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Statins improve survival in patients previously treated with
nivolumab for advanced non-small cell lung cancer:
An observational study
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Abstract. There are a number of suggested predictive factors of
nivolumab for non-small cell lung cancer (NSCLC), however,
there is not enough evidence to determine a single factor that can
predict the efficacy of nivolumab. As the progress of biomarkers
for cancer treatment is improving, it has been speculated that
certain clinical factors serve an important role when predicting
the outcome of chemotherapy. A total of 67 patients treated
with nivolumab for NSCLC from 2016-2017 were prospec-
tively investigated. Age, sex, the Eastern Cooperative Oncology
Group Performance Status, histology, epidermal growth factor
receptor (EGFR) mutation, history of chemotherapy, smoking
status, use of statins, use of fibrates, use of dipeptidyl pepti-
dase-4 (DPP-4) inhibitors, and use of metformin were examined
as clinical factors. Statistical analyses were performed using
the Kaplan-Meier method and Cox regression adjusted for risk
factors and the tumor response of 67 patients was assessed. The
patients had a median age of 67 years (range, 36-87 years), and
46 males and 21 females were enrolled; performance status
0/1 was 59. Cases were categorized as adenocarcinoma (n=41),
squamous cell carcinoma (n=17) and other (n=9). A total of
13 patients (19.4%) had EGFR mutations. These clinical factors
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were not statistically significant in overall survival (OS).
Clinical laboratory findings, complications and use of medical
agents including antidiabetes mellitus or lipidemia were also
analyzed. Statins exhibited statistical significance for response
(P=0.02). Time-to-treatment failure (TTF) in statin-use
group was not reached [95% confidence interval (CI): 1.9-not
reached] and was 4.0 months (95% CI: 2.0-5.4) in the non-statin
group (P=0.039). The median OS in statin-use group was not
reached (95% CI: 8.7-not reached) and was 16.5 months (95%
CI: 7.5-not reached) in the non-statin group (P=0.058). NSCLC
patients previously treated with nivolumab who were admin-
istered statins exhibited an increased response rate and longer
TTEF. This response was not statistically significant in OS.

Introduction

Lung cancer exhibits the greatest mortality rate of all types
of cancer in men and women worldwide (1). Until recently,
treatment for advanced lung cancer included only cytotoxic
anticancer drugs. More recently, molecular target drugs that
are much more tolerable and cause fewer adverse events have
been developed (2). Notably, epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors and anaplastic lymphoma
kinase (ALK) inhibitors greatly improved the prognosis of
specific patient subgroups with EGFR-activating mutations or
ALK rearrangements (3). However, in later stages of advanced
lung cancer, effective therapies are still limited.

Novel drugs including pembrolizumab, nivolumab, and
atezolizumab, referred to as immune checkpoint inhibi-
tors (ICPi), have been approved by the US Food and Drug
Administration (FDA) for previously treated advanced
non-small cell lung cancer (NSCLC). The Checkmate-017 (4),
Checkmate-057 (5), KEYNOTE-010 (6) and OAK (7) trials
demonstrated the superiority of these agents over docetaxel,
which had previously been the standard of care for second-line
therapy. ICPi block the interaction between programmed cell
death-1 (PD-1) on activated cytotoxic T-lymphocytes (CTLs)
and programmed cell death ligand-1 (PD-L1) on tumor
cells, which inactivate the tumoricidal activity of CTLs (8).
The response to ICPi is ~20% (9). Certain factors, including
PD-L1 expression, smoking history and EGFR mutations,
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were suggested to be predictive biomarkers in several clinical
trials (10-13), but they are not enough to predict response
with ICPi. In the meantime, the efficacy of PD-1 blockade
therapy is considered to be relevant to metabolism (14-17).
The association between metformin, a type 2 diabetes drug,
and the efficacy of PD-1 blockade has been reported in vivo
and in vitro (18). Other drugs that affect metabolism, such as
statins, have also been reported to have antitumor effects (19).
The off-target effects in combination with cytotoxic chemo-
therapy and metoformin/statin resulted in longer survival for
elderly NSCLC patients due to attenuated chronic inflamma-
tion (20).

In the present study a prospective observational database
was used to evaluate advanced NSCLC patients previously
treated with nivolumab to investigate predictive biomarkers
and the effects of drugs that affect metabolism.

Patients and methods

Patients and data acquisition. A total of 73 patients treated
with nivolumab for advanced NSCLC in the first (recur-
rence after surgery), second or later lines of therapy at the
Tokyo Metropolitan Cancer and Infectious Diseases Center
Komagome Hospital (Tokyo, Japan) between January 2016
and February 2017 who did not participate in other clinical
trials were identified using the database of the prospective
observational study (UMIN registry no. UMIN000021694)
and the study protocol was approved by the Ethics Committee
of Tokyo Metropolitan Cancer and Infectious Diseases
Center Komagome Hospital. Written informed consent
from patients was waived for the present study by the Ethics
Committee due to the observational nature of the protocol.
The following clinical factors of lung cancer patients were
examined: Age, sex, Eastern Cooperative Oncology Group
Performance status (21), histology, EGFR mutation, history of
chemotherapy, smoking status, use of statins, use of fibrates,
use of dipeptidyl peptidase-4 (DPP-4) inhibitors and use of
metformin. Patients treated with involumab in the present
analysis was concurrently treated with statins, fibrateds,
DDP-4 inhibitors, and metformin. The status of each patient
at the beginning of nivolumab therapy was evaluated based
on the use of statins by each patient. The same classifica-
tion method was used for fibrates, DPP-4 inhibitors, and
metformin.

Statistical analysis. Descriptive statistics was used to summa-
rize the patients' baseline characteristics. The objective tumor
response of nivolumab was determined following the Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1
guidelines (22). The efficacy of nivolumab prior therapy was
divided into two groups: Responders and non-responders. In
patients treated with chemotherapy, responders were patients
who achieved complete response (CR) or partial response
(PR) according to the RECIST version 1.1 guidelines (23).
Overall survival (OS) was defined as the time from the date
of nivolumab treatment to the date of death for any reason.
The time-to-treatment failure (TTF) was defined as the time
from the date of initiation of nivolumab treatment to the date
of disease progression or death. In any case of termination
because of immune-related adverse events (irAE), the date of
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progression or death was defined as the event. Retreatment of
nivolumab following recovery from irAE was permissive.

Univariate and multivariate analyses were conducted to
identify the associations between the response to nivolumab
therapy and the clinical characteristics of patients with
advanced NSCLC. Categorical variables were tested for
significance using Fisher's exact test or the y* test, as appro-
priate. Multivariate logistic regression analysis was used to
assess the associations between patient variables and response
to nivolumab therapy. TTF was estimated using Kaplan-Meier
curves with a two-sided log-rank test. All P-values were
two-sided, and P<0.05 was considered to indicate a statistically
significant difference. All statistical analyses were performed
using the JMP 11 software (SAS Institute, Inc., Cary, NC,
USA).

Results

Baseline characteristics. Among 73 patients treated with
nivolumab as the second-line or later lines of chemotherapy,
a total of 67 patients whose radiological response could be
evaluated were included in this analysis. Patients had a median
age of 67 years (36-87 years). A total of 46 male and 21 female
patients were analyzed. A total of 41 (61.2%) patients had
adenocarcinoma, and 17 (25.4%) patients had squamous cell
carcinoma. A total of 13 (19.4%) patients had EGFR mutation.
At the time of initiation of nivolumab, 10 (14.9%) patients
were treated with statins. Other patient characteristics are
detailed in Table I. The median follow-up time calculated from
nivolumab treatment was 3.5 months. A total of 2 patients
included with metformin at a dose of 250 mg/day; 3 patients
were included who were treated with 10 mg/day atorvastatin;
1 patient was treated with 30 mg/day of fluvastatin; 2 patients
were treated with 2.5 mg/day of rosuvastatin; 3 patients were
treated with 5 mg/day of pravastatin and 1 patient was treated
with 2.5 mg/day of pravastatin.

Clinical outcome. Of the 67 patients, 1 achieved a CR,
14 achieved a PR, 23 achieved stable disease status, and
25 developed progressive disease (PD) according to the
RECIST criteria. A total of 4 patients were not evaluated for
response due to early death or loss to follow-up. The objective
response rate was 22.4% (Table II).

The results of univariate and multivariate analyses of
variable factors of response in patients treated with nivolumab
are presented in Table III. In the univariate analysis, patients
treated with nivolumab as a first- or second-line therapy tended
to have a better response rate than those receiving nivolumab
as a later-line therapy [odds ratio (OR), 36.7 vs. 4.5%,
respectively; P=0.008]. In addition, patients treated with
statins at the time of initiation of nivolumab therapy tended to
have a better response rate than those not treated with statins
(ORR, 62.5 vs. 15.9%, respectively; P=0.011). Multivariate
logistic regression demonstrated that the use of statins was
independent of response to nivolumab therapy [OR, 0.011;
95% confidence interval (CI): 1.35-40.10; P=0.021]. EGFR
mutations were revealed to not be a predictive factor; none of
the patients who had EGFR mutations was a responder.

TTF for all treated patients with nivolumab was
4.96 months (95% CI: 2.66-7.62), and OS was not reached.
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Table I. Baseline characteristics of registered patients.
Variants Statins (+) (n=10) % Statins (-) (n=57) %
Age, years [median (range)] 70 (53-78) 67 (36-87)
Sex
Male 8 80.0 38 66.7
Female 2 20.0 19 333
PS
0/1 9 90.0 50 86.7
2 1 10.0 7 13.3
Histological subtypes
Adenocarcinoma 7 70.0 34 59.6
SQC 2 20.0 15 26.3
NSCLC 0 0 4 7.0
ADSQC 0 0 2 3.6
LCNEC 1 10.0 1 1.8
Large cell carcinoma 0 0 1 1.8
EGFR mutation
Wild-type 10 100.0 34 772
EGFR exon19 del 0 0 7 12.2
EGFR exon21 L858R 0 0 6 10.6
Lines of chemotherapy, median (range) 2 (2-4) 2 (1-5)
Smoking Status
Current or former 8 100 47 82.5
Never 0 0 10 17.5
Use of fibrates
Yes 0 0 4 7.0
No 10 100 53 93.0
Use of DPP-4 inhibitors
Yes 3 30.0 2 3.5
No 7 70.0 55 96.5
Use of metformin
Yes 1 10.0 1 1.8
No 9 90.0 56 98.2

PS, performance status; SQC, squamous cell carcinoma; NSCLC, non-small cell lung cancer; ADSQC, adenosquamous cell carcinoma;
LCNEC, large cell neuroendocrine carcinoma; EGFR, epidermal growth factor receptor; DPP-4, dipeptidyl-peptidase-4.

Table II. Objective response to treatment.

Objective response Patients, n (%)
CR 1 1.5
PR 14 20.9
SD 23 343
PD 25 373
NE 4 6.0
Overall response rate (%) 15 224

CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; NE, not evaluate.

TTF of statin (+) group was not reached (95% CI: 1.9-not
reached), whereas TTF of statin (-) group was 4.0 months
(95% CI: 2.0-5.4; P=0.039; Fig. 1A and B). OS of statin (+)

group was not reached (95% CI: 8.7-not reached) and OS of
statin (-) was 16.5 months (95% CI: 7.5-not reached; P=0.058;
Fig. 2A and B).

Discussion

The results of the present study demonstrated that the use of
statins led to a good response in patients treated with nivolumab
for advanced NSCLC. A number of predictive biomarkers of
nivolumab or other immune checkpoint blockade therapies
have been previously proposed. PD-L1 expression on tumor
cells was demonstrated to be a possible biomarker predictor
of nivolumab or other immune checkpoint blockade thera-
pies in patients with advanced NSCLC, melanoma or renal
cell cancer (5,6,22). Besides PD-L1 expression of the tumor
tissue, smoking history and oncogenic driver mutations
(EGFR mutation and ALK fusion) were previously suggested
to be predictive biomarkers (5,6). In addition, previous studies
revealed that counts of neutrophils, lymphocytes, eosinophils
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Table III. Univariate and multivariate analyses of variable factors of response in previously treated NSCLC patients treated with

nivolumab.
Univariate analysis Multivariate analysis
Characteristic RR (%) OR 95% CI P-value OR 95% CI P-value
Age, years
<70 26.5 0.56 0.08-2.74 0.51
>70 16.7
Sex
Male 243 1.27 0.26-8.63 1.00
Female 20.0
PS
<2 234 0.82 0.02-9.53 1.00
>2 20.0
Histology
SQC 30.8 1.70 0.30-8.39 0.47 1.27 0.27-6.11 0.76
Other 20.5
EGFR mutations
Yes 0 0 0-1.35 0.09 0.00 0.00-NR 0.99
No 28.6
Lines of chemotherapy
2o0r3 36.7 11.67 1.45-546.00 0.01
>4 4.5
Smoking status
Current/former 239 1.56 0.15-80.96 1.00 0.24 0.01-4.49 0.34
Never 16.7
Use of statin
Yes 62.5 8.29 1.29-66.58 0.01 737 1.35-40.10 0.02
No 159
Use of fibrate
Yes 50.0 342 0.04-284.54 041
No 220
Use of DPP-4 inhibitor
Yes 25.0 1.12 0.020-15.64 1.00
No 229
Use of metformin
Yes 100 Inf 0.09-Inf 0.23
No 21.6

RR, response rate; OR, odds ratio; PS, performance status; SQC, squamous cell carcinoma; NR, not reached; CI, confidence interval; EGFR,
epidermal growth factor receptor; DPP-4, dipeptidyl peptidase4; Inf, infinity.

and lactate dehydrogenase levels in the peripheral blood could
be predictive biomarkers of ipilimumab therapy for mela-
noma (24-26). However, evidence is not sufficient to use these
indicators as predictive biomarkers. Therefore, in the present
study, various markers were analyzed in patients treated with
nivolumab for advanced NSCLC to assess predictability.

In the present study of nivolumab therapy, the response of
patients treated with statins was better than that of patients not
treated with statins. Cellular metabolism is considered to be
important to immunotherapy of cancer (27). In fact, DPP-4
and metformin inhibitors have been reported to enhance
anticancer effects of ICPi in vivo or in vitro (16,18,28). In
the present study, patients treated with DPP-4 inhibitors or
metformin were few and did not exhibit a significantly good

response. Chamoto et al (29) recently reported that bezafibrate
enhanced tumor-growth suppression and animal-survival
activities by anti-PD-L1 monoclonal antibody. Statins,
inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A
reductase, are efficient and widely used drugs in the treatment
of cardiovascular diseases and lipid disorders, especially
hypercholesterolemia (28-30). Conversely, statins have been
previously reported to prolong the survival and decrease
the incidence of patients with various cancers (30-32). The
mechanism of the anticancer activity of statins remains
unclear, but a previous review has demonstrated this anticancer
effect (33). Mitogen-activated protein kinase and extracellular
signal-regulated kinase upregulate antiapoptotic molecules in
small cell lung cancer (SCLC) cells (34,35), and simvastatin
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Figure 1. (A) The estimated Kaplan-Meier curves for treatment-to-failure in all patients treated with nivolumab. (B) The estimated Kaplan-Meier curves for

overall survival in all patients treated with nivolumab.
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Figure 2. (A) Survival curve comparing statin (+) group and statin (-) group in treatment-to-failure demonstrating statistically significance (P=0.025).
(B) Survival curve comparing statins (+) group and statins (-) group in overall survival exhibited a significant improvement in the statin (+) group (P=0.058).

can disrupt this process through impaired Ras superfamily
signaling (34-36). Statins also have a potentially synergic
effect in combination with cytotoxic chemotherapy (36-38).
In the clinical setting, metformin and statin attenuates
chronic inflammation (and stabilization TP53 function),
which demonstrated the survival benefit in combination with
EGFR tyrosine kinase inhibitor for EGFR mutation-positive
NSCLC (39) and reduced cancer risk in Korean nation-wide
surveillance (40). In the present study, nivolumab demonstrated
similar tendency for survival. A number of previous in vitro
studies have demonstrated that statins arrest cells in the G1
or S phase by affecting cell-cycle regulatory proteins such
as cyclins, cyclin-dependent kinases (CDKs), and inhibitors
of CDK (33.,41,42). In addition, statins have been considered
to lead to apoptosis of cancer cells through effects of various
molecules such as B cell lymphoma (Bcl)-2, Bcl-2-associated
X protein and caspase 3 (33,43-45). Furthermore, statins
have been demonstrated to inhibit intracellular signaling
pathways in cancer cells (33). Other studies have reported
that statins activated anticancer immunity and may reduce
the development of cancer cells and metastasis (46,47). One
previous study reported that human melanoma cells with
statins increased major histocompatibility complex (MHC)
class I chain-related protein A (MICA) membrane expression
and made melanoma cells more sensitive to NK cells (46).

Conversely, previous reports have also linked the use of statins
to immunity suppression (48). Cholesterol has been reported
to induce a conformational change of the transmembrane
domain of MHC II (49), so it is presumed that statins modify
conformation and the function of immune-related molecules,
such as MHCs, and affect anticancer immunity. This theory
suggests that statins may increase anticancer effects of the ICPi
through activation of T cells. Overall, the present study reveals
a potential improved efficacy of ICPi; however, there is no
biological plausibility to illustrate.

The present study had limitations. First, only a small
number of patients were treated (n=10) with statins. It was
also difficult to evaluate the effects of confounding. Secondly,
another limitation was that dose and duration of statins and
level of cholesterol in the peripheral blood were unknown.
Third, PD-L1 expression of tumor cells in patients prior to
treatment was unknown, since IHC of PD-L1 expression is not
arequirement when using nivolumab. Therefore, correlation of
PD-L1 expression was not evaluated.

A definite single predictive biomarker of ICPi has not yet
been identified and it has been suggested that the interaction
of several clinical or biological elements of the ‘cancer
immunogram’ are associated with response to ICPis (50).
The relevance of the mevalonate pathway and ICPi is
estimated in various mechanisms in the cancer biology,
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but clinical studies with statins for SCLC patients were not
previously demonstrated to benefit the survival (51); however,
nivolumab in NSCLC was not performed. The results of the
present study suggest that combination therapy of nivolumab
and statins improve the survival rate and should be further
investigated.

In the present study, it was demonstrated that the use of
statins was associated with better response and longer TTF
in patients with advanced NSCLC treated with nivolumab.
Further investigations on the predictive and clinical relevance
of ICPi are required.
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