
1Scientific Reports |         (2020) 10:1456  | https://doi.org/10.1038/s41598-020-58498-2

www.nature.com/scientificreports

Weighing the role of skeletal 
muscle mass and muscle density 
in cancer patients receiving PD-1/
PD-L1 checkpoint inhibitors: a 
multicenter real-life study
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Pietro Di Marino5, Nicola Tinari6, Michele De Tursi6, Veronica Agostinelli1,2, Leonardo Patruno1,2, 
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Katia Cannita1, Carlo Masciocchi2,4, Antonio Barile2,4, Jennifer Leigh McQuade9, 
Corrado Ficorella1,2 & Giampiero Porzio1,2

Sarcopenia represents one of the hallmarks of all chronic diseases, including cancer, and was already 
investigated as a prognostic marker in the pre-immunotherapy era. Sarcopenia can be evaluated using 
cross-sectional image analysis of CT-scans, at the level of the third lumbar vertebra (L3), to estimate the 
skeletal muscle index (SMI), a surrogate of skeletal muscle mass, and to evaluate the skeletal muscle 
density (SMD). We performed a retrospective analysis of consecutive advanced cancer patient treated 
with PD-1/PD-L1 checkpoint inhibitors. Baseline SMI and SMD were evaluated and optimal cut-offs 
for survival, according to sex and BMI (+/−25) were computed. The evaluated clinical outcomes were: 
objective response rate (ORR), immune-related adverse events (irAEs), progression free survival (PFS) 
and overall survival (OS). From April 2015 to April 2019, 100 consecutive advanced cancer patients were 
evaluated. 50 (50%) patients had a baseline low SMI, while 51 (51%) had a baseline low SMD according 
to the established cut offs. We found a significant association between SMI and ECOG-PS (p = 0.0324), 
while no correlations were found regarding SMD and baseline clinical factors. The median follow-up 
was 20.3 months. Patients with low SMI had a significantly shorter PFS (HR = 1.66 [95% CI: 1.05–2.61]; 
p = 0.0291) at univariate analysis, but not at the multivariate analysis. They also had a significantly 
shorter OS (HR = 2.19 [95% CI: 1.31–3.64]; p = 0.0026). The multivariate analysis confirmed baseline 
SMI as an independent predictor for OS (HR = 2.19 [1.31–3.67]; p = 0.0027). We did not find significant 
relationships between baseline SMD and clinical outcomes, nor between ORR, irAEs and baseline SMI 
(data not shown). Low SMI is associated with shortened survival in advanced cancer patients treated 
with PD1/PDL1 checkpoint inhibitors. However, the lack of an association between SMI and clinical 
response suggests that sarcopenia may be generally prognostic in this setting rather than specifically 
predictive of response to immunotherapy.

Sarcopenia is the condition of loss of muscle mass, with decreased muscle power, and it is one of the hallmarks 
of cancer, which negatively affects the most of clinical outcomes such as toxicities and survival1. The interactions 
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between malnutrition, cachexia and inflammation have been widely investigated and are still matter of debate2. 
In cancer patients, the skeletal muscle index (SMI) is widely used as surrogate of the body muscle mass (and sar-
copenia), and is often evaluated through cross‐sectional image analysis from CT (computed tomography) scans1. 
The SMI, together with the skeletal muscle radiodensity (SMD), which is used to quantify muscle degradation and 
myosteatosis, have already revealed to be prognostic and predictive parameters in cancer patients1,3.

Considering that a negative influence of body composition alterations and sarcopenia on declining immunity 
has already been assumed4, it is becoming clearer that after the advent of immune checkpoint inhibitors (ICIs), 
the body composition evaluation could regain importance. For example, skeletal muscle cells might modulate 
immune response in health and disease (autoimmune diseases particularly)5, interacting with immune cells like 
non-professional antigen presenting cells (APCs), and expressing major histocompatibility complexes I and II5. It 
is been already reported that sarcopenic melanoma patients are more likely to experience immune related adverse 
events (irAEs)6,7. Recently, skeletal muscle mass has been included in prognostic score, which independently 
predicts survival in patients treated with anti PD-1/PD-L1 (programmed deadth-1/programmed death-ligand 1) 
agents8. In a preliminary report, we found that sarcopenic non-small cell lung cancer (NSCLC) patients receiving 
nivolumab had shorter progression free survival (PFS) and overall survival (OS)9. Moreover, other two retrospec-
tive studies found a significant association between sarcopenia, shorter PFS and worse objective response rate 
(ORR)10,11.

Here we present the results of a multicenter retrospective study of advanced cancer patients treated with PD-1/
PD-L1 checkpoint inhibitors with a baseline evaluation of SMI and SMD.

Materials and Methods
Anthropometric measurements and image analysis.  Patients were eligible if they had confirmed 
diagnosis of measurable advanced cancer, with available imaging assessment (CT or Positron Emission 
Tomography-Computed Tomography), performed before starting the immunotherapy (no more than three 
months earlier). Muscle mass was measured within CT images. Axial images of abdomen were analyzed in a 
workstation using OSIRIX-Lite software V5.0 (Pixmeo, Sarl, Switzerland) by a trained observer (PP), blinded to 
patient outcomes who reviewed all images. CT scan included acquisition from the lower chest areas to the pelvic 
floor. Slice thickness 3 mm/spacing 0.3 mm images were preferred to volumetric images (0,5 mm/0 mm) due to 
the intrinsic post-processing software limitations. In order to avoid the post-contrast muscle enhancement, which 
significantly increase after contrast media injection (arterial or early portal-venous phases)12, basal, or arterial 
phases at most, were used.

The third lumbar vertebra (L3), with both transverse processes visible, was chosen as the standard landmark. 
Skeletal muscle was quantified based on Hounsfield Unit (HU) thresholds (−29 to +150), than the SMI (cm2/m2) 
was computed dividing the total cross-sectional skeletal muscle area (TMA - cm2) at the level of L3, by squared 
height, because the TMA is linearly related to whole body muscle mass. The TMA was computed for each patient 
with semi-automated specific tissue demarcation of the muscles in the L3 region (psoas, paraspinal, and abdomi-
nal wall muscles, excluding visceral organs). If other structures apart those constituting TMA were automatically 
marked, they were eliminated by manual corrections. SMD was assessed as the mean radiodensity (HU) of the 
entire cross sectional muscle area at L3.

Given to the emerging association between BMI, patients sex and clinical outcomes of cancer patients receiv-
ing immunotherapy13,14, we did not used the already available sex-specific, BMI-incorporated, cut offs values for 
SMI and muscle attenuation15, which were established before the advent of immune checkpoint inhibitors. On the 
other hand, several correlations between sex16, BMI3,17 and skeletal muscle are already known. Moreover, SMI and 
BMI are inevitably related, because they are both computed with the squared height as denominator. Therefore, 
we computed new cut offs in the study population, according to the following subgroups: overweight (BMI > 25) 
males, non-overweight (BMI ≤ 25) males, overweight females, and non-overweight females. We then categorized 
patients in low SMI (which stands for sarcopenic) and non-low SMI, and low SMD and non-low SMD.

Study design.  This is a retrospective, multicenter, observational analysis of advanced cancer patients treated 
with anti-PD-1/PD-L1 agents in clinical practice, regardless of treatment line. Patients were treated according to 
the tumor type indication with pembrolizumab, nivolumab or atezolizumab and others PD-1/PD-L1 agents with 
standard doses and schedules. The aim of this study was to evaluate the correlations between baseline SMI and 
SMD and the following clinical outcomes: ORR, irAEs of any grade, PFS and OS. ORR was defined as the portion 
of patients experiencing an objective response (complete response, CR, or partial response, PR) as best response, 
measured by RECIST 1.118. PFS was defined as the time elapsed between treatment initiation and disease pro-
gression or death from any cause; OS as the length of time between the beginning of treatment and death from 
any cause. Median PFS and median OS were evaluated using the Kaplan-Meier method, which was used also to 
estimate the time of treatment duration among subgroups. Median period of follow-up was calculated according 
to the reverse Kaplan-Meier method. Immune-related AEs were defined as those AEs having an immunological 
basis. They were graded according to the National Cancer Institute Common Toxicity Criteria for Adverse Events 
(CTCAE; version 4.0) and cumulatively reported as crude incidence. Chi-square was used to correlate ORR and 
the incidences of irAEs with baseline SMI and SMD. To find the optimal cut offs, Cox proportional hazard regres-
sion was used to compute the predicted probabilities for OS of both SMI and SMD (used as continuous variables) 
in the above mentioned pre-specified subgroups. Than the ROC curve with the area under the curve (AUC) for 
each variable were calculated, and the optimal cut offs for survival were determined using Youden’s J statistic.

The following clinical factors were evaluated: BMI (obese, overweight, normal weight, underweight), primary 
tumor (NSCLC, melanoma, kidney and others), age (<70 vs ≥70 years old)19–22, sex (male vs female), Eastern 
Cooperative Oncology Group Performance Status (ECOG-PS) (0–1 vs ≥2), burden of disease (number of meta-
static sites ≤2 vs >2) and treatment line (first vs non-first). In order to properly weighing the impact on clinical 
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outcomes and to find appropriate covariates, the correlations between SMI and SMD (according the study cut 
offs) and baseline clinical factors (primary tumor, age, ECOG-PS, burden of disease and treatment line) were 
evaluated with the chi-square test. Cox regression was used for univariate and multivariate analysis of PFS and 
OS. Sex, BMI and baseline clinical factors which were related to SMI and SMD were not used in the multivariate 
analyses23. In order to further evaluate the possible different role of body composition alterations in different 
tumor types, we performed the univariate efficacy analysis in NSCLC and melanoma patients cohorts separately. 
Data cut-off period was June 2019. All statistical analyses were performed using MedCalc Statistical Software 
version 19.0.4 (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc.org; 2019).

Ethics approval and consent to participate.  All patients provided written, informed consent to treat-
ment with immunotherapy. All patients alive at the time of data collection provided an informed consent for the 
present retrospective analysis. The procedures followed were in accordance with the precepts of Good Clinical 
Practice, and the declaration of Helsinki. Being a retrospective update of data previously collected, approval by 
institutional review boards was not required, although a notification was sent (normative ref. Gazzetta Ufficiale 
della Repubblica Italiana n. 76 of 31–3–2008) to the local responsible committee on human experimentation 
(University of L’Aquila, Internal Review Board protocol number 32865, approved on July 24th, 2018).

Results
Patients’ features.  From April 2015 to April 2019, 100 consecutive advanced cancer patients, receiving 
anti-PD-1/PD-L1 checkpoint inhibitors at the oncology departments of St Salvatore Hospital in L’Aquila and SS 
Annunziata Hospital in Chieti, were eligible for the imaging analysis.

Patients’ characteristics are summarized in Table 1. 50 (50%) patients had a baseline low SMI based on optimal 
cut-offs, while 51 (51%) had a baseline low SMD according to previously established cut offs. We found a signifi-
cant association between SMI and ECOG-PS (p = 0.0324), while no correlations were found regarding SMD and 
baseline clinical factors. The computed optimal cut offs for survival are listed in Table 2.

Clinical outcomes analysis (overall study population).  In the study population ORR was 23.2% (95% 
CI: 14.5–35.1; 22 PR out of 95 evaluable patients). Table 3 summarized the subgroup analysis of ORR. At the data 
cut-off 21 patients were still on treatment. Median time of treatment duration in the overall study population was 
3.4 months (95% CI: 2.9–5), while in low and non-low SMI subgroups was 3.1 months (95% CI: 2.8–4.1) and 3.7 
months (95% CI: 2.8–10.4), respectively. Among low ad non low-SMD subgroups the time of treatment duration 
was 3.6 months (95% CI: 2.8–6.1) and 3.2 months (95% CI: 2.8–5.7), respectively. The median follow-up was 20.3 
months; in the study population median PFS and median OS were 3.7 months (95% CI: 3.1–7.1; 77 events) and 
10.4 months (95% CI: 5.6–12.9; 34 censored patients). Median PFS and median OS of patients with low SMI were 
3.3 months (95% CI: 2.8–5; 44 events) and 4.7 months (95% CI: 4.1–6.6; 9 censored) respectively (Fig. 1). Median 
PFS and OS of patients with non-low SMI were 7.5 months (95% CI: 2.9–10.9; 33 events) and 15.6 months (95% 
CI: 12–21.9; 25 censored), respectively (Fig. 1). Median PFS and OS of patients with low SMD were 3.7 months 
(95% CI: 2.8–8.1; 41 events) and 11.2 months (95% CI: 4.7–12.9; 14 censored) respectively (Fig. 2). Median PFS 
and OS of patients with non-low SMD were 3.5 months (95% CI: 2.9–7.5; 36 events) and 10.4 months (95% CI: 
4.7–35.3; 20 censored), respectively (Fig. 2).

Table 4 summarized univariate and multivariate analyses of PFS. Patients with low SMI had a significantly 
shorter PFS (HR = 1.66 [95% CI: 1.05–2.61]; p = 0.0291) at univariate analysis, but not at the multivariate analy-
sis; baseline SMD was not related to PFS. Table 5 summarized univariate and multivariate analyses of OS. Patients 
with low SMI had a significantly shorter OS at univariate analysis (HR = 2.19 [95% CI: 1.31–3.64]; p = 0.0026); 
the multivariate analysis confirmed baseline SMI as an independent predictor for OS (HR = 2.19 [1.31–3.67]; 
p = 0.0027). Baseline SMD was not significantly related to OS.

Twenty-five (25%) patients experienced irAEs of any grade in the overall population. Among patients with 
low and non-low SMI, 11 (22%) and 14 (28%) experienced irAEs of any grade, respectively (p = 0.4906). Among 
patients with low and non-low SMD, 10 (19.6%) and 15 (30.6%) experienced irAEs of any grade, respectively 
(p = 0.2062).

Efficacy analysis of NSCLC and melanoma patients cohorts.  No significant differences were 
observed regarding ORR according to the SMI nor regarding ORR, PFS and OS according to the SMD, in both 
the NSCLC and melanoma cohorts (data not reported).

Median PFS and median OS among melanoma patients were 5.4 months (95% CI: 3.4–8; 19 events) and 8.1 
months (95% CI: 4.7–12.9; 9 censored), respectively. Median PFS of patients with low SMI and non-low SMI was 
3.6 months (95% CI: 2.5–5.4; 11 events) and 8.0 months (95% CI: 2.5–12.9; 8 events), respectively. The difference 
was not statistically significant (HR = 2.5 [95% CI: 0.95–6.36], p = 0.0626). Median OS of patients with low SMI 
and non-low SMI was 4.7 months (95% CI: 3.5–12; 2 censored) and 13.8 months (95% CI: 5.6–13.8; 7 censored), 
respectively. The difference was statistically significant (HR = 3.11 [95% CI: 1.16–8.33], p = 0.0237).

Median PFS and median OS among NSCLC patients were 3.0 months (95% CI: 2.8–6.6; 36 events) and 11.2 
months (95CI: 4.7–19.7; 14 censored), respectively. Median PFS of low and non-low SMI patients was 3.0 months 
(95% CI: 1.8–5.1; 20 events) and 3.9 months (95% CI: 2.5–11.9; 16 events), respectively. The difference was not 
statistically significant (HR = 1.55 [95% CI; 0.79–3.02], p = 0.1930). Median OS of low and non-low SMI patients 
was 4.7 months (95% CI: 1.8–11.5; 3 censored) and 15.6 months (95% CI: 7.7–21.9; 11 censored), respectively. 
The difference was not statistically significant (HR = 1.81 [95% CI: 0.87–3.76], p = 0.1098).
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Discussion
In our population, patients with low SMI had a significantly shorter PFS only at the univariate analysis, while 
had a significantly shorter OS at both univariate and multivariate analyses. On the other hand we did not find 
significant relationships between ORR, irAEs and baseline SMI, nor between baseline SMD and any of the meas-
ured clinical outcomes. The absence of significant correlation with ORR suggests that sarcopenia does not have 
a predictive value to immunotherapy, while has prognostic role overall, which persists even during PD-1/PD-L1 
inhibitors.

Patients - n° (%)

Overall Low SMI NON-Low SMI

p-value

Low SMD NON-Low SMD

p-value100 50 50 51 49

Age, years

  Range 25–88 27–88 36–86
—

40–86 27–88
—

  Median 66 71 70 71 70

Sex

  Male 67 (67) 31 (62) 36 (72)
—

40 (78.4) 27 (55.1)
—

  Female 33 (33) 19 (38) 14 (28) 11 (21.6) 22 (44.9)

Age (<70 ≥)

  Non Elderly 43 (43) 19 (38) 24 (48)
0.315

21 (41.2) 22 (44.9)
0.7085

  Elderly 57 (57) 31 (62) 26 (53) 30 (58.8) 27 (55.1)

ECOG PS

  0–1 59 (59) 22 (44) 37 (74)
0.0324

28 (54.9) 31 (63.3)
0.3977

  ≥2 41 (41) 28 (56) 13 (26) 23 (45.1) 18 (36.7)

Primary tumor

  NSCLC 46 (46) 22 (44) 24 (48)

0.5471

27 (52.9) 19 (38.8)

0.5549
  Melanoma 27 (27) 13 (26) 14 (28) 12 (23.5) 15 (30.6)

  Renal Cell Carcinoma 15 (46) 10 (20) 5 (10) 7 (13.7) 8 (16.3)

  Others 12 (12) 5 (10) 7 (14) 5 (9.8) 7 (14.3)

No. of metastatic sites

  ≤2 55 (55) 26 (52) 29 (58)
0.5485

27 (52.9) 28 (57.1)
0.6744

  >2 45 (45) 24 (48) 21 (42) 24 (47.1) 21 (42.9)

Treatment Line

  First 30 (30) 12 (24) 18 (36)
0.1927

14 (27.5) 16 (32.7)
0.5723

  Non-first 70 (70) 38 (76) 32 (64) 37 (72.5) 33 (67.3)

Type of Immunotherapy

  Anti-PD-1 91 (91) 48 (96) 43 (86)
—

46 (90.2) 45 (91.8)
—

  Anti-PD-L1 9 (9) 2 (4) 7 (14) 5 (9.8) 4 (8.2)

BMI (kg/m2)

  Median (range) 25 (17.3–45.2) 24 (16.4–39) 27 (17.1–45)

—

27 (18–45) 24 (16.4–34)

—

  Underweight (BMI ≤ 18.5), n°(%) 5 (5) 3 (6) 2 (4) 1 (2) 4 (8.2)

  Normal weight (BMI 18.5 < BMI ≤ 24.9), n°(%) 41 (41) 24 (48) 17 (34) 11 (21.6) 30 (61.2)

  Overweight (25 < BMI ≤ 29.9), n°(%) 33 (33) 17 (34) 16 (32) 23 (45.1) 10 (20.4)

  Obese (BMI ≥ 30), n° (%) 21 (21) 6 (12) 15 (30) 16 (31.3) 5 (10.2)

SMI (cm2/m2)

  Median 48.2 42.7 56.5
—

49.5 45
—

  (range) (28.2–95.2) (28.2–56.8) (36.9–95.9) (28.2–85.8) (32.8–95.9)

SMD (HU)

  Median 30.9 29.9 31.6
—

23.6 37.9
—

  (range) (2.3–54.6) (5.9–53.1) (2.3–54.6) (2.3–36.2) (24.2–54.6)

Table 1.  Patients characteristics according to subgroups. P-values were obtain with the Chi-square test.

BMI category

SMI (cm2/m2) SMD (HU)

Male Female Male Female

Overweight (≥25) >50.2 >59.6 >35.6 >37.4

Non-overweight (<25) >48.4 >36.9 >24.2 >27.9

Table 2.  SMI and SMD computed optimal cut-offs according to sex and BMI in the study population.

https://doi.org/10.1038/s41598-020-58498-2
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The SMD can be used to provide a qualitative, rather than quantitative (as the SMI), estimation of skeletal 
muscle composition; it asses distribution of adipose tissue (myosteatosis), muscle atrophy/wasting caused by or 
associated with inactivity, denervation, and chronic diseases24. The role of SMD as a predictive and prognostic 
parameter still remains uncertain in cancer patients, compared to other chronic disorders, but surely retain its 
importance in identifying more frail patients, with body composition alterations1,3.

Interestingly, we found a significant difference in median OS according to the SMI only in the melanoma 
patients cohort, while not among NSCLC patients. The small sample size of the two cohorts could have affect 
the results, however the melanoma cohort was smaller than the NSCLC cohort. In our opinion, these difference 
might be related not so much to the intrinsic disease characteristics, but to the different efficacy profiles of PD-1/
PD-L1 inhibitors and to the different confidence intervals among the two cohorts.

The decreasing in muscle mass and muscle deterioration are features of many chronic diseases. Then, we must 
not be surprised by the significant correlation between poorer PS and low-SMI. Even if not significant, a higher 
percentage of poorer PS patients was also found among whose with low SMD. Indeed, PS is a measure of patients 
well-being and activities of daily life, which of course are related to skeletal muscle and muscle power. Therefore, 
we must recognize the prevalent role of PS, which is related to SMI. Looking at the Table 4, we can noticed that the 

Variable Response/Ratio ORR (95% CI) p - value

Overall 22/95 23.2 (14.5–35.1) —

SMI

  Low 11/48 22.9 (11.4–41.0)
0.9553

  Non-low 11/47 23.4 (11.6–41.8)

SMD

  Low 8/49 16.3 (7.1–32.1)
0.1051

  Non-low 14/46 30.4 (16.6–51.1)

Table 3.  ORR analysis according to SMI and SMD categories.

Figure 1.  Kaplan-Meier survival curves according to SMI category. (A) Progression Free Survival. (B) Overall 
Survival.

Figure 2.  Kaplan-Meier survival curves according to SMD category. (A) Progression Free Survival. (B) Overall 
Survival.
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ECOG-PS is the factor with the highest hazard ratio for OS at the univariate analysis (7.15), so we can assume that 
sarcopenic patients had a shorter OS, because they basically had poorer clinical conditions.

Shiroyama and colleagues evaluated a little cohort (42) of NSCLC patients treated with PD-1 checkpoint 
inhibitors, without finding a significant association between sarcopenia and ECOG-PS, probably due to the small 
sample size10. Despite that, when they adjusted the multivariate analysis of PFS by sex and PS, sarcopenia did not 
retain the statistical significance10. Similarly, Nishioka and colleagues evaluated the change in muscle mass over 
time in 38 NSCLC patients receiving PD-1 Inhibitors11. Even if not significant, they found a higher change rate 
(decrease in muscle mass) among patients with poorer PS (p = 0.056)11.

Two studies have already reported a higher incidence of adverse events in sarcopenic melanoma patients 
treated with PD-1 inhibitors6 and ipilimumab7, but we did not find any correlations between irAEs and SMI, 
nor between irAEs and SMD. Even if sarcopenia has been associated with a greater incidence of chemotherapy 
toxicity1, things might be different with the irAEs. Recent findings suggest that being a pharmacodynamic resul-
tance, the occurence of irAEs could be considered a biomarker of immunotherapy efficacy across different tumor 
tipes25–28. From this perspective, patients who are likely to benefit more from ICIs treatments, should be the same 
who are more likely to experience irAEs, so we might speculate that with ICIs, sarcopenic patients should experi-
ence less irAEs compared to non-sarcopenic patients.

It is known that body composition and sex affect the immune system16,17, and several studies have already 
investigated the complex inter-relationships between BMI, sex and clinical outcomes with ICIs13,14,29. The aim 
of our study was to assess whether (and how) the skeletal muscle (sarcopenia and muscle degradation) affected 
immunotherapy clinical outcomes, not the role of BMI. Therefore, since in a previous study with a similar pop-
ulation we revealed that a BMI ≥ 25 has a positive predictive and prognostic role during immunotherapy13, we 
used BMI +/− 25 as a landmark to categorize patients while computing the SMI and SMD optimal cut-offs. On 
the other hand, the median age of our study population was 66 years and 57% of the patients were elderly, and we 
must recognize that some authors have already speculated about the age-dependent relationship between BMI 
and mortality overall (non-cancer patients) in both sex30,31.

The prognostic weight of sarcopenia seems to particularly affect obese patients32; this hypothesis might not 
appear aligned to the recent evidences suggesting a positive predictive and prognostic role of a high BMI during 
ICI therapy13,33,34. Recently, an interesting study have tried to shed a light on the complex inter-relations between 
sex, BMI and sarcopenia, in melanoma patients treated with ICIs (using serum creatinine as a surrogate of muscle 
mass)35. The authors intriguingly found that the best clinical outcome is achieved in overweight/class I obese 
patients (BMI 25–35), particularly among males, who had higher serum creatinine levels (which stands for a good 
muscle mass)35. BMI and muscle mass seem to have a direct proportionality (the higher is the BMI, the higher the 
SMI), vice versa their effect on immunotherapy clinical outcomes appears opposite (high BMI has a positive pre-
dictive and prognostic role, while sarcopenia has a negative prognostic role), which overlaps in a specific subset 
of patients (overweight non sarcopenic). Considering the easy availability of baseline CT scans for each cancer 
patient, and the clinical utility of estimate body composition alterations (malnourished/frail patients), SMI and 
SMD might be evaluated in clinical practice. However, softwares and acquisition protocols must be validate in 
dedicated trials before their rountinary use could be allowes.

Our study has several limitations, such as the retrospective design, which exposes us to the risk of selection 
bias, and the sample size, which might be small for a proper evaluation of the prognostic weight of sarcopenia. We 

Variable (comparator)

Progression Free Survival

Univariate Analysis Multivariate Analysis (SMI)

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

SMI

   low vs non-low 1.66 (1.05–2.61) 0.0291 1.48 (0.93–2.38) 0.0968

SMD

   low vs non-low 1.09 (0.69–1.71) 0.7023 — —

Age at diagnosis

   Elderly vs non-elderly 1.13 (0.72–1.79) 0.5757 — —

ECOG-PS

   ≥2 vs 0–1 3.73 (2.29–6.07) <0.0001 — —

Primary Tumor

   (NSCLC)

   Melanoma 0.73 (0.41–1.27) 0.2723 0.96 (0.51–1.83) 0.9168

   Renal cell carcinoma 0.96 (0.51–1.81) 0.9049 0.49 (0.25–0.96) 0.0388

   Others 0.74 (0.35–1.55) 0.4320 0.75 (0.35–1.61) 0.4677

No. of metastatic site

   >2 vs ≤2 2.71 (1.68–4.38) <0.0001 3.25 (1.93–5.47) <0.0001

Treatment line

   Non-first vs First 2.22 (1.29–3.83) 0.0038 2.83 (1.46–5.47) 0.0020

Table 4.  Univariate and multivariate analysis of Progression Free Survival.
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must recognize also the lack of other adiposity metrics, such as the waist circumference, the waist-to-height ratio, 
and the body fat percentage. Moreover, the CT imaging analysis was limited by the data availability; indeed, the 
acquisition protocol was planned according to the presence of previous examination.

Conclusion
Our finding of a significant shorter OS for low-SMI patients treated with PD-1/PD-L1 checkpoint inhibitors, 
suggests that sarcopenia might have a prognostic role, rather than predictive. However, to properly weighing our 
results, we must consider the significant association between poorer PS and low-SMI. Without making conclusive 
considerations, we can assume that after the advent of ICIs, we should give back further relevance to baseline 
nutritional (and body composition) assessment of every patient.

Data availability
The datasets used during the present study are available from the corresponding author upon reasonable request.
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