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Abstract

Background Preoperative plasma levels of Interleukin 6 (IL6) and its soluble receptor (IL6sR) have previously been associ-
ated with oncologic outcomes in urothelial carcinoma of the bladder (UCB); however, external validation in patients treated
with radical cystectomy (RC) for UCB is missing.

Patients/methods We prospectively collected preoperative plasma from 1,036 consecutive patients at two institutes. These
plasma specimens were assessed for levels of IL6 and IL6sR. Logistic and Cox regression analyses were used to assess the
correlation of plasma levels with pathologic and survival outcomes. The additional clinical net benefits of preoperative IL6
and IL6sR were evaluated using decision curve analysis (DCA).

Results Median IL6 and IL6sR plasma levels were significantly higher in patients with adverse pathologic features. Elevated
biomarker levels were independently associated with an increased risk for lymph node metastasis and > pT3 disease. Both
biomarkers were independently associated with recurrence-free survival (RFS), cancer-specific survival (CSS) and overall
survival (OS). The addition to, respectively, fitted pre- and postoperative prognostic models improved the predictive accuracy
for lymph node metastasis, > pT3 disease, RFS and CSS on DCA.

Interpretation We confirmed that elevated preoperative plasma levels of IL6 and IL6sR levels are associated with worse
oncological disease survival in patients treated with RC for UCB in a large multicenter study. Both biomarkers hold potential
in identifying patients with adverse pathological features that may benefit from intensified/multimodal therapy and warrant
inclusion into predictive/prognostic models. They demonstrated the ability to improve the discriminatory power of such
models and thus guide clinical decision making.

Keywords MIBC - Biomarker - Bladder cancer - Interleukin 6 - Interleukin 6 soluble receptor - Urothelial carcinoma

Introduction

Radical cystectomy (RC) is the standard of care for very
high risk and Bacillus Calmette—Guerin (BCG) unresponsive
non-muscle invasive bladder cancer (NIMBC) as well as
muscle invasive bladder cancer (MIBC) [1-4]. Despite ade-
quate therapy with curative intent, a significant proportion
of patients are misstaged, resulting in suboptimal outcomes
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[5-9]. Patient selection for tailored therapy remains chal-
lenging, as we are still lacking clinically reliable biomark-
ers for outcome prediction [9—11]. So far, the best prognos-
tic models are based on postoperative pathologic features,
while preoperative outcome prediction remains inaccurate,
although it is, at least, of equal importance [11-15]. Novel
biomarkers that are readily available and sufficiently improve
current predictive and prognostic models for outcome pre-
diction are desperately needed, in order to accurately predict
the clinical behavior of each tumor in each patient at that
time [10, 11, 16, 17].

As pro-inflammatory cytokines were found to be essential
in the pathogenesis of urothelial carcinoma of the bladder
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(UCB), elevated pretreatment plasma levels of these mark-
ers might be useful for prediction of outcome [18]. Indeed,
experimental data indicate that elevated levels of interleu-
kin 6 (IL-6), a pro-inflammatory pleiotropic cytokine, are
associated with aggressive tumor behavior in UCB [19, 20].
Overexpression of IL6 and its soluble receptor (IL6sR) has
been reported in several malignancies, including prostate
cancer and UCB [21-23]. In UCB, Andrews et al. reported
an association of preoperative blood levels of IL6 and IL6sR
on oncological survival outcomes in UCB, but their study
was limited by their single-center nature, small sample sizes
and lack of advanced statistical analyses [17, 23].

To externally validate the relationship of preoperative
plasma IL-6 and IL-6sR levels with established features of
bladder cancer invasion, metastasis and survival outcomes,
we studied a large consecutive cohort of patients with non-
metastatic advanced UCB treated with RC and pelvic lym-
phadenectomy. We hypothesized that patients with non-met-
astatic advanced UCB harboring occult metastases would
have elevated levels of plasma IL-6 and IL-6sR which would
be associated with features of biologically and clinically
aggressive disease as well as poor survival despite effective
local disease control. Our aim was to identify patients who
are most likely to benefit from an intensified perioperative
systemic therapy [24]. Beyond multivariable modeling, we
used predictive accuracy testing and decision curve analysis
(DCA) to assess real-world clinical utility of preoperative
blood levels of IL6 and IL6sR as biomarkers.

Methods
Patients selection

All procedures described in the present study were under-
taken with the approval and oversight of the Institutional
Review Board for the Protection of Human Subjects. This
study is retrospective analysis of prospectively collected
consecutive cohort of patients who were treated with RC for
non-metastatic UCB at two medical institutions. The extent
of lymphadenectomy and choice of urinary diversion were
at the surgeon’s discretion. Patients with any concomitant
secondary malignancy, concomitant upper urinary tract car-
cinoma or missing data were excluded. No patient received
neoadjuvant chemotherapy or radiotherapy. Adjuvant chem-
otherapy was administered to 167 patients (16.1%) at the
clinicians’ discretion based on tumor stage and overall health
status. No patient received adjuvant radiotherapy.

Biomarker measurements

Preoperative serum and plasma samples were collected typi-
cally on the morning of the day of surgery after an overnight
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fast. Specimen collection and measurement have been
described in detail previously [25]. Briefly, blood was col-
lected into Vacutainer CPT 8-ml tubes containing 0.1 ml of
1 m sodium citrate (Becton Dickinson, Franklin Lakes, NJ)
and centrifuged at room temperature for 20 min at 1500 x g.
The top layer corresponding to plasma was decanted using
sterile transfer pipettes and immediately frozen and stored
at— 80 °C in polypropylene cryopreservation vials (Nalge-
Nunc, Rochester, NY). For quantitative measurements of
IL-6 and IL-6sR levels, we used quantitative immunoassays
(R&D Systems, Minneapolis, MN). Every sample was run
in duplicate, and the mean was used. Differences between
the two measurements for IL-6 and IL-6sR were minimal
(intra-assay precision coefficients of variation: 5.2 +3.1, and
3.6 +£2.9%, respectively).

Pathological review and follow-up

All surgical specimens were processed according to stand-
ard pathological procedures as previously described [7]. All
cases were histologically confirmed urothelial carcinoma of
the bladder with only minor secondary variant components,
if any. Genitourinary pathologists assigned tumor grade
according to the 1973 WHO grading system. Pathologic
stage was reassigned according to the 2002 American Joint
Committee on Cancer TNM staging system. The presence of
concomitant carcinoma in situ (CIS) was defined as the pres-
ence of CIS in conjunction with another tumor other than
CIS [26]. Pelvic lymph nodes were examined grossly, and all
lymphoid tissue was submitted for histological examination.
Positive soft tissue surgical margin was defined as the pres-
ence of tumor at inked areas of soft tissue on the RC speci-
men [5]. Urethral or ureteral margins were not considered as
soft tissue surgical margins. Lymphovascular invasion was
defined as the unequivocal presence of tumor cells within
an endothelium-lined space without underlying muscular
walls [27].

Clinical and radiological follow-up was performed in
accordance with institutional protocols and current guide-
lines. Routine follow-up usually included physical examina-
tion, radiological imaging and urine cytology every three
months for two years. Between the second and the fifth year,
follow-up was performed semiannually. Afterwards, in most
cases, an annual follow-up was performed. Tumor recur-
rence was defined as the occurrence of locoregional recur-
rence or distant metastasis on radiological imaging. Cause
of death was abstracted from medical charts and/or from
death certificates [28].

Statistical analysis

Report of categorical variables included frequencies and
proportions. Reporting of continuous coded variables
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focused on medians and interquartile ranges (IQR). With
respect to preoperative plasma levels of IL6 and IL6sR,
which were treated as continuous variables, group com-
parisons were performed using the Mann—Whitney U tests,
Kruskal-Wallis tests or calculation of Spearman’s rank cor-
relation coefficient () and subsequent significance testing,
as appropriate. For analyses that required group classifica-
tion, such as Kaplan—Meier survival curves or 5-year sur-
vival rates, stratification (low vs. high) was performed using
median plasma levels of IL6 and IL6sR.

Binominal logistic regression analysis was performed
for evaluating the association of preoperative plasma lev-
els of IL6 and IL6sR with lymph node metastasis, > pT3
disease or any non-organ confined disease (NOCD, defined
as >pT3 disease and/or lymph node metastasis). The area
under the curve (AUC) of receiver operating characteristics
(ROC) curves was calculated to determine the predictive
accuracy of multiple logistic regression models. Del.ong’s
test was used to test for statistical significance between dif-
ferent AUCs. Association between preoperative IL6 and
IL6sR with recurrence-free survival (RFS), cancer-specific
survival (CSS) and overall survival (OS) was assessed in
univariable and multivariable Cox regression models. Clini-
cal and pathological tumor grade was excluded as a variable
for all predictive models, since virtually all RC patients had
high-grade UCB. Separate Cox regression models that fea-
tured either preoperative clinical variables or postoperative
histopathological variables were created. The discriminative
ability of these models after inclusion of IL6 and/or IL6sR
was tested using Harrel’s concordance index (C-index).
The additional clinical net benefit of both markers was also
evaluated using decision curve analysis (DCA)[29]. Again,
separate reference models that represented either the pre-
or postoperative setting were created, to which IL6 and/or
IL6sR were included in order to assess the additional pre-
dictive value of each biomarker. All reported p-values were
two-sided, and statistical significance was set at 0.05. All
statistical analyses were performed using R version 3.6.3.

Results
Association with clinicopathologic features

A total of 1,036 patients were included in the analysis.
The median age of the entire cohort was 66.5 years (IQR
59.7-72.7). Median plasma levels of IL6 and IL6sR were
significantly higher among patients with adverse patho-
logic features such as lymphovascular invasion, lymph
node metastasis and advanced pathologic tumor stage
(p-values < 0.05, Table 1). There was no relevant correla-
tion between age and IL6 or IL6sR plasma levels (r=0.05,
p=0.08 and r=0.1, p <0.001, respectively). There was also

no correlation between plasma levels of both biomarkers
(r=0.05, p=0.13) or between the number of lymph nodes
removed and either IL6 (r=0.005, p=0.86) or IL6sR
(r=0.11, p=0.57).

On multivariable logistic regression modeling, elevated
preoperative plasma levels of both IL6 and IL6sR were sig-
nificantly associated with an increased risk of > pT3 disease,
lymph node metastasis and any NOCD (p-values < 0.03,
Table 2). ROC curve analysis showed that the addition of
preoperative plasma levels of IL6 and IL6sR to a reference
model comprising age, sex and clinical tumor stage signifi-
cantly improved the discriminating ability for prediction of
lymph node metastasis (5%, p <0.001),>pT3 disease (4%,
p<0.001) and any NOCD (4%, p <0.001, Table 2). There
were no significant differences between preoperative plasma
levels of IL6 and IL6sR with respect to change of AUC. The
highest values were achieved through addition of both mark-
ers. On DCA for prediction of > pT3 disease, lymph node
metastasis and any NOCD, only the addition of pretreatment
plasma levels of IL6 to the previously described reference
model resulted in a slight improvement of the clinical net
benefit for prediction of lymph node metastasis, > pT3 dis-
ease and any NOCD (Fig. 1).

Association of survival outcomes with preoperative
clinical variables

Median follow-up of patients alive was 37 months (IQR
14.5-108.5). The 5-year estimates for RFS, CSS and OS
were 62.5% (95%CI 59.2-66%), 66% (95%Cl 63.3 -70%)
and 57% (95%CI 53.6-60.5%), respectively. Patients who
experienced disease recurrence or died of UCB had sig-
nificantly higher median pretreatment plasma levels of IL6
and IL6sR (p <0.001). Patients who died of any cause also
had significant higher median pretreatment plasma levels of
IL6sR (p <0.001), but not IL6 (p=0.29). When stratified by
median IL6 and IL6SR levels, patients with elevated plasma
levels had significant worse survival outcomes with respect
to RES, CSS and OS (Fig. 2).

In a multivariable Cox regression model that included
established preoperative available variables (age, sex and
clinical tumor stage), higher pretreatment plasma levels of
both IL6 and IL6sR were independently associated with
worse RFS, CSS and OS (Table 3). The addition of preop-
erative plasma levels of both IL6 and IL6sR improved the
C-indices of the same model for early prediction of RFS
(11.4%), CSS (10.1%) and OS (4.4%). On DCA, only the
addition of pretreatment IL6sR plasma levels to the same
Cox model slightly improved the clinical net benefit of
the model for early prediction of RFS and CSS between a
threshold probability of 10-40%. There was no improvement
for the prediction of OS across any threshold probability

(Fig. ).

@ Springer



88

Cancer Immunology, Immunotherapy (2022) 71:85-95

Table 1 Association of median preoperative plasma levels of il6 and il6sr with respect to clinicopathologic characteristics in 1036 patients

treated with radical cystectomy for urothelial carcinoma of the bladder

Variable n (%) median plasma IL6 p median plasma IL6SR  p
(IQR) pg/mL (IQR) ng/mL

Overall 1036 (100) 2.76 (2.12-3.99) 25.83 (20.6-30.64)

Age (stratified by median age) <66.5 years 517 2.72 (2.11-3.92) 0.25 25.4 (20.4-30.3) 0.31
>66.5 years 519 2.77 (2.13-4.19) 26.4 (20.7-31.1)

Sex Male 814 (78.6) 2.76 (2.13-3.98) 0.89 25.85 (20.6-30.4) 0.65
Female 222 (21.4) 2.75 (2.06-4.10) 25.81 (20.5-31.38)

Blood transfusion Yes 268 (25.9) 291 (2.22-4.67) 0.018 26.93 (21.28-32.2) 0.02
No 768 (74.1) 2.69 (2.09-3.82) 25.4 (20.3-30.32)

Thrombocytosis Yes 113 (10.9) 2.77 (2.09-4.0) 0.41 26.4 (20.5-31.23) 0.45
No 923 (89.1) 2.29 (2.71-4.0) 25.8 (20.6-30.45)

Clinical tumor grade Grade 2 6 (0.6) 2.89 (2.72-3.14) 0.6 21.3(19.0-33.4) 0.61
Grade 3 1022 (98.6) 2.74 (2.10-3.98) 25.88 (20.6-30.6)

Clinical tumor stage cTa 23 (2.2) 2.71 (2-3.58) 0.44 23.7 (19.9-28.44) 0.11
cTis 105 (10.1) 2.93 (2.23-4.69) 23.6 (20.2-29.2)
cT1 336 (32.4) 2.65 (2.03-3.8) 26.15 (20.9-31.1)
cT2 498 (48.1) 2.77 (2.1-4.16) 26.28 (20.6-30.88)
cT3 38 (3.7) 2.84 (2.11-3.43) 29.2 (20.61-32.6)
cT4 29 (2.8) 2.83(2.33-3.92) 25.2 (21.1-29)

Pathological tumor grade Grade 1 62 (6.0) 2.43 (2.11-3.01) 0.055 23.85 (18.02-30.2) 0.011
Grade 2 11 (1.1) 2.33(2.13-2.82) 20.6 (19.7-22.4)
Grade 3 963 (93.0) 2.79 (2.13-4.09) 26 (20.7-30.8)

Pathological tumor stage pTO 62 (6.0) 243 (2.12-3.01) <0.001 23.85(18.02- 30.2) <0.001
pTa 22 (2.1) 2.46 (2.32-3.11) 20.6 (19.33-23.58)
pTis 131 (12.6) 2.83(2.21-3.9) 23.7 (20.35-27.9)
pT1 162 (15.6) 2.47 (1.91-3.33) 26.85 (21.73-30.14)
pT2 248 (23.9) 2.67 (1.93-3.69) 25.3 (20.3-30.23)
pT3 281 (27.1) 2.93 (2.22-4.85) 27.7 (22.4-32.56)
pT4 130 (12.5) 3.04 (2.33-4.74) 26.49 (20.53-32.58)

Upstaged to > pT3 disease Yes 357 (34.7) 2.98 (2.23-4.87) <0.001 27.6 (22.2-32.7) <0.001
No 672 (65.3) 2.65 (2.02-3.56) 25 (20.3-29.8)

Soft tissue surgical margin Positive 95(9.2) 2.83(2.26-4.43) 0.09 28.3 (24.25-34.85) 0.001
Negative 941 (90.8) 2.73 (2.11-3.97) 25.5 (20.4-30.37)

Lymphovascular invasion Positive 295 (28.5) 2.96 (2.28-4.74) <0.001 26.4 (21.4-31.8) 0.042
Negative 741 (71.5) 2.65 (2.02-3.69) 25.7 (20.4-30.1)

Concomitant Carcinoma in situ Yes 572 (55.2) 2.81 (2.13-3.97) 0.74 25.33 (20.4-30.1 0.08
No 464 (44.8) 2.69 (2.12-4.13) 26.43 (20.98-31.25)

Lymph node metastasis Yes 263 (25.4) 3.21 (2.354.8) <0.001 27.57 (22.19-32.05) <0.001
No 773 (74.6) 2.63 (1.95-3.69) 25.3 (20.3-30.1)

Use of adjuvant chemotherapy Yes 167 (16.1) 2.99 (2.27-4.31 0.018 28.1 (21.84-32.35) 0.005
No 869 (83.9) 2.7 (2.09-3.92) 25.5(20.4-30.2)

Recurrence Yes 335 (32.3) 3.15(2.32-5.04 <0.001 30.6 (25.65-37.3) <0.001
No 701 (67.7) 2.62 (1.94-3.59) 23.7 (20.00-28.2)

Death of bladder cancer Yes 303(29.2) 3.11 (2.32-5.0) <0.001 31.0 (26.35-37.4) <0.001
No 733 (70.8) 2.64 (1.96-3.66) 23.7 (20.0-28.3)

Death of any cause Yes 564 (54.4) 2.77 (2.22-3.98) 0.29 27.90 (22.48-34.28) <0.001
No 472 (45.6) 2.73 (2.03-3.99) 23.63 (20.0-28.1)

Bold mean that result is significant, statistical significance was set at p < 0.05
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Table 2 Multivariable logistic regression models for the prediction of lymph node metastasis, > pt3 disease and any non-organ confined disease in 1,029 patients treated with radical cystectomy

for urothelial carcinoma of the bladder

Any non-organ confined disease

>pT3 disease

Lymph node metastasis

N (%)

Variable

p

Odds ratio 95% CI

p

Odds ratio  95% CI

p

95% CI

Odds ratio

<0.001
<0.001
<0.001

1.02-1.06

1.17-1.4
1-1.03

<0.001 1.04

1.01-1.05
1.15-1.37
1.01-1.04
0.7-1.35
2.1-3.69
5.4-18.1

03

1.

0.03
<0.001 1.25

1.01-1.04
1.19-1.43

0.98-1.01

1.02
1.3
0.99
0.71
2.5

1029 (100)
1029 (100)
1029 (100)
810 (78.1)

IL6sR
IL6

A

<0.001 1.28

<0.001 1.02

02

1.

0.43

ge

0.008
<0.001
<0.001

0.63-1.21

0.88

0.9
<0.001 3.09

0.05 0.97
<0.001 2.78

0.51-1.01

Male sex (Reference: female)

2.35-4.07
4.92-17.6

1.83-3.46
2.1-6.45

498 (48.4)
67 (6.51)

Clinical tumor stage cT2 (Reference: cT0/cTa/cTis/cT1)
Clinical tumor stage > ¢T3 (Reference: cT0/cTa/cTis/cTI)

<0.001 9.03

<0.001 9.67

3.69
63%

68%

67%

AUC preoperative reference model (Age, Sex, clinical tumor Stage)

AUC IL6sR + preoperative reference Model

70%

69%

64%

70% 70%

68%

AUC IL6 + preoperative reference model

71% 72%

68%

AUC IL6sR and IL6 + preoperative reference model

Bold mean that result is significant, statistical significance was set at p < 0.05

Association of survival outcomes with postoperative
histopathological variables

In a multivariable Cox regression model that focused on
established postoperative variables, higher pretreatment
plasma levels of both IL6 and IL6sR remained indepen-
dently associated with worse RFS, CSS and OS (Table 3).
The addition of preoperative plasma levels of both IL6 and
IL6sR to the same prognostic model slightly improved the
C-indices for prediction of RFS (4%), CSS (3.6%) and OS
(1.5%). On DCA, only the addition of preoperative plasma
levels of IL6sR slightly improved the clinical net benefit of
the model for prediction of RFS and CSS between a thresh-
old probability of 20-50%. Again, there was no improve-
ment for the prediction of OS across any threshold prob-
ability (Fig. 1).

Discussion

Despite additional studies that have added to our knowledge
about molecular markers in UCB, no biomarker is used for
individualized treatment recommendations, except urine
cytology [11]. This is largely due to the lack of external
validation in large, multicenter studies. In order to conclu-
sively assess the potential predictive value of plasma levels
of IL6 and IL6sR, we performed an external validation of its
predictive value in an independent, large, multi-institutional
cohort of patients who were treated with RC for UCB [17,
30, 31]. We were able to validate and extend our previous
findings that elevated preoperative plasma levels of both bio-
markers are independent predictors of lymph node metasta-
sis and > pT3 disease on logistic regression analyses [23].
Therefore, both biomarkers demonstrated the potential to
identify patients with adverse pathologic features associated
with aggressive biological and clinical behavior. These bio-
markers, as part of a panel, could help in identifying those
patients who may benefit from intensified/multimodal perio-
perative systemic therapy. Furthermore, we confirmed the
independent association of elevated preoperative IL6 and
IL6sR with worse survival outcomes.

It is well documented that inflammation is associated
with the development and progression of cancer. IL-6
and IL6SR are produced by various normal cells, but also
tumor-infiltrating immune cells and tumor cells themselves.
It has therefore previously been concluded that increased
systemic IL-6 levels are a result of local tumor production.
Indeed, Andrews et al. found that plasma levels of IL-6 and
IL-6sR are associated with tumor stage and metastases and
are strong independent predictors of disease recurrence and
disease-specific survival [23]. However, the question of
whether one or both of these biomarkers can improve the
prognostic use of established predictors of cancer outcome
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stage and grade, surgical margins, concomitant carcinoma in situ,
lymphovascular invasion, lymph node involvement and adjuvant
chemotherapy

Fig. 1 Decision curve analysis (dca) for the additional net benefit of
il6 and il6sr based on separate reference models for the outcome pre-
diction in 1,036 patients treated with radical cystectomy for urothe-
lial carcinoma of the bladder. Description the x-axis is the threshold
probabilities. The y-axis measures the net benefit which is calcu-
lated by adding the true positives and subtracting the false-positives.
The horizontal line representing the x-axis assumes that no patients

requires more than the conventional multivariable analy-
ses in small cohorts, as previously performed by Andrews
et al. [23]. It must be established that the use of a prog-
nostic biomarker adds unique information that improves the
performance of a predictive model constructed without the
new biomarker by a statistically significant margin [17, 30].
Therefore, we tested whether preoperative plasma IL6 and/
or IL6sR improved the accuracy of predictive models and
whether they added net clinical benefit in the pre- and/or
postoperative setting [23]. We found that the addition of
preoperative IL6 and IL6sR to a reference model, which
included only preoperatively available variables, signifi-
cantly improved the discriminatory power for prediction
of non-organ confined disease. Both biomarkers also dem-
onstrated the ability to improve the performance of the
same model for early prediction of RFS (+11.4%) and CSS
(+ 10%), even though the overall discriminatory power of
the model was only moderate. On DCA, the addition of
IL6 slightly improved the clinical net benefit of the same
model. Thus, preoperative IL6 and IL6sR can guide preop-
erative risk stratification through improved early outcome
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experiences the specified event whereas the grey line assumes that
all patients will experience the specified event at a specific thresh-
old probability. The dashed black line represents the net benefit of a
basic reference model which was fitted using above mentioned vari-
ables. The dashed colored lines represent the net benefit of the same
reference model which also includes the preoperative IL6 and IL6SR
plasma levels as a variable

prognostication and may help improve patient selection for
neoadjuvant systemic therapy [11-15, 24].

Both biomarkers also demonstrated the ability to improve
outcome prediction if added to a model that consisted of
established histopathological variables. In this postopera-
tive setting, our prognostic model exhibited a high overall
discriminatory power (C-Index of 0.79 and 0.81 for predic-
tion of RFS and CSS, respectively). Such an accurate out-
come prediction would allow for tailored therapy and thus
improve patient care. However, even the addition of both
biomarkers did not improve the discriminatory power for
prediction of OS, suggesting that both are cancer-specific
biomarkers. On DCA, however, the addition of preopera-
tive IL6sR slightly improved the net benefit of this model
for prediction of both RFS and CSS. Our findings warrant
further validation of preoperative IL6 and IL6sR in the con-
text of correlative biomarker assessment integrated in pro-
spective clinical trials [30]. Furthermore, both carry other
advantageous features of clinically beneficial biomarkers,
as they are easily accessible, cost-effective and allow early
outcome prediction [31]. Since IL6 and IL6sR are systemic
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116sR <25.83 ng/mL: 69.4 (95%CIl 65.4-75.6)
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Fig.2 Kaplan—Meier curves, pairwise log rank tests and five-year
survival analysis with respect to recurrence-free survival (left col-
umn); cancer-specific survival (middle column) and overall survival
(right column) stratified by the preoperative median interleukin-6

(i16) plasma level (first row) and the interleukin-6 soluble receptor
(il6sr) plasma level (second row) in 1,036 patients treated with radical
cystectomy for urothelial carcinoma of the bladder

inflammatory markers, they might prove especially use-
ful in the prediction of response to immunotherapy. Tar-
geting IL.6 and IL6sR through monoclonal antibodies is
being researched as a novel treatment strategy in UCB, and

in this particular setting, plasma levels of IL6 and IL6sR
could permit individualization of therapy [32]. In summary,
our findings warrant the inclusion of these biomarkers into
future predictive/prognostic models in order to increase

@ Springer



Cancer Immunology, Immunotherapy (2022) 71:85-95

92

GO"Q > d 1 198 sem 90UBOYIUSIS [BONISTIL)S ‘JUBOYIUSIS SII[NSA Jey) UBdw pjog

vL0 18°0 6L°0 [epowr Q0uaIa§a1 aaneIadoisod + 9T pue YS9 Xopur-)
€L°0 6L°0 LL°O [opowr 2oudIaja1 aaneradoisod + 9 xepur-)
vL0 080 8L°0 [9POIA 2ouaIaja1 aaneradoisod + Ys9I Xapur-y
(Juawaajoauy apoN ydwdy puv s170) Junjiuioouo)) ‘UrSIDpy [pI134ng ‘UOISDAUJ ADJNISDA
€L0 SL0 SL0  -oydwdT a8vig d0wny (pa130joyIng ‘Xag ‘23y) [opowt 9duaIajal aaneradolsod xapur-)
170 S0'1-99°0 €80 ¢ro 81'1-L9°0 68°0 600 ¥0'1°9°0 6L°0 (I'91)L9T (ou :20u2.12f2y) Aderdrjpowdyd yueAn(py
100°0> L¥'CC9'1 C100°0> CCe88'1 9%'C 100°0 > LT'E6'1 ST ($6T) 49T (saupdau :20u2.12f2y) sisejseraut spou ydwAy
80 ¢C1-98°0 'l sS°0 8I'1-€L0 €60 60 LTT-18°0 10T (2°6S)TLS (2ayp3au :2u2.12f2) ST JUBIWOIUO))
(2ap3au :20u2
Se0 ¢S 17980 yYI'l T10°0 60°C-60'L ST 200 L6'T=C0°L YL (L16)S6 ~12/2y] ) sUIBTew [edIZINS INSSI) 1JOS IANISO]
Sro V1660 SI'T €00°0 88 I-¥I'L o'l 20°0 L1=60°L vET ($'8T) S6T (2aunSau :2oua.2/2y Juoiseaur aenosesoyduidy
(1.rdssidmrd/oLd
100°0> [€¢¢€0T 65T 100°0> TLYLTTC 8C°¢ 100°0> 9v-1eC 9T’e (L65) 1TH “20u212f2y) €1.d < 93e)s Jown) [ed1o[o1eg
(rrdsirdmrd
10000 T6'1-8I'T IST 100 STEIT 89'T 800°0 &‘mal! SO1 (6°€2) 8vT /01d “2outafoy) T1d 93eys Jown) edi3ojoyred
$00°0 16°0-19°0 SL°0 ¥00°0 88'0—¢S0 89°0 ¥00°0 68°0—¥50 690 (992)¥18 (a1pwiaf :23u2.2/2y ) X3s SN
100°0> SO I=€0°1 0T ¥80°0 (40Nl [10°T €50 20'1-66°0 I (001) 9€01 a3y
100°0> 61'1-90°1 Il 100°0> 1€l ITT 100°0> 0¢I—¢I'] 12T (001) 9€01 911
100°0> €0'I-C0'1 <01 100°0> SO'I—+0°L SO'T 100°0> SO'I-¢€0'1 YOl (001) 9€01 USYTI [opou daneradolsoq
89°(0 €L°0 L0 [opow 2ouaIaja1 aAneIddoard + 9] pue YS9 Xopul-D
99°( L9°0 99°( [opow douaIajal daneradoard + 91 xopur-D
99°( L0 69°0 [OPOIAl 2oua1a)al daneIadoald + YS9 xopul-D)
+9°0 €9°0 19°0 (28pygs aowmy po1u) Xag ‘a8y) [opouwt 9ouaIdjal aaneradoard xapur-)
(1.Lo/S1Lo/0L2
100°0> 91’1 €6°'1 100°0> IOV IL'T 9T 10000>  o6v'c¢€Sl 1€ (1S9) L9 /0L2 “2oua12f2y) €12 < 33e)s Jowrmny [edIUI)
(I.Lo/s1L2
100°0> L6'I-8¢'1 SO T 100°0>  LSTHS'T 661 100°0> 6T Tl 81 (#'8#)86F /2L2/0L> ‘2oua.12f2) TI d3e)s Journy [edIUI[)
800°0 €6'0-€9°0 SL°0 100°0 §8'0-15°0 99°0 €00°0 880150 690 (I'92)018 (appwiaf 2202122y ) Xas ARIN
100°0> 90°1-€0°1 SO'T 9€0°0 €0'1-0'1 10T €10 w0101 10T (001) 6201 gy
100°0> LTI-€I'] I 1000> TV 14Tl €'l 100°0> IV I-¢€C1 €T (001) 6201 11
100°0> €0'1-C0'1 ¢0'T 100°0> SO I—+0'1 ¥0'T 100°0>  SO'1—€0°[ YOl (001) 6201 WSYTL  [epour aaneradoarq
d 1D %S6 onelprezey d 1D %56 Onelprezey d 1D %S6 onelprezey

[BAIAINS [[BISAQ

[BATAINS OY1oads-100ue)

[BATAINS QAIJ-AOUALINITY (%) N J[qeriep

JIappe[q Y} JO BWOUIOIRD [RI[yjoIn J0§ AW030)sAd [earper yiim pajean sjuaned 9¢01

UI [BATAINS [[BIOAO PUE [BATAINS OYIOAdS-IO0URD ‘[BATAINS IJ-IOUALINOAI JO UONOIPAId Sy} JOJ San[eA Xopur-0 pue S[OPOW UOISSAITAI X0 J[qerreannur aaneiadoisod pue -axd sjeredog ¢ ajqel

pringer

Qs



Cancer Immunology, Immunotherapy (2022) 71:85-95

93

the discriminatory power and allow a personalized medi-
cine approach, as patients with elevated biomarker levels
are more likely to harbor adverse pathological features and
experience poor survival outcomes.

The main limitation of our study is its retrospective analy-
sis. Also, only the pretreatment plasma levels of IL6 and
IL6sR levels were assessed in this study. Confounding con-
ditions, such as undiagnosed infectious diseases or unknown
drug interaction, could potentially have affected plasma lev-
els of IL6 and IL6sR. However, this would have weakened
an existing potential association. Data on therapies before
RC, which might also cause inflammation and alter levels of
IL6 and IL6sR, such as intravesical BCG instillations, were
unfortunately, unavailable. Due to the time of recruitment of
this study, there is no information available on the predictive
value of IL6 and IL6sR with respect to immunotherapies or
neoadjuvant chemotherapy. The strength of this cohort is it
purity in treatment allocation. Its weakness is that it does
not reflect current treatment standards. Another limitation is
that the short median follow-up with 37 months. However,
we and others have shown that over two-thirds of patients
experience disease recurrence after RC within 12 months
and >90% in 24 months [33].

Conclusions

We externally validated that elevated preoperative plasma
levels of IL6 and IL6sR levels are associated with worse
survival in an independent international large cohort of
patients treated with RC for UCB. Moreover, both bio-
markers hold potential in identifying patients with adverse
pathologic features that may benefit from intensified/mul-
timodal therapy. They also demonstrated the ability to
improve the discriminatory power of current prognostic
models and thus can help guide clinical decision making.
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