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Abstract
Background: PD-L1 expression and tumour mutational burden (TMB) have been demonstrated to be
associated with the responses of multiple tumours to ICI therapy. Their prevalence and correlations in
various types of advanced solid tumours from Chinese patients warrant further study.

Methods: PD-L1 expression, TMB, PD-1+ Tils in�ltration and the relationships among them were assessed
in 6,668 advanced solid tumour specimens across 25 tumour types. The relationships among PD-L1
expression, TMB, PD-1+ Tils and CD8+ T cell in�ltration and the therapeutic effect of PD-1 inhibitors were
analysed in NSCLC samples.

Results: PD-L1 expression and TMB varied widely among tumour types. PD-L1 expression and TMB was
not signi�cantly correlated within most cancer subtypes, and they showed only a small association
across all specimens (Spearman R = 0.059). PD-1+ Tils in�ltration was correlated with PD-L1 expression
across all samples (Spearman R = 0.3056). However, PD-1+ Tils in�ltration and TMB were not correlated.
In NSCLC samples, CD8+ T cell in�ltration was correlated with PD-1+ Tils in�ltration and PD-L1 expression
but not with TMB (Spearman R = 0.4117, 0.2045, 0.0007). Patients in the CR/PR group (anti-PD-1
therapy) had higher levels of PD-L1 expression, TMB, PD-1+ Tils and CD8+ T cell in�ltration, and more
patients in this group exhibited elevated levels of multiple biomarkers.

Conclusions: Our results showed the PD-L1 expression and TMB in various types of advanced solid
tumours in Chinese patients and their relationship with PD-1+ Tils and CD8+ T cell in�ltration, which may
inform ICI treatment. 

Background
Tumour immunotherapy has been progressing rapidly, especially immune checkpoint inhibitor (ICI)
therapy. At present, not many ICIs are approved for use in China, and their indications are still few. Most
ICIs and indications are still in clinical trials. However, recent studies have found that some solid tumours
in China or Asia have better e�cacy after ICI treatment than in other regions, such as oesophageal cancer,
heptocellular carcinoma, gastric or gastroesophageal junction (G/GEJ) adenocarcinoma [1–3]. The
possible reasons have not been fully revealed.

Previous studies have identi�ed a number of distinct biomarkers to predict the e�cacy of ICI treatment, of
which the expression of PD-L1 on tumour cells or tumour-in�ltrating immune cells and the tumour
mutational burden have become the most widely used biomarkers [4–22]. To predict the e�ciency of ICIs,
PD-L1 and TMB have consistently been shown to represent independent and not correlated predictive
variables [17, 19, 23–25]. There is dramatic variation in the frequency of PD-L1 expression and TMB
between individual tumours and between different tumour types [26–30]. Therefore, analysis of the PD-
L1 expression and TMB between different samples or tumour types from different patient populations
may be helpful for more accurate selection of responders to ICI treatment.
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PD-L1 and TMB in the tumour microenvironment, alone or in combination, can de�ne groups of tumours
that are "hypermutated and in�amed", "hypermutated", "in�amed" and "non-hypermutated and non-
in�amed" which might respond differently to ICIs [30, 31]. CD8 or PD-1 expression is also a sign of the
in�ammatory response in the tumour microenvironment. A retrospective study reported that the
expression of CD8 and PD-1 can also be used to predict the e�cacy of ICIs, and the predictions of TMB,
PD-1, and CD8 together can explain the objective response rate of most tumour types after receiving ICIs
[32]. PD-L1, TMB, PD-1, and CD8 are each a potentially relevant link in the antitumour immune response
process; however, their correlation has not been reported for large samples of multiple cancer types.
Importantly, the frequency and correlation of these biomarkers in different types of solid tumours from
Chinese patients have not been reported in large sample sizes.

In this study, we sought to determine the frequency and correlation of PD-L1 expression and TMB, and
their correlation with Tils in�ltration in tumour tissue samples across multiple tumour types from 6,668
Chinese advanced tumour patients. We also analysed the distribution of these biomarkers and their
relationship with e�cacy in small-sample immunotherapy cohorts.

Methods

Patient recruitment and sample collection
This study included 6,668 patients with advanced solid tumours, representing a total of 25 tumour types,
who were tested for pharmacodynamics-related biomarkers at the Genecast Precision Medicine
Technology Institute between March 2016 and February 2019. Each patient had a su�cient amount of
tumour tissue sample for the detection of PD-L1, TMB, and PD-1. The clinical information of the patients
is shown in Additional �le 2: Supplementary Table 1. Samples from 347 NSCLC patients were used to
study the relationship between CD8 and PD-1, and 33 of them received anti-PD-1 therapy. The relationship
of PD-L1, TMB, PD-1, CD8 and the e�cacy of anti-PD-1 therapy was evaluated in these 33 cases. This
study was conducted with the approval of the ethics committees of the Beijing Ditan Hospital a�liated
with the Capital Medical University and the Genecast Precision Medicine Technology Institute. Each
patient signed a written informed consent form.

Immunohistochemical staining for PD-L1, PD-1, MLH1,
MSH2, MSH6, and PMS2
Para�n-embedded tumour tissue samples were sectioned at a thickness of 4 µm and transferred to
coated glass slides. For PD-L1 staining, the slides were stained with a Ventana GX automated system
(Ventana, AZ, USA). Antigen retrieval was performed in cell conditioning 1. The primary antibody speci�c
for PD-L1 (clone SP142) was diluted 1:25 and incubated for 32 min at room temperature to stain tumour
cells. The antibody was detected with the Ventana Ampli�cation Kit and Ventana ultraView Universal DAB
Detection Kit. Digital images were captured using an Aperio Scanscope AT Turbo slide scanner under 20x
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magni�cation. Scoring of PD-L1 expression was performed using digital image analysis software,
namely, Aperio Membrane v9 and Aperio Genie Classi�er. PD-L1 expression was reported as a continuous
variable with the percentage of tumour cells staining with any intensity. PD-L1 expression for each
sample was also classi�ed as negative, low-positive, or high-positive PD-L1 expression. Negative
expression was de�ned as < 1% of tumour cells staining. Low-positive expression was ≥ 1% and < 50% of
tumour cells staining. High-positive expression was ≥ 50% of tumour cells staining. These scoring
systems were based on previous studies using an SP142 assay [33–35].

For PD-1, MLH1, MSH2, MSH6, and PMS2 staining, high-pressure reparation was used for antigen
retrieval. Endogenous peroxidase activity was blocked by 3% hydrogen peroxide for 10 min. After
repeated washes in PBS, the slides were incubated with antibodies against PD-1 (clone CAL20, ab237728,
Abcam; dilution 1:250), MLH1 (clone ES05, RTU, Dako), MSH2 (Clone FE11, RTU, Dako), MSH6 (Clone
EP49, RTU, Dako), and PMS2 (Clone EP51, RTU, Dako) according to the manufacturer's instructions. The
binding of the primary antibodies was visualized by a mouse/rabbit hypersensitive polymer method
detection system (PV-8000/6000, Zsbio, Beijing, China) at 37 °C for 30 min. Then, DAB was used for
colour development for 6 min. Finally, the tissue sections were counterstained with haematoxylin,
dehydrated, and mounted. The immune cell score for PD-1 was reported as a continuous variable with the
percentage of the tumour area with any intensity of PD-1 staining. The criterion for dMMR was one or
more of the four proteins MLH1, MSH2, MSH6, and PMS2 not expressed at all in tumour cells in a
section. Two pathologists con�rmed the quality and results of the experiment.

Multiplex Immunohistochemical Staining For Pd-1 And Cd8

Para�n-embedded tissue blocks were serially sectioned
into 3 µm sections for the following procedures. The slides
were depara�nized in xylene, rehydrated, and washed in tap
water before boiling in Tris-EDTA buffer (pH 9; 643901;
Klinipath) for epitope retrieval/microwave treatment
(MWT). Endogenous peroxidase and protein blocking were
performed using Antibody Diluent/Block (72424205,
PerkinElmer) for 10 min at room temperature. The antigens
were labelled sequentially. Each round of antigen labelling
consisted of three steps: primary antibody incubation,
secondary antibody incubation, and TSA visualization. The
antigen-labelled primary/secondary antibody and TSA
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complex were removed by MWT with Tris-EDTA buffer (pH
9) at the end of each round, and then the next antigen was
labelled. The slides were �nished with MWT, counterstained
with DAPI for 5 min, and mounted in Antifade Mounting
Medium (I0052; NobleRyder). The primary antibodies used
were anti-PD-1 antibody (clone CAL20, ab237728, Abcam;
dilution 1:100) and anti-CD8 antibody (clone 144B,
ab17147, Abcam; dilution 1:25). The primary antibodies
were incubated according to the manufacturer’s
instructions. Next, incubation with Polymer HRP Rb (PV-
6001, Zsbio) or Polymer HRP Ms (PV-6002, Zsbio) was
performed at 37 °C for 10 min. TSA visualization was
performed with the Opal 7-Color IHC Kit (NEL797B001KT,
PerkinElmer) containing the �uorophores DAPI, Opal 690
(PD-1) and Opal 540 (CD8) and the TSA Coumarin System
(NEL703001KT; PerkinElmer). The slides were scanned
using the PerkinElmer Vectra (Vectra 3.0.5, PerkinElmer).
Multispectral images were unmixed using spectral libraries
built from images of single-stained tissue samples for each
reagent using inForm Advanced Image Analysis software
(inForm 2.3.0, PerkinElmer). A selection of 15
representative original multispectral images was used to
train the inForm software (tissue segmentation, cell
segmentation, phenotyping tool, and positivity score). All of
the settings applied to the training images were saved in an
algorithm to allow batch analysis of multiple original
multispectral images of the same tissue. Two pathologists
con�rmed the quality and results of the experiment.

Dna Extraction And Targeted Gene Capture Sequencing
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DNA extraction from the FFPE tumour specimens and targeted gene capture sequencing for the TMB test
were performed using the standard protocols mentioned previously [36]. A total of 2 ml of whole blood
was collected from each patient, and DNA from the peripheral blood lymphocytes was extracted as a
normal control. DNA libraries were captured with a designed Genescope panel of 543 genes (Genecast,
Beijing, China) that included major tumour-related genes, covering 1.7 Mb of the genomic region. The
captured samples were subjected to Illumina NovaSeq 6000 platform using the pair-end sequencing
method.

Bioinformatics Pipeline And Tumour Mutation Burden
Analysis
The bioinformatics pipeline and tumour mutation burden analyses were performed using the standard
protocols mentioned previously [36]. All base substitutions, short insertions, and deletions were initially
recorded before �ltering. The generated candidate mutations were annotated using Annovar software
tools [37] and subsequently �ltered using genomic databases such as Catalogue of Somatic Mutations in
Cancer (COSMIC), the Short Genetic Variations database (dbSNP), and the Exome Aggregation
Consortium (ExAC).

The TMB was de�ned as the number of somatic, coding, base substitutions, and indel mutations per
megabase of the genome examined. All base substitutions and indels in the coding region of the targeted
genes, including synonymous alterations, were initially counted before �ltering as described above.
Alterations that were predicted to be germline by the somatic - germline zygosity algorithm were not
counted. Known germline alterations in dbSNP were not counted. Germline alterations occurring with two
or more counts in the ExAC database were not counted [38]. To calculate the TMB per megabase, the total
number of mutations counted was divided by the size of the coding region of the targeted territory. TMB
was reported as a continuous variable. According to the TMB level, the patients were divided into three
groups: high, moderate, and low. The grouping criteria were based on the 75th percentile and 25th
percentile of this batch of data. Then, a TMB level that was greater than or equal to the 75th percentile
was de�ned as high. A TMB level less than the 25th percentile was de�ned as low, and the moderate level
occurred between the 25th and 75th percentiles.

Validation Of Tmb Test By Whole-exome Sequencing (wes)
WES was performed for tumour samples and matched normal control samples from 526 patients on the
Illumina NovaSeq 6000 platform using the pair-end sequencing method. High-quality paired-end reads
were aligned to the hg19 reference genome using the Burrows-Wheeler Aligner (BWA). The VarDict and
FreeBayes programs were used for single nucleotide variation (SNV) and indel calling while the ANNOVAR
assay was used for the functional annotation of genetic variants. The somatic SNVs and indels were
�ltered as previously reported [28]. For the determination of TMB, the number of somatic nonsynonymous
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SNVs in the whole exome (with depth > 40X and allele frequency ≥ 0.05) detected by next generation
sequencing (NGS) was quanti�ed. Alterations known to be oncogenic drivers were excluded. TMB was
measured in mutations per Mb. The validation result show that the TMB value based on targeted gene
capture sequencing was consistent with the WES-based TMB value (Additional �le 1: Supplementary
Fig. 1).

Statistical Analyses
Statistical analyses were conducted using GraphPad Prism (version 8.2.0, La Jolla, CA, USA) and SPSS
version 22.0 (SPSS, Inc., Chicago, IL, USA). Correlations between two markers were tested using the
Spearman or Pearson correlation tests. The nonparametric Mann-Whitney U test was used to test the
signi�cance of differences between two populations. The Kruskal-Wallis test was used to test the
signi�cance of differences among three populations. All reported P-values are two-tailed, and for all
analyses, P ≤ 0.05 was considered signi�cant unless otherwise speci�ed. A heat map and cluster
analysis were implemented using R software (v3.5.1) and ComplexHeatmap (bioconductor) package.

Results

PD-L1 expression and TMB landscape across tumour types
In total, 6,668 patients with advanced tumours representing 25 tumour types were enrolled in the study,
and samples with paired PD-L1 expression and TMB value were obtained during the course of standard
clinical care. Summary PD-L1 qualitative IHC data are shown in Fig. 1A. PD-L1 expression varied widely
among the tumour types examined. Nasopharyngeal and thymic carcinoma had the highest frequency of
PD-L1 positivity (75%, 68%), whereas small bowel carcinoma had the lowest frequency of PD-L1 positivity
(9%). Across all samples, 3.6% of specimens were PD-L1 high-positive (de�ned as ≥ 50% tumour cells
staining positive for PD-L1). Among the distinct tumour types, nasopharyngeal and thymic carcinomas
had the highest frequency of PD-L1 high-positive samples (51%, 46%), whereas endometrial cancer had
the lowest (0%) (Additional �le 1: Supplementary Fig. 2).

The median TMB across all samples was 5.08 mutations/Mb (IQR 1.99–8.89). Summary TMB data for
different tumour types are shown in Fig. 1B. The median TMB for each tumour type ranged from 1.27
mutations/Mb in GIST cancer to 34.36 in colorectal (dMMR) cancer. dMMR was detected in 23 tumour
types, and tumours with dMMR had the highest TMBs (P < 0.0001) (Additional �le 1: Supplementary
Fig. 3A-B). Small cell lung cancer had the highest TMBs of the non-dMMR cancers. However, PD-L1
expression did not differ between dMMR tumours and pMMR tumours (P = 0.779) (Additional �le 1:
Supplementary Fig. 3C). Cancers associated with mutagens (NSCLC-Squamous, urothelial cancer)
generally had the higher TMBs of any tumour type.

Relationship of PD-L1 expression and TMB
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Figure 2A shows TMB for all PD-L1-negative, PD-L1-low-positive, and PD-L1-high-positive specimens. PD-
L1-high-positive specimens had higher TMBs than PD-L1-low-positive and negative specimens (both P < 
0.0001). Across all individual specimens examined, there was a small but positive association between
the PD-L1 expression and TMB (Spearman R = 0.059, P < 0.0001). However, the relationship between
these 2 biomarkers was not consistent across tumour types (Additional �le 2: Supplemental Table 2). The
strongest association between PD-L1 expression and TMB was within endometrial and neuroendocrine
cancers (Spearman R all > 0.3). There was also a weak but positive association between PD-L1
expression and TMB among cervical, gastric (pMMR), HNSCC, NSCLC (non-squamous), NSCLC
(squamous) and sarcomas (Spearman R all < 0.3). However, PD-L1 expression and TMB did not correlate
among most other tumour types.

Figure 2B shows proportion of samples based on PD-L1-high and TMB-high classi�cations for different
tumour types. Nasopharyngeal cancer had the highest proportion of samples with both PD-L1-high-
positive specimens and high TMB (14%). However, endometrial, neuroendocrine, ovarian, gallbladder,
breast, urothelial, gastric (dMMR), colorectal (dMMR), and colorectal (pMMR) cancers had no samples
with both PD-L1-high-positive specimens and high TMB.

PD-1 + Tils in�ltration is related to PD-L1 expression but not
to TMB
Figure 3A shows the differences in PD-1+ Tils in�ltration between all PD-L1-negative/low-positive and PD-
L1-high-positive specimens, and Fig. 3B shows that between all TMB-moderate/low and TMB-high
specimens. PD-L1-high-positive specimens had higher PD-1+ Tils in�ltration than PD-L1-low-positive and
negative specimens (P < 0.0001). However, there was no difference in PD-1+ Tils in�ltration between TMB-
moderate/low and TMB-high specimens (P = 0.9991). Across all individual samples, there was a positive
association between the PD-1+ Tils in�ltration and the PD-L1 expression (Spearman R = 0.3056, P < 
0.0001) (Additional �le 2: Supplemental Table 3). However, the relationship between these two
biomarkers was not consistent across tumour types. The PD-1+ Tils in�ltration and PD-L1 expression did
not correlate within cervical, colorectal (dMMR), endometrial, gastric (dMMR), GIST, glioblastoma, small
bowel, thymic, and urothelial cancers. There was a positive association between PD-1+ Tils in�ltration
and PD-L1 within other tumour types, and the strongest association was within breast, gallbladder,
HNSCC, melanoma, and neuroendocrine cancers (Spearman R all > 0.4). There was no correlation
between the PD-1+ Tils in�ltration and TMB, whether across all individual samples or across tumour
types (Additional �le 2: Supplemental Table 4).

CD8 + T cell in�ltration is related to PD-1+ Tils in�ltration
and PD-L1 expression but not to TMB
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We labelled CD8 and PD-1 proteins on the same slides from 347 NSCLC samples by multiplex
immunohistochemistry and analysed the content of CD8+ T cells, PD-1+ Tils, and CD8+PD-1+ T cells
(Fig. 4A). The frequency of PD-1+ Tils, CD8+ T cells, and CD8+PD-1+ T cells across all individual samples
varied, and their median frequency was 5.5% (IQR 2.9%-8.9%), 1.7% (IQR 0.6%-4.2%), and 0.1% (IQR
0%-0.5%) respectively. There was a positive association between CD8+ T cells and PD-1+ Tils (Spearman
R = 0.4117, P < 0.0001) (Fig. 4B). However, the median proportion of CD8+PD-1+ T cells in total PD-1+ Tils
and total CD8+ T cells was not high, 7.8% (IQR 3.6%-14.7%) and 2.4% (IQR 0.5%-7.6%), respectively
(Fig. 4C-D). Further analysis also found a positive association between CD8+ T cells and PD-L1
expression (Spearman R = 0.2045, P = 0.0007), but there was no correlation between CD8+ T cells and
TMB (Spearman R = 0.0007, P = 0.9138) (Fig. 4E-F).

PD-L1 expression, TMB, PD-1 + Tils, and CD8+ T cell
in�ltration are related to the response of anti-PD-1 therapy
in NSCLC
In the 347 NSCLC patients mentioned above, 33 of them received the anti-PD-1 therapy or anti-PD-1
therapy plus chemotherapy. All patients were EGFR/KRAS wild-type patients, including 14 cases of lung
adenocarcinoma and 20 cases of lung squamous cell carcinoma, of which 10 received PD-1 inhibitor
monotherapy and 23 patients received a combination of PD-1 inhibitor plus chemotherapy. Detailed
clinical information on those cases is provided in Additional �le 2: Supplementary Table 5. The e�cacy
of treatment was evaluated as objective tumour response; 1 case achieved CR (complete response), 12
cases achieved PR (partial response), 9 cases had SD (stable disease), and 11 patients had PD
(progressive disease). There was no signi�cant difference in objective response rates (ORR = (CR + 
PR)/(CR + PR + SD + PD)) between the PD-1 inhibitor monotherapy group and the PD-1 inhibitor plus
chemotherapy group. The ORR of the monotherapy group was 40.0%, and the ORR of the PD-1 inhibitor
plus chemotherapy group was 39.1%. The heat map result for the cluster analysis of each case showed
that the CR/PR group had higher levels of PD-L1 expression, TMB, PD-1+ Tils in�ltration, and CD8+ T cell
in�ltration, and most patients in this group exhibited elevated levels of multiple biomarkers. However, in
the SD/PD group, the four markers were at a lower level (Fig. 5A). Generally, the levels of the three
biomarkers, including TMB, PD-1+ Tils in�ltration, and CD8+ T cell in�ltration, were signi�cantly higher in
the CR/PR group than in the SD/PD group (P = 0.0017, P = 0.0466, and P = 0.0396, respectively) (Fig. 5B-
D). The PD-L1 expression was also higher in the CR/PR group than in the SD/PD group, but this
difference was not signi�cant (P = 0.7364) (Fig. 5E).

Discussion
To the best of our knowledge, this is the largest report of PD-L1 expression by IHC and TMB by targeted
gene capture sequencing across multiple tumour types from Chinese advanced cancer patients. We
found that PD-L1 expression and TMB varied widely among the tumour types (Fig. 1). This result is
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similar to the previous report in general [30]. However, in some tumour types the status of PD-L1
expression and TMB differed from our �ndings. Our study found that the PD-L1 expression and TMB
levels of melanoma were lower than those reported in the previous study. This may be due to differences
in the tissue origin of the tumour. Chinese melanoma is mostly mucosal rather than the UV-related
hypermutated skin type. In oesophageal cancer, the positive rate of PD-L1 was much higher than that of
previous reports. Recent studies have found that oesophageal cancers in China have better e�cacy after
ICI treatment than in other regions [1]. These results suggest that differential studies of ICI-related
biomarkers in different populations are needed.

The relative independence of PD-L1 expression and TMB within most tumour types suggests that each
biomarker could inform the use of ICI therapy in tumours with speci�c tumour microenvironments.
Previous reports have suggested that these biomarkers could de�ne the immunologic state of the tumour
microenvironment as “hypermutated and in�amed”, “hypermutated”, “in�amed”, or “nonhypermutated
and nonin�amed” based on TMB-high and PD-L1-high classi�cations [30, 31]. The nonhypermutated and
nonin�amed type of tumour may be resistant to ICI monotherapy, and the hypermutated and in�amed
types of tumour are the best for ICI monotherapy. Based on the results of this study, our study found that
some tumour types can be similarly classi�ed, such as nasopharyngeal, NSCLC, HNSCC, etc. However,
this classi�cation may not be suitable for other tumour types, such as endometrial, breast, urothelial,
colorectal, etc. (Fig. 2). There were no or few hypermutated and in�amed samples in these tumour types.
For these tumour types, their e�cacy for immunotherapy alone requires validation by clinical trials. The
immunotherapeutic intervention strategy that combines other treatments also needs to be considered,
and the biomarkers associated with their e�cacy may need to be evaluated from other perspectives.

PD-1 expression has also shown predictive power in evaluating the e�cacy of ICI therapy [32, 39]. Our
study also found that in samples of most tumour types there was a positive association between the PD-
1+ Tils in�ltration and PD-L1 expression (Fig. 3) (Additional �le 2: Supplemental Table 3); in addition, PD-
1+ Tils did correlate with CD8+ T cells in the NSCLC samples tested (Fig. 4). In T cells, PD-1 expression
may indicate cell activation. Similar to PD-1, PD-L1 expression can also be a marker of immune
activation. The expression of PD-L1 on tumours and in the tumour microenvironment is mostly
dependent on the immune activation pathway of IFN-r. IFN-r produced by effector T cells soon after but
not before activation of immune response is the major inducer of PD-L1 expression at the transcription
level [40, 41]. However, PD-1 is generally expressed on many types of tumour-in�ltrating lymphocytes in
tumour tissues and not only on effector T cells. Our study found that the proportion of CD8+PD-1+ T cells
in total PD-1+ Tils varied greatly in different samples, but overall, it was not high (median 7.8% (IQR
3.6%-14.7%)) (Fig. 4). There are other immune cells in large amounts in the microenvironment that
express PD-1. If there are a large number of Tregs or MDSCs in these immune cells, the e�cacy of ICI
treatment may not be good. This hypothesis requires further research to provide practical evidence. In this
study, we found that PD-1+ Tils in�ltration did not correlate with TMB (Fig. 3) (Additional �le 2:
Supplemental Table 4). Interestingly, recent studies have shown that the e�cacy of anti-PD-1 therapy is
not signi�cantly associated with TMB [42–44]. In these clinical trials, the TMB levels were not



Page 11/20

signi�cantly associated with objective response rates, progression-free survival, and overall survival. Our
results provide a reasonable explanation for the results of these clinical trials, which is that TMB-H
tumours may not have enough drug-reactive PD-1+ Tils to elicit a therapeutic response of PD-1 inhibitors
during initial treatment.

A retrospective study reported that the predictions of TMB, PD-1, and CD8 together can explain the
objective response rate of most tumour types after receiving ICIs [32]. Our research found a similar
phenomenon. In the NSCLC cases receiving anti-PD-1 therapy, we found that the samples of the CR/PR
group had higher levels of PD-L1 expression, TMB, PD-1+ Tils in�ltration, and CD8+ T cell in�ltration
(Fig. 5), and most of the individual samples that were multiple biomarkers were at a high level. Some of
these samples could be clustered into “hypermutated and in�amed”, or “hypermutated”, or “in�amed”
types as mentioned above. However, there was no such phenomenon in the SD/PD group, and most of
the samples in this group could be clustered into the “nonhypermutated and nonin�amed” type. We
believe that the classi�cation of "hypermutated and in�amed", "hypermutated", or "in�amed" should not
be based only on the results of TMB and PD-L1 but rather should be based on the results of more
biomarkers such as TMB, PD- L1, PD-1, and CD8, which may be more effective in helping to �nd more
responders to PD-1 inhibitor therapy.

The advantages of this study include the use of clinically validated analytical methods in a CAP-certi�ed
laboratory to report PD-L1 expression, TMB, and other markers in a large number of representative clinical
samples from Chinese patients. A limitation is that the sample used to observe the therapeutic
relationship between biomarkers and ICI was derived from only one tumour type, and the sample size was
small. The role of these markers in the treatment of ICI in different tumour types requires further
exploration and validation.

Conclusions
In summary, we analysed PD-L1 expression, TMB, and Tils in�ltration and their correlations in various
types of advanced solid tumours from Chinese patients. These data may inform ICI treatment and help
identify the type of tumour or individual patient most likely or least likely to bene�t from ICI treatment.
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Additional File Legends
Additional �le 1: Supplementary �gure 1-3 and �gure legends.

Additional �le 2: Supplementary table 1-5.

Figures

Figure 1

Landscape of PD-L1 expression and TMB across tumour types. A. Percentage of tumours with positive
PD-L1 expression (≥1%) by IHC within 25 major tumour types, from the lowest frequency of positivity
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(left) to the highest frequency (right). B. Tumours are ordered from the lowest median TMB (left) to the
highest median TMB (right). dMMR, mismatch repair de�cient.

Figure 3

Relationship between TMB and PD-L1 expression. A. Differences in TMB between PD-L1-negative, low-
positive and high-positive tumours. Kruskal-Wallis test. B. Proportion of samples based on PD-L1-high
and TMB-high classi�cations for different tumour types. PD-L1-H, PD-L1 high-positive. PD-L1-LN, PD-L1
low-positive and negative. TMB-H, TMB high. TMB-ML, TMB moderate and low.
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Figure 5

Differences in PD-1+ Tils in�ltration between groups divided by PD-L1 expression and TMB. A.
Differences in PD-1+ Tils in�ltration between PD-L1-high-positive tumours and PD-L1-negative or low-
positive tumours. Mann-Whitney U test. B. Differences in PD-1+ Tils in�ltration between TMB-high
tumours and TMB-moderate or low tumours. Mann-Whitney U test.
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Figure 7

Relationships among CD8+ T cell in�ltration, PD-1+ Tils in�ltration, PD-L1, and TMB. A. Representative
images of PD-1+ Tils, CD8+ T cells, and CD8+PD-1+ T cells in the same slide from a lung
adenocarcinoma sample evaluated by multiplex immunohistochemical staining. 20x magni�cation. B.
Correlation analysis between PD-1+ Tils and CD8+ T cells. Spearman correlation test. C-D. The median
proportion of CD8+PD-1+ T cells in total PD-1+ Tils and total CD8+ T cells. In the brackets is the
interquartile range (IQR). E. Correlation analysis between PD-L1 and CD8+ T cells. Spearman correlation
test. F. Correlation analysis between TMB and CD8+ T cells. Spearman correlation test.



Page 20/20

Figure 9

Relationships among PD-L1 expression, TMB, PD-1+ Tils, CD8+ T cell, and response to anti-PD-1 therapy.
A. Heatmap result of the PD-L1 expression, TMB, PD-1+ Tils in�ltration, and CD8+ T cell in�ltration in
different groups according to the response to anti–PD-1 therapy. B-E. Differences in PD-L1 expression,
TMB, PD-1+ Tils in�ltration, and CD8+ T cell in�ltration between the CR/PR group and SD/PD group.
Mann-Whitney U test. CR, complete response. PR, partial response. SD, stable disease. PD, progressive
disease.
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