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Purpose: To explore the impact between the tumor mutational burden (TMB) and pro-

grammed death ligand-1 (PD-L1) expression on NSCLC in the Yunnan region of south-

western China.

Patients and Methods: Seventy-one NSCLC specimens that were pathologically con-

firmed were collected at first. The TMB and driver genetic alterations were evaluated

accordingly by next-generation sequencing (NGS). Afterwards, clinical parameters and

tumor PD-L1 expressions were collected. Finally, the relationship between TMB, PD-L1

expression and clinical outcome was evaluated.

Results: The median TMB was 5 (0.6–49) mutations/Mb by our NGS panel and the majority

of patients (63/71, 88.7%) did not receive immunotherapy. The progression-free survival

(PFS) was longer in TMB-low patients versus TMB-high ones (median 18.0 vs. 9.0 months,

hazard ratio = 0.34, 95% confidence interval 0.14 to 0.84, p = 0.02) and the cut-off value was

10 mutations/Mb. The overall survival (OS) was longer in TMB-low patients vs. TMB-high

ones (median 21.0 vs. 10.0 months, HR = 0.32, 95% CI 0.12 to 0.82, p = 0.02). Notably, our

study also found that, excluding the eight patients with immunotherapy, the PFS was longer

in patients with TMB-low vs. TMB-high (median 19.0 vs. 8.0 months, HR = 0.11, 95% CI

0.03 to 0.39, p < 0.01) and the OS was longer in TMB-low patients vs. TMB-high (median

21.0 vs 10.0 months, HR = 0.12, 95% CI 0.03 to 0.42, p < 0.01).

Conclusion: TMB was a valid and independent prognostic biomarker for NSCLC patients’

clinical outcome and comprehensive screening of TMB based on NGS is recommended for

individualized treatment strategies in Yunnan population.

Keywords: non-small-cell lung cancer, TMB, programmed death ligand-1 expression, next-

generation sequencing

Introduction
The most commonly diagnosed cancers in China, in 2018, were lung cancers

(774,323 new cases with an incidence of 35.10/100,000) and they were the

dominant cause of cancer-related death (690,567 deaths were estimated) in

2018.1 Studies have shown that non-small-cell lung cancer (NSCLC) is the

most common subtype of lung cancer.2 Recently, immunotherapy has become

a vital treatment strategy in addition to chemotherapy, radiotherapy and targeted

therapy. Since 2015, immunological checkpoint inhibitors (ICIs) have been

successively authorized by US Food and Drug Administration (FDA) as standard

strategy for NSCLC in second-line or first-line treatment.3–7 Although this
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breakthrough has significantly prolonged progression-

free survival (PFS) and overall survival (OS) of

NSCLC patients, just 20% to 25% of patients will benefit

from ICIs.3–7 PD-L1 expression, evaluated by immuno-

histochemical analysis, is the reliable biomarker to pre-

dict benefit from immunotherapy.8,9 However, the PD-L1

expression as a valid biomarker remains a challenge, as

some patients with low/negative PD-L1 expression were

also able to effectively response to ICIs.3,4 Besides,

some patients with high PD-L1 expression cannot benefit

from ICI treatment, experiencing hyperprogressive dis-

ease (HPD).10 HPD, the acceleration of tumor growth

when receiving immunotherapy, was found in 9% of

advanced cancers with the treatment of PD-1/PD-L1

inhibitors.10,11 Moreover, PD-L1 expression occurs both

on cancer cells, and the non-cancer cells with the tumor

microenvironment.12 Thus, there is an urgent need for

identifying novel valid biomarkers to better select

patients that will be treated with ICIs.

Tumor mutational burden (TMB) has demonstrated

itself as a new estimated biomarker in NSCLC.13,14

Previous study demonstrated that patients with TMB-

high had prolonged PFS after they received PD-1/PD-L1

blockade, compared with patients who received

chemotherapy.15 Rizvi et al have also reported a whole

exome sequencing (WES) analysis that shows that a higher

TMB is related to a prolonged PFS in patients that were

treated with PD-1/PD-L1 blockade.13 Although the value

of WES in detecting TMB and estimating response to anti-

PD-1/PDL-1 therapies has been verified by some previous

study, it has many limitations.13,16 The use of clinical

limitations as well as time consuming procedures, cost

and tissue availability make next-generation sequencing

(NGS) better for clinical environment than WES.17 The

NGS platform can simultaneously capture all classes of

DNA alterations and TMB from only one sample.18,19

TMB, assessed by NGS, is related to response to ICIs in

NSCLC patients.20,21

Our center has had an established TMB and PD-L1

expression testing facilities (by NGS) since 2017; the

tested data can provide guiding information about local

NSCLC patients. TMB and PD-L1 expression status in

NSCLC patients in Yunnan area are unclear, so we first

revealed the TMB and PD-L1 with NSCLC in Yunnan

area and further explored the significance of TMB and PD-

L1 for NSCLC patients treated with ICIs and advanced the

effective guidance for clinical treatment.

Methods
Patient
For this retrospective study population, seventy-one NSCLC

patients were recruited for TMB and PD-L1 expression status

analysis, from the Third Affiliated Hospital of Kunming

Medical University between January 2017 and March 2020.

The included patients were provided with written informed

consent and the study was approved by the ethics committee

of the Third Affiliated Hospital of Kunming Medical

University, complying with the Declaration of Helsinki.

Enrolment criteria were adult age (>18 years) residency in

the Yunnan area, pathologically confirmed NSCLC and suf-

ficient tissue for TMB and PD-L1 analysis. Exclusive criteria

were as follows: any specimen with possible contamination.

Seventy-one sufficient tissue specimens were provided TMB

and PD-L1 analysis, PFS and OS data. In addition, other

information was collected including sex, age, tumor stage,

smoking history, histology, treatment status, tumor type,

demographic, TMB, PD-L1 expression and driver mutations.

DNA Extraction and NGS Library

Construction
Genomic DNA samples from formalin-fixed paraffin-

embedded (FFPE) were extracted by using the

QIAampDNA FFPE Tissue Kit according to the manufac-

turer’s instructions. The FFPE tissue section was cut into 5

μm in thickness and the percentage of tumor cells was more

than 20%. Qubit dsDNA HS Assay Kit detected the concen-

tration of DNA (>300ng and 10 ng/μL). The range of DNA
input was from 50 to 200ng. If DNA input was <50ng, an

extra PCR cycle was adopted during target enrichment. And

then enzyme-shearing extracted DNA and sequencing

libraries were prepared by using the TIANSeq DirectFast

DNA Library Prep Kit. VAHTS Library Quantification Kit

for Illumina was used to quantify nucleic acid when the Ct

value of library was lower than 10.

Sequencing and TMB Calculation
Before sequencing, capture libraries were manufactured at

a concentration of 2ng/μL. Captured probes were designed

and synthesized by Integrated DNA Technologies (IDT,

xGen Lockdown Probes), which contained 547 genes to

assess TMB and the detection sites were spread at an average

of genomes in human 23 chromosomes. Hybrid capture-

selected libraries with captured DNA segments were per-

formed sequencing by Illumina® HiSeq X-TEN and libraries

were diluted to 78pM. PhiX libraries weremixedwith diluted
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captured libraries in a ratio of 1:1. Raw data were processed

on Illumina® HiSeq X-TEN (>1000X depth in tissue, sensi-

tivity <1%) and aligned to the hg19 reference genome.21 The

subsequent analysis was performed by our own program

KEYseq V2.0. TMB was counted by summing all variants

present at 5% allele frequency or more, which was shown

with mutations per megabase (mut/Mb) unit. Notably, non-

synonymous variants were included in the variants. Germline

alterations and known/likely driver genes were filtered out by

a somatic-germline/zygosity (SGZ) algorithm. The TMB

calculation is dependent on variables such as percentage of

tumor, filtering of alterations included in the score, the read

depth and so on. Some studies15,22 showed that the definition

of high TMBwas not one universal number in various tumor

types. The optimal cutpoint seems to change in various

cancers. Based on tumor type and clinical practicability,

there were low and high mutational burden types for TMB

according to the previous studies.15,23 Therefore, TMB was

split into two levels in our study: low (0–9 mutations/mb),

and high (≥10 mutations/mb).15,23

PD-L1 Immunohistochemical Analysis
PD-L1 expression was evaluated with Ventana SP263

assay on the BenchMark platform (Ventana, Tucson, AZ,

USA). The PD-L1 expression positivity means over 1% of

tumor cells based on NCCN Guidelines.7 We required the

samples to include at least 100 viable cancer cells,

assessed by two experienced pathologists for PD-L1

immunohistochemical analysis. Thirty-nine patients’ sam-

ples were available for evaluation of PD-L1 expression.

Outcomes Assessment
OS was measured as from the initiation of the TMB test

until patient death due to any reasons. PFS was measured

as from the initiation of the TMB test to clinical/radio-

graphic progression or death. If patients did not progress

or die, they would be censored at the date of the last

follow-up. We evaluated survivals every 3 months after

the first TMB test, and updated the last follow-up time on

March 5, 2020.

Statistical Analysis
The relationship between TMB, PD-L1 expression and the

clinical parameters was analyzed by χ2 or Fisher’s exact

tests. The PFS and OS were calculated by Kaplan–Meier

curves (P values by Log-rank test). The method of mantel-

Haenszel test was calculated hazard ratios (HRs). Two-

sided, p < 0.05 was deemed to be statistically significant.

The whole statistics were performed by Graph-Pad Prism

version 7.0 (San Diego, CA, USA) and SPSS 22.0 soft-

ware (SPSS Inc., Chicago, IL, USA).

Results
Patient Characteristics
There were 71 consecutive patients, including 27 (38.1%)

females and 44 (61.9%) males, enrolled in our study.

These patients were between the age of 31 and 80, with

the median age of 56. The most common histology was

adenocarcinoma (n=53, 74.6%), and the others were squa-

mous carcinoma (n=18, 25.4%). In addition, 71.8%

patients were made a diagnosis of stage IV disease. Forty-

two patients (59.1%) were non-smokers. Forty-eight

patients (67.6%) received first line of chemotherapy.

Eight patients were treated in the second-line immunother-

apy. In a total of 39 (54.9%) patients with available tumor

PD-L1 immunohistochemical data, 19 (48.7%) expressed

PD-L1 ≥1%, and negative results were identified in

20 (52.6%).

However, no evident differences were found in char-

acteristics such as sex, smoking history, stage, tumor type,

chemotherapy, immunotherapy. Table 1 summarizes the

primary patients’ characteristics.

Driver Alterations and Mutation Burden
Ten (14.0%) patients harbored KRAS mutations, Thirty-

seven (52.1%) harbored TP53 mutations, four (5.6%) har-

bored EGFR mutations, and one (1.4%) harbored ALK

mutation. No evident differences were found in KRAS

gene status, TP53 gene status, EGFR gene status and

ALK gene status (Table 1). The median TMB was 5

(0.6–49) mutations/Mb by NGS. We divided TMB into

two groups based on previous studies:22 TMB-low and

TMB-high groups. These patients were between the age

of 31 and 80, with the median age of 56. Fifty-four

patients (TMB-low group) were between TMB 0.6 and 9,

with a median TMB of 4.2 mutations/Mb. Seventeen

patients (TMB-high group) were between 10 and 49, med-

ian TMB 18.0 mutations/Mb. In addition, the PFS was

longer in TMB-low patients versus TMB-high ones (med-

ian 18.0 vs. 9.0 months, hazard ratio = 0.34, 95% CI 0.14

to 0.84, p = 0.02, Figure 1A). Similarly, we found that the

OS was longer in TMB-low patients vs. TMB-high ones

(median 21.0 vs. 10.0 months, HR = 0.32, 95% CI 0.12 to

0.82, p = 0.02, Figure 1B).
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Six patients received ICIs in the TMB-low group and

two patients received ICIs in the TMB-high group.

Therefore, we designed a new survival analysis to

compare the two groups without these 8 patients who

received immunotherapy. We found that the PFS was

longer in TMB-low patients vs. TMB-high ones (median

Table 1 Characteristics of 71 Patients with NSCLC

Characteristic Total TMB

Low

No. of Patients

(%)

p Total PD-L1 <

1%

PD-L1 ≥

1%

P

TMB High

No. of patients 71 54 (76.0) 17(24.0) 39 (54.9) 20 (51.3) 19 (48.7)

Age: Median (range), y 56 (31–80) 56 (31–80) 56 (36–75) 58 (36–80) 61 (36–80) 56 (39–79)

TMB (mutations/Mb), median

(range)

5 (0.6–49) 4.2 (0.6–9) 18 (10–49) 8 (1–49) 8.5 (2–49) 6 (1–24)

Sex

Male 44 (62.0) 34 (77.3) 10 (22.7) 0.75 23 (52.3) 13 (56.5) 10 (43.5%) 0.52

Female 27 (38.0) 20 (74.1) 7 (25.9) 16 (59.3) 7 (43.8) 9 (56.3)

Histology

Adenocarcinoma 53 (74.6) 42 (79.2) 11 (20.8) 0.44 26 (49.1) 14 (53.8) 12 (46.2) 0.74

Squamous cell carcinoma 18 (25.4) 12 (66.7) 6 (33.3) 13 (72.2) 6 (46.2) 7 (53.8)

Stage

I–III 20 (28.2) 16 (80.0) 4 (20.0) 0.85 9 (45.0) 3 (33.3) 6 (66.7) 0.27

IV 51 (71.8) 38 (74.5) 13 (25.5) 30 (58.8) 17 (56.7) 13 (43.3)

Smoking history

Never 42 (59.2) 33 (78.6) 9 (21.4) 0.55 23 (54.8) 12 (52.2) 11 (47.8) 1.00

Former/current 29 (40.8) 21 (72.4) 8 (27.5) 16 (55.2) 8 (50.0) 8 (50.0)

Tumor type

Primary tumor 63 (88.7) 47 (74.6) 16 (25.4) 0.71 32 (50.8) 17 (53.1) 15 (46.9) 0.69

Metastasis/Lymph node 8 (11.3) 7 (87.5) 1 (12.5) 7 (87.5) 3 (42.9) 4 (57.1)

Chemotherapy

Yes 48 (67.6) 34 (70.8) 14 (29.2) 0.13 26 (66.7) 14 (53.8) 12 (46.2) 0.74

No 23 (32.4) 20 (87.0) 3 (13.0) 13 (13.3) 6 (46.2) 7 (53.8)

Immunotherapy

Nivolumab 3 (4.2) 3 (100.0) 0 (0.0) 3 (100.0) 1 (33.3) 2 (66.7) 1.00

Pembrolizumab 5 (7.0) 5 (100.0) 0 (0.0) 3 (60.0) 1 (33.3) 2 (66.7)

KRAS gene status

Mutated 10 (14.0) 7 (70.0) 3 (30.0) 0.93 7 (70.0%) 4 (57.1) 3 (42.9) 1.00

Wild-type 61 (86.0) 47 (77.0) 14 (23.0) 32 (52.5) 16 (50.0) 16 (50.0)

TP53 gene status

Mutated 37 (52.1) 26 (70.3) 11 (29.7) 0.23 26 (70.3) 14 (53.8) 12 (46.2) 1.00

Wild-type 34 (47.9) 28 (82.4) 6 (17.6) 13 (38.2) 6 (46.2) 7 (53.8)

EGFR gene status

Mutated 4 (5.6) 4 (100.0) 0 (0.0) 0.56 1 (2.6) 0 (0.0) 1 (100.0) 0.48

Wild-type 67 (94.4) 50 (74.6) 17 (25.4) 38 (97.4) 20 (52.6) 18 (47.4)

ALK gene status

Mutated 1 (1.4) 1 (100.0) 0 (0.0) 1.00 1 (2.6) 1 (100.0) 0 (0.0) 1.00

Wild-type 70 (98.6) 53 (75.7) 17 (24.3) 38 (97.4) 19 (50.0) 19 (50.0)

Ma et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2020:135194

http://www.dovepress.com
http://www.dovepress.com


19.0 months vs. 8.0 months, HR = 0.11, 95% CI 0.03 to

0.39, p < 0.01, Figure 2A). Meanwhile, the OS was longer

in patients with TMB-low vs. TMB-high group (median

21.0 vs. 10.0 months, HR = 0.12, 95% CI 0.03 to 0.42,

p < 0.01, Figure 2B).

Outcome by PD-L1 Expression
PD-L1 expression was divided into two groups based on

former studies:7,24 PD-L1 < 1% and PD-L1 ≥ 1% groups.

These patients were between the age of 36 and 80, with the

median age of 61 years. Twenty patients come from the

PD-L1 < 1% group and 19 patients come from the PD-L1

≥ 1% group. Furthermore, the median PFS in the PD-L1

≥ 1% vs. the PD-L1 < 1% group is 16.0 months vs. 10.0

months (HR = 0.46, 95% CI 0.19 to 1.12, p = 0.09, Figure

3A). Similarly, the median OS in the PD-L1 ≥ 1% vs. the

PD-L1 < 1% group is 19.0 months vs. 14 months (HR =

0.53, 95% CI 0.21 to 1.32, p = 0.17, Figure 3B). There is

no evident difference in these two groups.

Discussion
TMB is the whole mutations number of a tumor specimen.

Some previous studies13,25 showed that highly mutated tumor

cells can lead to the neoantigens production, which enable the

immune cell to identify and attack cancer cells. A number of

retrospective studies demonstrated that TMB levels influenced

drug response to NSCLC patients receiving ICIs and TMB-

high patients had significantly longer PFS and OS than TMB-

low ones.23,26 A recently published prospective study

(CheckMate 227) demonstrated that NSCLC patients, who

received ICIs, with TMB-high (≥10 mutations/Mb) had evi-

dently improved PFS, but OS was not predicted with the same

reliability.27

Most of the studies reported the relationship between TMB

levels and NSCLC patients’ clinical outcome during

Immunotherapy. However, relationship between TMB levels

andNSCLCpatients’ clinical outcomewithout ICIs, especially

in the Yunnan region of southwestern China, is unclear.

A higher TMB is normally related to an adverse outcome,

since TMB-high usually exists in advanced tumors.28 Herein,

for the first time, our study demonstrated that NSCLC patients

with TMB-highwere related to adverse outcome in theYunnan

region, having a median PFS of 9.0 months and OS of 10.0

months. These results are partly similar to previous study.29 In

addition, our other survival analysis, excluding patients with

a history of ICI treatment, also showed that high TMB was

related to adverse outcome in the Yunnan area. These

Figure 1 Kaplan–Meier plots of PFS and OS of patients by TMB status: (A) The

median PFS in the TMB-low versus the TMB-high group: 18.0 months vs. 9.0 months

(p = 0.02, HR = 0.34 (95% CI 0.14 to 0.84); and (B) The median OS in the TMB-low

vs. the TMB-high group: 21.0 months vs 10.0 months (p = 0.02, HR = 0.32 (95% CI

0.12 to 0.82).

Figure 2 Kaplan–Meier plots of PFS and OS of patients by TMB status (without

patients treated with immunotherapy): (A) the median PFS in the TMB-low vs. the

TMB-high group: 19.0 months vs. 8.0 months (p < 0.01, HR = 0.11 (95% CI 0.03 to

0.39); and (B) the median OS in the TMB-low vs. the TMB-high group: 21.0 months

vs 10.0 months (p < 0.01, HR = 0.12 (95% CI 0.03 to 0.42).
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observations are also similar to former study.22 In summary, it

may suggest that TMB levels are significant for predicting

NSCLC patients’ clinical outcome. However, the difference

in patients’ clinical outcome between our results (patients with

TMB-low showed longer PFS and OS) and the CheckMate-

227 (patients with TMB-high showed longer PFS) may result

from three reasons.27 First, the retrospective nature of this

study may limit the interpretation of the results. Second, the

difference in primary patients’ characteristics between our

study (only eight patients were treated in the second-line

immunotherapy) and the CheckMate-22727 (most of the

patients were treated in the first-line immunotherapy) may

lead to a discrepancy in assessment of clinical outcome.

Finally, our study included 5 patients with known EGFR or

ALK mutations, but CheckMate-22727 did not include any

patients with known EGFR or ALK mutations. This may

also lead to a bias in assessment of clinical outcome.

Therefore, due to the number of patients receiving immu-

notherapy is limited, the relationship between TMB levels

and NSCLC patients’ clinical outcome during

Immunotherapy, in the Yunnan region of southwestern

China, is unclear.

Themedian TMB in our NSCLC patients was 5mutations/

Mb (ranged from 0.6 to 49). According to other reports of

TMB, the median value is lower.19,21We discuss three reasons

for this issue. First, because the research recruited patients only

in a single center and the number of NSCLC patient samples

was limited, our sample data may not accurately reflect the

status of TMB in Yunnan area. Second, in most of our TMB

tests by sequencing single sample, only little biopsymaterial is

available, hence intratumoral heterogeneity may influence the

results. Finally, advancedNSCLCpatientswith EGFRorALK

mutations are mostly with a low-TMB level.30 In our data, 5

TMB-low patients who harbored EGFR or ALK mutations

may influence the results. In the clinical process of treatment,

TMB testing is essential for selecting the suitable individua-

lized treatment strategies, and therefore it needs sufficient

qualified tumor samples. Although the role of blood TMB

test in NSCLC is not yet clear, it might have potential to

show a new integral landscape of the present mutations.

Further prospective studies are expected.

In our study, only 55% (39/71) patients’ samples were

available to evaluate PD-L1 expression. According to

other reports of PD-L1 expression assessment, the value

is lower.24 We discuss two reasons for this issue. First,

there is no universal standard for the antibodies used for

detecting PD-L1 expression in China. Herein, in order not

to influence the authenticity of the results, the samples

processed with non SP263 antibody are not included.

Second, although some samples were detected by 22C3

and 28–8 antibodies with high consistency, the detected

results of different antibodies are still different, so the

detected results of this part of samples were not included

in our study. Therefore, we suggest that the same type of

antibody be utilized for detecting PD-L1 expression,

which is more likely to acquire real results.

Although NSCLC PD-L1 expression proves to predict up

to 3-fold improvement for ICIs, in contrast to negative expres-

sers, it is controversial whether the PD-L1 can be a valid

indicator for assessing patients’ clinical outcome. In our

study, we found that both median PFS and OS were not

significantly different in the group PD-L1 < 1% comparing

with the group PD-L1 > 1%. It may suggest that the PD-L1

value in predicting the clinical outcome of patients is not

reliable. However, due to the number of patients receiving

immunotherapy is limited, the relations between PD-L1

expression and NSCLC patients’ clinical outcome during

Immunotherapy, in the Yunnan region of southwestern

China, are unclear. Consequently, further studies are expected.

In conclusion, our retrospective analysis shows a clear

panoramic perspective of TMB and PD-L1 expression

status from 71 NSCLC patients and their associations

Figure 3 Kaplan–Meier plots of PFS and OS of patients by PD-L1 expression status:

(A) the median PFS in the PD-L1 ≥ 1% vs. the PD-L1 < 1%: 16.0 months vs. 10.0

months (p = 0.09, HR = 0.46, 95% CI 0.19 to 1.12); and (B) the median OS in the

PD-L1 ≥ 1% vs. the PD-L1 < 1%: 19.0 months vs. 14 months (p = 0.17, HR = 0.53,

95% CI 0.21 to 1.32).
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with clinical parameters in the Yunnan region. For the first

time, we observed that PFS and OS were substantially

prolonged with TMB-low than TMB-high among

NSCLC patients, regardless of the level of tumor PD-L1

expression. Therefore, TMB is a valid and independent

prognostic biomarker for NSCLC patients’ clinical out-

come in the Yunnan region of southwestern China.
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