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Purpose: Currently, there is no standard regimen for third-line therapy in advanced colon cancer. Intratumoral heterogeneity and
tumor evolution have been substantiated in multiple cancer types, paving the way for exploratory research into new treatment
strategies for pulmonary metastases from colorectal cancer.

Patients and Methods: In this report, we present a case of advanced colon cancer with lung metastasis. After multiple lines of
therapy (including FOLFOX, FOLFIRI combined with targeted therapy) failed, the patient received a lung cancer—derived regimen to
colorectal pulmonary metastases through an evolutionary perspective.

Results: After two cycles, the patient achieved partial response (PR), and after eight cycles, the disease was stable (SD), with a good
quality of life.

Conclusion: The application of a lung cancer—derived regimen to colorectal pulmonary metastases through an evolutionary
perspective may offer a new therapeutic direction for patients who have exhausted standard options.
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Introduction

Colorectal cancer (CRC) is the third most common malignancy globally and ranks second in China, with the 5-year
survival rate for metastatic disease remaining around 10—-14%.' > While molecularly targeted therapies have improved
outcomes in advanced CRC, standardized regimens for third-line treatment and beyond are still lacking.*

Therapeutic resistance arises from tumor evolution governed by clonal selection.” Cytotoxic chemotherapy and targeted
agents create a selective pressure that favors treatment-resistant subclones. These subclones, whether pre-existing or newly
evolved, then proliferate and outcompete others, leading to eventual treatment failure.® This evolutionary trajectory often
results in a tumor genetically and phenotypically distinct from the primary lesion, particularly in a distant metastatic site like
the lung. Growing evidence suggests that the metastatic microenvironment plays a decisive role in this process of clonal
selection and adaptation. For instance, tumor-associated Schwann cells and fibroblasts have been shown to drive cancer
progression and treatment resistance by remodeling the local tumor microenvironment (TME).”® Thus, this evidence
supports the evolutionary concept that interactions between the TME and tumor cells critically shape therapeutic responses.

Here, we report a case of advanced CRC with lung metastases where conventional therapies failed. Guided by this
evolutionary perspective, a primary lung cancer regimen was applied, resulting in significant tumor shrinkage and clinical
benefit.
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Case Description

In April 2013, a 66-year-old male was newly diagnosed with an adenocarcinoma located in the sigmoid colon. The
pathologic finding after the radical resection of the sigmoid colon cancer revealed a stage IIB adenocarcinoma pT4NOMO
with a KRAS mutation. Microsatellite instability (MSI) testing revealed microsatellite instability (MSS) type. From May
to October 2013, the patient completed 12 cycles of FOLFOX4 adjuvant chemotherapy, with good tolerance and no
severe adverse reaction. He was followed up for 8 years after surgery, and regular reexaminations showed no signs of
recurrence or metastasis. In May 2021, a computed tomography (CT) scan at our hospital showed multiple metastases in
the left lung and bilateral adrenal glands. A biopsy of the left lung was performed, and the pathology showed
adenocarcinoma. Next-generation sequencing (NGS) revealed a KRAS mutation, and PD-L1 testing was positive (TPS
1%, CPS 5%). The tumor mutational burden (TMB) was low (3.99muts/Mb). After multidisciplinary team (MDT)
evaluation, he was diagnosed with metastatic colorectal cancer (mCRC).

Considering the histologic results, first-line chemotherapy with mFOLFOX6 and bevacizumab (BV) was initiated In
June 2021. After 12 cycles of chemotherapy had been administered, radiological assessment revealed stable disease (SD)
according to Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1.° Therefore, the patient continued to
receive maintenance treatment with bevacizumab plus capecitabine for 5 cycles. In July 2022, the patient displayed an
elevated carcinoembryonic antigen (CEA) level of 110ng/mL in the serum and enlargement of left pulmonal lesions in
radiologic imaging, indicating progressive disease (PD). Subsequently, the patient received of second-line treatment with
bevacizumab plus FOLFIRI for 9 cycles, during which treatment response was evaluated as SD. On January 2023,
a follow-up CT scan demonstrated that the lesion in the anterior segment of the upper lobe of the left lung had increased
in size compared to before. According to RECIST 1.1, it was evaluated as PD. The patient then underwent radio-
frequency ablation (RFA) of the lung lesion. After the operation, the patient received third-line therapy with regorafenib
plus penpulimab, which the best response was assessed as partial response (PR). While, after 6 cycles of regorafenib plus
penpulimab, pulmonal progression was observed in August 2023. Subsequently, the patient began fourth-line treatment
with fruquintinib plus penpulimab for 2 cycles. Due to hand-foot skin rash with pain 2 weeks after taking fruquintinib,
the patient received penpulimab monotherapy for 1 cycle. However, after only 3 cycles of fourth-line treatment regimen
disease progressed. All applied treatment sequences are precisely illustrated in Figure 1.

Given that the patient’s response to standard first-line to current therapy was mediocre, it was considered that the
patient had developed systemic resistance to colorectal cancer treatment. Thus, in November 2023, the therapy regimen
was changed to lung metastasis-oriented approach, using a chemotherapy and immunotherapy regimen of albumin-bound
paclitaxel (Nab-P), oxaliplatin (OX), tegafur, and penpulimab. After 2 cycles, the response was evaluated as SD with
tumor lesions shrinkage. Considering the shrinkage in lung lesions with this treatment, it was deemed effective for lung

metastases, although the response was evaluated as PD after 4 cycles (Figure 2A).
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Figure | Clinical course and therapeutic approaches starting in April 2013 after primary diagnosis.
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Figure 2 Consecutive CT findings from the start of sixth-line chemotherapy to the end of 8 courses. (A) CT image after 4 cycles of the fifth-line regimen show disease
progression in the lung lesions (red arrows indicate representative lesions). (B) CT image after 2 cycles of the sixth-line regimen show partial response with significant

shrinkage of the lung lesions. (C) CT image after 4 cycles of the sixth-line regimen show stable disease following initial shrinkage. (D) CT image after 8 cycles of the sixth-line
regimen show stable disease.
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In March 2024, treatment was adjusted to a regimen including bevacizumab, pemetrexed, nedaplatin plus penpulimab.
After 2 cycles, the response was assessed as PR (Figure 2B). During the third and fourth cycles of treatment, the patient
experienced grade IV myelosuppression, intestinal infection, and severe anemia as adverse effects. After symptomatic
treatment with PEG-CSF and blood transfusion, the patient improved. To date, the patient has completed 8 cycles of this
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Figure 3 Changes in tumor markers (CEA and CAI9-9).

regimen with a current best response of PR (Figure 2C and D). The CEA significantly decreased from 351ng/mL to 84ng/mL.
Although carbohydrate antigen 19-9 (CA19-9) was above the normal range before the beginning of this treatment, it slightly
decreased after two cycles of treatment (Figure 3). The patient maintains a good quality of life with an Eastern Cooperative
Oncology Group (ECOG) performance status (PS) score of 1. Continuation of this treatment plan is currently recommended.

Discussion

As a leading cause of cancer mortality, colorectal cancer (CRC) frequently metastasizes, with pulmonary metastases
occurring in 10-20% of cases and conferring a poor median survival of 17.7 months.''? While standard first-
and second-line therapies exist, treatment-refractory metastatic CRC (mCRC) presents a major challenge.'® Although

14716 with regimens such as regorafenib

later-line options have expanded to include immunotherapy and targeted agents,
(REGONIVO study) showing promise,'” there is a notable lack of proven effective options specifically for patients with
lung metastases after standard lines fail.

The patient’s disease free survival period of up to 8 years after surgery suggests that the initial radical treatment
effectively eliminated the dominant clone, but failed to eradicate the dormant minimal residual disease (MRD). The study
has shown that residual tumor stem cells or slowly proliferating cells surviving chemotherapy can enter a dormant state
through the acquisition of mutations and epigenetic modifications, thereby evading the killing of traditional cytotoxic
drugs.'® Over time, when the body’s immune surveillance weakens or the microenvironment undergoes pro-inflammatory
changes, disseminated dormant tumor cells “re-awake”, resume proliferation, gradually acquire metastasis-promoting
traits (such as EMT activation) in the lung tissue microenvironment, and eventually form visible metastatic lesions on
imaging.'® This dynamic evolution not only leads to the failure of conventional treatments but also highlights the urgent
need for dynamic monitoring methods and intervention strategies targeting tumor dormancy mechanisms. A study
constructing a model of dormant tumor metastasis found that the stimulator of interferon genes (STING) pathway was
less active in dormant tumor cells, preventing the recruitment of NK cells and T cells, and allowing tumor cells to survive
through immune escape.?® Systemic treatment of mice with STING agonists can eliminate dormant metastasis, providing
a therapeutically actionable strategy for the preventing disease relapse.

In this case, the observed sensitivity of lung metastases to a regimen used for primary lung cancer aligns with the
emerging concept of managing cancer based on evolutionary dynamics and the metastatic site’s biology, rather than
solely on the primary origin. This approach is conceptually supported by the “seed and soil” hypothesis. Furthermore,
emerging experimental evidence shows that evolutionarily-informed therapeutic strategies can overcome lineage-defined
resistance by directly targeting the adaptive immunosuppressive traits tumors develop in specific organ

21

microenvironments.” The primary and metastatic lesions undergo distinct epigenetic modifications and local
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microenvironmental regulations, leading to differences in drug responses despite the same genetic mutations.*?
A research using bioprinted breast tumor microenvironment (TME) models showed differing sensitivities to chemother-
apy in distinct parts, highlighting environmentally mediated drug resistance.** In Stephen Paget’s “seed and soil” theory,
the interaction between the tumor and its TME is mentioned, which can promote tumor growth, affect its progression,
and even influence treatment response.>* In glioblastoma grafted mouse tumors, it was found that differential exposure of
tumor cells to blood-borne and angiocrine factors results in diverse metabolic microenvironments, making tumor cells
around blood vessels have mammalian target of rapamycin signaling pathway (mTOR) dependent anabolic capabilities
and stronger proliferative abilities, which is more conducive to tumor invasion and metastasis.>> In fact, a large number
of influencing factors directly regulate the traits of immune cells and stromal cells. As tumor cells evolve, the interaction
between TME and cancer cells also changes, which is often a key factor leading to treatment resistance.?®

The evolutionary analysis of this case is limited by the lack of multi-time-point molecular lineage tracing data. It is
crucial to emphasize that while the metastatic microenvironment is the most plausible explanation for the differential
treatment response observed, this remains a hypothetical inference in this case, as we lack direct molecular proof from
the metastatic site. The single-cell sequencing technology developed in recent years can reveal comprehensive clonal
evolutionary trees, while spatial transcriptomics can resolve the spatiotemporal influence of the microenvironment on
clonal selection.?”~® The clinical application of these technologies in the future will significantly enhance the precision of
tumor evolutionary dynamics analysis and provide better decision making guidance for later-line treatment.

Conclusion

In recent years, Intratumoral heterogeneity and tumor evolution have been substantiated in multiple cancer types. Tumor
cells at different stages are exposed to dynamic and changing biological selection pressures, driving genetic diversity to
evolve over time. Moreover, even if local and distant metastatic tumor cells originate from the same source, they will
develop genetic differences due to different local microenvironments. In hence, treatment strategies targeting the
biological characteristics of specific metastatic lesions may offer a new therapeutic direction for colorectal cancer
patients with pulmonary metastases. Future clinical trials, such as basket trials based on metastatic organ site rather
than primary tumor origin, are warranted to validate this concept. Furthermore, integrating dynamic monitoring of
metastatic microenvironment and an evolutionary perspective into clinical decision-making could pave the way for more
effective, personalized strategies in advanced colorectal cancer therapy.

Ethics Statement

No formal ethical clearance was required for the publication of this case. No institutional approval was required for the
publication of this case. Informed consent for publication of this case report and any accompanying images was obtained
from the patient.
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