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[Abstract] Background and objective Immune checkpoint inhibitors (ICIs) have good efficacy on most ad-
vanced tumors, which brings new hope to patients with advanced tumors. However, the immune system activated by ICIs
may attack human normal tissues and organs, resulting in corresponding immunotoxicity, such as checkpoint inhibitor
pneumonitis. This article carried out a meta-analysis on the incidence and risk of programmed cell death protein 1 (PD-1)
and programmed cell death protein ligand 1 (PD-L1) inhibitor-associated pneumonia in advanced tumors patients.
Methods The computer retrieval of PubMed, Cochrane Library, EMbase and CNKI was performed, and the studies on
the occurrence rate of PD-1/PD-L1 inhibitor-associated pneumonia in terminal cancer patients were collected, with the
retrieval time limit of January 2000 to January 2020. Statistical analysis was conducted by using Revman 5.3 and R 3.6.2
software to compare the occurrence rate of pneumonia under different circumstances. Results 15 studies were included,
involving 8,642 patients, of which those with PD-1/PD-L1 inhibitor were treatment group, and those with chemotherapy
were control group. The odds radio of all grades of immune pneumonia was 6.63, and that of high grade was 4.87. The oc-
currence rate of all grades of pneumonia in the ICI group with non-small cell lung cancer (NSCLC) was 1.658 times than
other tumors, and that of high grade was 2.299 times. The occurrence rate of all grades of pneumonia in second-line or
more treatment with ICI was 0.489 times than that in first-line, and that of high grade was 0.449 times than that in first-
line or more treatment with ICI. Conclusion Compared with chemotherapy, the risk of immune-associated pneumonia is
higher in PD-1 and PD-L1 inhibitors, and its occurrence risk is high in the ICI group with NSCLC and the first-line treat-
ment with ICI. This paper provides guidance for clinic treatment of terminal cancers and prevention of complications.
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Fig 2 Risk of bias graphs and summaries in various categories across all of the studies included. A: risk of bias graph; B: risk of bias summary.
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Tab 2 Incidence of pneumonia in the studies

Study Evaluable patients Pulmonary toxicity
Any-grade High-grade
Anti-PD-1/PD-L1 Control Anti-PD-1/PD-L1 Control Anti-PD-1/PD-L1 Control
Events(n) Incidence Events(n) Incidence  Events(n) Incidence Events(n) Incidence
Checkmate 017" 131 129 6 4.60% 1 0.80% 1 0.80% 1 0.80%
Checkmate 057 287 268 8 2.80% 1 0.30% 3 1% 0 0
Checkmate 066" 206 205 3 1.50% 0 0 0 0 0 0
Checkmate 037" 268 102 6 2.20% 0 0 0 0 0 0
Checkmate 026" 267 263 7 2.60% 0 0 4 1.5% 0 0
Checkmate 141 236 11 5 2.11% 1 0.90% 2 0.80% 0 0
Keynote 024" 154 150 9 5.80% 1 0.70% 4 2.60% 1 0.70%
Keynote 002" 357 171 6 1.70% 0 0 2 0.60% 0 0
Keynote 010" 682 309 31 4.50% 6 1.90% 14 2.10% 2 0.60%
Keynote 045" 266 255 1 4.10% 1 0.40% 6 2.30% 0 0
Keynote 042" 636 615 53 8.00% 3 0.50% 22 3% 1 0.20%
Keynote 061" 294 276 8 3.00% 0 0 2 0.70% 0 0
Keynote 040" 246 234 10 4.00% 3 1% 3 1% 3 1%
Oak"® 609 578 6 1.00% 1 0.20% 4 0.70% 0 0
Poplar 142 135 4 2.80% 0 0 1 0.70% 0 0
Total 4,781 3,801 173 3.60% 18 0.50% 68 1.40% 8 0.20%

PD-1: programmed cell death protein 1; PD-L1: programmed cell death protein ligand 1.

Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)

Brahmer et al. 2015
Borghaei et al.2015
Raobert et al 2015
Weber et al 2015

6 131 005 [0.02;010] 35% 6.2%
8
3
6
Carbone et al.2017 7 267 —
5
9
6

287 —F—— 0.03 [0.01;0.05] 45% 6.8%
206 ————— 0.01 [0.00;0.04] 1.7% 4.5%
0.02 [0.01;0.05] 3.4% 6.2%
0.03 [0.01;005] 39% 6.5%
0.02 [0.01;0.05] 28% 5.8%
0.06 [0.03;011] 52% 71%
0.02 [0.01;0.04] 3.3% 6.2%

268 ———

i

Ferris et al. 2016
Reck et al. 2015
Ribas et al. 2015

236 ———

154

3BT ——

Herbst et al 2016 31 682 e 0.05 [0.03;0.08] 17.8% 8.7%
Bellmunt et al. 2017 11 266 — 0.04 [0.02;007] 6.3% 7.4%
Tony et al.2019 53 636 i — 0.08 [0.06;0.11] 31.7% 91%
Kohei et al 2018 8§ 294 ——— 003 [001;005] 45% 6.8%
Ezra etal.2019 10 246 ——'-i— 0.04 [0.02;007] 57% 72%
Rittmeyer et al.2016 6 609 ——— ! 0.01 [0.00;0.02] 3.3% 6.2%
Fehrenbache et al 2016 4 142 —'—57 0.03 [0.01;007] 23% 53%
Fixed effect model 4781 = 0.04 [0.04; 0.05] 100.0% -
Random effects model == 0.03 [0.02; 0.04] - 100.0%

Heterogeneity: I° = 76%, 12 = 02941, p <001 ! ‘ ' ' !
0.02 0.04 006 0.08 0.1

3 PD-1/PD-LVATF BRI B RA R L EE
Fig 3 Incidence of pneumonia at all levels in PD-1/PD-L1 treatment group
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A Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Eellmuntetal.2017 11 266 1 285 42% 10.96[1.40,85.49]
Barghaeietal. 2014 8 287 1 268 43% T.BE[0.95 61.63]
Brahrmer et al.2015 B 131 1 128  41% 614 [0.73,81.77]
Carbaone et al.2017 7 267 0 2683 21% 15.17[0.86, 267.02] *
Ezra etal.2019 10 246 3234 127% 3.261[0.89,12.01] T -
Fehrenbache et al. 2016 4 142 0 135 21%  8.81[047, 165.17] *
Ferris et al. 2016 i} 236 1T 111 7% 238027, 2063]
Herbstetal 2016 kil G682 G 308 3349% 24010095, 583] e
Kaheietal. 2018 g 294 0 276 2.2% 16.41[0.94, 285.61] *
Recketal2015 9 154 1 150 41% 925116, 73.92]
Ribas et al.2015 g 387 [ I 29%  B.34[0.36, 113.24)] *
Rittmever et al. 2016 g G049 1 &a78 44% A.74 [0.69, 47.84]
Robertetal. 2015 3 206 0 205  21% TF.07[0.36,137.77] *
Tony etal.2019 a3 B36 3 B15 120% 18.55[5.76, 59.67] -
Weher etal. 2015 4] 268 o 102 30% 508 [0.28,90.93]
Total (95% CI) 4781 3801 100.0%  6.63[4.22,10.40] .
Total events 173 18
Heterageneity: Chi*=11.17, df=14 (P = 0.67); F= 0% =u ” u=1 1=D 100:
Testfor overall efiect: 2= 8.23 (F < 0.00001) Favours [Control] Favours [Experimental]

B Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Eellmuntetal.2017 4 266 0 2585 3.8% 1275071, 227.451] *
Barghaeietal. 2014 3 287 0 268 39%  B.61[0.34, 12840 *
Brahrmer et al.2015 1 131 1 128 T7E% 0.98 [0.06, 15.91]
Carbaone et al.2017 4 267 0 263 3.8% 9.00[0.48, 168.00] *
Ezra etal.2019 3 246 3234 233% 0.85[0.19, 4.76] -
Fehrenbache et al. 2016 1 142 o 135  349% 287012, 71.13]
Ferris et al. 2016 2 236 o 11 1% 2381011, 49.94]
Herbstetal 2016 14 G682 2 308 Z06% 322073, 14.24] T
Kaheietal. 2018 2 294 o 276 349% 4.73[0.23, 98.89]
Recketal2015 4 154 1 150 75% 387 [0.44, 35.47]
Ribas et al.2015 2 387 [ I 51% 24110012, 50,52
Rittmever et al. 2016 4 G049 0 578  349% 8.60[0.46, 160.06] *
Raobert et al. 2014 a 206 o 205 Mot estimable
Tony etal.2019 22 B36 1 B15  7.5% 22.00[2.96 163.77] -_
Weher etal. 2015 0 268 o 102 Mot estimahble
Total (95% CI) 4781 3801 100.0% 4.87 [2.64, 8.99] -
Total events 5t a
Heterogeneity: Chi*=9.03, df= 12 (P=0.70); F= 0% =u ” u=1 1=D 100:

Testfor overall effect: £=5.07 (P = 0.00001}

[ 4 PD-1/PD-L1HIFATTAS X BAEMAKORE. A: FTARAMK, B:

Favours [Control] Favours [Experimental]

RANFHR,

Fig 4 OR value of pneumonia in PD-1/PD-L1 inhibitor treatment group and control group. A: all-grade of pneumonia; B: high-grade pneumonia. OR:

odds ratio.
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A Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI

1.7.1 NIVOLUMAB

Baorghaeietal.2018 g 287 1 268 4.3% 7.66 [0.95, 61.63]

Erahmeretal.2015 B 131 1 129 41% 614 [0.73,81.77] I

Carbone etal.2017 7 267 0 263 21% 1517 [0.86, 267.02] *
Ferriz et al. 2016 5 236 1T 11 57% 2.381[0.27, 2063] -
Robertetal.2015 3 206 0 2048 21%  F.O7[0.36,137.72)] *
‘Weberetal2015 B 268 o 102 3.0% 5.08 [0.28, 90.93]

Subtotal (95% CI) 1395 1078 21.5%  6.27 [2.35, 16.73]

Total events 35 3

Heterageneity: Chi®=1.20, df= 5 {F = 0.94); F= 0%
Testfor averall effect: 2= 3.67 (P = 0.0002)

1.7.2 PEMBROLIZUMAB

K

Eellmunt et al.2017 11 266 1 2585 4.2% 1086 [1.40, 85.449]

Ezra et.al. 2019 10 246 3234 127% 3.26[0.89, 12.01] T
Herbstetal.2016 M 682 B 309 3349% 2.40[0.99,5.83]

Kaoheietal.2018 g 294 0 276 2.2% 16.41[0.94, 28561]

Recketal.2015 el 144 1 150 4.1% 9.25[1.16, 73.92]

Ribas etal 2015 B 357 o 17 29%  6.34[0.36,11324]

Tony etal.2019 53 B36 3 B15 12.0% 18.55([5.76, 59.67]

Subtotal (95% CI) 2635 2010  T72.0% 6.72 [3.95, 11.43]

Total events 128 14

Heterageneity: Chi*=9.95, df= 6 (P = 0.13); "= 40%
Testfor overall effect: 2= 7.03 (F = 0.00001})

1.7.3 ATEZOLIZUMAB

+

Fehrenbache et al.2016 4 142 0 135 21% 8.81[047,165137]

Rittrmeyer et 21.2018 B 609 1 a8 1.4% 5.74 [0.69, 47.84] -1
Subtotal (95% CI) 751 713 6.5%  6.75[1.22, 37.45] —eag——
Total events 10 1

Heterageneity: Chi®=0.05, df=1 (P =0.82); F= 0%

Testfor overall effect: Z= 2,18 (F = 0.03)

Total (95% CI) 4781 3801 100.0%  6.63 [4.22, 10.40] <>

Total events 173 18

Heterogeneity: Chif=11.17, df=14 (P= 0.67); F= 0%
Testfor averall effect: £=8.23 (P = 0.00001)
Testfor subaroun differences: Chi®= 002 df=2{P=08%.F=0%

\ \
0.01 0.1 10 100
Favours [Control] Favours [Experimental]

B
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% Cl
1.8.1 NIWOLUMAB
Borghaeietal2015 3 287 0 268 39%  6.61[0.34,128.50] *
Erahmeretal.2015 1 13 1 129 T.6% 0.95 [0.06, 15.91]
Carbone etal. 2017 4 267 0 263  38% 9.00([0.48 168.00] *
Ferris et al.2018 2 236 o 1M1 21% 2381011, 49.94]
Robert etal. 2015 0 206 0 108 Mot estimahle
Weber etal 2015 1] 268 0 102 Mot estimahble
Subtotal (95% CI) 1395 1078 20.5% 3.89[0.99,15.34] | ——
Total events 10 1
Heterogeneity: Chi®=1.47, df=3 (P = 0.69); F=0%
Testfor averall effect: Z=1.94 (P =0.05)
1.8.2 PEMBROLIZUMAB
Bellmunt etal.2017 B 266 0 2548 3.8% 1275071, 227.51] 4
Ezra et.al.2019 3 2468 3234 232% 0.95 (019, 4.76] .
Hertbst etal 2016 14 BB2 2309 Z06% 3.22[0.73,14.24] T
lohei et al.2018 2 294 0 276 39% 4.73[0.23,98.89)
Recketal2015 4 154 1 140 T.5% 3.97[0.44, 35.97] ]
Ribas etal 2015 2 357 o 17 1% 241012, 5053
Tony etal.2019 22 G136 1 614 T.A% 22.00[2.96 163.72) S ——
Subtotal (95% CI) 2635 2010 71.7%  5.06 [2.45,10.43] -~
Total events 53 7
Heterageneity. Chi®=7.23, df =6 {P = 0.30);, F=17%
Test for overall effect: Z2= 438 (P = 0.0001}
1.8.3 ATEZOLIZUMAB
Fehrenbache etal.2016 1 142 0 135  39%  287[012,71.13
Rittmeyer etal. 2016 4 609 0 &v8 349% B.60[0.46 160.08) 4
Subtotal (95% CI) 751 713 7.8%  5.74[0.69, 47.86] —ee———
Total events ] 0
Heterageneity, Chi®= 0.25, df=1 (P =0.62); F=0%
Testfor overall effect: Z=1.62 (P=0.11)
Total (95% CI) 4781 3801 100.0%  4.87 [2.64, 8.99] ==
Total events 63 g

it 2 — — - R = [} 1 } 1
Heterogeneity: Chi®=9.03,df=12 (P=0.70); F=0% oo 01 10 oo

Test for averall effect: Z= 5.07 (P = 0.00001)
Testfor subaroup differences: Chi*=014. df= 2 (P=0831. F=0%

B 5 FREEBICIstHXAXKORE. A: FTBERAMMK,; B: SRAMHK,
Fig 5 OR values for pneumonia associated with different types of ICls. A: all-grade of pneumonia; B: high-grade pneumonia. ICls: immune check-
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A Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Brahmer et al 2015 6 131 i 005 [002,010] 48% 11.3%
Borghaei et al 2015 8§ 287 ——+—F——+ 0.03 [0.01;0.05] 62% 12.2%
Carbone et al 2017 7 267 ——— 0.03 [0.01;0.05] 55% 11.8%
Reck et al 2015 9 154 : 006 [0.03;011] 7.3% 12.7%
Herbst et al. 2016 31 682 —a 0.05 [0.03;0.06] 247% 15.3%
Tony etal.2019 53 636 i — 0.08 [0.06;0.11] 439% 15.9%
Rittmeyer et al 2016 6 609 —— ! 0.01 [0.00;0.02] 48% 11.2%
Fehrenbache et al. 2016 4 142 ———— i 0.03 [0.01;0.07] 31% 96%
Fixed effect model 2908 < 0.05 [0.04; 0.06] 100.0% -
Random effects model —_— 0.04 [0.02; 0.06] - 100.0%
Heterogeneity: I* = 82%, 1* = 0.3286, p <0.01 ! ' ' ' !
002 004 006 008 0.1
B Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Robert et al 2015 3 206 —=—F— 0.01 [0.00;004] 6.0% 6.6%
Weber et al 2015 6 268 ——F 002 [0.01;005 121% 12.6%
Feris et al 2016 5 236 —F— 0.02 [0.01,005 10.1% 10.6%
Ribas et al 2015 6 357 —=—— 002 [001;004] 121% 12 5%
Bellmunt et al 2017 11 266 0.04 [0.02;007] 227% 216%
Kohei et al 2018 g8 204 —— 0.03 [0.01;005] 16.3% 16.3%
Ezra et.al. 2019 10 246 0.04 [0.02;0.07] 206% 19.9%
Fixed effect model 1873 = 0.03 [0.02; 0.04] 100.0% -
Random effects model = 0.03 [0.02; 0.04] - 100.0%
Heterogeneity: ° = 12%, ©©=00188,p=034 ' T T T T T 1
0.010.020.030.040.050.060.07
c Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Brahmer et al.2015 1 131 —'——ii 0.01 [0.00;0.04] 19% 4.7%
Borghaei et al. 2015 3 287 ——F—+— 0.01 [0.00;0.03] 56% 10.5%
Carbone et al.2017 4 267 —H—F—— 0.01 [0.00;0.04] 75% 12.5%
Reck etal 2015 4 154 : 0.03 [0.01;007] 76% 12.5%
Herbst et al. 2016 14 682 — 0.02 [0.01;0.03] 263%  20.3%
Tony et al 2019 22 636 i—'— 003 [002;005] 420%  223%
Rittmeyer et al.2016 4 609 ——— | 0.01 [0.00;0.02] 74% 12.4%
Fehrenbache et al.2016 1 142 —~—57 0.01 [0.00;0.04] 19% 47%
Fixed effect model 2908 e 0.02 [0.02; 0.03] 100.0% -
Random effects model == 0.02 [0.01; 0.03] - 100.0%
Heterogeneity: I° = 55%, t*= 0.2114,p=003 ' | T T T 1
0.010.020.030.04 0.050.06
D Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Robert etal 2015 0 206+—H— 0.00 [0.00;0.02] 27% 35%
Weber et al.2015 0 268 +——: 0.00 [0.00;0.01] 27% 35%
Ferris etal 2016 2 236 —'—1:7 0.01 [0.00;0.03] 13.5% 14.8%
Ribas etal 2015 2 357 —F——— 0.01 [0.00;0.02] 13.4% 14.8%
Bellmunt et al 2017 6 266 : 002 [0.01,0.05] 355%  29.3%
Kohei et al 2018 2 294 —F—— 0.01 [0.00;0.02] 13.4% 14.8%
Ezra etal 2019 3 246 —F——— 0.01 [0.00;0.04] 18.9% 19.2%
Fixed effect model 1873 == 0.01 [0.01; 0.02] 100.0% -
Random effects model —_— 0.01 [0.01; 0.02] - 100.0%
Heterogeneity: I° = 20%, <%= 0.1017, p =028 | ' ' '
0 001 002 003 004
B 6 ICIstAIE/MNARERME PR L EE (A FTARIMRK, C BRHME)  ICQsBEMBEFHPMALER (B: RERIANME, D: SRAMK)

Fig 6 Incidence of pneumonia in non-small cell lung cancer in the ICls group (A: all-grade of pneumonia; C: high-grade pneumonia); Incidence of

pneumonia in other tumors of ICls group (B: all-grade ofm rﬁ Dlj ﬁ ﬁ ﬁ
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A Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Robert et al 2015 3 206 —— ! 0.01 [0.00;0.04] 39% 18.2%
Carbone et al.2017 7 267 ———— i 003 [0.01;0.05] 93% 244%
Reck et al.2015 9 154 ‘ 006 [0.03;011] 123% 261%
Tony et al.2019 53 636 —?—'— 0.08 [0.06;0.11] 745% 31.4%
Fixed effect model 1263 —_— 0.07 [0.05; 0.08] 100.0% -
Random effects model —_— 0.04 [0.02; 0.09] - 100.0%

[ I I I 1
002 004 006 008 01

Heterogeneity: I* = §2%, t° = 0.4098, p < 0.01

Weight Weight

B Study Events Total Proportion 95%-Cl (fixed) (random)
Brahmer et al. 2015 6 131 H 005 [0.02;010] 60% 8.0%
Borghaei et al. 2015 8 287 —H:— 003 [0.01;005] 79% 93%
Weber et al. 2015 6 2686 ——F—— 002 [0.01;005] 59% 78%
Ferris et al 2016 5 236 —'——% 002 [0.01;005] 49% 70%
Ribas et al. 2015 6 357 ——— 002 [0.01;004] 58% 78%
Herbst et al. 2016 31 682 e 0.05 [0.03;0.08] 31.0% 15.6%
Bellmunt et al. 2017 11 266 —4—'7 0.04 [0.02;007] 11.0% 11.0%
Kohei et al. 2018 8 294 ——H— 003 [0.01;005] 79% 93%
Ezra etal 2019 10 246 ——4—~7 0.04 [0.02;0.07] 100% 10.5%
Rittmeyer et al 2016 6 609 —+=— ! 001 [0.00;002] 58% 78%
Fehrenbache et al. 2016 4 142 —'7% 003 [0.01,007] 39% 6.0%
Fixed effect model 3518 <L;> 0.03 [0.03; 0.04] 100.0% -
Random effects model = 0.03 [0.02; 0.04] - 100.0%

. _ _ T T 1
Heterogeneity: I = 48%, t° = 0.1031, p = 0.04
002 004 006 0.08

C Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Robert et al.2015 0 208 —— | 0.00 [0.00;0.02] 1.5% 42%
Carbone etal 2017 4 267 ———i— 0.01 [0.00;0.04] 13.9% 24 5%
Reck etal 2015 4 154 : 003 [0.01;0.07] 14.0% 24 7%
Tony et al.2019 22 636 ——?—'— 0.03 [0.02;0.05] 706% 46 5%
Fixed effect model 1263 -:::} 0.03 [0.02; 0.04] 100.0% -
Random effects model _— 0.03 [0.01; 0.05] - 100.0%

Heterogeneity: I° = 44%, <°=01530,p=0bs T T T T T 1
0 0.010.020.030.040.050.06

D Weight Weight
Study Events Total Proportion 95%-Cl (fixed) (random)
Brahmer et al 2015 17 131 1 001 [0D00;004] 34% 38%
Borghaei et al. 2015 3 287 —*57 001 [0.00;003] 80% 8.6%
Weber et al 2015 0 268 +—— 000 [0.00;001] 11% 1.3%
Ferris et al. 2016 2 236 —~—%7 001 [0.00;003] 57% 6.2%
Ribas et al 2015 2 357 —+——— 001 [0.00;002] 57% 6.2%
Herbst et al 2016 14 682 e 002 [0.01;003] 335% 292%
Bellmunt et al. 2017 6 266 : 002 [0.01;005 151% 15.2%
Kohei et al. 2018 2 294 ——i— 0.01 [0.00;0.02] 57% 62%
Ezra et.al 2019 3 246 —47 001 [0.00;0.04] 80% 8.6%
Rittmeyer et al 2016 4 609 —F—— 001 [0D00;002] 103% 10.8%
Fehrenbache et al. 2016 1 142 l 001 [0.00;0.04] 34% 3.8%
Fixed effect model 3518 <;'::} 0.01 [0.01; 0.02] 100.0% -
Random effects model == 0.01 [0.01; 0.02] - 100.0%

Heterogeneity: r= 7%, £ =0.021 8, p= 0.37 ' ' ' !
0 0.01 0.02 003 004

7 —HMRBICsHRIEER (A RERANME, C SRIME) ; ZERULEEBICsHBRMLER (B: FAERANME, D: SRIANMK)
Fig 7 Incidence of pneumonia in front-line ICls (A: all-grade of pneumonia; C: high-grade pneumonia); Incidence of pneumonia in second-line and
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Fig 8 The funnel plot of the OR of pneumonia. A: all-grade of pneumonia;
B: high-grade pneumonia.
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