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Somatic mutation counts as a surrogate marker for tumor
mutation burden to predict progesterone receptor-positive
(PR+) status in PIK3CA-mutated breast cancer

Somatische Mutationsanzahl als Ersatzmarker fur die

Tumormutationslast zur Vorhersage des Progesteronrezeptor-
positiv-Status (PR+) bei PIK3CA-mutiertem Brustkrebs

Abstract

Objectives: Invasive ductal carcinoma (IDC), the most prevalent subtype
of breast cancer, is characterized by significant genomic heterogeneity.
Tumor mutation burden (TMB) has emerged as a predictive biomarker
for immunotherapy response, yet its estimation via whole-exome se-
quencing remains complex and costly. This study aimed to evaluate
whether total somatic mutation count can serve as a practical surrogate
for TMB and assess its association with progesterone receptor (PR)
status in PIK3CA-mutated IDC patients.

Methods: This retrospective observational study utilized publicly avail-
able data from a previously published breast cancer sequencing study.
A total of 164 female IDC patients with confirmed PIK3CA mutations
and documented PR status were included. Relevant genomic and
demographic parameters - TMB, mutation count, and age - were ex-
tracted and analyzed. Statistical analyses included correlation, inter-
group comparisons by PR status, and binary logistic regression. Predic-
tive performance was assessed using area under the receiver operating
characteristic (AUROC) curves.

Results: Patients with PR-negative status exhibited significantly higher
TMB and mutation count than PR-positive patients (p-value<0.001 for
both). TMB and mutation count were positively correlated (r=0.61,
p-value<0.001), indicating overlapping representation of genomic in-
stability. Logistic regression showed that mutation count was a signifi-
cant predictor of PR status (p-value=0.01). Mutation count demonstrated
a slightly superior predictive performance (AUROC=0.738) compared
to TMB (AUROC=0.737).

Conclusion: Total mutation count shows strong potential as a surrogate
biomarker for TMB and a predictive marker for PR status in PIK3CA-
mutated IDC, offering a cost-effective genomic tool in personalized
breast cancer stratification.

Keywords: breast invasive ductal carcinoma, PIK3CA mutation, tumor
mutation burden, progesterone receptor, somatic mutation

Bandana Kumari*
Rijhul Lahariya®

1 Department of Biochemistry,
All India Institute of Medical
Sciences, Patna, Bihar, India

2 All India Institute of Medical
Sciences, Patna, Bihar, India

GMS German Medical Science 2025, Vol. 23, ISSN 1612-3174

1/6



Kumari et al.: Somatic mutation counts as a surrogate marker for ...

Introduction

Breast cancer is the most frequently diagnosed malignan-
cy in women globally and a major contributor to cancer-
related mortality [1]. Invasive ductal carcinoma (IDC),
accounting for over 70% to 80% of all breast cancer
cases, represents the most prevalent histological subtype
[2]. Molecular classification based on immunohistochem-
ical markers - estrogen receptor (ER), progesterone re-
ceptor (PR), and HER2 - divides breast cancers into dis-
tinct subtypes: luminal A, luminal B, HER2-enriched, and
triple-negative [3]. These subtypes not only differ in prog-
nosis and treatment response but also in their underlying
genomic architecture [3].

The PIK3CA gene, located on chromosome 3¢926.32, en-
codes the p110« catalytic subunit of phosphatidylinositol
3-kinase (PI3K), a key component of the PIBK/AKT/mTOR
signaling axis [4]. Mutations in PIK3CA, particularly hot-
spot variants in exons 9 (helical domain, e.g., E545K)
and 20 (kinase domain, e.g., H1047R), are present in up
to 40% of ER+/PR+ tumours [5], [6]. These mutations
promote oncogenic signaling through constitutive PISK
activation, contributing to hormone therapy resistance,
enhanced proliferation, and altered metabolic states [7].
PIK3CA mutations often co-occur with other alterations,
including MAPK pathway genes and CDH1, further mod-
ulating tumor phenotype and immune landscape [7].
Tumor mutation burden (TMB) - quantifying the number
of somatic mutations per megabase of coding DNA - has
emerged as a biomarker of genomic instability and neo-
antigen load [8]. However, TMB estimation requires large
sequencing panels or whole-exome data, and is influ-
enced by sequencing depth, coverage, and bioinformatic
thresholds [9]. Conversely, total mutation count, the ab-
solute number of somatic mutations per tumor, can be
rapidly derived from variant call files with minimal prepro-
cessing [10]. While both metrics reflect mutational load,
their correlation and clinical interchangeability are not
fully elucidated, especially in genetically stratified contexts
like PIK3CA-mutated IDC.

Given the enrichment of PIK3CA mutations in hormone
receptor-positive subtypes, it is biologically plausible that
mutation burden may also associate with PR expression
[11]. This study investigates whether mutation count
correlates with TMB and if either metric can predict PR
status. If mutation count demonstrates strong concor-
dance with TMB and superior predictive accuracy, it may
serve as a pragmatic, computationally accessible surro-
gate marker for hormone receptor profiling in breast
cancer.

Materials and methods

This was a retrospective observational study conducted
using publicly available genomic and clinical data from the
supplementary dataset of a previously published breast
cancer sequencing study [12]. The dataset comprised
somatic mutation profiles and hormone receptor status

across a large cohort of breast cancer patients. From this
resource, cases diagnosed specifically with invasive ductal
carcinoma (IDC) and harbouring a confirmed PIK3CA
mutation were selected for analysis. Only patients with
clearly documented progesterone receptor (PR) status,
assessed through immunohistochemistry (IHC), were in-
cluded. After applying these criteria, a total of 164 female
patients were identified and included in the final study
cohort.

Relevant demographic and genomic parameters were
extracted for each selected case. These included patient
age, PIK3CA mutation status (positive/negative), total
somatic mutation count, and tumor mutation burden
(TMB), the latter reported in mutations per megabase as
per the original study annotations. Cases with incomplete
clinical records, missing PR status, or ambiguous muta-
tion data were excluded from further analysis. Duplicate
samples were also removed to ensure consistency and
independence of data points. All data curation and pre-
processing steps were performed.

Statistical analysis

Data analysis was carried out using Jamovi version
2.6.44. The distribution of continuous variables was as-
sessed using the Shapiro-Wilk test to determine normality.
Depending on the distribution, continuous variables were
summarized either as mean + standard deviation (SD)
or as median with interquartile range (IQR). Categorical
variables were described using frequencies and percent-
ages. Patients were divided into two groups based on PR
status (positive or negative). Comparisons between the
groups were made using the Independent t-test for nor-
mally distributed continuous variables or the Mann-
Whitney U test for non-normally distributed data. For
categorical variables, the Chi-square test was used. The
relationship between continuous variables, including
mutation count and TMB, was analyzed using either
Pearson’s correlation coefficient or Spearman’s rank
correlation, depending on the data distribution. A p-value
<0.05 was considered statistically significant. To evaluate
the ability of TMB and mutation count to predict PR status,
binary logistic regression analysis was performed. Results
were expressed as odds ratios (ORs) with 95% confidence
intervals (Cls). The discriminative performance of each
model was assessed using the area under the receiver
operating characteristic (AUROC) curve, and performance
metrics like accuracy, sensitivity and specificity were
evaluated for comparison.

Results

A total of 164 female patients with IDC and confirmed
PIK3CA mutations were included in the final analysis. The
cohort was stratified based on progesterone receptor
(PR) status, with 122 patients (81.9%) being PR-positive
and 27 patients (18.1%) PR-negative. The mean age of
patients was 58.4+13.9 years, with no statistically signif-
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Table 1: Baseline characteristics and comparison of age, TMB, and mutation count between PR-positive and PR-negative groups
in PIK3CA-mutated breast IDC patients

Parameters Total (N=164) PR positive (n=122) PR negative (n=27) P-value
Age 58.4+13.9 58.3+13.7 59.5+15.3 0.672
TMB 1.15 (0.8-2.18) 1.05 (0.77-1.93) 1.93 (1.58-3.72) <0.001
Mutation count 34 (24-65.3) 31.5(23-57.8) 58 (47.5-112) <0.001

icant difference between the PR-positive and PR-negative
groups (p-value=0.672). The median TMB was 1.15 (IQR:
0.8-2.18) mutations/Mb, and the median total mutation
countwas 34 (IQR: 24-65.3). PR-positive patients tended
to have lower TMB and mutation counts compared to PR-
negative patients; and the difference was statistically sig-
nificant for mutation count and for TMB (p-value<0.001)
(Table 1).

We evaluated age as a potential confounding variable in
the association between genomic features and PR status.
However, no significant relationship was found between
patient age and PR positivity or negativity, indicating that
age did not pose a confounding risk in this dataset and
could be excluded from further adjusted analyses. We
applied Spearman rank correlation test between TMB
and mutation count. We found a strong positive correla-
tion between TMB and total mutation count (r=0.998,
p-value<0.001), reinforcing the biological plausibility that
both metrics capture aspects of tumor genomic instability.
This relationship suggests that mutation count, despite
being simpler to calculate and more widely available
across datasets, may serve as a reliable proxy for TMB,
particularly in resource-limited or retrospective genomic
studies.

Binary logistic regression analysis showed that both
mutation count and TMB models significantly predicted
PR status in PIK3CA-mutated IDC patients, with the
overall model fit reaching statistical significance (x*=6.71,
p=0.01) for both models. This indicates that incorporating
either mutation count or TMB into the predictive model
improved the ability to classify patients according to their
PR status compared to a null model without predictors.
When comparing the two predictors, mutation count dem-
onstrated a slightly better performance than TMB in dis-
criminating PR-positive from PR-negative cases. This was
reflected by a marginally higher AUROC of 0.738 for
mutation count, compared to 0.737 for TMB. Although
the difference is small, the higher AUC indicates a better
overall ability of mutation count to correctly classify pa-
tients’ PR status. Additionally, both models showed
comparable classification metrics, with an accuracy of
71.1%, sensitivity around 70.5%, and specificity approx-
imately 74.1%, further supporting their similar predictive
capacities (Table 2). Therefore, the findings suggest that
mutation count could serve as a practical and reliable
surrogate marker for PR status prediction in PIK3CA-
mutated breast cancer, potentially facilitating more ac-
cessible molecular profiling in routine clinical practice
without compromising predictive accuracy. Figure 1 shows
a comparison of ROC curves among TMB and mutation
count.

Discussion

IDC is the most common histological subtype of breast
cancer and displays considerable molecular heterogeneity
[12]. Among its defining molecular alterations, PIK3CA
mutations are frequently observed and are known to ac-
tivate the PISBK/AKT/mTOR pathway, promoting tumor
growth, survival, and endocrine resistance [7]. In our
study focusing exclusively on PIK3CA-mutated IDC cases,
we aimed to evaluate whether total somatic mutation
count could serve as a surrogate for TMB in predicting
PR status. We observed a significant positive correlation
between TMB and mutation count, indicating shared re-
flection of genomic instability. Although both TMB and
mutation count were statistically significant in predicting
PR status when assessed independently, mutation count
demonstrated slightly superior discrimination (AUROC:
0.738vs. 0.737), supporting its use as a potentially sim-
pler and more accessible predictor of hormone receptor
profile in precision oncology.

PIK3CA is among the most frequently mutated genes in
hormone receptor-positive breast cancers, including IDC
[7]. Mutations in PIK3CA - especially those in helical
(EB42K, E545K) and kinase domains (H1047R) - are
known to drive oncogenic transformation and have impli-
cations for targeted therapy, particularly with PI3K inhib-
itors such as alpelisib [6]. These mutations also affect
the interplay between estrogen receptor signaling and
PI3K pathway activation, thereby influencing PR expres-
sion and hormone responsiveness [13]. Notably, PR
negativity in breast cancer has been associated with more
aggressive behavior, reduced endocrine therapy response,
and worse prognosis [14]. Thus, understanding the gen-
omic correlates of PR status, particularly in PIK3CA-
mutated contexts, has therapeutic relevance.

TMB has emerged as a pivotal biomarker in oncology,
particularly for predicting responses to immune check-
point inhibitors (ICls) [15]. High TMB is often associated
with an increased neoantigen load, enhancing tumor im-
munogenicity and potentially leading to better responses
to immunotherapy [15]. However, the clinical utility of
TMB is nuanced and varies across cancer types [16]. For
instance, while high TMB correlates with improved out-
comes in cancers like melanoma and non-small cell lung
cancer, its predictive value in breast cancer remains less
clear [15]. Assessing TMB typically requires comprehen-
sive genomic profiling, such as whole-exome sequencing,
which can be cost-prohibitive and technically demanding
[17]. This has led to interest in alternative metrics like
total mutation count, which, while less granular, can be
more readily obtained from targeted sequencing panels.
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Table 2: Comparison of predictive performance metrics for TMB and mutation count in classifying PR status among
PIK3CA-mutated breast IDC patients

Performance metrics TMB Mutation count
Accuracy 71.1% 71.1%
Sensitivity 70.5% 70.5%
Specificity 74.1% 74.1%
AUROC 0.737 0.738

ROC Curves comparing TMB vs Mutation count

True Positive Rate

— TMB (AUC = 0.737)
— Mutation count (AUC = 0.738)

0.0 += :

T
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T
0.6 0.8 1.0

False Positive Rate

Figure 1: Comparison of ROC curves among TMB and mutation count

Studies suggest that total mutation count may serve as
a practical surrogate for TMB, capturing aspects of geno-
mic instability and offering predictive insights, especially
in settings where comprehensive sequencing is not
feasible [18].

In the context of breast cancer, particularly IDC, PIK3CA
mutations are among the most common genetic altera-
tions [11], [19]. These mutations activate the PI3K/AKT/
mTOR pathway, contributing to tumor growth and survival
[20], [21], [22]. While PIK3CA mutations have been asso-
ciated with hormone receptor-positive subtypes, their re-
lationship with TMB and mutation count in predicting
treatment response warrants further investigation [23],
[24]. Understanding the interplay between these genetic
factors could enhance prognostic assessments and in-
form therapeutic strategies in IDC.

This study offers a novel perspective by demonstrating
that total mutation count, a more accessible and cost-
effective metric than traditional TMB, may serve as a
practical surrogate for genomic instability in IDC. Unlike
TMB, which requires whole-exome sequencing, mutation
count can be derived from routine sequencing platforms,
making it feasible for broader clinical use. By highlighting

its comparable predictive performance for PR status, our
findings support the integration of mutation count into
diagnostic workflows, potentially enhancing patient strat-
ification and guiding personalized therapeutic strategies
in resource-limited settings. Clinically, this study supports
using mutation count as a simpler, cost-effective surro-
gate for TMB to assess genomic instability. It may aid in
hormone receptor-based risk stratification and treatment
planning in invasive ductal carcinoma.

Conclusion

This study highlights the potential of total mutation count
as a clinically relevant surrogate biomarker for TMB in
IDC patients harbouring PIK3CA mutations. While both
TMB and mutation count showed significant association
with progesterone receptor (PR) status, mutation count
demonstrated a marginally superior predictive perfor-
mance based on AUROC analysis. Given the logistical and
financial constraints of calculating TMB through whole-
exome sequencing, mutation count offers a practical,
accessible alternative using targeted sequencing data.
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This approach may help streamline genomic profiling in
resource-limited settings and enhance the identification
of hormone receptor-related molecular subtypes. Impor-
tantly, our findings underscore the value of simple geno-
mic parameters in guiding clinical decisions and refining
personalized therapeutic strategies. By proposing muta-
tion count as a surrogate marker, this study opens new
avenues for integrating genomic data into routine breast
cancer care, particularly for molecular stratification and
potential immunotherapeutic implications in hormone-
responsive breast tumors.
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