
Abstract. Background/Aim: Cancer cachexia is associated 
with poor prognosis in patients with metastatic urothelial 
carcinoma (mUC). The objective of the study was to assess 
the cachexia index (CXI), which is a new indicator assessing 
the status of cancer cachexia, as a prognostic indicator for 
mUC patients treated with gemcitabine plus cisplatin (GC) 
chemotherapy. Patients and Methods: The study included 55 
patients with mUC who underwent GC chemotherapy 
between 2008 and 2022 as first-line chemotherapy. The CXI 
at the start of chemotherapy was determined as follows: 
CXI=(serum albumin × skeletal muscle mass index)/ 
(neutrophil count/lymphocyte count). Patients were 
categorized into two groups based on a median CXI value 
(CXI-high and CXI low). We used Kaplan–Meier curves and 
multivariate Cox proportional hazards regression models to 
assess the association between the CXI and overall survival 
(OS). Results: At the start of GC chemotherapy, significant 
differences were not found in patients' characteristics. The 
median OS was significantly shorter in the CXI-low group 

[10.0 months (95% confidence interval (CI)=5.1-12.8)] than 
in the CXI-high group [22.3 months (95% CI=13.6-NA), 
p<0.05]. Multivariate analysis revealed that low CXI was a 
predictor of a poor prognosis [hazard ratio (HR)=2.25, 95% 
CI=1.12-4.52, p<0.05]. Conclusion: CXI might be useful as 
a prognostic indicator for patients with mUC undergoing 
first-line GC chemotherapy.  
 
Metastatic urothelial carcinoma (mUC), which encompasses 
malignancies of the urinary tract, such as the bladder, renal 
pelvis, and ureter, is a highly malignant cancer with a 5-year 
survival rate of approximately 6% (1). Cisplatin-based systemic 
chemotherapy has been the gold-standard treatment for mUC 
for the past decades (2, 3). Recently, immune checkpoint 
inhibitors (ICI), such as pembrolizumab and avelumab, have 
been approved for the treatment of mUC (4, 5). Moreover, 
enfortumab vedotin, which is an antibody–drug conjugated 
agent targeting nectin-4, has been approved for a post-platinum 
and ICI setting (6). However, no drastic improvement in clinical 
outcome has been noted. Thus, cisplatin-based chemotherapy 
has remained the cornerstone of treatment for mUC. 

Both decreased skeletal muscle mass and malnutrition 
caused by chronic inflammation due to cancer are parts of the 
syndrome of symptoms that characterize cancer cachexia. The 
European Palliative Care Research Collaborative has defined 
cancer cachexia as “a multifactorial syndrome characterized 
by an ongoing loss of skeletal muscle mass (with or without 
loss of fat mass) that cannot be fully reversed by conventional 
nutritional support and leads to progressive functional 
impairment” (7). Cancer cachexia has been reported to appear 
in >30% of patients with a diagnosis of cancer, and in 50-80% 
of patients with advanced cancer (7). Clinical features of 
cancer cachexia that are pivotal include: systemic 
inflammation, a poor nutritional status, and a reduction in 

475

Correspondence to: Taku Naiki, MD, Ph.D., Department of 
Nephro-Urology, Nagoya City University Graduate School of 
Medical Sciences, 1 Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya, 
Aichi, 467-8601, Japan. Tel: +81 528538266, Fax: +81 528538601, 
e-mail: naiki@med.nagoya-cu.ac.jp 
 
Key Words: Cancer cachexia, chemotherapy, urothelial carcinoma. 

Cachexia Index Is a Prognostic Indicator in  
Patients With Metastatic Urothelial Carcinoma  
Treated With Systemic Chemotherapy 
 
YOSHIHISA MIMURA1, TAKU NAIKI2, YOSUKE SUGIYAMA1, YOSHIHIKO TASAKI1,  
KUNIHIRO ODAGIRI1, TOSHIKI ETANI2, TAKASHI NAGAI2, MOEKO IIDA1, YUKA KIMURA1,  
NANAMI ITO1, YUJI HOTTA1, TAKAHIRO YASUI2 and YOKO FURUKAWA-HIBI1 
 
1Department of Clinical Pharmaceutics, 
Nagoya City University Graduate School of Medical Sciences, Aichi, Japan; 
2Department of Nephro-urology, 
Nagoya City University Graduate School of Medical Sciences, Aichi, Japan

CANCER DIAGNOSIS & PROGNOSIS 
4: 475-481 (2024)                                                                                                                          doi: 10.21873/cdp.10351

This article is an open access article distributed under the terms and 

conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0 

international license (https://creativecommons.org/licenses/by-nc-nd/4.0).

©2024 International Institute of Anticancer Research 
www.iiar-anticancer.org



skeletal muscle mass. In patients with UC, approximately 70% 
are observed with cancer cachexia, especially skeletal muscle 
loss (8). Cancer cachexia is associated with increased 
treatment-related toxicity, reduced treatment efficacy, and a 
poor prognosis. We previously described the relationship 
between nutritional status, a reduction in skeletal muscle mass, 
and clinical outcomes in patients with mUC (9-13). Therefore, 
careful attention should be paid to patients with mUC in terms 
of cancer cachexia. 

The cachexia index (CXI) is a new indicator of cancer 
cachexia that is calculated by the following equation: 
CXI=serum albumin (g/dl) × skeletal muscle index (SMI, 
cm2/m2)/neutrophil to lymphocyte ratio (NLR). These 
variables incorporate the clinical measures of crucial features 
of cancer cachexia, such as nutritional status, skeletal muscle 
mass, and systemic inflammation. Several reports exist 
describing CXI as a useful prognostic indicator for patients 
with cancer, such as those with lung cancer, hepatocellular 
carcinoma, and lymphomas (14-16). In this study, we aimed 
to assess the usefulness of CXI as an indicator of prognosis 
in patients with mUC who underwent gemcitabine plus 
cisplatin chemotherapy.  
 
Patients and Methods 
 
Study design and treatment. Patient records were retrospectively 
reviewed to identify those with mUC who had received gemcitabine 
plus cisplatin chemotherapy as a first-line treatment between 2008 
and 2022 at our hospital. A total of 94 patients were identified. 
Nineteen patients were excluded due to a lack of computed 
tomography (CT) imaging conducted within one month before GC 
therapy. For 20 patients, CXI could not be calculated at the start of 
GC therapy due to a lack of laboratory data and they were therefore 
excluded, leaving a final of 55 patients. The Ethics committee of 
the Nagoya City University Hospital endorsed this study (approval 
no. 60-18-0060), which was performed using histopathological 
evaluation and with patient consent. Previously performed routine 
pathological diagnoses were the source of specimens used in this 
study. Patients were free to opt-out. This study was undertaken 
according to the Declaration of Helsinki (2013 Fortaleza revision). 
In this study, gemcitabine and cisplatin (GC) were used as first-line 
chemotherapy. This consisted of 1,000 mg/m2 of gemcitabine that 
was given on days 1, 8, and 15, plus 70 mg/m2 of cisplatin that was 
given on days 1 or 2. Adverse events during GC therapy were 
classified in accordance with the National Cancer Institute Common 
Terminology Criteria for Adverse Events, version 5.0. 
 
Calculation of neutrophil-lymphocyte ratio, skeletal muscle mass 
index, and cachexia index. The neutrophil to lymphocyte ratio was 
determined as follows: NLR=number of peripheral neutrophils/number 
of peripheral lymphocytes. The SMI was calculated as follows: 
SMI=the area of skeletal muscle at the third lumbar vertebra 
(cm2)/height squared (m2) (13). The CXI was determined as follows: 
CXI=serum albumin (g/dl) × SMI (cm2/m2)/NLR. 
 
Statistical analyses. Data were calculated as a mean with 95% 
confidence intervals (CI), ranges, medians, or frequencies (%). 

Statistical significance was set at p<0.05. Fisher’s exact test was 
used to assess differences in patient characteristics. Mann-Whitney 
U-test was used to assess continuous variables. Overall survival 
(OS) and progression-free survival (PFS) calculated using a 
Kaplan–Meier method and log-rank test. Univariate and multivariate 
Cox regression analyses were used to assess the factors associated 
with OS. GraphPad Prism 9 software and EZR (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan) were used in the 
statistical analyses performed (17). 
 
Results 

Patient characteristics. In this study, 55 patients were 
analyzed. The median CXI was calculated as 42.3 (range=1.8-
305.0). Therefore, patients were divided into two groups 
according to the median CXI value: CXI-low and CXI-high 
(Figure 1). Patient characteristics are listed in Table I. The 
two groups did not show any significant differences with 
regard to age, sex, Eastern Cooperative Oncology Group 
Performance status (ECOG-PS), origin organ of urothelial 
carcinoma, and metastasis sites. However, the mean 
hemoglobin level in the CXI-low group was significantly 
lower than that in the CXI-high group. Since the calculation 
of CXI is based on albumin, NLR, and SMI values, the mean 
NLR was significantly higher, and mean albumin and SMI 
levels were significantly lower in the CXI-low group. 
 
CXI was a prognostic indicator for overall survival of mUC 
patients. The median OS of the CXI-low group was 
significantly shorter than that of the CXI-high group (10.0 
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Figure 1. Flow chart of the patient accrual process. CXI, Cachexia 
index, GC, gemcitabine plus cisplatin.



months vs. 22.3 months, p<0.05, Figure 2a). The median 
PFS of the CXI-low group tended to be shorter than those of 
CXI-high group (6.7 months vs. 4.7 months, p=0.093, Figure 
2b). All patients in CXI-high group received subsequent 
treatment, whereas seven patients (25.9%) in CXI-low group 
died during GC therapy (p<0.05, Table II). Clinical efficacy 
and safety profiles are summarized in Table II and Table III. 
The best overall response (BOR) did not statistically differ 

between the two groups. We calculated the average relative 
dose intensity (RDI) and the RDI of gemcitabine and 
cisplatin, respectively; however, a statistical difference 
between CXI-high and CXI-low groups was not noted. The 
adverse events that occurred during GC therapy are shown 
in Table III. The frequency of grade ≥3 anemia was 
significantly higher in the CXI-low group than in the CXI-
high group. In comparison, the frequency of all grades of a 
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Figure 2. Kaplan–Meier curves showing (a) overall survival and (b) progression-free survival. Patients were divided into two groups based on a 
CXI value of 42.3. CXI, Cachexia index. 

Table I. Patient characteristics. 
 
Characteristics                                                                                                   CXI-high group (n=28)              CXI-low group (n=27)               p-Value 
 
Median age, years (range)                                                                                           70 (55-85)                                   71 (53-84)                           0.595 
Sex, n (%)                                                               Male                                               21 (75.0)                                     19 (70.4)                            0.768 
                                                                                Female                                            7 (25.0)                                       8 (29.6)                                
ECOG-PS, n (%)                                                    0                                                     17 (60.7)                                     13 (48.1)                            0.609 
                                                                                1                                                      7 (25.0)                                       9 (33.3)                                
                                                                                2                                                       1 (3.6)                                        3 (11.1)                                
                                                                                NA                                                  3 (1.07)                                        2 (7.4)                                 
Origin organ of urothelial carcinoma, n (%)        Bladder                                          19 (67.9)                                     15 (55.6)                            0.412 
                                                                                Upper urinary tract                        9 (32.1)                                      12 (44.4)                               
Metastasis, n (%)                                                    Liver                                                2 (7.1)                                        5 (18.5)                             0.252 
                                                                                Lung                                              10 (35.7)                                     10 (37.0)                            1 
                                                                                Others                                             3 (10.7)                                       9 (33.3)                             0.055 
                                                                                Lymph nodes                                 21 (75.0)                                     19 (70.4)                            0.768 
Serum hemoglobin, g/dl (range)                                                                           12.55 (9.10-15.80)                     10.70 (8.10-14.00)                  <0.001 
Serum albumin, g/dl (range)                                                                                   3.75 (2.60-4.50)                         2.90 (2.30-4.00)                    <0.001 
Median neutrophil count, /mm3 (range)                                                                  3.4 (1.90-8.70)                         7.00 (3.40-24.30)                   <0.001 
Median lymphocyte count, /mm3 (range)                                                              1.40 (0.70-3.10)                          0.9 (0.30-1.80)                     <0.001 
Median NLR (range)                                                                                               2.52 (0.94-4.42)                        6.80 (3.88-81.00)                   <0.001 
Median SMI, cm2/m2 (range)                                                                              53.86 (29.75-71.99)                   40.62 (30.17-59.01)                 <0.001 
Median CXI (range)                                                                                            67.35 (42.31-305.08)                   17.56 (1.82-42.30)                  <0.001 
 
CXI, Cachexia index; ECOG-PS, Eastern Cooperative Oncology Group Performance status; NA, not assessable; NLR, neutrophil lymphocyte ratio; 
SMI, skeletal mass index. 



creatinine increase was greater in the CXI-high compared to 
CXI-low group. Treatment histories are summarized in Table 
IV. Statistical differences in prior and subsequent treatments 
were not noted between the two groups. 
 
Univariate and multivariate analyses of patients who 
received GC. Table V shows Cox proportional hazard 
regression analyses of baseline parameters and OS in 55 
patients treated with GC therapy. Hemoglobin <10 mg/dl, the 
existence of liver metastasis, and CXI-low group correlated 
with OS in univariate analysis. Multivariate analysis revealed 
that only the CXI-low group was a risk factor for OS [hazard 
ratio (HR)=2.25, p<0.05]. 
 
Discussion 
 
In this investigation, we found that CXI acted as a prognostic 
indicator for the OS of patients with mUC treated with GC 
therapy. 

Several research groups have analyzed the relationships 
between clinical outcome, such as the efficacy and safety of 
chemotherapy and inflammatory status (18), skeletal muscle 

mass (13, 19), and nutritional status (9, 11, 20), respectively. 
However, such factors are cachexia-related parameters and 
therefore expected to intimately interact with each other. Since 
cancer cachexia has a complex pathophysiology, CXI would 
be an ideal index that gives a better estimate of ongoing 
cachexia. In mUC, a poor prognosis has been reported in 
patients with serum albumin levels less than the lower limit 
of normal, hemoglobin levels of <10 mg/dl, the existent of 
liver metastasis, or ECOG PS≥1 (21). In this study, an analysis 
by multivariate cox regression highlighted a low CXI as an 
independent prognostic factor for patients with mUC even 
though according for these factors. Thus, CXI might be a 
novel prognostic indicator for mUC treated with GC therapy. 

We compared efficacy and safety profiles, such as BOR, 
RDI, and adverse event profiles between CXI-low and high 
groups. The BOR and RDI did not show a significant 
difference between the two groups. Cancer cachexia has been 
reported to reduce the efficacy of chemotherapy in various 
cancer types (22). Despite the same BOR or RDI, the shorter 
median OS of patients in the CXI-low group is suggested to 
be affected by cancer cachexia. In this cohort, the incidence 
of anemia ≥G3 is statistically greater in the CXI-low 
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Table II. The clinical outcome and relative dose intensity of GC therapy. 
 
                                                                                                                           CXI-high group (n=28)              CXI-low group (n=27)               p-Value 
 
Best overall response, n (%)                                  CR                                                   0 (0.0)                                         0 (0.0)                              0.611 
                                                                                PR                                                   8 (29.6)                                      11 (40.7)                               
                                                                                SD                                                 13 (48.16)                                    10 (37.0)                               
                                                                                PD                                                   6 (22.2)                                       6 (22.2)                                
                                                                                NA                                                   1 (3.6)                                         0 (0.0)                                 
No. of patient died during GC therapy, n (%)                                                               0 (0.0)                                        7 (25.9)                           <0.05 
Average RDI, % (range)                                                                                        75.1 (57.3, 101.0)                        79.2 (56.3, 98.9)                      0.686 
RDI of gemcitabine% (range)                                                                               65.4 (47.4, 101.3)                       67.1 (37.2, 100.2)                     0.662 
RDI of cisplatin % (range)                                                                                    87.5 (67.3, 102.6)                       91.6 (59.8, 102.5)                     0.893 
 
CXI, Cachexia index; CR, complete response; GC, gemcitabine plus cisplatin; NA, not assessable; PD, progressive disease; PR, partial response; 
RDI, relative dose intensity; SD, stable disease.  
 
 
 
Table III. Profile of adverse events during GC therapy. 
 
Adverse events                                           CXI-high group (n=28)                                                                       CXI-low group (n=27) 
 
                                            No. of all grade Pts, n (%)      No. of grade 3-4 Pts, n (%)       No. of all grade Pts, n (%)        No. of grade 3-4 Pts, n (%) 
 
Neutropenia                                       24 (85.7)                                    17 (60.7)                                     25 (92.6)                                     15 (55.6) 
Anemia                                              27 (96.4)                                     9 (32.1)                                      27 (100)                                     17 (63.0)* 
Thrombocytopenia                            27 (96.4)                                    15 (53.6)                                     26 (96.3)                                     17 (63.0) 
AST increase                                     13 (46.4)                                      0 (0.0)                                       12 (44.4)                                       3 (11.1) 
ALT increase                                     18 (64.3)                                      1 (3.6)                                       20 (74.1)                                       1 (3.7) 
Creatinine increase                          27 (96.4)*                                     0 (0.0)                                       19 (70.4)                                       1 (3.7) 
 
AST, Aspartate aminotransferase; ALT, alanine aminotransferase; CXI, cachexia index; GC, gemcitabine plus cisplatin; Pts, patients; *p<0.05, 
statistically significant. 



compared to CXI-high group. Cancer cachexia is associated 
with a higher incidence of adverse events during cancer 
therapy (7, 8, 15, 23). Therefore, careful monitoring of 
adverse events might be needed depending on the value of 
the CXI. We also compared treatment histories between the 
two groups. The systemic chemotherapy used for mUC has 
substantially changed over the past few years. In addition to 
the use of cytotoxic agents, such as gemcitabine and 
cisplatin, ICIs are also widely used in the treatment of mUC 
(4, 5). Moreover, enfortumab vedotin, an antibody–drug 
conjugate, is available as a third-line agent (6). Efficacy of 
subsequence chemotherapy after platinum-based regimen or 
ICIs have also been discussed (24-26). However, in our 
cohort, a difference in treatment history, including in the use 
of ICIs and enfortumab vedotin, was not noted between the 
two groups. In fact, 25.7% of patients in CXI-low group died 
and could not receive subsequent treatment. These indicate 
that patients who had a low CXI at the start of first-line 
chemotherapy might not be benefit from these drugs. 
Therefore, the status of cachexia should be assessed in detail 
in order to make the most appropriate treatment decisions. 

There are several limitations in this study. We divided 
patients into two groups based on a median value of CXI of 
42.3. Therefore, the optimal cut-off value of CXI might 
require further investigation. In comparison, Karmali et al. 
reported a cut-off value of 49.8 in patients with lymphoma 
(16). Goh et al. reported a cut-off value of 53 in patients who 
had hepatocellular carcinoma and who underwent systemic 
chemotherapy (15). Jafri et al. reported a cut-off value of 35 
in patients with advanced non-small cell lung cancer (14). 
Based on these reports; our cut-off value would be 
considered acceptable. In addition, owing to the retrospective 
nature of this study, bias was not controllable in patient’s 
selection. Therefore, a prospective interventional study is 
needed to verify our findings. 
 
Conclusion 
 
In conclusion, we revealed that a low CXI might be useful 
as a prognostic indicator for patients with mUC under GC 
therapy, thereby, highlighting the importance of assessing the 
status of cachexia to make treatment decisions.   
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Table IV. Treatment history of patients. 
 
Treatment                                                                                                           CXI-high group (n=28)              CXI-low group (n=27)               p-Value 
 
Prior treatment 
Neoadjuvant GC therapy, n (%)                                                                                    5 (17.9)                                       3 (11.1)                             0.595 
Radical resection, n (%)                                                                                               17 (60.7)                                     13 (48.1)                            0.768 
Adjuvant GC therapy, n (%)                                                                                         10 (35.7)                                      3 (11.1)                             0.055 
Subsequent chemotherapy 
Cytotoxic agent, n (%)                                           Gemcitabine+carboplatin              3 (10.7)                                        2 (7.4)                              0.060 
                                                                                Gemcitabine+docetaxel                15 (53.6)                                     10 (37.0)                               
                                                                                Gemcitabine+paclitaxel                 5 (17.9)                                        2 (7.4)                                 
Immune checkpoint inhibitor, n (%)                     Avelumab                                       8 (28.6)                                       6 (22.2)                             0.180 
                                                                                Pembrolizumab                             14 (50.0)                                      6 (22.2)                                
Antibody–drug conjugated agent, n (%)               Enfortumab vedotin                       6 (21.4)                                       4 (14.8)                             0.729 
 
GC, Gemcitabine plus cisplatin; CXI, cachexia index.  
 
 
 
Table V. Univariate and multivariate cox regression analysis for overall survival outcomes. 
 
Parameters                                                                                               Univariate                                                                   Multivariate 
 
                                                                                      HR                       95% CI                  p-Value                HR                     95% CI               p-Value 
 
Age at start of a treatment, ≥65 vs. <65 years           0.88                     0.46-1.67                  0.423                                                                               
Sex, male vs. female                                                    1.07                     0.55-2.12                  0.836                                                                               
Albumin, <4.0 g/dl vs. ≥4 g/dl                                    2.01                     0.71-5.69                  0.19                                                                                 
Hemoglobin, <10 mg/dl vs. ≥10 mg/dl                       2.01                     1.01-4.32                  0.046                 1.41                   0.65-3.08               0.383 
ECOG-PS ≥1 vs. 0                                                       1.55                     0.81-3.00                  0.189                                                                               
Liver metastasis, yes vs. no                                         2.75                     1.19-6.28                  0.017                 1.75                   0.73-4.20               0.210 
CXI, low group vs. high group                                   2.70                     1.42-5.15                  0.002                 2.25                   1.12-4.52               0.023 
 
CI, Confidence interval; CXI, cachexia index; ECOG-PS, Eastern Cooperative Oncology Group Performance status; HR, hazard ratio.



Conflicts of Interest  
 
The Authors wish to declare that they have no conflicts of interest. 

 
Authors’ Contributions 
 
Conceptualization, Y.M. and T.N; Data curation, Y.M.; Formal 
analysis, Y.M. and Y.S.; Funding acquisition, Y.M.; Investigation, 
Y.M., Y.S., Y.T., K.O., T.E., T.N., M.I., Y.K., and N.I.; Methodology, 
Y.M., T.N., and Y.S.; Project administration, Y.M.; Supervision, Y.H., 
T.Y. and Y. F-H; Validation, Y.M.; Visualization, Y.M.; Roles/Writing 
- original draft, Y.M., T.N. and Y.S.; Writing - review & editing, Y.M., 
T.N., Y.H., T.Y. and Y.F-H. All the Authors have read and approved 
the manuscript and agree with its submission to this journal. 

 
Funding 
 
This work was supported by JSPS KAKENHI Grant Number 
JP20K16083.   

 
References 
 
1 Siegel RL, Miller KD, Wagle NS, Jemal A: Cancer statistics, 

2023. CA Cancer J Clin 73(1): 17-48, 2023. DOI: 10.3322/ 
caac.21763 

2 National Comprehensive Cancer Network Clinical Guidelines in 
Oncology Bladder Cancer version 3. 2023. Available at: 
https://www.nccn.org/professionals/physician_gls/pdf/bladder.pdf 
[Last accessed on May 14, 2024] 

3 European Association of Urology Guidelines on muscle-invasive 
and metastatic bladder cancer. Available at: https://uroweb.org/ 
guidelines/muscle-invasive-and-metastatic-bladder-cancer [Last 
accessed on May 14, 2024] 

4 Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee JL, Fong L, 
Vogelzang NJ, Climent MA, Petrylak DP, Choueiri TK, Necchi 
A, Gerritsen W, Gurney H, Quinn DI, Culine S, Sternberg CN, 
Mai Y, Poehlein CH, Perini RF, Bajorin DF, KEYNOTE-045 
Investigators: Pembrolizumab as second-line therapy for 
advanced urothelial carcinoma. N Engl J Med 376(11): 1015-
1026, 2017. DOI: 10.1056/NEJMoa1613683 

5 Powles T, Park SH, Voog E, Caserta C, Valderrama BP, Gurney 
H, Kalofonos H, Radulović S, Demey W, Ullén A, Loriot Y, 
Sridhar SS, Tsuchiya N, Kopyltsov E, Sternberg CN, Bellmunt 
J, Aragon-Ching JB, Petrylak DP, Laliberte R, Wang J, Huang 
B, Davis C, Fowst C, Costa N, Blake-Haskins JA, di Pietro A, 
Grivas P: Avelumab maintenance therapy for advanced or 
metastatic urothelial carcinoma. N Engl J Med 383(13): 1218-
1230, 2020. DOI: 10.1056/NEJMoa2002788 

6 Powles T, Rosenberg JE, Sonpavde GP, Loriot Y, Durán I, Lee 
JL, Matsubara N, Vulsteke C, Castellano D, Wu C, Campbell M, 
Matsangou M, Petrylak DP: Enfortumab vedotin in previously 
treated advanced urothelial carcinoma. N Engl J Med 384(12): 
1125-1135, 2021. DOI: 10.1056/NEJMoa2035807 

7 Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E, Fainsinger 
RL, Jatoi A, Loprinzi C, MacDonald N, Mantovani G, Davis M, 
Muscaritoli M, Ottery F, Radbruch L, Ravasco P, Walsh D, 
Wilcock A, Kaasa S, Baracos VE: Definition and classification 
of cancer cachexia: an international consensus. Lancet Oncol 
12(5): 489-495, 2011. DOI: 10.1016/S1470-2045(10)70218-7 

8 Lokeshwar SD, Press BH, Nie J, Klaassen Z, Kenney PA, 
Leapman MS: Cachexia and bladder cancer: clinical impact and 
management. Curr Opin Support Palliat Care 15(4): 260-265, 
2021. DOI: 10.1097/SPC.0000000000000580 

9 Naiki T, Nagai T, Sugiyama Y, Etani T, Nozaki S, Iida K, Noda 
Y, Shimizu N, Isobe T, Matsumoto D, Kubota H, Hamamoto S, 
Ando R, Kawai N, Yasui T: First report of oncological outcome 
and prognostic analysis in a first-line setting of short hydration 
gemcitabine and cisplatin chemotherapy for patients with 
metastatic urothelial carcinoma. Oncology 99(10): 622-631, 
2021. DOI: 10.1159/000517326 

10 Sugiyama Y, Naiki T, Tasaki Y, Mimura Y, Etani T, Noda Y, 
Nozaki S, Shimizu N, Banno R, Nagai T, Isobe T, Ando R, 
Moritoki Y, Kataoka T, Odagiri K, Aoki M, Gonda M, Yasui T, 
Hibi Y: GNRI sustainability during one cycle of first-line 
chemotherapy as a prognostic indicator in patients with 
metastatic urothelial carcinoma. Oncology 101(4): 224-233, 
2023. DOI: 10.1159/000529203 

11 Etani T, Naiki T, Sugiyama Y, Nagai T, Iida K, Noda Y, Shimizu 
N, Tasaki Y, Mimura Y, Okada T, Banno R, Kubota H, 
Hamamoto S, Ando R, Kawai N, Yasui T: Low geriatric 
nutritional risk index as a poor prognostic marker for second-
line pembrolizumab treatment in patients with metastatic 
urothelial carcinoma: a retrospective multicenter analysis. 
Oncology 98(12): 876-883, 2020. DOI: 10.1159/000508923 

12 Nagai T, Naiki T, Isobe T, Sugiyama Y, Etani T, Iida K, Nozaki 
S, Noda Y, Shimizu N, Tasaki Y, Mimura Y, Banno R, Kubota 
H, Hamamoto S, Kawai N, Yasui T: Modified Glasgow 
Prognostic Score 2 as a prognostic marker in patients with 
metastatic urothelial carcinoma. In Vivo 35(5): 2793-2800, 2021. 
DOI: 10.21873/invivo.12565 

13 Nagai T, Naiki T, Iida K, Nozaki S, Etani T, Sugiyama Y, Ando R, 
Yanase T, Chaya R, Moritoki Y, Kobayashi D, Akita H, Okamura 
T, Yasui T: Skeletal muscle mass reduction velocity as a simple 
prognostic indicator for patients with metastatic urothelial 
carcinoma receiving second-line chemotherapy. Asian Pac J Cancer 
Prev 20(10): 2995-3000, 2019. DOI: 10.31557/APJCP.2019. 
20.10.2995 

14 Jafri SH, Previgliano C, Khandelwal K, Shi R: Cachexia index 
in advanced non-small-cell lung cancer patients. Clin Med 
Insights Oncol 9: 87-93, 2015. DOI: 10.4137/CMO.S30891 

15 Goh MJ, Kang W, Jeong WK, Sinn DH, Gwak GY, Paik YH, 
Choi MS, Lee JH, Koh KC, Paik SW: Prognostic significance 
of cachexia index in patients with advanced hepatocellular 
carcinoma treated with systemic chemotherapy. Sci Rep 12(1): 
7647, 2022. DOI: 10.1038/s41598-022-11736-1 

16 Karmali R, Alrifai T, Fughhi IAM, Ng R, Chukkapalli V, Shah 
P, Basu S, Nathan S, Szymanski-Grant K, Gordon LI, Venugopal 
P, Penedo FJ, Borgia JA: Impact of cachexia on outcomes in 
aggressive lymphomas. Ann Hematol 96(6): 951-956, 2017. 
DOI: 10.1007/s00277-017-2958-1 

17 Kanda Y: Investigation of the freely available easy-to-use 
software ‘EZR’ for medical statistics. Bone Marrow Transplant 
48(3): 452-458, 2013. DOI: 10.1038/bmt.2012.244 

18 Tan YG, Eu EWC, Huang HH, Lau WKO: High neutrophil-to-
lymphocyte ratio predicts worse overall survival in patients with 
advanced/metastatic urothelial bladder cancer. Int J Urol 25(3): 
232-238, 2018. DOI: 10.1111/iju.13480 

19 Shimizu R, Honda M, Teraoka S, Yumioka T, Yamaguchi N, 
Kawamoto B, Iwamoto H, Morizane S, Hikita K, Takenaka A: 

CANCER DIAGNOSIS & PROGNOSIS 4: 475-481 (2024)

480



Sarcopenia is associated with survival in patients with urothelial 
carcinoma treated with systemic chemotherapy. Int J Clin Oncol 
27(1): 175-183, 2022. DOI: 10.1007/s10147-021-02032-5 

20 Hsieh MC, Rau KM, Chiang PH, Sung MT, Lan J, Luo HL, Huang 
CC, Huang CH, Su HY: Impact of Prognostic Nutritional Index on 
overall survival for patients with metastatic urothelial carcinoma. 
J Cancer 9(14): 2466-2471, 2018. DOI: 10.7150/jca.25061 

21 Bellmunt J, Choueiri TK, Fougeray R, Schutz FA, Salhi Y, 
Winquist E, Culine S, von der Maase H, Vaughn DJ, Rosenberg 
JE: Prognostic factors in patients with advanced transitional cell 
carcinoma of the urothelial tract experiencing treatment failure 
with platinum-containing regimens. J Clin Oncol 28(11): 1850-
1855, 2010. DOI: 10.1200/JCO.2009.25.4599 

22 Martin L, Senesse P, Gioulbasanis I, Antoun S, Bozzetti F, Deans 
C, Strasser F, Thoresen L, Jagoe RT, Chasen M, Lundholm K, 
Bosaeus I, Fearon KH, Baracos VE: Diagnostic criteria for the 
classification of cancer-associated weight loss. J Clin Oncol 
33(1): 90-99, 2015. DOI: 10.1200/JCO.2014.56.1894 

23 Fujii H, Makiyama A, Iihara H, Okumura N, Yamamoto S, Imai 
T, Arakawa S, Kobayashi R, Tanaka Y, Yoshida K, Suzuki A: 
Cancer cachexia reduces the efficacy of nivolumab treatment in 
patients with advanced gastric cancer. Anticancer Res 40(12): 
7067-7075, 2020. DOI: 10.21873/anticanres.14734 

24 Yumioka T, Honda M, Shimizu R, Teraoka S, Yamaguchi N, 
Kawamoto B, Iwamoto H, Morizane S, Hikita K, Takenaka A: 
Response to platinum-based chemotherapy rechallenge for patients 
with pembrolizumab-refractory urothelial carcinoma. Anticancer 
Res 41(11): 5767-5773, 2021. DOI: 10.21873/anticanres.15393 

25 Liaw CC, Chuang GK, Chang YH, Liao TY, Chang JWC, Juan 
YH: Bladder urothelial carcinoma with peritoneal involvement: 
benefit of continuous maintenance chemotherapy. Anticancer 
Res 37: 6443-6451, 2017. DOI: 10.21873/anticanres.12099 

26 Naiki T, Iida K, Etani T, Nagai T, Tanaka Y, Sugiyama Y, Ando 
R, Hamamoto S, Banno R, Nagata D, Kawai N, Yasui T: 
Gemcitabine and docetaxel as second-line chemotherapy in 
elderly patients with metastatic urothelial carcinoma: a 
retrospective analysis. Cancer Manag Res 10: 3669-3677, 2018. 
DOI: 10.2147/CMAR.S172913 

 

 
 

 
Received March 25, 2024 

Revised April 26, 2024 
Accepted May 14, 2024

Mimura et al: Prognostic Value of CXI in Patients With mUC 

481


