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Introduction

Monoclonal antibodies against programmed cell death 
protein-1 (PD-1) receptor on cytotoxic T cells can 
enhance the anti-tumor immune response in the tumor 

microenvironment (1). Immune checkpoint inhibitors (ICIs) 
have been shown to elicit significant therapeutic responses 
in non-small cell lung cancer (NSCLC), melanoma, liver 
cancer, and high microsatellite instability (MSI-H) (2-5). 
Although the mechanism of immunotherapy is different 
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by bloody pleural effusion. Pembrolizumab treatment was discontinued and an attempt was made to inject 
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biomarkers.
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(FGFR) inhibitors and immune checkpoint inhibitors (ICIs) may be a promising option for cancer patients.
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Figure 1 Axial CT images corresponding to the lung lesions in patient 1 before immunotherapy and during immunotherapy, and the pleural 
effusion that developed after 10 months of immunotherapy. CT, computed tomography. 

from traditional chemotherapy and targeted therapy, it also 
faces the problem of acquired resistance in patients who 
exhibit an initial response.

The mechanism of acquired resistance in immunotherapy 
is not clear, and the clinical manifestations are diverse. 
Herein, we have described a patient with advanced 
epidermal growth factor receptor (EGFR)-mutant lung 
adenocarcinoma and a liver cancer patient with lung 
metastasis who received immunotherapy, subsequently 
acquired resistance to therapy, and developed metastasis 
to the pleura, all characterized by uncontrollable massive 
bloody pleural effusion. When the two patients progressed 
after first-line treatment, only two immune checkpoint 
inhibitors (nivolumab and pembrolizumab) were available 
in China. However, there are more clinical data supporting 
the efficacy of pembrolizumab in lung cancer and 
hepatocellular carcinoma (HCC). Therefore, we chose 
pembrolizumab as the second-line treatment for two 
patients. We also determined the tumor mutational profile 
before and after acquired resistance using next-generation 
sequencing (NGS) in order to provide references for 
exploring the mechanism of acquired resistance. This is the 
first case report of acquired resistance with massive bloody 
pleural effusion after immunotherapy. In addition, we 
found FGF family gene mutations in pleural fluid obtained 
from two patients after immunotherapy resistance. This 
case report suggests that the fibroblast growth factor 
(FGF) family may be involved in the development of 
pembrolizumab resistance. We present the following article 
in accordance with the CARE reporting checklist (available 
at https://apm.amegroups.com/article/view/10.21037/apm-
22-142/rc).

Case presentation

Patient A, a 54-year-old man with a history of severe 
smoking (30 packs/year) presented at the hospital due to  
4 months of back pain in February 2016. He was diagnosed 
with right lower lung adenocarcinoma with multiple 
thoracic vertebral metastases (clinical stage T2aN3M1, 
IVB stage as per the American Joint Committee on Cancer 
(AJCC) staging system, 8th edition). No family history was 
identified. Only exon 19 deletion mutation of the EGFR 
gene was detected by multigenic NGS. The first-line 
patients received erlotinib (150 mg, orally, once a day) single 
drug targeted therapy and achieved stable disease (SD). 
The progression-free survival (PFS) reached 33 months. In 
November 2018, he was found to have progressive disease 
(PD) due to expansion of primary lung lesions, and then a 
biopsy of right lung lesions was performed again. Genetic 
testing of EGFR [by amplification-refractory mutation 
system-polymerase chain reaction (ARMS-PCR)] revealed 
a deletion mutation in exon 19 of the EGFR gene, which 
was negative for T790M. Subsequently, the patient received 
pembrolizumab (200 mg, every 2 weeks) combined with 
pemetrexed and carboplatin for 6 cycles. The best efficacy 
evaluation was the PR (Figure 1), and the chemotherapy 
was stopped due to IV thrombocytopenia. From July 2019, 
pembrolizumab monotherapy was administered for 6 cycles. 
Unfortunately, the patient’s computed tomography (CT) 
showed a large amount of effusion in the right pleural 
cavity and bilateral adrenal involvement in November 2019. 
The efficacy was evaluated as PD after a PFS of 10 months 
receiving second-line immunotherapy. The patient’s right 
pleural puncture detected a large amount of bloody pleural 
effusion and confirmed cancer metastasis. At the same time, 
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Table 1 Relevant biomarker detection information

No.

Clinically significant gene mutation

TMB
Microsatellite 

instabilityCommon
FGF family

Other
Gene Type

Patient A TP53 FGF19, FGF3, FGF4 Amplification EGFR, MET, BRAF, CCND1 10.97 mutations/Mb MSS

Patient B FGFR3 p.Arg248Cys CTNNB1, IDH1 0.40 mutations/Mb MSS

FGF, fibroblast growth factor; TMB, tumor mutational burden; TP53, tumor protein p53; EGFR, epidermal growth factor receptor; MET, 
mesenchymal-epithelial transition factor; BRAF, B-Raf proto-oncogene; CCND1, cyclin D1; CTNNB1, Catenin Beta 1; IDH1, isocitrate 
dehydrogenase 1; MSS, MicroSatellite stability.

Figure 2 Axial CT images corresponding to the lung metastasis in patient 2 before treatment with immunotherapy and during 
immunotherapy, and the pleural effusion that developed after 17 months of immunotherapy. CT, computed tomography.

NGS was used for molecular testing of the pleural effusion 
sample. The relevant biomarker detection information is 
shown in Table 1. The best supportive treatment was given 
based on thoracic drainage, and bevacizumab (300 mg) 
was injected into the thoracic cavity. However, the patient 
experienced chest tightness, did not improve, and pleural 
effusion remained uncontrolled. The patient died of tumor 
progression due to respiratory failure. The time between 
the occurrence of pleural effusion to death was 32 days.

Patient B was a 68-year-old male with a history of 
chronic hepatitis B infection. HCC lesion resection had 
performed on 2 occasions, 26 September 2014, and 28 
September 2016. The postoperative pathology confirmed 
HCC. In November 2016, multiple metastases to the right 
lung subsequent to liver cancer surgery were found in the 
follow-up review. The disease progressed after 12 months 
of oral sorafenib (400 mg, twice a day) treatment. From 
December 2017, the patient received pembrolizumab 
monotherapy, and the efficacy was evaluated as PR on 20 
August 2018 (Figure 2). By April 2019, after 23 cycles of 
treatment with pembrolizumab (200 mg, every 2 weeks), 

the patient experienced chest tightness and a large amount 
of effusion was detected in the right pleural cavity. Puncture 
also confirmed a large amount of bloody pleural effusion 
and the presence of cancer cells. A sample of the pleural 
effusion was sent for NGS. The relevant biomarker 
detection information is also shown in Table 1. On the basis 
of the best supportive treatment, the patient continued to 
use pembrolizumab for 2 cycles, combined with lenvatinib 
(8 mg, orally, once a day), and injection of bevacizumab 
into the thoracic cavity. The effect was still poor, and the 
pleural effusion remained uncontrolled. In August 2019, 
the patient died of respiratory failure due to the continuous 
deterioration of their condition. The time from the 
occurrence of pleural effusion to death was 135 days. The 
timeline of the two patients is shown in Figure 3.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from both patients for publication of this case 
report and accompanying images. A copy of the written 
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2016-03
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Sorafenib                                
Best response: SD

Pembrolizumab + Chemotherapy
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Pembrolizumab
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Pembrolizumab
Best response: PR

Pembrolizumab + Endostatin + Lenvatinib

Bevacizumab
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T790M (−)
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MET, CCND1, FGF19, FGF3, FGF4 
amplification
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2018-11
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2017-11
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2019-12

2019-08

Patient A

Patient B

Figure 3 Timeline. PD, progressive disease; SD, stable disease; PR, partial response; NGS, next generation sequencing; ARMS, 
amplification-refractory mutation system. 

consent is available for review by the editorial office of this 
journal.

Discussion

Immunotherapy has become an important method in 
the treatment of malignant tumors; however, similarly 
to other methods, immunotherapy is susceptible to 
primary and secondary drug resistance (6). Secondary 
resistance has been defined as drug use for more than  
6 months, and the best response could be complete 
response (CR), PR, or SD (greater than 6 months), 
followed by PD (7). The mechanism of tumor resistance 
is not a simple process of tumor evading the immune 
system, but the result of interaction among tumor cells, 
immune microenvironment, and host factors. Tumor 
internal factors, immune microenvironment, and host-
related factors may increase immunosuppression and lead to 
resistance. Known intrinsic factors associated with acquired 
resistance include loss of target antigen, human leukocyte 
antigen (HLA), and interferon signaling, as well as loss of 
T cell function. The mechanisms of extrinsic resistance 
in immunotherapy include immune checkpoints, T cell 
depletion, and phenotypic changes, immunosuppressive 
cell population, and release of cytokines and metabolites 
in the tumor microenvironment (8). In a retrospective 

analysis of clinical and radiological data of 125 patients 
with NSCLC treated with anti-PD-1 or programmed 
death-ligand 1 (PD-L1), the clinical patterns of acquired 
drug resistance were divided into 2 categories: oligo and 
systemic types, which were defined as ≤2 disease sites 
and ≥3 disease sites. Oligoprogressive acquired resistance 
occurs later than systemic acquired drug resistance, and the 
survival time after progression is significantly prolonged. 
The pattern of acquired resistance is usually characterized 
by oligoprogression, for which locally targeted therapy can 
improve the survival rate (9). It has also been reported that 
tumor regression can reoccur after local progression plus 
radiotherapy (10). A retrospective study of 252 patients 
with advanced or recurrent NSCLC treated with anti-
PD-1 antibody in Japan found that after immunotherapy, 
PFS and overall survival (OS) of patients with malignant 
pleural effusion (MPE) were significantly shorter than 
those without MPE (11). The 2 patients we have reported 
on showed rapid and systematic progress characterized by 
a large amount of bloody pleural effusion in a short time. 
The pleural invasion was confirmed by cytology, but it was 
ineffective in the treatment of local pleural injection of anti-
angiogenic drugs, and could not receive local treatment 
such as radiotherapy. The rapid progress of the disease led 
to the death of the patients.

By comparing the detection results of the NGS gene 
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in the pleural effusion of 2 patients, we found that TP53 
mutation was present in both cases. One study has shown 
that TP53 mutation plays a significant role in increasing 
PD-L1 expression, promoting T cell infiltration, and 
enhancing tumor immunogenicity. At the same time, 
it was confirmed that patients with TP53 mutant lung 
adenocarcinoma were sensitive to ICI treatment (12). 

In addition, mutations in fibroblast growth factor (FGF) 
and fibroblast growth factor receptor (FGFR) family genes 
were found in these 2 cases. Before treatment, we did not 
take FGF and FGFR family genes as a routine test, so we 
could not determine the status of these genes in patients 
at the beginning. After the emergence of resistance, we 
obtained pleural effusion from two patients for more 
comprehensive detection and found the phenomenon of 
FGF family amplification and mutation. Because these 
gene changes are rare in the initial state of lung cancer and 
HCC, we speculated the possible resistance mechanism of 
the two patients. The FGF family is a fibroblast growth 
factor and ligand protein of the FGFR family. The FGF/
FGFR signaling pathway can regulate cell proliferation, 
differentiation, and survival. It plays an important role 
in early embryonic development, organ formation, 
angiogenesis, tissue repair, and metabolic regulation. 
The FGFR gene exerts its activity mainly through the 
MAPK, tor/Akt, and JAK/STAT signaling pathways, and 
also participates in the regulation of PD-L1 expression 
(13,14). At present, abnormal expression of FGFR has been 
found in a variety of tumors, such as gene amplification, 
mutation, and fusion gene production. Abnormal FGF 
signaling can promote tumor development by directly 
driving cancer cell proliferation and survival and supporting 
tumor angiogenesis (13). Small sample data have shown 
that the amplification of 11q13 (CCND1/FGF3/FGF4/
FGF19) region may be related to the excessive progression 
of ICIs (15). Previously, it was reported that the genomic 
amplification of the 11q13 region was related to the poor 
response of melanoma and esophageal squamous cell 
carcinoma to toripalimab (16,17). In a phase II clinical 
trial of toripalimab in the treatment of recurrent or 
metastatic nasopharyngeal carcinoma (POLARIS-02), 
patients with 11q13 genome amplification also did not 
respond, indicating that there is a potential drug resistance 
mechanism to immunotherapy (18). In a proteogenomic 
study on the biology and treatment of human papilloma 
virus (HPV)-negative head and neck squamous cell 
carcinoma, it was suggested that 11q13.3 amplification leads 
to poor prognosis, which may be a common mechanism by 

regulating actin dynamics (19). The FGFR inhibitors can 
target immune cells in the tumor microenvironment and 
indirectly inhibit PD-L1 expression on tumor cells and 
stromal/immune cells through the normalization of the 
tumor microenvironment. Therefore, the combination of 
FGFR inhibitors and ICIs may be a promising option for 
cancer patients (20).

There are few clinical reports of pembrolizumab 
acquired resistance characterized by uncontrolled bloody 
pleural effusion. We observed 2 similar clinical cases and 
tried different treatments according to the results of gene 
detection and related literature. Unfortunately, our research 
lacked in-depth mechanism exploration, and the treatment 
had no obvious effect. The patient eventually died due to 
disease progression. However, based on our analysis of 
NGS results of pleural effusion sediment wax blocks in 
both patients, it is suggested that the expansion of the FGF 
family 11q13 (CCND1/FGF3/FGF4/FGF19) region may 
show immunotherapeutic resistance and super progress in 
the form of pleural effusion. We suggest that experts should 
pay attention to and accumulate FGF family gene status in 
immunotherapy as much as possible, and explore its value 
in the efficacy of immunotherapy and hyper progress. For 
these special forms of immune acquired resistance, we 
still need to further explore the mechanism and ascertain 
effective follow-up treatment.
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appropriately investigated and resolved. All procedures 
performed in this study were in accordance with the ethical 
standards of the institutional and/or national research 
committee(s) and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was obtained 
from both patients for publication of this case report and 
accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.
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