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Immune checkpoint inhibitors (ICI) such as pembrolizumab, 
a programmed death/ligand 1 (PD-1/PD-L1) blocker, works by 
disrupting PD-1/PD-L1 direct interactions in the tumor micro-
environment.  In clinical practice, anti-PD-1/PD-L1 antibodies 
treatment has resulted in durable tumor remission, and they are 
routinely used to treat non-small cell lung cancer (NSCLC) pa-
tients [1–3]. Despite relative success, pembrolizumab therapy is 
hampered by primary and acquired resistance [4], and disease 

progression or relapse occurs even after a complete response has 
been achieved [5]. The reasons for that are still not fully under-
stood [6]. Underlying resistance mechanisms are a  large range 
of tumor factors, including genomic features, transcriptomic 
signatures, and immune landscape, to host factors. Acquired 
resistance is mainly associated with loss of the neoantigen and 
deficiency in its presentation, loss of T-cell effector function, and 
up-regulation of alternate immune checkpoint receptors [7,8]. 
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Crizotinib Restored Pembrolizumab Response in Advanced Non-Small 
Cell Lung  Cancer

Abstract

Background: PD-1/PD-L1 immune checkpoint inhibitors, such as pembrolizumab and nivolumab, are used as a backbone 
treatment in various types of cancers, including lung cancer. However, PD‑1/PD-L1 inhibitors effect a small number of 
patients, and acquired resistance to those treatments is still unresolved. Furthermore, the identification of potential an-
ti‑PD‑1/PD-L1 sensitizers for restoring treatment response and effectiveness is a challenge. Materials and Methods: In this 
report, we presented a patient with non-small cell lung cancer (NSCLC) who received repeated rounds of pembrolizumab 
and showed a prolonged effective response, although eventually, he developed resistance to this treatment course. Re-
sults: Notably, this patient developed acquired resistance to PD-1/PD-L1, which was associated with several driver gene 
alternations, including a de novo profound MET overexpression. In vitro studies using the patient tumor cells and CD8+ 
T cells revealed significant reactivation and resensitization to pembrolizumab upon combined treatment with crizotinib. 
Combined treatment of crizotinib and pembrolizumab in this patient resulted in a significant clinical and RECIST response. 
Conclusions:  Treatment strategy in patients with PD-1/PD-L1 acquired resistance should routinely include comprehensive 
genotyping of targetable driver oncogenes such as MET overexpression, along with the determination of PD-L1 status. 
These driver gene mutations may provide a vital target for immune checkpoint inhibitors therapy resensitization and opti-
mize treatment stratification.
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There is an urgent need to develop approaches to improve the 
sensitivity of PD‑1/PD‑LI inhibitors [9], and focus efforts to-
wards identifying a new combination therapy with PD-1/PD-L1 
inhibitors to provide better therapeutic strategies [9,10].

Studies have shown that several tumor-related gene alter-
ations in NSCLC are associated with controlling the anti-tumor 
immune response [11]. These alterations were suggested to fa-
cilitate tumor growth by enabling tumor cells to escape immune 
surveillance [11]. For example, a genetic alteration is the mes-
enchymal-epithelial transition receptor (MET) [12]. MET is a 
tyrosine kinase receptor primarily found on epithelial cells, reg-
ulating cell motility and proliferation [13,14]. Abnormal MET 
signaling, including MET receptor overexpression, receptor 
mutation, or amplification, are observed in NSCLC [15,16]. De 
novo MET gene amplifications are found in 1% to 5% of NS-
CLC cases adenocarcinoma, and MET overexpression occurs in 
35% to 72% of NSCLC cases [17,18]. The activation of MET 
regulates distinct downstream signaling  [19]. This signaling 
regulates cell survival and proliferation, migration and invasion 
angiogenesis, and epithelial to mesenchymal cell transforma-
tion. MET is also shown to have significant immunosuppressive 
roles [12,20,21].

Here, we report a case with advanced metastatic NSCLC, who 
presented with a resistance to a PD-1/PD-L1 therapy associated 
with tumor genetic alternations, notably an exceptionally high 
MET overexpression. In vitro studies using CD8+ T cells and tu-
mor cells collected from this patient during disease progression 
and treatment resistance showed robust reactivation and signif-
icant resensitization to pembrolizumab upon the combination 
with crizotinib.

Case Presentation
In January 2015, a 62-year-old male with previous smoking 

history was admitted to our hospital. He was diagnosed with 
metastatic NSCLC. Molecular analysis (FoundationOne) from 
supraclavicular lymph node biopsy revealed ERBB2 amplifica-
tion and gene alterations; VHL(Q195R), GRM3 (E517K), TP53 
(R282W), FAT1 (Q4458), and SMAD4 (Q245). No mutation 
was found in EGFR, ALK, ROS1, RET, KRAS, and MET genes  
(Figure 1). Based on the molecular findings, the patient received 
two cycles of first-line chemotherapy of carboplatin (AUC=6, 2 
cycles every 3 weeks) and paclitaxel (200mg/m2 every 3 weeks) 
and radiotherapy (chemoRT) treatment (total dose 63Gy), with 
adaptational stereotactic radiosurgery (SRS) for his brain me-
tastases (total dose 20Gy). However, post-treatment laboratory 
findings were notable for elevated liver function test due to mul-
tiple liver metastases. In November 2015, the molecular analysis 
of biopsy collected in January 2015 showed both high PD-L1 
expression (>90%) and a high Tumor Mutational Burden (TMB) 
of 38 (FoundationOne). Based on these new results, second-line 
pembrolizumab (3 cycles of 200mg every 3 weeks) was admin-
istrated for three months. PET-CT scan in March 2016 demon-
strated a continuing worsening of the disease, with suspected 
metastatic lesion appearance in the abdomen and clinical signs 
including severe pain and weight loss (figure 2A-B). The clinical 
changes reported by the patients were interpreted as complica-
tions of radiotherapy potentiated by the pembrolizumab treat-
ment. Therefore, pembrolizumab was discontinued. After three 
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months of supportive care, the patient restarted a pembrolizumab 
treatment course, which had a clinically significant response that 
lasted for ten months (Figure 2C). In April 2017, Magnetic Res-
onance Imaging (MRI) showed severe brain necrosis and edema 
(figure 2F). Pembrolizumab treatment was discontinued due to 
immune-related adverse events (IRAEs). These included asthe-
nia, fatigue, nausea, and diarrhea associated with ICI therapy 
[11]. A high dose of a steroid, methylprednisolone (2mg/kg ev-
ery day for 5 days), combined with bevacizumab (150mg every 
3 weeks) was administrated. 

Follow-up MRI, three months later, showed significant clinical 
improvement and reduction of cerebral edema (figure 2G); how-
ever, the patient complained about severe abdominal pain. En-
doscopic examination revealed a drug-induced ischemic ulcer in 
the upper duodenum. Bevacizumab treatment was stopped, and 
a lower dose of steroids was administrated. The patient showed 
clinical improvement for the following two months.

In September 2017, PET-CT revealed oligometastatic progres-
sion in the left pancreas and adrenal gland. The patient declined 
radiotherapy, and therefore, a re-challenge of pembrolizumab 
was initiated (3 cycles of 200 mg every 3 weeks). The patient 
tumor was not responsive to this regimen, and disease progres-
sion was observed (figure 2D). Accordingly, metastasectomy 
was performed, requiring prolonged post-operative support be-
cause of local complications. He continued with supportive care, 
and seven months after surgery, PET-CT scans confirmed disease 
progression with numerous abdominal metastases. Updated mo-
lecular analysis (NathHealth) in March 2018 of a second biop-
sy specimen, taken from an adrenal gland lesion at the time of 
resistance to pembrolizumab, revealed an increase in mutation 
allele frequency of the previously altered genes (detected in the 
2015 biopsy). Additional new alterations were found in several 
genes; CDKN2A/B, GRM3 (E517K), PIK3CG, and TOPO2A. 
Expression analysis (GPS Cancer test; NathHealth) showed high 
TMB (308 non-synonymous mutation/6.5 per/MB), and high 
expression levels of MET, a de novo MET gene copy number 
(x8) and protein overexpression (2239 mmol/µg).and elevated 
levels of HER2, TOPOA, AXL, IDO1, TYMP, and MSLN. In 
vitro studies using the patient tumor cells and CD8+ T cells re-
vealed robust reactivation and resensitization to pembrolizumab 
upon combined treatment with crizotinib. In June 2018, based 
on the in vitro results and the molecular analysis, he started a 
combined treatment of pembrolizumab (3 cycles of 200 mg ev-
ery 3 weeks) and crizotinib (250 mg 2 times a day every day) 
treatment. Remarkably, four weeks into treatment, the patient 
showed an excellent clinical and RECIST response without any 
adverse events. PET-CT at two months post-treatment initiation 
showed near CR and no evidence of any harmful metabolic ac-
tivity (figure 2E). He was continuously treated for the next two 
months until he was suddenly admitted to the hospital with se-
vere pneumonia. The patient had a rapid and dramatic clinical 
deterioration with respiratory failure which resulted in his death. 
A summary of the patient diagnostics, treatment duration, and 
responsiveness to PD-1 treatment are shown in figure 1. Rep-
resentative PET-CT scans of disease progression and treatment 
response are presented in Figure 2A-G.

Methods
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Figure 1. Time axis of diagnostics, anti-tumor treatment and intervention and PD-1 blockadge treatment response. Line graph illustrating 
disease progression, anti-tumor therapy and PD-1 blockage (pembrolizumab) treatment response from January 2015  to October 2018. NA – 
Not applicable; NSCLC- Non small cell lung cancer, NSM - Non-Synonymous Mutation.

Figure 2. Anti tumor treatment response. PET-CT and MRI images of the patient treatment response at various stages of disease progression. 
(A) Abdominal metastases without pembrolizumab treatment, January 2015. (B) Abdomen FDG uptake, after three months of pembrolizumab 
treatment, significant clinical improvement, March 2016. (C) The patient continues pembrolizumab treatment and showed a positive clinical 
response, January 2017. (D) Single left adrenal mass after five months without pembrolizumab treatment. The patient was re-challenged with 
pembrolizumab and showed no response to treatment, September 2017. (E) Following new molecular and the detection of de novo MET overex-
pression, the patient received combined crizotinib and pembrolizumab treatment, resulting in significant clinical improvement. (F) Neurological 
symptoms, severe Rt. Hemisphere edema and necrosis. Pembrolizumab treatment was stopped. April 2017. (G) Neurological improvement with 
edema reduction after steroids and bevacizumab treatment. Yellow arrow indicates lesions and metastases.

Genetic studies

Genetic studies were performed using the FoundationOne 
CDx test (Foundation Medicine, Inc.). Microsatellite instabili-
ty and tumor mutational burden (TMB) were evaluated using 
targeted next-generation sequencing. Quantitative proteomics 
analysis was performed using the GPS Cancer test from Nant-
Health company (NantHealth, Inc.).

Tumor ex vivo screening analysis (TEVA)

TEVA was done to evaluate the efficacy of agents on the tu-
mor cells.  Two small molecules, crizotinib (5uM; MedChem 
Express, HY-50878) and afatinib (2uM; MedChem Express, 
HY-10261), were used according to a previously published 
protocol [52]. Immunohistochemical staining was performed 

on tissue sections for Ki67 (Vector laboratories), p-ERK (Cell 
signaling Technology), and TUNEL (TREVIGEN) according to 
the manufacturer's protocol. Images were taken by a panoramic 
scanner (3D Histech), analyzed by HistoQuantTM software (3D 
Histech).

CD8+ T cell activation assays  

CD8+ T cells were collected and isolated from the patient by 
standard methodology. Isolated CD8+ T cells were then analyzed 
by IFN-γ ELISA and CD107a degranulation assays, as previously 
reported [52]. For IFN-γ ELISA and CD107a degranulation as-
say, xenograft derived cells at 0.5×105 cells/ well concentration 
were seeded in 96 well U-bottom plates and incubated with and 
without crizotinib (5uM) overnight. Following incubation, 2×105 
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CD8 T cells/ well were added with fresh RPMI containing 20U 
IL-2 and mixed with the tumor cells. Pembrolizumab at a con-
centration of 10ug/mL was then added to respective wells. For 
IFN-γ ELISA after overnight incubation, the supernatant was 
collected from the wells and assayed by a standard IFN-γ ELISA 
assay (ELISA MAX, Biolegend). For CD107a degranulation as-
say, following incubation, 1×105 of total cells were resuspended 
in 200 ul of fresh complete RPMI and subjected to Cytospin™ 4 
Cytocentrifuge (Thermo Fischer Scientific). 

Slides were fixed in 4% paraformaldehyde for 10 mins, per-
meabilized with 0.1% Triton X-100 in PBS for 5 mins, blocked 
with 5% FBS and 0.01% Triton X-100 in PBS for 30 mins.  Af-
terward, slides were incubated overnight with APC-conjugated 
human CD107a mAb (BioLegend) and Anti-Cytokeratin 14 an-

tibody (Abcam). Following incubation, slides were washed and 
incubated with goat anti-rabbit Alexa-Fluor 488 (Abcam) for 90 
mins. Slides were rewashed and incubated with DAPI (Bioleg-
end). Finally, slides were mounted into VectaMount® AQ Aque-
ous Mounting Medium (Vector Laboratories, H-5501), and imag-
es were taken by a panoramic scanner (3D Histech).

Statistical Analysis
Graphical and statistical analyses were performed using Graph-

Pad Prism 7.0 software. Statistical analysis was performed using 
the one-way ANOVA and Bonferroni multiple comparison test.

Discussion
PD-1/PD-L1 blockade has become a standard treatment for pa-

tients with advanced NSCLC [1]. However, most patients will de-

Figure 3. In vitro treatment efficiency studies. The patient's tumor cells were isolated from pembrolizumab resistant tumor specimens. Autolo-
gous CD8+ T cells were isolated from the patient peripheral blood during his nonresponsive pembrolizumab stage. Panel A. The patients' Tumor 
Ex Vivo Analysis (TEVA), which measured the tumor cell proliferation (Ki67), activation (mitogen-activated protein kinase (MAPK) signaling), 
and apoptosis (terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)). Based on the patient molecular analysis (Fig. 1), crizo-
tinib and afatinib (as control) were evaluated for their treatment efficiency. Crizotinib had a significant anti-tumor effect on tumor cell prolifera-
tion and activation. Analysis of variance (ANOVA) comparing responses to control are marked with * p < 0.05, ** p < 0.01, *** p < 0.001, **** 
p < 0.0001. Panel B shows patient in vitro CD8+ T cell activation results. The patient's tumor cells were incubated with autologous CD8+T cells 
alone, with pembrolizumab only, with crizotinib only or with both drugs. IFN-γ secretion levels, as a marker for CD8+ T cell response, were 
measured. As indicated, a combined crizotinib and pembrolizumab treatment showed a significant positive effect on patient CD8+ T cell capacity 
to regain sensitivity to pembrolizumab. Statistical significance was determined by Analysis of variance (ANOVA) comparing all treatment re-
sponses. Statistical analysis: * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. Panel C shows the treatment effect of crizotinib on CD8+ 
T cell activation against the patient's pembrolizumab resistant tumor cells by immunofluorescent microscopy. As shown, single-drug treatment 
by pembrolizumab or crizotinib had no effect in comparison to combined crizotinib + pembrolizumab that induced tumor lysis.  Index color is as 
follows; light blue staining represents tumor cells, CD8+ T cell nuclei (by DAPI, dark blue ), tumor cell cytokeratin 14 marker stained in green, 
and CD107a representing lytic granulose stained in orange. 
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velop primary resistance or secondary resistance. There is no ef-
fective treatment option for these patients who show resistance. 
The mechanisms of PD-1 blockade resistance are involved with 
tumor intrinsic and external factors [22–24]. These included low 
infiltrating T lymphocytes, poor specificity of antigen-specific 
cytotoxic T cells, and inadequate T cells response to PD-1/PD-
L1 axis signaling. The tumor microenvironment was also shown 
to play a pivotal role in resistance affecting the immunogenicity 
of tumor cells, the sensitivity of tumor cells to cytotoxic T cells, 
and impairing presenting function of antigen-presenting cells 
[7]. 

Recent evidence has pointed at specific driver oncogenes in-
volved in PD-1/PD-L1 blockade treatment efficacy [25], and 
suggested that genetic heterogeneity may provide a vital sub-
strate for the emergence of resistance during treatment-selective 
pressures [26]. Such changes, which could also alter the tumor 
microenvironment, are gaining higher recognition of their im-
portance [27].  Out of those genetic heterogeneity changes, MET 
overexpression has been shown to have a pivotal role in cancer 
progression, proliferation, and survival [28]. Furthermore, it has 
been recently suggested to play an essential part in resistance to 
anti-PD-1/PD-L1 immunotherapies [28,29]. There is evidence 
that MET overexpression is associated with the expression of 
immunoregulatory molecules such as PD-L1 [30–32] and In-
doleamine-2,3-dioxygenase (IDO) in cancer cells [33]. Fur-
thermore, MET may also affect inflammation-induced PD-L1 
expression. IFN-γ induced upregulation of PD-L1 expression 
represents a negative control mechanism to limit the T-cell re-
sponses' magnitude [34,35]. The IFN-γ pathway may also be 
modulated by MET inhibition. In clinical practice, PD-1/PD-
L1 therapy was shown to be less effective in tumors with driver 
mutations, among them MET [36]. However, the importance of 
MET protein expression and gene amplification has been ques-
tioned, as clinical studies using MET targeting therapies in pa-
tients with protein overexpression or gene amplification have 
produced disappointing results [37]. Nevertheless, MET pres-
ents an attractive therapeutic target as there are clinically avail-
able inhibitors that may modulate cancer cells' ability to evade 
anti-tumor immune responses [15,19,37].

Although we still have a long way to fully understand the best 
treatment in patients with PD-1 blockade resistance, this case 
report, and additional evidence from our other similarly treated 
patients (data not shown), indicates that acquired resistance to 
PD-1/PD-L1 treatment was observed upon de novo MET over-
expression. To examine MET overexpression's potential role as 
a mediator of PD-1/PD-L1 acquired resistance, we evaluated po-
tential treatment strategies using the patient tumor and CD8+ T 
cells. We assessed the effect of crizotinib and pembrolizumab as 
a single and combined therapy strategy. Treatment efficiency was 
determined based on proliferation, associated signaling pathway, 
apoptosis, and IFN secretion (for T cell activation). Our "in vi-
tro" results showed that crizotinib significantly reduced tumor 
cell proliferation and the MAPK signaling pathway and induced 
a higher level of apoptosis. The combined treatment of crizotinib 
and pembrolizumab significantly induced the patient’s CD8+ T 
cell IFN-γ secretion levels, which was not observed after either 
a single crizotinib pembrolizumab treatment.

Crizotinib's positive impact on T cell activation is in line with 
recent data, suggesting that crizotinib can improve treatment out-
comes via off-target effects [38]. Early reports from a phase I 
clinical study suggest patients with high MET amplification may 
respond better to treatment with crizotinib [39]. Moreover, treat-
ment response with crizotinib in patients with advanced NSCLC 
with MET amplification showed a success rate of 33% [40]. 
Crizotinib increases immunogenic cell death by T-lymphocyte 
infiltration and, thus, improves treatment outcomes [41].  Tyro-
sine kinase inhibitor (TKI) drugs such as crizotinib were shown 
to modulate the expression of inhibitory receptors on T cells, or 
interfere with T cell function or differentiation, both synergiz-
ing with ICI therapies [16,42]. In our study, crizotinib treatment 
primarily affects cell proliferation and signal transduction rather 
than cell apoptosis. Therefore, we hypothesized that the MET 
overexpression blockade helps convert an unresponsive micro-
environment to a responsive one via CD8+ T cell activation. This 
T cell activation could have been mediated through signaling 
pathways within or outside the PD-1 axis [16]. 

ICI-mediated antitumor responses rely on the expression of 
PD-L1 in tumors and the infiltration of T cells into the tumor 
microenvironment (TME) [43]. The absence of T cells in the 
TME can lead to resistance to immunotherapy and so-called 
immune-desert tumor phenotypes [44]. These tumors may lack 
T-cell priming due to the absence of tumor antigens, defective 
antigen processing, and presentation machinery or impaired 
DC-T-cell interactions [45]. There is growing evidence that the 
activation of specific oncogenic pathways, like MET, is related 
to such “cold tumor” phenotype and the potential for immuno-
therapy resistance. Thus, crizotinib treatment against MET could 
help convert a “cold tumor” into a responsive one (“hot tumor”). 
Further work is still needed to support this hypothesis and identi-
fy the specific action mechanism [46]. 

At present, combination therapy strategies are being devel-
oped to improve PD-1/PD-L1 blockade efficacy in various tu-
mor types, including NSCLC. These include combinations with 
radiation therapy, chemotherapy, and small molecular inhibitors, 
including TKI [47,48].  In this regard, the potential effectiveness 
of TKI and anti-PD-1/PD-L1 therapy combinations have recently 
been described [49]. It has been shown that such a combination 
approach improved the median overall survival of advanced NS-
CLC patients [50,51]. TKI combined treatment was suggested to 
"prime" the immune system toward a superior ICI-effective re-
sponse. However, a significant amount of pre-clinical investiga-
tion is required before TKI, and anti-PD-1/PD-L1 combined ther-
apy, can be considered. This combination has caused a relatively 
high incidence of treatment-related adverse events, with toxicity 
being the most important limitation [52,53]. For example, in the 
CheckMate 370 trial, NSCLC patients treated with nivolumab 
plus crizotinib developed severe hepatic toxicities, leading to dis-
continuing the treatment combination [54].  These toxicities, in-
cluding fatal side effects, also tended to appear earlier and rapidly 
in the course of the combination treatment [40,47]. Caution is 
needed in patients receiving combination therapy based on PD-1/
PD-L1 inhibitors and TKI. Further clinical studies are required to 
define the safety profile and potential risk in such patients before 
introducing this therapy into routine clinical practice.
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Clinical oncologists are still unclear about which treatment 
regimen should be selected after PD-1 blockade failure.  Here, 
we report a patient with advanced NSCLC with acquired PD-1 
blockade resistance, which showed a rapid resensitization to 
PD-1 blockade therapy following combined treatment of crizo-
tinib against a de novo MET overexpression. The mechanism 
underlying this is still unclear and needs to be further explored. 
Furthermore, since crizotinib was not used as a sole treatment, 
it remains unknown whether the positive clinical effect seen in 
our patient could have been achieved using crizotinib alone as 
a single treatment course.  However, the excellent clinical and 
RECIST response observed points to a link between the de novo 
MET overexpression and PD-1 acquired resistance. This finding 
suggests that targeted therapy against MET could have a vital 
role in reversing PD-1 blockade resistance in a patient with MET 
overexpression.

Conclusions
It remains challenging to clarify the resistance mechanisms of 

immunotherapy since they are complex and dynamic. Further 
understanding of acquired resistance mechanisms of immuno-
therapy will help clinicians make reasonable combination treat-
ment decisions to increase survival and avoid additional toxicity 
for lung cancer patients. Combination therapy based on PD-1/
PD-L1 inhibitors may provide a promising therapeutic strategy 
for resistant PD-1 pathway blockades in NSCLC. Comprehen-
sive genotyping of targetable driver oncogenes such as MET 
should be performed, along with the determination of PD-L1 
status, to optimize treatment stratification. The evidence thus far 
indicates that the role of aberrant MET activity on the expression 
of immunoregulatory pathways and PD-L1 blockage resistance 
by tumor cells, is worthy of further investigation in NSCLC, as 
is the potential combination of MET targeting therapies with ICI. 
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