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1. Introduction 
Immune checkpoint inhibitors (ICIs) that block the programmed 

cell death-1 (PD-1)/programmed cell death-ligand-1 (PD-L1) 

axis have dramatically improved the treatment outcomes of 

advanced non-small cell lung cancer (NSCLC) without driver 

mutations [1-5]. However, responses to ICIs only occur in a 

limited subset of patients, with many non-responders showing 

primary resistance. Acquired resistance is also common after a 

certain period, even in initial responders [6,7]. In initial phase 1 

studies of nivolumab and pembrolizumab, PD-L1 expression on 

tumor cells observed via immunohistochemistry showed to 

enrich the populations with clinical benefit [8,9]. Subsequent 

clinical trials have shown the predictive ability of PD-L1 

expression for NSCLC and melanoma outcomes [3,10]. PD-L1 

is the most widely used predictive biomarker for ICI response in 

NSCLC. However, PD-L1 alone is not a perfect biomarker; 

approximately 10-20% of PD-L1 negative tumors achieve a 

response, while PD-L1 positive tumors do not always achieve a 

response [1-3,11-14]. First-line pembrolizumab monotherapy 

for NSCLC with a high PD-L1 tumor proportion score (PD-L1 

TPS ≥ 50%) showed a higher objective response rate of 46.1% 

than platinum-based chemotherapy in the KEYNOTE-024 trial 

[12,13]. This shows that even in patients highly selected by the 

best available predictive biomarker, PD-L1 TPS, over half 

showed primary resistance to pembrolizumab monotherapy. 

Similar results were seen outside of clinical trials [14]. 
 

Besides PD-L1 immunostaining, alternative predictive or 

prognostic markers for ICI therapy for NSCLC have been 

reported from several retrospective studies, with varying levels 

of evidence. These markers include clinical characteristics, 

blood-based laboratory biomarkers, and genetic markers [15]. 

Clinical characteristic markers with preferable outcomes include 

male sex, Eastern Cooperative Oncology Group performance 

status (ECOG-PS) < 2, no use of steroids or antibiotics, body 

mass index (BMI) ≥ 25, and no metastasis to the liver or pleura. 

Blood-based laboratory biomarkers with preferable outcomes 

include low C-reactive protein (CRP) and lactate dehydrogenase 

(LDH) levels, and low baseline neutrophil-to-lymphocyte ratio 

(NLR; ≤ 5). As genetic markers, tumor mutation burden (TMB) 

on tissue and circulating tumor DNA (ctDNA), soluble PD-L1,  
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Abstract  
 

Currently standard first-line pembrolizumab monotherapy for highly selected non-small-cell lung cancer patients with PD-L1 

expression ≥ 50% shows limited response in patients, with nearly half showing primary resistance. In addition, patients with 

malignant pleural effusion (MPE), which is suggested to be tumor-promoting and immunosuppressive, have worse responses. 

A 76-year-old man was diagnosed with left lower lobe lung adenocarcinoma cT2bN3M1a stage IVA with slight MPE. PD-L1 

expression ≥ 50% was detected, along with no driver mutations. After three doses of pembrolizumab monotherapy, lung tumor 

growth with increased MPE was observed. Hypotonic cisplatin (15 mg cisplatin in 500 ml distilled water) was administered to 

the pleural cavity through a chest tube for pleurodesis. Five months later, tumor shrinkage and resolution of MPE after nine 

doses of pembrolizumab monotherapy were confirmed, with a robust response lasting over 20 months. As reported in in vitro 

and preclinical models, intrapleural hypotonic cisplatin was considered to trigger immune activation, possibly via immunogenic 

cell death, leading to reversal of resistance and a systemic immune response that was augmented by combination with 

pembrolizumab. Further clinical studies are needed to re-evaluate intrapleural hypotonic cisplatin therapy as a local 

immunotherapy in combination with systemic immunotherapy in patients with MPE. 
 

Keywords: Immunotherapy, resistance, immune checkpoint inhibitor, pembrolizumab, intrapleural hypotonic cisplatin, 

malignant pleural effusion, immunogenic cell death, local immunotherapy. 
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and oncogenic mutations, (i.e., mutations in Kirsten rat sarcoma 

viral oncogene homolog (KRAS), STK11, and TP53) have been 

investigated [16]. 
 

Malignant pleural effusion (MPE) is associated with worse 

progression-free survival (PFS), overall survival (OS), and 

response rates to ICI therapy [17-19]. In particular, MPE was 

significantly associated with a lack of response even in NSCLC 

with PD-L1 TPS ≥ 50% (OR 2.68; p=0.0228), as well as shorter 

progression-free survival (PFS; HR:1.52; p=0.043) after first-

line pembrolizumab monotherapy in a multicenter observational 

study [20,21]. These studies suggest that pembrolizumab 

monotherapy is not a suitable first-line treatment for patients 

with MPE owing to the high likelihood of treatment failure, even 

in patients with a high PD-L1 TPS. 
 

Some tumors may have additional immune escape mechanisms 

other than the PD-1/PD-L1 axis that cause primary resistance in 

non-responders to initial immunotherapy. Complex and varying 

immune escape mechanisms underlying ICI resistance have 

been elucidated, such as insufficient tumor antigenicity, 

alternate immune checkpoint overexpression, oncologic 

signaling pathways, and immunosuppressive tumor 

microenvironments, although the complete mechanisms are not 

fully understood [22,23]. Insufficient tumor antigenicity 

includes selection of subclones with loss of putative neoantigens 

and deficiencies in MHC class I antigen presentation due to loss 

of β2-microglobulin or interferon-γ (IFN-γ) signaling. Alternate 

immune checkpoint overexpression of T-cell immunoglobulin, 

mucin domain-3 protein (TIM-3), lymphocyte-activation gene 3 

(LAG-3), B and T lymphocyte attenuator (BTLA), T-cell 

immunoreceptor tyrosine-based inhibition motif domain 

(TIGIT), and V-domain immunoglobulin-containing suppressor 

of T-cell activation (VISTA) leads to progressive T-cell 

exhaustion. Oncologic signaling pathways such as the mitogen-

activated protein kinase (MAPK) pathway, loss of the tumor 

suppressor phosphatase and tensin homolog (PTEN), and 

WNT/β-catenin signaling, lead to altered immune cell 

composition (i.e., T-cell exclusion and decreased cytotoxic T-

cell activity) in the tumor microenvironment. The tumor 

microenvironment contains immunosuppressive cells such as 

regulatory T cells (T-regs), myeloid-derived suppressor cells 

(MDSCs), and M2 tumor-associated macrophages (TAMs), 

along with increased production of inhibitory cytokines, such as 

transforming growth factor-β (TGF-β), interleukin-10 (IL-10), 

and vascular endothelial growth factor (VEGF). Considering the 

simultaneous occurrence of multiple immune escape 

mechanisms, targeting a single immune evasion mechanism 

with ICI monotherapy appears to be insufficient in non-

responders. Thus, to increase the efficacy of ICI therapy in 

patients across various cancer types, combination therapies with 

ICIs are being investigated [24,25]. 
 

The tumor microenvironment of MPE has been recognized as 

both tumor-promoting and immunosuppressive [26-29]. In 

MPE, tumor cells, pleural mesothelial cells, and immune cells 

coexist and interact, leading to immune cell polarization to an 

immunosuppressive phenotype (M2 macrophages, N2 type 

neutrophils, T-regs) and abundant production of tumor-

promoting (IL-6), immunosuppressive (TGF-β, IL-10, VEGF), 

and permeability-inducing mediators (VEGF, CCL2, 

angiopoietin) [30]. MPE-infiltrating T lymphocytes show a high 

CD4/CD8 ratio with decreased CD8+ effector-memory T cells, 

exhausted phenotype including increased levels of immune 

checkpoints (PD-1, TIM-3, and CTLA-4), and impaired 

cytotoxicity with reduced production of IFN-γ and granzyme B 

[31-33]. This is possibly due to M2-macrophage secreted TGF-

β [33]. In addition, T-regs are increasingly recruited to MPE by 

macrophage-derived CCL22 [34-38]. However, the 

immunosuppressive tumor microenvironment of MPE may be 

reversed, as exemplified by IL-2 intrapleural administration 

[39]. In particular, the pleural space is a promising site for local 

intrapleural therapy with respect to accessibility via the chest 

tube, high local concentrations of therapeutic agents due to the 

sequestered pleural space, and direct contact between drugs, 

tumors, and immune cells. Many intrapleural immunotherapies 

and chemotherapies for MPE have shown promise in clinical 

trials [27,28]. The combination of ICI and intrapleural therapy 

warrants further investigation to improve the responses to ICI in 

lung cancer patients with MPE. 
 

To date, few studies have reported the successful reversal of ICI 

primary resistance in lung cancer, especially in patients with 

MPE. We report the first case in which intrapleural hypotonic 

cisplatin treatment reversed primary resistance to 

pembrolizumab monotherapy and restored activity in a PD-L1 ≥ 

50% NSCLC patient with MPE. 
 

2. Case presentation 
A 76-year-old man with a smoking history of 110-pack-years 

was diagnosed with left lower lobe lung adenocarcinoma 

cT2bN3M1a, stage IVA, with a slight volume of MPE (Figure 

1A).  
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Figure 1: (A) The patient was diagnosed with cT2bN3M1a, Stage ⅣA lung adenocarcinoma, with ipsilateral slight malignant 

pleural effusion (MPE). (B) During treatment, MPE progressed. After 4 doses of pembrolizumab, enlargement of the primary lung 

tumor was confirmed. Pleural drainage and intrapleural hypotonic cisplatin were administered. (C) After hypotonic cisplatin 

treatment, the MPE disappeared, and partial response was confirmed after 9 doses of pembrolizumab monotherapy. 

 

He was medicated for hypertension and had no history of 

treatments requiring admission. Neither driver mutations in 

EGFR nor translocations of ALK and ROS1 were detected. PD-

L1 immunohistochemistry yielded a TPS ≥ 50%. Owing to the 

simultaneous diagnosis of complete atrioventricular blockage 

and symptomatic cardiac failure, he was initially given a 

permanent pacemaker implantation. Two weeks later, as he 

recovered to ECOG PS 1, he was administered an initial dose of 

200 mg pembrolizumab monotherapy as the first-line lung 

adenocarcinoma treatment. A grade 1 pruritic rash was observed 

on the back and lower extremities in the first week. Small 

amounts of diuretics (20 mg furosemide and 25 mg 

spironolactone) were prescribed to prevent pleural fluid 

accumulation due to cardiac failure. Pembrolizumab was 

continued for the third doses in the outpatient clinic. The amount 

of left MPE increased gradually, and the patient complained of 

appetite loss and cough. Two months after the initial 

pembrolizumab dose, the patient was readmitted for MPE 

control. He lost 1.2 kg from 62.8 kg at the time of initial 

pembrolizumab administration to 61.6 kg on readmission. His 

blood examination was unremarkable, with normal liver and 

renal functions, electrolytes, white blood cells, NLR of 3.5, 

LDH (160 IU/L), a slight decrease in albumin (2.8 g/dl) and 

hemoglobin (9.3 g/dl), and elevated CRP (6.45mg/dl). Pleural 

drainage with a chest tube was performed, and bloody discharge 

was observed. After complete drainage of the MPE, negative 

pressure suction (-10 to -20 cmH2O) was applied to expand the 

trapped lung. The fourth dose of pembrolizumab was 

administered during pleural drainage, as scheduled. The 

cytology of pleural effusion revealed a huge amount of 

adenocarcinoma cells. Chest computed tomography (CT) during 

chest tube drainage revealed enlargement of the primary lung 

tumor, along with cavitated pleural free space with a thickened 

visceral pleural membrane, suggestive of a trapped lung (Figure 

1B). As for tumor marker on diagnosis and after two months on 

readmission, CEA slightly declined from 10.7 ng/ml to 6.6 

ng/ml (normal range < 5.0 ng/ml); however, SLX increased 

from 54 U/ml to 76 U/ml (normal range < 38.0 U/ml). Thus, 

based on clinical information, imaging, and tumor marker 

deterioration, the tumor was evaluated as a progressive disease, 

showing primary resistance to pembrolizumab. To treat 

pleurodesis and promote lung expansion by resolving the 

thickened visceral carcinomatous pleural membrane, hypotonic 

cisplatin (CDDP; 15 mg CDDP dissolved in 500 ml distilled 

water with 10 mL of 1% lidocaine) was administered into the 

pleural cavity through a chest tube. The infused agents were 

drained after an hour. No adverse effects were observed during 

or after the procedure. The MPE was controlled, and the chest 

tube was removed 9 days after hypotonic CDDP administration, 

with a total drainage period of 26 days. His appetite had 

recovered well by the time of discharge. The patient continued 

pembrolizumab treatment in the outpatient clinic. Five months 

after discharge, a partial response to pembrolizumab 

monotherapy after nine doses was confirmed on chest CT with 

lung tumor shrinkage and resolution of the MPE (Figure 1C). At 

this time, he had gained 5.6 kg of body weight (from 61.6 kg to 

67.2 kg). The patient survived 20 months after diagnosis in good 

condition (ECOG PS 1), with maintenance of tumor response up 

to 23 doses of pembrolizumab at the time of reporting. Adverse 

effects of pembrolizumab including grade 2 arthritis, grade 2 

diarrhea, and grade 2 rash were observed in the course of 

treatment, and low-dose prednisolone (no more than 5 mg daily) 

was prescribed for 6 months.  
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3. Discussion 

This case demonstrated primary resistance to pembrolizumab in 

lung adenocarcinoma with TPS ≥ 50% and MPE. Primary 

resistance was overcome with pleural drainage and a singular 

administration of intrapleural hypotonic CDDP along with 

continuation of pembrolizumab, and a robust response was 

observed, lasting more than 20 months. While the exact 

mechanisms underlying resistance reversal were not 

investigated in this patient, intrapleural hypotonic CDDP is 

believed to trigger an activating immune reaction, eliminate 

suppressive mechanisms in the pleural cavity, or both. The 

following sections describe several important mechanisms that 

reverse resistance to pembrolizumab. 

 

First, intrapleural hypotonic CDDP can induce reversal of 

resistance to pembrolizumab via immunogenic cell death (ICD) 

of tumor cells. Demontoux et al. demonstrated this mechanism 

in vitro and in a preclinical model of peritoneal carcinomatosis 

[40]. Their results showed that temporary exposure to hypotonic 

CDDP and hypotonic oxaliplatin could decrease cancer cell 

viability than isotonic conditions. Moreover, hypotonic 

treatment induced ICD to activate immune responses to 

carcinoma cells, which was not achieved with isotonic 

conditions. In an in vivo murine peritoneal carcinomatous 

model, hypotonic oxaliplatin strongly improved mouse survival 

compared to isotonic oxaliplatin via an immune-dependent 

mechanism of increased CD8+ T cell infiltration and activation, 

which validates the efficacy of hypoosmotic treatments. 

Although hypotonic CDDP was not investigated in an in vivo 

model, similar efficacy is expected, considering the comparable 

ability of hypotonic CDDP in inducing ICD. 
 

The ICD of tumor cells is a functionally peculiar type of 

regulated cell death which can be recognized by immune cells 

to elicit adaptive antitumor immune responses, with 

immunological memory against dead cell-derived tumor-

associated antigens (TAAs). Vaccination of immunocompetent 

syngeneic mice with cancer cells killed by ICD inducers in vitro 

can help develop adaptive anticancer immunity and 

immunological memory against TAAs. Thus, ICD is protective 

against developing tumors after subcutaneous rechallenge with 

live cancer cells via an immune response [41,42]. ICD requires 

spatiotemporally coordinated emission of immunostimulatory 

damage-associated molecular patterns (DAMPs) from dying 

cells, such as cell surface exposure of calreticulin (CALR), 

extracellular adenosine triphosphate (ATP), and extracellular 

high mobility group box 1 (HMGB1) release. Induction of ICD 

leads to the recruitment of dendritic cells (DCs) into the tumor, 

phagocytosis of dying cells by DCs, DC maturation, antigen 

presentation to T cells, and production of IL-1β to elicit tumor-

specific IFN-γ-producing cytotoxic T cells (CTLs) [41-43]. 
 

Considering the ability of hypotonic CDDP to induce ICD, its 

combination with ICIs could have a synergistic effect in cancer 

immunotherapy. Some in vivo cancer model studies have 

demonstrated that chemotherapy-induced ICD can sensitize 

tumors to anti-PD-1/PD-L1 checkpoint inhibitors [44-49]. In 

these studies, chemotherapy using agents with ICD-inducing 

capacities had better efficacy than chemotherapy without ICD in 

controlling tumor growth. As a mechanism to sensitize cells to 

anti-PD-1/PD-L1 checkpoint inhibitors, chemotherapy-induced 

ICD resulted in increased tumor infiltration and higher 

functionality of CD8+ T cells (granzyme B, IFN-γ, tumor 

necrosis factor α (TNF-α)), even in tumors that initially lack T 

cell infiltration [44-49]. Additionally, CD8+ T cell activation 

depended on increased frequency of the DC-macrophage-like 

subset (CD11b+ CD11c+ Ly-6G-Ly-6C-) with upregulated toll-

like receptor 4 (TLR4), which is the receptor of HMGB1 and 

required DCs for antigen presentation [46]. Anticancer 

immunity induced by ICD in the pleural cavity combined with 

pembrolizumab might affect both the local pleural cavity 

directly and distant lung primary lesions via a systemic 

response.  

 

In contrast to the ICD-inducing capacity of anthracyclines 

(doxorubicin, idarubicin, epirubicin) and oxaliplatin, CDDP is 

generally considered a non-ICD inducer due to its weak ability 

to trigger the endoplasmic reticulum (ER) stress response, which 

leads to pre-apoptotic CALR exposure to the plasma membrane 

surface [50,51]. However, CDDP can occasionally induce 

CALR exposure depending on cell type, drug concentration, and 

exposure time [48,52]. Moreover, CDDP-induced ICD can be 

achieved by combination therapy with agents that trigger CALR 

exposure, such as digoxin, digitoxin, crizotinib, and ER 

stressing agents thapsigargin, tunicamycin, pyridoxine, and zinc 

dichloride [45,51,53-57]. In particular, hypotonic conditions 

have been shown to enhance the ability of CDDP to induce ICD 

[40]. As indicated in the study, this may be associated with 

increased platinum incorporation into cancer cells via 

oligomerization of copper transporter 1 (CTR1), the membrane 

copper transporter related to platinum uptake. Increased cellular 

platinum uptake by reduced osmolarity has been reported to 

result in greater cytotoxicity [58,59]. Thus, although in ordinary 

conditions, intravenous CDDP is unable to induce ICD by itself, 

it can be said that cisplatin can induce ICD independently in 

some specific conditions, or with the help of other agents. 

Hypotonic CDDP can be applied through the intracavitary route 

to induce ICD, but not intravenously. Other administration 

route, such as direct intratumor injection might be investigated 

to take advantage of ICD inducing ability in the future. 

Considering that only one administration of hypotonic CDDP 

led to reversal of resistance to pembrolizumab and durable 

response, ICD-induced TAA recognition and establishment of 

immunological memory may be compatible explanations for our 

findings. 

 

Second, some additional immunomodulatory effects of CDDP, 

other than ICD, may contribute to resistance reversal. The 

anticancer activity of CDDP is derived not only from direct 

cytotoxicity via cross-linking of DNA and interference of 

transcription and DNA replication, but also from anticancer 

immunomodulation, as reviewed by de Biasi et al. and Hato et 

al. [60,61] De Biasi et al. [60] described that CDDP can affect 

the immune system through four main mechanisms: 

upregulation of MHC class I expression, promotion of immune 

cell recruitment and proliferation, enhancement of the lytic 

ability of cytotoxic cells (through perforin/granzyme or 

Fas/FasL mechanisms), and downregulation of 

immunosuppressive tumor microenvironments [62]. Insufficient 

tumor antigenicity, such as losses of putative neoantigens or 

deficiencies in MHC class I antigen presentation, have been 

proposed as possible mechanisms of resistance to PD-1/PD-L1 

blockade. MHC class I upregulation by CDDP chemotherapy 

may be synergistic with pembrolizumab by restoring antigen 

presentation and CD8+ T cell recognition [63-65]. Additional 

non-synonymous mutations caused by CDDP exposure can also  
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enhance antigenicity [65]. PD-L1 upregulation induced by 

CDDP has also been demonstrated to synergize with PD-L1 

blockade [65-69]. In addition, CDDP has been reported to 

inhibit immunosuppressive cells such as T-regs and MDSCs 

[70,71]. These mechanisms could provide additional 

explanations for CDDP’s ability to reinstate pembrolizumab 

efficacy. However, it is hard to solely explain the resistance 

reversal of the primary lung lesion in our case by these 

mechanisms, as it was not directly treated with CDDP. 

 

Third, pleural fluid drainage, which eliminates 

immunosuppressive cells and mediators in MPE, might explain 

the increased response to pembrolizumab. MPE represents a 

tumor-promoting, immunosuppressive, and functionally ‘cold’ 

microenvironment despite its abundance of immune cells and 

mediators [27]. Innate immune cells, such as mast cells, 

macrophages, neutrophils, DCs, and natural killer (NK) cells, 

together with pleural mesothelial cells and tumor cells, exist as 

immunosuppressive phenotypes such as M2 polarized TAMs, 

N2 type neutrophils, immunosuppressive DCs, and poorly 

cytotoxic, proangiogenic NK cells. This occurs through the 

production of platelet-derived growth factor (PDGF), IL-8, 

VEGF, nitric oxide, monocyte chemotactic protein 1 (MCP-1), 

leukotriene B4, epithelial neutrophil-activating peptide-78 

(ENA-78), chemokine ligand 18 (CCL18), IL-1β, tryptase 

alpha/beta-1 (TSAB1), CCL 12, osteopontin, TNF-α, and TGF-

β [27,30]. Adaptive immune cells create an immunosuppressive 

microenvironment in MPE [27]. T-regs are recruited to MPEs 

via CXCL1, CXCR2, and CCL22 chemokine signaling. In 

contrast, recruitment of natural killer T (NKT) cells and B cells 

is decreased in MPEs. B cell function is inhibited by increased 

soluble CD40 in MPEs due to competition for CD 154 on T 

cells. MPE-infiltrating T cells show a high CD4/CD8 ratio with 

increased central memory CD4+ T cells and decreased CD8+ 

effector T cells [31,32]. Effector CD8+ T cell downregulation is 

associated with increased expression of immune checkpoints 

(PD-1, TIM-3, and LAG-3) and impaired T cell cytotoxicity 

with reduced production of IFN-γ and granzyme B [33]. Some 

mechanisms of decreased CD8+ effector T cells have been 

proposed, such as incomplete differentiation into effector cells 

due to negative regulation by the PD-1/PD-L1 axis and 

activation-induced cell death (AICD) due to upregulated 

expression of Fas ligand (FasL) and tumor necrosis factor-

related apoptosis-inducing ligand (TRAIL) [72,73]. Removal of 

these localized immunosuppressive cells and mediators might 

induce an immune-susceptible state that promotes response of 

primary lung lesions to systemic pembrolizumab. 

 

Intrapleural hypotonic CDDP can be regarded as a local 

immunotherapy, especially when an immunomodulatory effect 

is expected. In our case, it was successfully combined with 

systemic pembrolizumab immunotherapy. The pleural cavity is 

a suitable site for local drug delivery because of its accessibility 

and closed containment. Locally administered drugs can achieve 

direct contact with tumor surface areas and sufficient local 

concentrations with relatively low doses, reducing the 

possibility of systemic adverse effects [28]. Local 

immunotherapy is gaining attention and is being evaluated in 

combination with systemic immunotherapy [74,75]. 

Considering its potent ability to induce ICD, local intrapleural 

hypotonic CDDP therapy can be expected to generate robust 

antitumor immune responses against broader and more 

immunogenic neoantigens in the pleural cavity. Moreover, 

systemic responses of distant lesions can be anticipated, 

especially when combined with systemic immunotherapy, via 

activated tumor antigen-specific lymphocytes moving into the 

systemic circulation or lymphatics. Whether the response of the 

primary lung lesion is an adjacent or distant response cannot be 

distinguished in our case. However, if the response of the 

primary lung lesion is a product of systemic immunity to distant 

lesions, this therapy is expected to be effective for distant 

metastatic lesions. 

 

The efficacy and safety of intrapleural hypotonic cisplatin 

treatment were evaluated in a phase II trial that included 80 

patients [76]. Intramuscular pentazocine (15 mg) and 

intrapleural (10 ml) 1% lidocaine were administered as 

premedication. Thereafter, 25 mg CDDP in 500 ml distilled 

water was administered through a chest tube, and the tube was 

clamped for 1 h. The patients were requested to roll around their 

body to disperse the drug during treatment. The overall response 

rate of effusion and median effusion PFS were 83% (complete 

plus partial responses) and 173 days, respectively, with no 

hematological toxicity. Non-hematological toxicities of grade 3 

(nausea, vomiting, pyothorax, and dyspnea) were observed in 

less than 5% of patients. This efficacy is acceptable when 

compared to other commonly used sclerosing agents such as 

talc, tetracycline, and OK432. It should be mentioned that the 

mechanism and efficacy of hypotonic cisplatin treatment 

completely differ from those of widely reported isotonic 

cisplatin agents dissolved in saline. As reviewed by Shiozaki et 

al. [77], hypotonic stress of distilled water itself can induce 

significant cytocidal effects on cancer cells, that is, cell swelling 

and then cell rupture following short-time exposure (within 3-

10 min). In addition, the increased uptake of cisplatin by tumor 

cells treated with hypotonic cisplatin dissolved in distilled water 

leads to greater cell lysis than isotonic cisplatin treatment 

[58,59]. Furthermore, the ability to induce ICD, eliciting 

adaptive antitumor immune responses, is demonstrated recently 

as described above, which is not achieved with isotonic cisplatin 

[40]. Our patient was treated with a similar procedure using a 

reduced dose of 15 mg CDDP. Revaluating intrapleural 

hypotonic CDDP therapy as a localized immunotherapy in 

combination with systemic PD-1/PD-L1 inhibitors in patients 

with MPE is of value, as this method can be easily implemented 

clinically. 

 

Among various mediators in MPE, VEGF has been recognized 

as a critical factor for the fluid accumulation of MPE by 

increasing vascular permeability and promoting angiogenesis 

[78]. Many studies have reported favorable control of MPE by 

intrapleural or intravenous bevacizumab, a VEGF inhibitor, 

combined with or without chemotherapy, although treatment 

protocols, regimens, and efficacy assessment definitions are 

heterogeneous [79-84]. In intrapleural bevacizumab studies, 

effusion response rate and median effusion PFS are reported at 

approximately 78–86% and 115–159 days [79-82]. In two phase 

II intravenous bevacizumab studies in Japan, pleural effusion 

control rate at eight weeks and pleural PFS without re-

accumulation of MPE were reported at approximately 81–93% 

and 13.9–16.6 months, respectively [83-84]. Improved 

management of MPE by intrapleural bevacizumab compared to 

intrapleural cisplatin (isotonic) has also been demonstrated in a 

study [82]. It is widely accepted that bevacizumab is 

indispensable in treating MPE. However, although the accurate 

comparison is difficult due to different study designs,  
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intrapleural hypotonic cisplatin treatment showed a comparable 

response rate (83%) and even better median effusion PFS (173 

days) compared to intrapleural bevacizumab therapy, as 

described above [76]. Regarding the studies on the intravenous 

bevacizumab, several cycles of bevacizumab plus chemotherapy 

and additional maintenance of bevacizumab until disease 

progression were administered, which can be implemented only 

in fit patient populations. Certain cases are unsuitable for 

intravenous bevacizumab, such as those characterized by older 

age, risk of hemorrhage, poor PS, and later line of therapy. 

Nonetheless, intrapleural hypotonic CDDP therapy can be a 

therapeutic option due to its comparable efficacy, which may be 

implemented even in unfit patients. 

 

VEGF contributes to immunosuppression in the tumor 

microenvironment through several mechanisms, inhibiting CTL 

trafficking, proliferation, and effector function, inhibiting DC 

maturation and antigen presentation, recruitment and 

proliferation of immunosuppressive cells (T-regs, MDSCs, and 

M2 TAMs), and angiogenesis leading to hypoxia and acidosis 

(low pH), in turn resulting in immunosuppression [85,86]. This 

scenario resembles the immunosuppressive tumor 

microenvironment of MPE. Vascular normalization by anti-

angiogenesis like bevacizumab is considered to convert the 

immunosuppressive tumor microenvironment to an 

immunosupportive one. In phase III randomized controlled 

clinical trial IMpower150 study, bevacizumab has shown 

additive efficacy in NSCLC when combined with carboplatin, 

paclitaxel, and a PD-L1 inhibitor, atezolizumab [87]. However, 

the efficacy in patients with MPE or the ICD mediated 

synergism of bevacizumab-containing immunochemotherapy 

have not been reported, yet [88]. Considering combination 

treatment with ICIs, intrapleural hypotonic cisplatin which has 

potential ICD inducing capacity may outperform bevacizumab 

beyond controlling MPE, yielding systemic effects, as shown in 

our patient. 

 

4. Conclusion 

In conclusion, this case illustrates reversal of primary resistance 

to pembrolizumab via pleural drainage and a single 

administration of intrapleural hypotonic CDDP in a patient with 

lung adenocarcinoma with a PD-L1 TPS ≥ 50% and MPE. 

Intrapleural hypotonic CDDP is hypothesized to trigger 

activating immune reactions, possibly via an ICD mechanism 

that was augmented by combination with pembrolizumab, 

leading to a systemic immune response. To the best of our 

knowledge, this is the first single case report to describe the 

potential ICD-mediated response to intrapleural hypotonic 

CDDP in a patient. Further clinical studies to evaluate 

intrapleural hypotonic CDDP therapy as a local immunotherapy 

in combination with systemic PD-1 inhibitors in patients with 

MPE are valuable as this regimen has the potential to benefit 

many patients who show resistance to immunotherapy due to 

MPE. 
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