targeted therapies 
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and have limited relapse [4, 5]. The remaining 15–30% that do not 
express hormone receptors or HER2 are referred to as triple-negative 
breast cancer (TNBC), lack targeted therapy and require systemic 
chemotherapy [6]. 

In India, 14% of all newly diagnosed cancers are breast cancers, and 
27% of all cancer deaths are attributed to breast cancer with high pro-
portions below age 50 [7], unlike that of western countries [1, 8]. In a 
span of 10 years, from 2016 to 2026, it is estimated that the number of 
breast cancer cases will rise by 32%, i.e. with 240,000 new incidence 
cases estimated in 2026 [9]. There is a growing need to understand and 
investigate histopathological, molecular, and genetic profiles of breast 
cancer in the Indian context to better treat and manage the disease in the 
coming years. Establishing dedicated research centers with tumor tissue 
repositories is essential to understand the trajectory of breast cancers in 
India in terms of their response to therapy, recurrence, and survival 
rates, along with their molecular and genetic profiles. 

With the aim to profile breast cancer in an Indian cohort, we estab-
lished a breast cancer patient database and tissue repository at our 
center in 2018. The retrospective cohort consists of consented and an-
notated patient data and tissue samples collected and curated from 
breast cancer patients who visited the onco-surgeon and the clinic from 
2010 till 2018. Since the center is a single surgeon unit, the patients have 
received uniform treatment and are followed up by one clinician 
through diagnosis, treatment and yearly follow-ups. Our center is one of 
the few centres in India that performs oncoplastic surgery. Hence, along 
with adjacent normal, the biobank holds contralateral breast tissue 
samples as a valuable source of true normal breast tissue. 

In this report, we audit the breast cancer patient cohort for benign 
and malignant tumor cases with their clinical, follow-up data and tissue 
repository for the first time since the establishment of the biobank. 

Methods 

Oncological management at the unit 

The general patient flow through diagnosis and treatment is 
described previously in a detailed performance audit of the clinic [10, 
11]. Patients visit the clinic either for a routine breast screening or 
present with specific (symptoms) complaints such as lump, pain, nipple 
discharge, nipple retraction, skin changes or axillary lump. These pa-
tients undergo clinical breast examination followed by screening or 
diagnostic 2D digital mammograms with 3D tomosynthesis. Ultraso-
nography is performed in cases with abnormal or inconclusive mam-
mograms. Suspicious findings at radiology are recommended for a 
biopsy. 

In most cases, a core needle biopsy of the breast lesion is performed 
on the same day. A fine-needle aspiration biopsy is performed in specific 
situations, e.g. abnormal axillary lymph nodes. All procedures are per-
formed under local anesthesia with proper aseptic precautions and with 
written informed consent. After biopsy diagnosis, patients with non- 
malignant conditions are recommended for follow-up or surgery as 
required. Some of them undergo vacuum-assisted biopsy procedures in 
the clinic under local anesthesia where indicated. Patients with malig-
nant disease are counselled for an appropriate line of treatment. Patients 
eligible for genetic testing are recommended for in-house genetic 
counselling and HBOC testing as per NCCN  guidelines. 

Ethics approval 

To initiate the biobank with breast cancer patient clinical data and 
FFPE tissue, a proposal was developed for the retrospective collection of 
de-identified data and tissue samples for submission to the institute’s 
ethics committee. The committee approved the consent forms, data 
collection forms, SOPs and tissue collection and storage SOPs on 21st 
July 2018. The ethics committee’s approval letter is provided as sup-
plementary document 1. 

With this approval, the patients diagnosed with breast-related dis-
eases from 2010 to 2018 treated with the oncosurgeon on board were 
contacted and requested consent for clinical data and tissue deposition. 

Patient consenting 

The patients listed in the clinic’s yearly roster were contacted by a 
trained clinical staff either via telephone or in-person during their 
annual check-up. The trained clinical staff requested an in-person visit to 
explain the purpose of the biobank and consenting. During the in-person 
visit, a consent form either in English (supplementary document 2) or 
the vernacular language (Marathi) (supplementary document 3) was 
shared and explained to the patient. The patient’s signed consent form 
was filed in the clinic records. 

Patient data collection 

For all the patients who consented, a copy of the clinical records and 
notes, test reports, discharge reports, treatment regimens were filed in 
the clinic record files with a unique patient ID. Designated and qualified 
staff curated individual files within twelve modules. Each module was 
tagged with three unique identifiers, 1. birth date, 2. first visit date at the 
clinic and 3. unique patient ID designated at the clinic. The clinical in-
formation tagged with each module is listed below.  

1 Patient information/history: biographical information, patient 
habits, medical history, family medical history, reproductive 
history, symptoms and mode of breast cancer detection, meta-
static workup.  

2 Radiology: mammography, ultrasonography, automated breast 
volume scanning (ABVS), MRI data reports are curated for lesion 
location and features, node features at diagnosis. This module is 
based on the ACR BI-RADS Atlas (Fifth Edition). Radiology im-
ages are stored in the Picture Archiving and Communication 
System (PACS) in Digital Imaging and Communications in Med-
icine (DICOM) format.  

3 PET scans: details of any PET scans performed at diagnosis, 
during NACT or follow up. Results for the brain, thorax, abdomen 
are divided into abnormal and normal sections entered as free 
text. Breast related observations are entered as a structured text 
for lesion size, SUV status, node observations and SUV status. The 
presence of metastatic features and location is curated separately.  

4 Biopsy Reports Histopathology reports for a type of tumor, grade, 
lymphovascular invasion, tumor infiltrating lymphocytes, etc. 
Immunohistochemistry assessments for Estrogen Receptor (ER), 
Progesterone Receptor (PR), HER2 and ki67 expression and 
HER2 FISH, wherever applicable, are logged in for biopsy tissue.  

5 Neo-Adjuvant Therapy: details of neoadjuvant treatment – both 
hormone and chemotherapy. Details include regimen prescribed, 
drugs, dose, patient weight, toxicity and treatments, and residual 
tumor size assessment. Details of residual tumor localization by 
clip/wire insertion.  

6 Surgery: Surgery type of conventional surgery or oncoplastic 
breast surgery is mentioned. Surgical details such as the type of 
incision used and the weight of tissue excised are captured. Most 
surgeries have unique elements of oncoplasty, such as immediate 
breast reconstruction after a mastectomy using implants or 
autologous tissue such as Latisimmus Dorsi (LD) flaps, breast 
conservation using techniques such as simple oncoplastic closure, 
therapeutic mammoplasty, perforator flaps etc. Details specific to 
these techniques such as pedicles, nipple-areola complex graft are 
captured. Details of sentinel node biopsy and frozen tissue are 
also collected in this module. Finally, post-surgical complications 
and their treatment are collected in this module.  

7 Surgery tissue: Frozen tissue histopathology report, tumor size, 
margins, histopathology report of FFPE tissue blocks to include 
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tumor, adjacent normal tissue and contralateral breast tissue. IHC 
report, if any. Follow-up surgery report, if any.  

8 Adjuvant Chemotherapy: details of post-surgery chemotherapy – 

drugs, dose, toxicity and treatments. 
9 Radiotherapy: type of radiotherapy given, reasons for discontin-

uation, if any, and toxicity. This data is taken from a radiation 
therapy discharge summary created by the radiotherapy depart-
ment at an allied Hospital.  

10 Hormone Therapy and Survival: details of long-term hormone 
therapy if given and response, ovarian suppression details if 
given, recurrence and survival status at last follow-up.  

11 Follow-up Data: detail of every follow up visit and tests done; 
investigation and treatment for recurrence; status at every follow 
up. For some patient’s follow-up is taken from a telephonic 
conversation with a qualified nurse.  

12 Germline genetic testing and counselling report: After genetic 
counselling, collecting family pedigree and obtaining written 
informed consent, germline genetic testing is performed using 
genomic DNA isolated from blood/saliva of the proband (diag-
nostic testing) and/or family members (preventive testing) in 
allied CAP-certified genetic laboratories. Exome NGS is per-
formed using an ACMG-consensus multi-gene panel comprising 
key genes involved in hereditary cancers. The pedigree and the 
test results for the mutations and their pathogenic or VUS 
(variant of unknown significance) status are noted in the 
database. 

Data storage and handling 

A data entry program PCCM_DB is created as a command-line based 
entry system in python 3.6 [12] to enter patient data across the Breast 
Cancer diagnosis, treatment and follow-up workflow. The program is 
divided into modules based on the patient workflow as described above. 
Each workflow module described above represents a unit of the rela-
tional database. Surgical details are captured in a surgery datasheet by 
the assistant surgeon and filed at the clinic in patient files as a fil-
e_number, patient name, and surgery date labelled form until the data-
base module is created. Radiology images are stored manually tagged by 
patient file number. These will be incorporated into the database and 
marked with appropriate identifiers in the future. For all other modules, 
each patient record is tagged with three unique identifiers, as mentioned 
earlier. Data is entered as a yes/no or multiple-choice question to 
maintain a defined vocabulary. For a limited number of descriptive 
questions (such as PET reports, NACT regime, treating doctor name), 
data is entered as free text. Information is stored in a separate SQLite3 
database [13] for each data entry person and transferred to a common 
SQLite3 database at regular intervals. A tool has been created to extract 
data in a Microsoft Excel format with separate sheets that represent each 
module. Separate output files with de-identified data are exported out as 
excel files for researchers. 

Tissue storage and handling 

As part of the biobank, the tissue repository is built with FFPE tissue 
donated by the consenting patients. Biopsy and surgery tissue blocks and 
clinicopathological reports are received in the biobank facility and the 
signed informed consent. The biobank staff identifies the unique patient 
ID and histopathology report from the PCCM file system. Once the block 
ID written on the physical block is verified with the report and patient 
ID, the tissue blocks are placed in the designated tissue cabinet. Typi-
cally, one column in the tissue cabinet drawer is allotted to one patient. 
The blocks are arranged in alphabetical and/or numerical order. The 
placeholder and column header are allocated with three identifiers: 
Serial No - Patient ID - Block location ID: cabinet No-drawer No-column 
No. The placeholder or location ID, as it is referred to, is logged in the 
database as the storage coordinates. The tissue repository contains FFPE 

blocks with biopsy tissue, surgery tissue and adjacent normal tissue. For 
some of the cases, normal contralateral breast tissue derived from an 
oncoplastic surgery is deposited. 

Genetic counselling and testing 

The genetic clinic at the center was established in 2017 as per the 
National Comprehensive Cancer Network (NCCN) and American Society 
for Medical Genetics (ACMG) guidelines. Accordingly, we apply eligi-
bility criteria for genetic counselling and testing of breast cancer pa-
tients and their family members for determining the risk of Hereditary 
Breast and Ovarian Cancer (HBOC). At the genetic clinic, a multi- 
disciplinary team of onco-clinicians (i.e., radiologist, onco-surgeon or 
medical oncologist), geneticist and genetic counsellors collaborate to 
integrate genetic information with clinical decision-making algorithms. 

On referral by onco-clinicians, eligible patients (diagnostic testing) 
and their relatives (preventive testing) undergo pre-test counselling to 
discuss the importance of genetic testing on cancer management and risk 
assessment. Detailed lifestyle, medical and 3-generational family history 
is collected along with informed consent for genetic testing. Using 
genomic DNA from blood samples, next-generation exome sequencing is 
performed using a multi-gene germline mutation consensus panel rec-
ommended by ACMG. Whenever required for cascade testing, Sanger 
sequencing is used. If clinically actionable germline mutations are 
found, a post-test counselling session is planned to explain the impli-
cations to the patient and family. With inputs from geneticists/coun-
sellors, the onco-clinicians plan tailored surveillance and clinical 
management for such patients. 

Demographic analysis of pccm and ffpe cohorts 

Demographic and clinicopathological data of IDC patients were 
statistically analyzed using R Ver. 3.6.3 [14]. For clinical tumor size 
(cT), the longest tumor dimension reported in radiology reports was 
considered to define the T1-T3 category. The description of axillary 
nodes (loss of fatty hilum, node dimensions, number of enlarged nodes) 
in ultrasound and PET reports was assessed to derive cN status. The 7th 
edition AJCC guidelines were used to derive cT and cN [15]. In a 
follow-up analysis, cases with less than 30 days of follow up post-biopsy 
or surgery were reported as lost to follow-up. 

The mean age of patients within three molecular subtypes based on 
the receptor expression is compared with One-way ANOVA. For all other 
parameters where data is available, the distribution of the sub- 
categories within molecular subtypes is assessed by Chi-Square anal-
ysis. For menopausal status comparison, distribution within pre-and 
post-menopausal status is compared. P-value of <0.05 is taken as sig-
nificant. Median follow up was calculated using the reverse KM method 
of Schemper and Smith [16]. 

Kaplan-Meir plots of patient survival at ten years (overall survival 
and disease-free survival) were plotted using SPSS (IBM Corp. Released 
2020. IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM 
Corp). Significance at 95% confidence was estimated with Mantel Cox’s 
Log Rank test. For overall survival, cases that were noted as Deceased at 
follow-up were taken as events. The time interval was estimated in 
months from biopsy to last follow-up or date of death when known. For 
disease-free survival, localized disease recurrence or systemic metastasis 
were taken as events. The time interval was taken as the time in months 
from surgery to last follow up or disease recurrence. Survival was further 
analyzed using Cox Proportional Hazard Analysis in R using the survival 
[17] and survminer [18] packages. 

Results 

Prashanti Cancer Care Mission (PCCM) is a public charitable trust 
established to provide affordable holistic cancer care. PCCM established 
a dedicated breast clinic managed by a single onco-surgeon that offers 
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comprehensive breast cancer care. It is one of the few centers in India to 
provide oncoplastic surgery routinely. To understand the incidence, 
progression and response to therapy in an Indian cohort of breast cancer 
patients, a translational cancer research center (center for Translational 
Cancer Research – CTCR) was established in 2017 in collaboration with 
an academic institute, the Indian Institute of Science Education and 
Research (IISER Pune). The center established a biobank with breast 

tissue and patient clinical data in 2018 with appropriate guidelines and 
ethical approvals in place to aid clinical and translational research. This 
report is the first audit of the biobank to assess clinical and follow-up 
data along with the deposited tissue parameters. 

Fig. 1. Patient flow in numbers from testing to 
diagnosis of malignant breast disease in years 
2015 to 2018 at the clinic. Number of unique 
female patients that were screened per year for 
breast abnormalities by mammography  (A) or 
ultrasound (C). The number of unique entries for 
female patients with breast abnormalities that 
were tested for follow-up per year for mammog-
raphy (B) and for ultrasound (D). The percentage 
of unique number of follow-up patients per year is 
reflected above each bar (B and D). The number of 
female patients per year that underwent biopsy to 
confirm the indication of a breast disease with 
mammography and/or ultrasound test (E). The 
number of female patients presented and treated at 
the clinic per year with malignant breast disease, 
diagnosed at the center or elsewhere (F). The dis-
tribution of IDC cases into molecular subtypes that 
were presented and treated at the clinic per year 
(G).   
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Diagnostic screening at the clinic 

Diagnosis of breast abnormalities is performed at the clinic with in- 
house mammography (Siemens Revelation digital mammography with 
3D tomosynthesis) and ultrasound equipment (Siemens Acuson S 2000) 
that have been operational since 2015. The data logs from mammog-
raphy and ultrasound machines were extracted to identify the number of 
unique patients, and the number of follow-up patients screened every 
year. The number of female patients screened with mammography was 
on average 950 per year with a modest increment per year (Fig. 1A). The 
percent number of patients screened for follow-up showed a remarkable 
upward trend from 12% in 2015 to 59% in 2018 (Fig. 1B). The number 
of patients screened with ultrasound for breast disease increased from 
467 in 2015 to 1161 in 2018 (Fig. 1C). The number of patients who 
underwent follow-up screening/test using ultrasound also went up from 
14% to 35% from 2015 to 2018 (Fig. 1D). The number of patients bio-
psied at the clinic to confirm the breast disease indicated in screening 
was steady for 2015 to 2017, with a 25% increase in 2018 to 214 
(Fig. 1E). 

Breast disease composition of the diagnosed cases 

A total of 994 breast cancer cases were diagnosed and treated at the 
clinic, including benign and malignant disease. Benign breast tumours 
included fibroadenomas, phyllodes, etc. Malignant breast tumors 
included DCIS, Invasive lobular carcinoma, invasive papillary carci-
noma and invasive ductal carcinomas. Very few cases presented with 
DCIS, as in India, only symptomatic patients visit for screening due to 
lack of any official screening program. The majority, i.e. 85% of the total 
diagnosed malignant tumors, are invasive ductal carcinoma types. The 
proportion of invasive/infiltrating ductal carcinoma (IDC) cases diag-
nosed with biopsy in 2015 was biased with 90% representation, which 
gradually dropped to 78% by 2018 (Fig. 1F). Molecular subtype iden-
tification of IDC cases was by immunohistochemistry, and HER2 FISH 
was performed at an allied pathology laboratory. Over the years from 

2015 to 2018, the proportion of ER-positive IDC increased from 45.5% 
to 61.3%, while the proportion of HER2 positive and TNBC IDC cases 
reduced from 34.4% to 20.3% and 22.6% to 16.1%; respectively 
(Fig. 1G). 

Demographic and clinicopathological details of idc cohort 

The number of IDC cases diagnosed and with data deposited in the 
clinic from 2015 to 2018 is 580. A few patients who visited for follow-up 
at the clinic during these years but were diagnosed in the previous years 
also consented to the deposition of clinical data and breast tissue blocks 
to the biobank. Hence, clinical data for a total of 774 IDC patients is 
deposited in the biobank with appropriate consent from patients diag-
nosed between 2010 and 2018. The clinical data at this stage consisted 
of demographic details, histopathological diagnosis, and immunohisto-
chemistry reports for molecular subtyping. The demographic informa-
tion of 774 IDC cases is described in Fig. 2. Overall, the cohort contains 
52% ER-positive, 26% HER2 positive and 22% TNBC cases. Mean age at 
incidence is observed to be significantly younger for TNBC patients 
(48.6 ± 11.7 yrs) as compared to HER2+ve (52.6 ± 10.9 yrs) and ER/ 
PR+ve (54.7 ± 12.3yrs) patients. Similarly, TNBC patients comprised a 
higher proportion of premenopausal patients (50%), significantly higher 
than HER2+ve (24%) and ER/PR+ve (18%) patients. TNBC presented 
with grade 3 tumors 50% of the times, significantly higher than 
HER2+ve (27%) and ER/PR+ve (13%) tumors, which presented with 
higher proportions of grade 2 tumors. The TNBC subtype presents with a 
significantly higher proportion of aggressive features such as younger 
and premenopausal age at the incidence and high-grade tumors (Fig. 2). 
High proportion and aggressive features of TNBC at presentation in 
India have been reported often [19]. 

Breast tissue biobank 

Patients diagnosed and treated at the clinic within 2010–2018 were 
actively approached for consenting and were requested to deposit their 

Fig. 2. Demographic table of IDC cases (2010–2018) with clinical data The number of IDC cases that were presented at and were treated at the clinic from 2010 
till 2018 is compiled, and the demographic distribution of the clinical and pathological features is presented in the table. The total number of IDC cases are 799; out of 
those, 10 bilateral cases of IDC and 12 cases without IHC reports are not considered for this analysis. Out of 774, 593 cases were diagnosed in the years 2015 to 2018; 
the rest 181 cases were diagnosed prior to 2015. p-values at 95% significance are calculated by ANOVA for age distribution within the three subtypes and by Chi- 
Square Test for the distribution of the rest of the features within the three subtypes. Three cases with menopause recorded as peri‑menopausal status were considered 
post-menopausal since perimenopause was not strictly defined at the time of data collection. Chi-square test for menopause status has been carried out for post vs 
premenopausal data. 
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biopsy and/or tumor tissue to the biobank post-treatment completion. 
Overall, 111 patients with benign tumors and 883 patients with malig-
nant breast tumors (diagnosed between 2010 and 2018) have deposited 
clinical data to the repository. Of those, 72 patients with benign disease 
(Fig. 3A) and 482 patients with malignant disease (Fig. 3B) consented 
and deposited the tissue blocks. Deposited FFPE blocks include both 
biopsy and surgery tissue. 

Benign tumour cases 

Benign tumours are defined with histopathology report that included 
one of the following terms as part of the diagnosis: Benign, Fibroade-
noma, Hyperplasia, Phyllodes, Cyst, Intraductal Papilloma, Mastitis, 
Inflammation Cancer (Fig. 3A). Out of 72 patients with the benign dis-
ease who consented to deposit the tissue, biopsy and surgery tissue 
blocks are deposited for 37 and 36 cases, respectively. In comparison, for 
six patients, both biopsy and surgery blocks are deposited (Fig. 4A). 
With the follow-up data, 18 patients with benign tumours as a primary 
disease were observed to return with the recurrence of benign disease 
post-surgery. 

Malignant tumour cases 

For malignant tumors, 482 out of 883 patients had access to and 
consented to deposit their FFPE tissue blocks. Of these 482 cases, 192 
deposited biopsy tissue and 374 deposited surgery tissue, and 112 pa-
tients deposited both – biopsy and surgery tissue (Fig. 4A). A majority of 
the malignant tissue deposits comprise IDC tumors (n = 434), while only 
48 are non-IDC diseases, including DCIS and ILC. 

IDC cases 

Of 434 IDC cases deposited with tumor tissue, 74.8% (n = 325) are 
primary tumors (Fig. 4B). The primary tumor tissue includes biopsy (n =
170) and treatment naïve surgery (n = 155). 142 patients deposited 
tumor blocks as post-treatment surgery, where 45 have deposited both 
primary tumor tissue and the post-treatment surgery tumor tissue. Mo-
lecular subtypes wise numbers of primary and post-treatment tumor 
deposits are tabulated in Fig. 4B. 

One of the advantages of establishing a biobank at Prashanti Cancer 
Care Mission is access to contralateral normal breast tissue since the 
onco-surgeon on board is one of the pioneering oncoplastic surgeons in 
India. Within the first year of ethical clearance, the biobank has been 

Fig. 3. Clinical records deposited in the biobank with consent for patients with the Breast disease The number of patients per year with benign breast disease 
(A), malignant breast disease (B) that consented to deposit clinicopathological data in the biobank. The types of benign breast diseases and malignant breast diseases 
are listed in table A and table B, respectively. The mode of diagnosis of malignant breast diseases is tabulated. 
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deposited with contralateral normal breast tissue from 40 breast cancer 
patients who underwent oncoplastic surgery as a part of the cancer 
treatment. Other than these, 85 of all IDC tissues deposited contain 
adjacent normal breast tissue. 

Clinicopathological features of idc patients with tumor tissue 

The demographic details and clinicopathological features of IDC 
patients with tumor tissue deposited in the biobank are summarized in 
Fig. 5. Out of 434 IDC cases, eight patients had bilateral IDCs with 
different clinical features of the disease and hence are not included in 
the summary. Within IDC tumor deposits, 52% are ER-positive, 23% 
HER2 positive, and 24% are TNBC tumors. TNBC tumor tissue may have 
been over-represented as a result of collection bias due to subtype tar-
geted studies. Similar to the clinical cohort, TNBC patients present with 
significantly younger mean age and a higher proportion of high-grade 
disease as compared to patients with HER2+ve and ER+ve disease. 
Clinical tumor size and nodal involvement data could be retrieved for 
only 50% of patients. Within these, a majority (50%) of the patients 
presented with cT2 tumors, with equal distribution within N0-N2 nodal 
involvement. Amongst 413 IDC patients, 251 received surgery as a 
primary treatment, while 149 received NACT followed by surgery. 
Amongst the subtypes, 149 who received NACT comprised 29% ER+ve, 
41% of HER2+ve and 46% of TNBC patients. Interestingly, 57% of the 
tumors where primary treatment was surgery are pathological tumor 
size T3 with N0 or N1 node status. A majority of the tumors that were 
removed post-treatment are T0-T2, with either N0 or N1 node involve-
ment status (Fig. 5). 

Germline mutations profile of hboc qualified idc patients 

Genetic testing for index cancer patients is termed as diagnostic 
testing, while preventive/ cascade testing is used when healthy, unaf-
fected individuals with a strong family history are tested. Between 
2017–2018, 84 IDC patients underwent diagnostic testing, and 65 
healthy unaffected individuals underwent preventing testing at the ge-
netic clinic. The majority of IDC patients were diagnosed with the TNBC 
subtype. 

Out of the 84 IDC patients tested for germline mutations, 40 were 
found to be carriers of BRCA pathogenic mutations (47.6%). Of these 40, 
31 (77.5%) were BRCA1 carriers, and 9 (22.5%) were BRCA2 carriers 
(Fig. 6). Twelve cases were found to carry BRCA variants of unknown 
significance (VUS) (5 for BRCA1; 7 for BRCA2). Since we use a multi- 
gene panel for HBOC risk profiling, pathogenic mutations were also 
observed in non-BRCA genes (6%, 9/149) that include ATM, APC, 
BRIP1, CHEK2, CDH1, MLH1, MSH2, MSH6, NBN, NF1, PALB2, PTEN, 

RAD51D, STK11, TP53 (Fig. 6). A large number of VUS (38%, 32/84) 
were observed in the non-BRCA genes. 

Amongst the unaffected individuals, 4 out of 65 individuals were 
positive for BRCA1 and BRCA2 pathogenic mutations each. 2 VUS were 
found in BRCA2 and 3 in non-BRCA genes. These BRCA1/2 carriers were 
offered appropriate advice for medical management (for index patients) 
and risk mitigation (for unaffected family members) as per NCCN 
guidelines. No further medical interventions were offered for BRCA 1/2 
mutation carriers with variants of unknown significance. As both BRCA 
and non-BRCA genes are involved in cancer risk to other organs, 
appropriate counselling and medical advice were provided for risk 
mitigation via medical surveillance. Oncological follow-up data for 
these index patients are maintained in the database. The clinic has a 
quarterly follow-up schedule for the cascades (unaffected, healthy in-
dividuals) to assess the surveillance and oncological follow-up. 

Follow-up data of breast cancer patients 

Detailed file keeping and data curation has revealed three of the 
initial DCIS cases presented with IDC later in their yearly follow-up 
check-ups. Two of the three cases presented with IDC in 3rd year, 
while one case presented with IDC in the 4th year. Both DCIS and IDC 
diagnosed tissues are consented to and are preserved in our tissue 
repository. 

The clinic follows a quarterly follow-up regime for the first year post- 
surgery and an annual check-up thereafter for malignant cases. Amongst 
the patients with IDC who consented to deposit clinical data (n = 799), 
620 patients (77.5%) have follow-up information deposited. The 
average follow-up in the database is 35 months since diagnosis and 36 
months since surgery, with a median follow-up of 28 months, respec-
tively (Fig. 7A). The number of patients lost to follow-up post-diagnosis 
is 82, and post-surgery is 44, i.e. less than 10%. 

For 434 patients with tumor tissue deposited, 369 cases have follow- 
up information available with an average of 30 months post-diagnosis as 
well as post-surgery and a median follow-up of 26 and 25 months, 
respectively (Fig. 7B). Of the 369 cases with follow-up data deposited, 
11 returned with metastatic disease. For the relapsing cases, both pri-
mary and recurrent tumor tissue is deposited in the biobank. 

Survival outcomes of breast cancer patients 

To assess survival outcomes of the cohort, Overall survival and 
disease-free survival are computed for IDC patients from the clinical 
database cohort and for the tissue biobank cohort. As reported in 
Table 7, the clinical database with 799 IDC patients has longer follow-up 
information than the tissue biobank cohort. Three molecular subtypes 

Fig. 4. Number of breast tumor tissue deposited in the biobank with consent The number of patients with breast disease that deposited FFPE blocks with the 
breast tissue along with the clinicopathological data is tabulated. A. Number of cases with tissue blocks for benign disease and malignant disease. B. Number of IDC 
cases that deposited tumor tissue, pre and post-surgery. The numbers are tabulated for breast cancer and according to the subtype. 
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varied significantly in overall outcomes, with worse outcomes over 10 
years for TNBC (Fig. 8A), followed by HER2 patients. ER-positive sub-
type showed better overall survival but not disease-free survival 
(Fig. 8A). Hazard Ratios for both HER2 and TNBC indicate worse 

prognosis as compared to ER-positive subtype in overall (HER2 4.42 
[CI95%: 1.33–14.81]; TNBC: 6.20 [CI95%: 1.99 −19.23]) and disease- 
free survival HER2: 1.31 [CI95%: 0.78–2.26; TNBC: 1.81 [CI95%: 
1.08–3.01]). 

Fig. 5. Demographic table of IDC cases (2010–2018) with tumor tissue Clinical tumor and node status were derived from sizes and observations in diagnostic 
mammography (9%), ultrasound (87%) or PET (4%) reports and based on AJCC guidelines  (8th AJCC guideline). ypT and ypN refer to the post-treatment path-
ological tumor and node status. All p-values except for age represent 95% confidence levels for Chi-square tests for distribution of the parameter amongst the three 
subtypes. 13 Peri menopausal cases have been considered as post-menopausal. *Chi-square test for menopause status has been carried out for post vs premenopausal 
data. One way ANOVA was computed for age distribution across subtypes. **8 bilateral samples have not been included in this analysis. 
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The tissue biobank cohort is a recent subset of the clinical database 
cohort, and although with comprehensive follow-up, the duration of 
follow-up for most of the number of patients is still within two years. 

Overall survival for all three subtypes is within 90%, while disease-free 
survival worse for TNBC as compared to HER2 positive and ER-positive 
patients (Fig. 8B). Hazard ratios indicate worse prognosis for HER2 and 

Fig. 6. HBOC screening summary Data is 
representative of diagnostic and preventive 
testing activities at PCCM genetic clinic 
(2017–18) as per NCCN guidelines on HBOC 
risk assessment. After pre-test counselling and 
patient consent, multi-gene germline mutation 
panels are used for exome NGS or Sanger 
sequencing for target-specific mutations. Mu-
tations are deemed pathogenic or variants of 
unknown significance (VUS) after comprehen-
sive bioinformatics analysis as per ACMG 
guidelines. The non-BRCA genes include ATM, 
APC, BRIP1, CHEK2, CDH1, MLH1, MSH2, 
MSH6, NBN, NF1, PALB2, PTEN, RAD51D, 
STK11, TP53. While post-test counselling is 

undertaken for assessment of risk in family members, onco-clinicians advise appropriate medical management protocols for patients that are carriers of pathogenic 
mutations.   

Fig. 7. Follow-up data of IDC patients The table summarises the number of IDC patients for whom follow-up information is available in the biobank. The follow-up 
summary is presented in two parts, A. for the clinical data cohort (n = 799) and B. for tissue and clinical data cohort (n = 434). Time to follow-up is derived from the 
time of diagnosis as well as from the time of treatment, which is surgery in cases of IDC patients. The columns depict yearly and overall summary numbers. 
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TNBC patients compared to ER-positive patients for overall (HER2: 2.35 
[CI95%: 0.14–37.54]; TNBC 7.39 [CI95%: 0.83–66.21]) and disease- 
free (HER2: 1.49 [CI95%: 0.42–5.31]; TNBC: 2.50 [CI95%: 
0.87–7.23]) survival. 

Comparison of idc cohorts from the biobank with TCGA 

The clinical data deposited in our biobank cab be a representative 
subset of the breast cancer cohort in India. We, therefore, compared the 

demographic and subtype distribution of our cohort with that from the 
TCGA breast cancer dataset [20, 21] primarily (71%), a western cohort 
(Supplementary Figure S1 and S2). Overall clinical features (Fig. 2) of 
our IDC cohort were compared to that of TCGA IDC cases (Supplemen-
tary Figure S1A). The IDCs in our biobank had significantly different 
subtype distribution (p = 1.54 × 10−9) with a greater proportion of 
HER2 (26% vs 13%, p = 1.65 × 10−14) and TNBC cases (22% vs 18%, p 
= 0.028). IDC patients were also found to be collectively younger at 
diagnosis than TCGA IDC cases (52.7 ± 12.1 vs 57.7 ± 13.3, p =

Fig. 8. Survival Outcomes of the IDC patients Kaplan Meier (KM) curves for overall and disease-free survival are plotted for IDC patients according to their 
molecular subtypes. Significance is estimated with Mantel Cox’s Log Rank test. A risk table is provided for each KM plot. Hazard ratios (HR) with 95% confidence 
limits are derived from Cox proportional hazards analysis. The ER-positive subtype is taken as the reference value to calculate the hazard ratio for HER2 and TNBC 
subtypes. A. IDC cohort with consented clinical data deposited in the biobank. B. IDC cohort with consented data and tumor tissue deposited in the biobank. 
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4.3810−11). There was no significant difference (p = 0.098) in the dis-
tribution of menopause status (post-menopausal and premenopausal) 
between the two datasets. 

To compare survival characteristics of TCGA, we used the PANCAN 
clinical data resource dataset [22]. Supplementary Figure S1B shows the 
comparison of follow-up data for TCGA to the biobank data in (Fig. 7A). 
Our efforts reflect far better follow-up numbers, where the number of 
patients that are lost to follow-up within 1st month of the surgery is 
considerably less in the biobank (only 10.5%) compared to that of TCGA 
(44%). Data collection in the TCGA IDC cohort spans 30 years (from 
1989 to 2003) across 164 sources, while the PCCM data is more recent 
(2010–2018) and from one source. This may have contributed to better 
follow-up rates in our cohort. 

Kaplan-Meir plots for overall survival and disease-free survival 
(Supplementary data S2A and SB) also show a quite different distribu-
tion of survival outcomes compared to that of our cohort (Fig. 8A). Our 
cohorts show better overall survival, especially for ER/PR+subtype, 
possibly due to the recent advancements in ER targeted therapies in the 
past decade. The disease-free outcomes, though, are worse in all the 
subtypes in our cohort compared to that of TCGA, something that needs 
to be followed up. 

Summary of the biobank 

To summarize, a total number of 994 clinical records are available in 
the biobank with breast tumors. 11% (n = 111) of those are benign tu-
mors and 89% (n = 883) are malignant breast tumors. The biobank is 
biased, with 88% (n = 799) of the malignant cases with IDC disease, 
while only 11% (n = 84) represent non-IDC disease. Within IDC deposits, 
50% of the clinical data, as well as tissue deposits, are of ER-positive 

subtype, 26–23% are HER2 positive, and 22–24% are of TNBC sub-
type (Fig. 9). The biobank has follow-up information for 77% (n = 620) 
of IDC patients with clinical data alone, while 85% (n = 369) of IDC 
patients who have deposited tumor tissue along with the clinical data. 

Ongoing utilization of the bio-banked data 

Since its inception, five independent research projects have been 
initiated with ethical approvals to profile breast cancer tumors at the 
molecular and genomic level and explore novel molecular markers. 

The tissue repository has been a valuable resource to assess the 
distribution of infiltrating tumor lymphocytes (TILs) in molecular sub-
types of IDC and their association with response to chemotherapy [23]. 
Knowing higher prevalence and aggressive presentation of TNBC, the 
center has undertaken the detailed characterization of TNBC tumor 
tissue for known and novel markers by IHC. 

Bio-banked data is also proving invaluable to audit surgical tech-
niques employed in the clinic and their evolution through the last few 
years. As one of the few centers to offer oncoplastic surgery in India, it is 
essential that we examine and audit various aspects of the surgical 
practice and its oncological and cosmetic outcomes. At the present time, 
an in-depth study of 131 NACT cases operated from 2015 to 2019 has 
been undertaken to analyze the effects of oncoplastic surgery on breast 
conservation post-NACT. Given the high rate of late-stage cancer pre-
sentation in India, mastectomy is most often the surgery offered to pa-
tients. However, mastectomies have been shown to have an adverse 
effect on psychosocial outcomes for the patient. To improve this, 
increased breast conservation using oncoplastic techniques or immedi-
ate breast reconstruction after a conservative skin or nipple-sparing 
mastectomy are practiced at PCCM. An audit of breast reconstructions 

Fig. 9. Summary Flow Chart of clinical and tissue records 
in the biobank flowchart to summarize the clinical and tissue 
records in the biobank for the years 2010 to 2018. The data 
distribution for benign disease and malignant disease is rep-
resented in absolute numbers and percentages. The malignant 
disease records for non-IDC and IDC cases, which are reported 
according to their molecular subtypes. Finally, the percent no. 
of records with follow-up information is mentioned with each 
category.   
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carried out from 2010 – 2019 is currently underway, making use of the 
bio-banked data and the various data collection methods reported here. 
The clinical databases generated through the PCCM biobank have been 
valuable to report the Breast Onco-plasty efforts in India for analysis of 
clinical outcomes [11, 24, 25]. Further to this, a detailed audit of the 
oncoplastic surgery will be prepared with the biobank data, which is will 
1st of a kind audit from the country. 

Given the high prevalence of TNBCs in India [19] and strong links 
between TNBC phenotype and BRCA1/2 mutational status, PCCM has 
established a TNBC germline mutation cohort linked to the PCCM bio-
bank. As a result, spin-off research projects for understanding the in-
fluence of biological phenomenon (i.e. BRCAness and homologous 
recombination deficiency) on clinical outcomes of TNBC patients are 
underway. 

The PCCM radiology database is richly populated with high- 
resolution images from 2D digital mammograms with 3D tomosyn-
thesis, ultrasonography and automated breast volume scanner from a 
large number of breast cancer patients and unaffected individuals. This 
image repository has led to research projects aimed at understanding (a) 
differentiating radiological features of IDC for development of AI and 
ML model (b) radio-genomics studies to investigate unique mammo-
graphic and ultrasound features of TNBCs with BRCA1/2 mutations (c) 
technical capability of USG and mammography for applications in 

planning and monitoring of NAST outcomes. 
In future, a Graphical User Interface (GUI) customized portal will be 

developed that will host the de-identified clinical data and link to the 
availability and location of tissue resources. Clinical data will be asso-
ciated with the relevant clinical and pathological reports to facilitate 
data quality checks. Radiological images, where available, will be 
directly linked to each case. Clinical observations, reports and follow-up 
will also be rapidly linked to the database. Surgical procedural images 
and cosmetic scores (PROMS) will also be entered into the database with 
appropriate patient approvals. The database will therefore have the 
most up-to-date information on the patient. This will facilitate clinical 
research as described above since the creation of clinical feature specific 
cohorts (e.g. the case of central quadrant tumors, surgeries using specific 
techniques Perforator flaps) will be based on queries to a single data-
base. Currently, such information is scattered across databases (albeit 
often linked by common identifiers). Finally, this close linkage of clinical 
data and tissue resources at our center will surely facilitate and give 
impetus to translational projects to characterize breast cancer in Indian 
patients. 

Conclusion 

Tissue repositories with annotated patient data have been proven to 

Fig. 10. Structured Summary of the biobanking process At registration, after the generation of a UID, patients are requested for consent to use clinical data and 
tissues for research. At the clinic, data for every patient is collected at presentation, examination, counselling, diagnosis, imaging investigations, histopathology, 
treatment, and follow up. At recurrence, follow-up and treatment regime is recorded. Data, images and tissue for patients who have consented are transferred at 
regular intervals by trained curators to the database and the biobank. Currently, the biobank holds 994 patient records, of which 883 are Invasive Ductal Carcinoma 
cases (77% have follow-up). Of these, 434 have corresponding tissue (biopsy and/or surgery) with 85% follow-up. The biobank is subjected to specific queries from 
researchers to create cohorts that are then analyzed and reported. 
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be of immense importance to understand cancer profiles and identify 
targeted and personalized therapies (e.g. TCGA). Ours will prove one 
such valuable resource within the country as well as globally to aid 
understanding of breast cancer in the Indian context (Fig. 10). This 
report may serve useful for upcoming and future breast cancer research 
projects to identify a specific breast cancer cohort to explore a scientific/ 
clinical question. 
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