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Abstract

Background Immune checkpoint inhibitors (ICIs) are an important therapeutic pillar in metastatic urothelial carcinoma
(mUC). The occurrence of immune-related adverse events (irAEs) appears to be associated with improved outcomes in
observational studies. However, these associations are likely affected by immortal time bias and do not represent causal
effects. The aim of this study was to assess the effect of irAEs on outcomes while correcting for immortal time bias, using
target trial emulation (TTE).

Methods TTE was contrasted to adjusted naive and time-updated Cox models. We performed a multi-institutional retrospec-
tive study involving mUC patients under ICI. The primary objective was to assess the impact of irAEs on progression-free
survival (PFS) and overall survival (OS). Secondary endpoints included the influence of irAEs on objective response rates

(ORRs) to ICI and the influence of systemic corticosteroids on outcomes.
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Results Among 335 patients (median age: 69 yrs), 69.6% received ICI in the second line or further lines. During a median
follow-up of 21.1 months, 122 (36.4%) patients developed irAEs of any grade (grade > 3: 14.9%). Hazard ratios (HRs) for
PFS ranged from 0.37 for naive adjusted Cox model to 0.88 (95% confidence interval (CI), 0.59-1.30) with time-updated
covariates, and from 0.41 to 1.10 (95% CI, 0.69-1.75) for OS. TTE accounting for immortal time bias yielded a HR of 1.02
(95% CI, 0.72—1.44) for PFS, and 0.90 (95% CI, 0.62—1.30) for OS. In contrast to the naive Cox model (HR=2.26, 95%
CI 1.26-4.05), the presence of irAEs was no longer a predictive factor for improved ORR in time-updated Cox models
(HR=1.27,95% CI 0.68-2.36) and TTE (HR =1.43, 95% CI 0.89-2.29). In patients with irAEs, systemic corticosteroids
did not negatively impact survival.

Conclusion Using TTE, we were able to show that the occurrence of irAEs is no longer associated with better survival or
improved response rates to ICI in mUC patients, in contrast to the naive analysis. These findings demonstrate that TTE is a

suitable formal framework to avoid immortal time bias in studies with time-dependent non-interventional exposures.
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Background

The introduction of immune checkpoint inhibitors (ICIs)
has revolutionized the therapeutic landscape of metastatic
urothelial cancer (mUC), previously limited to platinum-
based chemotherapy alone, leading to significant improve-
ments in outcomes [1, 2]. According to the current guide-
lines, ICI treatment is indicated (i) as first-line combination
with enfortumab vedotin (EV), (ii) as first-line monother-
apy in highly selective patients who are defined as EV- and
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platinum-ineligible with PD-L1 positive status, (iii) as sec-
ond- or further-line treatment in patients who progressed
during or after platinum-based combination chemotherapy,
and (iv) as a switch maintenance strategy in patients achiev-
ing stable disease or better after platinum-based chemother-
apy [3-5].

Immune-related adverse events (irAEs) are characterized
by variable onset, presentation, severity, and outcomes [6,
7]. Across urological cancers, the pooled overall incidence
for any-grade irAEs is 34.3%, with 10.2% experiencing
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grade > 3 irAEs, depending on tumor entity, ICI agent, clini-
cal settings, and therapy combinations [7]. The exact patho-
physiology of irAEs associated with ICI is still unknown
but is believed to be related to their important role in main-
taining immunologic homeostasis [8]. Possible mechanisms
underlying irAEs include enhanced T cell activity against
antigens presented in tumors and healthy tissue, increased
levels of inflammatory cytokines (interleukin-17) or preex-
isting autoantibodies, and elevated complement-mediated
inflammation [8].

Several studies have suggested that patients experiencing
irAEs tend to exhibit higher response rates and improved sur-
vival compared to those without such events [9]. Recently,
data from the IMvigor210 and IMvigor211 trials demon-
strated an inverse association between irAE occurrence and
the risk of overall mortality, cancer-specific mortality, and
disease progression in locally advanced or mUC patients
treated with atezolizumab [10]. However, patients enrolled
in clinical trials are highly selective, whereas real-world
patients often present with more unfavorable characteristics
[11]. Hence, real-world data are crucial for informing health
policy decisions and validating clinical trial findings.

Despite the importance of real-world evidence, limited
data are available on the paradoxical relationship between
irAEs and outcomes in mUC patients [12, 13]. Further-
more, these data are prone to confounding and immortal
time bias, which can influence the estimation of causal treat-
ment effects. Although multivariable regression models have
addressed these issues to some extent, additional statistical
methods are necessary to improve the reproducibility and
transparency of observational studies. Hernan et al. proposed
the novel concept of target trial emulation (TTE) to address
immortal time bias. TTE aims to replicate the design and
conditions of a randomized study using observational data,
allowing researchers to draw conclusions that better reflect
causal relationships. This is achieved by “cloning” individu-
als at different starting points and applying weighting tech-
niques to adjust the data, thereby producing more accurate
causal estimates [14, 15].

In our study, we used the TTE approach, for the first
time in this context, to evaluate the causal effect of irAEs
on oncologic outcomes among mUC patients from a large
real-world cohort.

Methods
Study design and patients

We conducted an observational retrospective analysis uti-
lizing a multicenter YAU urothelial cancer collaboration
group, comprising electronic medical records collected
between January 2016 and January 2023. Data sharing was

conducted in compliance with anonymization protocols
as recommended by the General Data Protection Regula-
tion [16], with the Young Academics Urologist Urothelial
Carcinoma Working Group serving as the data repository
entity. The study was approved by the local ethical commit-
tee of the Medical University of Innsbruck (study number
AN2014-0121; 336/4.3).

Eligible patients included adult patients with either pri-
mary metastatic disease or those who underwent radical
cystectomy (RC) for MIBC and subsequently developed
metastatic disease during follow-up, and any consecutive
systemic ICI therapy in the first line (atezolizumab, pem-
brolizumab), second line and further lines (pembrolizumab,
nivolumab, atezolizumab) or as switch maintenance (ave-
lumab). Patients with a diagnosis of mUC in the upper
urinary tract, patients with locally advanced high-risk UC
receiving adjuvant nivolumab after RC, those who were fol-
lowed and treated elsewhere, and patients with incomplete
data about outcomes and irAEs in the hospital's computer
database were excluded.

Patient outcomes and follow-up investigations

Standard imaging was scheduled at baseline and then, every
3 to 4 months during ICI therapy. Imaging data were evalu-
ated according to RECIST version 1.1 (complete response
(CR), partial response, (PR) stable disease (SD), or pro-
gressive disease (PD)). Objective response rate (ORR) was
defined as CR or PR from the time of ICI start to objectively
documented disease progression or subsequent therapy,
whichever occurred first. Patients received ICI therapy until
unacceptable toxicity or radiographic progression. Each
control visit involved a detailed medical history, complete
laboratory blood examination, including thyroid levels, liver
enzymes, and kidney values. Administration of systemic
corticosteroids was depending on symptom grade of irAEs
according to the current guidelines [17]. Dose interruptions
and discontinuations, but not reductions, were permitted.

Statistical analysis

The primary objective of the study was to assess the impact
of irAEs on progression-free survival (PFS) and overall
survival (OS). Secondary endpoints included ORR and the
influence of systemic corticosteroids on outcomes. Since
irAEs could occur anytime during follow-up, appropriate
methodology is needed to avoid immortal time bias. As a
reference analysis without considering immortal time bias,
we estimated naive adjusted Cox regression models defin-
ing irAE as exposure independent of the time point of its
occurrence, because this approach has been frequently used
previously [12, 13]. In these models, time zero where fol-
low-up started was defined as the time of therapy initiation,
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and patients were followed up until the event of interest,
death, or end of follow-up, whichever occurred first. In an
attempt to obtain unbiased effect estimates of irAE, we
used (i) time-updated Cox models, where all patients are
initially assigned to the nonexposed group and transferred
to the exposed group at the time point of irAE occurrence;
and (ii) the TTE approach, a relatively new suggestion how
to prevent immortal time bias in statistical analyses [15].
For the target trial emulation approach, we followed the
methodology described elsewhere [18]. In brief, we emu-
late a sequence of 191 hypothetical clinical studies by using
patients repeatedly (‘cloning’), starting each week of fol-
low-up (‘time zero’). In each study, patients experiencing an
irAE during the study’s first month were defined as exposed,
patients with irAEs occurring later (or never) were defined
as controls and the endpoint (OS/PFS/ORR/CRR) was cen-
sored at the irAE’s occurrence. To account for this artificial
censoring, inverse-probability-of-censoring weighting was
performed. In case of no irAE (and no artificial censoring),
patients were followed up until the event of interest, death,
or end of follow-up, as in the analyses above. Finally, the
191 emulated studies were analyzed in a pooled weighted
Cox model, and 95% confidence intervals (CIs) were calcu-
lated using bootstrapping. All Cox models were adjusted for
age, and sex, center, and therapy line, ECOG (0/>1), and
localization of metastases were added as strata. The TTE
pooled weighted Cox model was additionally adjusted for
study number as a natural cubic spline. All analyses were
conducted in R, version 4.3.2 (R Foundation for Statistical
Computing, Vienna, Austria), [19].

Results
Descriptive characteristics

Descriptive patient characteristics are presented in Table 1.
Among 335 patients (74.6% male), the median age was
69 years (IQR, 59-76). Most patients (69.6%) received ICI
in second-line or further lines, followed by first line (20.3%)
and switch maintenance (10.1%). The median (IQR) follow-
up was 21.1 (10.7-34.4) months.

Incidence of immune-related adverse events (irAEs)

As shown in Table 1, irAEs occurred in 122 (36.4%) patients
during study follow-up with a median onset of 3.0 (IQR,
1.4-7.6) months from the initiation of ICI treatment. Grade
3-5 irAEs occurred in 50 patients. irAEs were more frequent
in women (p =0.02) and less common in patients with an
ECOG score > 1 (p=0.02). Patients with irAEs were treated
with IO for a significantly longer time compared to those
patients who did not exhibit irAEs (median 10 vs. 4 months,
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p <0.001), because of their longer follow-up (median 28
vs. 17 months, p=0.01) and survival time (median 13 vs.
5 months, p <0.001), as shown in Table 1. The frequencies
of irAEs (any grade and grade > 3) according to the affected
organ system are shown in Fig. 1.

Immune-related adverse events (irAEs) and survival

During follow-up, 239 (71.3%) patients confirmed PD and
193 (57.6%) died. The overall median PFS and OS was
6.2 and 17.2 months, respectively. Kaplan—Meier curves
showed that PFS (p <0.001) and OS (p <0.001) was sig-
nificantly improved in patients with irAEs when compared
with patients without irAEs (Fig. 2), and multivariable
naive Cox models confirmed that the presence of irAEs
was associated with improved outcomes (HR for PFS: 0.37,
95% CI 0.25-0.56; HR for OS: 0.41, 95% CI 0.26-0.65;
Table 2). This paradoxical effect of irAEs on PFS and OS
was irrespective of the therapy line (1L, 2L or maintenance;
Pinteractions > 0-1) and seX (Pipceractions > 0-1)- In the time-
updated Cox models and the TTE approach, both PFS and
OS did not show any statistically significant associations
with the presence of irAEs anymore. HRs were 0.88, 95% CI
0.59-1.30 (time-updated Cox), and 1.02, 95% CI 0.72-1.44
(TTE) for PFS, and 1.10, 95% CI 0.69-1.75, and 0.90, 95%
CI 0.62-1.30 for OS, respectively (Table 2). Kaplan—Meier
curves on the emulated dataset confirmed these findings
(Piog-rank test = 0-04 for PFS with better outcome in patients
without irAEs; p=0.2 for OS), Fig. 2.

Immune-related adverse events (irAEs)
and objective response (ORR) rate

The overall ORR was 32.7% (n=108), with CR in 15.2%
(n=150). Patients who experienced irAEs had a significantly
improved ORR in comparison to those that did not (ORR:
50.4% vs. 22.5%, p <0.001; CR: 23.1% vs. 10.5%, p=0.004).
Multivariable analyses identified the presence of any irAEs
as independent favorable prognostic factors for ORR using
naive Cox model (HR=2.26, 95% CI 1.26-4.05). In time-
updated Cox models (HR=1.27, 95% CI 0.68-2.36) and
TTE (HR =1.43, 95% CI 0.89-2.29), the occurrence of
irAEs was no longer a significant prognostic factor (Table 2).

The impact of systemic corticosteroid
administration on ORR and survival

Focusing on the irAEs subgroup (n=122), survival curves
showed no statistical differences between patients receiv-
ing systemic corticosteroids and lack thereof using naive
Cox model (PFS: HR=0.41, 95% CI 0.17-0.99; OS:
HR=0.52, 95% CI 0.22-1.19), time-updated Cox models
(PFS: HR=0.51, 95% CI 0.24-1.08; OS: HR=0.70, 95% CI
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Table 1 Patient characteristics, overall (N=335) and stratified by irAE occurrence during follow-up
Characteristics Total (N=335) irAEs during study follow-up p-value!
No (N=213) Yes (N=122)
Age [years], Median (IQR) 69.0 (59.0-76.0)  68.0 (59.0-75.0)  70.0 (60.0-77.0)  0.387
Sex, male 250 (74.6%) 168 (78.9%) 82 (67.2%) 0.026
ECOG 0.026
0 171 (51.0%) 98 (46.0%) 73 (59.8%)
1 124 (37.0%) 90 (42.3%) 34 (27.9%)
>1 40 (11.9%) 25 (11.7%) 15 (12.3%)
Localization of metastases' 0.067
Lymph node only disease 111 (34.6%) 63 (30.7%) 48 (41.4%)
Visceral metastases 210 (65.4%) 142 (69.3%) 68 (58.6%)
Liver metastases 71 (22.1%) 52 (25.4%) 19 (16.4%)
10-Agent 0.594
Nivolumab 41 (12.2%) 29 (13.6%) 12 (9.8%)
Pembrolizumab 199 (59.4%) 126 (59.2%) 73 (59.8%))
Atezolizumab 52 (15.5%) 34 (16.0%) 18 (14.8%)
Avelumab 43 (12.8%) 24 (11.3%) 19 (15.6%)
Therapy line 0.533
First-line 68 (20.3%) 42 (19.7%) 26 (21.3%)
Second-line or further lines 233 (69.6%) 152 (71.4%) 81 (66.4%)
Switch Maintenance 34 (10.1%) 19 (8.9%) 15 (12.3%)
Therapy duration [months], Median (IQR) 5.0 (2.0-12.0) 4.0 (2.0-8.5) 10.0 (4.0-26.0) <0.001
irAE grade, n (%) -
1-2 - - 72 (59.0%)
34 - - 45 (36.9%)
5 - - 5(4.1%)
Systemic corticosteroid administration - - 62 (50.8%) -
Deaths during FU 193 (57.6%) 137 (64.3%) 56 (45.9%) 0.001
Time until death [months], Median (IQR)3 6.0 (2.0-14.5) 5.2 (1.7-11.2) 12.9 (4.8-23.0) <0.001
Follow-up time [months], Median (IQR)* 21.1(10.7-34.4) 16.8 (9.7-27.3) 27.9 (13.0-38.6) 0.014

!p-values from Wilcoxon test for quantitative data, and Fisher’s exact test for qualitative data

%Information missing for 14 patients
3Calculated based on the 193 patients who died during follow-up
4Calculated based on the 142 patients who did not die during follow-up

0.36-1.39), and TTE (PFS: HR=0.84,95% CI 0.51-1.41; OS:
HR=0.80, 95% CI 0.44—1.44), as shown in Fig. 3. On multi-
variable naive Cox regression analysis, the presence of irAEs
compared to no irAEs remained an independent favorable
prognostic factor for survival irrespective of the administration
of systemic corticosteroids. Using time-updated Cox models
and the TTE approach, irAEs with or without systemic cor-
ticosteroids did again not show any significant effect on PFS
and OS, as shown in Table 3.

Discussion

The prognosis and outcomes of patients with mUC have
improved since the introduction of novel therapeutic tar-
gets such as ICI, antibody—drug conjugates (ADCs) and
fibroblast growth factor receptor (FGFR) inhibitors with
FGFR2 and FGFR3 alterations and fusions [3]. Focus-
ing on ICI therapy in urothelial cancer, a meta-analysis

@ Springer
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Fig.2 Contrasting Kaplan—Meier curves (irAEs vs. no irAEs) derived
from the original cohort (naive analysis; solid lines) versus Kaplan—
Meier curves from the emulated cohort (TTE approach; dashed lines).
Red—no irAE group. Blue—irAE group. Numbers at risk taken from
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—— Original cohort ~ ----- Emulated cohort

the naive analysis. (P values by log-rank test. PFS: p <0.001 for orig-
inal cohort; p=0.04 for emulated cohort; OS: p<0.001 for original
cohort; p=0.2 for emulated cohort)
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Table 2 Hazard ratios (95%

. (ON]
ClIs) contrasting occurrence

PFS

ORR CR

versus no occurrence of irAEs Original cohort, HR (95% CI)
on survival and response rates

. . L Naive cox 0.41 (0.26-0.65)
to ICI using different estimation )
methods Time-updated cox 1.10 (0.69-1.75)
Emulated cohort, HR (95% CI)
TTE 0.90 (0.62-1.30)

0.37 (0.25-0.56)
0.88 (0.59-1.30)

1.02 (0.72-1.44)

2.26 (1.26-4.05) 1.55 (0.68-3.51)
1.27 (0.68-2.36) 0.77 (0.35-1.70)

143 (0.89-2.29) 147 (0.78-2.76)

All models were for adjusted for age, and sex, study center, therapy line, ECOG (0/> 1), and localization
of metastases (lymph node only disease/visceral metastases/missing) were added as strata. The TTE pooled
weighted Cox model was additionally adjusted for study number as a natural cubic spline.

There were no statistically significant differences regarding sex or therapy line for any endpoint (all p-val-
ues for interaction>0.1 for all four endpoints both for the naive and updated Cox models, and the Cox

models from the emulated cohort)

OS, overall survival; PFS, progression-free survival; ORR, objective response rate; CR, complete response
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Fig. 3 Contrasting Kaplan—Meier curves (systemic corticosteroids vs. corticosteroids (irAE -). Blue—irAE with systemic corticosteroids
no systemic corticosteroids) derived from the original cohort (naive (irAE+). Numbers at risk taken from the naive analysis. (P values
analysis; solid lines) versus Kaplan—-Meier curves from the emu- by log-rank test. PFS: p=0.4 for original cohort; p=0.2 for emulated

lated cohort (TTE approach; dashed lines). Red—irAE w/o systemic cohort; OS: p=0.6 for original cohort; p=0.5 for emulated cohort)

Table 3 Hazard ratios (95% Cls) contrasting occurrence versus no occurrence of irAEs using different estimation methods, separately for irAEs
treated with systemic corticosteroids, and irAEs not treated with systemic corticosteroids

irAEs without systemic corticosteroid irAEs with systemic corticosteroid
administration versus no AE administration versus no AE

irAEs with versus without corticos-
teroid administration

oS PFS oS

PFS

oS PFS

Original cohort, HR (95% CI)

Naive cox 0.45 (0.27-0.77) 0.45 (0.28-0.73) 0.33 (0.17-0.67)
Time-updated cox 1.00 (0.59-1.67) 0.94 (0.60-1.49) 0.65 (0.31-1.37)

Emulated cohort, HR (95% CI)

TTE 1.01 (0.65-1.56) 1.13(0.73-1.75)  0.80 (0.48-1.33)

0.29 (0.14-0.57)
0.60 (0.31-1.16)

0.95 (0.62-1.46)

0.52 (0.22-1.19)  0.41 (0.17-0.99)
0.70 (0.36-1.39)  0.51 (0.24-1.08)

0.80 (0.44-1.44)  0.84 (0.51-1.41)

All models were for adjusted for age, and sex, center, therapy line, ECOG (0/> 1), and localization of metastases (lymph node only disease/
visceral metastases/missing) were added as strata. The TTE pooled weighted Cox model was additionally adjusted for study number as a natural

cubic spline

OS, overall survival; PFS, progression-free survival; ORR, objective response rate; CR, complete response
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showed that any irAEs occurred in 24.9% and grade >3
irAEs in 7.6% [7]. In our real-world study, the incidences
of any irAEs were 36.4%, and grade >3 in 14.9%. Moreo-
ver, the presence of irAEs was irrespective of the used IO
agent and therapy line. There is first evidence that irAEs
are required to obtain a benefit from immune checkpoint
inhibition [20]. In line with this finding, several studies
have already reported that the occurrence of irAEs is asso-
ciated with a better response to ICI and improved survival
rates in mUC patients undergoing ICI therapy [10, 12, 13,
21, 22].

Nevertheless, it is imperative to acknowledge the pres-
ence of immortal time bias when exploring the association
between the presence of irAEs and treatment response, given
that irAEs can occur anytime during follow-up. Specifically,
although the median onset of irAEs in our study was similar
to other trials [8, 21] at 3 months, the temporal occurrence
of irAEs varied strongly, ranging from 0 to 43 months. Thus,
landmark analysis alone may not adequately address immor-
tal time bias, as it may inadvertently exclude patients with
survival periods shorter than 3 months [21].

Immortal time bias arises as a statistical distortion when
there exists a period of time during which the outcome of
interest cannot occur for certain patients. In our study con-
text, this means that there are patients who do not survive
long enough to develop irAEs, or their follow-up period
includes a timeframe where irAEs cannot manifest [23].
Previous studies have addressed this bias using landmark
analysis, time-updated analysis or extended Cox models [10,
12, 13, 21, 22].

The importance of considering causal inference for data
interpretation is illustrated by the following example: when
adjusted only for baseline covariates, a large pooled analysis
including 1,747 mUC patients from seven ICI trials (5 trials
enrolling patients with ICI after platinum-based therapy, 2
trials enrolling patients with ICI in the first-line) showed
an improvement in OS among patients with related AEs of
special interest (HR =0.45; 95% CI 0.39-0.52) or irAEs
(HR=0.53; 95% CI 0.43-0.66) [24], thus being comparable
to our study (HR=0.41; 95% CI 0.26-0.58) performing only
simple baseline adjustments.

To our knowledge, no prior study has employed TTE to
eliminate immortal time bias in the causal investigation of
the impact of irAEs on survival and response to ICI in mUC
based on observational data. Specifically, TTE achieves this
by designing a hypothetical “target trial” that would ideally
answer the research question, allowing observational data
to be analyzed as if collected in a randomized context. This
method effectively reduces confounding, selection, immortal
time, and other self-inflicted biases, which traditional mul-
tivariable regression models often fail to eliminate entirely.
TTE strives to closely replicate a randomized study with the
available data, providing causal estimates that align with

@ Springer

those obtained from randomized study designs [14, 25, 26].
Consecutively, the emulation of a target trial using obser-
vational data will yield the same effect estimate as that of a
RCT if the emulation is successful [14, 25, 26]. However,
the requirements of TTE should be followed consequently:
(i) specification of the target trial, definition of time zero and
inclusion criteria with formulation of the causal question,
(i) cloning, and (iii) accounting for informative censoring
by using inverse-probability-of-censoring weighting.

In our study, we could show for the first time in the con-
text of mUC that TTE is a reproducible statistical method
to avoid immortal time bias using real-world data. Focusing
on the presence of irAEs and outcomes, the HRs for PFS
significantly varied from 0.36 for simple baseline adjust-
ments to 0.92 (95% CI 0.67-1.25) accounting for immortal
time bias with time-updated covariates, and from 0.41 to
1.02 (95% C10.70-1.48) for OS. These data would result in
a discordant interpretation and conclusion, emphasizing the
importance of considering causal inference using observa-
tional data. TTE yielded a HR of 1.24 for PFS and 1.07 for
OS, suggesting that the presence of irAEs no longer has any
influence on survival in mUC patients. We were also able to
show the same effect in the association between the presence
of irAEs and response rates. In contrast to naive Cox model
(HR =2.26), the presence of irAEs was no longer a favorable
predictive factor in time-updated Cox models (HR=1.27,
95% C10.68-2.36) and TTE (HR =1.43, 95% CI1 0.89-2.29).

A major limitation of our study is the small number of
participants receiving ICI in the first-line setting (20.3%) or
switch maintenance (10.1%), possibly affecting the study"s
generalizability. Nevertheless, all Cox models in our analy-
ses were adjusted not only for age, and sex, center, ECOG
(0/>1), but also for therapy line. However, it was not pos-
sible to adjust for irAE localization and the grade of irAEs,
as these are characteristics that determine exposure. The
predominance of male patients (74.6%) in our study is in
line with the typical sex distribution in bladder cancer where
male gender are four times more likely to develop bladder
cancer than female gender [3]. However, a larger number of
female patients would be necessary to further strengthen our
hypothesis that the lack of influence of irAEs on outcomes
was independent of gender, since gender may influence
immune response and thus efficacy of ICI treatment (27, 28).

Conclusion

Implementing target trial emulation for causal inference, we
were able to show for the first time that there is no longer
a significant association between the occurrence of irAEs
(regardless of the administration of corticosteroids) and
improved oncological outcomes and ICI response rates
when adjusting the analysis to avoid immortal time bias.
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Therefore, common bias in observational studies can be lim-
ited using target trial emulation as a statistical methodology
by conceptualizing them as attempts to hypothetical rand-
omized trials answering causal questions of interest. Our
data underline the importance of carefully designing obser-
vational studies based on real-world data, applying princi-
ples of randomized controlled trials to observational studies
by target trial emulation. We believe these enhancements
will provide readers with a clearer understanding of the TTE
method, its advantages, and its significance in our research.

Author contributions RP, JF, SM, LSM, and HU were responsible for
conceptualization of the study design. RP, MRH, JK, DD, EL, KG,
KM, KHT, DNB, LK, JAS, and TB were responsible for data collec-
tion. All authors analyzed and interpreted the data. JF, SM, and HU
provided statistical analysis. RM, AK, MM, IDS, JT, BP, SFS, and
LSM supervised the project. RP, JF, SM, LSM, and HU wrote the
manuscript. All authors read and approved the final manuscript.

Funding Open access funding provided by University of Innsbruck and
Medical University of Innsbruck. The authors declare that no funds,
grants, or other support were received during the preparation of this
manuscript.

Data availability No datasets were generated or analyzed during the
current study.

Declarations

Conflict of interests The authors have no relevant financial or non-
financial interests to disclose.

Ethical approval The study was approved by the local ethical commit-
tee of the Medical University of Innsbruck (study number AN2014-
0121; 336/4.3).

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Meeks 1], Black PC, Galsky M, Grivas P, Hahn NM, Hussain SA,
Milowsky MI, Steinberg GD, Svatek RS, Rosenberg JE (2023)
Checkpoint inhibitors in urothelial carcinoma-future directions

10.

11.

12.

and biomarker selection. Eur Urol S0302-2838(23):02816-02826.
https://doi.org/10.1016/j.eururo.2023.05.011

Compérat E, Amin MB, Cathomas R, Choudhury A, De Santis
M, Kamat A, Stenzl A, Thoeny HC, Witjes JA (2022) Current
best practice for bladder cancer: a narrative review of diagnostics
and treatments. Lancet 400(10364):1712—-1721. https://doi.org/
10.1016/S0140-6736(22)01188-6

Cathomas R, Lorch A, Bruins HM, Compérat EM, Cowan NC,
Efstathiou JA, Fietkau R, Gakis G, Hernandez V, Espinés EL,
Neuzillet Y, Ribal MJ, Rouanne M, Thalmann GN, van der Hei-
jden AG, Veskimie E, Alfred Witjes J, Milowsky MI (2022) The
2021 updated european association of urology guidelines on meta-
static urothelial carcinoma. Eur Urol 81(1):95-103. https://doi.
org/10.1016/j.eururo.2021.09.026

Powles T, Bellmunt J, Comperat E, De Santis M, Huddart R,
Loriot Y, Necchi A, Valderrama BP, Ravaud A, Shariat SF, Szaba-
dos B, van der Heijden MS, Gillessen S (2022) Bladder cancer:
ESMO clinical practice guideline for diagnosis, treatment and
follow-up. Ann Oncol 33(3):244-258. https://doi.org/10.1016/j.
annonc.2021.11.012

Powles T, Valderrama BP, Gupta S, Bedke J, Kikuchi E, Hoffman-
Censits J, Iyer G, Vulsteke C, Park SH, Shin SJ, Castellano D,
Fornarini G, Li JR, Giimiis M, Mar N, Loriot Y, Fléchon A, Duran
I, Drakaki A, Narayanan S, Yu X, Gorla S, Homet Moreno B,
van der Heijden MS (2024) Enfortumab vedotin and pembroli-
zumab in untreated advanced urothelial cancer. N Engl J Med
390(10):875-888

Morad G, Helmink BA, Sharma P, Wargo JA (2021) Hallmarks of
response, resistance, and toxicity to immune checkpoint blockade.
Cell 184(21):5309-5337. https://doi.org/10.1016/j.cell.2021.09.
020

Wu Z, Chen Q, Qu L, Li M, Wang L, Mir MC, Carbonara U, Pan-
dolfo SD, Black PC, Paul AK, Di Lorenzo G, Porpiglia F, Mari
A, Necchi A, Rouprét M, Psutka SP, Autorino R (2022) Adverse
events of immune checkpoint inhibitors therapy for urologic can-
cer patients in clinical trials: a collaborative systematic review and
meta-analysis. Eur Urol 81(4):414-425. https://doi.org/10.1016/j.
eururo.2022.01.028

Postow MA, Sidlow R, Hellmann MD (2018) Immune-related
adverse events associated with immune checkpoint blockade. N
Engl J Med 378(2):158-168. https://doi.org/10.1056/NEJMral703
481

Rogado J, Sanchez-Torres JM, Romero-Laorden N, Ballesteros Al,
Pacheco-Barcia V, Ramos-Levi A, Arranz R, Lorenzo A, Gullén
P, Donnay O, Adrados M, Costas P, Aspa J, Alfranca A, Mondéjar
R, Colomer R (2019) Immune-related adverse events predict the
therapeutic efficacy of anti-PD-1 antibodies in cancer patients. Eur
J Cancer 109:21-27. https://doi.org/10.1016/j.ejca.2018.10.014
Robesti D, Nocera L, Belladelli F, Schultz JG, Fallara G, Maran-
dino L, Raggi D, Montorsi F, Msaouel P, Necchi A, Martini A
(2023) The immune-related adverse events paradox in locally
advanced or metastatic urothelial cancer after atezolizumab immu-
notherapy: analysis of individual patient data from IMvigor210
and IMvigor211 trials. BJU Int. https://doi.org/10.1111/bju.16121
Kearney M, Zhang L, Hubscher E, Musat M, Harricharan S, Wilke
T (2023) Undertreatment in patients with advanced urothelial can-
cer: systematic literature review and meta-analysis. Future Oncol.
https://doi.org/10.2217/fon-2023-0298

Sanda GE, Shabto JM, Goyal S, Liu Y, Martini DJ, Nazha B,
Brown JT, Yantorni LB, Anne Russler G, Caulfield S, Joshi SS,
Narayan VM, Kissick H, Ogan K, Master VA, Carthon BC, Kucuk
O, Bilen MA (2023) Immune-related adverse events and clini-
cal outcomes in advanced urothelial cancer patients treated with
immune checkpoint inhibitors. Oncologist 28(12):1072-1078.
https://doi.org/10.1093/oncolo/oyad 154

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eururo.2023.05.011
https://doi.org/10.1016/S0140-6736(22)01188-6
https://doi.org/10.1016/S0140-6736(22)01188-6
https://doi.org/10.1016/j.eururo.2021.09.026
https://doi.org/10.1016/j.eururo.2021.09.026
https://doi.org/10.1016/j.annonc.2021.11.012
https://doi.org/10.1016/j.annonc.2021.11.012
https://doi.org/10.1016/j.cell.2021.09.020
https://doi.org/10.1016/j.cell.2021.09.020
https://doi.org/10.1016/j.eururo.2022.01.028
https://doi.org/10.1016/j.eururo.2022.01.028
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1016/j.ejca.2018.10.014
https://doi.org/10.1111/bju.16121
https://doi.org/10.2217/fon-2023-0298
https://doi.org/10.1093/oncolo/oyad154

30

Page 10 of 10

Cancer Immunology, Immunotherapy (2025) 74:30

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kawai T, Taguchi S, Nakagawa T, Kamei J, Nakamura Y, Obinata
D, Yamaguchi K, Kaneko T, Kakutani S, Tokunaga M, Uemura
Y, Sato Y, Enomoto Y, Nishimatsu H, Fujimura T, Fukuhara H,
Takahashi S, Kume H (2022) Impact of immune-related adverse
events on the therapeutic efficacy of pembrolizumab in urothelial
carcinoma: a multicenter retrospective study using time-dependent
analysis. J Immunother Cancer 10(2):003965. https://doi.org/10.
1136/jitc-2021-003965

Hernan MA, Robins JM (2016) Using big data to emulate a target
trial when a randomized trial is not available. Am J Epidemiol
183(8):758-764. https://doi.org/10.1093/aje/kwv254

Kuehne F, Arvandi M, Hess LM, Faries DE, Matteucci Gothe
R, Gothe H, Beyrer J, Zeimet AG, Stojkov I, Miihlberger N,
Oberaigner W, Marth C, Siebert U (2022) Causal analyses with
target trial emulation for real-world evidence removed large self-
inflicted biases: systematic bias assessment of ovarian cancer
treatment effectiveness. J Clin Epidemiol 152:269-280

Bentzen HB, Hostmaelingen N (2019) Balancing protection and
free movement of personal data: the new European union general
data protection regulation. Ann Intern Med 170:335-337
Haanen J, Obeid M, Spain L, Carbonnel F, Wang Y, Robert C,
Lyon AR, Wick W, Kostine M, Peters S, Jordan K, Larkin J (2022)
Management of toxicities from immunotherapy: ESMO clinical
practice guideline for diagnosis, treatment and follow-up. Ann
Oncol 33(12):1217-1238. https://doi.org/10.1016/j.annonc.2022.
10.001

Strohmaier S, Wallisch C, Kammer M, Geroldinger A, Heinze
G, Oberbauer R, Haller MC (2022) Survival benefit of first sin-
gle-organ deceased donor kidney transplantation compared with
long-term dialysis across ages in transplant-eligible patients with
kidney failure. JAMA Netw Open 5(10):¢2234971. https://doi.org/
10.1001/jamanetworkopen.2022.34971

R Core Team. R (2021) A language and environment for statisti-
cal computing. R Foundation for Statistical Computing, Vienna,
Austria

Postow MA, Sidlow R, Hellmann MD (2018) Immune-related
adverse events associated with immune checkpoint blockade. N
Engl J Med 378(2):158-168. https://doi.org/10.1056/NEJMral703
481

Otsuka H, Kita Y, Ito K, Sano T, Inokuchi J, Tomida R, Takahashi
A, Matsumoto K, Kurahashi R, Ozaki Y, Uegaki M, Maruyama

@ Springer

22.

23.

24.

25.

26.

217.

28.

S, Mukai S, Tsutsumi M, Kawahara T, Segawa T, Kitamura H,
Morita S, Kobayashi T (2022) Immune-related adverse events
in urothelial cancer patients: adjustment for immortal time bias.
Cancer Sci 113(11):3912-3921. https://doi.org/10.1111/cas.15539
Morales-Barrera R, Villacampa G, Vidal N, Figols M, Giner J,
Bonfill T, Suérez C, Diaz N, Mateo J, Gonzalez M, Domenech M,
Puente J, Carles J (2023) Prevalence of immune-related adverse
events and anti-tumor efficacy in advanced/metastatic urothelial
carcinoma following immune-checkpoint inhibitor treatment.
Clin Transl Oncol 25(12):3556-3564. https://doi.org/10.1007/
$12094-023-03213-6

Suissa S (2008) Immortal time bias in pharmacoepidemioogy. Am
J Epidemiol 167:492-499

Mabher VE, Fernandes LL, Weinstock C, Tang S, Agarwal S, Brave
M, Ning YM, Singh H, Suzman D, Xu J, Goldberg KB, Sridhara
R, Ibrahim A, Theoret M, Beaver JA, Pazdur R (2019) Analysis
of the association between adverse events and outcome in patients
receiving a programmed death protein 1 or programmed death
ligand 1 antibody. J Clin Oncol 37(30):2730-2737

Matthews AA, Danaei G, Islam N, Kurth T (2022) Target trial
emulation: applying principles of randomised trials to observa-
tional studies. BMJ 30(378):e071108. https://doi.org/10.1136/
bmj-2022-071108

Hernan MA, Sauer BC, Hernandez-Diaz S, Platt R, Shrier I (2016)
Specifying a target trial prevents immortal time bias and other
self-inflicted injuries in observational analyses. J Clin Epidemiol
79:70-75. https://doi.org/10.1016/j.jclinepi.2016.04.014
Conforti F, Pala L, Bagnardi V, De Pas T, Martinetti M, Viale G,
Gelber RD, Goldhirsch A (2018) Cancer immunotherapy efficacy
and patients’ sex: a systematic review and meta-analysis. Lancet
Oncol 19(6):737-746

Klein SL, Flanagan KL (2016) Sex differences in immune
responses. Nat Rev Immunol 16(10):626—638. https://doi.org/10.
1038/nri.2016.90

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1136/jitc-2021-003965
https://doi.org/10.1136/jitc-2021-003965
https://doi.org/10.1093/aje/kwv254
https://doi.org/10.1016/j.annonc.2022.10.001
https://doi.org/10.1016/j.annonc.2022.10.001
https://doi.org/10.1001/jamanetworkopen.2022.34971
https://doi.org/10.1001/jamanetworkopen.2022.34971
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1111/cas.15539
https://doi.org/10.1007/s12094-023-03213-6
https://doi.org/10.1007/s12094-023-03213-6
https://doi.org/10.1136/bmj-2022-071108
https://doi.org/10.1136/bmj-2022-071108
https://doi.org/10.1016/j.jclinepi.2016.04.014
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1038/nri.2016.90

	Target trial emulation to evaluate the effect of immune-related adverse events on outcomes in metastatic urothelial cancer
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Background
	Methods
	Study design and patients
	Patient outcomes and follow-up investigations
	Statistical analysis

	Results
	Descriptive characteristics
	Incidence of immune-related adverse events (irAEs)
	Immune-related adverse events (irAEs) and survival
	Immune-related adverse events (irAEs) and objective response (ORR) rate
	The impact of systemic corticosteroid administration on ORR and survival

	Discussion
	Conclusion
	References


