Cancer Immunology, Immunotherapy (2021) 70:2657-2668
https://doi.org/10.1007/500262-020-02827-x

ORIGINAL ARTICLE q

Check for
updates

Development and validation of a PD-L1/PD-1/CD8 axis-based
classifier to predict cancer survival of upper tract urothelial carcinoma
after radical nephroureterectomy

Junyu Chen'3 . Wenlong Zhong'-? - Meng Yang* - Weibin Hou'*® - Xiaofei Wang' - Kun Xia'3 - Hao Yu'? .
Meihua Yang'- - Bingkun Zhou' - Bo Wang'3® . Jian Huang'-? - Tianxin Lin'%3

Received: 1 September 2020 / Accepted: 8 December 2020 / Published online: 19 February 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract

The expression status of programmed cell death-ligand 1/programmed cell death 1 (PD-L1/PD-1) and the infiltration of
CD8™ T cells in tumor tissues are considered to be related to immunotherapy efficacy and patient prognosis. The purpose of
this study is to clarify the prognostic value of the PD-L1/PD-1/CD8 axis, and to develop and validate a comprehensive scor-
ing system based on multiple immune variables to predict cancer survival of upper tract urothelial carcinoma (UTUC) after
radical nephroureterectomy (RNU). The immunohistochemical method was used to detect the expression of PD-L1, PD-1,
and CDS in cancer tissues of UTUC patients after RNU. Then, an immunoscore was constructed using the least absolute
shrinkage and selection operator (LASSO) Cox regression model in the training cohort (n=120), and it was verified in the
validation cohort (n=>54). We found that infiltration of PD-L1* immune cells (ICs), stromal PD-1" tumor-infiltrating lym-
phocytes (TILs), and intratumoral CD8* TILs was associated with poor overall survival (OS). The immunoscore based on
the three immune variables further divided the patients into low- and high-risk groups, and there was a significant difference
in the survival rate. A nomogram was constructed by combining tumor-node-metastasis (TNM) stage and immunoscore,
and the area under the curve of the receiver-operating characteristic (ROC) (0.78) for predicting 5-year mortality was better
than that of the TNM stage (0.70) and immunoscore (0.76). Our results show that the PD-L1/PD-1/CD8 axis-based classifier
have potential clinical application to predict cancer survival of UTUC patients after RNU.
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Introduction

Upper tract urothelial carcinoma (UTUC) is a rare malig-
nancy originating from the urinary epithelium of the renal
pelvis and ureter, which comprises about 5-10% urothelial
carcinoma (UC) cases [1, 2]. Muscle-invasive disease at the
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advanced UTUC [6, 7]. However, only a small proportion
of patients can benefit from platinum-based chemotherapy,
and the response is inevitably not persistent [8]. Moreover,
20-25% of patients cannot tolerate platinum-based chemo-
therapy due to impaired renal function, especially after RNU
[9, 10]. With the development of cancer immunotherapy,
programmed cell death-ligand 1/programmed cell death 1
(PD-L1/PD-1) inhibitors have taken center stage in the treat-
ment of metastatic or locally advanced UC [11]. Previous
studies have shown that 22-39% of patients with metastatic
UTUC responded to PD-L1/PD-1 inhibitors, which is higher
than the percentage of patients with UC of the bladder who
responded to PD-L1/PD-1 inhibitors (17-28%) [12]. A ther-
apeutic regimen targeting the PD-L1/PD-1 axis may change
the standard of care for patients with UTUC.

The expression of PD-L1/PD-1 in the tumor itself and
tumor microenvironment (TME) is considered to be of sig-
nificance in predicting the response to immunotherapy, as
well as patient survival. Recently, researchers have classified
the TME into four subtypes according to the PD-L1 expres-
sion and density of CD8" tumor-infiltrating lymphocytes
(TILs), which may aid in treatment decision and prognostic
prediction [13]. However, few studies have evaluated the
PD-L1/PD-1 expression and its prognostic value in UTUC,
and it is also largely unknown whether a combination of
CD8* TILs and PD-L1/PD-1 expression could add addi-
tional value in stratifying UTUC patients and predicting
their immunotherapy response.

Herein, we comprehensively evaluated the expression of
PD-L1/PD-1/CD8 axis in UTUC and constructed a PD-L1/

PD-1/CDS8 axis-based immunoscore, which could accurately
predict the survival of UTUC patients in two independent
patient cohorts. Furthermore, we integrated the immu-
noscore with clinicopathologic parameters and developed a
prognostic model with a 5-year AUC more than 0.78, which
indicates a high clinical application value, and it is worthy
of a further study.

Materials and methods
Patients and samples

Our research design is shown in Fig. 1. Patients aged
18 years and older who underwent RNU and were histo-
logically confirmed with UTUC were enrolled. Patients who
had distant metastasis at diagnosis, other concurrent malig-
nant tumors, missing clinical information, and missing or
unscorable pathological sections, were lost to follow-up and
received neoadjuvant chemotherapy were excluded from the
study. The patients were separated into training and valida-
tion sets randomly in a ratio of 7:3: training cohort (n=120)
and validation cohort (n=54).

Clinicopathological data, including gender, age, tumor
characteristics, and treatment-related variables, were ret-
rospectively collected. Tumor staging and grading were
reviewed by experienced pathologists in a blind manner
and classified according to the 2017 tumor-node-metasta-
sis (TNM) classification and the 2004/2016 World Health
Organization (WHO) classification. The endpoint of this

Fig.1 A flowchart of the study

Patients aged 18 years and older who underwent
RNU and were histologically confirmed with UTUC
were enrolled (n=174, 2009 to 2019)
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research was overall survival (OS), which was defined as
the period span from the date of the operation to the date of
death. Follow-ups included urine cytology and cystoscopy
every 3 months and upper tract CT urography once a year.
The study was approved by the ethics committee of Sun Yat-
sen Memorial Hospital. All enrolled patients signed written
informed consent.

Immunohistochemistry

The indirect immunoperoxidase method was used for immu-
nohistochemical (IHC) detection. After dewaxing, rehydra-
tion, antigen repair, inactivation of endogenous peroxidase,
and blocking of non-specific binding, 4 pm-thick sections
were incubated with the following primary antibodies: (anti-
PD-L1: 1:400, clone SP142, Spring Bioscience, Fremont,
CA, USA; anti-PD-1: 1:100, clone EH33, Cell Signaling
Technology, Beverly, MA, USA; anti-CDS8: 1:400, clone
D8ASY, Cell Signaling Technology, Beverly, MA, USA)
overnight at 4 °C. Then, the slices were incubated with the
corresponding secondary antibodies and stained with DAKO
EnVision Detection System (DAKO). Finally, the slides
were counterstained with hematoxylin and cover-slipped.

Evaluation of immunohistochemical staining

Two independent pathologists who were blinded to clinico-
pathological and survival data analyzed the tissue sections.
PD-L1 expression was evaluated directly under an upright
microscope. According to the reference, the staining pat-
tern of PD-L1 in tumor cells (TCs) or immune cells (ICs)
is negative or positive when < 10% or > 10%, respectively
[14]. CD8* TILs and PD-1" TILs were evaluated by captur-
ing images at five representative high-power fields (x 400
magnification, 0.07 mm?/per field) and counted manually.

In situ immunofluorescence staining

After dewaxing, rehydration, antigen repair, inactivation of
endogenous peroxidase, and blocking with 5% bovine serum
albumin, sections were incubated with the following primary
antibodies: (rabbit anti-human CD8: 1:200, clone D8ARY,
Cell Signaling Technology, Beverly, MA, USA; mouse anti-
human PD-1: 1:50, clone UMAB199, ZSGB-BIO, Beijing,
China) at 4 °C overnight. Next, the slices were incubated
with the secondary antibodies: (Alexa Fluor 594 donkey
anti-rabbit, A-21207, Thermo Fisher, Waltham, MA, USA;
Alexa Fluor 647 donkey anti-mouse, A-31571, Thermo
Fisher, Waltham, MA, USA) at 37 °C for 30 min. Slides
were mounted with DAPI mounting medium.

Statistical analysis

Pearson chi-square test or Fisher’s exact test was used to
compare categorical variables. For continuous variables,
Mann—Whitney U test was performed. Survival analysis was
performed by Kaplan—Meier methods, with P values deter-
mined by log-rank test. X-tile was used to generate the best
cut-off value of PD-1* TILs and CD8* TILs based on the OS
data, and according to these cut-off values, the patients were
separated into low- and high-risk subgroups. The least abso-
lute shrinkage and selection operator (LASSO) Cox regres-
sion model was used to select the immune variables and the
coefficients generated by the model were used to develop
the immunoscore using the R package glmnet. Multivariate
analysis was performed by the multivariate Cox proportional
hazard model, including all significant covariates (P <0.1)
from the univariate Cox model (forward conditional). The
coefficients calculated by the multivariate Cox model were
used to generate the nomogram and the calibration curves
were drawn using the R package rms. The prognostic authen-
ticity of our model was evaluated by the receiver-operating
characteristic (ROC) analysis using survival ROC package.
Decision curve analysis was applied to evaluate the clinical
utility of the nomogram using the R package dca. P <0.05
was thought to be statistically significant. IBM SPSSV.25.0
and R v.3.4.0 were used for statistical analysis.

Results
Patient characteristics

Table 1 lists the baseline clinicopathologic and immune fea-
tures of 174 patients with UTUC. The median age at the time
of surgery was 65 years (ranging from 33 to 92 years). There
were 125 (71.8%) male and 49 (28.2%) female patients.
In total, 92 (52.9%) patients were diagnosed with stage
0/0is/I-1I disease and 82 (47.1%) patients were diagnosed
with stage III-IV. The median OS time was 29.3 months
(IQR 11.3-41.8 months). A total of 45 (25.9%) patients died
and 42 (24.1%) patients had disease recurrence. Of note, 10
(5.7%) patients had distant metastasis after nephroureterec-
tomy and among these patients, 6 received salvage chemo-
therapy, 1 received salvage radiotherapy, and 3 received sup-
portive care. There was no significant difference between the
training cohort (n=120) and the validation cohort (n=54)
in terms of the clinical and immune features (Table 1). With
respect to the expression of immune parameters, the repre-
sentative IHC images for PD-L1, PD-1, and CD8 in UTUC
are shown in Fig. 2 and Supplementary Fig. 1. Of note, with
PD-L1 as the standard threshold of 10% in intratumoral
regions and stromal regions, the positive expression rate of
PD-L1 was 42.5% and 39.7%, respectively.

@ Springer



2660

Cancer Immunology, Immunotherapy (2021) 70:2657-2668

Table 1 Characteristics of patients with upper tract urothelial carci-
noma after radical nephroureterectomy [N (%)]

Variables Total Train- Valida- P value
(n=174) ing cohort tion cohort
(n=120) (n=54)

Age (years, 65 (33-92) 64 (36-89) 66 (33-92)  0.158
median
range)
<65 88 (50.6%) 65 (54.2%) 23 (42.6%)
> 65 86 (49.4%) 55 (45.8%) 31 (57.4%)

Gender 0.125
Female 49 (28.2%) 38 (31.7%) 11 (20.4%)
Male 125 (71.8%) 82 (68.3%) 43 (79.6%)

Smoking 0.505
No 122 (70.1%) 86 (71.7%) 36 (66.7%)
Yes 52 (29.9%) 34 (28.3%) 18 (33.3%)

Side 0.475
Left 94 (54.0%) 67 (55.8%) 27 (50.0%)
Right 80 (46.0%) 53 (44.2%) 27 (50.0%)

Location 0.655
Ureter 72 (41.4%) 51(42.5%) 21 (38.9%)
Pelvic 102 (58.6%) 69 (57.5%) 33 (61.1%)

Tumor size 0.126
<2cm 27 (15.5%) 22 (183%)  5(9.3%)
>2cm 147 (84.5%) 98 (81.7%) 49 (90.7%)

Multifocality 0.890
Absence 146 (83.9%) 101 (84.2%) 45 (83.3%)
Presence 28 (16.1%) 19 (15.8%) 9 (16.7%)

CKD stage 0.770
Stage 1 110 (63.2%) 75(62.5%) 35 (64.8%)
Stage 2-5 64 (36.8%) 45(37.5%) 19 (35.2%)

Tumor grade 0.197
G1-2 25 (14.4%) 20 (16.7%)  5(9.3%)
G3 149 (85.6%) 100 (83.3%) 49 (90.7%)

TNM stage 0.883
0/0is/I-11 92 (52.9%) 63 (52.5%) 29 (53.7%)
1I-1v 82 (47.1%) 57 (47.5%) 25 (46.3%)

Regional lymphadenectomy 0.864
Absence 147 (84.5%) 101 (84.2%) 46 (85.2%)
Presence 27 (15.5%) 19 (15.8%) 8 (14.8%)

Adjuvant chemotherapy 0.292
Absence 140 (80.5%) 94 (78.3%) 46 (85.2%)
Presence 34 (19.5%) 26 (21.7%) 8 (14.8%)

PD-L1 TCs 0.315
Negative 100 (57.5%) 72 (60.0%) 28 (51.9%)
Positive 74 (42.5%) 48 (40.0%) 26 (48.1%)

PD-L1 ICs 0.595
Negative 105 (60.3%) 74 (61.7%) 31 (57.4%)
Positive 69 (39.7%) 46 (38.3%) 23 (42.6%)

INT PD-1* TILs 0.548
Low 94 (54.0%) 63 (52.5%) 31 (57.4%)
High 80 (46.0%) 57 (47.5%) 23 (42.6%)
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Table 1 (continued)

Variables Total Train- Valida- P value
(n=174) ing cohort tion cohort
(n=120) (n=54)
ST PD-1* TILs 0.373
Low 131 (75.3%) 88 (73.3%) 43 (79.6%)
High 43 (24.7%) 32(26.7%) 11 (20.4%)
INT CD8* TILs 0.278
Low 99 (56.9%) 65 (54.2%) 34 (63.0%)
High 75 (43.1%) 55 (45.8%) 20 (37.0%)
ST CD8™* TILs 0.212
Low 114 (65.5%) 75 (62.5%) 39 (72.2%)
High 60 (34.5%) 45 (37.5%) 15 (27.8%)

PD-L1 programmed cell death-ligand 1, PD-1 programmed cell death
1, TILs tumor infiltrating lymphocytes, TCs tumor cells, /Cs immune
cells, INT Intratumoral regions, ST stromal regions; P values were
determined using the Pearson chi-square test or Fisher’s exact test

Predictive value of the PD-L1/PD-1/CD8 axis
in prognosis

Kaplan-Meier test showed that PD-L1" ICs and high stro-
mal PD-1% TILs were correlated with poor OS (P=0.0024
and P=0.038, respectively) (Fig. 3b, d). However, PD-L1
expressed by TCs and intratumoral PD-1* TILs were not cor-
related with the OS of the UTUC patients (Fig. 3a, c). Of note,
previous studies dispute the prognostic value of CD8* TILs
in UC [15, 16]. In our study, patients with high intratumoral
CD8™" TILs showed a significant decrease in overall survival
compared with patients in the low subgroup (P=0.017), while
there was no significant difference in OS between the high
subgroup and low subgroup of stromal CD8" TILs (Fig. 3e, f).

By analyzing IHC images in serial sections, we found that
the positively stained regions of CD8 and PD-1 overlapped,
especially in patients with high densities of both CD8" TILs
and PD-1* TILs (Fig. 4a—d). Pearson tests showed that the
density of CD8* TILs and the density of PD-1* TILs were
significantly positive correlated in both stromal regions
and intratumoral regions (intratumoral regions: r=0.540,
P <0.001; stromal regions: r=0.454, P <0.001) (Fig. 4e, f).
We further confirmed the results by evaluating the transcript
data from the Gene Expression Omnibus (GEO) database
(GSE134292; Supplementary Fig. 2). Double immuno-
fluorescent staining showed PD-1 and CD8 co-expression
(Fig. 4g—j). This may explain the contradictory value of
CD8™ TILs in prognosis prediction.

Development and validation of immunoscore
of UTUC

To investigate the prognostic value of the PD-L1/PD-1/CD8
axis, we calculated the immunoscore for each patient using
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Fig.2 Representative images of PD-L1, PD-1, and CDS8 staining in
UTUC. Samples are shown at X 100 or x 400 (scale bar 100 pm) origi-
nal magnification. Positive expression of PD-L1 in the intratumoral
region (a, b) and stromal region (¢, d). High-risk group of PD-1*

the LASSO Cox model in the training cohort (Fig. 5a, b).
The formula for immunoscore was based on the status of the
following three immune variables:

Immunoscore = (0.7879 x PD-L1 ICs status) +
(0.6011 x Stromal PD-1* TILs status) + (0.2422 X Intratu-
moral CD8* TILs status).

In the training cohort, we assign patients to high- and
low-risk groups based on the optimal cut-off value of the
immunoscore generated by X-tile. The low-risk group
was significantly associated with the improvement of OS
(P=0.0042) (Fig. 5¢). Then, the cut-off value obtained from
the training set was applied to the validation set. Consist-
ently, the patients in high-risk group had shorter OS than
those in low-risk group in the validation cohort (P =0.024)
(Fig. 5d).

Next, we evaluated the predictive value of the immu-
noscore using time-dependent ROC analysis. The AUC
values of the immunoscore at 1, 3, and 5 years were 0.67
(95% CI 0.52-0.82), 0.66 (95% CI 0.52-0.79), and 0.74
(95% CI 0.62-0.88) in the training cohort, and 0.80 (95%
CI 0.59-0.93), 0.71 (95% CI 0.60-0.90), and 0.75 (95% CI
0.61-0.93) in the validation cohort (Fig. Se, f). Subgroup
analysis found that patients in the low stage 0/0is/I-II or high
stage III-IV could be further divided into high and low-risk
subgroups by the immunoscore (Supplementary Fig. 3). The
immunoscore may provide more accurate prognosis and can

Stromal region
100x »

TILs in the intratumoral region (e, f) and stromal region (g, h). High-
risk group of CD8" TILs in the intratumoral region (i, j) and stromal
region (k, 1)

be complementary to the TNM staging system for patients
with UTUC.

Nomogram based on the combination
of immunoscore and clinicopathologic parameters

To establish a more sensitive survival prediction model for
patients with UTUC, we established a comprehensive prog-
nostic model based on the combination of immunoscore and
clinicopathologic parameters. After multivariable adjust-
ment for clinicopathological factors, immunoscore and TNM
stage remained strong independent prognostic markers for
OS in the training set (Supplementary Table 1). Then, we
constructed a nomogram combining the immunoscore and
TNM stage to predict the 5-year OS (Fig. 6a). The calibra-
tion curves indicated favorable accordance between the
nomogram-predicted 5-year OS and the observed 5-year
OS in the training cohort (C-index 0.845, 95%CI 0.781 to
0.909), the validation cohort (C-index 0.804, 95% CI 0.713
to 0.895), and the combined cohort (C-index 0.830, 95% CI
0.776 to 0.884) (Fig. 6b). Decision curve analysis displayed
well positive net benefits in both cohorts (Fig. 6¢), revealing
that the nomogram had good clinical application in predict-
ing 5-year OS.

Further survival analysis showed that patients in high-
risk subgroup divided by the nomogram had worse OS
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Fig.3 Kaplan—Meier overall survival curves for patients with UTUC
stratified by (a, b) PD-L1 TCs status and PD-L1 ICs status, (c, d)
PD-1% TILs status in the intratumoral and stromal regions, and (e, f)

than low-risk subgroup in the training, validation, and
combined cohorts (Fig. 7a—c). ROC analysis was used to
compare the sensitivity and specificity of the nomogram
with TNM staging or immunoscore alone. In the training
set, the prognostic value of immunoscore combined with
TNM staging in OS (AUC of 0.78, 95% CI 0.64-0.93)
was better than that of TNM staging (AUC of 0.67, 95%
CI0.53-0.87) or immunoscore model (AUC of 0.74, 95%
CI 0.62-0.88) alone, which was further verified in the
validation set (Fig. 7d, e). Furthermore, we performed
the ROC analysis in the combined set, and the AUC of

@ Springer

b PD-L1 ICs status = negative = positive
1.00
0.75
=
3
8
°
2950
2
2
5
1]
Log-rank
0.25 J
P=0.0024
105 (100) 80 (76) 55(52) 36 (34) 22(21) 16(15) 8(8) 2(2)
0.004 69 (100) 50(72) 35(51) 20(29) 10(14) 6(9) 3(4) 1(1)
0 2 7% k3 78 €0 72 EL
Months
d ST PD-1* TiLs status = low = high
1.00
0.75
z
- ;
-3
o
Qo
g 0.50
2
5
12}
Log-rank
0.25 9
P =0.038

131(100) 94 (72) 63(48) 36(27) 19(15) 12(9) 8(6) 2(2)
0.00{ 43 (100) 36 (84) 27(63) 20(47) 13(30) 10(23) 3(7)  1(2)

9 2 7% 3 78 €0 72 EZ
Months
f ST CD8"* TILs status = low = high

1.00

0.75
z
5
3
o
5 ;
g 0.50
2
5
12}

Log-rank
0.25 9
P=0.11
114 (100) 79 (69) 52 (46) 27 (24) 16(14) 11(10) 6 (5) 1(1)
0.009 60 (100) 51(85) 38(63) 29(48) 16(27) 11(18) 5(8) 2(3)
0 2 7% %% 78 €0 72 EZ

Months

CD8* TILs status in the intratumoral and stromal regions. P values
were determined using the log-rank test

the nomogram at 5 years was 0.78 (95% CI 0.70-0.88)
(Fig. 71).

Discussion

Despite the encouraging results of immune checkpoint inhib-
itors (ICIs) in UTUCS, limited data are available with regard
to the correlation and prognostic role of the entire PD-L1/
PD-1/CD8 axis of UTUC. To address these limitations, we
comprehensively assessed the expression of CD8* TILs and
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Fig.4 Representative images of CD8 (a, ¢) and PD-1 (b, d) stain-
ing in tumor serial sections. Samples are shown atx400 (scale bar
100 pm) original magnification. Analyses of the correlation between
the PD-17 TILs and CD8" TILs in the intratumoral and stromal

PD-L1/PD-1, and developed a PD-L1/PD-1/CD8 axis-based
immunoscore in UTUC patients. In our study, we found that
PD-L17" ICs, stromal PD-171 TILs, and intratumoral CD8*
TILs were associated with poor prognosis. Moreover, we
developed an immunoscore based on the axis, and the 5-year
mortality rate predicted by ROC analysis was better than
that of the TNM system. To our knowledge, this is the first
study to comprehensively characterize the expression of the
PD-L1/PD-1/CD8 axis in UTUC patients. The immunoscore
developed for UTUC based on immune infiltration and func-
tion could be integrated into the current TNM staging sys-
tem to provide additional prognostic information.

Previous studies have shown conflicting results con-
cerning the prognostic value of PD-L1 and its predictive
value in immunotherapy response in UTUC. For instance,
Skala et al. [17] found that PD-L1 expression in UTUC was
not associated with cancer-specific survival. On the other
hand, Krabbe et al. [18] have identified PD-L1 positivity
as a favorable predictor of survival in cases of organ con-
fined UTUC, while Miyama et al. [19] believed that PD-L1
expression was an adverse predictor for survival in their

regions (e, f). Significance was assessed by Pearson correlation. Rep-
resentative images of in situ double immunofluorescent staining by
confocal analysis (scale bar 50 pm) (g—j)

high-platelet UTUC subgroup. PD-L1 is expressed on both
tumor cells and immune cells, and its cell-specific expres-
sion might have different prognostic meanings. The expres-
sion of PD-L1 on ICs seems to be a more predictive bio-
marker for immunotherapy in urothelial carcinoma [20]. It
has been reported that stromal PD-L.1 is mainly expressed
on antigen-presenting cells, such as macrophages [21, 22],
which exert immunosuppressive function by inducing
T-cell apoptosis and up-regulating the expression of mul-
tiple cytokines like interleukin-10 [23]. In our study, sur-
vival analysis showed that an increasing number of PD-L17*
ICs, rather than PD-L1* TCs, were associated with poor
OS, which may partly explain the result of clinical study
(NCT02108652) [24].

Infiltration of CD8* T cells has been proved to be related
to a favorable prognosis of many cancers [25-27], but some
studies have put forward opposite views. Hsu et al. [28]
found that an increase in intratumoral PD-1* CD8" T cells
predicted a poor prognosis of nasopharyngeal carcinoma.
Wen et al. [29] found that the OS of gastric cancer patients
with CD8y,,..PD-1,,, was significantly better than that of
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Fig.5 a LASSO coefficient profiles of the six immune features. CDS8
INT, intratumoral CD8" TILs status; CD8 ST, stromal CD8' TILs
status; PD-L1 T, PD-L1 TCs status; PD-L1 I, PD-L1 ICs status; PD-1
INT, intratumoral PD-1" TILs status; PD-1 ST, stromal PD-1" TILs
status. b Tuning parameter (1) selection in the LASSO model used

@ Springer

False positive rate

tenfold cross-validation via minimum criteria. ¢, d Kaplan—-Meier
curves for overall survival between the immunoscore high- and low-
risk groups in the training and validation cohorts. e, f ROC analysis
of 1-, 3-, and 5-year survival rates based on immunoscore in the train-

ing and validation cohorts
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Fig.6 a Nomogram for predict- a
ing 3/5-year overall survival of
patients with UTUC. b The cali-
bration plots for predicting over-
all survival at the 5-year point
in the training cohort, validation
cohort, and combined cohort. ¢
Decision curve analysis for the
nomogram model in the training
cohort, validation cohort, and
combined cohort
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CD8yorcPD- 1y, patients, suggesting that the prognosis of
patients should be judged by the combination of CD8 and
PD-1. The prognosis of CD8* T cells in UC is controver-
sial, which may be related to considering only the number
and location of lymphocyte infiltration while neglecting the
function of these immune cells. Previous studies performed
in our center have shown that CD8* TIL in bladder cancer
is associated with poor prognosis [15], and PD-1 expres-
sion in T-cell subsets as well as T-cell topographic micro-
localizations could provide additional prognostic value [30].
In this study, we found that there was a significant positive
correlation between density of CD8" TILs and density of
PD-1* TILs in UTUC, suggesting that CD8* TILs in UTUC
TME were depleted. Intratumoral CD8* TILs were associ-
ated with poor OS, and stromal CD8" TILs caused no sig-
nificant difference in OS between the low- and high-risk
groups, which may suggest that intratumoral CD8* TILs
play a more decisive role in tumor progression.

With our rapid accrual of knowledge in tumor biology,
integration of molecular and TME biomarkers with TNM
staging has been the current focus to improve our ability to
perform risk stratification of cancer patients. Particularly,
the rise of immunotherapy for various cancers, including

Net Benefit
-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30

. 4
08 10 00 02 04 0’6 0’8 70
Threshold Probability

UTUC, warrants studies characterizing its immune profiles
directly relevant to immunotherapy responses [31]. In this
study, we have developed a comprehensive immune scoring
system, including cytotoxic T-cell infiltration (CDS), T-cell
function (PD-1), and immune checkpoint (PD-L1). These
three factors represent the backbone of cancer immunology.
The results showed that this immune scoring system could
serve as an independent biomarker to predict the prognosis
of UTUC patients, and it also has the potential to predict
UTUC response to IClIs.

This study has several limitations. First, this is a ret-
rospective study and selection bias is inevitable. Second,
although the specificity of the antibodies used in this study
has been confirmed in various studies [32—34], the antibody
selection and evaluation methods of IHC staining for the
PD-L1/PD-1/CDS8 axis may have affected the results. For
instance, PD-L1mAb (MPDL3280A), which is the widely
used drug Atezolizumab, prefers to detect the expression of
PD-L1 on tumor-infiltrating ICs in UC, rather than detecting
the expression of PD-L1 on tumor cells [35]. Third, the role
of our immune score in predicting UTUC response to ICIs
has not been validated and a prospective multicenter study
is required to test our hypothesis.
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Fig.7 Kaplan—-Meier curves for overall survival between the nomo-
gram high- and low-risk groups in the a training cohort, b validation
cohort, and ¢ combined cohort. ROC analysis of the 5-year survival

In summary, our results demonstrate that PD-L1% ICs,
stromal PD-1" TILs, and intratumoral CD8" TILs are
associated with poor prognosis in patients with UTUC.
Furthermore, the PD-L1/PD-1/CD8 axis-based immu-
noscore can effectively predict the survival and add prog-
nostic value to TNM staging. Our model may facilitate the
prognostic prediction, but more investigations in larger
and multi-institutional cohorts are needed.
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