
Abstract. Background/Aim: We investigated the prognostic
nutritional index (PNI), comprised of lymphocytes and
albumin, as a potential prognosticator of metastatic urothelial
carcinoma (mUC) patients receiving pembrolizumab. Patients
and Methods: Sixty-five patients were retrospectively enrolled
and classified as low (<40) and high (≥40) based on
pretreatment PNI. Progression-free survival (PFS), overall
survival (OS) and response rates were evaluated. Results: In
the low PNI group, significantly shorter PFS and OS were
observed. PNI was shown to be an independent predictor of
PFS and OS in the multivariate analysis. C-index for both PFS
and OS improved with the addition of PNI to the model
described in the KEYNOTE-045 study. Significantly more
patients experienced initial disease progression in the low PNI
group. Conclusion: PNI is a useful predictor of prognosis and
disease progression in mUC patients receiving pembrolizumab. 

Management of metastatic urothelial carcinoma (mUC) has
been challenging because of the high mortality of mUC and
limited treatment options (1). For many years, the only
internationally recognized standard of care was a chemotherapy
regimen based on platinum agents, such as methotrexate,
vinblastine, doxorubicin, and cisplatin or gemcitabine and
cisplatin (2). The recent introduction of pembrolizumab, an
immune-checkpoint inhibitor (ICI) targeting programmed cell
death protein-1, as a second line regimen has resulted in a

paradigm shift in this field, with pembrolizumab demonstrating
superior efficacy to chemotherapy with docetaxel, paclitaxel, or
vinflunine (3). However, pembrolizumab treatment is only
beneficial for a minority of mUC patients. In the KEYNOTE-
045 study, the objective response rate was only 21.1% in the
pembrolizumab group; thus, almost 80% of patients receiving
this regimen experienced initial treatment failure. Considering
this high failure rate, a method to stratify treatment outcomes
to exclude patients with a high risk of failure is essential.
Although previous studies have revealed several biomarkers that
may successfully predict pembrolizumab treatment outcome for
urothelial carcinoma, these biomarkers have not been validated,
and the level of evidence remains low (4-7). Therefore, there is
still an urgent clinical need for biomarkers capable of accurately
predicting treatment outcomes.

The relationship between systemic inflammatory response
and malignant tumors has garnered a great deal of attention,
especially since the advent of ICI treatments. The usefulness
of the prognostic nutritional index (PNI), a prognostic model
comprising serum lymphocyte counts and albumin, has been
demonstrated for various types of cancers, including
urothelial carcinomas (8-14). Although Hsieh et al. reported
the usefulness of PNI for the prediction of outcomes in mUC
patients undergoing systemic chemotherapy, the impact of
PNI on mUC patients undergoing pembrolizumab treatment
remains unclear (8).

Therefore, the aim of the present study was to investigate
the prognostic value of PNI on pembrolizumab treatment
outcomes in mUC patients.

Patients and Methods

Patients. This retrospective observational study recruited 67
consecutive patients with mUC or relapsed urothelial carcinoma
receiving pembrolizumab after the failure of at least one platinum-
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based chemotherapy at three tertiary institutions between January
2018 and June 2020. After excluding patients whose serum blood
samples were not measured prior to pembrolizumab initiation (n=1)
and those administered with another ICI prior to pembrolizumab
treatment (n=1), 65 patients were finally included.

Study design and data collection. All clinical and laboratory data
were obtained from an electronic database and from patient medical
records. PNI was calculated using the formula:

PNI=10× serum albumin value (g/dl) + 0.005× lymphocyte count 
(per mm3) (15).

Although several different cut-off values for PNI have been reported,
we used the cut-off value originally suggested by Onodera et al.
(PNI=40), because this cut-off value can be used to stratify patients
with a very low nutritional status (15). The PNI values of all patients
were determined within a 2-week period prior to pembrolizumab
initiation, and the patients were classified into low PNI (<40) and
high PNI (≥40) groups on the basis of baseline PNI values. We then
compared progression-free survival (PFS), overall survival (OS),
objective response rate (ORR), and disease control rate (DCR) after
pembrolizumab initiation between the low PNI and high PNI groups.
In addition, the following survival-associated factors suggested in the
KEYNOTE-045 study were analyzed: sex, age (≥65 years), Eastern
Cooperative Oncology Group performance status (ECOG-PS) score
(≥1), smoking status, histologic type (pure UC), primary tumor lesion
(lower urinary tract), visceral metastasis, liver metastasis, hemoglobin
concentration (<10 g/dl), number of prior systemic therapies (two or
more), time since most recent chemotherapy (≥3 months), low PNI,
and neutrophil-lymphocyte ratio (NLR).

Protocol for pembrolizumab therapy. In all institutions, pembrolizumab
was administered at a fixed dose (200 mg) every 3 weeks, in accordance
with the protocol of the KEYNOTE-045 study and without any dose
modification (3). A prolongation of the 3-week interval was permitted
when the condition of the patient was poor or in cases of adverse events.
No patient received any other ICI therapies during sequential
pembrolizumab therapy. Follow-up computed tomographic or magnetic
resonance imaging of the chest, abdomen, and pelvis were performed
every 2 months, and additional scanning was performed depending on
the patients’ condition. The radiologic treatment response was evaluated
by an independent radiologist in accordance with the Response
Evaluation Criteria in Solid Tumors version 1.1. Pembrolizumab
treatment was terminated when either radiographic or clinical disease
progression or intolerable adverse events were observed.

Ethics approval. This study was approved by the Internal Ethics
Review Board of the Tokyo Women’s Medical University and
Saiseikai Kawaguchi General Hospital, and was performed in
accordance with the tenets of the Declaration of Helsinki. Informed
consent was waived by both Internal Ethics Review Board owing
to the retrospective nature of the study.

Statistical analyses. Continuous variables were analyzed using the
Mann–Whitney U-test, and categorical variables were analyzed using
Chi-square test or Fisher’s exact test with 95% confidence intervals (CI).
PFS and OS were determined using the Kaplan–Meier method and
compared using log-rank test. PFS was defined as the time from
pembrolizumab treatment initiation until disease progression or death,
whichever occurred first. Patients with no disease progression during

the final follow-up were censored. OS was defined as the time from
pembrolizumab treatment initiation until death due to any reason.
Patients lost to follow-up were censored at the time of last confirmed
survival. To identify factors associated with PFS and OS, univariate and
multivariate analyses using Cox proportional hazard regression models
were performed. The risks were expressed as hazard ratios (HRs) and
95%CIs. Accuracy of predicting survivals was calculated using Harrell’s
concordance index (C-index). In line with the studies by Bellmunt et al.,
we first calculated the C-index for four predictive factors [ECOG-PS
≥1, liver metastasis, hemoglobin concentration (<10 g/dl), and time since
most recent chemotherapy (≥3 months)] and subsequently for five
predictive factors, including PNI (3, 16). All analyses were performed
using JMP software (version 14.0; SAS Institute, Cary, NC, USA) and
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R software (The R
Foundation for Statistical Computing, Vienna, Austria). Differences were
considered statistically significant at p-values <0.05.

Results

Patient characteristics. Patient baseline characteristics are
summarized in Table I. In total, 20 (31.0%) patients had
primary UC of the lower tract, whereas 45 (69.7%) patients
had primary UC of the upper urinary tract. Further, 13 (20.0%)
patients were segregated into the low PNI group, and 52
(80.0%) patients were segregated into the high PNI group. The
ECOG-PS score distribution differed between the two groups.
However, although ECOG-PS scores in the low PNI group
were worse, the difference was not statistically significant
(p=0.274). Patients in the low PNI group were more likely to
demonstrate pure UC histology (84.6% vs. 80.8%) and to have
received pembrolizumab in the third or later line of mUC
treatment than those in the high PNI group (30.8% vs. 21.2%),
although the differences were not significant (both, non-
specific). Follow-up period was significantly shorter for the
low PNI group than the high PNI group [median: 2.3
(95%CI=1.2-6.7) vs. 8.8 (95%CI=4.2-14.0) months; p=0.004].
Other features including sex, age, history of smoking, location
of primary tumor, history of radical surgery for primary cancer,
metastatic sites, and time since most recent chemotherapy, were
all comparable between the groups (all, non-specific).

Survival after pembrolizumab treatment based on PNI. During
the study period, 43 (66.2%) and 32 (49.2%) patients showed
disease progression and died due to any cause, respectively.
PFS was significantly shorter in the low PNI group than in the
high PNI group [median: 1.4 (95%CI=0.7-5.6) vs. 7.2
(95%CI=4.7-14.8) months; p=0.010]. Furthermore, OS was
significantly shorter in the high PNI group than in the low PNI
group [median: 2.3 (95%CI=1.1-6.2) vs. 19.5 (95%CI=10.0-
N.R.); p<0.001] (Figure 1).

Risk factors for survival after pembrolizumab initiation. From
univariate analysis, ECOG-PS (1/2, HR=5.19; p<0.001),
location of the primary tumor (lower tract, HR=0.49;
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p=0.037), and low PNI (HR=2.24; p=0.042) were revealed to
be significant factors associated with PFS. From multivariate
analysis using the aforementioned factors, all ECOG-PS (1/2,
HR=5.57; p<0.001), location of the primary tumor (lower
tract, HR=0.49; p=0.048), and low PNI (HR=2.46; p=0.028)
were independently associated with PFS (Table II). The C-
index for the previously reported model of Bellmunt et al.
(ECOG-PS, liver metastasis, hemoglobin concentration, and
time since most recent chemotherapy) was 0.756, which
increased to 0.781 with the addition of PNI.

Univariate analysis for OS revealed that ECOG-PS (1/2,
HR=32.19; p<0.001), location of the primary tumor (lower
tract, HR=0.37; p=0.017), visceral metastasis (HR=2.68;
p=0.018), liver metastasis (HR=3.77; p<0.001), and low PNI
(HR=3.82; p=0.002) were significant factors associated with
OS. Because the number of events (death due to any cause)
was 32, we included the three factors with the most
significant association (i.e., smaller p-value) in the

multivariate analysis. Here, ECOG-PS (1/2, HR=33.78;
p<0.001), liver metastasis (HR=2.42; p=0.025), and low PNI
(HR=5.35; p<0.001) were independently associated with OS
(Table III). C-index increased from 0.816 for the Bellmunt
model to 0.870 with the addition of PNI.

Association between the best response and PNI. Optimal
treatment responses based on high PNI and low PNI groups
are shown in Figure 2. In the high PNI group, complete
response (CR), partial response (PR), stable disease (SD),
and progressive disease (PD) were achieved in 4 (7.7%), 13
(25.0%), 11 (21.2%), and 24 (46.2%) patients, respectively.
In the low PNI group, CR, PR, SD, and PD were achieved
in 2 (15.4%), 0 (0.0%), 1 (7.7%), and 11 (76.9%) patients,
respectively. Overall, the high PNI group achieved a higher
ORR (CR + PR), but without significance (32.7% vs. 15.4%;
p=0.198), and a higher DCR (CR + PR + SD) than those of
the low PNI group (53.9% vs. 23.1%; p=0.042).
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Table I. Baseline characteristics.

                                                                                            All patients                       Low PNI (<40)                   High PNI (≥40)                      p-Value
                                                                                                 N=65                             N=13 (20.0%)                     N=52 (80.0%)

Gender, Male (%)                                                                 44 (67.7)                              11 (84.6)                              33 (63.5)                              0.125 
Age, median (IQR)                                                          73 (65.0-78.9)                    69.5 (62.6-77.5)                  73.1 (65.3-79.0)                        0.451 
  >65 years old, N (%)                                                         50 (76.5)                               9 (69.2)                               41 (78.8)                              0.473
ECOG performance status (%)                                                                                                                                                                                  0.274 
  0                                                                                          25 (38.7)                               3 (23.1)                               22 (42.3)                                
  1                                                                                          25 (38.7)                               5 (38.5)                               20 (38.5)                                
  2                                                                                          15 (23.2)                               5 (38.5)                               10 (19.2)                                
History of smoking, yes (%)                                               21 (32.5)                               5 (38.5)                               16 (30.8)                              0.600 
Location of the primary tumor (%)                                                                                    0 (0.0)                                  0 (0.0)                                0.158 
Lower tract                                                                            20 (31.0)                               2 (15.4)                               18 (34.6)                                
Upper tract                                                                            45 (69.7)                              11 (84.6)                              34 (65.4)                                
Histology (%)                                                                                                                                                                                                             0.745 
UC, pure                                                                               53 (82.1)                              11 (84.6)                              42 (80.8)                                
UC with atypical variants                                                    12 (18.6)                               2 (15.4)                               10 (19.2)                                
Radical surgery for primary lesion, yes (%)                       41 (63.5)                               8 (61.5)                               33 (63.5)                              0.898 
Metastatic sites (%)                                                                                                                                                                                                      
  Lymph nodes                                                                      45 (69.7)                               9 (69.2)                               36 (69.2)                           >0.999
  Bone                                                                                     6 (9.3)                                 2 (15.4)                                 4 (7.7)                                0.419 
  Any visceral organs                                                           43 (66.6)                              12 (92.3)                              31 (59.6)                              0.014 
  Lung                                                                                   24 (37.2)                               7 (53.8)                               17 (32.7)                              0.164 
  Liver                                                                                   18 (27.9)                               5 (38.5)                               13 (25.0)                              0.344 
Pembrolizumab treatment line (%)                                                                                                                                                                            0.473 
  2                                                                                          50 (77.4)                               9 (69.2)                               41 (78.8)                                
  3 or later                                                                            15 (23.2)                               4 (30.8)                               11 (21.2)                                
Time since most recent chemotherapy (%)                                                                                                                                                               0.198 
  <3 months                                                                          46 (70.6)                              11 (84.6)                              35 (67.3)                                
  ≥3 months                                                                          19 (29.4)                               2 (15.4)                               17 (32.7)                                
NLR (≥3.35)                                                                         26 (39.8)                               9 (69.2)                               17 (32.7)                              0.017
Follow up duration in months, median (IQR)                7.2 (2.7-12.6)                        2.3 (1.2-6.7)                       8.8 (4.2-14.0)                          0.004 

ECOG: Eastern Cooperative Oncology Group; IQR: interquartile range; PNI: prognostic nutritional index; UC: urothelial carcinoma.



Discussion

This study demonstrates that a low PNI (<40) prior to
pembrolizumab treatment initiation is a significant factor

predicting both shorter PFS and shorter OS in mUC patients.
Moreover, multivariate analysis revealed high PNI to be an
independent predictor for both PFS and OS. Models
including both PNI and previously reported survival-related
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Figure 1. Association between pretreatment PNI and survival. (A) Progression-free survival. (B) Overall survival. CI: Confidence interval; N.R.:
not reached; PNI: prognostic nutritional index.

Figure 2. Association between treatment response with pretreatment PNI. CR: Complete response; DCR: disease control rate; ORR: objective
response rate; PNI: prognostic nutritional index; PD: progressive disease; PR: partial response; SD: stable disease.



factors provided a c-index of 0.781 for PFS and 0.870 for
OS, demonstrating the clinical relevance of these models for
the prediction of survival outcomes. Thus, patients with a
high PNI are less likely to achieve a response (CR + PR) or
disease control (CR + PR + SD).

PNI is a score comprising serum lymphocyte count and
albumin values, reflecting two cancer host statuses that have
been gaining attention, the inflammatory status and
nutritional status. This model was first introduced to assess
immune-nutritional status and thus, the risk of surgery for
patients undergoing gastrointestinal operations (15).

Lymphocytes are an important mediator of the immune
response to malignant cells (lymphocyte count is also a
component of NLR), demonstrating both cytotoxic potential
and the ability to induce other inflammatory immune cells
for the inhibition of cancer cell activities such as
proliferation and invasion (17, 18). Therefore, reduced
lymphocyte counts may serve as a surrogate marker of
reduced host anti-tumor response. Serum albumin has long
been utilized as a marker of malnutrition (19).

Because serum lymphocyte counts and albumin values are
easily measured parameters used in everyday tests, PNI can
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Table II. Analysis of factors associated with progression-free survival.

                                                                                                                                Univariate                                                             Multivariate

                                                                                                         HR (95%CI)                        p-Value                        HR (95%CI)                     p-Value

Age (≥65)                                                                                       0.94 (0.47-2.03)                     0.893                                                                        
Gender (male)                                                                                0.95 (0.52-1.84)                     0.899                                                                        
ECOG performance status (1 or 2)                                               5.19 (2.53-11.74)                 <0.001                      5.57 (2.66-12.87)                 <0.001
History of smoking (yes)                                                              1.25 (0.63-2.38)                     0.509                                                                        
Histology (pure UC)                                                                      0.75 (0.36-1.75)                     0.478                                                                        
Primary tumor (lower tract)                                                          0.49 (0.23-0.96)                     0.037                      0.49 (0.22-0.99)                    0.048  
Visceral metastasis (yes)                                                               1.47 (0.77-2.99)                     0.255                                                                        
Liver metastasis (yes)                                                                    1.96 (0.98-3.72)                     0.058                                                                        
Hemoglobin (<10 mg/l)                                                                 1.08 (0.56-2.02)                     0.805                                                                        
Pembrolizumab treatment line (≥3)                                              0.90 (0.39-1.85)                     0.793                                                                        
Time since most recent chemotherapy (<3 months)                    0.66 (0.32-1.28)                     0.228                                                                        
Low PNI (<40)                                                                              2.24 (1.03-4.48)                     0.042                       2.46 (1.11-5.06)                     0.028 
NLR (≥3.35)                                                                                   1.18 (0.63-2.18)                     0.595                                                                        

ECOG: Eastern Cooperative Oncology Group; IQR: interquartile range; PNI: prognostic nutritional index; UC: urothelial carcinoma.

Table III. Analysis of factors associated with overall survival.

                                                                                                                                Univariate                                                             Multivariate

                                                                                                         HR (95%CI)                        p-Value                        HR (95%CI)                     p-Value

Age (≥65)                                                                                       0.86 (0.40-2.05)                     0.710                                                                        
Gender (male)                                                                                1.69 (0.80-3.88)                     0.176                                                                        
ECOG performance status (1 or 2)                                             32.19 (6.86-574.02)               <0.001                    33.78 (6.96-609.20)               <0.001
History of smoking (yes)                                                              1.82 (0.85-3.75)                     0.119                                                                        
Histology (pure UC)                                                                      0.51 (0.24-1.22)                     0.125                                                                        
Primary tumor (lower tract)                                                          0.37 (0.14-0.85)                     0.017                                                                        
Visceral metastasis (yes)                                                               2.68 (1.17-7.23)                     0.018                                                                        
Liver metastasis (yes)                                                                    3.77 (1.79-7.74)                   <0.001                      2.42 (1.12-5.09)                     0.025 
Hemoglobin (<10 mg/l)                                                                 1.65 (0.79-3.37)                     0.177                                                                        
Pembrolizumab treatment line (≥3)                                              1.07 (0.43-2.36)                     0.875                                                                        
Time since most recent chemotherapy (<3 months)                    0.54 (0.21-1.19)                     0.133                                                                        
Low PNI (<40)                                                                              3.82 (1.70-8.07)                     0.002                     5.35 (2.21-12.60)                 <0.001
NLR (≥3.35)                                                                                   1.59 (0.78-3.23)                                                                                                       

CI: Confidence interval; ECOG: Eastern Cooperative Oncology Group; HR: hazard ratio; IQR: interquartile range; PNI: prognostic nutritional index;
UC: urothelial carcinoma.



also be easily calculated without too much time or effort. In
addition to reports on gastrointestinal malignancies, several
previous studies have reported a relationship between PNI
and UC, including between PNI and tumor stage, between
PNI and prognosis after radical surgery or radiotherapy, and
between PNI and perioperative complications (9, 20-26). To
date, only the study by Hsieh et al. has focused on the
relationship between PNI and the metastatic stage of UC (8).
Thus, Hsieh et al. found that PNI can predict OS after first-
line chemotherapy. Several other studies have investigated
the usefulness of PNI as a prognosticator for patients
undergoing ICI treatments in other malignancies, including
gastric, esophageal, lung, and salivary gland cancers (10, 12,
23, 27). We have shown in the present study that PNI can
also be utilized as a prognosticator in pembrolizumab
treatment for mUC patients refractory to platinum-based
chemotherapy.

The correlation between inflammation and malignant
potential is widely known, and the prognostic value of
inflammatory markers, including NLR and CRP kinetics, for
pembrolizumab treatment of mUC has already been reported
(6, 7, 28). Regarding nutritional status, Fukushima et al.
suggested that sarcopenia may be a predictor for the efficacy
of pembrolizumab treatment in mUC patients (4). Because
PNI reflects both the inflammation status and nutritional
status, it was reasonable to assume that PNI may also be a
predictor for ICI treatment, and we verified this in the
present study.

There are several concrete advantages of predicting
treatment responses to pembrolizumab, some of which are
unique to mUC patients. First and foremost, mUC is a
malignancy with a rapid-progressive nature; hence, any delay
in appropriate decision making would potentially harm the
patients’ overall benefit. According to our study, patients in
the low PNI group had a substantially poorer prognosis, with
a median OS of approximately 3 months. Because of the lack
of a control arm in our study, it is not known whether these
patients would benefit from alternative systemic treatments.
However, it can be assumed that patients with an aggressive
malignancy profile would not benefit from ICI. As ICIs have
been associated with potential life-threatening adverse
events, pembrolizumab treatment may unnecessarily put
these patients at risk and consequently disbenefit them (29).
Furthermore, because pembrolizumab treatment is costly,
some reports argue that the quality-adjusted survival benefits
are low (30). Accordingly, the results reported in this study
suggest that PNI may both predict survival and serve as a
predictor of initial treatment failure, making it possible to
identify poor candidates for this treatment.

There are several limitations to our study. First, this was
a retrospective study with a small patient cohort, conducted
at tertiary-care institutions, which may have introduced
potential biases in patient selection. Second, the intervals of

radiographic examination were not uniform, possibly
resulting in a bias in survival analysis. Third, our cohort
differed from that of the KEYNOTE-045 trial because more
patients with UC of the upper tract (renal pelvis and ureter)
were included (69.7%). This may reflect the profile of our
institutions that have a high interest in and thus a high
referral rate for tumors detected in kidneys from
primary/secondary care centers. Therefore, it is possible that
our study population affected the results to some extent.
Fourth, we did not perform a comparative analysis against
known inflammatory or nutrition-related markers, such as
CRP kinetics, owing to missing laboratory data in some
patients. Future prospective studies with larger patient
cohorts are needed to confirm our results.

Conclusion

PNI before pembrolizumab initiation is a significant and
independent prognostic factor for survival in mUC patients. PNI
also served to identify patients who did not respond to
pembrolizumab. Further analyses are needed to confirm our results.
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