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Tumor lysis syndrome in a patient with advanced lung
squamous cell carcinoma undergoing combined therapy
with a programmed cell death protein 1 inhibitor
and first-line chemotherapy: A case report
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Abstract. Tumor lysis syndrome (TLS) is a rare but serious
complication in patients with solid tumors. It is characterized
by a complex array of metabolic disturbances and clinical
symptoms, resulting from the release of cellular contents
into the bloodstream after tumor cell lysis. The present study
reports the case of a patient with advanced lung squamous cell
carcinoma (SCC) who developed TLS following combined
treatment with PD-1 inhibitors and first-line chemotherapy.
The treatment strategy included intravenous fluid replacement,
urine alkalinization, uric acid reduction, renal protection
and electrolyte stabilization, leading to the normalization of
laboratory values. After one cycle of the combined therapy,
the patient achieved a partial response, classified using the
Response Evaluation Criteria in Solid Tumours 1.1 criteria. To
the best of our knowledge, this is the first reported case of TLS
in a patient with advanced lung SCC receiving concurrent PD-1
inhibitor and chemotherapy treatment. Given the increasing
use of PD-1 inhibitors, it is essential to remain vigilant about
the potential for TLS in solid tumors. Prompt intervention in
high-risk patients, ongoing monitoring after treatment, and
early detection of TLS are vital to improve patient adherence,
ensure continuity of care and enhance outcomes.

Introduction
Lung cancer consistently demonstrates a high incidence

and mortality rate worldwide, with figures standing at
12.4 and 18.7% respectively (1). Historically, the standard
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first-line treatment involved platinum-based doublet chemo-
therapy, which offers limited benefits to patients (2);
however, the advent of programmed cell death protein 1
(PD-1)/programmed death-ligand 1 (PD-L1) inhibitors has
substantially enhanced treatment outcomes for advanced
non-small cell lung cancer, revolutionizing contemporary
therapeutic strategies (3,4).

Tumor lysis syndrome (TLS) is a rare but severe complica-
tion predominantly seen in malignant lymphomas and acute
lymphocytic leukemia. It is marked by profound metabolic
disturbances and associated clinical symptoms, triggered by
the release of cytoplasmic and nuclear components into the
bloodstream due to tumor cell lysis. Manifestations include
hyperkalemia, hyperuricemia, hyperphosphatemia, hypocal-
cemia, acute uric acid nephropathy and acute renal failure.
TLS is infrequently observed in solid tumors; however, cases
have been documented in small-cell lung cancer, neuro-
blastoma and testicular tumors (5). High tumor burden and
responsiveness to treatment constitute significant risk factors
for the development of TLS. Current therapeutic strategies
primarily encompass intravenous hydration, stabilization
of electrolyte balance, uric acid reduction, and preservation
of renal function. Despite these interventions, the prognosis
remains unfavorable, with a high mortality rate spanning from
29 to 79% (6,7). To date, no cases of TLS have been reported
in patients with lung squamous cell carcinoma (SCC) treated
with PD-1/PD-L1 inhibitors combined with chemotherapy, to
the best of our knowledge.

The present study reports a novel case of TLS in a patient
with advanced lung SCC following first-line treatment with
a PD-1 inhibitor and chemotherapy. The present case under-
scores the critical need for increased vigilance, enhanced early
detection, and prompt intervention to manage the rare occur-
rence of TLS in this patient population.

Case report

A 6l-year-old male patient presented to the Second People's
Hospital of Guiyang, (Guiyang City, Guizhou Province, in
July 2023, exhibiting a persistent cough accompanied by
hemoptysis for a duration exceeding two months. Enhanced
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chest computed tomography (CT) revealed a suspected left
upper lobe lung cancer with obstructive pneumonia (Fig. 1A).
Further CT imaging delineated atelectasis in the left upper
lobe, the primary lung lesion measuring only 36 mm in diam-
eter, multiple pulmonary nodules indicative of metastatic
disease, and enlarged mediastinal lymph nodes (Fig. 1B);
however, cranial magnetic resonance imaging, enhanced
upper abdominal CT and whole-body bone imaging showed
no significant abnormalities. Bronchoscopic pathological
biopsy was performed and the pathological analysis of the
tissue specimens demonstrated the presence of squamous cell
carcinoma of the lung (For routine tissue staining, we utilize
Hematoxylin and Eosin (HE) staining. Specifically, tissues
are fixed in 10% formalin at room temperature for 6 h, and
the slices are cut to a thickness of 3 ym. The staining protocol
proceeds as follows: three xylene baths, each lasting 3 min;
two baths of absolute ethanol, each for 3 min; a single bath
of 95% alcohol for 2 min; two hematoxylin baths, each for
5 min; a brief 3-sec exposure to hydrochloric acid-alcohol;
a l-min treatment with lithium carbonate; eosin staining for
30 sec; and rinsing through a series of alcohol baths with
varying concentrations (75% for 10 sec, 85% for 10 sec, 90%
for 10 sec, and 95% for 1 min), followed by two baths of abso-
lute ethanol, each lasting 2 min. Microscopic examination is
performed using a LEICA2000 microscope. For immunos-
taining, paraffin-embedded tissues are fixed in 10% formalin
at room temperature for 6 h. No resin treatment is employed,
and the slice thickness remains at 3 um. No permeabiliza-
tion reagents are used. Antigen retrieval and exposure for
paraffin-embedded tissues are primarily achieved through
high pressure and high-temperature treatment with EDTA
repair solution, facilitating superior binding of antibodies
to their respective antigens. A 3% H,0, blocking reagent is
applied for 15 min at room temperature, and no serum blocking
is utilized. The primary antibodies and their respective dilu-
tions, catalog numbers, and suppliers are: CK 1:300, CgA
1:200, Vimentin 1:400, EMA 1:200, Ki-67 1:200, P53 1:200,
CK5/6 1:250, P40 1:200, P63 1:200, TTF-1 1:200, Napsin-A
1:150, Desmin 1:100, S-100 1:200, CD56 1:150, Syn 1:200. All
antibodies are provided by Wuxi OriGene Biotechnology Co.,
Ltd. and incubated at 37°C for 1 h. The secondary antibodies
are prepared as working solutions, with the catalog number
specified as HRP (horseradish peroxidase). The supplier is
Venta Medical Group, and the incubation conditions. The
secondary antibody is diluted to a working solution, with the
catalog number specified as HRP (horseradish peroxidase).
The supplier is Venta Medical Group, and the incubation
conditions are 37°C for 30 min. DAB is used, with the detec-
tion reagent named as DAB Chromogenic Solution. The type
of microscope used is a LEICA2000 microscope), devoid of
any indicia of small cell components (Fig. 2). This observa-
tion unequivocally precluded the possibility of small cell
carcinoma in the differential diagnostic considerations. The
laboratory evaluation pertaining to liver and kidney func-
tionality, electrolytes and lymphocyte subsets are outlined in
Tables I and II. Upon performing a thorough assessment of
the driver genes of the patient, no clinically significant genetic
mutations were identified. PD-L1 tumor proportion score of
the patient was noted to be <1%. The patient was diagnosed
with SCC of the left upper lung, obstructive pneumonia and

Figure 1. Before treatment. (Chest contrast-enhanced CT. (A) Adenocarcinoma
of the upper lobe of the left lung with atelectasis. (B) Multiple lymph node
metastases in the drainage area).

atelectasis, with invasion into the left main bronchus, medias-
tinum and major blood vessels. Lymph node metastases were
confirmed in regions 1R/L, 2R, 3A, 4R/A, 5, 6,7 and 10R/L,
with multiple pulmonary metastases. The disease was staged
as cT4N3Mla IVA according to the International Association
for the Study of Lung Cancer staging system 9th Edition (8),
with PD-L1 expression <1%.

In July 2023, the patient began treatment with a combi-
nation of albumin-bound paclitaxel, cisplatin and a PD-1
inhibitor. Tislelizumab 200 mg was administered via intra-
venous drip on Day 1. Paclitaxel (albumin-bound) 395 mg
was administered via intravenous drip on Day 2. Cisplatin
110 mg was administered via intravenous drip from Day 2 to
Day 3, divided into two administrations. The treatment cycle
is 21 days, and this is the first cycle. Subsequently, in August
2023, a comprehensive re-evaluation of the hepatic and renal
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Table I. Laboratory tests.

Item Laboratory reference values 2023-07 2023-08 2023-08 2023-08 2023-10 2023-10
Potassium 3.50-5.30 mmol/1 3.80 541 4.70 5.16 3.80 3.90
Phosphorus 0.85-1.51 mmol/l 1.31 1.76 1.79 1.38 1.07 1.04
Uric acid 208.00-428.00 pmol/l 402.00 547.04 412.00 300.39 300.00 229.00
Calcium 2.11-2.52 mol/l 1.96 2.16 2.06 2.15 1.86 2.00
Creatinine 57.00-111.00 gmol/l 95.00 422.02 337.00 197.58 152.00 107.00

Table II. Peripheral blood lymphocyte subsets.

Lymphocyte subset Proportion, %

T cells (CD45"CD3%) 63.6
Cytotoxic/suppressor T cells (CD3*CD8*) 392
Inducible/helper T cells (CD3*CD4") 53.0
Positive T cells (CD3*CD4*CD8") 0.6
Double-negative T cells (CD3*CD4 CDS8) 7.1
Double-NK cells (CD3 CD16*CD56%) 293
CIK cells (CD3*CD16*CD56%) 52
B cells (CD3'CD197) 6.9
Cytotoxic T cells (CD3*CD18*CD28*) 56.4
Suppressor T cells (CD3*CD18*CD28") 440
Regulatory T cells (CD25*CD127low T4) 10.0

NK, natural killer; CIK, cytokine-induced killer.

function of the patient, along with electrolyte profiling,
revealed hyperkalemia, hyperphosphatemia, hyperuricemia,
hypocalcemia and signs of acute renal impairment (Table I);
however, the patient remained asymptomatic for arrhythmia,
tetany, muscular spasms, hypotension, nausea, vomiting,
abdominal discomfort or oliguria. Based on consensus
guidelines from the TLS expert panel (9), a diagnosis of labo-
ratory-confirmed TLS was considered. Treatment included
rectal administration of Shenkang Shuan (4 g (4x daily), oral
Niuduging granules 5 g for kidney protection (3x daily) Until
renal function returns to normal, oral cyclosilicate sodium
powder to reduce potassium levels (3x times daily, adjusted
to 5 g orally 3x daily to maintain stability once the blood
potassium levels normalized), and febuxostat 20 mg (once
daily) to decrease uric acid levels. Fluid replacement and
dynamic monitoring of liver, kidney and heart function were
initiated, along with symptomatic treatment [Administer
intravenous infusion of 0.9% sodium chloride injection at a
dosage of 3 1/m2 daily, and maintain urine output at a rate
greater than 100 ml/(m2eh)]. After fluid replacement, urine
alkalinization, electrolyte correction and kidney protec-
tion, the parameters of the patient improved (Table I). In
accordance with the monitoring recommendations outlined
in the National Comprehensive Cancer Network® guidelines
during initial therapy (10), due to the manifestation of TLS
symptoms in the patient, a timely assessment of any changes
in the condition of the patient was imperative. Therefore,
following a single cycle of chemotherapy combined with
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Figure 2. Biopsy histological images of squamous cell carcinoma.
Immunohistochemical staining revealed Cytokeratin (+), vimentin (focal +),
Epithelial Membrane Antigen (-), Ki-67 Antigen (+40%), Tumor Protein P53
(mutant type), Cytokeratin 5/6 (+), P40 (+), P63 (+), Thyroid Transcription
Factor-1 (-), napsin-A (-), desmin (-), S-100 (-), CD56 (-), Synaptophysin (-)
and CgA (-).

PD-1 immunotherapy, radiological reassessment performed
at 4 weeks post-treatment demonstrated a marked decrease
in the size of both the primary lung lesion and the metastatic
lymph nodes when compared with the baseline prior to treat-
ment (Fig. 3). The treatment efficacy was classified as a partial
response (PR) based on the Response Evaluation Criteria in
Solid Tumours (RECIST) 1.1 criteria (11) (Figs. 2 and 3).
From the second cycle onwards, the chemotherapy drug
was adjusted to albumin-bound paclitaxel + carboplatin
(Tislelizumab 200 mg was administered via intravenous drip
on Day 1. Paclitaxel (albumin-bound) 395 mg was admin-
istered via intravenous drip on Day 2. Carboplatin 440 mg
was administered via intravenous drip on Day 2. The treat-
ment cycle is 21 days). Upon completion of the systematic
treatment, the efficacy evaluation according to RECIST 1.1
criteria was classified as a PR (Fig. 4). As of April 2024, the
patient's condition remains stable.

Discussion

Non-small cell lung cancer accounts for ~80% of lung
cancer cases, with lung squamous cell carcinoma (SCC)
identified as a subtype linked to a poor prognosis. Recent
advancements in immune checkpoint blockade therapy have
notably improved the prognosis for patients with advanced
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Figure 3. After one cycle of programmed death-ligand 1 inhibitor therapy
combined with chemotherapy. Chest contrast-enhanced CT: (A) The primary
tumor has exhibited a substantial reduction in size, accompanied by the reso-
lution of atelectasis. (B) Metastatic lymph nodes in the drainage region have
undergone a diminution.

lung SCC, PD-1 inhibitors plus chemotherapy showed a
clinically meaningful improvement in OS (HR, 0.71;95% ClI,
0.58 to 0.88) and PFS (HR, 0.57; 95% CI, 0.47 to 0.69) vs.
placebo plus chemotherapy in the protocol-specified (11,12).
PD-1 inhibitors, which are IgG4 antibodies, target the PD-1
receptors on T cells, disrupting the immune evasion mecha-
nism of the tumor and preserving the tumoricidal activity of
these cells (13).

TLS is an oncologic emergency that, whilst rare in solid
tumors, has been observed in drug-sensitive malignancies
such as small-cell lung cancer, neuroblastoma and testicular
tumors (5). TLS results from extensive necrosis of tumor
cells, leading to intracellular changes, increased membrane
permeability and the release of necrotic contents into the
bloodstream. This causes metabolic disturbances such as

Figure 4. After completion of the systematic treatment. (Chest
contrast-enhanced CT: (A) Upon comparison with pretreatment status, the
primary tumor has demonstrated marked regression. (B) Metastatic lymph
nodes have exhibited significant downsizing relative to the pretreatment
condition).

hyperkalemia, hyperuricemia, hyperphosphatemia, hypocal-
cemia and acute renal failure. A significant tumor burden is
considered a high-risk factor for TLS development. In the
present case, despite the primary lung lesion measuring only
36 mm in diameter, the patient had multiple metastatic lymph
nodes across several areas (1R/L, 2R, 3A, 4R/L, 5, 6, 7 and
10R/L), contributing to a substantial overall tumor burden.
Notably, the PD-L1 tumor proportion score of the patient was
noted to be <1%.

Immunohistochemical analysis of PD-L1 expression is
the first clinically validated biomarker predictive of response
to immune therapy, with higher expression levels gener-
ally associated with improved outcomes (14). Nevertheless,
patients with low PD-L1 expression can still benefit from
PD-1/PD-LI inhibitors (15), highlighting the need for



additional biomarkers to guide immunotherapy in distinct
patient subgroups. Studies have assessed the relationship
between peripheral blood lymphocytes and immunotherapy
outcomes (16-18). In the present patient, cytotoxic T cells
(CD3*CD8*CD28") accounted for 56.4% of the peripheral
lymphocyte subset, notably above the normal reference
values. After one cycle of administration of a PD-1 inhibitor
combined with chemotherapy, the patient achieved a PR.
Evidence suggests that high levels of circulating CD8" T
cells are associated with improved clinical outcomes in
patients receiving PD-1 inhibitors (18-20), indicating that
monitoring lymphocyte subsets could be a valuable strategy
for identifying high-risk patients. Furthermore, management
of TLS involves active hydration to optimize renal perfusion
and glomerular filtration rate, reduce deposition of uric acid
and calcium phosphate in the renal tubules, and enhance uric
acid solubility and excretion. In cases of refractory electrolyte
disturbances, fluid overload or rapid renal function decline,
dialysis should be initiated promptly.

In conclusion, the widespread use of PD-1 inhibitors
necessitates vigilant monitoring for TLS in solid tumors.
Prompt intervention, dynamic post-treatment monitoring
and early TLS detection are crucial for improving patient
compliance, ensuring treatment continuity and optimizing
outcomes.
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