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Abstract

The management of late-stage refractory metastatic non-semino-
matous germ cell tumor (NSGCT) remains a significant challenge 
in oncology. While first-line BEP (bleomycin, etoposide, cisplatin) 
chemotherapy achieves high cure rates in most patients, those who 
progress after multiple lines of therapy have a poor prognosis and 
limited treatment options, highlighting a critical gap in effective treat-
ment decision-making for advanced disease. This previously report-
ed case is an example of precision medicine and also demonstrates 
that the therapeutic effect is not transient but can be sustained long 
term, as shown by our 5-year follow-up. This 21-year-old man with 
widely metastatic NSGCT initially underwent orchiectomy followed 
by BEP chemotherapy, which achieved only a partial response. He 
then experienced rapid progression with new lung and brain metas-
tases that were unresponsive to second-line GEMOX (gemcitabine 
+ oxaliplatin) chemotherapy and a programmed death-ligand 1 (PD-
L1) blockade clinical trial. When treatment options were exhausted, 
comprehensive molecular profiling of a new lung lesion identified 22 
oncogenic alterations, including Kirsten rat sarcoma viral oncogene 
(KRAS) amplification. Guided by a molecular tumor board (MTB) 
recommendation, an off-label regimen of carboplatin, paclitaxel, and 
sorafenib (CPS) was initiated, targeting the MAPK pathway. The tu-
mor again developed resistance to CPS, prompting a rational BEP 
rechallenge that resulted in disease stabilization and ultimately a du-
rable long-term remission. At the 5-year follow-up in July 2025, the 
patient remains disease-free with a normal quality of life. We present 

this N-of-1 case to illustrate how molecularly guided post-resistance 
treatment can inform therapeutic decision-making in advanced dis-
ease. Tumors are highly complex, and gene-cancer interaction is 
still being elucidated. In this context, key learning points from this 
case include: 1) the critical role of iterative molecular profiling and 
MTB guidance in identifying actionable targets when standard op-
tions are exhausted; 2) the potential value of rational drug rechallenge 
informed by the evolving “tumor ecology;” and 3) the necessity of 
long-term follow-up to link treatment responses with biomarkers, al-
lowing N-of-1 learning that may offer a template for personalized 
management in similarly challenging cases.
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Introduction

Non-seminomatous germ cell tumors (NSGCTs) represent a 
heterogeneous subgroup of testicular cancers, accounting for 
approximately 40% of all germ cell tumors. Despite high cure 
rates with first-line bleomycin, etoposide, and cisplatin (BEP) 
chemotherapy in early-stage disease, patients with refractory 
metastatic NSGCT face a dismal prognosis, with historical 
5-year survival rates < 10% in heavily pretreated populations. 
The management of such ultra-refractory cases remains chal-
lenging due to limited therapeutic options and the absence of 
standardized guidelines.

This case is unique in its demonstration of durable disease-
free survival (DFS) through a precision oncology approach in 
a patient with widely metastatic, platinum-resistant NSGCT. 
The patient initially achieved partial response (PR) with BEP 
but rapidly progressed despite second-line GEMOX (gemcit-
abine + oxaliplatin) chemotherapy and programmed death-
ligand 1 (PD-L1) inhibition. Molecular profiling revealed 
Kirsten rat sarcoma viral oncogene (KRAS) amplification, 
prompting off-label treatment with carboplatin, paclitaxel, and 
sorafenib (CPS), targeting the MAPK pathway [1]. Subsequent 
resistance led to rational rechallenge with BEP, culminating in 
sustained remission at 5-year follow-up. This trajectory high-
lights the critical role of iterative molecular profiling, adaptive 
therapy, and molecular tumor board (MTB)-guided decision-
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making in overcoming treatment-refractory disease.
Key precedents supporting this approach include studies 

demonstrating KRAS-targeted strategies in preclinical mod-
els and clinical trials of sorafenib in RAS-driven cancers [2]. 
The use of MTBs to navigate complex molecular landscapes 
has been validated in refractory solid tumors [3], while BEP 
rechallenge has shown efficacy in platinum-sensitive relapse 
settings [4]. This case underscores the transformative poten-
tial of integrating molecular insights into clinical practice for 
ultra-refractory cancers.

Case Report

Investigations (patient information and clinical findings)

A previously healthy 21-year-old male presented in early 2019 
with right-sided testicular swelling and pain. No significant 
medical, family, psychosocial, or genetic history was reported. 
This was the initial presentation; no past interventions were 
recorded.

Significant physical examination and clinical findings in-

cluded: 1) laboratory tests showing markedly elevated serum 
tumor markers, including alpha-fetoprotein (alpha-fetoprotein 
(AFP)), beta-human chorionic gonadotropin (β-hCG), and 
lactate dehydrogenase (LDH); 2) imaging findings, with en-
hanced computed tomography (CT) scans revealing the pres-
ence of pulmonary and retroperitoneal metastases.

Figure 1 illustrates the systematic treatment timeline and 
corresponding changes in tumor biomarkers.

Diagnosis

The patient underwent a right radical orchiectomy. Histopatho-
logical examination confirmed a malignant germ cell tumor, 
specifically an NSGCT predominantly composed of embryo-
nal carcinoma.

Whole-body CT scans were used for staging. The patient 
was staged as stage IIIb (pT3cN2M1aS2) according to the 
American Joint Committee on Cancer (AJCC) TNM staging 
system.

The primary diagnostic challenge involved accurately dif-
ferentiating this aggressive germ cell tumor from other histo-
logical subtypes, such as seminoma or yolk sac tumor. This 

Figure 1. Tumor marker levels (hCG, AFP, LDH) and patient treatment timeline. The graph illustrates the patient’s tumor marker 
levels over time, corresponding to various stages of treatment and clinical response. The timeline at the bottom details the spe-
cific therapies administered, including orchiectomy, several chemotherapy regimens, targeted therapy, and radiotherapy. The 
markers track the patient’s condition from initial partial response and relapse to a final clinical cure. hCG: human chorionic gon-
adotropin; AFP: alpha-fetoprotein; LDH: lactate dehydrogenase; BEP: bleomycin + etoposide + cisplatin; GEMOX: gemcitabine 
plus oxaliplatin; PD: progressive disease; PD-L1: programmed cell death ligand 1; PR: partial response; CR: complete response.
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challenge was definitively resolved through comprehensive 
pathological and immunohistochemical (IHC) analysis of the 
orchiectomy specimen. The final pathological diagnosis con-
firmed a malignant germ cell tumor, specifically classified as 
an NSGCT with a predominant component of embryonal car-
cinoma.

The patient belonged to a poor-prognosis group based on 
the International Germ Cell Cancer Collaborative Group (IGC-
CCG) classification, facing a high risk of treatment failure due 
to the presence of non-pulmonary visceral metastases (brain) 
and primary resistance to cisplatin-based chemotherapy.

Given the development of resistance to standard therapies, 
the patient underwent comprehensive molecular profiling. CT-
guided biopsy of a metastatic lesion and subsequent genomic 
sequencing revealed 1,469 amplified genes at the copy num-
ber variation level, which included 22 oncogenes. Within this 
genomic landscape, KRAS gene amplification was identified 
as a key event, being a well-recognized oncogenic driver and a 
potential therapeutic target.

Treatment

The patient’s treatment course was dynamic and adapted to the 
disease response, as visualized in the imaging timeline (Fig. 
1).

Following orchiectomy, the patient received first-line 
chemotherapy with four cycles of BEP, achieving a PR.

Upon rapid disease progression with new lung and brain 
metastases, second-line chemotherapy with GEMOX was 
administered but was ineffective. Subsequently, the patient 
was enrolled in a clinical trial receiving the PD-L1 inhibitor 
KN035, which also failed to control the disease. Whole-brain 
radiotherapy was utilized for symptomatic control of brain me-
tastases.

Given resistance to standard therapies, a CT-guided biopsy 
of lung metastasis was performed. Genomic analysis revealed 
KRAS amplification. Based on the recommendation of the 
MTB, the patient was treated with the off-label combination of 
CPS, targeting the MAPK pathway downstream of KRAS. The 
CPS regimen resulted in a significant tumor response.

The emergence of a new enlarged left supraclavicular 
lymph node in August 2019 indicated acquired resistance to 
CPS. An alternative vascular endothelial growth factor recep-
tor (VEGFR) inhibitor (anlotinib) was trialed without success. 
Radiotherapy was administered for a newly identified destruc-
tive L2 vertebral metastasis. In December 2019, BEP chemo-
therapy was rationally reintroduced.

Follow-up and outcomes

Response to CPS

After two cycles of CPS, the patient achieved a complete re-
sponse (CR) in the thoracic region/right lung and brain metas-
tases, and a PR in the left lung (Fig. 2a). Tumor markers were 
normalized (Fig. 1).

Response to BEP rechallenge

Following three cycles of reintroduced BEP, imaging showed 
stable disease (SD), which was considered a clinically mean-
ingful outcome. Subsequent follow-up demonstrated gradual 
and sustained improvement.

Long-term survival

By July 2025, at the 5-year follow-up, the patient had resumed 
normal social and professional activities with no evidence of 
recurrence, achieving long-term DFS.

Important follow-up test results

Serial imaging (CT, MRI) conducted over the follow-up period 
(2021 - 2025) consistently showed regression or stability of 
metastatic lesions (Fig. 2b-d).

Intervention adherence and tolerability

The patient tolerated the multiple lines of therapy sufficiently 
to complete the planned cycles, as evidenced by the continued 
administration of treatments. The ability to resume a normal 
life indicates acceptable long-term tolerability and recovery 
from treatment-related toxicities, which were not explicitly 
detailed but were presumably managed supportively.

Adverse and unanticipated events

The primary adverse event was the development of acquired 
resistance to the CPS regimen. The failure of a second biopsy 
to yield tumor tissue for further genomic analysis was an unan-
ticipated challenge that limited the understanding of the resist-
ance mechanism.

Discussion

This report delineates an N-of-1 clinical course in which a 
young patient with an NSGCT achieved long-term DFS through 
sustained follow-up and a molecularly guided therapeutic strat-
egy. At the same time, the care of patients with late-stage, treat-
ment-refractory disease cannot be reduced to drug choice alone; 
it requires an integrated framework that spans organizational 
models of care, the introduction of novel diagnostic and thera-
peutic approaches, iterative dissection of tumor genomic mech-
anisms, and close coordination across multidisciplinary teams. 
In the following sections, we therefore move beyond the single 
case narrative to examine how multidisciplinary tumor boards 
(MDT) and MTB structures, rational assay selection and re-bi-
opsy, pathway-level reasoning, and practice-derived experience 
with resistance and rechallenge can be systematically combined 
to inform decision-making in similarly challenging scenarios.
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MTB reflections

This N-of-1 journey—from BEP PR and rapid progression, 
through CPS-induced remission, to later resistance and BEP 
rechallenge—placed the care team at multiple decision in-
flection points where guideline-concordant options were ex-
hausted. At each turn, management necessarily shifted from 
regimen selection by histology to hypothesis-driven testing of 
molecular dependencies and escape pathways. The following 
reflections distill how a continuous MDT process, with timely 
escalation to a MTB, reframed the problem, integrated evolv-
ing genomic evidence, and operationalized a learning-health-
system approach for refractory disease.

From standard MDT to a molecularly driven strategy

Since the late 20th century, MDTs have become the standard 

of care, replacing single-physician decisions with coordinated, 
specialty-integrated management to improve outcomes [5]. In 
uro-oncology, the MDT typically includes a urologist, patholo-
gist, radiologist, nuclear medicine specialist, radiation oncolo-
gist, and a precision oncology expert; after deliberation, a writ-
ten plan is issued and implemented by the primary physician, 
who also monitors response and toxicity [6]. For diagnosti-
cally challenging or longitudinally managed patients, MDT 
involvement should be continuous across the disease course. 
When all standard-of-care therapies have been tried without 
success, the MDT’s next logical step is escalation to a MTB to 
address questions that have become fundamentally molecular.

In refractory scenarios, escalation to a MTB does not sim-
ply add experts; it reframes the problem—from “Which regi-
men fits this histology?” to “Which molecular dependencies and 
escape routes are driving this tumor, and how can we exploit or 
block them?” By shifting the focus from macroscopic imaging 
and histology to the tumor’s molecular fingerprint, the MTB ex-

Figure 2. Imaging changes throughout the entire treatment and follow-up process. (a) CT-guided biopsy in 2018 and 2019. (b, c) 
Imaging changes in the retroperitoneum, lumbar vertebral bodies and bilateral lungs throughout the entire treatment and follow-
up process. The oval circles marked the metastatic lesions in the retroperitoneal lymph nodes and lumbar vertebral bodies, and 
the arrows indicated the bilateral lung lesions. Treatment and follow-up time points were shown on the left. (d) Changes shown 
on brain MRI of metastatic lesions in the left frontal lobe (arrow) throughout the entire treatment and follow-up process. The 
treatment and follow-up time points were shown below. CT: computed tomography; MRI: magnetic resonance imaging; PD-L1: 
programmed death-ligand 1; BEP: bleomycin + etoposide + cisplatin.
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tends MDT value and enables cross-tumor, biology-driven off-
label strategies when no guideline pathway remains [3, 7-9]. It 
convenes molecular biology, genetics, bioinformatics, and clini-
cal judgment at one table [8], using disciplined science to ex-
pose logic and vulnerabilities within seemingly chaotic progres-
sion. To sustain impact, the MTB should function as a learning 
health system—embedding routine re-biopsy, integrated DNA/
RNA profiling, patient-derived organoids, and prospective data 
capture—to iteratively refine and personalize care.

Tissue (re)biopsy and genomic profiling: opening the gate 
to precision care

Precision medicine begins with tissue that reflects the current 
biology of a progressing lesion [10]. In this case, a CT-guided 
biopsy of a new lung metastasis yielded fresh material for se-
quencing. A common counterargument is that circulating tumor 
DNA (ctDNA) can capture a broader, whole-body snapshot of 
metastatic heterogeneity. In practice, the question is not merely 
tissue versus blood, but which specimen and which assay best 
answer the immediate clinical question. When resources allow, 
performing both is optimal, and apparent discordance between 
tissue and ctDNA should be expected given spatial/temporal 
heterogeneity and assay limitations; such differences are inter-
pretable rather than contradictory.

When only one modality can be chosen, selection should 
be guided by a working model of the tumor’s genomic archi-
tecture and the pre-test probability of an actionable readout. 
Single nucleotide variant (SNV)-dominant tumors in canoni-
cal drivers can often be profiled effectively with ctDNA. By 
contrast, when copy-number alterations (CNV) predominate 
or gene fusions are suspected, tissue testing should be prior-
itized: amplification is fundamentally copy-number biology, 
so low-coverage whole-genome sequencing is a practical route 
to robust CNV calls, whereas fusion-driven tumors generally 
require RNA sequencing for accurate detection. Combining 
both DNA and RNA profiling helps minimize diagnostic blind 
spots [11]. Just as important, assay choices should be aligned 
upstream with the biopsy site, disease phase, and clinical intent 
(e.g., drug selection versus resistance mechanism discovery).

Finally, because many metastatic cases will not yield di-
rectly druggable variants, building patient-derived organoids 
in parallel is a forward-looking platform for functional test-
ing and drug-sensitivity assessment, complementing genomics 
and improving the odds of a clinically actionable signal.

From KRAS amplification to downstream blockade: how 
the MTB reasoned

There is no Food and Drug Administration (FDA)-approved 
drug that directly targets KRAS amplification; most KRAS in-
hibitors address specific point mutations (e.g., G12C) [2]. The 
board therefore reasoned at the pathway level. Amplification 
increases KRAS abundance, driving chronic activation of the 
MAPK cascade (RAS–RAF–MEK–ERK) and creating path-
way addiction [12]. If the hyperactive master switch cannot be 

inhibited directly, intercepting the signal downstream at RAF 
or MEK may still collapse the oncogenic circuit [13].

Sorafenib, a multikinase tyrosine kinase inhibitor (TKI) 
with RAF activity (C-RAF and wild-type B-RAF) in addition 
to VEGFR/platelet-derived growth factor receptor (PDGFR), 
was prioritized for its potential to inhibit MAPK signaling 
[14]. Preclinical and case-level evidence suggests that RAF 
inhibition—or multikinase inhibition that embeds RAF activ-
ity—can restrain tumors with KRAS alterations, including am-
plification [15]. On this basis, the MTB recommended carbo-
platin plus paclitaxel to rapidly debulk disease [16], combined 
with sorafenib as the precision component aimed at the MAPK 
axis [17]. The off-label nature of sorafenib was made explicit.

Anticipating resistance was part of the initial plan. The 
board mapped plausible bypass routes—activation of PI3K–
AKT–mTOR, MEK/ERK mutations downstream of RAF, 
and epidermal growth factor receptor (EGFR)-mediated 
feedback—so that, if progression occurred, the team could 
promptly adjust their treatment strategy without delay [17]. 
Unfortunately, at subsequent progression, a second CT-guided 
lung biopsy did not yield adequate tumor tissue for additional 
genomic profiling, limiting our ability to molecularly track the 
resistance mechanism.

Resistance and rechallenge: learning from tumor ecology

After a period of control on CPS, late-2019 imaging docu-
mented new cervical nodal and vertebral metastases—clear ev-
idence of acquired resistance; a subsequent trial of an alterna-
tive VEGFR inhibitor also failed, arguing against angiogenesis 
as the dominant resistance mechanism and instead pointing to 
MAPK bypass or activation of parallel survival pathways [18]. 
The team re-introduced BEP and achieved stable disease (SD), 
a clinically meaningful containment in a heavily pretreated 
setting; this decision reflects a practice-derived paradigm in 
which tumors can regain sensitivity after a drug-free interval 
[19, 20], making “chemotherapy rechallenge” a pragmatic 
challenge to the dogma of irreversible resistance [20], provid-
ed patient selection is stringent (e.g., adequate platinum-free or 
progression-free intervals) [21]. Mechanistically, rechallenge 
rests on four principles: 1) reversibility of resistance, whereby 
removal of selective pressure permits re-expansion of sensitive 
clones (“resistance reversion”); 2) clonal selection and hetero-
geneity, through which prior lines reshape tumor ecology and 
create windows in which earlier agents can again be effective; 
3) chemo-switch/cross-sensitization, where prior cytotoxic ex-
posure primes enhanced susceptibility to another drug—or to 
the same agent on re-exposure; and 4) toxicity washout, allow-
ing host recovery (e.g., from myelosuppression or neuropathy) 
for safe re-administration [22]. Not all patients are suitable for 
chemotherapy rechallenge; the key prerequisite is having an 
adequate treatment-free interval (such as a “platinum-free in-
terval” or “progression-free interval”) to optimize the benefit-
risk balance [4]. Taking testicular germ cell tumor (TGCT) 
as an example, authoritative guidelines such as the European 
Association of Urology (EAU) and National Health Service 
(NHS) explicitly state that cisplatin rechallenge (e.g., with 
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gemcitabine/paclitaxel, or TIP regimens) can be considered 
under appropriate conditions [23]. Large-center clinical expe-
riences and laboratory data also show that platinum sensitiv-
ity can be restored via certain molecular mechanisms, further 
supporting the rationale for rechallenge [22, 24, 25]. First-line 
TGCT regimens (such as EP × 4 and BEP × 3/× 4) achieve 
exceptionally high response and survival rates, with long-term 
follow-up showing durable disease control. Combined cohorts 
have shown a 98.3% response rate and 5-/10-/20-year over-
all survival rates of 97.9%, 96.0%, and 86.0%, with very low 
relapse rates [26]. These data provide a benchmark for evalu-
ating the outcomes of BEP rechallenge. In testicular cancer, 
the decision to proceed with rechallenge depends on several 
factors: 1) platinum sensitivity (short-interval progression fa-
vors high-dose chemotherapy; long-interval relapse may al-
low standard-dose salvage); 2) timing of relapse (early relapse 
within 2 years typically merits salvage chemotherapy; late re-
lapse after 2 years is uncommon and often requires surgery, 
especially for non-seminoma); 3) tumor markers (clearly ris-
ing AFP/β-hCG levels justify salvage treatment even without 
imaging evidence, while LDH elevation alone is insufficient); 
4) histological type and risk stratification (seminoma vs. non-
seminoma, sites of involvement, IGCCCG risk class, and ad-
verse features) [27-29]. Methodologically—and central to an 
MTB mindset—every resistance event should trigger a closed 
loop of re-biopsy, re-profiling, and re-modeling rather than lat-
eral empiricism across drug lists, so that subsequent decisions 
remain grounded in the tumor’s evolving molecular ecology.

Conclusions

We are genuinely gratified by this outcome. In many ways, the 
care of this patient functioned as an N-of-1 therapeutic experi-
ment—a rigorously reasoned, prospectively monitored trial em-
bedded within routine practice, designed first and foremost to 
maximize individual benefit while generating lessons that can 
be generalized. Rather than treating resistance as a terminus, we 
treated it as a hypothesis-testing moment against tumor evolution: 
observe, re-biopsy when feasible, reinterpret the molecular ecolo-
gy, and iteratively adapt therapy. This case is not merely a success 
story of personalized treatment; it is a living textbook. The shift 
from resistance to CPS therapy to renewed response with BEP re-
challenge highlights the importance of a flexible, ecology-based 
strategy in advanced cancer management, where prior therapies 
may regain utility under evolving tumor conditions.

Looking ahead, the management of refractory germ cell 
tumor (GCT) should increasingly embrace an adaptive, data-
driven approach. Earlier and serial molecular profiling—using 
both tissue and ctDNA—will be essential to track clonal evolu-
tion and guide therapeutic decisions in real time. Integrating bi-
ology-driven strategies, such as pathway-targeted interventions, 
rational drug combinations, and judicious off-label applications 
when scientifically justified, may expand treatment possibilities. 
Additionally, implementing dynamic monitoring with prede-
fined clinical and molecular inflection points can ensure timely 
reassessment and optimization of treatment courses.

When applied systematically, this iterative framework 

enables knowledge gained from individual patients to be trans-
lated into broader, evidence-informed strategies—transform-
ing N-of-1 experiences into scalable approaches that have the 
potential to improve outcomes for larger patient populations.

Learning points

Iterative profiling is crucial. This case underscores the pivotal 
role of repeated molecular profiling and timely escalation from 
MDT to MTB when guideline-concordant options are exhaust-
ed. Iterative assessment of the tumor’s molecular drivers—
exemplified by identifying KRAS amplification—provides a 
biologically rational basis for tailored combination strategies.

Assay and pathway-level reasoning matter. Effective pre-
cision care depends not only on “doing sequencing” but on 
choosing the right tissue/blood assays and interpreting results 
at the pathway level. In this case, integrating CT-guided re-
biopsy, CNV-aware profiling, and MAPK-pathway reasoning 
enabled an off-label CPS regimen that translated a genomic 
signal (KRAS amplification) into a coherent therapeutic plan.

Learning from resistance and rechallenge is essential. 
Acquired resistance should trigger a closed loop of re-biopsy, 
re-profiling, and re-modeling rather than empirical regimen 
switching. Here, CPS resistance, a failed VEGFR inhibitor 
trial, and subsequent BEP rechallenge illustrate how viewing 
the tumor as an evolving ecosystem can justify rational rechal-
lenge, embed long-term follow-up, and support a learning-
health-system approach to managing late-stage NSGCT.
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