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Abstract: Combining radiotherapy (RT) with immune checkpoint inhibitors (ICIs) improves survival in stage III non-small cell lung
cancer (NSCLC), though immune-related adverse events (irAEs) require vigilant management. Emerging evidence suggests multi-
organ irAEs may correlate with favorable outcomes. We report a case of unresectable stage IIIA NSCLC achieving sustained partial
response (PR) with progression-free survival (PFS) exceeding 42 months after one cycle of pembrolizumab-chemotherapy followed by
sequential thoracic RT (50 Gy/25 fractions). Severe multi-organ irAEs (muscular, cardiovascular, respiratory, hematologic) developed
but were effectively managed with corticosteroid-based therapy. Remarkably, durable tumor control persisted despite suboptimal
therapeutic dosing and early systemic treatment discontinuation. This case demonstrates that RT-ICI synergy can induce robust
systemic antitumor immunity even with dose-reduced RT, while severe multi-system irAEs may signal favorable prognosis. These
findings support optimizing RT parameters (eg, dose de-escalation, target volume refinement) as a viable approach in the immu-
notherapy era.
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Introduction

The management of unresectable, locally advanced non-small cell lung cancer (NSCLC) has evolved substantially
through the incorporation of immune checkpoint inhibitors (ICIs) and concurrent chemoradiotherapy (cCRT). The
PACIFIC trial established consolidative durvalumab following chemoradiotherapy as a standard of care, demonstrating
significant survival benefits.'* This therapeutic synergy arises from a delicate equilibrium between enhanced antitumor
immunity and off-target toxicity. Evidence suggests that the development of multi-organ immune-related adverse events
(irAEs) predicts significantly improved progression-free survival (PFS) and overall survival (OS) in patients treated with
immune checkpoint inhibitors (ICIs).>* Mechanistic insights from single-cell RNA sequencing studies indicate that
patients with severe irAEs exhibit expanded T-cell receptor clones that cross-react with both tumor neoantigens and
healthy tissue epitopes.’ These findings provide a biological rationale linking robust antitumor efficacy to autoimmune

manifestations.
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Figure | Schematic timeline of anti-tumor treatment and its immune-related adverse events.
Abbreviations: Chemo, chemotherapy; Immuno, immunotherapy; PR: partial response; RT, radiotherapy; IVIG: intravenous immunoglobulin; NIPPV: non-invasive positive
pressure ventilation; TPO, thrombopoietin; TPO-RA, TPO receptor agonists; PLT, platelet.

This intricate link between immune activation and efficacy, coupled with the integration of ICIs, compels
a fundamental reevaluation of conventional radiotherapy (RT) parameters. In the pre-immunotherapy era, the RTOG
0617 trial demonstrated that dose escalation to 74 Gy increased toxicity without improving survival compared to 60 Gy.°®
In contrast, within the modern immuno-oncology paradigm, combining ICIs with RT can yield potent synergy, and
emerging evidence suggests that lower radiation doses may be sufficient to initiate a robust antitumor immune response
while mitigating toxicity,” thereby directly challenging the traditional “more is better” dogma.

Here, we present a case of unresectable stage IITA lung squamous cell carcinoma (cT4N1MO) treated with one cycle
of pembrolizumab-chemotherapy followed by sequential thoracic RT (50 Gy/25 fractions). Severe sequential irAEs
developed but were controlled with corticosteroids. Despite treatment discontinuation, sustained partial response (PR)
with > 42-month PFS was achieved (Figure 1). This case not only reflects the interconnection between robust immune
activation, multi-organ irAEs, and sustained antitumor efficacy, but also provides clinical support for RT dose optimiza-
tion in contemporary immuno-oncology practice.

Case Presentation
A 52-year-old male with a significant smoking history underwent contrast-enhanced chest computed tomography (CT)
for a persistent cough, which demonstrated a large mass in the right upper lobe. Histopathological examination of
a bronchoscopic biopsy specimen confirmed the diagnosis of squamous cell carcinoma. Subsequent staging with brain
magnetic resonance imaging (MRI) and bone scintigraphy demonstrated an 8.4x6.0 cm primary tumor with direct
invasion into the brachiocephalic vein and over 180° of the ascending aortic arch, along with ipsilateral hilar lymph node
involvement, without evidence of distant metastasis. The disease was staged as cT4NIMO (stage IIIA). Following
multidisciplinary review, the tumor was deemed unresectable due to extensive vascular invasion. The patient received
one cycle of induction therapy (paclitaxel 175 mg/m?, carboplatin AUC 5, pembrolizumab 200 mg, Day 1). Seven days
post-treatment, he developed bilateral asymmetric ptosis (right > left) with diplopia, proximal muscle weakness,
palpitations, and dyspnea. An urgent orbital MRI was performed, which showed normal anatomical structures without
evidence of optic nerve or muscle abnormalities (Figure S1). Biochemical profiling showed profound elevation of muscle
injury markers: creatine kinase (CK) peaked at 2006 U/L (ref: 38—174 U/L), CK-MB isoenzyme at 38.63 U/L (ref: 0-5
U/L), accompanied by a dynamic rise in high-sensitivity cardiac troponin I (hs-cTnl) from 0.035 to 0.512 ng/mL (ref:
0-0.04 ng/mL) over 72 hours (Figure 2). After comprehensive evaluation excluded acute myocardial infarction, common
infections, and direct chemotherapy toxicity, the condition was attributed to an immune-mediated overlap syndrome
(MMM syndrome) encompassing grade 2 myocarditis, grade 3 myositis, and grade 3 myasthenia gravis. The patient was
promptly started on pulse methylprednisolone therapy (2 mg/kg/day), which was subsequently tapered to oral prednisone.
His symptoms gradually resolved. A restaging CT scan performed in late November 2021 confirmed a partial response
per RECIST 1.1 criteria, with a 38.8% reduction in the sum of target lesions (Figure 3).

Following resolution of the initial irAEs to grade 1, the patient commenced thoracic RT. The original plan was to
deliver a total dose of 60 Gy in 30 fractions (2 Gy/fraction, 5 fractions/week). Dosimetric analysis indicated acceptable
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Figure 2 The dynamic changes in myocardial enzyme profiles following the single cycle of chemotherapy-immunotherapy. CK or CK-MB (A) and hsTnT (B).
Abbreviations: CK, Creatine Kinase; CK-MB, Creatine Kinase-MB; hsTNT, high-sensitivity troponin-T. CK are multiplied by 10.

Figure 3 Representative CT images of the patient at baseline (A and B) after chemotherapy combined with immunotherapy (C and D) and at 5.1 months (E and F), 17.0
months (G and H) 28.2 months (I and J) and 39.5 months (K and L) after radiotherapy.
Abbreviation: CT, Computed tomography.

pulmonary tolerance parameters [mean lung dose (MLD) 14 Gy, V20 23.2%, V5 50.3%]. However, during the fifth week
of treatment (specifically, at the 24th fraction), the patient began experiencing persistent mild chest tightness. A thoracic
CT revealed new bilateral scattered inflammatory infiltrates. Despite initiation of broad-spectrum antibiotics (imipenem-
cilastatin), his respiratory symptoms progressed to overt dyspnea. A follow-up CT scan a few days later showed
worsening, with coalescence of the bilateral inflammatory lesions. RT was immediately halted after a total delivered
dose of 50 Gy, and the patient required admission to the intensive care unit (ICU). Comprehensive microbiological
workup (blood cultures, respiratory viral panel, and SARS-CoV-2 RT-PCR) was negative. The pulmonary manifestations
were attributed to a severe grade 4 pneumonitis, with contributions from both immune-mediated pneumonitis and
radiation pneumonitis (RP) as per CTCAE v5.0 criteria. Management included high-dose methylprednisolone (4 mg/
kg/day), intravenous immunoglobulin (IVIG, 20 g daily), continued anti-infective prophylaxis, and non-invasive positive
pressure ventilation (NIPPV). His condition improved steadily, allowing for a gradual taper and eventual discontinuation
of corticosteroids. Follow-up CT imaging confirmed the resolution of the pulmonary infiltrates (Figures 4 and S2).
Approximately 8.1 months after immunotherapy, the patient presented with isolated, severe thrombocytopenia
(platelet count 30x10°/L). This condition was refractory to initial interventions, including thrombopoietin (TPO), TPO
receptor agonists (TPO-RA), and repeated platelet transfusions. Comprehensive evaluation ruled out common autoim-
mune disorders (eg, ITP), coagulopathies, and other secondary causes. Bone marrow aspiration and cytology revealed
impaired megakaryocyte maturation in the absence of malignant infiltration. After excluding other potential etiologies
such as lingering chemotherapy effects, infection, or pseudothrombocytopenia, a diagnosis of pembrolizumab-induced
immune thrombocytopenia was made. Initiation of corticosteroid therapy successfully normalized the platelet count.
However, attempts to discontinue steroids led to a recurrence of thrombocytopenia, which again responded to re-
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Figure 4 Timeline of pneumonitis evolution on CT imaging. Serial chest CT images demonstrate findings at the following time points: RT start (A and B) day 36 (C and D)
| day post-RT (E and F) 5.1 months post-RT (G and H) and 14 months post-RT (I and }). Color codes indicate volumes enclosed by successive isodose lines, from innermost
to outermost: V5, V20, V30, V40, V50, V60, and CTV.

Abbreviations: CT, Computed tomography; RT, radiotherapy; CTYV, clinical target volume.
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Figure 5 Dynamic changes in PLT counts following the single cycle of chemotherapy-immunotherapy.
Abbreviations: PLT, platelet; TPO, thrombopoietin; TPO-RA, thrombopoietin receptor agonist.

initiation of corticosteroids (Figure 5). Notably, despite the permanent discontinuation of all antitumor therapies after the
pneumonitis event, subsequent serial imaging assessments consistently demonstrated a sustained partial response. At the
last follow-up in April 2025, the patient maintained excellent disease control, with a progression-free survival exceeding

42 months from diagnosis (Figure 3).

Discussion
While ICIs have revolutionized unresectable stage III NSCLC treatment, their application can be constrained by irAEs,
particularly multi-organ involvement.'* Paradoxically, multi-organ irAEs may predict favorable outcomes.® Herein, we
document a patient with unresectable stage III lung squamous cell carcinoma who developed severe, sequential multi-
organ irAEs after one cycle of pembrolizumab-chemotherapy and sequential thoracic RT. Despite suboptimal dosing and
early ICI cessation, timely corticosteroids controlled irAEs while maintaining durable PR and PFS > 42 months. This
outcome suggests the establishment of a potent and self-sustaining antitumor immune response.

The observed overlap syndrome of MMM represents a rare, life-threatening irAE (40-60% mortality),*'° typically
emerging within 1-2 cycles of ICI initiation.'' Diagnosis requires comprehensive evaluation of ICI exposure, clinical
presentation, and laboratory findings. This patient met criteria for ICI-related myocarditis (palpitations, dyspnea,

markedly elevated hs-cTnl/CK/CK-MB, exclusion of alternatives) and myositis (muscle weakness, elevated CK).'*'?

1414 s ImmunoTargets and Therapy 2025:14



Zhai et al

Characteristic bilateral ptosis and diplopia supported concurrent myasthenia gravis despite negative anti-AChR
antibodies.” Symptoms resolved after 35 days of corticosteroid therapy.

In our previous research, we found that sequential thoracic RT post-immunotherapy significantly elevates RP risk,
with V20 and MLD as key predictors.'*'> Prior irAEs further increase susceptibility (grade > 2: 61%; grade > 3: 15%).'¢
Here, multi-organ irAEs preceded thoracic RT, culminating in grade 4 treatment-related pneumonia including immune-
mediated pneumonitis or/and RP. This clinical course underscores the necessity for rigorous pneumonitis risk assessment
and intensive monitoring during combined immunotherapy and thoracic RT. Successful management employed high-dose
corticosteroids and IVIG, necessitating permanent ICI discontinuation per guidelines.'”'®

Subsequent severe thrombocytopenia proved refractory to TPO, TPO-RA, and transfusions but responded to
corticosteroids. Bone marrow revealed megakaryocyte maturation arrest, confirming immune-mediated pathogenesis.
IClI-associated thrombocytopenia is rare (~2.8% incidence), typically occurring 1-84 weeks post-ICI initiation (median
10 weeks)." In this case, it emerged at ~35 weeks. Prolonged steroid therapy may have masked pre-existing thrombo-
cytopenia. Steroid-induced remission exhibited dependency and recurrence upon withdrawal, suggesting progressive
immune dysregulation: persistent ICI effects may expand autoreactive lymphocytes targeting platelets/megakaryocytes,
while corticosteroids spare pathogenic memory cells enabling relapse.?’

The exceptional tumor control observed in this patient can be contextualized by two key concepts. First, there is
a potential association between multi-organ irAEs and survival benefit. Meta-analyses confirm irAEs independently
associate with improved PFS, OS, and objective response rate (ORR) across tumor/ICI types.?! Multi-organ irAEs confer
superior outcomes versus single-organ or no irAEs (ORR: 42% vs 23% vs 12%, p < 0.0001; mPFS: 7.2 vs 4.2 vs 2.7
months; mOS: NR vs 20.1 vs 10.3 months; both p < 0.001).* While some data suggest that the type of irAE influences
prognosis (eg, respiratory and neurologic being less favorable).” Our case demonstrates that even with severe involve-
ment of muscular, cardiovascular, respiratory, and hematological systems, a profound and durable survival benefit can be
realized. Importantly, while high-dose corticosteroids (> 2 mg/kg peak) associate with impaired OS [HR 1.66 (95% CI:
1.17-2.37)],> our patient maintained PFS > 42 months despite methylprednisolone 4 mg/kg, suggesting that the
underlying robust immune activation signaled by severe, multi-organ irAEs may outweigh the immunosuppressive
effects of corticosteroids in certain scenarios. Second, the role of RT in modulating the immune response is crucial.
There is growing evidence that combining RT, even at lower doses, with ICIs can potentiate systemic antitumor
immunity.”® In the MATCH study,” which evaluated first-line treatment for extensive-stage small cell lung cancer,
LDRT (15 Gy/5 fractions) was administered concurrently during the first cycle alongside standard chemoimmunotherapy
(IMpower133 regimen). Preliminary results demonstrated a 12-month PFS rate of 27.7% and a 12-month OS rate of

2423 with favorable toxicity. Similarly,

71.9%, outcomes surpassing historical chemoimmunotherapy-alone benchmarks,
a subgroup analysis from the GEMSTONE-301 trial suggested that consolidation immunotherapy yielded longer median
PFS in patients who had received lower doses of prior RT (< 60 Gy) compared to those who received higher doses (> 60
Gy) (10.51 vs 8.44 months).® The durable response achieved in our case with a subtherapeutic radiation dose of 50 Gy
following a single ICI cycle aligns with this concept. It supports the hypothesis that the abscopal effect and immunogenic
cell death induced by RT can synergize with ICIs to initiate a powerful, systemic immune response that does not
necessarily require full-dose radiation or prolonged ICI therapy. This lends strong support to ongoing research into
optimizing RT parameters, such as dose de-escalation, hypofractionation, and clinical target volume (CTV) reduction to

maximize efficacy and minimize toxicity in the immunotherapy era.?’

Conclusion

This case demonstrates exceptional long-term control (PFS > 42 months) in stage IIIA NSCLC after one immunochem-
otherapy cycle and subtherapeutic thoracic RT, despite severe multi-organ irAEs. It underscores that (1) multi-organ
irAEs may be a significant clinical biomarker predicting a favorable prognosis, and their effective management is
paramount to unlocking this potential benefit.; and (2) RT-ICI synergy can catalyze a robust and durable systemic
antitumor immune response, which may be effective even with attenuated radiation doses, challenging traditional
radiotherapeutic paradigms. Therefore, proactive toxicity management and RT parameter optimization are critical to
maximizing therapeutic benefit.
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