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Background: Pulmonary sarcomatoid carcinoma (PSC) is a rare and poorly differentiated

type of non-small cell lung cancer (NSCLC) with specific characteristics, which usually

presents a challenge in clinical practice. Mesenchymal–epithelial transition (MET) gene has

been identified as a promising target for treatments in the past few years. Here, we report a

case of a patient with PSC harboring MET exon 14 mutation, who responded to a novel MET

inhibitor – savolitinib.

Case presentation: A 75-year-old male patient with symptoms of cough, dyspnea and

intermittent chest pain was diagnosed with sarcomatoid carcinoma. The tumor involved the

right lung, the right hilum and multiple lesions in the right pleura, indicating a clinical

disease stage IV. Next-generation sequencing of lung biopsy specimen indicated a MET exon

14 skipping mutation (NM_000245:c.3028+3A>G), with a variant allele frequency of 73.9%.

The patient achieved a rapid and durable partial response with the initiation of savolitinib

administration (600 mg, orally, once daily). The progression-free survival in this patient was

36 weeks. There were no ≥grade 3 adverse events reported and there was no dose reduction

during treatment. Following savolitinib treatment, the allele frequency of MET exon 14

mutation in plasma circulating tumor DNA decreased with the reduction in tumor size. At

the time of disease progression, fibroblast growth factor receptor 1 (FGFR1), EGFR and

KRAS gene amplification were newly identified in tumor biopsy sample.

Conclusion: This patient with PSC harboring MET exon 14 skipping mutation achieved

significant clinical benefit with savolitinib treatment. Emergence of FGFR1, EGFR and

KRAS gene amplification at the time of disease progression was likely responsible for the

resistance to savolitinib in this case.
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Background
Pulmonary sarcomatoid carcinoma (PSC) is a rare and poorly differentiated type of

non-small-cell lung cancer (NSCLC), which accounts for less than 1% of all lung

cancers.1 Both carcinomatous and sarcomatous elements coexist in the tumor tissue.

According to the WHO classification, PSC includes the following categories:

spindle cell carcinoma (a carcinoma consisting of almost only epithelial spindle

cells), giant cell carcinoma (a carcinoma almost purely consisting of tumor giant

cells), pleomorphic carcinoma (a poorly differentiated NSCLC which is composed

of at least 10% spindle and/or giant cells), carcinosarcoma (a malignant tumor
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consisting of a mixture of NSCLC and true sarcoma) and

pulmonary blastoma (a biphasic tumor composed of fetal

adenocarcinoma and primitive mesenchymal stroma).2

Compared with other histologic subtypes, PSC behaves

in an aggressive fashion and is associated with poor prog-

nosis, even at an early stage.3,4 While disease symptoms

generally resemble the other types of NSCLC, PSC is

associated with certain clinical factors such as older age

at diagnosis (mostly in the sixth/seventh decades), smoker

predominance and bulky tumors.5–7 It has been reported

that a substantial proportion of patients with PSC have

advanced disease at initial diagnosis.8,9 Current evidence

shows that the median survival time in patients with

advanced PSC is worse than for other histologic subtypes

of NSCLC. According to the analysis of National Cancer

Database and the Surveillance, Epidemiology, and End

Results database, the median survival time for stage IV

disease ranges from 3.0 to 5.4 months.1,8 In addition to the

highly progressive clinical behavior of PSC, the high rate

of resistance to platinum-based chemotherapy could be

another reason for the poor prognosis of this disease.10

The rarity of PSC, leading to the small sample size of

genomic profiling investigations, brings difficulties for

molecule characterization of this disease. Variable fre-

quency of targetable driver mutation, such as the EGFR

gene or anaplastic lymphoma kinase (ALK) gene, has been

reported in PSC. For example, Liu et al reported no EGFR

mutation in 36 PSC samples,11 while Kaira et al identified

approximately 20% (3/17) EGFR mutation.12 Compared to

EGFR and ALK, a higher frequency of mesenchymal–

epithelial transition (MET) gene alteration in PSC has

been reported in the literature.11,13

MET is the tyrosine kinase receptor for hepatocyte

growth factor and plays an important role in embryogen-

esis, tumor growth and metastasis. MET gene alterations

include amplification, activating point mutation and MET

exon 14 skipping. MET exon 14 is responsible for encod-

ing intracellular MET juxtamembrane domain, which is

required for the recruitment of the ubiquitin ligase and

mediates the degradation of MET protein by ubiquitin

pathway.14 Somatic splice sites alterations at MET exon

14, resulting in exon skipping and the loss of MET exon

14, would increase MET stability and enhance the onco-

genic potential of MET gene. MET exon 14 skipping has

been reported in approximately 1–3% of NSCLC cases,15

but a higher incidence (ranging from 9.5% to 22%) has

been observed in the PSC subtype.11,13 MET exon 14

skipping appears mutually exclusive of other targetable

genetic alterations, such as EGFR, ALK and ROS1.11

Evidence from early clinical trials of MET inhibitors,

such as crizotinib, cabozantinib and tepotinib, shows a

good response to these agents by NSCLC patients with

MET exon 14 skipping,16 suggesting that MET exon 14 is

an attractive target for the treatment of lung cancer in these

patients. Savolitinib (also known as AZD6094, HMPL-504

and volitinib) is a novel, oral, potent and highly selective

MET inhibitor. In preclinical studies, savolitinib displayed

potent activity in vitro against MET kinase and the down-

stream signaling targets.17 Savolitinib is currently being

investigated in several solid tumors, including renal can-

cer, NSCLC and gastric cancer. Here, we present a case of

a patient with PSC harboring MET exon 14 skipping

mutation treated with savolitinib in a Phase II clinical trial.

Case report
A 75-year-old male patient presented to the Peking

University Cancer Hospital & Institute in September

2017, with symptoms of cough, dyspnea and intermittent

chest pain. The patient had been a heavy smoker for 40

years, having smoked 40 cigarettes per day. CT revealed a

lesion with the longest diameter of 5.6 cm in the right

inferior lobe, enlarged lymph nodes in the right hilum and

multiple metastatic lesions in the right pleura. Pathologic

examination of the lung lesion biopsy indicated stage IV

(T3N1M1) sarcomatoid carcinoma, possibly transformed

from adenocarcinoma. Next-generation sequencing (NGS)

of the lung biopsy specimen indicated a MET exon 14

skipping mutation (NM_000245:c.3028+3A>G), with a

variant allele frequency (VAF) of 73.9%, which could

potentially cause alternative splicing of the MET protein.

Furthermore, NGS showed MET amplification, TP53

(V173M) mutation, FBXW7 (G459R) mutation, but no

EGFR, KRAS, ALK or ROS1 gene alterations were

detected. The patient refused to receive chemotherapy.

After signing a written informed consent, the patient

was enrolled in a Phase II clinical trial of savolitinib

treating patients with unresectable or metastatic PSC or

other NSCLC harboring MET exon 14 skipping mutation

(NCT02897479), which had been approved by the ethical

committee of the hospital. In November 2017, the patient

started treatment with savolitinib, 600 mg orally, once

daily. After 6 weeks of treatment, the first tumor evalua-

tion showed a partial response (target lesion shrunk from

5.6 cm at baseline to 3 cm) (Figure 1), based on the

Response Evaluation Criteria in Solid Tumors version

1.1 and the patient’s Eastern Cooperative Oncology
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Group performance status, which improved from 1 to 0.

This partial response was confirmed in the next tumor

evaluation at week 12. All reported treatment-related

adverse events (AEs) were grade 1, including white

blood cell count decrease, nausea, diarrhea and rash. The

severity of AEs was between grade 1 and grade 2, as per

the Common Terminology Criteria for Adverse Events

version 4.03. The patient had a dose interruption of 5

days due to pyrexia (unrelated to treatment). No dose

reduction occurred. After 36 weeks of treatment, the

patient had disease progression with target lesion increas-

ing to 3.8 cm, which led to treatment discontinuation. The

progression-free survival with savolitinib treatment for this

patient was 36 weeks.

The patient consented to participate in the biomarker

exploration of this study. The plasma circulating tumor

DNA (ctDNA) samples were serially obtained from baseline

until disease progression and tumor biopsy sample was col-

lected at disease progression. An NGS panel targeting 422

cancer-relevant genes was used to investigate the DNA

alterations in the tumor biopsy and plasma samples.18

At baseline, prior to savolitinib treatment, the patient’s

ctDNA showed a low level of MET exon 14 mutation

(c.3028+3A>G) with VAF of 0.6%. After 6 weeks of treat-

ment, with the tumor size reduction, the VAF of MET

mutation dropped to below the limit of detection and

remained undetected in subsequent cycles at weeks 18, 24,

30 and even at time of progression (week 36) (Figure 1).

Except for MET exon 14 mutation, no other somatic muta-

tion was found in ctDNA samples. The tumor biopsy per-

formed at disease progression showed the same mutation

sites in MET, TP53 and FBXW7 genes found prior to savo-

litinib treatment. In addition, moderate levels of gene copy

numbers of EGFR (GCN =5.7), FGFR1 (GCN =5.8) and

KRAS (GCN =4.5) were newly identified by NGS at disease

progression and were further confirmed using fluorescence

in situ hybridization technology (Figure 2). This result

suggests that the acquired gene amplification might be

associated with resistance to savolitinib. Interestingly,

MET amplification was not detected by NGS in tumor

biopsy specimen at disease progression (Figures 1 and 2).

In September 2018, after discontinuation of savolitinib,

crizotinib 250 mg, orally, twice daily was initiated, as

second-line treatment. After 8 weeks of treatment, the

patient experienced disease progression with an increase

in the primary lung lesion, significant increase in pleural

effusion and new lesions in adrenal glands, identified in

December 2018. He suffered from decreased appetite,

fatigue and hypoalbuminemia. In January 2019, the patient

died of cachexia.

Discussion
To our knowledge, this is the first case report describing a

clinical response to savolitinib in a patient with PSC

ctDNA: MET: c.3028+3A>G  0.6% ctDNA: METmutation: none detected ctDNA: METmutation: none detected 

Tumor tissue: 
MET: c.3028+3A>G  86.2% 
FBXW7: G459R 91.7%
TP53: V173M 68.2%
PARP1: A379S 51.3%
EGFR GCN=5.7
FGFR1 GCN=5.8
KRAS GCN=4.5
TMB: 4.3Mut/Mb

Baseline 6 weeks savolitinib (PR) 36 weeks savolitinib(PD)

Tumor tissue: 
MET: c.3028+3A>G  73.9%
FBXW7: G459R 47.4%
TP53:V173M 11.5%
MET: GCN=4.7
TMB: 2.88Muts/Mb

Figure 1 Radiological assessments of tumor response and molecular profiling in ctDNA and tumor tissue.

Abbreviation: ctDNA, circulating tumor DNA.
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harboring MET exon 14 skipping mutation. The rapid and

durable response in this case demonstrated the potent

inhibition of MET by savolitinib, accompanied by the

general performance status improvement after treatment.

Treatment tolerability was acceptable in this case, without

reported grade 3 or greater AEs and no need for dose

reduction. Previous reports showed antitumor activity of

MET inhibitors (eg, crizotinib, and capmatinib) in lung

adenocarcinomas, also including the PSC subtype. Our

case further demonstrated that PSC also responds to a

MET inhibitor, if the target is effectively suppressed, indi-

cating that MET exon 14 might be a driver gene in NSCLC

regardless of histopathology subtypes. In this case, MET

exon 14 alteration was the only somatic mutation detected

in ctDNA samples and the VAF decreased significantly

when a partial response was achieved. This trend of VAF

change was concordant with the tumor size changes,

which might serve as a probe of response in the clinical

setting. The lack of VAF increase in MET mutation at the

time of disease progression might be explained by the

development of acquired resistance driving tumor growth

independent of MET gene status, whilst MET was still

effectively suppressed by exposure to savolitinib.

Two major mechanisms of resistance have been

reported in crizotinib-treated NSCLC patients carrying

MET exon 14 mutations: one is the “on-target” mechan-

ism, which is the development of secondary MET altera-

tion in kinase domain, such as D1228N and Y1230S, and

the other is “by-pass tract activation”, such as KRAS

amplification.19 In our case, the “by-pass tract activation”

was observed: concurrent FGFR1, EGFR and KRAS

amplification appearing at disease progression. KRAS

amplification was reported in preclinical studies to induce

constitutive activation of the Ras/mitogen activated protein

A

B

C

KRAS

EGFR

FGFR1

FISH:  KRAS/CEN12

Savolitinib naive Savolitinib resistant

KRAS

EGFR MET MET

FGFR1

FISH: FGFR1/CEP8

FISH: EGFR/CEP7

KRAS NGS KRAS NGS

EGFR/MET  NGS EGFR/MET  NGS 

FGFR1  NGS FGFR1  NGS 

Savolitinib native Savolitinib resistant

Savolitinib native Savolitinib resistant

Savolitinib native Savolitinib resistant

3

2

1

0

C
op

y 
ra

tio
 (l

og
2)

-1

-2

-3

3

2

1

0

C
op

y 
ra

tio
 (l

og
2)

-1

-2

-3

3

2

1

0

C
op

y 
ra

tio
 (l

og
2)

-1

-2

-30 20 40 60
Position (Mb)

80 100 120

20 40 60
Position (Mb)

80 100 120 140

3

2

1

0

FGFR1

FGFR1

METEGFRMETEGFR

KRAS

KRAS

C
op

y 
ra

tio
 (l

og
2)

-1

-2

20 40 60
Position (Mb)

80 100 120 140

3

2

1

0

C
op

y 
ra

tio
 (l

og
2)

-1

-2

20 40 60
Position (Mb)

80 100 120 140

3

2

1

0

C
op

y 
ra

tio
 (l

og
2)

-1

-2

-300

-3
0 -3

0

20 40 60
Position (Mb)

80 100 120 140

0 20 40 60
Position (Mb)

80 100 120

Figure 2 Copy number profile of tumor tissue. Left column: baseline; Right column: after 36 weeks at time of progression.

Notes: (A) Next-generation sequencing (NGS, left panels) copy number plots of the KRAS locus on chromosome 12 from savolitinib-naïve and savolitinib-resistant tumors.

Fluorescence in situ hybridization (FISH) for KRAS (red) and centromere 12 (CEN12, green) is shown for savolitinib-resistant tumor. (B) NGS copy number plots of EGFR/
MET locus on chromosome 7 from savolitinib-naïve and savolitinib-resistant tumors. FISH for EGFR (red) and centromere 7 (CEP7, green) is shown for savolitinib-resistant

tumor. (C) NGS copy number plots of FGFR1 locus on chromosome 8 from savolitinib-naïve and savolitinib-resistant tumors. FISH for FGFR1 (green) and centromere 8

(CEP8, red) is shown for savolitinib-resistant tumor.

Abbreviations: NGS, next-generation sequencing; EGFR, epidermal growth factor receptor; MET, mesenchymal–epithelial transition; FISH, fluorescence in situ hybridiza-

tion; CEN12, centromere 12; FGFR, fibroblast growth factor receptor; CEP7, chromosome enumeration probe 7; CEP8, chromosome enumeration probe 8.
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kinase (MAPK) signaling and consequently confer resis-

tance to crizotinib.19 EGFR amplification was also identi-

fied in some crizotinib-resistance cases19; however, no

further functional studies to link this gene alteration with

the response to MET inhibitors. To our knowledge, this is

the first report that suggests that FGFR1 amplification

might be associated with acquired resistance to a selective

MET inhibitor in NSCLC. Further investigation is war-

ranted to test whether these genetic alterations occur in the

same tumor cell or different tumor cells and whether

FGFR1, EGFR or MAPK pathway inhibition could restore

the sensitivity to savolitinib treatment. Interestingly, in our

case, TP53 gene mutation was detected both before treat-

ment and at the disease progression. TP53 is the most

common gene mutation in multiple cancer types, including

PSC. In general, tumors harboring TP53 mutations often

demonstrate high levels of chromosome instability,20 espe-

cially the mutations located in the DNA-binding domain,

like V173M in our case. We hypothesized that chromo-

some instability might be associated with multiple gene

amplifications, such as EGFR, KRAS and FGFR1, during

savolitinib treatment, consequently resulting in acquired

resistance. Further research into this association is needed.

There are few reported studies which investigated subse-

quent treatment following the disease progression on a MET

inhibitor. Compared to type I MET inhibitor (eg, crizotinib,

capmatinib and savolitinib), type II MET inhibitors (eg,

cabozantinib, glesatinib) differ in their binding modes and

selectivity profiles and tend to have activity against multiple

kinases.21 An in vitro study demonstrated that MET D1228

and Y1230 mutations were moderately resistant to crizotinib

and strongly resistant to both savolitinib and capmatinib,

while they maintained sensitivity to type II tyrosine kinase

inhibitors (TKIs).22 A case of a patient with MET exon 14

skipping mutation who experienced durable tumor response

with cabozantinib treatment after disease progression on

crizotionib has recently been reported.23 These observations

need to be further validated in clinical trials, to test the

efficacy of type II MET inhibitors in NSCLC population

resistant to type I MET inhibitors.

Another approach to overcome acquired resistance may be

combining MET inhibitors with other targeted therapies, such

as TKIs targeting EGFR, FGFR or MAPK pathway inhibitors

suggested in our case. A combination of a MET inhibitor and

immunotherapy is another option for further investigation. A

recent study reported a high level of PD-L1 expression in 46%

(25/54) of NSCLC harboringMETexon 14 alterations.24MET

overexpression accompanied by high PD-L1 expression has

been observed in other solid tumors.25 Based on these observa-

tions, further research is warranted to explore the optimal

treatment combinations for patients with NSCLC refractory

to prior treatmentwithMETinhibitors. Furthermore, the added

toxicity of these combinations needs to be well characterized

and managed in the clinical trial setting.

Conclusion
In summary, we report a clinical response to savolitinib in a

PSC patient carrying MET exon 14 skipping mutation. Our

observation suggests that savolitinib might be of clinical ben-

efit to PSC patients with MET exon 14 skipping mutation;

however, the efficacy and safety of savolitinib need to be

further validated in clinical trials. Resistance to treatment

with savolitinib in this case was likely due to the emergence

of FGFR1, EGFR and KRAS gene amplification; however,

further studies are needed to confirm the functions of these

gene alterations and their impacts on the efficacy of savolitinib.
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