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Non-alcoholic fatty liver disease is associated with immune
checkpoint inhibitor-based treatment response in patients with
non-small cell lung cancer with liver metastases
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Background: Recent studies have suggested obesity could contribute to improved outcomes of immune
checkpoint inhibitor (ICI)-based treatment. Non-alcoholic fatty liver disease (NAFLD), the most common
form of chronic liver disease, is also obesity-related, but its association with the efficacy of ICI-based
treatment has not yet been reported.

Methods: We retrospectively reviewed the medical records of advanced non-small cell lung cancer (NSCLC)
patients treated at Shanghai Pulmonary Hospital between June 2015 and June 2019. NAFLD was confirmed
by ultrasound examination of the abdomen. The efficacy of ICI-based treatment was evaluated based on
Response Evaluation Criteria in Solid Tumors (RECIST, version 1.1). Univariate analysis to compare
progression-free survival (PFS) was conducted using the log-rank test. Multivariate analysis was performed
using the Cox proportional hazards model.

Results: A total of 223 patients with advanced NSCLC who received ICI-based treatment were included
in the study, of whom 26.9% (n=60) were confirmed to have NAFLD. Patients with NAFLD were more
inclined to to have non-squamous carcinoma and higher body mass index (BMI) compared with those
without NAFLD. The median PFS of the entire cohort of patients was 6.6 months. Nno significant
difference was found in response [objective response rate (ORR) 43.3% wvs. 35.6%, P=0.289, disease control
rate (DCR) 83.3% vs. 75.5%, P=0.211], nor in PFS (7.0 vs. 6.6 months, P=0.769) between the patients with
(n=60) and without NAFLD (n=163). Surprisingly, in the subgroup of patients with liver metastases (LMs),
there were dramatically significant differences in ORR (71.4% vs. 9.1%, P=0.013), DCR (85.7% wvs. 18.2%,
P=0.013), and median PES [5.1 vs. 2.1 months, P=0.014, hazard ratio (HR): 0.244] between patients with
(n=7) and without (n=11) NAFLD. Multivariate analysis revealed NAFLD to have a significant impact on
PFS (P=0.017) in patients with LMs. In addition, the DCR of LMs was significantly higher in patients with
NAFLD compared to those who did not have NAFLD (DCR: 42.9% vs. 0.0%, P=0.038).

Conclusions: In conclusion, NAFLD holds no clinical benefit for advanced NSCLC patients who

undergo ICI-based treatment, but it is associated with improved outcomes in patients with LMs.

Keywords: Non-small cell lung cancer (NSCLC); non-alcoholic fatty liver disease (NAFLD); liver metastases
(LMs); immune checkpoint inhibitors (ICI)
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Introduction

Immune checkpoint inhibitor (ICI) which target
programmed cell death-1 (PD-1) and its ligand (PD-L1)
has shown marked anti-tumor activity in a broad range of
cancers. The results of the CA209-003 study showed that
nivolumab prolonged the overall survival (OS) of patients
with pretreated advanced non-small cell lung cancer
(NSCLC), with 5-year OS rate of 16% (1). Based on data
from the KeyNote-001 study, the 5-year OS rate was as
high as 29.6% for patients with a PD-L1 tumor proportion
score of >50% (2). However, the majority of patients fail
to respond to this treatment modality, and as a result, the
identification of predictive biomarkers for ICI will be a
major focus of research for some time.

Obesity, as a new emerging biomarker, is attracting
an increasing amount of attention. Obese patients with
melanoma could derive greater survival benefit from
immunotherapy (3). A recent study also demonstrated
that NSCLC patients with high-body mass index (BMI)
had better clinical outcomes than those with low BMI (1-
year OS rate: 46.4% vs. 39%) (4). Non-alcoholic fatty liver
disease (NAFLD) is an obesity-related disease characterized
by the accumulation of local adipose tissue in the liver (5).
However, the relationship between NAFLD and ICI still
needs to be illuminated. Therefore, we explored the impact
of NAFLD on the efficacy of ICI-based treatment.

NAFLD is one of the most common chronic liver
diseases, with a prevalence of 13.48-31.79% (5). Generally,
NAFLD, is diagnosed by evidence of hepatic steatosis
(detected by imaging or histology) in the absence of
secondary causes of steatosis or other liver diseases, such as
excessive alcohol consumption, hepatitis, Wilson disease,
and hepatotoxic medication (5). NAFLD has been shown
to cause inflammatory infiltration, with multiple T-cell
subsets involved in the pathogenesis of NAFLD (6). Gadd
et al. demonstrated that broad leukocyte subsets contributed
to portal inflammation (7). Inzaugarat et 4/. found that
patients with non-alcoholic steatohepatitis had a higher
frequency of IFN-y-producing CD4+ and CD8+ T cells in
their peripheral blood (8). These results indicate that our
speculation that NAFLD may exert effect on the treatment
of ICI is reasonable.
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NAFLD is proved to disrupt the liver regional immune
microenvironment, which could affect the progression of
cancer (9). Luo er al. reported that the levels of STING
were increased in liver macrophages from patients with
NAFLD (10). Moreover, Wu er al. suggested hepatic
steatosis to be an independent predictor of liver metastasis
in NSCLC patients (11). Therefore, we hypothesized that
NAFLD affects the development of liver metastases (LMs).

LMs have always been a subject of concern, mainly due
to patients with LMs usually having a poorer prognosis
compared to patients with metastases at other sites (12,13).
The therapeutic benefit of ICI-based treatment is also
limited in patients with LMs (14,15). Tumeh ez a/. reported
that LMs status was associated with reduced responses
and shortened PFS in NSCLC patients treated with anti-
PD-1 (16). Thus, identifying potential beneficiaries of ICI-
based therapy from within this population is of clinical
importance.

In the present study, we aimed to compare the clinical
outcomes of NSCLC patients with and without NAFLD
who underwent ICI-based treatment, with LMs as a critical
stratified factor.

Methods
Study population

We retrospectively reviewed the medical records of
NSCLC patients treated at Shanghai Pulmonary Hospital
between June 2015 and June 2019. NAFLD was confirmed
by the ultrasound examination of abdomen. The criteria
for inclusion were as follows: (I) confirmed NSCLC by
pathology; (II) stage IIIB/IV according to the eighth
edition of the TNM Classification for lung cancer; (III)
with measurable lesions; and (IV) had received ICI-based
treatment. Patients to whom any of the following criteria
applied were excluded from the study: (I) EGFR/ALK/
ROST1 alterations; (II) hepatitis virus infection; (III) a
history of heavy drinking (>14 drinks per week for women
and >21 drinks per week for men); (IV) had received other
immunotherapy, including vaccines and adoptive cellular
immunotherapy; (V) had other malignant tumors; (VI) lack
of liver imaging evaluation; or (VII) lost to follow-up before
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evaluation of treatment efficacy.

Because of the study’s retrospective nature, the need
for written informed consent was waived. The study was
approved by the institutional review board of Shanghai
Pulmonary Hospital.

Definitions of variables

The efficacy of ICI-based treatment was evaluated
according to Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.1). Disease control rate (DCR) was
defined as complete plus partial response plus stable disease,
and objective response rate (ORR) as complete response
plus partial response. Progression-free survival (PFS) was
defined as the interval from the initiation of ICI treatment
to confirmed disease progression or death from any cause. If
disease progression had not occurred before the deadline for
analysis or last follow-up date, then the data were censored.

The expression level of PD-L1 was detected with 22C3-
antibody. Because of the strong bidirectional association
between NAFLD and metabolic syndrome (MetS) diseases,
such as diabetes, hypertension, and hyperlipemia (17),
if a patient had any one of these diseases, then previous
MetS disease was recorded as “yes” (Table I). BMI was also
collected, with 25 kg/m’ serving as the cut-off value, based
on the Chinese patients in our study having a much lower
BMI than Western patients.

Statistical analysis

Statistical analyses were carried out using SPSS version
22.0. For continuous variables, the Mann-Whitney U test
was applied to make comparisons between groups, and
Pearson’s * or Fisher’s exact tests were used for categorical
variables. In the univariate analysis, the Kaplan-Meier
method was employed to estimate PFS and OS and the log-
rank test was used to make comparisons. In the multivariate
analysis, the Cox proportional hazards model was used
to calculate the hazard ratio (HR) and corresponding
95% confidence interval (CI). Statistical significance was
indicated by a two-sided P value <0.05.

Results
Patient characteristics

A total of 223 patients with advanced NSCLC who received
ICI-based treatment at Shanghai Pulmonary Hospital were
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Table 1 Baseline characteristics of patients

Characteristics All Without NAFLD With NAFLD P
Age (years)
<61 114 (51.1) 78 (47.9) 36 (60.0) 0.108
>61 109 (48.9) 85(52.1) 24 (40.0)
Gender
Male 180 (80.7) 132 (81.0) 48 (80.0) 0.869
Female 43 (19.3) 31 (19.0) 12 (20.0)
Smoking history
No/light 134 (60.1) 101 (62.0) 33 (55.0) 0.346
Heavy 89 (39.9) 62 (38.0) 27 (45.0)
Previous MetS disease
No 149 (66.8) 112 (68.7) 37 (61.7) 0.322
Yes 74 (33.2) 51 (31.3) 23 (38.3
ECOG score
0-1 208 (93.3) 151 (92.6) 57 (95.0) 0.764
2-3 15 (6.7) 12 (7.4) 3(5.0)
BMI (kg/m?)
<25 168 (75.3) 131 (80.4) 37 (61.7) 0.004
>25 55 (24.7) 32 (19.6) 23 (38.3
Histology
Non-squamous 152 (68.2) 105 (64.4) 47 (78.3) 0.048
Squamous 71 (31.8) 58 (35.6) 13 (21.7)
Stage
ns/inic 46 (20.6) 37 (22.7) 9(15.00 0.208
\Y 177 (79.4) 126 (77.3) 51 (85.0)
PD-L1 level
Unknown 154 115 39 0.384
Negative 33 (47.8) 8 (38.1) 25 (52.1)
1-49% 21 (30.4) 9 (42.9) 12 (25.0)
>50% 15 (21.7) 4 (19.0) 11 (22.9)
Liver metastases
No 205 (91.9) 152 (93.3) 53 (83.3) 0.269
Yes 18 (8.1) 11 (6.7) 7(11.7)
Treatment lines
1 75 (33.6) 56 (34.4) 19 (31.7) 0.706
>2 148 (66.4) 107 (65.6) 41 (68.3
Treatment regime
Monotherapy 110 (49.3) 81 (49.7) 29 (48.3) 0.706
ICls + 79 (35.4) 60 (36.8) 19 (31.7)
chemotherapy
ICls + 34 (15.2) 22 (13.5) 12 (20.0)

antiangiogenesis

NAFLD, non-alcoholic fatty liver disease; MetS, metabolic
syndrome; BMI, high-body mass index; PD-L1, programmed
cell death-1 ligand-1; ICls, immune checkpoint inhibitors.
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v
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v
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Figure 1 Flow chart of the study. NSCLC, non-small cell lung cancer; ICI, immune checkpoint inhibitor; HBV, hepatitis B virus; ACT,

adoptive cell therapy; NAFLD, non-alcoholic fatty liver disease; LM, liver metastases.

involved in the study. Of the patients, 26.9% (n=60) were
confirmed to have NAFLD by ultrasound examination of
abdomen at the initiation ICI-based treatment (Figure I).
The baseline characteristics of the patients with and without
NAFLD, including age, gender, smoking history, previous
MetS disease, ECOG score, stage, PD-L1 level, LMs,
treatment lines, and treatment regime were similar (7able I).
As expected, patients with NAFLD had a higher BMI
(P=0.004), and these patients were more likely to have non-
squamous carcinoma (P=0.004).

LMs were confirmed by imaging in 8.1% (n=18) of the
patients (7able 2). In this subgroup, all patients were stage
IV. Notably, there was no difference in BMI between the
two groups.

Outcomes with ICIs-based treatment

Objective response

There was no significant difference in the response to ICI-
based treatment between the patients with and without
NAFLD (ORR 43.3% vs. 35.6%, P=0.289, DCR 83.3%
vs. 75.5%, P=0.211) (Figure 2A). Notably, for patients with
LMs, the ORR and DCR were dramatically higher in those
with NAFLD (n=7) than in patients without NAFLD (n=11)
(71.4% wvs. 9.1%, P=0.013; 85.7% wvs. 18.2%, P=0.013)
(Figure 2B), while for patients with no LMs, the response
was similar (ORR: 39.6% vs. 37.5%, P=0.784; DCR: 83.0%
vs. 79.6%, P=0.689) (Figure 2C). In addition, DCR of LMs
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of patients with NAFLD was significantly higher compared
to those without NAFLD (DCR: 42.9% vs. 0.0%, P=0.038)
(Figure 2D). The response depth of lung primary lesions
and LMs are shown in Figure 2E,F.

PFS

The median PFS of the entire cohort was 6.6 months (Figure
3A4), and he median PFS of patients with and without
NAFLD were similar (7.0 vs. 6.6 months, P=0.769, HR:
1.055, 95% CI: 0.738-1.507) (Figure 3B). However, in the
subgroup of patients with LMs, the median PFS of patients
with NAFLD was significantly longer than that of patients
without NAFLD (5.1 vs. 2.1 months, P=0.014, HR: 0.244,
95% CI: 0.073-0.813), while no difference was observed
in patients without LMs (7.0 vs. 7.3 months, P=0.476, HR:
1.146, 95% CI: 0.787-1.669) (Figure 3C,D). The PFS of
each patient with LMs is shown in Figure 3E.

Based on univariate analysis for PFS among the entire
cohort, liver metastasis was associated with decreased PFS
(P=0.002, HR =2.492) and better ECOG was associated
with increased PFS (P=0.042, HR =0.541). Furthermore,
ICI combination therapy resulted in better PFS compared
with ICI monotherapy. Meanwhile, our analysis indicated
that low BMI (<25 kg/m®) associated with increased
PFS (P=0.021). Based on multivariate analysis, BMI,
liver metastasis, and ICI combined chemotherapy were
associated with PFS (Table 3). Because of the limited sample
size, we were unable to perform multivariate analysis for
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Table 2 Baseline characteristics of patients with liver metastases

Characteristics All Without NAFLD With NAFLD P
Age (years)
<61 11 (61.1) 6 (54.5) 5(71.4) 0.637
>61 7 (38.9) 5 (45.5) 2 (28.6)
Gender
Male 15 (83.3) 9(81.8) 6(85.7) 1.000
Female 3(16.7) 2(18.2) 1(14.3)
Smoking history
No/light 12 (66.7) 8 (72.7) 4(57.1) 0.627
Heavy 6 (33.3) 3(27.9) 3(42.9)
Previous MetS disease
No 12 (66.7) 10 (90.9) 4(57.1) 0.627
Yes 6 (33.3) 1(9.1) 3 (42.9)
ECOG score
0-1 16(88.9) 151 (92.6) 6(85.7) 1.000
2-3 2(11.1) 12 (7.4) 1(14.3)
BMI (kg/m?)
<25 12 (66.7) 8 (72.7) 4(7.1) 0.627
>25 6 (33.3) 3(27.3) 3 (42.9)
Histology
Non-squamous 11 (61.1) 6 (54.5) 5(71.4) 0.637
Squamous 7 (38.9) 5 (45.5) 2 (28.6)
PD-L1 level
Unknown 11 7 4 0.657
Negative 2 (28.6) 1(25.0) 1(33.3)
1-49% 4(57.1) 3 (75.0) 1(33.3)
>50% 1(14.3) 0 (0.0 1(33.3)
Treatment lines
1 4(22.2) 2(18.2) 2(28.6) 1.000
>2 14 (77.8) 9(81.8) 5 (71.4)
Treatment regime
Monotherapy 9 (50.0) 6 (54.5) 3429 0.822
ICls + 6 (33.3) 3(27.3) 3 (42.9)
chemotherapy
ICls + 3(16.7) 2(18.2) 1(14.3)

antiangiogenesis

NAFLD, non-alcoholic fatty liver disease; MetS, metabolic
syndrome; BMI, high-body mass index; PD-L1, programmed

cell death-1 ligand-1; ICls, immune checkpoint inhibitors.
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PFS among patients with LMs.

Discussion

In the current study, despite our initial expectations,
NAFLD was not found to influence the efficacy of ICI-
based treatment across the entire cohort of patients.
Interestingly, in contrast with recent studies, our data
suggested that low BMI was demonstrated to have survival
benefit (Figure S1A4) (3,4).

The effect of obesity in cancer patients is a topic of
much controversy. Many studies have shown obesity
to be associated with aggressive tumor biology (18).
Wang et al. (19) found that obesity could result in
immune dysfunction and tumor progression, although it
also demonstrated greater anti-tumor efficacy and survival
benefit after checkpoint blockade, which directly targets
some of the pathways activated in obesity. However, data
from the study of Donnelly ez al. revealed a moderate but
insignificant association between overweight or obese
patients and better PFS in patients who received first line
ICIs (20). Meanwhile, worse PFS was observed in obese
patients who received non-first line ICI treatment (20),
which is consistent with our results (Figure SI1B,C). To
date, the association between BMI and outcomes of ICI
treatment in Chinese populations has been poorly reported,
with the majority of related data originating from Western
countries, where the median level of BMI is much higher.

Surprisingly, in the subgroup of patients with LMs,
patients with NAFLD could derive more benefits, namely
higher ORR and longer PFS, from ICI-based treatment.
Moreover, for patients with LMs and NAFLD, the DCR
of LMs was also better than those without NAFLD. Like
obesity, NAFLD is commonly recognized as a risk factor
for the onset of hepatic and extrahepatic tumors (21,22).
Wolf ez al. noted that non-alcoholic steatohepatitis activated
intrahepatic CD8+ T cells and NKT cells, both of which
are involved in the progression of hepatocellular carcinoma
(HCC) (23). Ma et al. described that a ROS-dependent
loss of hepatic CD4+ T helper cells, which was associated
to obesity-related lipid dysregulation, led to increased
hepatocarcinogenesis, whereas no effect was seen on CD8+
T cell numbers (24). Although there is much controversy
surrounding the exact role of immune cells in NAFLD and
further exploration of the involved mechanisms is needed,
we know that adaptive and innate immune system are
involved in the pathogenesis of NAFLD (7). Therefore,
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lesion (F) in the subgroup of patients with LMs. LM, liver metastases; NAFLD, non-alcoholic fatty liver disease; ORR, objective response rate.
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Table 3 Univariate and multivariate analyses of clinical parameters of PES in overall patients

Univariate analysis Multivariate analysis
Factors
HR 95% Cl P HR 95% Cl P

Age (years)

<61/>61 1.003 0.729-1.378 0.987
Gender

Male/female 0.751 0.507-1.111 0.151
Smoking history

No or light/heavy 1.080 0.782-1.490 0.641
Previous MetS disease

No/yes 0.964 0.686-1.354 0.833
ECOG score

0-1/2-3 0.541 0.299-0.979 0.042 0.598 0.322-1.110 0.103
BMI (kg/m?)

<25/>25 0.661 0.465-0.941 0.022 0.653 0.455-0.938 0.021
Histology

Non-squa/squa 0.837 0.594-1.178 0.307
Stage

B, NG/ \v 0.929 0.621-1.389 0.720
PD-L1

1-49%/negative 1.341 0.706-2.548 0.371

50%/negative 0.581 0.247-1.365 0.213
Liver metastases

Yes/no 2.492 1.452-4.277 0.001 0.409 0.235-0.711 0.002
NAFLD

Yes/no 1.055 0.738-1.507 0.770
Treatment lines

1/22 0.825 0.586-1.163 0.272
Treatment

ICls + chemo/mono 0.657 0.406-1.061 0.086 0.685 0.472-0.995 0.047

ICls + antiangio/mono 0.710 0.496-1.017 0.062 0.720 0.443-1.170 0.185

PFS, progression-free survival; HR, hazard ratio; Cl: confidence intervals; MetS, metabolic syndrome; BMI, high-body mass index; PD-L1,
programmed cell death-1 ligand-1; NAFLD, non-alcoholic fatty liver disease; ICls, immune checkpoint inhibitors.

we speculated that the changes in composition in the liver indicated in our study.
regional immune microenvironment may exert a paradoxical
impact on cancer in the same way obesity does. On the one

Conclusi
hand, NAFLD induces immune dysfunction and tumor onclusions
progression (11,22), but on the other, it may significantly In conclusion, our study indicated that NAFLD holds no
impact the anti-tumor efficacy of ICI-based treatment, as clinical benefit for advanced NSCLC patients who undergo
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ICI-based treatments; but it is associated with improved
outcomes in patients with LMs. However, this study was
limited by its retrospective, single-center nature and the
sample size of the subgroup of patients with LMs was small.
Therefore, our results require further verification in larger,
prospective studies. Further clarification of the mechanism
of NAFLD in enhancing the effect of ICI-based treatment
is also warranted.
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Supplementary
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Figure S1 PFS comparison of patients with low-BMI (<25) and high-BMI (>25): (A) total population; (B) patients who received ICIs-based

treatment in first line; (C) patients who received ICIs-based treatment in non-first line. PFS, progression-free survival; BMI, body mass
index; ICI, immune checkpoint inhibitor.
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