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ABSTRACT

Background Several studies have reported the incidence
of immune-related adverse events (irAEs) as a predictor
of the efficacy of anti-programmed cell death protein 1
antibodies in patients with cancer. However, immortal time
bias has not always been fully addressed in these studies.
In this retrospective multicenter study, we assessed

the association between the incidence of irAEs and the
efficacy of pembrolizumab in urothelial carcinoma (UC)
using time-dependent analysis, an established statistical
method to minimize immortal time bias.

Methods The study included 176 patients with advanced
UC who underwent pembrolizumab treatment at seven
affiliated institutions between January 2018 and July
2020. Patients with irAEs were compared with those
without irAEs in terms of overall survival (OS) and cancer-
specific survival (CSS). Immortal time bias was eliminated
by using time-dependent analysis.

Results Of the 176 patients, irAEs occurred in 77 patients
(43.8%), with a median of 60 days. The irAEs (+) cohort
showed significantly favorable 0S and CSS compared with
the irAEs () cohort (p=0.018and p=0.005, respectively),
especially in the cohort with grade 1-2 irAEs (0S and CSS;
p=0.003and p=0.002, respectively). Multivariate analyses
identified any irAEs and grade 1-2 irAEs as independent
favorable prognostic factors for 0S and CSS.

Conclusion Even after minimizing immortal time bias

by time-dependent analysis, the incidence of irAEs,
especially grade 1-2 irAEs, could be a significant predictor
of favorable prognoses in patients with UC who have
undergone pembrolizumab treatment.

BACKGROUND

Immune checkpoint inhibitors (ICIs),
including programmed cell death protein 1
(PD-1) antibodies, have led to remarkable
advances in the treatment of various types of
cancers. Pembrolizumab, a PD-1 antibody, has
been shown to prolong overall survival (OS)

in patients with advanced urothelial carci-
noma (UC) following disease progression
after platinum-containing Chemotherapy.l
Pembrolizumab has thus been established as
a second-line treatment for advanced UC.??
However, ICIs can produce immune-related
adverse events (irAEs), such as rash, colitis,
hepatitis, endocrinopathies, pneumonitis,
myositis, and nephritis.*”

Several previous studies have reported that
the incidence of irAEs is associated with a
good therapeutic response to ICIs in malig-
nancies,6 7 including melanoma,8 non-small
cell lung calncer,9 10 gastric cancer,]1 12 and
uc.!>1n However, immortal time bias has not
always been fully addressed in these studies.
We previously reported the correlation
between irAEs and favorable efficacy of
pembrolizumab in patients with UC using
single-center preliminary data'®; however,
immortal time bias was not eliminated.

Immortal time bias occurs when a group
of patients does not survive long enough to
receive an intervention,'®'8 Thus, irAE devel-
opment and patient survival occur because
the shorter the survival, the lower the chance
of an irAE development. Time-dependent
analysis (or called Mantel-Byar method)
and landmark analysis are both established
methods for avoiding immortal time bias,
whereas the former is much superior to the
latter in minimizing the immortal time bias.'®
To the best of our knowledge, no previous
studies have conducted time-dependent anal-
ysis to assess the association between irAEs
and response to ICIs. In the present study, we
assessed the association between irAEs and
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the efficacy of pembrolizumab in patients with UC using
multicenter data. Immortal time bias was eliminated by
conducting time-dependent analysis.

METHODS

Patients

This retrospective study included 176 patients with
advanced (metastatic or locally advanced) UC who under-
went pembrolizumab treatment. Of the 176 patients, 175
patients were treated with pembrolizumab as a second-
line therapy following disease progression after first-line
chemotherapy, and the remaining one patient was treated
as a first-line therapy because he was on hemodialysis and
ineligible for platinum-containing chemotherapy. The
study cohort includes 150 patients who were analyzed
in our previous article, which assessed the association of
the albumin-to-globulin ratio with conventional oncolog-
ical outcomes in the setting of advanced UC treated with
pembrolizumab.'? All patients received pembrolizumab
at a dose of 200 mg/body intravenously every 3 weeks at
seven affiliated institutions between January 2018 and
July 2020.

Data collection

The patients’ clinical data were retrospectively extracted
as follows: sex, age, occurrence and grade of irAEs, use of
glucocorticoids for irAEs, OS, and cancer-specific survival
(CSS). The time for irAEs to occur following the start of
pembrolizumab treatment was also noted. The grade of
irAEs was evaluated according to the Common Termi-
nology Criteria for Adverse Events V.5.0.*” Furthermore,
to guarantee the quality of data on irAE grades, an inves-
tigator at each institution retrospectively reviewed and
interpreted clinical records to determine irAE grades,
and another investigator at the same institution double-
checked the results. Follow-up information was obtained
in October 2020.

Statistical analysis

The maximum therapeutic effect and frequency of gluco-
corticoid use was analyzed using the x* test or Fisher’s
exact test. Survival data of patients were analyzed using
time-dependent analysis, whereby the survival time of
each patient who experienced irAEs from time of starting
pembrolizumab treatment to time of final observation
was divided into time from the start of pembrolizumab to
the onset of initial irAE and time after the onset of initial
irAE. The former time period was assigned to the irAEs
(=) cohort and the latter period to the irAEs (+) cohort.
Meanwhile, regarding patients who did not experience
irAEs, all of the survival time was assigned to the irAEs (-)
cohort (figure 1). Survival curves were generated using
the Kaplan-Meier method and compared using log-rank
tests. Similar time-dependent analyses were performed
for each group of irAE grades (grade 1-2 and grade 3-5),
each type of irAEs, and each route of glucocorticoid
administration. Time-dependent Cox model was used for

Onset of irAE

Patient who
experienced irAEs

Analyzed in irAEs (+) cohort

Analyzed in irAEs (-) cohort

t

Time from the start of pembrolizumab

Figure 1 Time-dependent analysis in this study. The
survival time of each patient with urothelial carcinoma who
experienced immune-related adverse events (irAEs) was
divided into time from the start of pembrolizumab treatment
to the onset of initial irAE and time after the onset of initial
irAE. The former was assigned to the irAEs (-) cohort (orange)
and the latter to the irAEs (+) cohort (blue). Meanwhile,
regarding patients who did not experience irAEs, all of the
survival time which meant from the start of pembrolizumab
treatment to last follow-up were assigned to the irAEs (-)
cohort (orange).

Patient who did not
experience irAEs

multivariate analyses of OS and CSS. All statistical anal-
yses, except time-dependent multivariate Cox analyses,
were performed using the JMP Pro software (V.15.0.0,
SAS Institute). Time-dependent multivariate Cox anal-
yses were conducted by a biostatistician (YU) using SAS
V.9.4. All p values were two-sided and considered signifi-
cant at p<0.05.

RESULTS

Patients’ characteristics

The clinical characteristics of patients at the start of
pembrolizumab treatment are shown in table 1. A total of
176 patients comprised 132 men (67.2%) and 44women
(32.8%) with a median age of 71 years (IQR, 66-76
years). The median follow-up duration was 8.1 months
(IQR, 4.0-15.2 months). No patients had any baseline
immune dysfunction, immunosuppressive medication, or
pre-existing autoimmune condition.

Incidence of irAEs

As shown in table 2, irAEs occurred in 77 patients (43.8%)
with a median onset of 60 days (IQR, 25-126 days) from
the initiation of pembrolizumab treatment. Grade 1-2 and
grade 3-5 irAEs occurred in 35.8% and 11.9% of patients,
respectively. The most common irAEs were skin disorders
(eg, pruritus, rash, and dermatitis; 22.2%), followed (in
decreasing order of prevalence) by endocrine disorders
(eg, thyroid dysfunction, adrenal insufficiency, and type
1 diabetes; 13.6%), respiratory disorders (eg, interstitial
pneumonia; 5.7%), intestinal disorders (eg, diarrhea and
colitis; 5.1%), hepatitis, nephritis, stomatitis, myositis,
and myocarditis. When glucocorticoid administration
was required due to irAEs, treatments were administered
externally, orally, or intravenously (33.8%, 28.6%, and
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Table 1 Clinical characteristics of 176 patients at the start
of pembrolizumab treatment

Factor Value
Age, years, median (IQR) 71 (66-76)
Sex, no (%)

Male 132 (75.0)

Female 44 (25.0)
ECOG PS, no (%)

0 104 (59.1)

1 52 (29.5)

>2 20 (11.4)
Primary site, no (%)

Bladder 76 (43.2)

Upper tract 78 (44.3)

Both 22 (12.5)
No of lesions, no (%)

1-4 101 (57.4)

5= 39 (22.2)

>10 36 (20.5)
Liver metastasis, no (%)

Yes 29 (16.5)

No 147 (83.5)
No of prior regimens, no (%)

1 131 (74.4)

2 31(17.6)
>3 12 (6.8)

ECOG PS, Eastern Cooperative Oncology Group Performance Status.

14.3%, respectively). Patients with respiratory disorders
required frequent oral or intravenous administration of
glucocorticoids (60% and 40%, respectively).

B

Overall survival
1.0

Cancer-specific survival
1.0

P=0.018
HR 0.59 0.8
(95%Cl, 0.38-0.91)

P=0.005
HR 0.52
(95%Cl, 0.32-0.82)

0.8
0.6 0.6
irAEs (+)

irAEs (+)

0.4 0.4

0.2 irAEs (-) 0.2 irAEs (-)
0.0 0.0
0 5 10 15 20 25 30 0 5 10 115 20 5 30

Months Months

Patients at risk

irAEs (+) 77 53 29 21 8 3
irAEs (-) 176 66 33 15 9 5

Patients at risk
irAEs (+) 77 53 29 21 8 3
irAEs (-) 176 66 33 15 9 5

Figure 2 Overall survival (A) and cancer-specific survival (B)
in the immune-related adverse events (irAEs (+)) cohort (blue)
and the irAEs (-) cohort (orange).

Survival analyses

The Kaplan-Meier curves with survival analyses are shown
in figures 2 and 3 (and in online supplemental figures
1 and 2). Time-dependent univariate analyses of patient
survival among characteristics of irAEs are shown in
table 3. The irAEs (+) cohort showed significantly favor-
able OS and CSS compared with the irAEs (-) cohort
(HR=0.59, p=0.018and HR=0.52, p=0.005, respectively;
figure 2). The grade 1-2 irAEs (+) cohort showed signifi-
cantly favorable OS and CSS compared with the cohort
without grade 1-2 irAEs (HR=0.49, p=0.003 and HR=0.47,
p=0.002, respectively; figure 3). Among the types of irAEs,
the cohort with respiratory disorders showed significantly
poor OS compared with the cohort without respiratory
disorders (HR=2.66, p=0.011; online supplemental figure
1). Among the routes of glucocorticoid administration,
the cohort with irAEs requiring intravenous adminis-
tration showed significantly poor OS compared with
cohort without the intravenous administration (HR=2.12,
p=0.029; online supplemental figure 2). Multivariate
analyses of patient survival using time-dependent Cox
model are shown in table 4. The incidence of any irAEs

Table 2 Immune-related adverse events (irAEs) in 176 patients treated with pembrolizumab

Incidence of irAEs irAEs requiring glucocorticoid use

Any grade Grade 3-5 Days to onset External Oral Intravenous
irAE No (%) No (%) Median (IQR) No (%*) No (%*) No (%*)
Any irAEs 77 (43.8) 21 (11.9) 60 (25-126) (33 8) 22 (28.6) 11 (14.3)
Skin disorders 39 (22.2) 3(1.7) 60 (25-138) 5 (64.1) 9 (23.1) 4 (10.3)
Endocrine disorders 24 (13.6) 10 (5.7) 90 (51-158) 6 (25 0) 9 (37.5) 4 (16.7)
Respiratory disorders 10 (5.7) 4 (2.3) 144 (76-306) 6 (60.0) 6 (60.0) 4 (40.0)
Intestinal disorders 9 (5.1) 3(1.7) 77 (29-140) 3 (33.3) 3 (33.3) 1(11.1)
Hepatitis 5(2.8) 1(0.6) 46 (18-501) 1 (20.0) 3 (60.0) 1 (20.0)
Nephritis 3(1.7) 1(0.6) 136 (84-147) 1 (33.3) 2 (66.7) 1(33.3)
Stomatitis 3(1.7) 1(0.6) 109 (27-180) 1(33.3) 1(33.3) 0 (0.0)
Myositis 3(1.7) 1 (0.6) 43 (23-147) 0 (0.0 0 (0.0 1(33.3)
Myocarditis 1 (0.6) 1(0.6) 23 0(0.0) 0(0.0) 1(33.3)

*Percentage of patients with each irAE.
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Figure 3 Overall survival (A, C) and cancer-specific survival
(B, D) in the cohorts with (blue) or without (orange) grade 1-2
immune-related adverse events (irAEs) (A, B) and grade 3-5
irAEs (C, D).

G3-5(+) 21 14 7 4 0 0
G3-5() 176 111 62 38 20 12

and grade 1-2 irAEs was identified as independent favor-
able prognostic factor for OS and CSS along with Eastern
Cooperative Oncology Group Performance Status of 0,
primary site of the bladder, and number of lesions of 4
or less.

DISCUSSION

Immortal time bias is an often-overlooked phenomenon
in time-dependent studies. Landmark analysis is a method
that was proposed by Anderson et al’' in the 1980s. A fixed
time after the initiation of therapy is selected as the land-
mark, and patients who die before the landmark time
are excluded from the analysis. Although this approach
is effective in removing the immortal time bias, it is infe-
rior in that the results differ depending on the choice of
the landmark.'® Time-dependent analysis (proposed by
Mantel and Byar®®) has proved to be superior to land-
mark analysis in minimizing immortal time bias in obser-
vational studies of survival outcomes.'® Previous studies
that assessed the incidence of irAEs and the efficacy of
ICIs have either not considered immortal time bias at
all®” "> or they have avoided using landmark analysis.*'2
The present study is the first study to assess the association
between the incidence of irAEs and the efficacy of ICls
using time-dependent analysis. In the present study, the
survival time of irAEs (+) cohort was calculated only after
the onset of initial irAE according to time-dependent
analysis. Given that the median time from the start of
pembrolizumab to the onset of initial irAE was 60 days,
the survival time of irAEs (+) cohort might be estimated
to be approximately 2months shorter than its actual dura-
tion. Time-dependent analysis could therefore be consid-
ered as a more ‘conservative’ approach than landmark
analysis because it should underestimate the survival time
of the irAE (+) group. In other words, showing the supe-
riority of the irAE (+) group by time-dependent analysis
could be regarded as more ‘impressive’ than by landmark
analysis.

Table 3 Time-dependent univariate analyses of patient survival among characteristics of irAEs

(0133 CSSs
Characteristics of irAEs n HR 95% CI P value HR 95% Cl P value
Any irAEs 77 0.59 0.38 to 0.91 0.018* 0.52 0.32 t0 0.82 0.005*
CTCAE grade
Grade 1-2 63 0.49 0.30t0 0.78 0.003* 0.47 0.28 t0 0.76 0.002*
Grade 3-5 21 1.48 0.78 to 2.57 0.189 1.19 0.58 t0 2.19 0.608
Type of irAEs
Skin disorders 39 0.62 0.34 to 1.05 0.091 0.62 0.33to 1.06 0.097
Endocrine disorders 24 0.73 0.36 to 1.35 0.352 0.70 0.33 10 1.33 0.312
Respiratory disorders 10 2.66 1.10t0 5.44 0.011* 2.04 0.71 10 4.63 0.119
Intestinal disorders 9 1.32 0.47 t0 2.95 0.541 1.44 0.50 to 3.21 0.429
irAEs requiring glucocorticoid use
External use 26 0.77 0.40to 1.35 0.386 0.75 0.37 to 1.35 0.363
Oral use 22 1.11 0.58 to 1.97 0.728 0.98 0.48 to 1.82 0.963
Intravenous use 11 212 1.06 to 4.24 0.029* 1.49 0.58 t0 3.16 0.343

*Statistically significant.

CSS, cancer-specific survival; CTCAE, Common Terminology Criteria for Adverse Events; irAE, immune-related adverse event; OS, overall

survival.
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Table 4 Time-dependent multivariate Cox analyses of patient survival

os CSss
Factor HR 95% Cl P value HR 95% Cl P value
Any irAEs
Age (continuous) 0.99 0.97 to 1.02 0.586 0.99 0.96 to 1.02 0.496
Sex (male vs female) 0.70 0.41101.18 0.184 0.80 0.47 to 1.37 0.421
ECOG PS (0 vs >1) 4.31 2.74t06.78 <0.001* 4.34 2.71t06.97 <0.001*
Primary site (upper tract vs bladder) 0.52 0.34 t0 0.80 0.003* 0.55 0.35 to 0.86 0.009*
No of lesions (1-4 vs >5) 1.62 1.04 to 2.52 0.034* 1.71 1.08 to 2.72 0.022*
Liver metastasis (no vs yes) 1.90 1.09 to 3.31 0.023* 1.64 0.91 to 2.96 0.100
No of prior regimens (0-1 vs >2) 1.13 0.70to 1.82 0.613 1.25 0.77 t0 2.03 0.373
Any irAEs (no vs yes) 0.59 0.36 to 0.96 0.032* 0.50 0.30 to 0.83 0.007*
Grade 1-2 irAEs
Age (continuous) 0.99 0.97 to 1.02 0.579 0.99 0.97 to 1.02 0.546
Sex (male vs female) 0.67 0.40to0 1.14 0.142 0.77 0.45t0 1.32 0.341
ECOG PS (0 vs >1) 4.48 2.83to 7.11 <0.001* 4.50 2.79to 7.27 <0.001*
Primary site (upper tract vs bladder) 0.55 0.36 t0 0.85 0.007* 0.57 0.36 t0 0.90 0.016*
No of lesions (1-4 vs >5) 1.57 1.01to0 2.45 0.047* 1.66 1.05 to 2.63 0.031*
Liver metastasis (no vs yes) 1.87 1.08 to 3.25 0.026* 1.66 0.93t0 2.97 0.088
No of prior regimens (0-1 vs >2) 1.11 0.69 to 1.79 0.676 1.23 0.76 to 2.01 0.401
Grade 1-2 irAEs (no vs yes) 0.47 0.28 t0 0.80 0.005* 0.45 0.26 t0 0.76 0.003*
Grade 3-5 irAEs
Age (continuous) 1.00 0.97 to 1.03 0.898 1.00 0.97 t0 1.03 0.853
Sex (male vs female) 0.68 0.411t0 1.15 0.148 0.80 0.47 t0 1.35 0.401
ECOG PS (0 vs >1) 4.28 2.72t0 6.71 <0.001* 4.25 2.66 t0 6.76 <0.001*
Primary site (upper tract vs bladder) 0.50 0.32t0 0.77 0.002* 0.51 0.33 t0 0.80 0.003*
No of lesions (1-4 vs >5) 1.60 1.03t02.48 0.037* 1.71 1.08 t0 2.70 0.021*
Liver metastasis (no vs yes) 2.19 1.28 t0 3.76 0.005* 1.93 1.09 to 3.42 0.025*
No of prior regimens (0-1 vs >2) 1.23 0.77 to 1.99 0.387 1.36 0.84 t0 2.20 0.219
Grade 3-5 irAEs (no vs yes) 1.44 0.78 to 2.65 0.242 1.10 0.56 t0 2.18 0.784

*Statistically significant.

CSS, cancer-specific survival; ECOG PS, Eastern Cooperative Oncology Group Performance Status; irAE, immune-related adverse event; OS,

overall survival.

ICIs generate irAEs by unbalancing the immune system
in patients. From another point of view, irAEs may suggest
the good responsiveness of the patient’s immune system
to ICIs. In this study, we found that the incidence of
irAEs correlated with the favorable therapeutic effect
of pembrolizumab in patients with advanced UC. The
irAEs (+) cohort showed significantly favorable OS and
CSS compared with the irAEs (=) cohort. Our result is
significant in that the incidence of irAE correlates with
favorable survival even if the immortal time bias has
been eliminated by means of time-dependent analysis as
detailed above.

We found that the cohort with grade 1-2 irAEs showed
significantly favorable OS and CSS, whereas the cohort
with grade 3-5 irAEs showed a tendency towards poor
OS. The greater severity of irAEs in the latter cohort
may account for the shortening of OS in the cohort.

Moreover, the cohort with respiratory disorders and
the cohort with intravenous administration of gluco-
corticoids both showed significantly poor OS. Poor OS
in the latter cohort may be a coincidental reflection of
the requirement to administer intravenous glucocor-
ticoids when irAEs become life threatening. Faje et a*’
reported that high-dose glucocorticoids for irAEs were
associated with reduced survival in patients who received
ICIs. Our results are consistent with those of their study
because intravenous administration of glucocorticoids is
usually high dose. It is controversial whether high-dose
glucocorticoids reduce the antitumor effects of ICIs.* **
In our study, the cohort with intravenous administration
of glucocorticoids did not show significantly poor CSS.
However, it is imperative that intravenous administra-
tion of glucocorticoids be performed urgently because
delayed treatment can be fatal. Similarly, poor OS in the
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cohort with respiratory disorders is because such disor-
ders are frequently life-threatening and require intrave-
nous glucocorticoid treatment. Although the proportion
of grade 3-5 respiratory disorders was similar to that of
endocrine disorders (40.0% vs 41.7%, respectively), respi-
ratory disorders were the more life-threatening ones of
the irAEs, resulting in requiring more frequent intrave-
nous glucocorticoid use.

Interestingly, multivariate analyses of patient survival
revealed that primary site of the upper tract had signifi-
cantly poor OS and CSS compared with the bladder.
Advanced upper tract urothelial carcinoma (UTUC) has
different molecular and genetic features from the most
common carcinoma of the bladder,” suggesting a possible
different sensitivity to ICI. However, UTUC is under-
represented in clinical trials because of its minority.”® The
significant results obtained in this study may be due to the
high UTUC ratio of 44%.

Our study had some limitations. First, it was retrospec-
tive and did not represent prospective clinical trials.
Second, the sample size was small; although compared
with previous studies that have reported on the correla-
tion between irAEs and efficacy in UG, this study has been
the largest. Further studies with larger populations are
required to validate our results.

CONCLUSION

Even after minimizing immortal time bias by time-
dependent analysis, the incidence of irAEs, especially
irAEs of grade 1-2, could be a significant predictor of
favorable prognoses in patients with UC who have under-
gone pembrolizumab treatment.
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