
Supplementary Table 1. ORRs and assessing criteria of clinical trials included in the analysis  

Regimen Cancer Type Line Biomarker 
study 

Phase2 
Phase 
2 ORR 

N(Respon
der/total) 

assessing 
criteria 

Phase3 
Phase 
3 ORR 

N(Respon
der/total) 

assessing 
criteria 

Atezolizumab NSCLC 2L TC1/2/3 or IC1/2/3 
(Fehrenbacher 

et al., 2016) 
38% 55/144 RECIST v1.1 

(Rittmeyer et al., 
2017) 

14% 60/425 RECIST v1.1 

Atezolizumab NSCLC 1L TC2/3 
(Peters et al., 

2017) 
22% 31/142 RECIST v1.1 

(Herbst et al., 
2020) 

31% 85/277 RECIST v1.1 

Atezolizumab Bladder cancer 2L TC2/3 
(Rosenberg et 

al., 2016) 
27% 84/310 

RECIST v1.1, 
imRECIST 

(Powles et al., 
2018) 

23% 107/467 RECIST v1.1 

Avelumab NSCLC 2L PD-L1(1%) 
(Gulley et al., 

2017) 
25% 46/184 RECIST v1.1 

(Barlesi et al., 
2018) 

19% 75/396 RECIST v1.1 

Avelumab NSCLC 2L PD-L1(50%) 
(Gulley et al., 

2017) 
33% 61/184 RECIST v1.1 

(Barlesi et al., 
2018) 

26% 103/396 RECIST v1.1 

Avelumab NSCLC 2L PD-L1(80%) 
(Gulley et al., 

2017) 
43% 79/184 RECIST v1.1 

(Barlesi et al., 
2018) 

31% 123/396 RECIST v1.1 

Avelumab Ovarian cancer 2L PD-L1 
(Disis et al., 

2019) 
10% 12/125 

RECIST v1.1, 
irRECIST 

(Pujade-Lauraine 
et al., 2021) 

4% 8/188 RECIST v1.1,  

Camrelizumab Esophageal cancer 2L PD-L1 
(Huang et al., 

2018) 
33% 10/30 RECIST v1.1 

(Huang et al., 
2020) 

20% 46/228 RECIST v1.1 

Nivolumab NSCLC 2L PD-L1 
(Rizvi et al., 

2015) 
15% 17/117 RECIST v1.1 

(Brahmer et al., 
2015) 

20% 27/135 RECIST v1.1 

Nivolumab NSCLC 2L PD-L1>5% 
(Gettinger et al., 

2016) 
50% 26/52 RECIST v1.1 

(Carbone et al., 
2017) 

26% 70/271 RECIST v1.1 

Nivolumab Melanoma 2L PD-L1 
(Topalian et al., 

2012) 
31% 32/104 RECIST v1.0 

(Larkin et al., 
2018) 

27% 73/272 RECIST v1.1 

Nivolumab Glioblastoma 2L / 
(Omuro et al., 

2018) 
11% 1/10 RANO 

(Reardon et al., 
2020) 

8% 14/184 RANO 

Nivolumab Ovarian Cancer 2L PD-L1 
(Hamanishi et 

al., 2015) 
15% 3/20 RECIST v1.1 

(Hamanishi et al., 
2021) 

8% 12/157 RECIST v1.1 

Nivolumab Esophageal cancer 2L PD-L1 
(Kudo et al., 

2017) 
17% 11/65 RECIST v1.1 (Kato et al., 2019) 19% 40/210 RECIST v1.1 

Nivolumab RCC 2L PD-L1 
(Motzer, Rini, et 

al., 2015) 
22% 37/168 RECIST v1.1 

(Motzer, Escudier, 
et al., 2015) 

25% 103/410 RECIST v1.1 

Nivolumab Gastric cancer 2L PD-L1 
(Janjigian et al., 

2018) 
12% 7/59 RECIST v1.1 (Kang et al., 2017) 11% 37/330 RECIST v1.1 

Nivolumab MPM 2L PD-L1 
(Okada et al., 

2019) 
29% 10/34 

RECIST v1.1, 
mRECIST 

(Fennell et al., 
2021) 

11% 24/221 
RECIST v1.1, 

mRECIST 

Pembrolizumab HL HSCT PD-L1 
(Chen et al., 

2017) 
72% 151/210 RRC 

(Kuruvilla et al., 
2021) 

66% 99/151 RRC 

Pembrolizumab TNBC 2L PD-L1 
(Nanda et al., 

2016) 
19% 21/111 RECIST v1.1 

(Winer et al., 
2021) 

10% 30/312 RECIST v1.1 
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Pembrolizumab HNSCC 2L PD-L1 
(Seiwert et al., 

2016) 
16% 10/60 RECIST v1.1 

(Cohen et al., 
2019) 

15% 36/247 
RECIST v1.1, 

imRECIST 

Pembrolizumab Gastric cancer 1L PD-L1≥1% 
(Bang et al., 

2019) 
26% 8/31 RECIST v1.1 

(Shitara et al., 
2020) 

15% 38/256 RECIST v1.1 

Pembrolizumab Bladder cancer 2L PD-L1 
(Taylor et al., 

2020) 
31% 43/137 RECIST v1.1 

(Y.Loriot et al., 
2022) 

25% 55/218 RECIST v1.1 

Cemiplimab Cervix cancer 2L PD-L1 
(Rischin et al., 

2020) 
17% 2/10 RECIST v1.1 

(Tewari et al., 
2022) 

16% 50/304 RECIST v1.1 

Avelumab+Axitinib RCC 1L PD-L1 
(Choueiri et al., 

2018) 
66% 36/55 RECIST v1.1 

(Motzer et al., 
2019) 

55% 244/442 RECIST v1.1 

Atezolizumab+bevacizum
ab 

RCC 1L PD-L1 
(McDermott et 

al., 2018) 
64% 65/101 RECIST v1.1 

(Rini, Powles, et 
al., 2019) 

47% 213/454 RECIST v1.1 

Atezolizumab+Chemother
apy 

NSCLC 1L / (Liu et al., 2017) 46% 12/25 RECIST v1.1 
(Nishio et al., 

2021) 
43% 126/292 RECIST v1.1 

Atezolizumab+Paclitaxel(
Albumin bound) 

TNBC 1L PD-L1 
(Adams et al., 

2019) 
41% 14/33 RECIST v1.1 

(Schmid et al., 
2018) 

59% 266/451 RECIST v1.1 

Gemcitabine+cisplatin+du
rvalumab+tremelimumab 

Billary tract cancer 1L PD-L1 (Oh et al., 2022) 72% 89/124 irRECIST (Oh D-Y, 2022) 26% 89/341 RECIST v1.1 

Camrelizumab+rivocerani
b 

HCC 1L PD-L1 
(Xu, Shen, et al., 

2021) 
34% 65/190 RECIST v1.1 (Qin et al., 2022) 25% 69/272 RECIST v1.1 

Atezolizumab+Cobimetini
b 

Melanoma 1L PD-L1/BRAF 
(Hellmann et al., 

2019) 
41% 62/150 RECIST v1.1 

(Gogas et al., 
2021) 

26% 58/222 RECIST v1.1 

Atezolizumab+Cobimetini
b 

CRC 3L 
PD-L1/ 

BRAF/RAS 
(Hellmann et al., 

2019) 
8% 12/150 RECIST v1.1 (Eng et al., 2019) 3% 5/183 RECIST v1.1 

Nivolumab+bempegaldesl
eukin 

Melanoma 1L PD-L1/BRAF 
(Diab et al., 

2021) 
53% 22/41 RECIST v1.1 (Diab, 2022) 28% 108/391 RECIST v1.1 

Nivolumab+bempegaldesl
eukin 

RCC 1L PD-L1 
(Tannir et al., 

2022) 
35% 17/49 RECIST v1.1 

(Nizar Tannir, 
2022) 

23% 118/514 RECIST v1.1 

Pembrolizumab+talimoge
ne laherparepvec 

Melanoma 2L / 
(G. V. Long et 

al., 2016) 
62% 16/25 RECIST v1.1 

(Chesney et al., 
2023) 

49% 168/346 irRECIST 

Pembrolizumab+Axitinib RCC 1L PD-L1 
(Atkins et al., 

2018) 
73% 38/52 RECIST v1.1 

(Rini, Plimack, et 
al., 2019) 

59% 256/432 RECIST v1.1 

Pembrolizumab+Epacado
stat 

Melanoma 1L PD-L1/IDO1 
(Mitchell et al., 

2018) 
56% 35/62 RECIST v1.1 (Long et al., 2019) 34% 121/354 RECIST v1.1 

Pembrolizumab+Chemoth
erapy 

TNBC 1L PD-L1 ≥1% 
(Chun et al., 

2022) 
43% 6/14 RECIST v1.1 

(Cortes et al., 
2020) 

53% 114/215 RECIST v1.1 

Pembrolizumab+Chemoth
erapy 

Gastric cancer 1L PD-L1 
(Bang et al., 

2019) 
60% 15/25 RECIST v1.1 

(Shitara et al., 
2020) 

49% 126/257 RECIST v1.1 

Pembrolizumab+Lenvatini
b 

HCC 1L AFP 
(Finn et al., 

2020) 
36% 36/100 RECIST v1.1 (Finn, 2022) 26% 103/395 RECIST v1.1 

Lenvatinib+Pembrolizuma
b 

endometrial cancer 1L MSI-H/dMMR 
(Makker et al., 

2020) 
64% 7/11 RECIST v1.1 

(Makker et al., 
2022) 

40% 26/45 RECIST v1.1 

Pembrolizumab+pomalido MM 3L PD-L1/CD3 (Badros et al., 60% 29/48 International (Mateos et al., 34% 43/125 International 
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mide+dexamethasone 2017) Myeloma 
Working Group 

criteria 

2019) Myeloma 
Working 

Group criteria 

Pembrolizumab+Dabrafen
ib+trametinib 

Melanoma 1L PD-L1/BRAF 
(Ascierto et al., 

2019) 
78% 47/60 RECIST v1.1 

(Dummer et al., 
2022) 

69% 184/267 RECIST v1.1 

Pembrolizumab+trastuzu
mab 

Gastric cancer 1L PD-L1/HER2 
(Janjigian et al., 

2020) 
91% 34/37 RECIST v1.1 

(Janjigian & 
Kawazoe, 2021) 

74% 161/217 RECIST v1.1 

Durvalumab+Tremelimum
ab+Chemotherapy 

NSCLC 1L 
PD-L1 

TC <25% 
(Antonia et al., 

2016) 
23% 23/102 RECIST v1.1 

(Planchard et al., 
2020) 

15% 26/174 RECIST v1.1 

Atezolizumab+cobimetinib
+vemurafenib 

Melanoma 1L PD-L1/BRAF 
(Sullivan et al., 

2019) 
72% 95/133 RECIST v1.1 

(Gutzmer et al., 
2020) 

66% 164/247 RECIST v1.1 

Sintilimab+IBI305 HCC 1L α-fetoprotein 
(Ren et al., 

2021) 
25% 9/37 

RECIST v1.1, 
mRECIST 

(Ren et al., 2021) 24% 91/380 
RECIST v1.1, 

mRECIST 

Sintilimab+chemotherapy NSCLC-Squamous 1L PD-L1 
(Jiang et al., 

2021) 
65% 27/41 RECIST v1.1 (Zhou et al., 2021) 45% 80/179 RECIST v1.1 

Sintilimab+chemotherapy 
NSCLC-Non 
Squamous 

1L PD-L1 
(Jiang et al., 

2021) 
68% 28/41 RECIST v1.1 (Yang et al., 2020) 52% 138/266 RECIST v1.1 

Oxaliplatin+Sintilimab+Ca
pecitabine 

Gastric cancer 1L PD-L1 
(Jiang et al., 

2020) 
85% 17/20 RECIST v1.1 

(Xu, Jiang, et al., 
2021) 

65% 213/327 RECIST v1.1 

Nivolumab+Ipilimumab NSCLC 1L PD-L1 
(Hellmann et al., 

2017) 
48% 37/77 RECIST v1.1 

(Hellmann et al., 
2018) 

36% 50/139 RECIST v1.1 

Ipilimumab+Nivolumab Melanoma 1L PD-L1/BRAF 
(Hodi et al., 

2016) 
61% 58/95 RECIST v1.1 

(Larkin et al., 
2015) 

58% 181/314 RECIST v1.1 
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Supplement Table 2 Table of primary endpoints and week intervals for tumor assessment of clinical trials included in the analysis 

Regimen Cancer Type 
study 

Phase2 
Primary 
Endpoint 

Intervals for tumor 
assessment 

Phase3 
Primary 
Endpoint 

Intervals for tumor 
assessment 

Atezolizumab NSCLC 
(Fehrenbacher 

et al., 2016) 
OS 

Every 6 weeks 
for 36 weeks, 
followed by 9-
weeks interval 

(Rittmeyer 
et al., 
2017) 

OS 

Every 6 weeks 
for 36 weeks, 
followed by 9-
weeks interval 

Atezolizumab NSCLC 
(Peters et al., 

2017) 
ORR 

Every 6 weeks 
for 12 months, 
followed by 9-
weeks interval 

(Herbst et 
al., 2020) 

OS 

Every 6 weeks 
for 48 weeks, 
followed by 9-
weeks interval 

Atezolizumab Bladder cancer 
(Rosenberg et 

al., 2016) 
ORR 

Every 9 weeks 
for 12 months, 
followed by 12-
weeks interval 

(Powles et 
al., 2018) 

OS 

Every 9 weeks 
for 54 weeks, 

followed by 12-
weeks interval 

Avelumab NSCLC 
(Gulley et al., 

2017) 
BOR Every 6 weeks 

(Barlesi et 
al., 2018) 

OS 

Every 6 weeks 
for 12 months, 
followed by 12-
weeks interval 

Avelumab NSCLC 
(Gulley et al., 

2017) 
BOR Every 6 weeks 

(Barlesi et 
al., 2018) 

OS 

Every 6 weeks 
for 12 months, 
followed by 9-
weeks interval 

Avelumab NSCLC 
(Gulley et al., 

2017) 
BOR Every 6 weeks 

(Barlesi et 
al., 2018) 

OS 

Every 6 weeks 
for 12 months, 
followed by 9-
weeks interval 

Avelumab Ovarian cancer 
(Disis et al., 

2019) 
BOR Every 6 weeks 

(Pujade-
Lauraine et 
al., 2021) 

OS/PFS 
Every 8 weeks 
until disease 
progression 

Camrelizumab Esophageal cancer 
(Huang et al., 

2018) 
Safety 

Every 8 weeks 
for 6 months, 

(Huang et 
al., 2020) 

OS Every 8 weeks 
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followed by 12-
weeks interval 

Nivolumab NSCLC 
(Rizvi et al., 

2015) 
ORR 

Every 6 weeks 
until disease 
progression 

(Brahmer 
et al., 
2015)  

OS Every 6 weeks 

Nivolumab NSCLC 
(Gettinger et 

al., 2016) 
ORR 

Every 3 months 
until documented 

progression 

(Carbone 
et al., 
2017) 

OS 

Every 6 weeks 
for 48 weeks, 

followed by 12-
weeks interval 

Nivolumab Melanoma 
(Topalian et al., 

2012) 
Safety unknown 

(Larkin et 
al., 2018) 

ORR/OS 

Every 6 weeks 
for 1 year, 

followed by 12-
weeks interval 

Nivolumab Glioblastoma 
(Omuro et al., 

2018) 
Safety 

Every 6 weeks 
for 12 weeks, 
followed by 8-
weeks interval 

(Reardon 
et al., 
2020) 

OS 

Every 6 weeks 
for 12 weeks, 
followed by 8-
weeks interval 

Nivolumab Ovarian Cancer 
(Hamanishi et 

al., 2015) 
ORR 

Every 2 months 
for 1 year or until 
PD, progression 

(Hamanish
i et al., 
2021) 

OS 

Every 8 weeks 
for 48 weeks, 

followed by 12-
weeks interval 

Nivolumab Esophageal cancer 
(Kudo et al., 

2017) 
ORR 

Every 6 weeks 
for 1 year, 

followed by 12-
weeks interval 

(Kato et 
al., 2019) 

OS 

Every 6 weeks 
for 1 year, 

followed by 12-
weeks interval 

Nivolumab RCC 
(Motzer, Rini, 
et al., 2015) 

ORR 

Every 6 weeks 
for 12 months, 
followed by 12-
weeks interval 

(Motzer, 
Escudier, 

et al., 
2015) 

OS 

Every 8 weeks 
for 1 year, 

followed by 12-
weeks interval 

Nivolumab Gastric cancer 
(Janjigian et 

al., 2018) 
ORR 

Every 6 weeks 
for 24 weeks, 

followed by 12-
weeks interval 

(Kang et 
al., 2017) 

OS 

Every 6 weeks 
for 14 months, 
followed by 12-
weeks interval 
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Nivolumab MPM 
(Okada et al., 

2019) 
ORR Every 6 weeks 

(Fennell et 
al., 2021) 

OS/PFS Every 6 weeks 

Pembrolizumab HL 
(Chen et al., 

2017) 
ORR Every 12 weeks 

(Kuruvilla 
et al., 
2021) 

OS/PFS Every 12 weeks 

Pembrolizumab TNBC 
(Nanda et al., 

2016) 
ORR Every 8 weeks 

(Winer et 
al., 2021) 

OS 

Every 9 weeks 
for 12 months, 
followed by 12-
weeks interval 

Pembrolizumab HNSCC 
(Seiwert et al., 

2016) 
ORR unknown 

(Cohen et 
al., 2019) 

OS 
6 weeks for 1 

year, and then 9 
weeks 

Pembrolizumab Gastric cancer 
(Bang et al., 

2019) 
ORR 

Every 6 weeks 
for 1 year, 

followed by 9-
weeks interval 

(Shitara et 
al., 2020) 

OS/PFS Every 6 weeks 

Pembrolizumab Bladder cancer 
(Taylor et al., 

2020) 
Safety 24th week 

(Y.Loriot et 
al., 2022) 

OS/PFS unknown 

Cemiplimab Cervix cancer 
(Rischin et al., 

2020) 
Safety Every 8 weeks 

(Tewari et 
al., 2022) 

OS 
Every 4 weeks at 
beginning, then 
every 6 weeks 

Avelumab+Axitinib RCC 
(Choueiri et al., 

2018) 
Safety 

Every 6 weeks 
for 1 year, 

followed by 12-
weeks interval 

(Motzer et 
al., 2019) 

OS/PFS 

Every 6 weeks 
for 18 months, 
followed by 12-
weeks interval 

Atezolizumab+bevacizumab RCC 
(McDermott et 

al., 2018) 
PD/PFS Every 12 weeks 

(Rini, 
Powles, et 
al., 2019) 

OS/PD/P
FS 

Every 6 weeks 
for 78 weeks, 

followed by 12-
weeks interval 

Atezolizumab+Chemotherapy NSCLC 
(Liu et al., 

2017) 
Safety unknown 

(Nishio et 
al., 2021) 

OS/PFS 

Every 6 weeks 
for 48 weeks, 
followed by 9-
weeks interval 
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Atezolizumab+Paclitaxel(Albumin 
bound) 

TNBC 
(Adams et al., 

2019) 
Safety 

Every 4 weeks 
for 1 year, 

followed by 8-
weeks interval 

(Schmid et 
al., 2018) 

OS/PFS 

Every 8 weeks 
for 12 months, 
followed by 12-
weeks interval 

Gemcitabine+cisplatin+durvalumab+t
remelimumab 

Billary tract cancer 
(Oh et al., 

2022) 
ORR Every 6 weeks 

(Oh D-Y, 
2022) 

OS unknown 

Camrelizumab+rivoceranib HCC 
(Xu, Shen, et 

al., 2021) 
ORR 

8 weeks for 48 
weeks, and then 

12 weeks 

(Qin et al., 
2022) 

OS/PFS unknown 

Atezolizumab+Cobimetinib Melanoma 
(Hellmann et 

al., 2019) 
ORR Every 8 weeks 

(Gogas et 
al., 2021) 

ORR/OS 

Every 8 weeks 
for 80 weeks, 

followed by 12-
weeks interval 

Atezolizumab+Cobimetinib CRC 
(Hellmann et 

al., 2019) 
ORR Every 8 weeks 

(Eng et al., 
2019) 

OS/PFS 
Every 8 weeks 

until PD 

Nivolumab+bempegaldesleukin Melanoma 
(Diab et al., 

2021) 
Safety Every 8 weeks 

(Diab, 
2022) 

PFS unknown 

Nivolumab+bempegaldesleukin RCC 
(Tannir et al., 

2022) 
ORR Every 8 weeks 

(Nizar 
Tannir, 
2022) 

ORR/OS unknown 

Pembrolizumab+talimogene 
laherparepvec 

Melanoma 
(G. V. Long et 

al., 2016) 
Safety unknown 

(Chesney 
et al., 
2023) 

OS/PFS Every 12 weeks 

Pembrolizumab+Axitinib RCC 
(Atkins et al., 

2018) 
Safety 

Every 6 weeks 
for 66 weeks, 

followed by 12-
weeks interval 

(Rini, 
Plimack, et 
al., 2019) 

OS/PFS 

Every 6 weeks 
for 54 weeks, 

followed by 12-
weeks interval 

Pembrolizumab+Epacadostat Melanoma 
(Mitchell et al., 

2018) 
ORR 

Every 9 weeks 
for 18 months, 
followed by 12-
weeks interval 

(Long et 
al., 2019) 

OS/PFS 

Every 9 weeks 
for 102 weeks, 
followed by 12-
weeks interval 

Pembrolizumab+Chemotherapy TNBC 
(Chun et al., 

2022) 
Safety unknown 

(Cortes et 
al., 2020) 

OS/PFS 
Every 8 weeks 
for 24 weeks, 
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followed by 9-
weeks interval 

Pembrolizumab+Chemotherapy Gastric cancer 
(Bang et al., 

2019) 
ORR 

Every 6 weeks 
for 1 year, 

followed by 9-
weeks interval 

(Shitara et 
al., 2020) 

OS/PFS Every 6 weeks 

Pembrolizumab+Lenvatinib HCC 
(Finn et al., 

2020) 
ORR 

Every 6 weeks 
for 24 weeks, 
followed by 9-
weeks interval 

(Finn, 
2022) 

OS/PFS unknown 

Lenvatinib+Pembrolizumab endometrial cancer 
(Makker et al., 

2020) 
ORR Every 8 weeks 

(Makker et 
al., 2022) 

OS/PFS 

Every 6 weeks 
for 24 weeks, 
followed by 9-
weeks interval 

Pembrolizumab+pomalidomide+dexa
methasone 

MM 
(Badros et al., 

2017) 
Safety unknown 

(Mateos et 
al., 2019) 

OS/PFS unknown 

Pembrolizumab+Dabrafenib+trameti
nib 

Melanoma 
(Ascierto et al., 

2019) 
ORR/PF

S 

Every 6 weeks 
for 18 months, 
followed by 12-
weeks interval 

(Dummer 
et al., 
2022) 

PFS unknown 

Pembrolizumab+trastuzumab Gastric cancer 
(Janjigian et 

al., 2020) 
PFS Every 9 weeks 

(Janjigian 
& 

Kawazoe, 
2021) 

OR/PFS Every 6 weeks 

Durvalumab+Tremelimumab+Chemo
therapy 

NSCLC 
(Antonia et al., 

2016) 
ORR 

Every 8 weeks 
for 12 months, 
followed by 6-

months interval 

(Planchard 
et al., 
2020) 

OS 

Every 8 weeks 
for 12 months, 
followed by 6-

months interval 

Atezolizumab+cobimetinib+vemurafe
nib 

Melanoma 
(Sullivan et al., 

2019) 
Safety Every 4 weeks 

(Gutzmer 
et al., 
2020) 

PFS 

Every 8 weeks 
for 24 months, 
followed by 12-
weeks interval 

Sintilimab+IBI305 HCC (Ren et al., OS/PFS Every 6 weeks (Ren et al., OS/PFS Every 6 weeks 
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2021) for 48 weeks, 
followed by 12-
weeks interval 

2021) for 48 weeks, 
followed by 12-
weeks interval 

Sintilimab+chemotherapy NSCLC-Squamous 
(Jiang et al., 

2021) 
ORR Every 9 weeks 

(Zhou et 
al., 2021) 

OS/PFS 

Every 9 weeks 
for 48 weeks, 

followed by 12-
weeks interval 

Sintilimab+chemotherapy 
NSCLC-Non 
Squamous 

(Jiang et al., 
2021) 

ORR Every 9 weeks 
(Yang et 
al., 2020) 

OS/PFS 

Every 9 weeks 
for 48 weeks, 

followed by 12-
weeks interval 

Oxaliplatin+Sintilimab+Capecitabine Gastric cancer 
(Jiang et al., 

2020) 
ORR Every 9 weeks 

(Xu, Jiang, 
et al., 
2021) 

OS unknown 

Nivolumab+Ipilimumab NSCLC 
(Hellmann et 

al., 2017) 
ORR 

Every 6 weeks 
for 24 weeks, 

followed by 12-
weeks interval 

(Hellmann 
et al., 
2018) 

OS/PFS 

Every 6 weeks 
for 24 weeks, 

followed by 12-
weeks interval 

Ipilimumab+Nivolumab Melanoma 
(Hodi et al., 

2016) 
ORR 

Every 6 weeks 
for 1 year, 

followed by 12-
weeks interval 

(Larkin et 
al., 2015) 

OS/PFS 

Every 6 weeks 
for 49 weeks, 

followed by 12-
weeks interval 
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Supplementary Table 3. Cochrane standards for assessing risk of bias in included studies 

Study Random 
sequence 
generation  
(selection 
bias) 

Allocation 
concealment  
(selection 
bias) 

Blinding of 
participants 
and personell 
(performance 
bias) 

Blinding of 
outcome 
assessment  
(detection 
bias) 

Incomplete 
outcome data  
(attrition bias) 

Selective 
reporting  
(reporting 
bias) 

(Fehrenbacher et al., 2016) Low risk Low risk Low risk Low risk Low risk Low risk 

(Rittmeyer et al., 2017) Low risk Low risk Low risk Low risk Low risk Low risk 

(Peters et al., 2017) Low risk Unclear risk Low risk Low risk Low risk Low risk 

(Herbst et al., 2020) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Rosenberg et al., 2016) Low risk Low risk Low risk Low risk Low risk Low risk 

(Powles et al., 2018) Low risk Low risk Low risk Low risk Low risk Low risk 

(Gulley et al., 2017) Low risk Low risk Low risk Low risk Low risk Low risk 

(Barlesi et al., 2018) Low risk Unclear risk Low risk Low risk Low risk Low risk 

(Gulley et al., 2017) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Barlesi et al., 2018) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Gulley et al., 2017) Low risk Low risk Low risk Low risk Low risk Low risk 

(Barlesi et al., 2018) Low risk Low risk Low risk Low risk Low risk Low risk 

(Disis et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Pujade-Lauraine et al., 2021) Low risk Low risk Low risk Low risk Low risk Low risk 

(Huang et al., 2018) Low risk Unclear risk Low risk Low risk Unclear risk Low risk 

(Huang et al., 2020) Low risk Low risk Low risk Low risk Low risk Low risk 

(Rizvi et al., 2015) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Brahmer et al., 2015)  Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Gettinger et al., 2016) Low risk Unclear risk Low risk Low risk Low risk Low risk 

(Carbone et al., 2017) Low risk Low risk Low risk Low risk Low risk Low risk 

(Topalian et al., 2012) Low risk Low risk Low risk Low risk Low risk Unclear risk 
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(Larkin et al., 2018) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Omuro et al., 2018) Low risk Low risk Low risk Low risk Low risk Low risk 

(Reardon et al., 2020) Low risk Low risk Low risk Low risk Low risk Low risk 

(Hamanishi et al., 2015) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Hamanishi et al., 2021) Low risk Low risk Low risk Low risk Low risk Low risk 

(Kudo et al., 2017) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Kato et al., 2019) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Motzer, Rini, et al., 2015) Low risk Low risk Low risk Low risk Low risk Low risk 

(Motzer, Escudier, et al., 2015) Low risk Unclear risk Low risk Low risk Low risk Low risk 

(Janjigian et al., 2018) Unclear risk Low risk Low risk Low risk Low risk Unclear risk 

(Kang et al., 2017) Low risk Low risk Low risk Low risk Low risk Low risk 

(Okada et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Fennell et al., 2021) Low risk Low risk Low risk Low risk Low risk Low risk 

(Chen et al., 2017) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Kuruvilla et al., 2021) Low risk Low risk Low risk Low risk Low risk Low risk 

(Nanda et al., 2016) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Winer et al., 2021) Unclear risk Unclear risk Low risk Low risk Low risk Low risk 

(Seiwert et al., 2016) Low risk Low risk Low risk Low risk Low risk Low risk 

(Cohen et al., 2019) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Bang et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Shitara et al., 2020) Low risk Low risk Low risk Low risk Low risk Low risk 

(Taylor et al., 2020) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Y.Loriot et al., 2022) Low risk Low risk Low risk Low risk Low risk Low risk 

(Rischin et al., 2020) Low risk Low risk Low risk Low risk Low risk Low risk 

(Tewari et al., 2022) Low risk Low risk Low risk Low risk Low risk Low risk 

(Choueiri et al., 2018) Low risk Low risk Low risk Low risk Unclear risk Low risk 
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(Motzer et al., 2019) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(McDermott et al., 2018) Low risk Low risk Low risk Low risk Low risk Low risk 

(Rini, Powles, et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Liu et al., 2017) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Nishio et al., 2021) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Adams et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Schmid et al., 2018) Low risk Unclear risk Low risk Low risk Low risk Low risk 

(Oh et al., 2022) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Oh D-Y, 2022) unknown unknown unknown unknown unknown unknown 

(Xu, Shen, et al., 2021) Low risk Low risk Low risk Low risk Low risk Low risk 

(Qin et al., 2022) unknown unknown unknown unknown unknown unknown 

(Hellmann et al., 2019) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Gogas et al., 2021) Low risk Unclear risk Low risk Low risk Low risk Low risk 

(Hellmann et al., 2019) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Eng et al., 2019) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Diab et al., 2021) Low risk Low risk Low risk Low risk Low risk Low risk 

(Diab, 2022) unknown unknown unknown unknown unknown unknown 

(Tannir et al., 2022) Low risk Low risk Low risk Low risk Low risk Low risk 

(Nizar Tannir, 2022) unknown unknown unknown unknown unknown unknown 

(G. V. Long et al., 2016) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Chesney et al., 2023) Low risk Low risk Low risk Low risk Low risk Low risk 

(Atkins et al., 2018) Low risk Low risk Low risk Low risk Low risk Low risk 

(Rini, Plimack, et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Mitchell et al., 2018) Unclear risk Low risk Low risk Low risk Unclear risk Low risk 

(Long et al., 2019) Low risk Low risk Unclear risk Low risk Low risk Low risk 

(Chun et al., 2022) Unclear risk Low risk Low risk Low risk Low risk Unclear risk 
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(Cortes et al., 2020) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Bang et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Shitara et al., 2020) Low risk Low risk Low risk Low risk Low risk Low risk 

(Finn et al., 2020) Low risk Low risk Low risk Low risk Low risk Low risk 

(Finn, 2022) unknown unknown unknown unknown unknown unknown 

(Makker et al., 2020) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Makker et al., 2022) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Badros et al., 2017) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Mateos et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Ascierto et al., 2019) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Dummer et al., 2022) Low risk Low risk Low risk Low risk Low risk Low risk 

(Janjigian et al., 2020) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Janjigian & Kawazoe, 2021) Low risk Unclear risk Low risk Low risk Low risk Low risk 

(Antonia et al., 2016) Low risk Low risk Low risk Low risk Low risk Low risk 

(Planchard et al., 2020) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Sullivan et al., 2019) Low risk Low risk Low risk Low risk Low risk Low risk 

(Gutzmer et al., 2020) Low risk Low risk Low risk Low risk Low risk Unclear risk 

(Ren et al., 2021) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Ren et al., 2021) Low risk Low risk Low risk Low risk Unclear risk Low risk 

(Jiang et al., 2021) Low risk Low risk Low risk Low risk Low risk Low risk 

(Zhou et al., 2021) Unclear risk Unclear risk Low risk Low risk Low risk Low risk 

(Jiang et al., 2021) Unclear risk Low risk Low risk Low risk Low risk Low risk 

(Yang et al., 2020) Low risk Low risk Low risk Low risk Low risk Low risk 

(Jiang et al., 2020) Low risk Low risk Low risk Unclear risk Low risk Low risk 

(Xu, Jiang, et al., 2021) unknown unknown unknown unknown unknown unknown 

(Hellmann et al., 2017) Unclear risk Low risk Low risk Low risk Unclear risk Low risk 
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(Hellmann et al., 2018) Low risk Low risk Low risk Low risk Low risk Low risk 

(Hodi et al., 2016) Low risk Unclear risk Unclear risk Low risk Unclear risk Low risk 

(Larkin et al., 2015) Low risk Low risk Low risk Low risk Low risk Low risk 
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Supplementary Table 4. Multinomial logistics models for determinants of overestimation. 

Models Estimate Standard Error P value 

Multinomial Logistic Model 1    

Autoimmune disease 2.205818 0.935784 0.0184139* 

Other malignancy history -0.29868 0.799317 0.7086488 

PD-1 expression of tumor cells or immune cells -1.24573 0.787039 0.1134648 

Size 0.001129 0.002598 0.6637954 

    

Multinomial Logistic Model 2    

Autoimmune disease 2.206813 0.936306 0.01842643* 

PD-1 expression of tumor cells or immune cells -1.18696 0.782397 0.12924528 

Prior immunotherapy treatment 0.247124 1.018564 0.80829974 

Size 0.001393 0.002509 0.57878478 

    

Multinomial Logistic Model 3    

Autoimmune disease 2.099053 0.927734 0.02366291* 

PD-1 expression of tumor cells or immune cells -1.17903 0.783309 0.13227475 

Immunosupressive therapy 0.438969 0.705617 0.53387211 

Size 0.00177 0.002581 0.49279497 
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Supplementary Figure 1. Stepwise exclusion approach to evaluate sensitivity. 
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Supplementary Figure 2. subgroup analysis. combined results of these subgroups were statistically significant and consistent with the original 

conclusion of the meta-analysis. 
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