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Abstract
Radiotherapy plus immune checkpoint inhibitors can potentially induce synergistic 
antitumor immune responses. However, little clinical evidence is established regard-
ing their combination therapy. Here, we aimed to assess whether radiotherapy to 
the primary tumor impacts on the efficacy of pembrolizumab in advanced urothelial 
cancer. We retrospectively reviewed 98 advanced urothelial cancer patients receiv-
ing pembrolizumab in a second- or later-line setting using our multicenter cohort. 
Patients were categorized according to a history of radiotherapy to the primary tumor: 
patients previously exposed to radiotherapy to the primary tumor (Radiotherapy 
group, 17 patients [17%]) and those not (Nonradiotherapy group, 81 patients [83%]). 
The associations of radiotherapy to the primary tumor with objective response and 
survival were evaluated. The Radiotherapy group showed a significantly higher ob-
jective response ratio than did the Non-radiotherapy group (65% vs 19%; P < .001). 
The Radiotherapy group had a higher progression-free survival rate compared with 
the Nonradiotherapy group (52% vs 28% at 12 months; P = .078), but statistical sig-
nificance was not reached. The Radiotherapy group had a significantly higher overall 
survival rate compared with the Non-radiotherapy group (77% vs 50% at 12 months; 
P =  .025). From multivariate analysis, radiotherapy to the primary tumor was an 
independent predictor for longer overall survival (hazard ratio, 0.31; P = .032) along 
with Eastern Cooperative Oncology Group performance status ≤1 and the absence 
of visceral metastasis. Therefore, radiotherapy to the primary tumor may enhance the 
efficacy of pembrolizumab for patients with advanced urothelial cancer.
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1  |   INTRODUCTION

Urothelial cancer patients who present with inoperable lo-
cally advanced and/or metastatic disease face poor prog-
nosis. Their median duration of overall survival (OS) was 
reported to be 12-15 months, despite favorable initial re-
sponses to induction systemic chemotherapy.1 The recent 
advent of immune checkpoint inhibitors (ICIs), which ac-
tivate antitumor T cells by abrogating inhibitory signaling, 
has changed a paradigm in therapeutic strategies for ad-
vanced urothelial cancer.2 According to the KEYNOTE-045 
trial, pembrolizumab, an antiprogrammed cell death 1 (PD-
1) agent, yielded more favorable outcomes compared with 
chemotherapy in a second- or later-line setting.3 However, 
only approximately 20% of patients achieved objective 
response and more than 40% showed progressive disease 
(PD) after pembrolizumab therapy,3 reflecting the unmet 
need to identify therapeutic strategies to convert nonre-
sponders to responders.

Accumulating data showed that radiotherapy stimu-
lates systemic antitumor immune activity.4,5 Radiotherapy 
promotes T-cell receptor repertoire diversification through 
increased release of tumor-associated antigens.6 Ionizing 
radiation-damaged DNA activates the cyclic GMP-AMP 
synthase (cGAS) stimulator of interferon genes (STING) 
pathway, leading to increased secretion of type I interferon.7 
Damage-associated molecular patterns, which characterize 
immunogenic cell death, trigger strong antitumor immunity 
through secreting T-cell-attracting chemokines.4 In preclin-
ical studies, radiotherapy showed a synergistic antitumor 
immune activity in combination with ICIs through these re-
sponses, resulting in enhanced abscopal effects, where non-
irradiated lesions regress following radiation.5,8-10 Therefore, 
given that the primary tumor generally has a large tumor 
burden, we hypothesized that advanced urothelial cancer pa-
tients who previously received radiotherapy to the primary 
tumor would have an enhanced antitumor immune activity 
with pembrolizumab. To verify this hypothesis, we inves-
tigated the effect of radiotherapy to the primary tumor on 
the efficacy of pembrolizumab for patients with advanced 
urothelial cancer.

2  |   MATERIALS AND METHODS

2.1  |  Patients

This retrospective study included 98 advanced urothe-
lial cancer patients (unresectable cT4 and/or lymph node/
visceral metastasis) treated with pembrolizumab as a sec-
ond- or later-line therapy between January 2018 and August 
2019 using a multicenter cohort composed of four tertiary 
hospitals. A fixed dose of pembrolizumab (200  mg/body) 

was intravenously infused every 3 weeks. All patients were 
pathologically diagnosed with urothelial carcinoma. The 
study protocol was approved by the ethical committee of 
each institution. Because of the retrospective design of the 
study, written informed consent was waived. The follow-
ing variables were assessed in the present study: age, sex, 
Eastern Cooperative Oncology Group performance status 
(ECOG PS), primary site, presence of lymph node/visceral 
metastasis, visceral metastatic sites, prior definitive surgery, 
first-line chemotherapy regimen, line of pembrolizumab, a 
duration of pembrolizumab therapy, time since most recent 
chemotherapy, immune-related adverse events (irAEs), a 
history of radiotherapy to the primary tumor, chemotherapy 
concurrent with radiotherapy to the primary tumor, hemo-
globin, and serum C-reactive protein (CRP). The cutoffs of 
hemoglobin and serum CRP were set to the values used in 
previous studies.3,11 irAE grade was determined according 
to the Common Terminology Criteria for Adverse Events, 
version 5.0.12

2.2  |  Endpoints

The endpoints were objective response rate (ORR), pro-
gression-free survival (PFS), and OS. Radiologists at each 
institution evaluated response to pembrolizumab based 
on the Response Evaluation Criteria in Solid Tumors 
(RECIST), version 1.1.13 Either complete response (CR) or 
partial response (PR), which was determined by best over-
all response, was regarded as objective response. PFS was 
calculated as the interval from the initiation of pembroli-
zumab therapy to disease progression, death, or censored at 
the last follow-up. OS was calculated as the interval from 
the initiation of pembrolizumab therapy to death or cen-
sored at the last follow-up.

2.3  |  Statistical analysis

Distributions of categorical or continuous variables were 
compared among groups using the chi-square test or Mann-
Whitney U test, respectively. Variables associated with ob-
jective response were evaluated by the logistic regression 
analyses. PFS and OS curves were depicted using the Kaplan-
Meier methods followed by comparisons using the log-rank 
test. Associations between variables OS were assessed by the 
Cox proportional hazards analyses. To generate a reduced 
multivariate model, backward elimination of variables was 
iteratively conducted in multivariate analyses comprised of 
variables with P < .10 on univariate assessment. Statistical 
studies were done using JMP 9.0 (SAS Institute Inc, Cary, 
NC, USA). Two-tailed P  <  .05 was regarded as statistical 
significance.
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3  |   RESULTS

3.1  |  Patient characteristics

Clinical parameters of the total patients are shown in Table 1. 
The median (interquartile range [IQR]) age was 70 (65-75) 

years. Seventy-six (78%) and 54 (55%) patients had lymph node 
and visceral metastases, respectively. Lung, bone, and liver 
metastases were present in 38 (39%), 20 (20%), and 17 (17%) 
patients, respectively. The primary site was the bladder in 57 
(58%) patients. Before the diagnosis of advanced urothelial can-
cer, 52 (53%) patients had a history of curative surgery (radical 

T A B L E  1   Patient characteristics

Variables
Total n (%) or 
median (IQR)

Radiotherapy to the primary tumor

P 
value

Yes, n (%) or median 
(IQR)

No, n (%) or median 
(IQR)

No. of patients 98 (100) 17 (17) 81 (83)

Age (yr) 70 (65-75) 71 (63-79) 70 (66-75) .48

Sex Male 76 (78) 16 (94) 60 (74) .072

Female 22 (22) 1 (6) 21 (26)

ECOG PS 0-1 87 (89) 16 (94) 71 (88) .44

≥ 2 11 (11) 1 (6) 10 (12)

Primary site Bladder 57 (58) 16 (94) 41 (51) <.001

UUT 41 (42) 1 (6) 40 (49)

Lymph node metastasis No 22 (22) 2 (12) 20 (25) .25

Yes 76 (78) 15 (88) 61 (75)

Visceral metastasis No 44 (45) 9 (47) 35 (43) .46

Yes 54 (55) 8 (53) 46 (57)

Visceral metastatic sites Lung 38 (39) 6 (35) 32 (40) .75

Bone 20 (20) 4 (24) 16 (20) .73

Liver 17 (17) 2 (12) 15 (19) .50

Prior definitive surgery No 46 (47) 11 (66) 35 (43) .11

Yes 52 (53) 6 (35) 46 (57)

Line of pembrolizumab Second 70 (71) 12 (71) 58 (72) .29

Third 20 (20) 5 (29) 15 (19)

Fourth 8 (8) 0 (0) 8 (10)

Duration of pembrolizumab 
therapy (months)

3 (1-7) 6 (2-11) 3 (1-6) .028

Time since most recent 
chemotherapy

<3 months 47 (48) 8 (47) 39 (48) .93

≥3 months 51 (52) 9 (53) 42 (52)

First-line chemotherapy regimen Cisplatin based 71 (72) 13 (76) 58 (72) .58

Carboplatin based 22 (22) 4 (24) 18 (22)

Others 5 (5) 0 (0) 5 (6)

Hemoglobin <10.0 g/dL 36 (37) 7 (41) 29 (36) .68

≥10.0 g/dL 62 (63) 10 (59) 52 (64)

Serum CRP <5.0 mg/L 40 (41) 7 (41) 33 (41) .97

≥5.0 mg/L 58 (59) 10 (59) 48 (59)

Any grade irAE No 67 (68) 9 (53) 58 (72) .13

Yes 31 (32) 8 (47) 23 (28)

Grade 3-4 irAE No 90 (92) 15 (88) 75 (93) .55

Yes 8 (8) 2 (12) 6 (7)

Note: Abbreviations: CRP, C-reactive protein; CRT, chemoradiotherapy; ECOG PS, Eastern Cooperative Oncology Group performance status; IQR, interquartile 
range; irAE, immune-related adverse events; UUT, upper urinary tract.



8358  |      FUKUSHIMA et al.

nephroureterectomy, n = 29; radical cystectomy, n = 22; and 
partial cystectomy, n = 1). Seventy-one (72%) patients were 
previously treated with cisplatin-based chemotherapy.

3.2  |  Radiotherapy to the primary tumor

Radiotherapy to the primary tumor was delivered in 17 (17%) 
patients for a median (IQR) of 14 (5-22) months prior to ini-
tiating pembrolizumab therapy (details in Table S1). Patients 
were categorized into two groups: patients previously exposed 
to radiotherapy to the primary tumor (Radiotherapy group, 17 
[17%]) and those not (Non-radiotherapy group, 81 [83%]). In 
the Radiotherapy group, 13 (76%) patients received concur-
rent chemotherapy (cisplatin, n = 11; gemcitabine, n = 1; and 
tegafur-gimeracil-oteracil potassium capsules [S-1], n  =  1; 
Table S1). Radiotherapy to the primary tumor was delivered 
to nine (53%) patients with definitive intent and eight (47%) 
with palliative intent. Of the nine patients treated with defini-
tive intent, five received radiotherapy to the primary tumor 
as a neoadjuvant therapy prior to definitive surgery14-16 and 
four received radiotherapy to the primary tumor definitively.

3.3  |  Clinical outcomes of pembrolizumab

Pembrolizumab was administered in 70 (71%), 20 (20%), and 
8 (8%) patients in second, third-, and fourth-line settings, re-
spectively. The best overall response to pembrolizumab was 
as follows: CR, 2 (2%) patients; PR, 24 (24%); stable disease 
(SD), 24 (24%); and PD, 48 (49%). The ORR of the total co-
hort was 27%. Any grade and grade 3-4 irAEs were observed 
in 31 (32%) and 8 (8%) patients, respectively. Pembrolizumab 
therapy was terminated due to disease progression or irAEs 
in 38 (39%) patients. The median (IQR) duration of pem-
brolizumab therapy was 3 (1-7) months. Patients with objec-
tive response (median [IQR], 8 [4-13]) had a significantly 
longer duration of pembrolizumab therapy compared with 
those with SD and PD (median [IQR], 2 [1-4]; P <  .001). 
At a median (IQR) follow-up duration of 5 (2-11) months, 
48 (49%) and 66 (67%) patients were free from progression 
and alive, respectively. The 12-month PFS and OS rates were 
estimated at 34% and 56%, respectively.

3.4  |  Relationship between radiotherapy 
to the primary tumor and other 
clinical parameters

The associations of radiotherapy to the primary tumor with 
other clinical parameters are shown in Table 1. The primary 
site was in the bladder in a significantly higher proportion of 
the Radiotherapy group compared with the Non-radiotherapy 

group (94% vs 51%; P < .001), reflecting the fact that radio-
therapy-based treatment to the primary tumor is established 
in muscle-invasive bladder cancer including bladder preser-
vation therapy.14-17 The Radiotherapy group had a signifi-
cantly longer duration of pembrolizumab therapy (P = .028). 
Statistical difference was not present in age, sex, ECOG PS, 
presence of lymph node metastasis, presence of visceral me-
tastasis, visceral metastatic sites, prior definitive surgery, line 
of pembrolizumab, time since most recent chemotherapy, 
first-line chemotherapy regimen, hemoglobin, serum CRP, 
and rates of any grade and grade 3-4 irAE of pembrolizumab 
between the Radiotherapy and Non-radiotherapy groups.

3.5  |  Impact of radiotherapy to the 
primary tumor on therapeutic response to 
pembrolizumab

In each group, the best overall response to pembrolizumab 
was as follows: CR, 1 (6%) patient; PR, 10 (59%); SD, 1 
(6%); and PD, 5 (29%) in the Radiotherapy group and CR, 1 
(1%); PR, 14 (17%); SD, 23 (28%); and PD, 43 (53%) in the 
Non-radiotherapy group. The Radiotherapy group had a sig-
nificantly higher ORR than did the Non-radiotherapy group 
(65% vs 19%; P < .001). From multivariate logistic regres-
sion analysis, radiotherapy to the primary tumor (odds ratio, 
8.34; 95% confidence interval, 2.67-28.75; P  <  .001) was 
independently associated with objective response (Table 2).

3.6  |  Prognostic value of radiotherapy to the 
primary tumor

The Radiotherapy group had a higher PFS rate than did the 
Non-radiotherapy group (52% vs 28% at 12 months; P = .078; 
Figure 1A), but the statistical significance was not reached. 
The Radiotherapy group showed a significantly higher OS 
rate compared with the Non-radiotherapy group (77% vs 50% 
at 12 months; P = .025; Figure 1B). From univariate analy-
sis, ECOG PS, primary site, presence of visceral metastasis, 
radiotherapy to the primary tumor, and serum CRP were sig-
nificantly related to OS (Table 3). From multivariate analy-
sis, radiotherapy to the primary tumor was an independent 
predictor for longer OS (hazard ratio, 0.31; 95% confidence 
interval, 0.07-0.91; P  =  .032), along with ECOG PS  ≤  1 
(P < .001) and the absence of visceral metastasis (P = .017; 
Table 3).

4  |   DISCUSSION

We revealed a significant association of radiotherapy to 
the primary tumor with a higher ORR in the present study. 
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Surprisingly, the ORR of patients previously treated with ra-
diotherapy to the primary tumor was 65%, which is approxi-
mately three times higher than that of the pembrolizumab 
group in the KEYNOTE-045 trial.3 Moreover, radiotherapy 
to the primary tumor was an independent predictor for longer 
OS. To our knowledge, this study is the first to reveal that 
radiotherapy to the primary tumor was significantly associ-
ated with favorable therapeutic efficacy and prognosis fol-
lowing pembrolizumab therapy in advanced urothelial cancer 
patients. Our results indicate that radiotherapy to the primary 
tumor plus pembrolizumab may be a promising therapeu-
tic strategy for urothelial cancer. Our preliminary findings 
should be confirmed by future and ongoing prospective 

studies evaluating outcomes of radiotherapy in combination 
with ICIs in urothelial cancer.18

Many researchers explore possible ways to improve ther-
apeutic responses to ICIs. Radiotherapy has been focused 
upon due to its synergistic effect with ICIs.4,5 In a previous 
preclinical study, radiotherapy up-regulated the cell surface 
expression of programmed cell death ligand 1 (PD-L1) in 
bladder cancer cells, in whose immune microenvironment 
PD-L1 blockade may be more effective.19 Moreover, ra-
diotherapy can facilitate tumor-associated antigen release,6 
activation of the cGAS-STING pathway,7 and immuno-
genic cell death.4 Preclinical studies showed that these re-
sponses provoked by radiotherapy could enhance antitumor 

Variables

Univariate Multivariate

P value OR 95% CI
P 
value

Age < 65 yr .058 0.36 0.12-1.08 .066

≥ 65 yr

Sex Females .13

Males

ECOG PS 0-1 .51

≥2

Primary site Bladder .077

UUT

Lymph node 
metastasis

No .32

Yes

Visceral metastasis No .54

Yes

Prior definitive surgery No .72

Yes

Line of 
pembrolizumab

Second .82

Third/Fourth

Time since most recent 
chemotherapy

<3 months .83

≥3 months

First-line 
chemotherapy 
regimen

Carboplatin 
based/Others

.55

Cisplatin based

Radiotherapy to the 
primary tumor

No <.001 ref. <.001

Yes 8.34 2.67-28.75

Definitive-intent 
radiotherapy to the 
primary tumor

No .21

Yes

Hemoglobin ≥10.0 g/dL .46

<10.0 g/dL

Serum CRP <5.0 mg/L .27

≥5.0 mg/L

Note: Abbreviations: CI, confidence interval; CRP, C-reactive protein; ECOG PS, Eastern Cooperative 
Oncology Group performance status; OR, odds ratio; UUT, upper urinary tract.

T A B L E  2   Logistic regression analysis 
for objective response
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immunity in combination with ICIs.5,8-10 Our results can be 
explained by this mechanism. In the KEYNOTE-001 trial, 
a history of thoracic and/or extracranial radiotherapy was a 
significant predictor for longer PFS and OS after pembroli-
zumab therapy for patients with nonsmall-cell lung cancer,20 
which corresponded with our results. Because the primary 
tumor generally has a large tumor burden, our results sug-
gest that antitumor immunity might be activated effectively 
by radiotherapy to the primary tumor in combination with 
pembrolizumab.

A previous preclinical study indicated that immune re-
sponses stimulated by radiotherapy were nondurable. Dovedi 
et al reported that PD-L1 blockade with concomitant ra-
diotherapy showed a better survival compared with PD-L1 
blockade 7 days after radiotherapy using colon cancer mouse 
models.8 They also showed that PD-1 up-regulation in CD4+/
CD8+T cells was observed 1 day after radiotherapy but not 
7 days after radiotherapy, suggesting that nondurable PD-1 
expression induced by radiotherapy can limit the efficacy of 
PD-L1 blockade.8 In our cohort, radiotherapy to the primary 

tumor was performed for a median of 14 months prior to ini-
tiating pembrolizumab therapy. In the KEYNOTE-001 trial, 
radiotherapy was conducted for a median of 9.5 months prior 
to initiating pembrolizumab therapy.20 Thus, the time gap 
from radiotherapy to pembrolizumab therapy suggests that 
durable immune responses may be induced as a consequence 
of immune priming by radiotherapy, resulting in improved 
efficacy of pembrolizumab. Further preclinical examinations 
are necessary to clarify whether immunological memory can 
be generated through immune priming by radiotherapy.

In the present study, chemotherapeutic agents were con-
currently used with radiotherapy to the primary tumor in 
76% of the Radiotherapy group. Chemotherapeutic agents in-
cluding cisplatin have been reported to be a potential inducer 
of immunogenic cell death.21,22 Moreover, recently preclin-
ical studies have shown that cisplatin enhanced the absco-
pal effects of PD-1 blockade-based radioimmunotherapy.9,23 
Because cisplatin was mostly used as a chemotherapeutic 
agent concurrent with radiotherapy to the primary tumor in 
our cohort, immune-modulatory potentials of cisplatin might 
have facilitated an antitumor immune activity provoked by 
radiotherapy.

There are several limitations to the present study. First, 
due to its retrospective nature and small sample size, our 
findings may be affected by selection bias. The number of 
patients in the Radiotherapy group was only 17, indicating 
that our preliminary results need confirmation by larger stud-
ies. Because radiotherapy-based therapeutic strategies are es-
tablished in bladder cancer as bladder preservation therapy, 
radiotherapy to the primary tumor was mostly conducted in 
patients with bladder cancer.14-17 Nevertheless, clinical pa-
rameters other than primary site were statistically similar 
between the Radiotherapy and Non-radiotherapy groups. In 
addition, the ORR (19%) and PFS and OS rates (28% and 
50% at 12  months, respectively) of the Non-radiotherapy 
group were comparable to those after pembrolizumab therapy 
in the KEYNOTE-045 trial (ORR, 21.1%; PFS and OS rates 
at 12 months, 16.8% and 43.9%, respectively), providing re-
assurance that our results were not being driven by selection 
bias. Second, the duration of response was not evaluated in 
the present study because it was not available in our database. 
Third, this study did not use iRECIST,24 which was recently 
proposed to assess therapeutic responses to ICIs. It is not yet 
prevalent in clinical practice possibly due to its complicated 
evaluation method, and thus RECIST version 1.1 was used in 
the present study.13 However, assessment of PD by RECIST 
version 1.1 can be more premature compared with iRECIST, 
which may result in underestimation of PFS especially in 
the Radiotherapy group. A nonsignificant trend of improved 
PFS for the Radiotherapy group may be explained by this. 
Finally, the safety of radiotherapy to the primary tumor in 
combination with pembrolizumab was not fully evaluated. In 
the present study, radiotherapy to the primary tumor was not 

F I G U R E  1   Progression-free (A) and overall (B) survival curves 
of patients based on their history of radiotherapy to the primary tumor
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associated with higher rates of any grade and grade 3-4 irAE. 
However, the follow-up period of the present study was rela-
tively short, and thus its safety should be confirmed in longer 
follow-up studies.

In conclusion, radiotherapy to the primary tumor was 
significantly associated with favorable therapeutic response 
and prognosis following pembrolizumab therapy in advanced 
urothelial cancer patients. Thus, radiotherapy to the primary 
tumor may enhance the efficacy of pembrolizumab. Although 
our findings are preliminary, they raise the possibility that a 
combination of radiotherapy to the primary tumor and pem-
brolizumab may be a promising treatment against urothelial 
cancer.
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