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Supplementary Fig. 1: Distribution of pre-treatment serum albumin level across 16 cancer
types. a Density plots show the distribution of serum albumin levels of each cancer type. b Pair-
wise Mann-Whitney U test P-values among cancer types. P-values were corrected by the Bonfer-
roni method. NSCLC and SCLC denote non-small cell lung cancer and small cell lung cancer,

respectively.
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Supplementary Fig. 2: Receiver operating characteristic curve analyses. Youden’s index
method determined the best cutoff value (>3.7 g/dL) from the curves. Analysis (a) with all
patients, (b) excluding patients with melanoma, (¢) excluding patients with non-small cell lung
cancer (NSCLC), (d) excluding patients with melanoma or NSCLC. AUC denotes area under the

curve.
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Supplementary Fig. 3: Effect of aloumin based on the 50th percentile cutoff (>3.9 g/dL). a
Response rate difference between the Albumin-H and Albumin-L groups. Odds ratios and x? or
Fisher’s exact tests P-values for each comparison are presented. Forest plots show (b) overall
survival (OS) and (c) progression-free survival (PFS) difference between two groups. All hazard
ratios (HRs) and 95% confidence intervals (Cls) were calculated by univariable analysis. P-values
were generated by the two-sided log-rank test. * P<0.05 ** P<0.01 *** P<0.001 **** P<0.0001.
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Supplementary Fig. 4: Effect of aloumin based on the 75th percentile cutoff (>4.1 g/dL). a

Response rate difference between the Albumin-H and Albumin-L groups. Odds ratios and xZ? or

Fisher’s exact tests P-values for each comparison are presented. Forest plots show (b) OS and

(c) PFS difference between two groups All HRs and 95% Cls were calculated by univariable analy-
sis. P-values were generated by the two-sided log-rank test.* P<0.05 ** P<0.01 *** P<0.001 **** P
<0.0001.
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Supplementary Fig. 5: Effect of serum albumin on the patient survival after immune check-
point blockade therapy. Kaplan-Meier plots show (a) OS and (b) PFS difference between two
groups. The high albumin (Albumin-H) and low albumin (Albumin-L) groups were defined based
on the optimal cutoff value (3.7> g/dL). All HRs and 95% Cls were calculated by univariable analy-
sis. P-values were generated by the two-sided log-rank test.



1.00+ 1.00
<
) 1 ©
§ 0.75 > 0.75
= c
© 35
= »n
S )
5 0.501 ® 0.50
N “
= C
g .%
o ®
O 0.251 0 0.25
(@]
T o -
o
0.00- P<0.0001 0.00 P<0.0001
0 10 20 30 40 50 0 10 20 30 40 50
Number at risk Number at risk
1 468 363 164 63 14 5 468 149 67 24 8 3
Albumin-L/ECOG 04 121 63 25 5 1 0 Albumin-L/ECOG 04 121 17 11 2 1 0
Albumin-H/ECOG=14 494 265 117 50 13 0 Albumin-H/ECOG214 494 105 42 23 7 0
1 504 150 63 16 4 0 504 63 23 9 2 0
0 10 20 30 40 50 0 10 20 30 40 50
Time (Months) Time (Months)
70_Patients with ECOG 0 410
= 60 @ Albumin-H B Albumin-L
Q9 50+
®© 40_2_05*“
3
S 30
% 20
o 104
h'd 0.
< < & > > e i) 3 3 O oS O > 3 O
,b(\le 66® &Q)’b Q)O\ Q‘,\g\ R qq, (bo}g\ e@ ,§\\’O 0& ,\\o@ <_oc)\/ 'b‘\,b ®f5\\ Qg)(\ ()0(0 90\/
F P ¥ ¢ v P @ oY ¢ 3
o & FF TP S &
Q/ Q/ Q@ \29 @QJ
70_Patients with ECOG21
)
3 60 W Albumin-H @ Albumin-L
9
o
0
(%)
C
o
Q.
(0]
Q
[n'd

Supplementary Fig. 6: Effect of albumin is independent of Eastern Cooperative Oncology
Group (ECOG) performance status. Kaplan-Meier plots showing the combined effects of serum
albumin and ECOG performance status on (a) OS and (b) PFS. P-values were generated by the
two-sided log-rank test. The Albumin-H and Albumin-L groups were defined based on the optimal
cutoff value (3.7> g/dL). ¢ Radiographic response rate between the Albumin-H and Albumin-L
groups according to the ECOG performance status. Odds ratios and x? or Fisher’s exact tests
P-values for each comparison are presented. * P<0.05 *** P<0.001.
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Supplementary Table 1 Characteristics of patients with ICB treatment.

Characteristics No. patients (%)
Sex
Female 788 (46.0)
Male 926 (54.0)

Age, median, years (IQR) 64 (55-71)
Cancer type

NSCLC 666 (38.9)
Melanoma 216 (12.6)
Renal 92 (5.4)
Sarcoma 84 (4.9)
Bladder 83 (4.8)
Head & Neck 76 (4.4)
Gastric 71 (4.1)
Endometrial 70 (4.1)
Colorectal 68 (4.0)
Hepatobiliary 57 (3.3)
SCLC 54 (3.2)
Esophageal 49 (2.9)
Pancreatic 36 (2.1)
Mesothelioma 35 (2.0)
Ovarian 30 (1.8)
Breast 27 (1.6)
Drug class
PD-1/PD-L1 1,422 (83.0)
CTLA-4 7 (0.4)
Combo 285 (16.6)
ICB line of treatment
First line 522 (30.5)
Subsequent line 1192 (69.5)
Stage
[-111 105 (6.1)
\Y] 1,577 (92.0)
Unknown 32 (1.9)
Performance status
ECOGO0 589 (34.4)
ECOG 21 998 (58.2)
Unknown 127 (7.4)

Abbreviations: NSCLC, Non-small cell lung cancer; SCLC, small cell lung cancer; PD-1, programmed cell
death 1; PD-L1, programmed cell death ligand 1; CTLA-4, cytotoxic T-lymphocyte antigen 4; Combo,
combination of anti-PD-1/PD-L1 and anti-CTLA-4; ICB, immune checkpoint blockade; ECOG, Eastern
Cooperative Oncology Group



Supplementary Table 2 Comparison of the effect of high serum albumin (3.7 g/dL) on survival according to the drug class.

Overall survival

Progression-free survival

Cancer type Combo PD-1/PD-L1 or CTLA-4 Combo PD-1/PD-L1 or CTLA-4

HR (95% CI) P-value HR (95% ClI) P-value HR (95% CI) P-value HR (95% ClI) P-value

Pan-cancer 0.36 (0.26-0.5) <0.0001 0.49 (0.43-0.56) <0.0001 0.53 (0.40-0.69) <0.0001 1.55(1.73-1.38) <0.0001
Bladder NA NA 0.58 (0.33-1.02) 0.06 NA NA 0.99 (0.59-1.67) 0.98
Breast NA NA 0.23 (0.09-0.63) 0.004 NA NA 0.45 (0.19-1.05) 0.07
Colorectal 0.46 (0.08-2.58) 0.38 0.37 (0.19-0.73) 0.004 0.29 (0.07-1.27) 0.10 0.58 (0.33-1.03) 0.06
Endometrial 0.64 (0.09-4.62) 0.66 0.59 (0.28-1.25) 0.17 3.93 (0.42-36.69) 0.23 0.53 (0.29-0.95) 0.03
Esophageal NA NA 0.35 (0.16-0.79) 0.01 NA NA 0.41 (0.21-0.81) 0.01
Gastric 0.31 (0.09-1.04) 0.06 1.09 (0.56-2.12) 0.8 0.49 (0.18-1.38) 0.18 1.03 (0.58-1.84) 0.92
Head & Neck NA NA 0.49 (0.28-0.87) 0.01 NA NA 0.65 (0.40-1.05) 0.08
Hepatobiliary NA NA 0.34 (0.16-0.73) 0.006 NA NA 0.58 (0.32-1.05) 0.07
Melanoma 0.35 (0.17-0.72) 0.004 0.33 (0.19-0.59) 0.0002 0.72 (0.40-1.30) 0.27 0.48 (0.30-0.79)  0.004
Mesothelioma 1.22 (0.20-7.39) 0.83 0.44 (0.16-1.22) 0.11 0.76 (0.12-4.61) 0.76 0.72 (0.32-1.64) 0.44

NSCLC 0.38 (0.21-0.71) 0.002 0.56 (0.45-0.68) <0.0001 0.59 (0.35-1.01) 0.05 0.70 (0.59-0.83) <0.0001
Ovarian NA NA 0.32 (0.13-0.79) 0.01 NA NA 0.32 (0.14-0.75)  0.008
Pancreatic 0.29 (0.02-4.65) 0.38 1.45 (0.56-3.75) 0.44 0.29 (0.02-4.65) 0.38 1.01 (0.48-2.12) 0.97
Renal 0.40 (0.04-3.85) 0.43 0.48 (0.26-0.90) 0.02 0.44 (0.05-3.94) 0.46 0.62 (0.37-1.03) 0.06
Sarcoma 0.19 (0.04-0.87) 0.03 0.46 (0.25-0.86) 0.02 0.73 (0.25-2.20) 0.58 0.78 (0.46-1.31) 0.35
SCLC 0.34 (0.14-0.82) 0.02 0.44 (0.16-1.25) 0.13 0.28 (0.12-0.65) 0.003 0.82 (0.30-2.19) 0.69

Abbreviations: Combo, combination of anti-PD-1/PD-L1 and anti-CTLA-4; HR, hazard ratio; Cl, confidence interval; NA, not applicable; NSCLC,
Non-small cell lung cancer; SCLC, small cell lung cancer



Supplementary Table 3 Comparison of the effect of high serum albumin (3.7 g/dL) on survival according to the age groups.

Overall survival

Progression-free survival

Cancer type Age>642 Ages<642 Age>642 Age<64?2

HR (95% ClI) P-value HR (95% CI) P-value HR (95% ClI) P-value HR (95% ClI) P-value

Pan-cancer 0.51 (0.43-0.61) <0.0001 0.42 (0.35-0.50) <0.0001 0.63 (0.54-0.73) 9.48E-10 0.61 (0.52-0.70) <0.0001
Bladder 0.63 (0.30-1.30) 0.21 0.34 (0.15-0.82) 0.21 0.72 (0.37-1.41) 0.34 0.85 (1.91-0.38) 0.69
Breast NA NA 0.28 (0.10-0.77) 0.01 NA NA 0.49 (1.18-0.20) 0.11

Colorectal 0.27 (0.03-2.26) 0.23 0.34 (0.17-0.67) 0.002 1.06 (0.27-4.15) 0.94 0.37 (0.67-0.21)  0.0009
Endometrial 0.43 (0.19-0.97) 0.04 1.05 (0.28-3.97) 0.95 0.73 (0.37-1.45) 0.37 0.42 (1.10-0.16) 0.08
Esophageal 0.43 (0.10-1.96) 0.28 0.27 (0.10-0.71) 0.008 0.32 (0.09-1.14) 0.08 0.42 (1.02-0.17) 0.05
Gastric 1.05 (0.42-2.63) 0.92 0.69 (0.34-1.41) 0.31 0.74 (0.33-1.65) 0.46 0.80 (1.51-0.42) 0.48
Head & Neck  0.36 (0.13-0.94) 0.04 0.62 (0.30-1.29) 0.20 0.67 (0.31-1.48) 0.32 0.64 (1.18-0.34) 0.15
Hepatobiliary ~ 0.22 (0.05-1.02) 0.05 0.34 (0.13-0.86) 0.02 0.70 (0.28-1.74) 0.44 0.52 (1.18-0.23) 0.12
Melanoma 0.42 (0.23-0.76) 0.004 0.27 (0.14-0.53) 0.0002 0.61 (0.37-1.01) 0.06 0.49 (0.86-0.27)  0.013
Mesothelioma  0.45 (0.16-1.28) 0.14 0.80 (0.18-3.67) 0.78 0.45 (0.17-1.15) 0.09 0.87 (3.96-0.19) 0.86
NSCLC 0.59 (0.46-0.76) <0.0001 0.47 (0.35-0.64) <0.0001 0.69 (0.55-0.85)  0.0006 0.69 (0.90-0.53)  0.006
Ovarian 0.39 (0.10-1.59) 0.19 0.16 (0.04-0.56) 0.004 0.55 (0.18-1.69) 0.30 0.16 (0.63-0.04)  0.008
Pancreatic 1.10 (0.28-4.39) 0.89 1.79 (0.58-5.57) 0.32 0.66 (0.20-2.17) 0.49 0.94 (2.27-0.39) 0.90
Renal 0.30 (0.07-1.35) 0.12 0.48 (0.25-0.91) 0.03 0.35 (0.10-1.20) 0.10 0.65 (1.11-0.38) 0.11
Sarcoma 0.36 (0.14-0.91) 0.03 0.38 (0.18-0.79) 0.009 0.67 (0.32-1.44) 0.31 0.75 (1.37-0.41) 0.35
SCLC 0.25 (0.11-0.58) 0.001 0.53 (0.14-1.96) 0.34 0.24 (0.10-0.56)  0.0009 0.91 (2.76-0.30) 0.87

Abbreviations: HR, hazard ratio; Cl, confidence interval; NA, not applicable; NSCLC, Non-small cell lung cancer; SCLC, small cell lung cancer; 2Age
groups were divided based on the median age of the cohort



Supplementary Table 4 Comparison of the effect of high serum albumin (3.7 g/dL) on survival according to the sex.

Overall survival

Progression-free survival

Cancer type Male Female Male Female

HR (95% ClI) P-value HR (95% ClI) P-value HR (95% CI) P-value HR (95% CI) P-value

Pan-cancer  0.47 (0.39-0.55) <0.0001 0.46 (0.39-0.55) <0.0001 0.65 (0.56-0.75)  <0.0001 0.60 (0.51-0.70)  <0.0001
Bladder 0.54 (0.28-1.04) 0.06 0.42 (0.15-1.20) 0.11 0.94 (0.52-1.71) 0.83 0.62 (0.23-1.63) 0.33
Breast NA NA 0.23 (0.09-0.60) 0.003 NA NA 0.47 (0.21-1.08) 0.08
Colorectal 0.31 (0.10-0.94) 0.04 0.50 (0.23-1.09) 0.08 0.57 (0.24-1.35) 0.20 0.63 (0.31-1.26) 0.19
Endometrial NA NA 0.58 (0.29-1.15) 0.12 NA NA 0.59 (0.34-1.04) 0.07
Esophageal  0.25 (0.10-0.61) 0.002 0.95 (0.19-4.77) 0.95 0.33 (0.15-0.71) 0.005 0.67 (0.18-2.55) 0.56
Gastric 0.55 (0.28-1.10) 0.09 1.45 (0.50-4.19) 0.49 0.79 (0.44-1.43) 0.43 0.88 (0.35-2.20) 0.78
Head & Neck  0.58 (0.30-1.10) 0.1 0.41 (0.1-01.64) 0.21 0.74 (0.43-1.29) 0.29 0.46 (0.15-1.39) 0.17
Hepatobiliary  0.43 (0.16-1.15) 0.09 0.24 (0.07-0.87) 0.03 0.89 (0.41-1.93) 0.78 0.49 (0.20-1.19) 0.12
Melanoma 0.35 (0.20-0.62) 0.0003 0.20 (0.09-0.43) <0.0001 0.56 (0.36-0.88) 0.01 0.54 (0.26-1.12) 0.10
Mesothelioma 0.45 (0.18-1.14) 0.09 3.46 (0.22-55.78) 0.38 0.54 (0.23-1.26) 0.15 1.42 (0.13-16.04) 0.78
NSCLC 0.53 (0.40-0.70) <0.0001 0.54 (0.41-0.71) <0.0001 0.71 (0.56-0.89) 0.004 0.68 (0.54-0.85) 0.001
Ovarian NA NA 0.30 (0.13-0.73) 0.007 NA NA 0.35 (0.16-0.77) 0.01
Pancreatic 1.17 (0.36-3.75) 0.79 1.28 (0.33-4.97) 0.72 0.58 (0.23-1.48) 0.25 1.11 (0.36-3.45) 0.86
Renal 0.38 (0.19-0.79) 0.009 0.42 (0.14-1.26) 0.12 0.63 (0.34-1.16) 0.14 0.39 (0.17-0.92) 0.03
Sarcoma 0.62 (0.27-1.43) 0.26 0.03 (0.01-0.12) <0.0001 0.96 (0.51-1.80) 0.91 0.36 (0.17-0.75) 0.007
SCLC 0.38 (0.16-0.90) 0.03 0.39 (0.13-1.13) 0.08 0.45 (0.20-1.03) 0.06 0.35 (0.12-1.03) 0.06

Abbreviations: HR, hazard ratio; Cl, confidence interval; NA, not applicable; NSCLC, Non-small cell lung cancer; SCLC, small cell lung cancer



Supplementary Table 5 Comparison of the effect of high serum albumin (3.7 g/dL) on survival according to the TMB groups.

Overall survival

Progression-free survival

Cancer type TMB210 TMB<10 TMB210 TMB<10
HR (95% ClI) P-value HR (95% ClI) P-value HR (95% CI) P-value HR (95% CI) P-value
Pan-cancer  0.48 (0.37-0.62) <0.0001 0.46 (0.40-0.53) <0.0001 0.55 (0.44-0.68) <0.0001 0.67 (0.60-0.76) <0.0001
Bladder 0.49 (0.16-1.56) 0.23 0.47 (0.25-0.90) 0.02 0.75 (0.28-2.00) 0.56 0.96 (0.53-1.75) 0.9
Breast NA NA 0.22 (0.08-0.59) 0.003 NA NA 0.49 (0.21-1.14) 0.1
Colorectal 0.22 (0.06-0.83) 0.02 0.39 (0.19-0.81) 0.01 0.34 (0.12-0.99) 0.048 0.41 (0.21-0.78) 0.007
Endometrial  0.29 (0.07-1.33) 0.11 0.68 (0.30-1.53) 0.35 0.39 (0.14-1.10) 0.08 0.65 (0.33-1.28) 0.21
Esophageal NA NA 0.39 (0.18-0.84) 0.02 NA NA 0.38 (0.19-0.78) 0.008
Gastric NA NA 1.01 (0.56-1.82) 0.98 NA NA 0.96 (0.57-1.62) 0.89
Head & Neck 0.36 (0.08-1.57) 0.17 0.58 (0.31-1.08) 0.09 0.89 (0.27-2.98) 0.85 0.60 (0.36-1.03) 0.06
Hepatobiliary  2.21 (0.2-24.47) 0.52 0.25 (0.10-0.58) 0.001 3.49 (0.57-21.55) 0.18 0.53 (0.28-0.99) 0.04
Melanoma 0.26 (0.13-0.51) <0.0001 0.42 (0.23-0.79) 0.007 0.43 (0.25-0.75) 0.003 0.77 (0.46-1.30) 0.33
Mesothelioma NA NA 0.57 (0.24-1.34) 0.19 NA NA 0.74 (0.36-1.55) 0.43
NSCLC 0.70 (0.48-1.01) 0.06 0.48 (0.38-0.60) <0.0001 0.61 (0.45-0.83) 0.002 0.74 (0.61-0.90) 0.002
Ovarian NA NA 0.34 (0.14-0.82) 0.02 NA NA 0.44 (0.20-0.98) 0.04
Pancreatic NA NA 1.47 (0.58-3.72) 0.41 NA NA 0.79 (0.39-1.63) 0.53
Renal NA NA 0.41 (0.22-0.74) 0.003 NA NA 0.54 (0.33-0.88) 0.01
Sarcoma NA NA 0.29 (0.16-0.53) <0.0001 NA NA 0.62 (0.38-1.00) 0.048
SCLC 0.52 (0.19-1.45) 0.21 0.25 (0.09-0.66) 0.005 0.49 (0.18-1.32) 0.16 0.24 (0.09-0.62) 0.003

Abbreviations: HR, hazard ratio; Cl, confidence interval; NA, not applicable; NSCLC, Non-small cell lung cancer; SCLC, small cell lung cancer



Supplementary Table 6 Characteristics of patients without ICB treatment.

Characteristics

No. patients (%)

Sex
Female 3,212 (39.8)
Male 2,123 (60.2)

Age at diagnosis,

median, years (IQR) 61 (51-70)

Cancer type
NSCLC 1,087 (20.4)
Colorectal 1,050 (19.7)
Pancreatic 719 (13.5)
Breast 693 (13.0)
Sarcoma 493 (9.2)
Hepatobiliary 281 (5.3)
Ovarian 243 (4.6)
Endometrial 219 (4.1)
Gastric 147 (2.8)
Renal 87 (1.6)
Head & Neck 75 (1.4)
Bladder 72 (1.3)
Esophageal 69 (1.3)
SCLC 59 (1.1)
Melanoma 41 (0.8)

Stage at diagnosis
-1l 2,752 (51.6)
v 2,470 (46.3)
Unknown 113 (2.1)

Abbreviations: NSCLC, Non-small cell lung cancer; SCLC, small cell lung cancer



Supplementary Table 7 Comparison of the effect of high serum albumin (3.7 g/dL) on

overall survival according to the treatment context.

Cancer type

Without/before ICB treatment

ICB treatment

HR (95% CI) P-value HR (95% CI) P-value

Pan-cancer 0.37 (0.33-0.41) <0.0001 0.47 (0.41-0.53) <0.0001
Bladder 0.20 (0.06-0.68) 0.01 0.50 (0.28-0.86) 0.01
Breast 0.58 (0.21-1.59) 0.29 0.22 (0.08-0.57) 0.002
Colorectal 0.34 (0.26-0.45) <0.0001 0.37 (0.20-0.68) 0.002
Endometrial 0.28 (0.14-0.56) 0.0003 0.58 (0.29-1.15) 0.12
Esophageal 0.69 (0.28-1.67) 0.41 0.35 (0.16-0.75) 0.007
Gastric 0.72 (0.39-1.30) 0.27 0.82 (0.47-1.43) 0.48
Head & Neck 0.43 (0.06-3.29) 0.42 0.53 (0.30-0.93) 0.03
Hepatobiliary 0.55 (0.40-0.75) 0.0002 0.34 (0.16-0.74) 0.006

Melanoma 0.28 (0.03-3.05) 0.29 0.34 (0.22-0.53) <0.0001

NSCLC 0.24 (0.19-0.30) <0.0001 0.54 (0.44-0.65) <0.0001
Ovarian 0.77 (0.43-1.38) 0.37 0.30 (0.13-0.72) 0.007
Pancreatic 0.70 (0.56-0.87) 0.002 1.37 (0.58-3.23) 0.47
Renal 0.08 (0.03-0.19) <0.0001 0.41 (0.22-0.74) 0.003

Sarcoma 0.39 (0.27-0.55) <0.0001 0.37 (0.21-0.67) 0.0008
SCLC 0.64 (0.32-1.30) 0.22 0.36 (0.18-0.69) 0.003

Abbreviations: ICB, immune checkpoint blockade; HR, hazard ratio; Cl, confidence interval; NSCLC, Non-
small cell lung cancer; SCLC, small cell lung cancer



