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Abstract: Immune checkpoint inhibitors (ICIs) can induce a spectrum of immune-related adverse events (irAEs), yet sequential,
multi-organ severe irAEs remain uncommon and challenging to manage. We present a 78-year-old male patient with esophageal
squamous cell carcinoma, suspected to have developed continuous, life-threatening irAEs involving the liver, bone marrow, and lungs
after receiving sintilimab combined with chemotherapy. All events were successfully controlled through glucocorticoid treatment and
multidisciplinary collaboration support. However, it should be noted that during the tapering of steroids, existing irAE symptoms may
worsen or new adverse reactions may occur. This case emphasizes that sintilimab may trigger a severe, sequential multi-system irAEs,
potentially suggesting a progressive breakdown of immune tolerance, though direct evidence is lacking. It highlights the critical need
for prolonged, vigilant multi-organ monitoring in elderly patients receiving ICIs, especially in combination regimens, and suggests that
sustained immunomodulation may be required to control subsequent irAEs even after initial toxicity resolution.
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Introduction

Cancer remains a major challenge in global public health. According to the Global Cancer Statistics 2022' and the China
Report on Nutrition and Chronic Disease Status 2025, the incidence of cancer continues to rise. Immune checkpoint
inhibitors (ICIs) have significantly improved outcomes in various solid tumors and hematologic malignancies.” However,
they may disrupt immune tolerance and lead to immune-related adverse events (irAEs).> ICIs primarily include
monoclonal antibodies targeting programmed death-1 (PD-1)/programmed death-ligand 1 (PD-L1) and cytotoxic T-
lymphocyte-associated antigen-4 (CTLA-4).*

Among patients treated with PD-1/PD-L1 inhibitors, the overall incidence of irAEs is approximately 66—70%, with grade
>3 severe events accounting for about 14%.>° irAEs can affect any organ; cutaneous, gastrointestinal, and endocrine toxicities
are relatively common, whereas pneumonitis, myocarditis, neurological toxicity, nephritis, and hematologic toxicity are less
frequent but can be life-threatening.”® Notably, the time of onset and resolution vary considerably across different organ
systems — irAEs may appear weeks to months after treatment initiation and can even occur after drug discontinuation.” When
two or more organs are involved, it is defined as multi-organ irAE, which accounts for approximately 20-30% of all irAE
cases.® Studies suggest that patients with multi-organ injury are predominantly male, aged 33 to 75 years, and most events
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occur during the first or second cycle of ICI exposure.'® Multi-organ irAEs can be simultaneous or sequential; about 16% of
patients with solid tumors receiving PD-1/PD-L1 inhibitors develop involvement of more than one organ system,'' and the
proportion is even higher in patients receiving anti-CTLA-4 inhibitors or combination ICI therapy.'> Common multi-organ
combinations include cardiac + neurological, cardiac + pulmonary, thyroid + pituitary, cardiac + hepatic, and gastrointestinal +
cutaneous.'>'* Compared with single-organ irAEs, multi-organ irAEs are generally more severe, have a worse prognosis, and
respond less favorably to high-dose glucocorticoids.'*

Esophageal squamous cell carcinoma (ESCC) is a common malignancy in China and other high-incidence
regions of Asia. PD-1/PD-L1 inhibitors have brought new hope for ESCC patients, especially those with chemother-
apy resistance or recurrent/metastatic disease.'” However, not all ESCC patients derive benefit; the therapeutic
efficacy is highly dependent on pre-existing immune cell infiltration within the tumor microenvironment (TME),
particularly the density and function of CD8" T cells.'"® The TME of ESCC exhibits pronounced immunosuppressive
features, and recent basic research has uncovered several key regulatory pathways. For example, NME4 suppresses
the NFkB2-CCLS5 axis, limiting CD8" T cell infiltration into the tumor parenchyma, thereby creating a “cold tumor”
phenotype.!” Chemotherapy resistance further aggravates immune evasion: in 5-fluorouracil (5-FU)-resistant ESCC
cells, ADAMI10 is markedly upregulated, which cleaves membrane-bound PD-L1 and releases soluble PD-L1,
impairing the recruitment and cytotoxic function of CD8" T cells.'"® Metabolically, lactate efflux mediated by
monocarboxylate transporter 4 (MCT4) leads to acidification of the TME and is closely associated with the
infiltration of CD8" T cells, M2 macrophages, and neutrophils, thereby influencing patient prognosis.'” Moreover,
PIK3CA, a frequently mutated oncogene in ESCC, can alter the infiltration pattern of CD4" T cell subsets and is
linked to resistance to p38/JNK pathway inhibitors.>° Together, these mechanisms constitute a complex network of
immune escape in ESCC and also provide a molecular basis for both the response to immunotherapy and the
development of irAEs. By blocking immune checkpoints, PD-1 inhibitors can partially reverse the above immuno-
suppression and re-activate T cells to attack tumors. However, this non-specific immune enhancement may also
damage normal tissues, leading to irAEs;*' in some patients, severe and even life-threatening multi-organ involve-
ment occurs.

Sintilimab, a domestic PD-1 inhibitor, is widely used in clinical practice. Although it shows efficacy both as
monotherapy and in combination with chemotherapy, its irAE incidence is relatively high, warranting special attention
to the risk in elderly patients.** 2® To date, reports of sintilimab-induced sequential, severe multi-organ irAEs are scarce.
We report a case of a 78-year-old male with ESCC who was suspected to develop sequential immune-mediated
hepatotoxicity, aplastic anemia-like immune-mediated bone marrow suppression, and checkpoint inhibitor-related pneu-
monia caused by sintilimab combined with chemotherapy. We describe the clinical course and management strategies,
aiming to provide clinical references for the management of such severe irAEs.

Case Report
A 78-year-old male was first hospitalized on February 13, 2025, with a chief complaint of “yellowing of skin and sclera
for 5 days.”

Past History and Oncologic Treatment

Cancer Diagnosis and Surgery: Presented in November 2024 with “dysphagia and chest discomfort for over 1 week.”
Gastroscopy and biopsy confirmed lower esophageal squamous cell carcinoma. On November 15, 2024, he underwent
“thoracoscopic-laparoscopic combined esophagectomy with cervical esophagogastric anastomosis and lymph node
dissection.” Pathology: (Esophagus) moderately to well-differentiated squamous cell carcinoma, invading the superficial
muscularis propria, with no definite perineural invasion observed. No cancer involvement was found at the esophageal
and gastric resection margins. Metastatic cancer was found in 2 of 5 perigastric lymph nodes, 2 of 3 lymph nodes in
Group 8, 2 of 2 lymph nodes in Group 16, 3 of 4 lymph nodes in Group 17, and 1 of 2 paralaryngeal lymph nodes along
the left recurrent laryngeal nerve. No metastatic cancer was seen in 1 lymph node of Group 7, 1 lymph node of 8u, or 3
paralaryngeal lymph nodes along the right recurrent laryngeal nerve. AJCC pTNM staging (2017, 8th edition): pT2N2Mx
(Figure 1). Postoperative recovery was uneventful.
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Figure | (Esophagus) moderately to well-differentiated squamous cell carcinoma, invading the superficial muscularis propria, with no definite perineural invasion observed.
No cancer involvement was found at the esophageal and gastric resection margins. Metastatic cancer was found in 2 of 5 perigastric lymph nodes, 2 of 3 lymph nodes in
Group 8, 2 of 2 lymph nodes in Group 16, 3 of 4 lymph nodes in Group 17, and | of 2 paralaryngeal lymph nodes along the left recurrent laryngeal nerve. No metastatic
cancer was seen in | lymph node of Group 7, | lymph node of 8u, or 3 paralaryngeal lymph nodes along the right recurrent laryngeal nerve. AJCC pTNM staging (2017, 8th
edition): pT2N2Mx.

Immunotherapy Combined with Chemotherapy:

Cycle 1 (Dec 26, 2024): Sintilimab (weight>60 kg, the dosage is 200 mg). 200mg (day 1) + Albumin-bound
paclitaxel (125mg/m?) 210mg (day 1) + Nedaplatin (60-75mg/m?) 34mg (days 1-3), IV infusion, q3w.*’ Pre-
chemotherapy liver function (Dec 25, 2024) was normal. The patient’s body weight during antitumor therapy was
61 kg, with a body surface area of 1.68 m>.

Cycle 2 (Jan 19, 2025): Same regimen. Pre-chemotherapy liver function (Jan 17, 2025): ALT 121 U/L, AST 43 U/L.

Personal and Family History
¢ Smoking: >50 years, 20 cigarettes/day.
e Alcohol: >40 years, 100—150 mL liquor/day.
e Family History: Father died of esophageal cancer; brother diagnosed with esophageal cancer (post-operative >10
years, alive).

First Hospital Admission (Feb 13, 2025)
Chief Complaint: Yellowing of skin and sclera for 5 days.

Physical Examination: Weight: 48kg, Poor nutritional status, hepatic facies. Severe jaundice of skin, mucous
membranes, and sclera. No liver palms, spider angiomata, petechiae, or ecchymoses. No other significant positive
findings.

Key Investigations (Feb 11, 2025):

CBC (complete blood counts):WBC (White blood cell) 6.43x10°/L, RBC (red blood cell) 3.30x10'?/L, platelets
(PLT) 262x10°/L, hemoglobin (Hb) 102g/L.

Liver Function: ALT (Alanine aminotransferase)254U/L, AST (Aspartate aminotransferase) 176U/L, ALP (Alkaline
phosphatase) 850U/L, GGT (Gamma-glutamyl transferase) 816U/L, TB (Total bilirubin) 385.6umol/L, DB (Direct
bilirubin) 259.0umol/L, TBA (Total Bile acids) 296.6umol/L.

Viral Hepatitis and Autoimmune Liver Disease Antibodies: Negative.

Coagulation function: Normal.

Abdominal Ultrasound: Hepatic cyst, hyperechoic hepatic nodule (0.7cm,nature indeterminate); gallbladder poorly
visualized; right renal cyst; enlarged prostate; ascites.

Preliminary Diagnosis:

1. Liver dysfunction, etiology undetermined: Drug-induced liver injury? Other?
2. Post-operative lower esophageal squamous cell carcinoma (pT2N2Mx), mediastinal lymph node metastasis.
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First Hospitalization Course
Phase | (Feb 13-19, 2025, Oncology Department)
Treatment: Magnesium isoglycyrrhizinate (150 mg/d IV), Reduced glutathione (1.8 g/d IV), Prednisone acetate (45 mg/d
PO, 0.94 mg/kg/day).

Clinical Change (Feb 14):CBC showed PLT 59x10°/L, Hb 87g/L. Recombinant human thrombopoietin (15,000 IU/d
SC) was added.

Liver function showed no significant improvement. Transferred to Infectious Diseases Department after consultation.

Phase 2 (Feb 19—Apr 4, 2025, Infectious Diseases Department)

Hepatoprotective & Glucocorticoid Therapy: Ademetionine (1.0 g/d IV), Reduced glutathione (1.2 g/d IV), Magnesium
isoglycyrrhizinate (200 mg/d IV), Methylprednisolone (40 mg/d IV, 0.83mg/kg/day, Feb 19-28). Supplemented with acid
suppression, potassium replacement, albumin infusion, etc.

After the above treatment, the liver function indexes gradually decreased. From Feb 28, the hormone was changed to
prednisone acetate orally and gradually reduced (see Figure 2 for details of dose adjustment and changes in liver function
indicators).

Hematological Toxicity Progression (Mar 13):

CBC: WBC 3.79x10°/L,RBC 1.39x10'?/L, Hb 44g/L, PLT 172x10°/L.

Fecal occult blood test: negative

Reticulocytes: Absolute count 0.0009x10'%/L (extremely low), Percentage 0.070%.

Hematology Consultation: Suspected pure red cell aplasia? Treated with red blood cell transfusions (Mar 14, 16, 20).

Bone Marrow Failure Syndrome & Intensified Therapy (From Mar 18):

Mar 18 CBC: WBC 1.11x10%/L,RBC 1.32x10'%/L, Hb 43g/L, PLT 47x10°/L.
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Figure 2 Relationship between changes in liver function and hormone dosage adjustment. After addition of glucocorticoid (methylprednisolone 40mg/day) therapy, the
patient’s liver function gradually recovered, and no rebound occurred during the tapering of glucocorticoids.
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Hematopoietic Support: Human granulocyte colony-stimulating factor (100 pg/d SC), Recombinant human inter-
leukin-11 (3 mg/d SC) (Mar 19-25).
Bone Marrow Examination:

e Morphology: Hypocellular marrow (suggesting possible dilution).

¢ Biopsy: Minimal marrow tissue, rare hematopoietic elements (Figure 3).

e Repeat Hematology Consultation: Suspected bone marrow failure syndrome. Recommended intensified immuno-
suppression (Prednisone: 0.5-1mg/kg/day,Cyclosporine: 3—5mg/kg/day). Due to concerns about the hepatotoxicity
of cyclosporine, it was decided to withhold its initiation. Instead, the dose of prednisone was adjusted to 20mg
orally twice daily (0.83mg/kg/day) on March 20.

e Outcome:Gradual trilineage recovering.Discharged improved on Apr 4, 2025, on prednisone acetate 10mg orally
once daily (Changes in glucocorticoid dosage and corresponding hematological parameters are presented in
Figure 4).

Readmission (Apr |1, 2025)

Chief Complaint:Fever and dyspnea for 1 day.

History of Present Illness:Symptoms began 1 week post-discharge after catching a cold: fever (Tmax 38.6°C), chills,
and progressive dyspnea.

Physical Examination:Poor mental status. Mild jaundice of skin, mucous membranes, and sclera. Bilateral moist rales
audible (more prominent on right).

Key Investigations (Apr 11, 2025):

CBC: WBC 14.07x10%/L, RBC 2.43x1012/L,Hb 83g/L, PLT 259x10°/L.

e Liver Function: ALT 64U/L, AST 40U/L, ALP 487U/L, GGT 570U/L, TB 56.9umol/L, DB 43.3umol/L, TBA
85.3umol/L.

Arterial Blood Gas (oxygen via nasal cannula): PaO, 64mmHg, PaCO, 28mmHg, SpO, 89.0%.

Infection Markers: PCT 12.757ng/mL; B-D-glucan 980pg/mL; GM test 0.21.

Second Hospitalization Course
Initial Treatment (Apr 11-13):

e Patient declined chest CT, Fiberoptic bronchoscopy, NGS analysis of Bronchoalveolar lavage fluid.
e Empirical Antibiotics: Piperacillin-tazobactam (4.5g q8h IV).

Figure 3 Bone marrow: The main bone tissue is fragmented, and only a very small amount of hematopoietic tissue is seen inside.
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Figure 4 Relationship between changes in complete blood count and hormone dosage adjustment. When the patient began to experience a decrease in platelets, the
addition of platelet-raising drugs and glucocorticoid treatment gradually restored the platelet count to normal. However, during the tapering of glucocorticoids, progressive
severe pancytopenia occurred. The patient was given red blood cell transfusions, human granulocyte colony-stimulating factor; human interleukin-11, and intensified
immunosuppressive therapy (prednisone acetate increased to 40 mg/day), after which the three blood cell lineages gradually recovered.

e Respiratory Support: High-flow nasal cannula oxygen therapy.
e Dyspnea did not improve.

Treatment Adjustment (From Apr 13):

e Upgrading of antibiotic therapy: Imipenem-cilastatin (1.0 g q8h IV, Apr 13-22).
e Glucocorticoids: Methylprednisolone 40 mg/d IV (Apr 13-14).
e Clinical Deterioration:Dyspnea worsened, oxygenation declined (HFNC, Fi0,75%, SpO, 86%).

Further Adjustment (From Apr 15):

e Antifungal: Fluconazole (loading dose 400mg, then 200 mg/d IV, Apr 15-27) (due to elevated B-D-glucan).
e Glucocorticoids Increased: Methylprednisolone 40 mg q12h IV (80 mg/d total, Apr 15-27).
e Linezolid added (600 mg q12h PO, Apr 19-22).

Imaging examination and Multidisciplinary Consultation (Apr 20):

Chest CT: interstitial pneumonia in both lung, predominantly involving the upper lobes and the right middle lobe,
along with scattered pulmonary bullae. (Figure 5).

Sputum general bacterial, acid-fast bacilli, and Candida smear: squamous epithelial cells <10/LPF, white blood cells
<25/LPF, no Candida detected, no acid-fast bacilli detected, no intracellular bacteria detected; sputum general bacterial
and Haemophilus culture and identification: normal flora growth, no Haemophilus influenzae detected;

Combined with history (ICI use, sequential irAEs):Immune-related pneumonitis considered likely.
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Figure 5 (A-D) shows chest CT images at different levels of the patient’s chest prior to initiating antitumor therapy. Chest CT scan (December 24,2024): The lung
markings show slight increase and disorder, with increased radiolucent areas and scattered small cystic hypoconvsitutes. Scattered patchy and linear density-increasing
shadows are observed in the posterior basal segments of both lower lobes and the dorsal segment of the right lower lobe. The right pleura shows localized thickening, with
a small amount of pleural effusion. (E-H) shows chest CT images at different levels of the patient’s chest during the onset of dyspnea following two rounds of antitumor
therapy. Chest CT scan (April 20,2025): The lung markings show slight increase and disorder, with honeycomb-like changes in the upper lobes and middle lobe of the right
lung. Increased radiolucent areas and scattered cystic hypoconvsitutes are present, with larger ones located in the anterior basal segment of the right lower lobe
(approximately 7.3%5.3cm). Small pleural effusions are observed bilaterally, predominantly on the left side. Scattered patchy and linear density-increasing shadows are seen in
the lower lobes of both lungs, accompanied by partial consolidation in the right lower lobe. Bilateral pleural thickening is noted.

Oncology Consultation Recommendation: Increase methylprednisolone to 2mg/kg/d (96mg/d), consider methylpred-
nisolone 1g/d pulse for 3 days if necessary; slow taper after symptom control (total duration 1-2 months); consider
adding mycophenolate mofetil or infliximab if inadequate response.

Respiratory department consultation: Considering interstitial lung fibrosis,Cannot rule out drug-induced, it is recom-
mended to add hydrocortisone 100 mg once daily.

Outcome:Symptoms and oxygenation gradually improved. Glucocorticoid dose was not adjusted (maintained at
methylprednisolone 80 mg/d). Discharged improved on April 27, 2025.

The entire disease course of the patient, including the timeline of immune-related adverse events and the correspond-

ing management measures, can be seen in Figure 6.
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Figure 6 The timeline of immune checkpoint inhibitor therapy and its immune-related adverse events, along with corresponding management measures.
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Discussion

This patient had no prior history of hepatitis or hematologic disease, with normal baseline CBC and liver function before
chemotherapy. Following sintilimab combined with albumin-bound paclitaxel and nedaplatin, he sequentially developed
liver injury, severe myelosuppression, and interstitial pneumonitis. Hepatotoxicity, which developed in the fourth week
following the commencement of immunotherapy and reached its peak by the seventh week, was gradually ameliorated
with a combination of hepatoprotective and corticosteroid therapy. Hematological toxicity first appeared at week 8
(decreased hemoglobin, platelets), transiently improved with thrombopoietin and glucocorticoids, but relapsed during the
glucocorticoid reduction, progressing to severe pancytopenia (predominantly hemoglobin and platelet decline, with
extremely low reticulocytes). By week 13, this manifested as aplastic anemia-like immune-mediated myelosuppression.
Treatment with interleukin-11, granulocyte colony-stimulating factor, and increased glucocorticoid dose led to gradual
trilineage recovery, with no recurrence during subsequent tapering. Interstitial pneumonitis presented at week 16 (fever,
dyspnea), with chest CT showing diffuse bilateral interstitial changes, improving after glucocorticoid dose escalation
combined with broad-spectrum antibiotics. These toxic reactions are characterized by sequential and multi-system
involvement, suggesting that they may be associated with anti-tumor treatment.

Analysis of the Three Therapeutic Agents

Nedaplatin: A second-generation platinum agent exerting anti-tumor effects by interfering with DNA replication.”® The
peak incidence of adverse reactions occurred within 30 minutes and during the 2- to 14-day period.>” Common reactions
like systemic hypersensitivity and associated dermatological, respiratory, or cardiovascular symptoms are immediate,
while myelosuppression and hepatotoxicity are delayed, the management primarily involves targeted supportive mea-
sures, including leukocyte and platelet boosters as well as hepatoprotective agents, which are generally effective in
mitigating these toxicities.*® Both the hematological toxicity and interstitial pneumonia in this case notably fell outside
the typical time window for nedaplatin toxicity. Specifically, myelosuppression occurred at week 8 (and relapsed during
steroid taper), whereas interstitial pneumonia developed as late as week 16.

Albumin-bound Paclitaxel: This formulation enhances tumor uptake and concentration of paclitaxel.*! Adverse effects include
hematologic toxicity, alopecia, fatigue, neurotoxicity, cardiotoxicity, hepatorenal toxicity, and gastrointestinal reactions,’>>
which usually resolve rapidly upon discontinuation or dose reduction.** Its myelosuppression is dose-dependent and limiting,
typically occurring 8—10 days post-chemotherapy and resolving quickly after stopping or reducing the dose.>> In this patient,
myelosuppression not only manifested with a notably delayed onset (at week 8) but also persisted and progressed to aplastic
anemia-like immune-mediated myelosuppression after drug discontinuation, which is inconsistent with its typical toxicity profile.

Sintilimab:As a recombinant fully human IgG4 PD-1 monoclonal antibody, sintilimab-induced irAEs are distinct from
traditional chemotherapy toxicities, characterized by delayed onset, prolonged duration, and potential persistence post-
discontinuation.’®*” The delayed presentation of liver injury, myelosuppression, and pneumonitis (weeks 4, 8, and 16,
respectively), the relapse of myelosuppression during steroid taper, and the protracted course support irAEs. Based on the
Naranjo adverse drug reaction probability scale (Table 1),>® the association score between sintilimab and each adverse event
was 6 (probable).

While sintilimab demonstrates significant anti-tumor efficacy,>” irAEs are inevitable Treatment-related adverse event rates
exceed 58.0% with monotherapy, with >grade 3 events in 13%;8 combined with chemotherapy (pemetrexed + platinum),
TRAE incidence reaches 99.6%, >grade 3 in 61.7%, with a 2.3% fatality rate.9 ADRs occur more frequently in middle-aged
and elderly males, can arise 0-544 days post-initiation, with higher risk within the first 4 months.>*® Currently, some case
reports have reported that tumor patients receiving ICIs treatment (including PD-1 inhibitor combined with chemotherapy, or
PD-1 inhibitor and CTLA-4 inhibitor) may develop severe consecutive irAEs involving multiple organ systems, and each
irAE can occur at different time points, including after the interruption of immunotherapy.*®*¢

Ni CX and others reported a case of an elderly patient with metastatic pancreatic cancer who developed severe immune-
related colitis after 2 months of treatment with sintilimab combined with gemcitabine, and then developed immune-related
ureteritis again after 8 months of treatment, also suggesting that sintilimab can cause serious consecutive irAEs in multiple

organ systems.40
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Table |1 Naranjo Adverse Drug Reaction (ADR) Probability Scale Scoring for This Case

Question Yes | No | Unknown | Score
I. Are there previous conclusive reports on this reaction? +1 0 0 +1
2. Did the adverse event appear after the suspected drug was administered? +2 -1 0 +2
3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist was administered? | +I 0 0 +1
4. Did the adverse reaction reappear when the drug was readministered? +2 | -l 0 0
5. Are there alternative causes that could solely have caused the reaction? -1 +2 | 0 +2
6. Did the reaction reappear when a placebo was given? -1 +1 0 0
7. Was the drug detected in the blood (or other fluids) in concentrations known to be toxic? +1 0 0 0
8. Was the reaction more severe when the dose was increased or less severe when the dose was decreased? | +1 0 0 0
9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure? +1 0 0 0
10. Was the adverse event confirmed by any objective evidence? +1 0 0 0
Total Score - - - 6

Notes: Total Score <0: Doubtful; 1—4: Possible; 5-8: Probable; 29: Definite.

Analysis of irAE Characteristics in This Case

Immune-mediated hepatotoxicity (IMH)

The incidence of sintilimab-related hepatitis is 9.5%,*” with a median time to first onset of 40 days (range: 13-362 days), and
most cases resolve within 8—12 weeks after treatment initiation.*® The clinical presentations include hepatocellular, chole-
static, and mixed patterns, with the hepatocellular type accounting for 50% of cases.*’ The pathogenesis of IMH involves T-
cell subset imbalance and cytokine network dysregulation, characterized by expansion of effector T cells (Th1, Th17) and
depletion of regulatory T cells (Tregs), leading to elevated pro-inflammatory cytokines (IL-2, IFN-y, TNF) and reduced anti-
inflammatory cytokines (IL-10, IL-35, TGF-p), as well as disruption of the crosstalk between innate and adaptive immunity.
Elevated autoantibody levels enhance humoral autoimmune responses, and complement system activation directly contributes
to hepatocyte injury.>® Genome-wide association studies have identified specific genetic loci associated with irAE develop-
ment, suggesting the involvement of genetic factors, which may explain why only a subset of patients develop these events.”’
Based on the R value (ALT/ALP ratio, R=0.79), the present case fits the cholestatic pattern. Guidelines suggest that such
patients may have a poor response to glucocorticoids.”® Nevertheless, after treatment with glucocorticoids (initial regimen:
prednisone acetate 45 mg), this patient showed improved liver function, with sustained recovery and no relapse during weekly
tapering, indicating a favorable response to glucocorticoids.

Haematological immune-related adverse events (Haem-irAEs)

Current studies have shown a high incidence of sintilimab-related myelosuppression, reaching 67.06%, with grade I1I/IV
severe events accounting for 86.47%; paclitaxel use and stage M tumor are independent risk factors for
myelosuppression.> Among patients receiving sintilimab plus chemotherapy, common hematologic toxicities include
neutropenia, thrombocytopenia, anemia, and leukopenia.®>* The incidence of immune-related thrombocytopenia is
1.5%, with a median time to onset of 1.9 months (range: 0.7-10.9 months) and a median duration of 0.6 months
(range: 0.1-2.3 months).”> Collectively, the patient was at high risk for hematologic toxicity, initially presenting with
thrombocytopenia and anemia, which subsequently progressed to aplastic anemia-like immune-mediated myelosuppres-
sion. The underlying mechanism may involve overproduction of pro-inflammatory cytokines (eg., IFN-y, TNF-a) by
activated T cells, which suppress hematopoietic stem/progenitor cell proliferation and promote their apoptosis.®®
Activated CD8" T cells can directly attack megakaryocytes, inhibiting their maturation and platelet production; pro-
inflammatory cytokines such as IFN-y and TNF-a may also enhance macrophage-mediated platelet phagocytosis. B cells
can produce platelet-associated immunoglobulin G (PA-IgG), facilitating platelet destruction by splenic macrophages.’’
ICIs may also enhance humoral autoimmunity, generating autoantibodies against erythrocytes and leading to immune
hemolysis.”® When these mechanisms simultaneously affect multiple lineages (eg., aplastic anemia combined with
thrombocytopenia and hemolysis), they are associated with global dysregulation of the T-cell, B-cell, and cytokine
networks induced by ICIs, which aligns with the known pathogenesis of irAEs. The patient’s rapid response (within one
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week) to intensified steroid therapy and the absence of relapse during subsequent tapering support an immune-mediated
mechanism.

Checkpoint inhibitor-related pneumonitis (CIP)

The incidence of sintilimab-related pneumonitis is 4.3%, with a median time to onset of 9.1 days (range: 0-369 days).
Prior lung injury (eg., smoking, radiotherapy) is a risk factor;>® additionally, Asian ethnicity, advanced age (>65 years),*
squamous cell carcinoma histology,’' and the use of PD-1 inhibitors®” are significantly associated with the development
of CIP. Imaging findings are diverse, including patterns resembling organizing pneumonia, nonspecific interstitial
pneumonia, hypersensitivity pneumonia, diffuse alveolar damage, and typical interstitial pneumonia, which may be
accompanied by pleural thickening, pleural effusion, granulomas, or lymphadenopathy.> The pathogenesis involves
abnormal T-cell activity and proportions, reduced B-cell counts and function, alterations in the inflammatory cytokine
profile (elevated IL-6, IL-17, TNF-a, and IFN-y; decreased IL-8), autoimmune antibody changes, and complement
activation by autoantibodies that exacerbates inflammation.®**> In summary, the patient was at high risk for CIP, and the
present case primarily presented with diffuse interstitial pneumonia and bullous lesions. These bullous lesions were not
observed on chest CT before anticancer therapy and were considered treatment-related; according to previous literature,
such lesions are relatively rare.

The Cornerstone of irAE Management: Glucocorticoids
Glucocorticoid regimens vary slightly depending on the organ system involved.

IMH

For grade G2, it is recommended to withhold ICIs and administer prednisone/methylprednisolone at 0.5-1 mg/kg/day, with slow
tapering after clinical improvement (total course >4 weeks). For grades G3—G4, prednisone/methylprednisolone at 1-2 mg/kg/
day is recommended,begin taper after recovery to <G1, complete over >1 month.Ursodeoxycholic acid (13—15 mg/kg/day) may
be considered in cholestatic or mixed patterns.’>®” However, emerging studies have shown that more than two-thirds of patients
with grade 3—4 ICl-induced liver injury do not require corticosteroids, and simple ICI withdrawal achieves a remission rate of
38%—50%. For patients without signs of liver failure, initial ICI discontinuation with supportive care is also feasible.*®%
Furthermore, prednisone at 0.5-0.8 mg/kg/day effectively controls most cases of ICI-induced liver injury, whereas higher doses
(>1.5 mg/kg/day) do not improve efficacy but increase the risk of adverse events.”” " In our study, a dose of less than 1 mg/kg

was used for treatment, and the patient’s liver function gradually recovered.

Haem-irAEs

For immune-related thrombocytopenia: grade G2 recommends withholding ICIs; if conventional treatment fails or no
improvement is seen within 4—6 weeks, add prednisone/methylprednisolone at 1 mg/kg/day for 2—4 weeks, followed by
tapering over 4-6 weeks. For grades G3—G4, prednisone/methylprednisolone at 1-2 mg/kg/day is recommended for 2—4
weeks. %7 For aplastic anemia (pure red cell aplasia): severe to very severe cases recommend prednisone/methylprednisolone
at 1-2 mg/kg/day until remission to non-severe status, followed by tapering over 4-8 weeks.®” However, one retrospective
study noted that among patients with grade G2—-G3 hematologic toxicities, none received systemic immunosuppressive
therapy such as corticosteroids or intravenous immunoglobulin, nor was ICI therapy interrupted.”* In our study, a dose of less
than 1 mg/kg was used for treatment, and the patient’s three blood cell lineages gradually recovered.

CIP

For grade G2, methylprednisolone at 1-2 mg/kg/day is recommended until symptoms improve to <G1, followed by
gradual tapering over 4—6 weeks (eg., 5—10 mg weekly). For grades G3—G4, after excluding/covering infection (including
atypical pathogens), methylprednisolone at 1-2 mg/kg/day is given and tapered over 6 weeks.**”7* Nevertheless,
Masato Karayama summarized multiple real-world retrospective studies and clinical trial data and found that in clinical
practice, the actual dose or duration of corticosteroid administration is often lower than guideline recommendations.®* In
our study, the guideline-recommended dose of 1-2 mg/kg was used for treatment, and the patient’s dyspnoea gradually
resolved.
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Currently, glucocorticoids are regarded as the cornerstone therapy for irAEs, with their specific regimen determined
by the toxicity grade and whether the condition is life-threatening. Timely initiation of treatment is critical (delay beyond
5 days may compromise efficacy), and slow tapering (generally >4 weeks; 6—8 weeks or longer in severe cases) is
essential for preventing recurrence, particularly in pneumonitis and hepatitis, where rapid tapering may exacerbate
existing irAE symptoms or trigger new events.”> However, accumulating real-world evidence and clinical practice data
indicate discrepancies between guideline recommendations and actual clinical practice. These differences suggest that
current standardized, grade-based treatment protocols may overtreat some patients, thereby highlighting the necessity of
individualized decision-making. Future prospective studies are warranted to identify which patients can be managed by
immunotherapy discontinuation alone, which patients are suitable for low-dose corticosteroids, and whether further
simplification or shortening of treatment duration is feasible, so as to maximize efficacy while minimizing corticosteroid-
related adverse effects.

However, this study still has some limitations. First, when the patient presented with pancytopenia, bone marrow
biopsy revealed extremely scant marrow tissue with rare hematopoietic elements, suggesting a possible bone marrow
failure syndrome; however, this may also indicate insufficient bone marrow sampling. Second, at the time of CIP
diagnosis, the patient had markedly elevated levels of procalcitonin (12.757 ng/mL) and B-D-glucan (980 pg/mL).
Although sputum microbiological examination was negative, the patient refused fiberoptic bronchoscopy and BAL fluid
NGS testing and concurrently received broad-spectrum antibiotics and antifungal therapy. Therefore, infectious etiologies
—particularly fungal infection or Pneumocystis jirovecii pneumonia (PJP)—could not be fully excluded. Therefore,
when diagnosing irAEs, thorough examinations should be performed to adequately rule out other possible etiologies,
thereby minimizing diagnostic bias and identifying the underlying cause.

Conclusion

This case report suggests that sintilimab may induce sequential, multi-system (hepatic, hematopoietic, pulmonary),
delayed-onset severe irAEs, including drug-induced liver injury (cholestatic pattern), aplastic anemia-like immune-
mediated myelosuppression, and interstitial pneumonitis. In this elderly patient, the sequential occurrence of these events
indicates that advanced age may increase the risk of such complex irAEs. Glucocorticoids formed the foundation of
successful treatment in this case, supplemented by organ-specific supportive care. However, there are discrepancies
between the dosage and treatment duration of glucocorticoids recommended in guidelines and those observed in actual
clinical practice, necessitating further prospective studies for guidance. Clinicians should maintain a high index of
suspicion for irAEs and implement long-term, multi-system monitoring in patients receiving sintilimab, particularly when
combined with chemotherapy. Within a multidisciplinary framework, prompt, intensive, and individualized management
strategies are crucial for the early recognition and effective management of such complex sequential irAEs, ultimately

improving patient outcomes.
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