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Impact of baseline body composition
on prognostic outcomes in urological
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Abstract

Objective Numerous epidemiological investigations have explored the impact of body composition on the
effectiveness of immune checkpoint inhibitors (ICls) in urological malignancies (UM) patients, yielding conflicting
findings. As a result, our study aims to elucidate the influence of baseline body composition on the long-term
prognosis of UM patients treated with ICls.

Methods We employed a rigorous systematic search across various databases, including PubMed, Embase, the
Cochrane Library, and Google Scholar, to identify studies meeting our inclusion criteria. Our primary endpoints of
interest encompassed overall survival (OS) and progression-free survival (PFS).

Results This analysis included a total of 10 articles with a combined patient cohort of 707 individuals. Our findings
revealed a noteworthy association between several body composition parameters and unfavorable OS outcomes,
including low psoas muscle index (PMI; HR: 3.88, p <0.001), low skeletal muscle index (SMI; HR: 1.63, p < 0.001),
sarcopenia (HR: 1.88, p<0.001), low visceral adipose index (VAI; HR: 1.38, p=0.018) and low subcutaneous adipose
index (SAl; HR: 1.37, p=0.018). Furthermore, our analysis demonstrated that low PMI (HR: 2.05, p=0.006), low SMI
(HR: 1.89, p=0.002), sarcopenia (HR: 1.80, p <0.001), and low VAI (HR:1.59, p=0.005) were significantly correlated with
inferior PFS. Conversely, SAl did not manifest a pronounced association with PFS in UM patients treated with ICls.

Conclusion Collectively, our study findings underscore a substantial relationship between baseline body
composition and reduced clinical efficacy in UM patients undergoing ICI therapy.
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Introduction
Urological malignancies (UM), which include renal cell
carcinoma (RCC), bladder cancer (BC), prostate cancer
(PC), and urothelial cancer (UC), are a significant global
public health issue [1]. Various treatments and tech-
niques have made progress in managing UM, their clini-
cal prognosis has significantly improved over the last two
decades [2]. However, the development of ICIs has revo-
lutionized the treatment of many cancers, including UM.
ICIs have become a widely adopted treatment modal-
ity for various types of cancer, especially for recurrent
and metastatic diseases that are resistant to conventional
therapies. The indications for ICIs have been expanding
in recent years [3]. In particular, having been approved
for the treatment of RCC and UC, ICIs have shown sig-
nificant improvements in patient survival compared to
traditional therapies [4, 5]. ICIs can also provide long-
lasting disease control and extend survival, even for
patients with advanced disease and disease progression.
Companion and complementary diagnostics have been
developed to aid in the identification of patients who are
most likely to benefit from ICIs [6]. All immune check-
point inhibitors, except ipilimumab, block PD-1/PD-L1
interaction [7]. While PD-L1 assessment through immu-
nohistochemistry is used for companion diagnostics,
its predictive accuracy is limited due to heterogeneous
expression in tumors [7]. Other biomarkers like tumor
mutation burden and microsatellite instability have lim-
ited predictive value when used alone [6], prompting
researchers to investigate additional biomarkers [8].
Skeletal muscle wasting is a hallmark of cancer cachexia
and sarcopenia and has been correlated with treatment
outcomes in cancer patients [9-12]. Furthermore, the
depletion of skeletal muscle mass in patients undergoing
neoadjuvant therapy has been recognized as an adverse
prognostic indicator for the overall survival of individuals
with ovarian, esophageal, and foregut cancers [13-15].
Whereas, it is unclear whether skeletal muscle loss dur-
ing ICI treatment affects the prognosis of UM patients.
Although abdominal adipose tissue has been associated
with cancer prognosis, its relationship with ICI therapy
outcomes in UM patients remains incompletely under-
stood [16]. Therefore, it would be worthwhile to investi-
gate the impact of changes in body composition during
ICI treatment on the clinical outcomes of UM patients.
The aim of this investigation is to perform an exten-
sive review and meta-analysis to explore the correlation
between body composition and unfavorable outcomes
in patients with UM. Our study is anticipated to con-
stitute the inaugural comprehensive assessment of the

connection between body composition and the prognosis
of UM patients undergoing ICI treatment.

Methods

Literature search strategies

The current study adheres to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [17]. A comprehensive literature
search was performed in the PubMed, EMBASE, and
Cochrane databases from January 2024 onwards. The
following keywords were used: “immune checkpoint
inhibitors” [Mesh], “skeletal muscle index’, “psoas muscle
index’, “sarcopenia’; “subcutaneous adipose index’, “vis-
ceral adipose index’, and “intramuscular adipose index”.
Supplementary Table 1 provides detailed information on
the search strategies. In addition, Google Scholar was
searched to locate unpublished research data. Finally, we
manually searched the reference lists of eligible papers.

Eligibility criteria

The inclusion criteria were: include UM patients treated
with IClIs; evaluate the prognostic value of body compo-
sition parameters such as skeletal muscle index (SMI),
psoas muscle index (PMI), sarcopenia, subcutaneous adi-
pose index (SAI), visceral adipose index (VAI), and intra-
muscular adipose index (IAI); provide data on OS and
PFES; be published as full-length articles in peer-reviewed
journals. Studies that were only available as abstracts,
comments, or case reports were excluded. If there were
studies that reported on the same patient population, we
included only the study that had the most comprehensive
data and used rigorous methods in the meta-analysis.

Data extraction

The data extraction mainly was focused on: the first
author’s name, year of publication, country of origin,
study design, sample size, male/female, age (years), type
of cancer, treatment, diagnostic method, outcomes, and
definitions. Preferential extraction of multivariate analy-
sis data was done for HR analysis over univariate analysis.

Methodological quality assessment

The quality of each study was evaluated using the New-
castle-Ottawa Scale (NOS) [18]. The domains of patient
selection, study comparability, and study endpoints were
assessed according to tailored quality criteria, and a max-
imum score of nine was possible. A score greater than
7 indicated high quality, while a score between 5 and 7
indicated moderate quality. Studies with a score less than
5 were considered low quality.
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Fig. 1 The flow diagram of identifying eligible studies

with higher SMI (Fig. 2B, HR: 1.89, 95% CI: 1.26-2.82,
p=0.002).

We performed evaluations to detect publication bias
in the correlation between SMI and OS and PES in the
meta-analysis. No evidence of publication bias in either
OS (Begg’s test: p=0.230, Egger’s test: p=0.122) or PFS
(Begg’s test: p=0.060, Egger’s test: p=0.063) was shown.
To further evaluate the robustness, a sensitivity analysis
was conducted, and the combined HR for OS remained
statistically significant and stable in our findings. The
range of HRs varied from 1.50 (95% CI: 1.14—1.97) upon
exclusion of the study conducted by Martini et al. (UC)
to 1.87 (95% CI: 1.36-2.25) after excluding the study by
Ged et al,, as depicted in Fig. 2C. The pooled HR for PES

was also not substantially altered in the sensitivity analy-
sis (Fig. 2D).

Association between PMI and the outcomes of UM patients
with ICl therapy

We incorporated two studies to investigate the impact of
psoas muscle index (PMI) on patients with UM undergo-
ing ICI therapy. Our findings revealed that individuals
with low PMI exhibited a poorer OS when contrasted
with those with high PMI (HR: 3.88, 95% CI: 2.21-6.82,
p<0.001, Fig. 3A). There was no significant heterogene-
ity, as evidenced by the Cochran Q test and I* statistics
(p=0.957, 1?’=0.0%), leading to the utilization of a fixed-
effects model. Furthermore, we assessed the correlation
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Fig. 2 Forest plots of the relationship between SMI and overall survival in all included studies (A). Forest plots of the relationship between SMI and
progression-free survival in all included studies (B). Sensitivity analysis of the association between SMI and overall survival (C) and progression-free sur-

vival (D). HR, hazard ratio; CL, confidence interval

between PMI and PFS in these patients, revealing that
individuals with low PMI had a 105% elevated risk of dis-
ease progression compared to those with high PMI (HR:
2.05,95% CI: 1.23-3.41, p=0.006, Fig. 3B). A fixed-effects
model was employed due to the absence of substantial
heterogeneity among the included studies (I*=38.0%,
p=0.168).

Association between sarcopenia and the outcomes of UM
patients with ICl therapy
As previously stated, the assessment of sarcopenia in the
studies employed the SMI in seven of them, while PMI
was utilized in two. The objective was to investigate the
impact of sarcopenia on patients with UM undergoing
immunotherapy with ICIs. Our analysis revealed that UM
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Fig. 3 Forest plots of the relationship between PMI and overall survival in all included studies (A). Forest plots of the relationship between PMI and

progression-free survival in all included studies (B). HR, hazard ratio; CL, confidence interval
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Fig. 4 Forest plots of the relationship between sarcopenia and overall survival in all included studies (A). Forest plots of the relationship between sarco-
penia and progression-free survival in all included studies (B). HR, hazard ratio; CL, confidence interval

patients with sarcopenia exhibited markedly inferior OS
in comparison to those without sarcopenia (HR: 1.88, 95%
CI: 1.50-2.36, p<0.001, as depicted in Fig. 4A). Since the
Cochran Q test and I? statistics indicated no significant
heterogeneity among the studies (p=0.105, [*=48.4%),

we employed a fixed-effects model. Furthermore, we
investigated the association between sarcopenia and PFS
in these patients. Our analysis demonstrated that indi-
viduals with sarcopenia had a 80% elevated risk of disease
progression compared to those without sarcopenia (HR:
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1.80, 95% CI: 1.41-2.30, p<0.001, Fig. 4B). The statistical
assessments revealed no substantial heterogeneity among
the studies (p=0.175, 1?’=31.7%), enabling the adoption
of a fixed-effects model. A connection between sarcope-
nia and Disease control rate (DCR) in UM patients was
observed. No significant heterogeneity was included in
the studies (I°=68.6%, p=0.013), and a random-effects
model was applied. We found that UM patients with sar-
copenia had a lower DCR (OR: 0.43, 95% CI: 0.20-0.94,
Figure S3) than those without sarcopenia.

Moreover, we conducted tests to assess potential pub-
lication bias in the combined analysis of the correlation
between sarcopenia and both OS and PFS. The results
indicated the absence of publication bias in OS (Begg’s
test: p=0.251, Egger’s test: p=0.109), while there was evi-
dence of publication bias in PFS (Begg’s test: p=0.019,
Egger’s test: p=0.017). Henceforth, additional validation
through the implementation of the trim and fill tech-
nique was utilized to rectify probable publication bias.
Nevertheless, the aggregated results, which had dem-
onstrated significance prior to employing the “trim and
fill” strategy, retained their significance post-adjustment
(HR: 1.61, 95% CI: 1.18-2.21, p=0.003), implying neg-
ligible influence of this publication bias on the pooled
estimations.
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Additionally, the leave-one-out method was employed
in a sensitivity analysis to investigate the potential influ-
ence of each study on the pooled results. The findings
revealed that the HR for OS remained stable and reli-
able, ranging from 1.69 (95% CI: 1.32-2.15, after exclud-
ing Ueki et al.) to 2.23 (95% CI: 1.69-2.95, after excluding
Ged et al,, Fig. 5A). Similarly, the HR for PFS did not sub-
stantially vary during the sensitivity analysis (Fig. 5B).
Based on these results, we can confidently conclude that
our findings are robust and dependable.

Association between VAI and the outcomes of UM patients
with ICl therapy

In our study, the impact of VAI on UM patients undergo-
ing ICI therapy was examined in four studies. Our analy-
sis revealed that UM patients receiving ICI therapy with
low VALI had a significantly poorer OS compared to those
with high VAI (HR: 1.38, 95% CI: 1.06-1.81, p=0.018,
Fig. 6A). No heterogeneity was observed (I>=0, p=0.743),
with the use of a fixed-effects model. Additionally, we
investigated the correlation between VAI and PFS in
UM patients undergoing ICI therapy. No significant het-
erogeneity was observed among the studies (I*=40.2%,

p=0.188), so we used a fixed-effects model. Our meta-

analysis demonstrated that patients with low VAI had an
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Ueki et al. 2022
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Takei et al. 2023 \

OEstimate
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2.36 2.95
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Martini et al. 2021 (UC)
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Fig. 5 Sensitivity analysis of the association between sarcopenia and overall survival (A) and progression-free survival (B). CL, confidence interval
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Fig. 6 Forest plots of the relationship between VAl and overall survival in all included studies (A). Forest plots of the relationship between VAI and
progression-free survival in all included studies (B). HR, hazard ratio; CL, confidence interval

59% greater risk of progression than those with high VAI
(HR:1.59, 95% CI: 1.15-2.21, p=0.005, Fig. 6B).

Association between SAl and the outcomes of UM patients
with ICl therapy

We examined five studies to assess the influence of SAI
on the outcomes of UM patients undergoing treatment
with ICIs. Our analysis revealed that patients with low
SAI had significantly shorter OS than those with high SAI
(HR: 1.37, 95% CI: 1.05-1.77, p=0.018, Figure S1A). We
observed no significant heterogeneity among the studies,
allowing us to use a fixed-effects model for the analysis.
However, low SAI did not predict the efficacy of ICIs for
PFS (HR: 1.10, 95% CI: 0.65-1.87, p=0.712, Figure S1B).
Thus, while low SAI was associated with worse OS in UM
patients, it was not a reliable predictor of ICI efficacy.

Association between IAl and the outcomes of UM patients
with ICl therapy

We performed a meta-analysis of two studies to investi-
gate the association between IAl and patient outcomes in
UM undergoing treatment with ICIs. Due to significant
heterogeneity, a random-effects model was utilized for
the analysis of both OS and PFS (OS: I*=85.6%, p=0.008,
Figure S2A; PFS: 1°=88.3%, p=0.003, Figure S2B). The
results of our analysis showed no significant association
between IAI and either OS (HR: 0.865, 95% CI: 0.271—
2.762, p=0.806, Figure S2A) or PFS (HR: 0.842, 95% CI:
0.283-2.504, p=0.757, Figure S2B).

Discussion

The administration of ICIs for UM treatment has grown
in popularity, and researchers have been striving to iden-
tify factors that affect their effectiveness. The influence

of baseline body composition on ICI response in UM
patients is still a topic of controversy. Our work aims to
investigate the association between baseline body com-
position and ICI efficacy in UM patients by synthesizing
all available evidence. Our analysis shows that baseline
body composition, including decreased PMI, SMI, sar-
copenia, and VAI, were significantly linked with OS and
PES in ICI-treated UM patients. SAI exhibited a signifi-
cant association with OS, while its correlation with PFS
did not reach statistical significance. Conversely, no sig-
nificant correlation was found between IAI and OS or
PFS. Our publication bias and sensitivity analyses lend
credence to our findings. Therefore, our study is crucial
in providing novel biomarkers for patients undergoing
ICI treatment.

The use of axial computed tomography (CT) software
for determining muscle mass and density has been widely
accepted as an objective and reproducible method for
diagnosing sarcopenia. At present, there are two CT-
based methods for quantifying skeletal muscle mass,
which include SMI and PMI [29]. A meta-analysis has
confirmed that sarcopenia is significantly associated with
a poor prognosis in oncology [30]. Earlier research stud-
ies have indicated that sarcopenia is a crucial predictor
of prognosis in individuals suffering from metastatic
renal cell carcinoma (mRCC) [31]. Additionally, research
studies have reported that PMI-based sarcopenia is also
an important prognostic factor in RCC patients with
nivolumab therapy [27]. Moreover, previous research has
suggested that sarcopenia may be useful in predicting
the response to PD-1 inhibitors [32]. For instance, Cor-
tellini et al. found that a decreased SMI was associated
with reduced survival in advanced cancer patients who
were treated with PD-1/PD-L1 checkpoint inhibitors,
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including those with melanoma, RCC, and lung cancer
[33]. Similarly, Takenaka covered that patients with sar-
copenia had poorer survival and response rates to ICIs
and that sarcopenia could predict the efficacy of various
types of tumors [29]. These findings are consistent with
our work. There is evidence that exercise and non-sar-
copenic status can boost tumor immunity, including the
production of natural killer cells [34]. Therefore, preserv-
ing skeletal muscle mass might enhance the effectiveness
of ICIs. As a result, therapeutic interventions such as
nutritional support, exercise, and medication may play a
crucial role in improving sarcopenia and maximizing the
benefits of ICIs.

Sarcopenia may affect the efficacy of ICIs in various
ways. Chronic tumor-related inflammation, which can
cause sarcopenia, may contribute to tumor cell immune
evasion by inducing T-cell exhaustion [35]. Recently,
skeletal muscle has been identified as an endocrine organ
that secretes cytokines known as myokines [36]. Oku-
mura et al. have suggested that decreased muscle mass
can result in reduced production of myokines, which
may negatively impact immunity [37]. Skeletal muscle
produces various myokines, including interleukin (IL)-
6, IL-8, and IL-15. It has been shown by Waldmann that
IL-15 can increase the proportion of circulating natural
killer cells and CD8" T cells [38]. Therefore, sarcopenia-
induced alterations in myokine levels could potentially
influence the effectiveness of ICI therapy, suggesting the
prognostic significance of sarcopenia in immune-based
interventions.

Furthermore, studies have shown that adipose tis-
sue in obese mice has fewer regulatory T cells (Tregs)
and effector T cells, along with an elevated CD8*/CD4*
ratio [39]. In lean mice, Tregs act as inhibitors of the
inflammatory process in adipose tissue. In contrast, the
number of Tregs is significantly reduced in the adipose
tissue of obese mice. Experimental evidence suggests
that overweight individuals with pre-existing malignan-
cies may exhibit increased susceptibility to checkpoint
inhibition due to a pro-inflammatory state. This state is
characterized by elevated Thl responses, macrophage
polarization towards the M1 pro-inflammatory pheno-
type, and a decreased Treg population in adipose tissue.
This indicates that the adipose tissue in overweight indi-
viduals creates an inflammatory microenvironment that
may influence the effectiveness of ICIs and impact the
immune response against malignancies [40]. However,
this hypothesis needs to be validated with more clinical
data and further experiments. Therefore, it is crucial to
consider the potential impact of body composition on ICI
efficacy in clinical practice. Further research is needed to
determine whether body composition could enhance the
therapeutic benefits of ICI immunotherapy and to eluci-
date the underlying mechanisms.
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This study has several strengths. Firstly, it employed a
meta-analysis approach that analyzed a significant num-
ber of patients. The inclusion of small-scale retrospective
studies enabled us to gather more reliable predictions on
the relationship between body composition and clinical
outcomes in UM patients undergoing ICI therapy. Sec-
ondly, the study utilized extensive criteria for body com-
position measurements, which allowed us to determine
the most suitable method for predicting ICI effectiveness.

However, the article also has some limitations. Firstly,
as a meta-analysis, this study depended on previously
published literature, which may have limited the avail-
ability of data for conducting subgroup analyses based on
various types and dosages of ICIs. Secondly, all the stud-
ies included in the analysis were retrospective in nature,
which may have inherent limitations such as selection
and reporting bias. Finally, most of the included stud-
ies were calculated based on univariate analysis, with-
out some potential confounding factors (such as exercise
status, other comorbidities, etc.), which may have some
influence on the results. Hence, further extensive pro-
spective studies are required to comprehensively inves-
tigate the correlation between body composition and
clinical outcomes in UM patients receiving ICI therapy.

Conclusions

The results of our meta-analysis indicate an effective
association between changes in body composition and
decreased clinical benefit in UM patients.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512885-024-12579-x.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4
Supplementary Material 5
Supplementary Material 6

Supplementary Material 7

Acknowledgements
The authors thank all the medical staff who contributed to the maintenance
of the medical record database.

Author contributions

MW, SQ, ZK, and WW conceived and designed the study. MW, SQ, QZ, KT,

ZL, ZK, and WW were responsible for the collection and assembly of data,
data analysis, and interpretation. MW and SQ were involved in writing the
manuscript. ZK and WW revised the manuscript.

Funding
This study was not supported by funds.


https://doi.org/10.1186/s12885-024-12579-x
https://doi.org/10.1186/s12885-024-12579-x

Ma et al. BMC Cancer (2024) 24:830

Data availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of General Surgery, Renmin Hospital of Wuhan University,
Wuhan, China

’Hubei Key Laboratory of Digestive System Disease, Wuhan, China
3Laboratory of General Surgery, Renmin Hospital of Wuhan University,
Wuhan, China

Received: 1 March 2024 / Accepted: 28 June 2024
Published online: 11 July 2024

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin
2021,71(3):209-49.

2. NiuX, Zhu Z, Bao J. Prognostic significance of pretreatment controlling
nutritional status score in urological cancers: a systematic review and meta-
analysis. Cancer Cell Int 2021;21(1):126.

3. Darvin P, Toor SM, Sasidharan Nair V, Elkord E. Immune checkpoint inhibitors:
recent progress and potential biomarkers. Exp Mol Med 2018;50(12):1-11.

4. Pierantoni F, Maruzzo M, Gardi M, Bezzon E, Gardiman MP, Porreca A, et al.
Immunotherapy and urothelial carcinoma: An overview and future prospec-
tives. Crit Rev Oncol Hematol 2019;143:46-55.

5. XuW, Atkins MB, McDermott DF. Checkpoint inhibitor immunotherapy in
kidney cancer. Nat Rev Urol 2020;17(3):137-50.

6. Jorgensen JT. Companion and complementary diagnostics: clinical and
regulatory perspectives. Trends Cancer 2016;2(12):706-12.

7. Zhou K], Peterson B, Serritella A, Thomas J, Reizine N, Moya S, et al. Spatial and
temporal heterogeneity of PD-L1 expression and tumor mutational burden
in gastroesophageal adenocarcinoma at baseline diagnosis and after chemo-
therapy. Clin Cancer Res 2020;26(24):6453-63.

8. WuY, XuJ,DuC WuY, Xia D, Lv W, et al. The predictive value of tumor
mutation burden on efficacyof immune checkpoint inhibitors in cancers: a
systematic review and meta-analysis. Front Oncol 2019;9:1161.

9. Fearon K, Strasser F, Anker SD, Bosaeus |, Bruera E, Fainsinger RL, et al. Defini-
tion and classification of cancer cachexia: an international consensus. Lancet
Oncol 2011;12(5):489-95.

10.  Pamoukdjian F, Bouillet T, Lévy V, Soussan M, Zelek L, Paillaud E. Prevalence
and predictive value of pre-therapeutic sarcopenia in cancer patients: a
systematic review. Clin Nutr 2018;37(4):1101-13.

11, Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB, Martin L, et al. Preva-
lence and clinical implications of sarcopenic obesity in patients with solid
tumours of the respiratory and gastrointestinal tracts: a population-based
study. Lancet Oncol 2008,9(7):629-35.

12. TakedaT, Sasaki T, Suzumori C, Mie T, Furukawa T, Yamada Y, et al. The impact
of cachexia and sarcopenia in elderly pancreatic cancer patients receiving
palliative chemotherapy. Int J Clin Oncol 2021;26(7):1293-1303.

13. Rutten IJ, van Dijk DP, Kruitwagen RF, Beets-Tan RG, Olde Damink SW, van
Gorp T. Loss of skeletal muscle during neoadjuvant chemotherapy is related
to decreased survival in ovarian cancer patients. J Cachexia Sarcopenia
Muscle 2016;7(4):458-66.

4. Kamitani N, Migita K, Matsumoto S, Wakatsuki K, Kunishige T, Nakade H,
et al. Association of skeletal muscle loss with the long-term outcomes of

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 10 of 11

esophageal cancer patients treated with neoadjuvant chemotherapy. Surg
Today 2019;49(12):1022-28.

Daly LE, EB NB, Power DG, Cushen SJ, James K, Ryan AM. Loss of skeletal
muscle during systemic chemotherapy is prognostic of poor survival in
patients with foregut cancer. J Cachexia Sarcopenia Muscle 2018;9(2):315-25.
Kobayashi A, Kaido T, Hamaguchi Y, Okumura S, Shirai H, Yao S, et al. Impact
of sarcopenic obesity on outcomes in patients undergoing hepatectomy for
hepatocellular carcinoma. Ann Surg 2019;269(5):924-31.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. Bmj 2021;372:n71.

Zhang L, Chen C, Chai D, Li C, Guan Y, Liu L, et al. The association between
antibiotic use and outcomes of HCC patients treated with immune check-
point inhibitors. Front Immunol 2022;13:956533.

AslanV, Kilic ACK, Stitciioglu O, Eraslan E, Bayrak A, Okstizoglu B, et al.
Cachexia index in predicting outcomes among patients receiving immune
checkpoint inhibitor treatment for metastatic renal cell carcinoma. Urol
Oncol 2022;40(11):494.e491-494.410.

Fukata S, Mizutani K, Yamamoto S, Kuno T, Fukuhara H, Ashida S, et al. Sar-
copenia and the rate of change of the neutrophil/lymphocyte ratio as predic-
tors of pembrolizumab efficacy in advanced urothelial carcinoma. Anticancer
Drugs 2022;33(5):459-66.

Fukushima H, Fukuda S, Moriyama S, Uehara S, Yasuda Y, Tanaka H, et al.
Impact of sarcopenia on the efficacy of pembrolizumab in patients with
advanced urothelial carcinoma: a preliminary report. Anticancer Drugs
2020,31(8):866-71.

Ged Y, Sanchez A, Patil S, Knezevic A, Stein E, Petruzella S, et al. Associations
between pretreatment body composition features and clinical outcomes
among patients with metastatic clear cell renal cell carcinoma treated with
immune checkpoint blockade. Clin Cancer Res 2022,28(23):5180-89.
Herrmann T, Mione C, Montoriol PF, Molnar |, Ginzac A, Durando X, et al.
Body mass index, sarcopenia, and their variations in predicting outcomes for
patients treated with nivolumab for metastatic renal cell carcinoma. Oncol-
ogy 2022;100(2):114-23.

Martini DJ, Olsen TA, Goyal S, Liu Y, Evans ST, Magod B, et al. Body composi-
tion variables as radiographic biomarkers of clinical outcomes in metastatic
renal cell carcinoma patients receiving Immune Checkpoint inhibitors. Front
Oncol 2021;11:707050.

Martini DJ, Shabto JM, Goyal S, Liu Y, Olsen TA, Evans ST, et al. Body composi-
tion as an independent predictive and prognostic biomarker in advanced
urothelial carcinoma patients treated with immune checkpoint inhibitors.
Oncologist 2021;26(12):1017-25.

Shimizu T, Miyake M, Hori S, Ichikawa K, Omori C, lemura Y, et al. Clinical
impact of sarcopenia and inflammatory/nutritional markers in patients with
unresectable metastatic urothelial carcinoma treated with pembrolizumab.
Diagnostics (Basel) 2020;10(5).

Ueki H, Hara T, Okamura Y, Bando Y, Terakawa T, Furukawa J, et al. Associa-
tion between sarcopenia based on psoas muscle index and the response to
nivolumab in metastatic renal cell carcinoma: a retrospective study. Investig
Clin Urol 2022,63(4):415-24.

Takei K, Kijima T, Okubo N, Kurashina R, Kokubun H, Uematsu T, et al. Associa-
tion between immune checkpoint inhibitor treatment outcomes and body
composition factors in metastatic renal cell carcinoma patients. Cancers
(Basel) 2023;15(23).

Takenaka Y, Oya R, Takemoto N, Inohara H. Predictive impact of sarcopenia in
solid cancers treated with immune checkpoint inhibitors: a meta-analysis. J
Cachexia Sarcopenia Muscle 2021;12(5):1122-35.

Shachar SS, Williams GR, Muss HB, Nishijima TF. Prognostic value of sarcope-
nia in adults with solid tumours: a meta-analysis and systematic review. Eur J
Cancer 2016;57:58-67.

Fukushima H, Nakanishi Y, Kataoka M, Tobisu K, Koga F. Prognostic signifi-
cance of Sarcopenia in patients with metastatic renal cell carcinoma. J Urol
2016;195(1):26-32.

Mishima S, Kawazoe A, Nakamura Y, Sasaki A, Kotani D, Kuboki Y, et al. Clinico-
pathological and molecular features of responders to nivolumab for patients
with advanced gastric cancer. J Immunother Cancer 2019;7(1):24.

Cortellini A, Bozzetti F, Palumbo P, Brocco D, Di Marino P, Tinari N, et al. Weigh-
ing the role of skeletal muscle mass and muscle density in cancer patients
receiving PD-1/PD-L1 checkpoint inhibitors: a multicenter real-life study. Sci
Rep 2020;10(1):1456.



Ma et al. BMC Cancer

34.

35.
36.

37.

38.

(2024) 24:830

Lutz CT, Quinn LS. Sarcopenia, obesity, and natural killer cell immune
senescence in aging: altered cytokine levels as a common mechanism. Aging
(Albany NY) 2012;4(8):535-46.

Wherry EJ. T cell exhaustion. Nat Immunol. 2011;12:492-9.

LiF, LiY, Duan, Hu CA, Tang Y, Yin Y. Myokines and adipokines: involvement
in the crosstalk between skeletal muscle and adipose tissue. Cytokine Growth
Factor Rev 2017,33:73-82.

Okumura S, Kaido T, Hamaguchi Y, Fujimoto Y, Kobayashi A, lida T, et al. Impact
of the preoperative quantity and quality of skeletal muscle on outcomes after
resection of extrahepatic biliary malignancies. Surgery 2016;159(3):821-33.
WaldmannTA, Dubois S, Miljkovic MD, Conlon KC. IL-15 in the combination
immunotherapy of cancer. Front Immunol 2020;11:868.

39.

40.

Page 11 of 11

Nishimura S, Manabe I, Nagasaki M, Eto K, Yamashita H, Ohsugi M, et al. CD8+
effector T cells contribute to macrophage recruitment and adipose tissue
inflammation in obesity. Nat Med 2009;15(8):914-20.

llan'Y, Maron R, Tukpah AM, Maioli TU, Murugaiyan G, Yang K, et al. Induction
of regulatory T cells decreases adipose inflammation and alleviates insulin
resistance in ob/ob mice. Proc Natl Acad Sci U S A 2010;107(21):9765-70.

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



	﻿Impact of baseline body composition on prognostic outcomes in urological malignancies treated with immunotherapy: a pooled analysis of 10 retrospective studies
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Literature search strategies
	﻿Eligibility criteria
	﻿Data extraction
	﻿Methodological quality assessment
	﻿Statistical methods

	﻿Results
	﻿Study retrieved and study characteristics
	﻿Association between SMI and the outcomes of UM patients with ICI therapy
	﻿Association between PMI and the outcomes of UM patients with ICI therapy
	﻿Association between sarcopenia and the outcomes of UM patients with ICI therapy
	﻿Association between VAI and the outcomes of UM patients with ICI therapy
	﻿Association between SAI and the outcomes of UM patients with ICI therapy
	﻿Association between IAI and the outcomes of UM patients with ICI therapy

	﻿Discussion
	﻿Conclusions
	﻿References


