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Abstract

Objectives: We aimed to evaluate the prognostic effect of low muscle mass (LMM), a marker of sarcopenia, in patients
with metastatic RCC (mRCC) receiving nivolumab.

Methods: We analyzed the data of 33 patients retrospectively. Total skeletal muscle index (SMI) and psoas muscle index
(PMI) were measured using computed tomography scans at lumbar vertebra level. Low SMI was detected by use of
population-specificcut-offs. Median PMI was calculated for men and women.

Results: The median patient age was 61 (range: 55-65); 75.8% was male. Considering total skeletal muscle index, LMM
was found in 10 (30.3%) patients. In the low SMI group, OS and PFS were significantly shorter compared to the normal
SMI group (OS, median 6.76 vs. 56.26 months; PFS, median 5.13 vs. 39.41 months, respectively). In the patients having
PMI lower than thesex-specific median PMI, OS and PFS were significantly shorter compared to the others (OS, 4.5 vs
61.82 months for male; OS 3.5 vs 64.83 months for female; PFS, 3.30 vs 53.65 months for male; PFS, 3 vs 49.91 months
for female). In multivariate analysis, the only factor related to OS was ECOG-PS and to PFS was Fuhrman grade.
Conclusion: In mRCC patients treated with nivolumab, those with low muscle mass had shorter OS and PFS. Future
prospective randomized studies with higher number of participants are required to clarify the potential association of
LMM with outcomes.
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idney cancer is a significant cause of cancer-related nase inhibitors (TKI), cytokine therapy, and immune check-
deaths worldwide.l" 70% of the patients have a local pointinhibitors (ICl)."!

disease at the time of diagnosis, and approximately 20%  The prognostic significance of markers such as Fuhrman
of them develop recurrence or metastatic disease.”” The  nuclear grade, ECOG (Eastern Cooperative Oncology
treatment options for metastatic renal cell carcinoma  Group) performance status, C-reactive protein (CRP),
(mRCQ) include cytoreductive nephrectomy, tyrosine ki- Glasgow prognostic score (GPS), neutrophil-lymphocyte
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ratio (NLR), platelet-to-lymphocyte ratio (PLR),and hemo-
globin, albumin, lymphocyte, and platelet (HALP) score has
been suggested in RCC.#*

Cachexia and weight loss due to cancer have adverse ef-
fects on survival and treatment response in patients.””
Sarcopenia can occur as a result of cancer cachexia.”®
Currently, sarcopenia is defined as a decrease in muscle
strength and/or functions accompanied by low muscle
mass.®'% Sarcopenia and/or components, i.e low muscle
strength and low muscle mass; has been associated with
prognosis in various solid tumors, including hepatocellular
carcinoma, gastroesophageal cancers, colorectal cancer,
and urothelial cancers.''" It was observed that RCC patients
suffered from high prevalence of sarcopenia, as, 39-47% in
localized RCC and 29-68% in metastatic RCC.'*™

Nivolumab, a programmed death 1 (PD-1) immune check-
point inhibitér (ICl) monoclonal antibody and is used to
treat many solid organ tumors, including metastatic RCC.
It also has a different efficacy and side effect profile than
standard cytotoxic treatments.'® In some patients, per-
sistent and long-lasting responses have been observed.
07 Clinical or pathological biomarkers that will predict the
efficacy of ICl and treatment resistance in metastatic RCC
patients have not been fully yet.

An association has been shown between increased inflam-
matory cytokine level and decreased muscle strength and
mass. With the increase of inflammatory cytokines, pro-
tein synthesis decreases and the catabolic process begins.
Proteins involved in the immune response are consumed
from the skeletal muscle pool."® In the chronic inflamma-
tion process, the increase of cytokines such as transforming
growth factor-f3, interleukin (IL) -6 and decrease in the level
of myokines such as IL-15 and IL-5 contribute to the devel-
opment of sarcopenia and the number of T-cells decreases
and the immune response becomes weaker; thus the ef-
fectiveness of ICls reduces.l*2!

There are a limited number of studies evaluating sarcopenia
and its components as a prognostic marker in metastatic RCC
patients.?>?! These studies include mRCC patients receiving
VEGF-targeted therapy.?*2 There is no study in the literature
evaluating the prognostic effect of sarcopenia and/or com-
ponents in mRCC patients receiving ICl. This study aimed to
evaluate the prognostic effect of muscle mass, a marker of sar-
copenia, in mMRCC patients specifically receiving nivolumab.

Methods

Study Population

We analyzed the patients treated with nivolumab with a di-
agnosis of mRCC between August 2013 and February 2021
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retrospectively. Patients’ information was collected from
medical records, including data on sex, age, Eastern Coop-
erative Oncology Group performance status score (ECOG-
PS), International metastatic RCC database consortium
(IMDC) prognostic score, laboratory test results including
complete blood count, pathological charactheristics, ne-
phrectomy history, metastatic sites and detailed informa-
tion on the history of previous treatments. Absolute counts
of lymphocyte, platelet,and neutrophil were analyzed be-
fore first nivolumab administration. As a marker of systemic
inflammation, the neutrophil-to-lymphocyte ratio (NLR)
was calculated, and platelet-to-lymphocyte ratio (PLR).

Treatment and Data Collection

Nivolumab was administered intravenously at a dose of 3
mg/kg every 2 weeks until progressive disease or unaccept-
able toxicity developed. Safety was assessed by evaluating
the incidence of immune-related adverse events (irAEs).

Treatment response was evaluated according to the re-
sponse evaluation criteria in solid tumors version 1.1 (RE-
CIST). PFS was defined as the time elapsed from the onset
of nivolumab to radiological progression, drug discontinu-
ation due to toxicity or death, and OS was defined as the
time elapsed from the onset of nivolumab to death. Dis-
ease control rate (DCR) and objective response rate (ORR)
were found by the best radiologic response after nivolum-
ab administration: DCR included complete response, par-
tial response, and stable disease; ORR included complete
and partial responses, respectively.

Assessment of Low Muscle Mass

All patients underwent CT (computed tomography) exami-
nation within 30 days before receiving nivolumab adminis-
tration. Total skeletal muscle area (SMA) and psoas muscle
area (PMA) were measured. The cross-sectional area of the
lumbar skeletal muscles at the third lumbar vertebra level
(including erector spinae; psoas; quadratus lumborum; bi-
lateral internal, external, and lateral obliques and the rec-
tus abdominis muscles) were identified for SMA and psoas
muscles for PMA. The measurements were performed with
1 to 5 mm slices.?*? The measurements were made auto-
matically using attenuation thresholds as —29 Hounsfield
units (HU) to +150 HU, which tissues were noticed as mus-
cle tissue via Fujifilm Synapse 3Dand Synapse Pacs Soft-
ware (Fujiflm Medical Systems, Tokyo, Japan). Henceforth,
if other areas rather than muscles were involved in the cal-
culation inaccurately, the measurements were corrected
manually by the radiologist trained in this field.

The total skeletal muscle index (SMI) was defined as fol-
lows: SMI (cm?/m?) = cross-sectional total skeletal muscle
area (cm?)/height (m?). Considering the various criteria cur-
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rently available for sarcopenia, we used the cut-off values
of 44.98 cm?*/m? for men and 36.05 cm?/m? for women.?”!
In the study of Ufuk et al. cut-off values for SMI and PMI
were determined in 270 healthy kidney donors in the Turk-
ish population. Our study was based on the cut-off values
of this study for those aged 20-60 years.””? According to
another study conducted for the Turkish population, low
muscle mass was not detected in our patients.”®!

The psoas muscle index (PMI) was defined as follows: PMI
(cm?/m?)= cross-sectional area (cm?)/height (m?). PMI-L3 cut-
off values 2.63 and 2.02 cm?/m? for males and females, respec-
tively.?”! Since there was no patient with low muscle mass ac-
cording to the PMI cut-off value in the patients, participants
were evaluated for median PMI separately by gender.

Statistical Analysis

Categorical variables were presented as percentages and
continuous variables were expressed as mean +/- standard
deviation (median and range). PFS and OS were presented
as median values with a two-sided 95% confidence inter-
val (Cl). Shapiro-Wilk test was used to test normality. The
baseline characteristics of patients with or without low-SMI
were compared using the Pearson chi-square or Fisher’s
exact test for categorical variables and the Student’s t-test
or Mann-Whitney U test for continuous variables. Overall
survival (OS) and progression-free survival (PFS) were es-
timated using the Kaplan-Meier method. The difference
in survival was calculated using the log-rank test. The Cox
proportional-hazards model was used when performing a
multivariable analysis (Enter method) including the factors
that showed statistical significance in univariable analysis.
We evaluated the multicollinearity after calculating a vari-
ance inflation factor of < 5 for factors included in the multi-
variable analysis. A p-value of <0.05 was considered statis-
tically significant. The clinical data were analyzed using IBM
SPSS version 23.0.

Results

Patient Characteristics

In our study, files of 80 patients diagnosed with mRCC were
scanned, and 40 of these patients were found to have re-
ceived nivolumab, but only 33 patients were radiologically
evaluated with CT, which were included in our study. The
median patient age was 61 (range: 55-65). Males consti-
tuted (75.8%) of the study population.Considering total
skeletal muscle index, low SMI was found in 10 (30.3%) pa-
tients of whom all were male. The characteristics of the par-
ticipants stratified by the presence of low skeletal muscle
index at lumbar 3 vertebra level including tumor-related
factors and baseline laboratory test results are outlined in

Table 1. All patients had been treated with tyrosine kinase
inhibitor (TKI) before nivolumab. Albumin, median PMI by
gender, and SMI values were statistically significantly lower
in the low-SMI group compared to the normal SMI group
(p<0.05) (Table 1).

Overall Survival

The median OS for all patients was 16 months (95% Cl,
0-39.84) (Fig. 1). The median OS was 6.76 months (95%
Cl, 3.47-10.05 months) in the low SMI group and 56.26
months (95% Cl, 40.76-71.76 months) in the normal SMI
group, which was statistically significantly shorter(log-rank
p=0.002) (Fig. 2).

The PMI median for male was found to be 7.5 cm?/m2. Medi-
an OS was 4.5 months (95% Cl, 0-13.05 months) in individu-
als with PMI <7.5 for male, median OS was 61.82 months
(95% CI 44.10-76.54 months) in individuals with PMI> 7.5
for male and was statistically significantly shorter (log-rank
p=0.012) (Fig. 3).

The PMI median for female was found to be 6.7 cm?/m2.
Median OS was 3.5 months (95% Cl, 1.12-5.88 months) in
individuals with PMI <6.7 for female, median OS was 64.83
months (95% Cl 50.24-79.41 months) in individuals with
PMI> 6.7 for male and was statistically significantly shorter
(log-rank p=0.001) (Fig. 3).
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Figure 1. Kaplan-Meier curves were used to estimate survival, and
log-rank tests were used for comparison.
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Figure 2. Kaplan-Meier curves were used to estimate survival, and
log-rank tests were used for comparison.



Table 1. Patient characteristics stratified by the presence of low skeletal muscle index at lumbar 3 vertebra level
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Low SMI (n, 10)

Normal SMI (n, 23)

Total (n, 33)

Age- mean [IQR]

Sex 62.5 [54-67]
Female n (%) 0(0)
Male 10 (100)
BMI 26 [25-26]
IMDC score n (%)

Favourable 0(0)
intermediate 7 (70)
Poor 3(30)
Male median PMI<7.5 9(90)
Female median PMI<6.7 0(0)
SMI 40.2 [39.6-42.9]
Nephrectomy n (%) 7 (70)
Histological type n (%)

Clear cell 8(80)

Papillary 1(10)

Chromophobe 1(10)
Fuhrman Grade n (%)

2 1(10)

3 7 (70)

4 2 (20)
Sarcomatoid differantiation 0(0)
Previous treatment

TKI 8(80)

IFN+TKI 2(20)
ECOG

0 (10)

1 (60)

2
Site of metastasis 3(30)

Brain 2 (20)

Lung 8 (80)

Liver 2(20)
Metastatic site number 2.5[2-3]
Albumin 27.5[26-35]
NLR 2.69[1.53.6]
PLR 0.01[00.01]
Line of nivolumab

2 5(50)

3 4 (40)

4 1(10)
Radiologic response of nivolumab

PR 4 (40)

SD 1(10)

PD 5(50)
Progression 9 (90)
Exitus 9(90)

61 [56-64]
8(34.8)
15 (65.2)

26 [23-29]

7(0.4)
12(52.2)
4(17.4)

3(20)

4 (50)

53.2[48.4-58.6]
18 (78.3)

0(0)
19 (82.6)

4(17.4)
3(13)
21(91.3)
5(21.7)
3[2-4]

36 [34-38]
2.48 [1.69-3.28]
0.01[00.01]

17 (73.9)
4(17.4)
2(8.7)

9(39.1)
6(26.1)
8(34.8)
11 (47.8)
7 (30.4)

61 [55-65]
8(24.2)
25(75.8)

26 [25-27]

7(21.2)
19 (57.6)
7(21,2)
12 (48)
4 (50)
49.8 [41.6-54.5]
25(75.8)

29 (87.9)
3(9.1)
1(3)

6(18.8)
16 (50)
10(31.3)
4(12.1)

28 (84.8)
5(15.2)

1(3)
25(75.8)

7(21.2)
5(15.2)

29 (87.9)
7(1.2)
3[2-3]

35[31-38]

2.48 [1.69-3.44]
0.01[00.01]

22 (66.7)
8(24.2)
3(9.1)

13(394)
7(21.2)
13 (39.4)
20 (60.6)
16 (48.5)

0.527
0.032

0.393

0.139

0.001

0.001
0.611

0.299

0.309

0.159

0.609

0.193

0.609
0.391
0.911
0.550
0.003
0.751
0.089

0.353

0.532

0.023
0.002

Quantitative variables, M [IQR], M median, IQR:Q1 Q3, qualitative variables n(%) withpresented; BMI: Body massindex, IMDC: International metastatic RCC
data base consortium, PMI: Psoas muscle index, SMI: Total skeletal muscle index, IFN: Interferon, TKI: Tyrosine kinase inhibitor, ECOG-PS: Eastern Cooperative
Oncology Group-Performance score, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, RECIST: Response evaluation criteria in solid

tumors version, PR: Partial response, SD: Stable disease, PD: Progressivedisease.

Clinical parameters thought to affect overall survival were
analyzed with in the univariate-multivariate analysis and
the results were presented in Table 2. In the univariate anal-
ysis, It were observed that SMI, ECOG, IMDC, PLR, median

PMI by gender, parameters had a statistically significant
relationship with OS (p<0.05). In the multivariate analy-
sis, ECOG-PS significant association of variables on OS was

found (p<0.05) (Table 2).
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Figure 3. Kaplan-Meier curves were used to estimate survival, and

log-rank tests were used for comparison.

Progression-Free Survival

The median PFS for all patients was 6 months (95% Cl, 0-16.72)
(Fig. 1).Median PFSwas 5.13 months (95% Cl 2.46-7.80 months)
in the low SMI group and 39.41 months (95% Cl, 23.32-55.51
months) in the group with normal SMI, and this was statisti-
cally significantly shorter (log-rank p=0.009) (Fig. 2).

Median PFS was 3.3 months (95% Cl, 1.91-4.69 months) in
individuals with PMI <7.5 for male, median PFS was 53.65
months (95% Cl 36.43-70.88 months) in individuals with
PMI> 7.5 for male and was statistically significantly shorter
(log-rank p=0.002) (Fig. 3).

The PMI median for female was found to be 6.7 cm?/m>.
Median PFS was 3 months (95% Cl, 1.19-4.82 months) in
individuals with PMI <6.7 for female, median PFS was 49.91
months (95% Cl 34.15-65.67 months) in individuals with
PMI> 6.7 for male and was statistically significantly shorter
(log-rank p=0.001) (Fig. 3).

Table 2. Univariate and multivariate analyses for prognostic factors on overall survival

Univariate Multivariate
Variable Hazard ratio (95%ClI) P Hazard ratio (95%ClI) P
Age (=60 years old) 1.29 (0.46-3.65) 0.631
Male 2.50(0.56-11.14) 0.230
BMI 0.89 (0.76-1.05) 0.462
Low SMI 4.52(1.58-12.94) 0.005 1.88 (0.52-6.80) 0.335
ECOG-PS 3.46 (1.08-11.10) 0.037 3.45(1.10-10.85) 0.034
Histological type n(%)
(ref: clear cell) 0433
Papillary 0.27 (0.03-2.18) 0.218
Chromophobe 0.40 (0.04-4.64) 0.464
Stage at diagnosis (%) (ref:1) 0.250
2 2.37 (0.25-22.95) 0.456
3 1.36(0.12-15.27) 0.803
4 4.60(0.57-37.32) 0.153
Fuhrman Grade (ref:2) 0.166
3 3.39(0.42-27.19) 0.251
4 6.65 (0.79-56.05) 0.082
Sarcomatoid differantiation 1.48 (0.33-6.57) 0.610
Nephrectomy 0.53(0.16-1.74) 0.294
IMDC score (ref: favourable) 0.045 0.650
Intermediate 0.12 (0.0-0.998) 0.048 2.06 (0.21-20.18) 0.534
Poor 0.24 (0.17-1.55) 0.236 3.10(0.25-37.96) 0.377
Site of metastasis (multiple) 4.65 (0.59-36.40) 0.144
Previous treatment (IFN+TKI) 0.69 (0.15-3.06) 0.622
Line of nivolumab (ref:2) 0.780
3 1.71(0.22-13.55) 0.612
4 2.12(0.25-18.16) 0.494
SMI 0.94 (0.88-1.01) 0.065
Male median PMI(<7.5 vs>7.5) 4.36(1.22-5.57) 0.023 0 (0-460000,00) 0.927
Female median PMI(<6.7 vs >6.7) 7.36 (2.06-26.26) 0.002 36155.15 (0-626000.00) 0.907
NLR 1.21(0.95-1.53) 0.122
PLR 1.01(1.01-1.02) 0.013 0 (0-8830000.00) 0.415

BMI: Body mass index, SMI: Total skeletal muscle index, ECOG-PS: Eastern Cooperative Oncology Group-Performance score, IMDC: International metastatic
RCC data base consortium, IFN: Interferon, TKI: Tyrosine kinase inhibitor, PMI: Psoas muscle index, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-

lymphocyte ratio.



Clinical parameters thought to affect progression-free sur-
vival were analyzed with in the univariate-multivariate anal-
ysis and the results are presented in Table 3. A statistically
significant relationship was found between SMI, Fuhrman
grade, IMDC, median PMI by gender, and PFS (p<0.05). In
the multivariate analysis, higher Furhman grade was found
to be associated with shorter PFS (p<0.05) (Table 3).

Tumor Response

When treatment responses were evaluated according to
RECIST criteria in the group with low SMI, 4 out of 10 pa-
tients had a partial response (PR), one patient had stable
disease (SD), five patients had progressive disease (PD),
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and ORR was 40%. During the follow-up period, 9 of the pa-
tients in this group died due to disease progression. In the
normal-SMI group, 9 (39%) of 23 patients had PR, 6 (26%)
had SD, 8 (34%) had PD, and ORR was 39%. In this group,
progression developed in 11 (47%) patients during follow-
up, and 7 (30%) patients died due to progression. In the
follow-up of the patients, progression and death rates due
to progression were found to be significantly higher in the
low-SMI group (p<0.05) (Table 1).

Toxicity
During nivolumab treatment, grade 2 hypothyroidism de-
veloped in two patients, elevated grade 1 transaminases

Table 3. Univariate and multivariate analyses for prognostic factors on progression-free survival

Univariate Multivariate
Variable Hazard ratio (95%Cl) P Hazard ratio (95%Cl) P
Age (=60 yearsold) 1.01(0.41-2.51) 0.978
Male 1.05 (0.38-2.93) 0.924
BMI 0,89 (0.77-1.02) 0.096
Low SMI 3.19(1.24-8.24) 0.016 1.64 (0.58-4.65) 0.353
ECOG-PS (ref:0) 2.66 (0.98-7.20) 0.055
Histological type
(ref: clear cell) 0.369
Papillary 1.79 (0.52-6.19) 0.361
Chromophobe 3.41(0.43-27.15) 0.247
Stage of diagnosis (%) (ref:1) 0.218
2 2.99(0.31-29.32) 0.347
3 2.78 (0.30-25.49) 0.366
4 6.10 (0.76-48.97) 0.089
Fuhrman Grade (ref:2) 0.045 0.017
3 4.54 (0.58-35.60) 0.150 2.46 (0.22-27.04) 0.463
4 8.72 (1.08-70.41) 0.042 12.18 (1.17-126.74)0.036
Sarcomatoid differantiation 1.15 (0.26-5.01) 0.852
Nephrectomy 0.43 (0.16-1.18) 0.103
IMDC (ref: favourable) 0.049 0.452
Intermediate 5.83 (0.75-45.20) 0.091 3.92(0.41-38.02) 0.238
Poor 12.18 (1.44-102.93) 0.022 4.82 (0.40-57.73) 0.214
Site of metastasis (multiple) 2.36 (0.53-10.47) 0.259
Previous treatment (IFN+TKI) 0.60 (0.14-2.58) 0.488
Line of nivolumab (ref:2) 0.680
3 0.96 (0.34-2.69) 0.933
4 0.40 (0.05-3.08) 0.380
SMI 0.95 (0.90-1.01) 0.092
Male median PMI (<7.5 vs>7.5) 4.83(1.58-14.74) 0.006 1.90 (0.15-24.14) 0.619
Female median PMI (<6.7 vs >6.7) 4.54 (1.71-12.09) 0.002 2.45 (0.38-15.66) 0.343
NLR 1.10(0.87-1.39) 0.428
PLR 1.01 (0.99-1.01) 0.068

BMI: Body mass index, SMI: Total skeletal muscle index, ECOG-PS: Eastern Cooperative Oncology Group-Performance score, IMDC: International metastatic
RCC data base consortium, IFN: Interferon, TKI: Tyrosine kinase inhibitor, PMI: Psoas muscle index, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-

lymphocyte ratio.
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in three patients, grade 2 lichen planus in one patient,
and hypophysitis in one patient. Treatment was continued
with hormone replacement in patients who developed
hypothyroidism and hypophysitis. Elevated grade 1 trans-
aminase devoleped in one patient in the low SMI group,
and other advers events were observed in the normal SMI
group. There were no patients who discontinued the drug
due to side effects or underwent dose modifications.

Discussion

In this study, we found that in mRCC patients treated with
nivolumab, those with low SMI had shorter OS and PFS
than their normal counterparts.Male and females with low
median PMI also found significantly shorter OS and PFS.
Two studies suggested cut-off values for PMI and SMI at
the L3 vertebra level in the Turkish population with minor
differences in between.ldeally, the cutoff values in these
two studies are used. Low muscle mass (LMM) was not de-
tected in our study compared to the lower cut-off values
in the study of Bahat et al. Therefore, we determined our
study cut-offs according to the Ufuk et al study, although
the number of patients was lower.?-28

Many prognostic markers have been identified for RCC,
including systemic inflammatory indices.A meta-analysis
observed that NLR, PLR, and CRP, known as systemic in-
flammatory markers, significantly affected OS and PFS in
metastatic RCC patients receiving TKL¥ In phase 1 clinical
study, shorter survival was found in patients with sarco-
penia and high systemic inflammatory indices such as PLR
and NLR in cancer patients treated with ICL.2? In our study,
a significantly shorter OS was found in patients with high
PLR, but no significant relationship was shown between
NLR and survival.

Serum albumin is a marker that is synthesized in the liver,
shows the protein level in the blood and is used in the as-
sessment of nutritional status, and is also a negative acute
phase reactant. The relationship between hypoalbumin-
emia and poor survival outcomes has been investigated
for many types of cancer in the literature. The relationship
between albumin and RCC prognosis in previous studies
may be low albumin as an indirect indicator of sarcopenia.
221 1n our study, we found significantly lower albumin levels
in the low-SMI group.

Sarcopenia has been reported as a condition associated
with an increased catabolic process, fatigue, inadequate
treatment response, and short survival time.% The muscles
in our skeletal system act as a secretory organ that can se-
crete some cytokines such as interleukin-6 (IL-6), IL-8, and
peptide structures such as leukemia inhibitory factor.®
These cytokines contribute to the development of sarco-

penia, and when sarcopenia develops, protein synthesis
decreases, and the catabolic process begins, systemic in-
flammation increases and ATP synthesis decreases by acti-
vating oxidative pathways. After a decrease in systemic im-
mune response occurs, treatment response and tolerance
are also affected.B? In patients with sarcopenia, a decrease
in treatment response, an increase in toxicity and postop-
erative complications, and a related shortening in survival
have been reported.®® In the presence of sarcopenia in
melanoma patients treated with ICl, drug-related toxicity
was found to be higher.*4

In RCC patients; it is known that IMDC prognostic scoring
system, Furhman nuclear grade system, and ECOG-PS are
important prognostic factors for survival.*>*¢ Furhman nu-
clear grade was also higher in RCC patients with sarcopenia.
12 n our study, some differences were observed between
groups due to low muscle mass. Significantly, in patients
with low SMI group compared to normal SMI group; ECOG-
PS was worse, albumin was lower, IMDC prognostic score
was higher, and Furhman nuclear grade was also higher.

Sarcopenia may be an important prognostic marker in
patients receiving ICl.Studies with preclinical tumor mod-
els have shown suppression of the immune system due
to cachexia and tumor induction, which may explain the
decrease in immunotherapy treatment efficacy in patients
with cachexia.®”! Studies with some solid tumors such as
malignant melanoma and lung cancer have shown shorter
survival times in patients treated with ICl due to sarcopenia
and increased inflammation.®3% In the study of Kim et al.
sarcopenic patients among HCC patients who treated with
Nivolumab were evaluated according to SMI, and shorter
OS was observed in these patients.* In another study,
shorter OS and PFS were observed in the group defined as
sarcopenic according to SMlin 142 patients with NSCL who
received ICL#" In another study on NSCL, both OS and PFS
were significantly shorter in the group with psoas muscle
mass loss in patients who received Nivolumab.*?

Different results have been observed in studies on the
prognostic significance of sarcopenia in RCC patients.!'>1422
In some studies, shorter OS was found in patients with low
SMI, while some studies did not find a significant effect on
0S.131443441 |n 3@ meta-analysis, no significant difference was
found between RCC patients with and without sarcopenia
in PFS.™! In another study, shorter PFS was found in RCC
patients with sarcopenia.?” This may be related to the dif-
ferences in the patient populations in the studies and the
different methods used for the sarcopenia marker.In ad-
dition, in previous studies, patients had received TKI and
IFN therapy for mRCC treatment but in our study, patients
who received nivolumab were evaluated. Previous studies



investigating the relationship between mRCC and sarcope-
nia included patients using TKI and IFN, but in our study,
mMRCC patients receiving nivolumab were evaluated.???3 |n
our study, significantly shorter OS and PFS were found in
the low SMI group.

Our study has some limitations and strengths. To our
knowledge, our study is the first to show the relationship
between low muscle mass, a marker of sarcopenia, and sur-
vival in mRCC patients receiving nivolumab. In our study; a
retrospective analysis method with potential bias was used
in patient selection andpatients from only one center were
evaluated,and the number of patients was limited com-
pared to previous studies.l>4

In conclusion, sarcopenia may be a prognostic marker in
mRCC patients treated with nivolumab, but future prospec-
tive randomized studies with higher number of participants
are required to clarify the potential association of low muscle
mass with survival in RCC patients receiving nivolumab.
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