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classified into four categories as follows: tumors with adap-
tive immune resistance, tolerance, immunological igno-
rance and intrinsic induction, based on PD-L1 expression 
and TIL infiltration. However, this immunophenotype is 
not suitable for some ‘cold’ cancers, most notably PCa 
because of the low to no PD-L1 expression. To optimize 

this immunophenotype, we replaced PD-L1 expression 
with a new B7 score and examined the potential prog-
nostic impact of the combined B7 score and CD8+ TIL 
status in patients with PCa. Our data indicate a significant 
association between stratification based on the B7 score 
and CD8+ TILs and OS and CSS. For example, patients 

Table 4  Multivariate analyses of prognostic factors correlated with OS and CSS with regard to B7 score

Variables

OS CSS

Training cohort Validation cohort Training cohort Validation cohort

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

Gleason score 
7 (4+3)−10/6–7 
(3+4)

1.46 0.37 3.64 0.043 1.24 0.682 3.15 0.147

0.64 to 3.37 1.04 to 12.73 0.45 to 3.41 0.67 to 14.87

Tumor stage 1.04 0.927 3.11 0.021 1.1 0.845 2.93 0.086

T3–4/T2 0.47 to 2.28 1.19 to 8.12 0.42 to 2.87 0.86 to 10.03

Nodal 
metastasis

2.66 0.023 2.55 0.243 3.3 0.019 2.69 0.233

Present/Absent 1.15 to 6.19 0.53 to 12.30 1.21 to 8.98 0.53 to 13.73

Distal 
metastasis

5.43 <0.001 1.57 0.434 6.53 <0.001 2.57 0.146

Present/Absent 2.36 to 12.52 0.51 to 4.85 2.44 to 17.48 0.72 to 9.14

B7 score 4.33 0.018 10.76 0.022 4.54 0.046 6.52 0.077

High/Low 1.29 to 14.56 1.41 to 82.50 1.03 to 20.02 0.82 to 52.09

P values <0.05 marked in bold font are statistically significant.
CSS, cancer-specific survival; OS, overall survival.

Figure 5  Association of new immune classification with overall survival (OS) and cancer-specific survival (CSS) depicted by 
Kaplan-Meier survival curves. (A–B) OS and CSS according to new immune classification in indicated cohort.
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with a high B7 score and less CD8+ TIL infiltration may 
be considered as a ‘super-cold’ tumor, which is insensi-
tive to existing clinical immunotherapy and associated 
with the poorest prognosis. However, it is possible that 
patients with low B7 scores and high CD8+ TIL infiltration 
do not require subsequent adjuvant ADT and/or chemo-
radiotherapy, because of their favorable prognosis. Taken 
together, these results may have important implications 
for the design of immunotherapy studies in the future.

The present study has several limitations. First, as a retro-
spective study, selection bias is inevitable. However, dual-
center cohorts would make our data more convincing. 
Second, the expression level of the immune makers eval-
uated in the present study were dichotomized as high or 
low according to the corresponding cut-off values, which 
were only based on the H-score in both cohorts. Thus, to 
increase reliability, a larger sample size cohort is needed 
to identify the exact cut-off. Last, despite the signifi-
cant correlations among immune markers, the exact 
colocalization among immune markers is still unclear. 
Thus, multiple immunofluorescence assays are needed 
to confirm the associations among different immune 
markers.

In summary, we demonstrated that both B7-H3 and 
HHLA2 were associated with immunosuppressive micro-
environment, and the B7 score could be used as an inde-
pendent prognostic factor for PCa. Most importantly, we 
established a new immune classification on the basis of B7 
score and CD8+ TILs, which might significantly stratify OS 
and CSS in patients with PCa.
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Tables 

  

Table S1. Basic characteristics of prostate cancer patients in two cohorts 

  

Variables  Training cohort 
(n=126) 

 Validation cohort 
(n=113) 

Number of cases (%) Number of cases (%) 
Age(y, Mean 
range) 

66(42-89) 
<66 

≥66 

 

59(46.8%) 
67(53.2%) 

  

41(36.3%) 
72(63.7%) 

T stage T2 

T3 

T4 

76(60.3%) 
30(23.8%) 
20(15.9%) 

 80(70.8%) 
28(24.8%) 

5(4.4%) 
N stage N0 

N1 

108(85.7%) 
18(14.3%) 

 110(97.3%) 
3(2.7%) 

M stage M0 

M1 

116(92.1%) 
10(7.9%) 

 105(92.9%) 
8(7.1%) 

Gleason score 10 

9 

8 

7(4+3) 
7(3+4) 
≤6 

4(3.2%) 
23(18.2%) 
16(12.7%) 
18(14.3%) 
24(19.0%) 
41(32.6%) 

 3(2.7%) 
11(9.7%) 
9(8.0%) 

36(31.9%) 
28(24.8%) 
26(23.0%) 

PD-L1 Negative 

Positive 

116(91.8%) 
10(8.2%) 

 107(94.7%) 
6(5.3%) 

B7-H3 Negative 

Positive 

21(16.7%) 
105(83.3%) 

 15(12.4%) 
98(87.6%) 

HHLA2 Negative 

Positive 

39(31.0%) 
87(69.0%) 

 36(31.9%) 
77(68.1%) 
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Table S2. The association of B7 score with clinicopathological characteristics 

 

Variables Training cohort (n=126)  Validation cohort (n=113) 
Patients 

NO. 
 B7 score Patients 

NO. 
 B7 score 

Low High p-value Low High p-value 

Age(y) 
  <66 

≥66 

 

59 

67 

  

18 

22 

 

41 

45 

0.779   

41 

72 

  

19 

30 

 

22 

42 

0.630 

Gleason score 

 6-7(3+4) 

7(4+3)-10 

 

65 

61 

  

26 

14 

 

39 

47 

0.040   

54 

59 

  

32 

17 

 

22 

42 

0.001 

Tumor stage 

 T2 

 T3-4 

 

76 

50 

  

30 

10 

 

46 

40 

0.022   

80 

33 

  

42 

7 

 

38 

26 

0.002 

Nodal metastasis 

 Absent 
 Present 

 

108 

18 

  

39 

1 

 

69 

17 

0.010   

110 

3 

  

49 

0 

 

61 

3 

0.257 

 

Distal metastasis 

Absent 
 Present 

 

116 

10 

  

39 

1 

 

77 

9 

0.168   

105 

8 

  

47 

2 

 

58 

6 

0.462 

p-value < 0.05 marked in bold font shows statistically significant. 
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Figures 

 

 

Figure S1. Representative micrographs demonstrating varying B7-H3 or HHLA2 

expression in prostate cancer by immunohistochemistry. The level of B7-H3 (A) and 

HHLA2 (B) expression was graded as intensity of immunohistochemistry staining: 0, 

absent staining; 1, weak staining; 2, moderate staining; 3, strong staining.  
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Figure S2. Kaplan-Meier survival curves for overall survival and cancer-specific 

survival of patients with PCa according to B7-H3 and HHLA2 co-expression in training 

cohort (A) and validation cohort (B). 
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