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Abstract

Background: Src homology region 2 domain-containing phosphatase 2 (SHP2) is a novel
target for Kirsten rat sarcoma oncogene (KRAS) mutant cancer. We retrospectively stud-
ied the significance of SHP2 in KRAS mutant non-small cell lung cancer (NSCLC) treated
with immunotherapy and its relationship with tumor microenvironment (TME).
Methods: Sixty-one advanced KRAS mutant NSCLC patients who underwent immuno-
therapy were enrolled. Next-generation sequencing (NGS) was used to profile mutation
status. The expression of SHP2, phospho-SHP2 (pSHP2), and programmed death ligand
1 (PD-L1) were analyzed by immunohistochemistry (IHC). Quantitative multiplexed
immunofluorescence cytochemistry (mIFC) analysis was conducted to describe the TME.
Results: SHP2 was heterogeneously expressed in 32 samples in both tumor cells and
immune cells and highly expressed (H-score >10) in 25 (78.1%) samples. The expres-
sion levels of SHP2 and pSHP2 were positively correlated. Stromal SHP2 (s-SHP2)
was higher in tumors with PD-L1 250% versus PD-L1 <50% (p = 0.039). By quantita-
tive mIFC analysis, the expression of s-SHP2 had positive correlation with CD8, CD4,
CD68, and PD-L1 levels in stromal area. Patients with high SHP2 expression made up
100.0% of the partial respond (PR) and 80.0% of the stable disease (SD), whereas
50.0% of the progress disease (PD). High SHP2 expression was associated with longer
progression-free survival (PFS) and overall survival (OS) (p <0.001, p = 0.013).
Patients with high expression of both SHP2 and PD-L1 had longer PFS (p < 0.001).
Conclusion: High SHP2 expression could predict the efficacy of immunotherapy and
better survival in advanced KRAS mutant NSCLC. SHP2 may function in both tumor
cells and immune cells, warranting further study on the potential diverse effects of
SHP2 inhibition in TME.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) is the leading cause of
cancer-related death in China and primarily diagnosed as
stage IV disease.! Kirsten rat sarcoma oncogene (KRAS) is
one of the most prevalent oncogenic mutated genes in
NSCLC, making up ~ 7.2%-8.0% of Chinese adenocarci-
noma patients and 5% squamous carcinoma, whereas ~30%
in Caucasian patients.>> Treatment of KRAS mutant lung
cancer has been difficult until recently. Great breakthroughs
have been made showing that KRAS G12C kinase inhibitors
AMGS510 and MRTX849 show a significant effect on
NSCLC patients with KRAS G12C mutation.*® Recently,
the combination of MEK and Src homology region
2 domain-containing phosphatase-2 (SHP2) inhibitors is
highlighted for its synthetic lethality in KRAS mutant cancer
models, which provides another therapeutic potential.”™

SHP2, composed of two SH2 domains (N-SH2 and
C-SH2), a protein-tyrosine phosphatases (PTP) domain and
a C-terminal tail with two tyrosine phosphorylation sites, is
one of the two SH2 domain-containing PTPs.'"® SHP2 is a
molecular switch that the N-SH2 is wedged into the PTP
domain, which blocks substrate access to keep the closed state
and is activated by phosphotyrosyl (pTyr) peptide that dis-
rupts the auto-inhibition state.'" SHP2 plays multiple roles in
tumor formation and progression, especially in KRAS
mutant-driven cancers.””” It is located downstream of growth
factor receptors and upstream of RAS that is critical for the
mitogen-activated protein kinases (MAPK)/extracellular-sig-
nal-regulated-kinase (ERK) pathway, and the mechanism of
how SHP2 mediates the activation of RAS is multiple.'*
SHP2 also participates in the phosphoinositide 3-kinase
(PI3K)/protein kinase B (AKT), JAK/STAT, JNK, and nuclear
factor kB (NF-kB) signaling pathways, which are associated
with tumor formation.'> SHP2 plays an important role in
immune cells (e.g., T cells, B cells, and macrophages). When
the two tyrosine-containing motifs located in its cytoplasmic
tail of programmed cell death protein 1 (PD-1) become phos-
phorylated, SHP2 is recruited and then promotes immuno-
suppression in immune cells."*"*

Previous studies showed that SHP2 was an independent
prognostic factor for NSCLC as well as thyroid carcinoma.
Patients with high level of SHP2 expression had shorter
overall survival (OS) in comparison to those with low level
of SHP2 expression.'®™'® Receptor tyrosine kinase (RTK)-
driven malignant cells depended on SHP2 for survival. In
epidermal growth factor receptor (EGFR) mutant NSCLC
patients, SHP2 was associated with tyrosine kinase inhibitor
(TKI) resistance and those with a high level of SHP2 mes-
senger RNA (mRNA) had a shorter progression-free sur-
vival (PFS) and shorter OS." Notably, SHP2 inhibitor could
enhance the activity of T cells in the mouse model, and the
combination of SHP2 inhibitor SHP099 and anti-PD-1

could kill tumor cells more effectively, which showed that
SHP2 was a potentially robust therapeutic strategy for can-
cer treatment.*® Recently, some clinical trials of combination
treatments (e.g., SHP2 inhibitor TNO155 combined with
PD-1 inhibitor/KRAS inhibitor and RMC-4630 combined
with KRAS inhibitor/MEK inhibitor) have been carried
out 21-24

SHP?2 is required for growth of KRAS mutant NSCLC.”~
° However, studies regarding the relationship of SHP2 in
KRAS mutant NSCLC with its genomic profile as well as
tumor immune microenvironment are lacking. Considering
the function of SHP2 in both epithelial cancer cells and
immune cells, SHP2 could be a key player and affect the
clinical efficacy of immunotherapy in KRAS mutant cancers.
In this study, we focus on the expression of SHP2 and its
predictive and prognostic significance in immune check-
point inhibitor (ICI)-treated KRAS mutant NSCLC patients.
We further explore the tumor immune environment and
analyze the correlation of SHP2 with immune cells.

METHODS
Patients and clinical management

We retrospectively reviewed 217 KRAS mutant NSCLC
patients at the Guangdong Lung Cancer institute (GLCI)
from January 27, 2016, to October 1, 2019, and 61 of them
were treated with ICI. This study was approved by the
Guangdong Provincial People’s Hospital’s Research Ethics
Committee, and all patients provided written informed con-
sent. Patients’ baseline characteristics, including age at diag-
nosis, gender, histologic type, stage, smoking history,
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) at diagnosis, treatment history, best overall
response (BOR), PES, and OS, were obtained.

All the patients had received at least 2 cycles of immuno-
therapy until disease progression or unacceptable toxicity
occurred. Treatment regimens included ICI only, ICI plus
chemotherapy, and ICI plus ICI. Treatment responses were
assessed by specialists according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1. PFS was
defined from the start of immunotherapy to disease progres-
sion. OS was defined from the start of immunotherapy to
death or last follow-up. The final follow-up was June
31, 2020.

Genetic profiling of tumors by next-generation
sequencing

All the patients were tested by next-generation sequencing
(NGS) (Burning Rock Biotech) using tissue DNA or
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circulating cell-free DNA (cfDNA) obtained from lung
biopsy, surgery resection, or blood. Tumor tissue or 10 mL
of whole blood were collected, and DNA was extracted. Cir-
culating cfDNA was extracted from plasma samples using
the QIAamp circulating nucleic acid kit (Qiagen) according
to the manufacturer’s instructions. Quantification of cfDNA
was performed using the Qubit 2.0 Fluorometer with the
double stranded DNA (dsDNA) HS assay kits (Life Technol-
ogies). After quantification, ~50 ng of DNA were used to
construct NGS library and sequenced on Nextseq500
sequencer (Illumina). Targeted gene panels covering 168 or
520 tumor-related genes were sequenced with target
sequencing depths of 1000x for the tissue samples and
10 000x for the liquid biopsy samples. Sequence data was
obtained by high-flux sequencing technology and mapped
to the human genome (hgl9) using BWA aligner 0.7.10.
Local alignment optimization, variant calling, and annota-
tion were performed using GATK 3.2, MuTect, and
VarScan. Alterations of SNP, Indel, Rearrangement, and
CNV were analyzed and reported. At least two supporting
reads were required for INDELs in plasma samples and five
supporting reads were required in tissue samples. Eight
supporting reads were sufficient for SNVs in plasma as well
as tissue samples.

Immunohistochemistry

The expression levels of SHP2 (6D9, 1:500, NOVUS),
phospho-SHP2 (pSHP2) (Y542, 1:150, ABCAM), and PD-L1
(E1L3N, 1:200, CST) were assessed using immunohistochem-
istry (IHC). The procedures were carried out according to
manufacturer’s instructions, and IHC staining was scored
based on semiquantitative analyses by two independent
pathologists. Areas of tumor cell aggregates and stroma were
evaluated, respectively. The evaluation of SHP2 and pSHP2
was defined by the percentage of positive cells multiplying
the staining intensity. The staining intensity was ruled as +3
(strong), +2 (moderate), +1 (weak), and 0 (negative). The
scoring formula was: H-score = 3x (+3)% + 2x (4+2)%
4+ 1x (4+1)%. The evaluation of PD-L1 was defined
according to the percentage of positive tumor cells.

Multiplexed immunofluorescence cytochemistry

Multiplexed immunofluorescence cytochemistry (mIFC)
was conducted at Genecast Biotechnology. Biomarker
panel 1 of SHP2, CD4, CD8, CD68, and CK, and panel
2 of CD8, PD-L1, PD-1, TIM3, and CK were sequentially
detected. The slides cut from FFEP NSCLC tissues
sequentially went through epitope retrieval, protein
blocking and were then incubated sequentially with pri-
mary antibody, secondary antibody, and tyramine signal
amplification (TSA) visualization. Primary antibodies for
CK (AE1/AES3, 1:100, Zsbio), CD68 (KP1, 1:1000, Zsbio),
CD4 (EP204, 1:100, Zsbio), SHP2(6D9, 1:500, NOVUS),

PD-L1 (E1L3N, 1:100, CST), PD-1 (UMAB199, 1:100,
Zsbio), and TIM3 (D5D5R, 1:100, CST) were incubated
for 1 hour at room temperature, and CD8 antibody (SP16,
1:100, Zsbio) was incubated for overnight at 4°C. TSA
visualization was performed with the opal seven-color mul-
tiplex THC Kit (NEL797B001KT, PerkinElmer), containing
fluorophores (DAPI), Opal 520 (CK), Opal 650 (CD68, PD-1),
Opal 620 (CD8), Opal 690 (CD4, TIM3), Opal 570 (SHP2, PD-
L1), and TSA coumarin system (NEL703001KT, PerkinElmer).
Slides were scanned using the PerkinElmer Vectra (Vectra 3.0.5;
PerkinElmer), and the inForm Advanced Image Analysis soft-
ware (inForm 2.3.0; PerkinElmer) was used to unmix multispec-
tral images with spectral libraries. An algorithm was trained for
batch analysis. An experienced pathologist determined appro-
priate positive threshold X for each biomarker. Corresponding
fluorescent staining intensity of X, 2X, 3X, or more were deter-
mined as 1+, 2+, 3+, respectively, for each biomarker. The
scoring formula was H-score = (3+)% x 3+ (2+)% x 2+ (1
+)% x 1.

Statistical analyses

All statistical analyses were performed in R software (ver-
sion 3.6.3). Associations between variables were examined
with either Wilcoxon rank-sum test, Kruskal-Wallis test, x*
test, or Spearman correlation test, as appropriate. Survival
analysis was performed by Kaplan-Meier plot methods, and
p value was calculated using log-rank test. p < 0.05 was con-
sidered statistically significant.

RESULTS

Clinical characteristics of ICI-treated KRAS
mutant NSCLC patients

We screened 217 KRAS mutant NSCLC patients in our hos-
pital, 61 of which had ICI treatment, and the main charac-
teristics were summarized in Table 1. Of all the KRAS
mutant patients, 5 (8.2%) were female, 56 (91.8%) were
male, and the median age was 62.6 (ranging from 47.3-
78.3 years old). Forty-one (67.2%) patients were former or
current smokers and median pack-year was 47.3 (ranging
from 10.0-100.0). Fifty-nine (96.7%) patients were adeno-
carcinoma, and the remaining two patients were small cell
lung cancer compounded with adenocarcinoma and pulmo-
nary sarcomatoid carcinoma compounded with adenocarci-
noma. Fifty-seven (93.4%) of the patients were stage IV, the
ECOG PS for most of the patients (n = 59) was 0-1, and
only 2 patients were 3. Twenty-five (41.0%) of the patients
accepted immunotherapy as first-line treatment and the rest
of them were the second line or more. The main immuno-
therapy regimens were anti-PD-1/PD-L1 only (n = 41) or
antj-PD-1/PD-L1 plus chemotherapy (n = 18). Eleven patients
had partial respond (PR), 19 patients had stable disease (SD),
and 9 patients had progressive disease (PD) according to the
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TABLE 1 The clinical characteristics of 61 ICI-treated KRAS mutant NSCLC patients

SHP2 evaluation (n = 34)

Characteristics No. (n = 61) (%) High Low p value
Age ()
=60 37 (60.7) 14 5 0.640
<60 24 (39.3) 11 4
Median 62.6
Range 47.3-78.3
Gender
Female 5(8.2) 2 1 0.616
Male 56 (91.8) 23 8
Histologic type
ADC 59 (96.7) 24 9
ADC/SCLC 1(1.6) 0 0
ADC/sarcomatoid 1(1.6) 1 0
Smoking status
Former/current 41 (67.2) 18 6 0.538
Never 20 (32.8) 7 3
Pack-years of smoking
Median 47.3
Range 10.0-100.0
Stage
1B 1(1.6) 0 0
I11B 3 (4.9) 0 0
v 57 (93.4) 25 9
ECOG PS at diagnosis
0-1 59 (96.7) 24 8
2-3 2(3.3) 1 1
Type of ICI
Anti-PD-1/PD-L1 41 (67.2) 19 5
Anti-PD-1/PD-L1 plus chemotherapy 18 (29.5) 5 3
Anti-PD-1/PD-L1 plus targeted therapy 1(1.6) 1 0
Anti-PD-1/PD-L1 plus anti-CTLA-4 1(1.6) 0 1
Line of ICI
First line 25 (41.0) 10 3
Second line 16 (26.2) 8 3
Third line or more 20 (32.8) 7 3
Best overall response
PR 11 (18.0) 6 0
SD 19 (31.1) 8 3
PD 9 (14.8) 4 2
NA 22 (36.1) 7 4

Abbreviations: ADC, adenocarcinoma; CTLA-4, cytotoxic T lymphocyte-associated protein 4; ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint inhibitor;
NA, not available; NSCLC, non-small cell lung cancer; PD, progress disease; PD-1, programmed cell death protein 1; PD-L1, programmed death ligand 1; PR, partial respond; PS,

performance status; SCLC, small cell lung cancer; SD, stable disease.

RECIST version 1.1. NGS showed that 25 (41.0%) patients had
KRAS GI12C, the most common mutation subtype, 9 (14.8%)
patients had G12V, 7 (11.5%) patients had G13D, and 6 (9.8%)
patients had GI12D. Thirty-seven (60.7%) of the patients

harbored TP53, 16 (26.2%) patients harbored STK11/LKBI,
and 9 patients harbored (14.8%) KEAPI, whereas only
2 patients had EGFR mutation and 3 patients had MET ampli-
fication (Table 2).
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TABLE 2 KRAS mutation subtypes and co-occurring genomic KRAS mutant NSCLC
alterations patients
Number (n = 61) % =
KRAS mutation subtypes v
G12C 25 41.0 Advanced .patients
treated with ICls —> NGS
G12vV 9 14.8 N=61
G13D 7 11.5
GL2D 6 o8 IHC for SHP2,
GI2A 3 49 v pSHP2 and PD-L1
G128 2 3.3 FFPE specimens
N=34
G12C + Q61H 1 1.6 mIFC for
G12C + Q61L 1 1.6 CD8,CD4,CD68,
PD-1,PD-L1
G12F 1 1.6 ! ’
1 TIM3,SHP2
GL2R ! 1.6 patients available for
G12V + GI2R 1 1.6 PFS and OS
G13C 1 1.6 N=21
1 1 1.
GI3R 6 FIGURE 1 Flow diagram of the specimen included in the study.
G13V 1 L6 NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor;
Q61H 1 1.6 NGS, next-generation sequencing; FFPE, formalin-fixed paraffin-embedded;
c . ic alterati IHC, immunohistochemistry; pSHP2, phospho-SHP2; PD-L1, programmed
o-oceurring genomic atterations death ligand 1; PFS, progression-free survival; OS, overall survival; mIFC,
TP53 mutation 37 60.7 multiplexed immunofluorescence cytochemistry
EGFR mutation 2 33
STK11/LKBI mutation 16 26.2
KEAPI mutation 9 14.8
MET amplification ) 13 s-SHP2 is correlated with PD-L1 expression, T

The expression of SHP2 was not significantly
different between subtypes of KRAS mutant
NSCLC

Of the 61 KRAS mutant patients, 34 had available tumor tis-
sue to detect the expression of SHP2 (Figure 1). IHC was
performed to evaluate the expression level of SHP2 and
pSHP2 in intratumoral area (it-SHP2, it-pSHP2) and stro-
mal area (s-SHP2, s-pSHP2) shown in Figure 2(a). Tumors
of 32 (94.1%) patients positively expressed SHP2, and the
expression level of SHP2 wvaries in different patients
(Figure S1). SHP2 expression was higher in intratumoral
area than in stromal area and there is a correlation between
them. The overall expression level of SHP2 was correlated
with pSHP2 as well as in both intratumoral area and stromal
area (Figure 2(b)). Patients with PD-L1 250% had higher
level of s-SHP2 than patients with PD-L1 <50% (p = 0.039)
(Figure 2(c)). There is no significant difference in it-SHP2
between diverse levels of PD-L1. Whether the patient did or
did not smoke did not influence the expression of it-SHP2
and s-SHP2 (Figure 2(d)). There was no significant differ-
ence in the expression level of SHP2 among subgroups of
different KRAS mutations as well as subgroups of different
co-occurring mutated genes like TP53, STK11/LKBI, and
KEAPI (Figure 2(e),(f)).

cells, and macrophages infiltration in
stromal area

We performed mIFC for SHP2, CD8, CD4, CD68, PD-L1,
PD-1, TIM3, and CK presented in Figure 3(a). It showed
that SHP2 was widely expressed in 43.2% of CD4" T cells,
34.4% of CD8" T cells, and 62.3% of CD68" macrophage
cells in addition to tumor cells. Macrophages had the highest
percentage of SHP2 expression positivity. There was signifi-
cant difference between the SHP2-positive percentages of
tumor cells and CD68" macrophage cells in intratumoral
area (64.6% vs. 28.1%, p = 0.012) (Figure 3(b)). The expres-
sion of s-SHP2 was positively correlated with it-PD-L1, it-
CD8, it-CD4, s-PD-L1, s-CDS8, s-CD4, and s-CD68
(Figure 3(c)). Significantly higher percentages of CD8" T
cells, CD4™ T cells, and CD68" macrophages in stromal
area were observed in patients with high versus low s-SHP2
expression (4.0% vs. 0.6%, p = 0.014; 10.9% vs. 3.6%,
p = 0.005; 2.9% vs. 0.6%, p = 0.007) (Figure 3(d)).

High level of SHP2 is related with better
survival in ICI-treated patients

Survival analysis was assessable for 21 patients, and the
median follow-up was 3.7 years with 6 patients continuing
immunotherapy at the cut-off time of the analysis. We
assessed the BOR during immunotherapy. It showed that all
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FIGURE 2 The expression of SHP2 in different subtypes of KRAS mutant NSCLC. (a) Representative immunohistochemistry (IHC) images of SHP2
and pSHP2. THC staining intensity was +3 (strong), +2 (moderate), +1 (weak), and 0 (negative), respectively. pSHP2, phospho-SHP2. (b) Heatmap of
correlation analysis including SHP2, it-SHP2, s-SHP2, pSHP2, it-pSHP2, and s-pSHP2. it-SHP2, intratumoral SHP2; s-SHP2, stromal SHP2; it-pSHP2,
intratumoral pSHP2; s-pSHP2, stromal pSHP2. (c)-(f) The expression of SHP2, it-SHP2 and s-SHP2 in different PD-L1 status (c), smoking status (d),
KRAS mutation subtypes (e) and co-occurring genomic alterations (f). PD-L1, programmed death ligand 1; KP, KRAS + TP53; KL, KRAS + LKBI; KC,

KRAS + CDKN2A/B; KRAS, KRAS alone. *p < 0.05

the patients with PR, and 80% of patients with SD, had high
levels of SHP2, whereas half of the patients with PD had low
levels of SHP2 (Figure 4(a)). In 16 patients with high SHP2,
6 had PR, and 8 had SD, whereas in 4 patients with low
SHP2, 2 had SD and 2 had PD.

Survival analysis demonstrated that patients with high
level of SHP2 as well as it-SHP2 showed better PFS and OS
(p <0.001, p<0.001) (Figure 4(b), Figure S2(a),(b)).
Patients with high level of s-SHP2 also showed better PFS
(p = 0.014). Patients with PD-L1 21% had a longer PFS

(p = 0.023) than patients with PD-L1 <1%, and there was a
tendency of benefit when the cut-off point was 5%
(Figure S2(c)). Notably, a special group of patients with
both high level SHP2 and PD-L1 21% survived better than
the rest (p < 0.001) (Figure 4(c)). Patients with high level of
s-CD8 and s-TIM3 and low level of s-CD68 were associated
with better PFS (p = 0.017, p<0.001, p = 0.049)
(Figure S2(d)). There was no difference of survival among
KRAS sub-genotypes or subgroups of KRAS mutations
with different co-occurring mutated genes.
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DISCUSSION

KRAS mutation makes up nearly 10% of Chinese and 30%
of Caucasian NSCLC. Mutant KRAS has been deemed
undruggable since it was discovered. The survival rate of
KRAS mutant NSCLC patients was inferior to patients with
EGEFR alteration, which makes it urgent for further research
on novel therapeutics.>® Over the past several years, ICI had
transformed the treatment pattern of tumors, and a fraction
of patients with lung cancer could benefit.*® However, the
therapeutic effects varied in distinct common driver genes
such as KRAS, EGFR, and anaplastic lymphoma kinase
(ALK). Increasing attention has been paid to the immuno-
therapy of KRAS mutant NSCLC for its high tumor muta-
tion burden (TMB), increasing tumor-infiltrating
lymphocytes (TILs), elevated expression of PD-L1, and
patient’s smoking history.””*® In KRAS mutant lung cancer,
there is also a great need to further refine the efficient bio-
marker to predict the efficacy of ICI treatment.

SHP2 is one of the newly emerging anticancer targets
that regulates RTK-RAS-ERK signaling pathway and also
participates in PD-1/PD-L1 signaling pathway.'>'* In the

tumor microenvironment, SHP2 may play diversified roles
in different cell types, especially epithelial cancer cells,
immune T cells, macrophages, etc. It has been reported that
mutant cancer cells SHP2 played critical roles in survival
and proliferation in KRAS. However, it remains unclear
whether SHP2 mediates differential roles in T cells, macro-
phages, and cancer cells in clinical KRAS mutant NSCLC,
and whether SHP2 expression predicts the efficacy of ICI in
KRAS mutant cancers. Our study explored the expression
and potentially predictive role of pSHP2 in tumor microen-
vironment of KRAS mutant ICI-treated NSCLC.

We assessed the expression of SHP2 in both intratumoral
and stromal areas by routine single plex IHC. SHP2 was
expressed in 32 (94.1%) samples. In these KRAS mutant lung
cancer specimens, SHP2 was heterogeneously expressed in
both tumor cells and immune cells. SHP2 expression level in
intratumoral and stromal areas was positively correlated, but
higher in intratumoral area. mIFC was used to present the
expression level of SHP2 in CD4" T cells, CD8" T cells,
CD68" macrophage cells, and tumor cells. Again, we found
SHP2 is commonly expressed in KRAS mutated tumor cells
and is also expressed in immune cells including T cells and
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FIGURE 4 Kaplan-Meier curves for PFS and OS according to the expression level of SHP2 and PD-LI. (a) Best overall response (BOR) and the
expression level of SHP2 in patients available for survival analysis. PR, partial respond; SD, stable disease; PD, progress disease. (b) PFS and OS in patients
with high SHP2 expression versus low SHP2 expression. PFS, progression-free survival; OS, overall survival. (c) PES and OS in patients with high/low SHP2
and PD-L1. Venn diagram depicting the number of patients with different SHP2 and PD-L1 expression state. PD-L1, programmed death ligand 1.

(d) Radiological evaluation before and after ICI and mIFC analysis of two patients with high (case 1) and low (case 2) expression of SHP2. ICI, immune

checkpoint inhibitor; mIFC, multiplexed immunofluorescence cytochemistry

macrophages. Expression of s-SHP2 is correlated with s-PD-
L1 expression, it/s-CD8" T cells, and it/s-CD4" T cells.
Expression of SHP2 in different types of immune cells
strongly suggested it played key roles in orchestrating the for-
mation of immunosuppressive tumor microenvironment.
Previous studies showed that KRAS G12D, G12V, and
G13C mutation groups tended to have higher PD-L1 expres-
sion whereas KRAS GI2A and GI2C mutation groups
tended to lack PD-L1 expression, which may affect the
clinical efficacy of ICL*” TP53 co-mutation group exhibited
better objective response rate with ICI, whereas LKB1 co-
mutation group promoted the resistance to ICL.*° To explore
if SHP2 expression varies in different subgroups of KRAS
mutant lung cancer, we compared SHP2 levels among them.
In our study, however, there is no discrepancy of SHP2
expression among subgroups of different KRAS mutation
subtypes or of different co-occurring mutated genes,
suggesting SHP2 may play a similar role in all sub-genotypes
of KRAS mutant lung cancers. It is has been reported that

only part of KRAS mutant lung cancers could benefit from
ICI. Our finding displayed that ICI can benefit more in
patients with high SHP2-expressed NSCLC. A total of 100%
of the PR patients belong to the high SHP2 group, whereas
50% of the PD patients belong to the low SHP2 group. We
also observed that a high level of SHP2 was associated with
better PFS and OS, suggesting the survival benefit in high
SHP2-expressing KRAS mutant cases may result from the
SHP2-mediated modification of immune microenviron-
ment. Therefore, SHP2 seems to be a significant biomarker
to predict the efficacy of immunotherapy. We only detect
SHP2 in ICI-treated tumors, so it remains to be further
investigated whether SHP?2 is related with longer OS in non-
ICI-treated KRAS mutant patients. We also note that the
differential expression of SHP2 between KRAS mutant
NSCLC and KRAS wild-type NSCLC, or whether it plays
the same role as a predictive marker for the immunotherapy
in KRAS wild-type NSCLC, remains unclear. ICI has already
been approved as standard care for NSCLC, especially
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without driver gene alterations. Therefore, the expression
patterns and the potentially predictive value of SHP2 in
KRAS wild-type NSCLC need to be confirmed clinically.

It is reported that phosphorylation of intracellular ITIM
and/or ITSM of PD-1 receptor is required for activation of
SHP2 phosphatase.® In infiltrating T cells, PD-1 blockade
by ICI may reduce the ITIM/ITSM phosphorylation, down-
regulate the SHP2 signaling, and alleviate its inhibitive
effects on T cell activation. Therefore, antitumor immune
response can be promoted. In KRAS mutant cancer cells,
however, how the ICI treatment affects the SHP2 action of
mechanism remains unclear.

Previous studies demonstrated that the application of
SHP2 inhibitor was able to transform the immunosuppres-
sive environment through upregulating T cells and increas-
ing M1 macrophages.”® Zhao et al.*® illustrated that in a
CT-26 colon cancer xenograft model, SHP2 inhibitor could
elevate proportion of CD8IFN-y* T cells, and the combi-
nation of SHP2 and PD-1 inhibitor synergized the tumor
killing effect. We assume that immunotherapy can trans-
form the depressed state of T cells caused by SHP2 and,
therefore, exert enhanced antitumor effect in some degree.
Mainardi et al.” reported that the combination of SHP2 and
MEK inhibitors decreased the level of KRAS-GTP and
pERK, and decelerated tumor progression generated
synthetic lethality in KRAS mutant lung cancer cell lines
and organoid models. However, it is hard to explain how
SHP2 in tumor cell worked with immunotherapy and the
reason why high level of SHP2 showed better survival.
Hence, it is worth investigating the effects of immune check-
point inhibitors on SHP2-signaling in tumor cells.

There are a few limitations in our study. First, the num-
ber of KRAS mutant NSCLC patients treated with immuno-
therapy is not large. More patients will be recruited in the
future to further certify the accuracy of SHP2 to predict the
effect of immunotherapy on KRAS mutant NSCLC patients.
Treg cells were not included for detailed analysis in our
study. We have indicated that SHP2 had close relation with
CD8" T cells and CD4" T cells, so we wonder whether
SHP2 modifies tumor immune microenvironment through
regulatory T cells. In the next step, we plan to use in vitro
cell models or organoid models to investigate how SHP2
plays a master role in orchestrating the interaction between
tumor cells and immune cells. There is also a need to search
effective treatment by targeted inhibition of SHP2 and to
identify the detailed effects of SHP2 inhibition on cytotoxic
T cells, Tregs, macrophages, and other immune cells in clin-
ical samples.

In summary, our findings showed that SHP2 is a prom-
ising predictive marker for ICI treatment in KRAS mutant
NSCLC. In KRAS mutant lung cancers, SHP2 expression
was correlated with PD-L1 and may be complementary to
PD-L1 as a routine biomarker testing for ICI. We also
observed that SHP2 was expressed in both tumor cells and
immune cells in clinical samples. Intratumoral or stromal
SHP2 was associated with CD8" T cells and macrophages
infiltration. Together, these data suggest a rationale for

conditional targeting SHP2 to improve the TME and the effi-
cacy of ICI in NSCLC. Further studies are needed to validate
the predictive role of SHP2 protein expression. Studies on the
roles of SHP2 in tumor cells, cytotoxic T cells, Tregs, macro-
phages, and other stromal cells in TME are also warranted.
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