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Review Article

Changes in receptor levels and
mutation profiles after surgery:
adaptation and heterogeneity in tumor
biology

Abstract

Malignant tumors are dynamic entities that evolve not only histologically but also
at the molecular level. Variations in receptor expression (e.g., ER, PR, HER2) and
alterations in mutation profiles observed in residual or recurrent tumor tissue after
surgical resection highlight both the adaptive capacity of tumor cells and intratumoral
heterogeneity. This molecular evolution is largely driven by the emergence
of new genetic subclones shaped by clonal selection and microenvironmental
pressures. Postoperative changes—including hypoxia, inflammation, and stromal
remodeling—further promote immune evasion, epithelial-mesenchymal transition
(EMT), and the development of treatment-resistant phenotypes. These processes
may lead to receptor status divergence in metastatic or recurrent lesions compared
to the primary tumor, necessitating reassessment of therapeutic strategies. For
pathologists, repeating immunohistochemical and molecular testing on metastatic
or recurrent samples is critical for optimal clinical management. This review
evaluates molecular adaptation in tumor biology following surgery, with a focus
on receptor conversion, mutational diversity, clonal evolution, microenvironmental
interactions, and implications for pathological reporting.

Keywords: Tumor biology, surgery, receptor conversion, mutation profile,
heterogeneity, clonal evolution, pathology

INTRODUCTION

Tumor biology is not merely confined to abnormalities in
cellular proliferation and differentiation; rather, it is a dynamic
and complex, multilayered process. In recent years, numerous
studies have demonstrated that malignant neoplasms undergo
not only histological but also molecular changes (1,2).
Particularly in residual or recurrent tumors after surgical
resection, alterations in receptor expression and mutation
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profiles indicate the tumor cells' capacity for adaptation and
their evolutionary trajectory through clonal selection (3).

One of the primary mechanisms underlying these molecular
changes is intratumoral heterogeneity, defined as the emergence
of genetically diverse subclones from a single clonal origin.
Multiregional sequencing studies by Gerlinger et al. have
revealed substantial genetic diversity even within primary
tumors (4). Surgical intervention can eliminate certain subclones
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within this heterogeneity, while allowing others with adaptive
capabilities to predominate. In breast cancer, for example, this
process may result in receptor conversion involving biomarkers
such as estrogen receptor (ER), progesterone receptor (PR), or
HER?2 (5,6).

These molecular alterations after surgery also carry significant
implications for pathological assessment. Discrepancies in
receptor levels between primary tumors and metastatic sites
necessitate retesting of key markers, directly influencing
therapeutic planning (7). Therefore, for pathologists, it is
essential to repeat immunohistochemical and molecular
analyses on biopsy samples from recurrent or metastatic lesions
to guide clinical decisions accurately (8).

Moreover,  postoperative  changes in  the  tumor
microenvironment, such as hypoxia, stromal remodeling, and
immune cell infiltration, can activate new signaling pathways
in tumor cells. This, in turn, initiates biological processes such
as epithelial-mesenchymal transition (EMT), angiogenesis,
and immune evasion, thereby promoting the development of
treatment-resistant clones (9,10).

This review examines the molecular alterations observed after
surgery in terms of receptor expression, mutation profiles,
and changes in the tumor microenvironment. Furthermore, it
discusses the implications of these alterations for pathological
evaluation, the necessity of repeat biopsies, and their impact on
treatment strategies, integrating current literature. In doing so,
it aims to provide a holistic understanding of the link between
the dynamic nature of tumor biology and its clinical and
pathological significance.

Receptor Expression Changes (Receptor Conversion)

One of the most frequently observed molecular changes
following surgery in tumors involves alterations in the
expression of clinically critical proteins such as hormone
receptors (estrogen receptor (ER), progesterone receptor
(PR)) and growth factor receptors (most notably HER2). This
phenomenon, known as receptor conversion, refers to a shift in
receptor positivity between the primary tumor and recurrent or
metastatic lesions.

In a large-scale study of breast cancer cases, Lindstrom et al.
reported that ER and PR expression changed in approximately
20—40% of recurrent tumors post-surgery, while HER2 status
differed in 10-15% of cases (7,8). Similarly, Dieci et al.
emphasized that receptor conversion rates across different
breast cancer cohorts significantly influenced clinical treatment
management (9,10). These changes are critical for treatment
decisions, as the effectiveness of endocrine therapy in hormone
receptor-positive tumors largely depends on receptor presence.

Although the exact causes of receptor conversion are not fully
understood, postoperative microenvironmental pressure, clonal
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selection, and epigenetic modifications are considered key
contributing factors. Additionally, sampling bias and technical
variations may also contribute to these differences (11).

From a pathological standpoint, it is essential to obtain a new
biopsy and repeat immunohistochemical testing after surgery to
accurately determine the current receptor status. This approach
is crucial for optimizing treatment response and preventing
unnecessary or inadequate therapies.

Tumor Heterogeneity and Clonal Evolution

One of the core elements of tumor biology, intratumoral
heterogeneity, is defined as the presence of cellular
subpopulations within the same tumor mass that possess
distinct genetic, epigenetic, and phenotypic characteristics. This
heterogeneity is associated with clonal diversification driven
by selective pressures such as hypoxia, immune responses,
and therapeutic interventions during tumor evolution (11).
Subpopulations formed by surviving cells following surgery
may exhibit genetic and molecular features distinct from those
of the dominant clones in the primary tumor. This is especially
evident in metastatic or locally recurrent tumors, where receptor
conversions and changes in mutation profiles are frequently
observed.

A multiregional sequencing study by Gerlinger et al. on renal
cell carcinoma demonstrated significant molecular differences
between tumor clones (12). This work highlighted the inadequacy
of single biopsies in fully capturing the genetic landscape of
tumors. Similarly, Marusyk and Polyak emphasized the critical
role of clonal evolution in tumor progression and treatment
response (13).

Clonal evolution proceeds through a Darwinian selection
process. Post-surgical residual cells may adapt to new
microenvironmental conditions through diverse genetic
pathways. As a result, a previously minor subclone in the
primary tumor may become dominant after surgery, giving rise
to a more aggressive and treatment-resistant phenotype. This
phenomenon helps explain the variability in biological behavior
observed in recurrent tumors. It also underscores the necessity
of molecular reanalysis of both the primary tumor and recurrent
or metastatic lesions, thereby enhancing the diagnostic and
therapeutic understanding of clonal evolution in tumor biology.

Selective Pressure of Surgical Intervention and Molecular
Adaptation

While surgical resection reduces tumor burden, it also radically
alters the tumor microenvironment. Post-resection hypoxia,
stromal remodeling, and changes in immune interactions
exert strong selective pressures on surviving tumor cells. This
selection is not merely the result of physical elimination but
reflects molecular-level evolutionary divergence.

Postoperative local hypoxia in the tumor microenvironment



leads to increased expression of angiogenic factors such as
VEGF and drives metabolic adaptations in cells. Cells with
selective advantages under hypoxic conditions can evolve into
more aggressive, invasive, and treatment-resistant phenotypes
via transcription factors such as HIF-la (14). Additionally,
postoperative immune activation and immune parameters such
as macrophage polarization are crucial determinants of tumor
evolution (15).

At the molecular level, changes in gene expression patterns,
receptor levels, and even mutational burden may be observed
after surgery. Meric-Bernstam et al. reported significant
alterations in the expression of critical receptors (e.g., HER2,
EGFR) when comparing tumor tissues before and after
surgery—findings particularly relevant to targeted therapies
(16). These changes not only transform the tumor phenotype
but also modify its therapeutic response.

Moreover, minimal residual disease (MRD) left behind after
surgery may be reshaped under stromal pressures, giving rise
to new clonal arrangements. These emerging clones may carry
previously minority mutations and become dominant. Thus,
clonal selection plays a central role in reshaping post-surgical
tumor biology.

In conclusion, surgical intervention functions not only as a
treatment method but also as a selective force that influences the
molecular dynamics of the tumor. Consequently, pathological
assessments and molecular tests must be repeated in the
postoperative period, and treatment strategies should be revised
based on this new biological information.

Postoperative Changes in Mutation Profiles

Genetic alterations observed in tumor cells after surgery are
critical for understanding adaptation and resistance mechanisms
in tumor biology. Residual cell populations may exhibit altered
mutation profiles, which is particularly important in recurrent
or metastatic tumors, as these changes can influence therapeutic
response.

Changes in mutational profiles are linked to clonal evolution,
where previously minor or newly emerging clones carrying
novel mutations may replace dominant ones. Notably, mutations
in key oncogenes and tumor suppressor genes such as TP53,
PIK3CA, and ESRI1 can appear postoperatively, promoting
tumor survival and resistance (10).

Jeselsohn et al. showed an increase in mutational burden in
hormone receptor-positive breast cancers following surgery and
prior to therapy (11). Similarly, Razavi et al. reported dynamic
shifts in mutation profiles after surgery and systemic therapy in
advanced breast cancer cases (12).

These mutational changes are not confined to breast cancer
but have also been documented in colorectal, lung, and other
solid tumors. Repeating mutational analyses post-surgery is
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essential for designing personalized treatment strategies and
for effectively targeting residual disease at the molecular level.

Tumor Microenvironment and

Reprogramming

Post-Surgical

The tumor microenvironment (TME) comprises tumor cells
along with fibroblasts, immune cells, vascular structures, and
extracellular matrix components. Surgical intervention induces
significant changes in the TME that impact tumor behavior and
treatment responsiveness.

Tissue damage after surgery triggers an inflammatory response
and the release of various growth factors and cytokines,
creating a pro-tumoral environment that enhances residual
tumor cell proliferation and invasion (13). Furthermore,
phenotypic changes in stromal cells post-surgery—such as the
activation of cancer-associated fibroblasts—further promote
tumor progression (14).

Modulation of the immune system following surgery also plays
a key role in tumor adaptation. An immunosuppressive phase
may emerge postoperatively, facilitating immune evasion by
tumor cells (15). This reprogramming of the TME may increase
the risk of metastasis and resistance to therapy.

Therefore, molecular analyses of both tumor cells and
microenvironmental components in postoperative tissues
provide a more comprehensive approach for treatment planning.

DISCUSSION

Post-surgical changes in receptor expression and mutation profiles
reflect tumor cell adaptation and intratumoral heterogeneity.
Surgical intervention not only reduces tumor burden but also
imposes selective pressure at both the microenvironmental and
molecular levels. This pressure fosters the emergence of new
clonal variants and resistance mechanisms (16), initiating a
dynamic evolutionary process in tumor biology.

In hormone-sensitive tumors such as breast cancer, receptor
conversion after surgery can profoundly alter treatment
planning. Lindstrom et al. reported ER and PR changes in
20-40% of recurrent tumors and HER2 discrepancies in
10-15% (17), directly impacting the effectiveness of targeted
therapies. Therefore, repeated biopsies and molecular tests are
fundamental components of contemporary clinical practice, even
recommended by leading international guidelines like ASCO and
ESMO (14-17).

Mutational profile shifts are consistent with clonal evolution,
where the emergence of new genetic subpopulations can
compromise treatment success. Mutations in genes such as
TP53, PIK3CA, and ESR1 increase tumor cell survival and
resistance potential (18). Studies by Jeselsohn and Razavi have
demonstrated increased mutational burden and the acquisition of
new resistance-related mutations following surgery (19).



Reprogramming of the tumor microenvironment after surgery
also plays a pivotal role in tumor progression. Postoperative
inflammation, stromal activation, and immune modulation
enable residual tumor cells to acquire more aggressive and
invasive traits (20,21), complicating the management of minimal
residual disease and increasing metastatic risk.

The clinical implications of these molecular changes are directly
reshaping treatment algorithms. For example, in a breast cancer
patient who was initially ER-positive, if a biopsy after recurrence
reveals an ER-negative status, it necessitates discontinuing
endocrine therapy and switching to chemotherapy. Similarly,
the emergence of an ESR1 mutation after surgery is a strong
indicator of developing resistance to aromatase inhibitors, and
in this situation, a switch to a different endocrine agent like
fulvestrant should be considered.

Therefore, close molecular monitoring of tumor biology after
surgery is essential for updating treatment strategies.. This
dynamic understanding presents new therapeutic opportunities
for the future. 'Perioperative’ therapies, administered during
or immediately after surgery, that modulate the inflammatory
response in the microenvironment or prevent the emergence
of resistant clones, have the potential to reduce the risk of
recurrence. Furthermore, with continuous molecular monitoring
through liquid biopsies, 'adaptive therapy' strategies can be
developed, where treatment regimens are dynamically adjusted
in parallel with the tumor's evolution.

CONCLUSION

Postoperative changes in receptor expression and mutation profiles
are key determinants of tumor adaptation and heterogeneity.
These molecular alterations directly influence tumor progression,
therapeutic response, and prognosis. Thus, updating pathological
evaluations and incorporating systematic molecular monitoring
after surgery is essential. A deeper understanding of dynamic
shifts in the tumor microenvironment also offers new opportunities
for developing personalized therapeutic strategies. Integrating
molecular surveillance and repeat biopsies into routine clinical
practice is vital for optimizing treatment efficacy and improving
patient quality of life.
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