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Abstract: Objective To investigate the relation between TMB and the efficiency of PD-1/PD-L1 inhibitors
treatment for non-small-cell lung cancer. Methods Studies were searched from PubMed, Embase, Cochrane
Library database, Chinese Biomedical Literature Database and Wanfang Database up to March 25, 2020.
RevMan 5.3 software and STATA15.0 were used for analysis. Results
including 1209 patients. TMB significantly improved PFS (HR=0.54, 95%CI: 0.42-0.70, P<0.001) but reduced
the ORR (OR=4.41, 95%CI: 2.54-7.63, P<0.001) of NSCLC patients treated with PD-1/PD-L1 inhibitors.

The subgroup analyses showed that the predictive value of TMB was significant in non-small cell lung cancer

Twelve literatures were involved,

treated by PD-1/PD-L1 inhibitors combined with anti-CTLA-4 therapy or chemotherapy. No significant
publication bias was observed by the Begg’s test and Egger’s test. Conclusion High tumor mutation burden
may predict the improved PFS of non-small cell lung cancer by PD-1/PD-L1 inhibitors treatment, but its
predictive value for OS, ORR and long-term survival need more exploration.

Key words: Immunotherapy; Meta-analysis; Non-small cell lung cancer; PD-1/PD-L1 inhibitors; Tumor
mutation burden
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Table 1 Characteristics of included studies

Relevant citations identified through database initial
searching (1=676)

Duplicates (1=93)

Screend for eligibility using titles and abstracts (IF583)|

Excluded (n=495)

Review (1=75)

Case report, Editorial, Note (1=9)
Irrelevant topics (=411)

wn

tudies for eligibility (=88) |

Excluded (n=78)

_|Insufficient date (=61)

"| Did not examine TMB level (1=11)
Duplication (1=6)

L
| Studies included in final analysis (1=10) |

4—[ 1 article included by manual search |
y

X
| Studies included in final analysis (n=11) |

Bl XBRERIGERER

Figure 1 Flow diagram of literature retrieval and

screening

2.5 HUBE TR 5B

A AR A3 2 B TP 20k [ T Chae®
FIRizviZE" PR WS SClikE , IR 5145%,
P SIS N50.06, HR=0.54 (95%CI 0.46,
0.62) o XFTMBI T Jy v AR R A X 370
WM, 453 58 TMBI 7 ik Fl b IR 78 36 97

. Detection Sample size
Authors Area Experimental drugs TMB cut-off value method evaluable for TMB Outcomes
Rizvi 2015"  North  Pembrolizumab 178 WES 34 PFS
America
Kowanetz North  Atezolizumab 9/Mb Targeted NGS 102 PFS, OS
1L2017"  America
Kowanetz North  Atezolizumab 9.9/Mb Targeted NGS 371 PFS, OS
2L+2017"  America
Rizvi 2018" North  Mono or Combo the 50th percentile
America of TMB Targeted NGS 240 PFS
Hellmann North  Nivolumab Plus Ipilimumab 158 mutations WES 75 PFS, ORR
2018" America
Chae 2018™ North  Anti-PD-1/PD-L1 therapies 15 Targeted NGS 34 PES, OS
America
Wang 2019"  Asian  Anti-PD-1/PD-L1 therapies 6 Targeted NGS 50 PFS, ORR
Ready 2019”7 North  Nivolumab plus 10 Targeted NGS 98 PFS, ORR
America low-dose ipilimumab
Fang 2019"  Asian  Anti-PD-(L)1 monotherapy NA Targeted NGS 75 PFS, ORR
Chae 2019"!  North  Anti-PD-1/PD-L1 therapies NA Targeted NGS 20 PES, OS
America
Alborelli Europe  Nivolumab/Pembrolizumab/ 9mut/Mb Targeted NGS 76 PFS, OS
20207 Atezolizumab/Nivolumab-+Ipilimumab
Huang 2020 Asian ~ PD-1/PD-L1 inhibitor monotherapy ~ 10mut/Mb Targeted NGS 34 PFS,0S,0RR

Notes: TMB: tumor mutation burden; Mono: anti-programmed death-1 or anti-programmed death-ligand 1 [anti-PD-(L)1] monotheism; Combo: anti-

PD-(L)1+anti-cytotoxic T-cell lymphocyte-4 combination therapy; PFS: progression-free survival; OS: overall survival; ORR: objective response rate;

WES: whole exome sequencing; NGS: next generation sequencing; mut: mutation; NA: not available.
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Table 2 Scores of 12 cohort studies according to Newcastle-Ottawa Scale (NOS)

Selection Comparability Outcomes
Demonstration -
Representa- Selection . that outcome Coigpeil ity WSl oy Total
. Ascertain- . of cohorts on up long  Adequacy of
Study tiveness of  of non- of interest was . Assessment NOS
ment of basis of the enough for follow-up of
exposed  exposed eXDOSUTE not present at desien or of outcome outcomes cohorts  S90T®
cohort cohort P the start of gn ¢
analysis to occur
the study
Rizvi 2015 1 1 1 1 2 1 1 1 9
Kowanetz 1L 1 1 1 1 2 1 1 1 9
20179
Kowanetz 2L+ 1 1 1 1 2 1 1 1 9
2017
Rizvi 2018"" 1 1 1 1 2 1 1 1 9
Hellmann 1 1 1 1 2 1 1 1 9
2018
Chae 2018 1 1 1 1 2 1 1 1 9
Wang 2019 1 1 1 1 2 1 1 1 9
Ready 2019 ™ 1 1 1 1 2 1 1 1 9
Fang 2019"” 1 1 1 1 2 1 1 1 9
Chae 2019" 1 1 1 1 2 1 1 0 8
Alborelli 2020 1 1 1 1 2 1 0 1 8
Huang 2020™ 1 1 1 1 2 1 1 1 9
Note: the NOS assigns up to a maximum of nine points for the least risk of bias in three domains.
Hazard Ratio Hazard Ratio
_Study or Subgroup log[Hazard Ratio]  SE Weight IV, Random, 95% ClI IV, Random. 95% Cl
Rizvi 2015 -1.6607 0.4621 5.1% 0.19 [0.08, 0.47]
Huang 2020 -1.3471 0.4005 6.2% 0.26 [0.12, 0.57]
Wang 2019 -0.9416 0.3915 6.3% 0.39[0.18, 0.84] -
Hellmann 2018 -0.8916 0.2949 8.5% 0.41[0.23, 0.73] -
Alborelli 2020 -0.8675 0.275 9.1% 0.42[0.25, 0.72] A
Fang 2019 -0.7985 0.2674 9.3% 0.45[0.27, 0.76] -
Kowanetz 11 2017 -0.5447 0.2463 9.9% 0.58 [0.36, 0.94] ]
Ready 2019 -0.5108 0.2657 9.3% 0.60 [0.36, 1.01] B
Kowanetz 21+ 2017 -0.4463 0.1139 13.9% 0.64 [0.51, 0.80] -
Rizvi 2018 -0.2744 0.1085 14.1% 0.76 [0.61, 0.94] ™
Chae 2018 0.077 0.42 5.8% 1.08 [0.47, 2.46] -
Chae 2019 1.7228 0.7551 2.4% 5.60 [1.27, 24.60]
Total (95% CI) 100.0% 0.54 [0.42, 0.70] L g
Heterogeneity: Tau? = 0.10; Chi* = 31.96, df = 11 (P = 0.0008); I* = 66% 0.61 0j1 1 1'0 160

Test for overall effect: Z = 4.80 (P < 0.00001) Favours [High TMB] Favours [Low TMB]

E2 TMBS5PFSHIFHXMEFRRE
Figure 2 Forest plot of association between TMB and PFS
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Hazard Ratio Hazard Ratio
_Study or Subgroup __log[Hazard Ratio]  SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
Alborelli 2020 -0.6733 0.2898 21.6% 0.51[0.29, 0.90] =
Chae 2018 -2.3026 1.0348 5.8% 0.10 [0.01, 0.76] -
Chae 2019 1.7918 0.7693  9.0% 6.00 [1.33, 27.10]
Huang 2020 -0.9943 0.3968 18.0% 0.37[0.17, 0.81] -
Kowanetz 11 2017 -0.2357 0.3537 19.4% 0.79 [0.39, 1.58] =
Kowanetz 2|+ 2017 -0.1393 0.1468 26.1% 0.87 [0.65, 1.16]
Total (95% ClI) 100.0% 0.68 [0.40, 1.19]
Heterogeneity: Tau? = 0.28; Chi2 = 17.08, df = 5 (P = 0.004); I>= 71% 0 6 ] 0’ p J 1’0 ] (’m
Test for overall effect: Z = 1.35 (P = 0.18) Favours [High TMB] Favours [Low TMB]
E3 TMB5OSHIHEX (7R E
Figure 3 Forest plot of association between TMB and OS
Experimental Control Odds Ratio 0Odds Ratio
udy or Subgroup en ota ents al Weigh -H. Random, 95% -H. Random, 95% Cl
Fang 2019 7 26 7 49 21.7% 2.21[0.68, 7.19] T
Hellmann 2018 19 37 5 38 23.2% 6.97 [2.23, 21.79] I
Huang 2020 9 14 8 20 15.1% 2.70 [0.66, 11.09] ] ol
Ready 2019 21 48 6 50 28.7% 5.70 [2.04, 15.91] —
Wang 2019 1" 28 2 22 11.2% 6.47 [1.26, 33.34] - -
Total (95% Cl) 153 179 100.0% 4.41 [2.54, 7.63]
<>
Total events 67 28 ) . ) )
Heterogeneity: Tau? = 0.00; Chi* = 2.86, df =4 (P = 0.58); I? = 0% '0 01 0'1 1 1'0 100’
Test for overall effect: Z = 5.29 (P < 0.00001) : Favouré [High TMB] Favours [Low TMB]
E4 TMB5ORRAIEXEIETFIRE
Figure 4 Forest plot of association between TMB and ORR
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10
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g 0 o Z
5 % 0 2
= 5 9 0
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-101, i i i -104, : i -5, . . . .
0 1 2 3 0 2 4 0 1 2 3 4
s.e.of: logHR s.e.of: logHR s.e.of: logHR

ES TMBSPFS(A). OS(B). ORR(C)KIHEX M Begg'si S+ E

Figure 5 Funnel plot of association between TMB and PFS(A), OS(B), ORR(C)
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Table 3 Subgroup analysis about predictye value of TMB for PD-1/PD-L1 inhibitors treatment on non-small cell lung cancer

Categories PES o8 ORR
8 HR(95%CI) P (%) P HR(95%CI) P (%) P  HRO9S%CI) P (%) P

TMB sequencing method

WES 0.30(0.15-0.63) 0.001 49 0.16 NA NA

Targeted NGS 0.59(0.46-0.76] <0.0001 61 0.006 0.75(0.60-0.94) 0.01 71 0.004 3.96 0.0001 0 0.56
(2,14-7.32)

North America ~ 0.63(0.47-0.84) 0.02 67 0.03 0.88(0.68-1.14) 0.32 72 0.010 3.80 0.0007 33 0.22
(1.76-8.21]

Europe NA NA NA

Class of immune checkpoint inhibitors

Anti-PD-1/ 0.59(0.39-0.88) 0.01 69 0.003 0.88(0.68-1.14) 0.99 72 0.01 3.39 0.01 9 0.29

PD-L1 therapies (1.34-8.57)

Anti-PD-1/PD-L1 0.50(0.34-0.73) 0.0003 67 0.02 0.46(0.29-0.72) 0.0008 0 0.52 520  <0.00001 0 0.57

therapies+anti- (2.68-10.12)

CTLA-4/

chemotherapy

Note: NA: not available.
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