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Abstract 
Background:  Specific components of lipid profile seem to differently impact on immune activity against cancer and unraveling their prognostic 
role in patients with solid cancer treated with immune checkpoint inhibitors (ICIs) is needed. 
Materials and Methods:  We retrospectively collected baseline clinicopathological characteristics including circulating lipid profile (total choles-
terol [TC], triglycerides [TG], low-density lipoproteins [LDL], high-density lipoproteins [HDL]) of patients with consecutive solid cancer treated 
with ICIs, and we investigated their role in predicting clinical outcomes.
Results:  At a median follow-up of 32.9 months, among 430 enrolled patients, those with TC ≥ 200 mg/dl showed longer median progression- 
free survival (mPFS; 6.6 vs. 4.7 months, P = .4), although not reaching statistical significance, and significantly longer median overall survival 
(mOS; 19.4 vs. 10.8 months, P = .02) compared to those with TC < 200 mg/dl. Conversely, patients with TG ≥150 mg/dl displayed shorter PFS 
(3.4 vs. 5.1 months, P = .02) and OS (7.1 vs. 12.9 months, P = .009) compared to those with TG <150 mg/dl. TC and TG were then combined in 
a “LIPID score” identifying three subgroups: good-risk (GR) (TC ≥200 mg/dl and TG <150 mg/dl), intermediate-risk (IR) (TC <200 mg/dl and TG 
<150 mg/dl or TC ≥200 mg/dl and TG ≥150 mg/dl) and poor-risk (PR) (TC <200 mg/dl and TG ≥150 mg/dl). The mPFS of GR, IR, and PR groups was 
7.8, 4.3, and 2.5 months, respectively (P = .005); mOS of GR, IR, and PR was 20.4, 12.4, and 5.3 months, respectively (P < .001). At multivariable 
analysis, the PR profile represented an independent poor prognostic factor for both PFS and OS.
Conclusions:  We developed a lipid score that defined subgroups of patients with cancer who differently benefit from ICIs. Further mechanistic 
insights are warranted to clarify the prognostic and predictive role of lipid profile components in patients treated with ICIs.
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Implications for Practice
In patients with advanced solid tumors treated with immune checkpoint inhibitors, combining total cholesterol with triglycerides in a 
“lipid score” allowed us to define three subgroups of patients with different survival benefit from immune checkpoint inhibitors. Among 
total cholesterol components, HDL, but not LDL, had an impact on patient survival, and combining HDL with triglycerides, we were able 
to define again 3 subgroups of patients with different survival benefit. The assessment of baseline patient lipid profile before immune 
checkpoint inhibitors therapy may represent a useful and easily available tool to guide clinical-decision making and stratify prognosis of 
patients’ with cancer.

Introduction
In the last decade, immune checkpoints inhibitors (ICIs) 
have led to a significant survival benefit across different can-
cer types. However, a considerable proportion of patients 
with cancer still do not benefit from ICIs because of innate 
and acquired resistance.1 Therefore, identification of prog-
nostic or predictive factors for patients treated with ICIs 
represents a field of active research. Cholesterol and other 
components of lipid profile have been assessed as determi-
nants of several alterations occurring in immune cells.2-4 In 
mice models, hypercholesterolemia led to increased choles-
terol accumulation into NK cells, increased lipid raft for-
mation, and immune signaling activation.5,6 Cholesterol 
accumulation on the cell membrane of monocyte-derived 
dendritic cells (moDCs) was shown to enhance major his-
tocompatibility complex (MHC) II-dependent antigen pre-
sentation and CD4+ T-cell activation.7 By associating with 
the T-cell receptor (TCR) β chain, cholesterol may be also 
able to increase TCR nanoclustering and signaling, leading 
to more efficient formation of immunological synapses on 
CD8+ T cells.8 Drugs used to regulate the lipid metabolism, 
such as statins, may also play a role, as they enhance anti-
gen presentation and immunogenicity of tumor cells, by 
inhibiting protein prenylation through the mevalonate path-
way and increasing expression of MHC class I on tumor  
membrane.9-11 Unbalanced lipid profile is commonly associ-
ated with diabetes and cardiovascular diseases, which might 
impact on overall survival of patients with cancer. Therefore, 
while lipid profile components seem to modulate anti-tumor 
immune response, their association with other comorbidi-
ties might additionally contribute to patient prognosis under 
ICIs treatment.12-14

To date, components of circulating lipid profile have been 
separately investigated in the setting of patients with cancer 
treated with ICIs and integrating them in a lipid signature 
might improve patient stratification. Aim of this study is to 
understand the impact of distinct circulating components of 
lipid profile on outcomes of patients with advanced solid 
cancer undergoing ICIs and provide a blood lipid signa-
ture able to identify patients more likely to benefit from ICI 
treatment.

Material and Methods
Study Design and Study Population
We retrospectively collected and analyzed clinicopatho-
logical data from patients diagnosed with advanced solid 
tumors including non-small cell lung cancer (NSCLC), mela-
noma, renal cell carcinoma (RCC), head and neck carcinoma, 
urothelial carcinoma, small cell lung cancer, and breast can-
cer. Patients were included if treated with ICIs, alone or in 

combination with tyrosine kinase inhibitors (TKI) or chemo-
therapy schedules according to approved oncological indica-
tion between January 2016 and December 2021. Patients were 
identified from patient electronic records of the Polytechnic 
University of Marche (Ancona), National Cancer Institute 
(INT, Milan), and University Hospital of Parma (Parma). Only 
patients with available plasmatic lipid profile, either complete 
or partial (total cholesterol availability was mandatory for 
inclusion in the study), collected no earlier than 45 days before 
starting ICIs were included in the analysis. Baseline circulating 
lipid profile included total cholesterol (TC), triglycerides (TG), 
low-density lipoproteins (LDL), high-density lipoproteins 
(HDL). TC, TG, LDL, and HDL cutoffs for normality, accord-
ing to American Heart Association, were ≥ 200 mg/dl for TC, 
≥ 150 mg/dl for TG, ≥ 100 mg/dl for LDL, < 40 mg/dl for 
HDL in males, and < 50 mg/dl for HDL in females.15 To fur-
ther investigate the patient metabolic profile at the time of ICIs 
start, we reviewed patient medical history for cardiovascular 
(CV) events, defined as any type of disease that affects the 
heart or blood vessels according to National cancer Institute 
and American Heart Association definitions,16,17 diabetes mel-
litus (DM), hypertension (HT), statin use at baseline, and body 
mass index (BMI). BMI was calculated using the formula of 
weight/height2 (kilogram/square meter). Patients with a BMI 
between 25 and 29.9 kg/m2 (overweight) and ≥ 30 BMI kg/
m2 (obese) were compared to patients with a BMI < 25 kg/m2, 
that included patients with normal weight (BMI: 18.5-24.9 
kg/m2) and underweight patients (BMI < 18.5 kg/m2), accord-
ing to the WHO categories. To avoid the negative prognostic 
impact of cachexia, we performed a second analysis compar-
ing patients with BMI ≥ 25 kg/m2 and patients with normal 
weight, as previous reported.18

Response to ICIs was evaluated according to RECIST cri-
teria (version 1.1).19 Disease control rate (DCR) was defined 
as the proportion of patients with radiological evidence of 
complete response, partial response, and stable disease. 
Progression-free survival (PFS) and overall survival (OS) were 
calculated from the time of ICI initiation (as monotherapy 
or in combination) until radiological progression or death/
last follow-up for PFS and until death/last follow-up for OS. 
For patients who did not progress, censoring was established 
at the time of last radiological evaluation without evidence 
of progression; patients still alive at the time of data analysis 
were censored considering the time of last contact. Ethical 
approval to conduct this study was obtained by the respec-
tive local ethical committees on human experimentation of 
each participating center, after previous approval by the coor-
dinating center (“Comitato Etico Regionale delle Marche 
- C.E.R.M.,” Reference Number 19/792). All study-related 
procedures and data collection were conducted in accordance 
with the Declaration of Helsinki and in accordance with 
Good Clinical Practice.



e374 The Oncologist, 2024, Vol. 29, No. 3

Statistical Analysis
Demographic, clinicopathological, and treatment data were 
abstracted from electronic medical records. Baseline charac-
teristics were presented using count and percentage for cate-
gorical variables, median, and range for continuous variables. 
To compare proportions across groups, Pearson chi-square 
or Fisher’s exact tests were used for categorical variables 
and Mann-Whitney U test or the Kruskal-Wallis test for 
continuous variables. Survival curves were plotted using the 
Kaplan-Meier (KM) method and differences in probability 
of surviving between the strata were evaluated by log-rank 
(Mantel-Cox) test. Median follow-up was calculated using 
reverse KM method. The hazard ratios (HR) of progression 
and death were calculated using univariable/multivariable 
Cox proportional hazard model. Besides the lipid profile, the 
following covariates were included in the univariable model: 
age (< 70 vs. ≥ 70 years old), sex (female versus male), tumor 
type (NSCLC vs Others), lines of treatment (first vs. ≥ 2), 
Eastern Cooperative Oncology Group Performance Status 
(ECOG PS) (0-1 vs. ≥ 2), number of metastatic sites (0-1 vs. 
≥ 2), use of statins (yes vs. no), history of CV diseases (yes 
vs. no), DM (yes vs. no), HT (yes vs. no), and BMI (< 25 vs. 
≥ 25 kg/m2). To estimate the independent prognostic value, 
multivariable analysis was also performed by using variables 
with a P-value < .05 at univariable analysis. Variables that 
impact on the circulating lipid profile, such as BMI, statin use 
at baseline, and sex, were also included in the multivariable 
model regardless of their significance at univariable. R 3.6.3 
(R Project for Statistical Computing) was used for statistical 
analysis, with all estimates being reported with corresponding 
95% confidence intervals and a 2-tailed level of significance 
of P < .05.

Results
Patient Clinicopathologic Characteristics
A total of 430 patients with advanced solid tumors treated 
with ICIs, alone or in combination with TKIs or chemother-
apy, were enrolled in the study to analyze the impact of dis-
tinct components of circulating lipid profile on outcomes. 
The baseline availability of components of circulating lipid 
profile is summarized in Supplementary Fig. S1. The median 
age at the start of immunotherapy treatment was 69 years old 
(range: 32-92); 288 (67%) patients were men, and 248 (57%) 
were current/former smokers. Most patients (266 [62%]) 
were affected by advanced NSCLC, 373 (87%) underwent 
ICIs as monotherapy, 235 (55%) received ICIs in first-line set-
ting, and 385 (89%) detained a baseline ECOG PS of 0 or 1 
(Table 1).

Baseline Lipidic Assessment
Regarding the baseline circulating lipid profile, TC ≥ 200 
mg/dl was detected in 135 (31%) patients, HDL < 40 mg/
dl for men, and < 50 mg/dl for women in 92 (21%) patients, 
LDL ≥ 100 mg/dl in 107 (25%) patients, TG ≥ 150 mg/dl in 
96 (22%) patients. Patients with TC ≥ 200 mg/dl showed 
higher concentration of HDL compared to those patients 
with TC < 200 mg/dl (P < .001), higher concentration of 
LDL (P < .001), higher concentration of TG (P = .004; 
(Supplementary Table S1). As expected, patients assuming 
statins at baseline detained lower plasmatic levels of TC 
(median TC 156 mg/dl vs. 185 mg/dl, P < .001), lower LDL 

Table 1. Patient clinicopathologic and metabolic characteristics in the 
whole cohort.

Characteristics Overall population n = 430 (%)

Age at ICI start

 � Median (range) 69.0 (32.0-92.0)

Sex

 � Female 142 (33.0%)

 � Male 288 (67.0%)

Smoking status

 � Current/former 248 (57.0%)

 � Never 169 (39%)

 � NA 13 (4.0%)

Tumor type

 � NSCLC 266 (62.0%)

 � RCC 74 (17.0%)

 � Melanoma 55 (13.0%)

 � Others* 35 (8.0%)

Treatment type

 � ICI 373 (87.0%)

 � ICI plus chemotherapy 27 (6.0%)

 � ICI plus TKI 30 (7.0%)

Treatment line

 � First 235 (55.0%)

 � ≥ second 195 (45.0%)

ECOG PS

 � 0-1 385 (89.0%)

 � ≥2 45 (10.0%)

Metastatic sites

 � 0-1 103 (24.0%)

 � ≥2 327 (76.0%)

Diagnosis of DM

 � No 346 (81.0%)

 � Yes 84 (19.0%)

CV disease

 � No 293 (68.0%)

 � Yes 135 (31.0%)

 � NA 2 (1.0%)

Hypertension

 � No 189 (44.0%)

 � Yes 241 (56.0%)

Statin use

 � No 312 (72.0%)

 � Yes 115 (27.0%)

 � NA 3 (1.0%)

BMI

 � Underweight
(BMI < 18.5)

18 (4.2%)

 � Normal
(18.5 ≤ BMI ≤ 24.9)

213 (49.5%)

 � Overweight
(25 ≤ BMI ≤ 29.9)

135 (31.4%)

 � Obese
(BMI ≥ 30)

60 (13.9%)

 � NA 4 (0.9%)

TC

 � <200 mg/dl 295 (69.0%)

https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad273#supplementary-data
https://academic.oup.com/oncolo/article-lookup/doi/10.1093/oncolo/oyad273#supplementary-data
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values (median LDL 74 mg/dl vs. 98 mg/dl, P < .001); no 
differences were observed regarding plasma HDL concentra-
tion (48 mg/dl vs. 48 mg/dl, P = .43). Considering baseline 
TG, patients with TG ≥ 150 mg/dl showed higher TC levels 
compared to those with TG < 150 mg/dl (P < .001), higher 
LDL (P = .03), lower levels of HDL (P = .006; Supplementary 
Table S2). Baseline lipid profile according to BMI and sex are 
showed in Supplementary Tables 3 and 4.

Association Between Circulating Lipid Profile 
Parameters and Clinical Outcomes
The median follow-up was 32.9 months (95% CI, 27.5-37.4). 
To address the question regarding the survival impact of plas-
matic components of lipid profile, we correlated each variable 
with PFS, and OS (Supplementary Tables S5 and S6).

Total Cholesterol
Considering DCR, no significant differences were observed 
between patients with TC ≥ 200 mg/dl and < 200 mg/dl (DCR: 
60% vs. 56%, P = .58). Patients with TC ≥ 200 mg showed a 
numerically but not significantly longer PFS (median PFS 6.6 
vs. 4.7 months, hazard ratio [HR] 0.90, 95% CI, 0.71-1.15, 
P = .4) and a significantly longer OS compared to those with 
TC < 200 mg/dl (median OS 19.4 vs. 10.8 months, HR 0.73, 
95% CI, 0.56-0.95, P = .02).

Triglycerides
Considering DCR, no significant differences were observed 
in patients with TG ≥ 150 mg/dl vs. TG < 150 mg/dl (47% 
vs. 55%, respectively, P = .9). Patients with TG ≥ 150 mg/dl 
showed significantly shorter PFS (median 3.4 vs. 5.1 months, 
HR 1.39, 95% CI, 1.06-1.82, P = .02) and OS (median 7.1 vs. 
12.9 months, HR 1.44, 95% CI, 1.09-1.91, P = .009) com-
pared to those with TG < 150 mg/dl.

LIPID Score
We deepened the role of TC and TG as prognostic circulating 
biomarkers and proposed a lipid score able to discriminate 
patients that could benefit longer from ICIs. Hence, based on 
the univariable analysis performed for PFS and OS, we com-
bined TC and TG into a LIPID score that divided our patients 
into 3 risk groups: good risk (GR) group with TC ≥ 200 mg/
dl and TG < 150 mg/dl (n = 60, 19%), intermediate risk (IR) 
group with TC < 200 mg/dl and TG < 150 mg/dl or TC ≥ 200 
mg/dl and TG ≥ 150 mg/dl (n = 201, 63%), poor risk (PR) 
group with TC < 200 mg/dl and TG ≥ 150 mg/dl (n = 55, 
18%). Looking at patient characteristics according to LIPID 
score, PR group was enriched of patients with a concomitant 
diagnosis of DM, HTA, CV comorbidities (Table 2). No sig-
nificant differences in DCR (63% vs. 54% vs. 52% for GR, 
IR, and PR, respectively, P = .48) were observed according 
to LIPID score. The median PFS of GR, IR, and PR groups 
was 7.76, 4.34, and 2.48 months, respectively (IR vs. GR: HR 
1.30, 95% CI, 0.92-1.83, P = .141; PR vs. GR: HR 1.96, 95% 
CI, 1.29-2.99, P = .002). The median OS for GR, IR, and PR 
groups was 20.4, 12.4, and 5.3 months (IR vs. GR: HR 1.57, 
95% CI, 1.07-2.29, P = .02; PR vs. GR: HR 2.43, 95% CI, 
1.54-3.83, P < .001; (Fig. 1). At multivariable analyses, after 
adjusting for baseline ECOG PS, tumor type, treatment line, 
sex, statin use, number of metastatic sites, and BMI, the PR 
represented an independent prognostic factor for both PFS 
and OS (for PFS: PR vs. GR, HR 1.82, 95% CI, 1.14-2.90, 
P = .01; for OS: PR vs. GR, HR 2.40, 95% CI, 1.46-3.94, 
P < .001), while the IR only for OS (IR vs. GR, HR 1.52, 95% 
CI, 1.01-2.28, P = .04, Table 3).

TG-HDL Ratio
As in our cohort patients with TC ≥ 200 mg/dl had also higher 
HDL levels (Supplementary Table S1), and HDL differently 
from LDL were able to predict OS (see Supplementary Tables 
S5 and S6 for univariable analysis for LDL and HDL), we 
combined HDL with TG to investigate the impact of TG-HDL 
ratio, a marker of insulin resistance and CV risk, on patient 
prognosis following ICIs treatment20,21 in a subgroup of 
patients with those parameter available at baseline (N = 177). 
The percentage of comorbidities (CV diseases, DM, HT) and 
statin use at baseline of patients with HDL and LDL available 
did not differ from those without (Supplementary Tables S7 
and S8). TG-HDL ratio was categorized into tertiles, strati-
fying patients in 3 risk subgroups, as follow: T1 (TG-HDL 
ratio < 1.76), T2 (1.76 ≤ TG-HDL ratio < 2.92), T3 (≥ 2.92). 
TG-HDL ratio did not have an impact on DCR (61%, 57%, 
and 48% for T1, T2, and T3, respectively, P = .45). Patients 
in the T3 subgroup, with higher TG and lower HDL levels, 
detained shorter PFS compared to those in the T2 and T1 
with a median PFS: 7.1 months, 4.3 months, and 2.5 months 
for T1, T2, T3, respectively (T2 vs. T1, HR 1.25, 95% CI, 
0.82-1.92, P = .304; T3 vs. T1, HR 1.81, 95% CI, 1.20-2.75, 
P = .005). Moreover, we observed a shorter OS according to 
higher TG-HDL ratio, with a median OS of 17.4 months for 
T1, 12.9 months for T2, and 7.5 months for T3, respectively 
(T2 vs. T1, HR 1.27, 95% CI, 0.80-2.00, P = .31; T3 vs. T1, 
HR 1.73, 95% CI, 1.12-2.69, P = .01; Supplementary Fig. S2).

Impact of LIPID Score and TG-HDL Ratio on Patients 
Treated With Immunotherapy Alone
To avoid potential effects of chemotherapy and target ther-
apy combined with ICI on patients’ outcomes according to 

Characteristics Overall population n = 430 (%)

 � ≥200 mg/dl 135 (31.0%)

HDL

 � < 40 mg/dl (males) or < 50 mg/dl 
(females)

92 (21.0%)

 � ≥ 40 mg/dl (males) or ≥ 50 mg/dl 
(females)

167 (39.0%)

 � NA 171 (40.0%)

LDL

 � < 100 mg/dl 150 (35.0%)

 � ≥ 100 mg/dl 107 (25.0%)

 � NA 173 (40.0%)

TG

 � <150 mg/dl 220 (52.0%)

 � ≥150 mg/dl 96 (22.0%)

 � NA 114 (26.0%)

*Others: urothelial carcinoma, head and neck carcinoma, small cell lung 
cancer, and breast cancer
Abbreviations: HDL: high-density cholesterol; LDL: low-density 
cholesterol; ICI: immune checkpoint inhibitor; NSCLC: non-small cell lung 
cancer; RCC: renal cell carcinoma; TKI: tyrosine kinase inhibitor; ECOG 
PS: Eastern Cooperative Oncology Group-Performance Status; DM: 
diabetes mellitus; BMI: body mass index (kg/m2); NA: not available; TC: 
total cholesterol; TG: triglycerides.

Table 1. Continued
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Table 2. Patient clinicopathological and metabolic characteristics according to LIPID score (n = 316).

Characteristics Good risk group
(TC ≥ 200 mg/dl and 
TG < 150 mg/dl)
(n = 60)

Intermediate risk group
TC < 200 mg/dl and  
TG < 150 mg/dl or TC ≥ 200 mg/dl 
and TG  ≥ 150 mg/dl
(n = 201)

Poor risk group
TC < 200 mg/dl and  
TG ≥ 150 mg/dl
(n = 55)

P

Age at ICI start

 � Median (range) 66.0 (41.0-81.0) 68.0 (31.0-89.0) 69.0 (38.0-86.0) .09

Sex

 � Female 29 (48.3%) 68 (33.8%) 14 (25.5%) .03

 � Male 31 (51.7%) 133 (66.2%) 41 (74.5%)

Tumor type

 � NSCLC 39 (65.0%) 128 (63.7%) 34 (61.8%) .93

 � Others* 21 (35.0%) 73 (36.3%) 21 (38.2%)

Treatment type

 � ICI 49 (81.7%) 174 (86.6%) 52 (94.5%) .09

 � ICI plus chemotherapy 6 (10.0%) 7 (3.5%) 1 (1.8%)

 � ICI plus TKI 5 (8.3%) 20 (9.9%) 2 (3.6%)

Treatment line

 � First 35 (58.3%) 105 (52.2%) 30 (54.5%) .70

 � ≥Second 25 (41.7%) 96 (47.7%) 25 (45.5%)

ECOG PS

 � 0-1 59 (98.3%) 178 (88.6%) 42 (76.4%) .01

 � ≥ 2 1 (1.7%) 23 (11.4%) 13 (23.6%)

Metastatic sites

 � 0-1 13 (21.7%) 31 (15.4%) 11 (20.0%) .45

 � ≥ 2 47 (78.3%) 170 (84.6%) 44 (80.0%)

Diagnosis of DM

 � No 56 (93.3%) 163 (81.1%) 39 (70.9%) .007

 � Yes 4 (6.7%) 38 (18.9%) 16 (29.1%)

CV disease

 � No 48 (80.0%) 141 (70.2%) 32 (58.2%) .02

 � Yes 11 (18.3%) 60 (29.8%) 23 (41.8%)

 � NA 1 (1.7%) 0 (0%) 0 (0%)

Hypertension

 � No 25 (41.7%) 92 (45.8%) 13 (23.6%) .01

 � Yes 35 (58.3%) 109 (54.2%) 42 (76.4%)

Statin use

 � No 55 (91.7%) 149 (74.1%) 28 (50.9%) <.001

 � Yes 4 (6.7%) 51 (25.4%) 27 (49.1%)

 � NA 1 (1.7%) 1 (0.5%) 0 (0%)

Smoking status

 � Current/former smoker 37 (61.7%) 117 (58.2%) 21 (38.2%) .99

 � Never 23 (38.3%) 75 (37.3%) 33 (60.0%)

 � NA 0 (0%) 9 (4.5%) 1 (1.8%)

BMI (kg/m2)

< 25

 � Underweight
(BMI < 18.5)

2 (3.3%) 6 (3.0%) 2 (3.6%) .31

 � Normal
(18.5 ≤ BMI ≤ 24.9)

30 (50.0%) 108 (53.7%) 23 (41.8%)

 � ≥ 25

 � Overweight
(25 ≤ BMI ≤ 29.9)

10 (16.7%) 28 (13.9%) 8 (14.5%)

 � Obese
(BMI ≥ 30)

15 (25.0%) 58 (28.8%) 22 (40.0%)

 � NA 3 (5.0%) 1 (0.5%) 0 (0%)
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lipid components, we further investigated the impact of LIPID 
score in the population of patients treated with ICI as mono-
therapy (n = 373). Lipid score was available for 74% of them 
(n = 275). At univariate analysis, PR group was confirmed to 
detain the worse PFS, and OS compared to the others. The 
median PFS for GR, IR, and PR was 5.5 months, 3.7 months, 
and 2.3 months, respectively (IR vs. GR: HR 1.26, 95% CI, 
0.89-1.80, P = .197; PR vs. GR: HR 1.78, 95% CI, 1.16-
2.73, P = .008). The median OS for GR, IR, and PR was 19.4 
months, 12.3 months, and 5.3 months, respectively (IR vs. 
GR: HR 1.48, 95% CI, 1.01-2.16, P = .04; PR vs. GR: HR 
2.22, 95% CI, 1.41-3.50, P < .001) (Supplementary Fig. S3); 
these findings were confirmed at multivariable analysis for 
both PFS and OS (Supplementary Table S9). We also analyzed 
the impact of TG-HDL ratio in patients treated with ICI alone 
(baseline TG-HDL ratio available for 148 patients). We con-
firmed the negative prognostic impact of high TG-HDL ratio 
on survival, with patients in the third tertile showing shorter 
PFS (2.1 months compared to 4.2 months for T1 and 3.6 for 
T2) and OS (6.9 months compared to 13.2 months for T1 
and 12.1 for T2) (for PFS: T2 vs. T1, HR 1.25, 95% CI, 0.81-
1.94, P = .31, T3 vs.T1, HR 1.68, 95% CI, 1.10-2.59, P = .02; 
for OS: T2 vs. T1, HR 1.25, 95% CI, 0.79-1.98, P = .33, T3 
vs. T1, HR 1.61, 95% CI, 1.03-2.50, P = .04; Supplementary 
Fig. S4).

Discussion
In the present study, we observed that the impact of circulat-
ing lipid profile on outcome of patients with cancer treated 
with ICIs may vary according to the parameter considered. In 
particular, patients with TC ≥ 200 mg/dl showed longer OS 
compared to those with TC < 200 mg/dl; similarly, patients 
with higher HDL presented improved OS compared to those 
with lower plasmatic concentration. Conversely, patients with 
TG ≥ 150 mg/dl detained significant shorter PFS, and OS 
compared to those with TG < 150 mg/dl. Interestingly, when 
we combined TC and TG in the LIPID score, we identified 3 
subgroups of patients with distinct survival outcome and the 
combination of TC < 200 mg/dl and TG ≥ 150 mg/dl revealed 
the highest negative prognostic value defining a subgroup 
with worse survival outcome under ICIs treatment. As HDL 
but not LDL showed an impact on patient outcomes, we also 

combined HDL with TG in the TG-HDL ratio, a strong indi-
cator of CV risk and insulin resistance. The higher the ratio 
(higher TG and lower HDL concentrations), the higher the 
risk of cardiovascular events and insulin resistance and met-
abolic syndrome. Moreover, it seems to detain a prognostic 
value in cancer setting.22 Our finding identified a subgroup of 
patients in the third tertile characterized by higher TG levels 
and lower HDL levels showing a dismal prognosis under ICIs 
treatment. Patients in the third tertile had a TG-HDL ratio 
≥ 2.92, a value similar to the cutoff individuated in other 2 
studies for discriminating patients with higher cardiometa-
bolic risk.23,24

These results confirm the association between lipid pro-
file parameters, such as TC, TG, and HDL, tumor progres-
sion, and tumor immune surveillance. In a cohort of patients 
with advanced solid cancer treated with ICIs, Perrone et al 
showed that those with TC ≥ 200 mg/dl had longer OS com-
pared to those with lower TC plasmatic levels.25 In line with 
our results, a study investigating the impact of lipid profile 
in patients with advanced NSCLC treated with nivolumab 
found that patients with higher circulating levels of TC and 
HDL detained longer PFS and OS compared to those with 
lower levels. This was observed in the nivolumab cohort but 
not in the chemotherapy control cohort, suggesting a predic-
tive role of lipid profile in the setting of ICIs treatment.26

Taken together, these results suggest a positive immuno-
modulatory function of cholesterol, validating also preclin-
ical evidence supporting its role in strengthening antigen 
presentation and T-cell activation.8,27 Interestingly, the posi-
tive modulatory role of HDL in patients with cancer treated 
with ICIs might be partially explained by the interaction 
of HDL with ABCA1 and ABCG1 transporters, which not 
only remove cholesterol from cells, but also modulate T-cells 
activity and reduce circulating oxidative stress, boosting the 
antitumor immune response.28-30 Our group recently showed 
that baseline statin use was associated with a better clinical 
activity of PD-1 inhibitors in malignant pleural mesothelioma 
and patients with NSCLC.31 As statins are drugs commonly 
used in clinical practice to lower plasmatic cholesterol levels, 
these results seem to point toward a different direction, yet 
this discrepancy could be partially explained by the pleiotro-
pic effects of statins as immunomodulatory, antioxidant, and 
antiproliferative agents beyond their lipid-lowering role.10,32

Characteristics Good risk group
(TC ≥ 200 mg/dl and 
TG < 150 mg/dl)
(n = 60)

Intermediate risk group
TC < 200 mg/dl and  
TG < 150 mg/dl or TC ≥ 200 mg/dl 
and TG  ≥ 150 mg/dl
(n = 201)

Poor risk group
TC < 200 mg/dl and  
TG ≥ 150 mg/dl
(n = 55)

P

BMI (kg/m2)

 � Median (range) 24.1 (16.4-34.3) 24.2 (13.5-43.2) 25.5 (14.7-39.8) .13

HDL

 � Median (range) 63 (38-112) 50 (12-87) 40 (23-73) <.001

LDL

 � Median (range) 137 (78-271) 92 (22-219) 86 (26-133) <.001

*Others: Renal cell carcinoma, melanoma, urothelial carcinoma, head and neck carcinoma, small cell lung cancer, and breast cancer.
Abbreviations: ICI: immune checkpoint inhibitor; NSCLC: non-small cell lung cancer; TKI: tyrosine kinase inhibitor; ECOG PS: Performance Status 
according to Eastern Cooperative Oncology Group; DM: diabetes mellitus; BMI: body mass index (kg/m2); CV: cardiovascular, NA: not available.

Table 2. Continued
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Looking at the role of triglycerides in immune cells mod-
ulation, several studies suggested the correlation between 
hypertriglyceridemia, increased c-reactive protein (CRP), and 
IL-6 concentration, two serum acute phase reactants with 
immunosuppressive functions.33-37 Preclinical evidence also 
showed that increased levels of triglycerides impair capac-
ity of dendritic cells to process and present tumor-associated 
antigens, leading to significantly lower ability to stimulate T 
cells.38 Due to the lack of CRP, IL-6, and MCP-1 levels at 
baseline, we were not able to validate these correlations in our 
cohort and further translational studies are needed to better 
clarify the mechanistic insights supporting the role of TG in 
immune surveillance against cancer cells.

Noteworthy, our identified LIPID score was able to strat-
ify groups patients with specific metabolic characteristics. 
As showed in Table 2, the PR subgroup was enriched of 
patients with a diagnosis of DM, HT, and history of CV 
events, all comorbidities included in the criteria of meta-
bolic syndrome along with HDL and TG, defining them as 
patients with metabolic dysfunctional. During last years, 
immunotherapy researchers focused their attention not 
only on the specific tumor as an isolate entity inside human 
body but on the patient as an individual within a specific 
environment, characterized by a specific metabolic profile, 
diet habits and lifestyle. Recent studies demonstrated that 
patients with higher BMI responded better to ICIs, strength-
ening the evidence that body metabolism and adipose tissue 

might play a key role in shaping the antitumor immune 
responses.18 In our cohort, we did not observe significant 
correlations between patient BMI and response to ICIs. 
BMI alone, even if commonly used in clinical practice, is not 
able to describe comprehensively the complexity of body 
composition because it does not take into account body fat 
distribution.39 On the contrary, criteria of metabolic syn-
drome range from body adipose tissue evaluated by waist 
circumference to lipid profile, from glycemic balance to CV 
parameters, ensuring a broader picture of patient metabolic 
profile.40 Among metabolic parameters, not only BMI but 
also chronic hyperglycemia was correlated with outcomes 
of patients with cancer treated ICIs. Cortellini et al showed 
that long-term/poorly controlled diabetes may impair ICIs 
efficacy.41

Cancer is an age-related disease that shares risk factors 
(obesity, smoking habits, sedentary lifestyle, alcohol consump-
tion, unhealthy diet) with other comorbidities such as CV 
diseases and diabetes12,42; therefore, patients with advanced 
cancer are often affected by other medical comorbidities that 
might overall impact on clinical outcomes, even under ICIs 
treatment.12-14,43,44 In our cohort, even if DM, HT, CV diseases 
alone did not correlate with patient outcomes, LIPID score 
clearly identified those patients in the PR subgroup charac-
terized by multiple comorbidities related to altered systemic 
metabolic status, including lower HDL levels, but also CV dis-
ease, DM, HT. Therefore, an altered lipid profile may suggest 

Figure 1. DCR, PFS, and OS according to LIPID score in patients treated with ICI (as monotherapy or combination with chemotherapy or target 
therapy). Abbreviations: DCR: disease control rate; PFS: progression-free survival; OS: overall survival; LIPID score: good risk (GR) group with TC ≥ 200 
mg/dl and TG < 150 mg/dl, intermediate risk (IR) group with TC < 200 mg/dl and TG < 150 mg/dl or TC ≥ 200 mg/dl and TG ≥ 150 mg/dl, poor risk (PR) 
group with TC < 200 mg/dl and TG ≥150 mg/dl.
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not only impaired antitumor immunity and altered systemic 
inflammatory status but also an increased cardiovascular risk 
and metabolic impairment that might compromise overall 
survival of patients with advanced cancer. In a clinical prac-
tice scenario, the LIPID score and TG-HDL ratio may support 
clinicians in the stratification of patients from a comorbidity 
point-of-view, defining those patients with higher comorbid-
ities burden (CV disease, DM, HT) and subsequent compro-
mise clinical outcomes under ICIs treatment. In support of 
these findings, recent evidences showed that increased comor-
bidity burden defined according to the Charlson comorbid-
ity index (CCI) was associated with decreased OS among 
patients receiving ICIs.12

Some limitations of the study must be acknowledged. First, 
from each patient, we collected data solely related to the plas-
matic lipid content, without an assessment of lipid content 
of tumor tissues; therefore, no correlations between circulat-
ing and tumor tissue lipids could be drawn. Second, due to 
the retrospective nature of the study, complete lipid profile 
(TC, TG, HDL, LDL) was not available for all the patients 
and data on the duration of altered hypercholesterolemia 
and hypertriglyceridemia before ICI treatment start were 
also missing, preventing us from inferring a time-depending 
effect of lipid profile on immune cell phenotype and activity. 
HDL, and therefore, TG-HDL ratio was available only for a 
small percentage of patients (n = 177), and even if the uni-
variable analysis showed a promising prognostic value of this 
biomarker, a validation in a larger cohort is needed. In addi-
tion, the wide percentage of missing data regarding TG-HDL 

ratio precluded the chance to fit it into a multivariable model. 
Third, a detailed nutritional assessment of patients at base-
line was not available and, therefore, no correlations between 
nutritional status and lipid profile could be defined. Finally, 
due to the lack of a control cohort, we were not able to 
address the predictive role of circulating lipid profile.

Conclusion
Nevertheless, our results proposed an easy-to-access lipid 
score able to stratify patient prognosis under ICIs treat-
ment. The prognostic role of LIPID score, as showed in the 
multivariable analysis, turned out to be independent of sta-
tin intake. The LIPID score was also able to characterize 
patients with cancer from a metabolic point of view, hinting 
a baseline inflammatory status and comorbidity burden that 
may impact on outcome under ICIs treatment. Early assess-
ment and prompt correction of patient metabolic status 
might then boost anti-cancer immune activity and improve 
ICIs efficacy. Moreover, the early management of patient 
comorbidities might improve quality of life and the survival 
rate overall.

Prospective randomized studies encompassing lipid, meta-
bolic and immune biomarkers are awaited, aiming to validate 
our lipid signature, evaluate its predictive role, and investigate 
the impact of early pharmacological intervention on lipid pro-
file in patients treated with ICIs. Further analyses are already 
ongoing, aimed at exploring the interplay between circulat-
ing lipid profile, inflammatory cytokine network, body mass 

Table 3. Multivariable analyses for progression-free survival and overall survival in patients treated with ICI (as monotherapy or in combination).

Multivariable analysis

Test variables PFS OS

HR 95% CI P HR 95% CI P

Tumor type

NSCLC (ref.)/others* 0.60 0.44-0.80 <.001 0.58 0.42-0.80 <.001

Treatment lines

1st(ref.)/ ≥ 2 1.44 1.10-1.89 .007 1.46 1.10-1.93 .009

ECOG PS

0-1 (ref.)/ ≥ 2 2.30 1.53-3.46 <.001 2.30 1.53-3.45 <.001

Metastatic sites

0-1 (ref.)/ ≥ 2 1.55 1.05-2.27 .02 1.75 1.15-2.68 .01

Sex

Female (ref.)/ Male 1.11 0.84-1.47 .46 1.40 1.03-1.89 .03

BMI

< 25 (ref.)/ ≥ 25 0.94 0.71-1.23 .63 0.77 0.58-1.02 .07

Statin use

no (ref.)/ yes 1.00 0.74-1.35 .99 0.88 0.64-1.20 .41

LIPID score

GR (ref.)

IR 1.26 0.87-1.83 .21 1.52 1.01-2.28 .04

PR 1.82 1.14-2.90 .01 2.40 1.46-3.94 <.001

All variables referred to baseline characteristics of patients before ICIs start.
*Others: renal cell carcinoma, melanoma, urothelial carcinoma, head and neck cancer, small cell carcinoma, and breast cancer.
Abbreviations: PFS: progression-free survival; OS: overall survival; HR: hazard ratio; CI: confidence interval; NSCLC: non-small cell lung cancer; ECOG 
PS: Eastern Cooperative Oncology Group Performance Status; BMI: body mass index (kg/m2). LIPID score groups: good risk (GR) group with TC ≥ 200 
mg/dl and TG < 150 mg/dl; intermediate risk (IR) group with TC < 200 mg/dl and TG < 150 mg/dl or TC ≥200 mg/dl and TG ≥ 150 mg/dl; poor risk (PR) 
group with TC < 200 mg/dl and TG ≥ 150 mg/dl.
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composition, and nutritional status in a subgroup of patients 
of the same population.
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