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A Randomized Phase Il Study of Irinotecan Plus Cisplatin with or without
Simvastatin in Ever-Smokers with Extended Disease Small Cell Lung Cancer
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Purpose This study evaluated whether an addition of simvastatin to chemotherapy improves survival in ever-smokers with extensive
disease (ED)-small cell lung cancer (SCLC).

Materials and Methods This is an open-label randomized phase Il study conducted in National Cancer Center (Goyang, Korea).
Chemonaive patients with ED-SCLC, smoking history (> 100 cigarettes lifetime), and Eastern Cooperative Oncology Group perfor-
mance status of <2 were eligible. Patients were randomized to receive irinotecan plus cisplatin alone or with simvastatin (40 mg once
daily orally) for a maximum of six cycles. Primary endpoint was the the 1-year survival rate.

Results Between September 16, 2011, and September 9, 2021, 125 patients were randomly assigned to the simvastatin (n=62) or
control (n=63) groups. The median smoking pack year was 40 years. There was no significant difference in the 1-year survival rate
between the simvastatin and control groups (53.2% vs. 58.7%, p=0.535). The median progression-free survival and overall survival
between the simvastatin arm vs. the control groups were 6.3 months vs. 6.4 months (p=0.686), and 14.4 months vs. 15.2 months,
respectively (p=0.749). The incidence of grade 3-4 adverse events was 62.9% in the simvastatin group and 61.9% in the control
group. In the exploratory analysis of lipid profiles, patients with hypertriglyceridemia had significantly higher 1-year survival rates than
those with normal triglyceride levels (80.0% vs. 52.7%, p=0.046).

Conclusion Addition of simvastatin to chemotherapy provided no survival benefit in ever-smokers with ED-SCLC. Hypertriglyceridemia
may be associated with better prognosis in these patient population.
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Introduction

Small cell lung cancer (SCLC) constitutes 15% of newly-
diagnosed lung cancer and 70% of this tumor presents as
extensive disease at the time of diagnosis [1]. Extensive-dis-
ease (ED) SCLC is highly chemosensitive but rapidly pro-
gressing and resistant to chemotherapy and thus has very
poor prognosis with a median survival time of 10 months [2].
For several decades, a combination of etoposide and plati-
num has been considered the standard treatment for ED-
SCLC [2]. There is an urgent need for innovative treatments
for providing survival benefits to these patients.

Statins are drugs that inhibit the conversion of 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) to mevalonate
by inhibiting HMG-CoA reductase. These inhibitors are pre-
scribed to reduce blood low-density lipoprotein—cholesterol
(LDL-C) levels. Although these drugs are mostly used to
decrease the risk of cardiovascular diseases, growing evi-
dence has suggested that these drugs may play a possible
role in cancer prevention and treatment [3-5]. In a preclini-
cal study, statins demonstrated potent anti-tumor activity in

suppressing the growth of cancer cells, inducing apoptotic
cell death, and inhibiting angiogenesis and metastasis [6].
We also previously found that simvastatin enhances irinote-
can-induced apoptosis through inhibition of proteasome
in non-SCLC cells [7]. Additionally, a few epidemiological
studies demonstrated that the risk of lung cancer or colo-
rectal cancer is significantly lower in stain-users compared
to non-statin users [8,9]. In a preclinical study with SCLC
cells, statins inhibited tumor growth, stimulated cell apop-
tosis, and increased drug sensitivity to etoposide [10]. Based
on the encouraging preclinical and early clinical anti-tumor
effect of statin, we previously conducted a single-arm phase
II study to evaluate the efficacy and toxicity of combination
treatment with simvastatin plus irinotecan and cisplatin (IP)
in 61 chemonaive patients with ED-SCLC [11]. Although the
addition of simvastatin to chemotherapy did not improve
the survival time in all the patients with ED-SCLC, syner-
gistic efficacy was proven in heavy smokers with ED-SCLC.
Ever-smokers with more than 65 pack-years showed signifi-
cantly longer overall survival (OS) than ever-smokers with
less than 65 pack-years or never-smokers (20.6 months vs.
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10.6 months vs. 9.0 months, respectively; p=0.032) [11]. Thus,
we designed this randomized phase II study to validate the
exploratory results of a previous phase II study. This study
aimed to evaluate whether a combination of simvastatin and
IP improves the clinical outcomes of ever-smokers with ED-
SCLC.

Materials and Methods

1. Patients

This single-center, prospective, open-label, randomized,
phase II study was conducted at the National Cancer Center
Korea (Goyang, Republic of Korea) (Clinical trial informa-
tion: NCT01441349). Eligibility criteria were > 18 years of
age, cytologically or histologically confirmed SCLC, chem-
onaive extensive disease, smoking history with more than
100 cigarettes in their lifetime, performance status of < 2 on
the Eastern Cooperative Oncology Group (ECOG) scale,
adequate organ function and normal hematologic function,
and measurable tumor lesions according to the Response
Evaluation Criteria in Solid Tumors (RECIST), ver. 1.1 [12].
Patients who had been on statin treatment before enrollment
were excluded.

2. Study design and treatment

Eligible patients were randomized 1:1 into one of the two
arms: IP alone or IP plus simvastatin. The patients were
stratified by smoking pack-years (< 50 vs. > 50 pack-years)
and EGOG performance status (0 or 1 vs. 2). The IP group
received 65 mg/m? irinotecan and 30 mg/m? cisplatin intra-
venously on days 1 and 8 every 3 weeks. The IP plus simv-
astatin group received 40 mg simvastatin orally daily and 65
mg/m? irinotecan and 30 mg/m? cisplatin intravenously on
days 1 and 8 every 3 weeks. Simvastatin was administrated
up to six cycles because we expected the synergistic effect
of simvastatin and IP chemotherapy. All the treatments were
continued until six cycles or the development of intolerable
severe toxicity.

3. Tumor assessment

Tumors were assessed using computed tomography, mag-
netic resonance imaging, or positron emission tomogra-
phy every 6 weeks until disease progression. The objective
response rate (ORR) was defined as the number of patients
who had a complete or partial response according to RECIST
ver. 1.1 [12]. Adverse events were evaluated according to the
Common Terminology Criteria for Adverse Events ver. 4.0.

4. Serum lipid and lipoprotein analysis
For exploratory analysis, serum samples were collected on
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day 1 of every cycle from all the patients. We measured the
triglyceride levels using a free glycerol assay, high-density
lipoprotein—cholesterol (HDL-C) using an enzymatic meth-
od, and LDL-C using a homogeneous enzyme immunoassay.

5. Statistical analysis

The primary endpoint was the 1-year survival rate after
treatment. The expected 1-year survival rate after the IP
treatment was 40%. This study was designed to detect a
20% increase in the 1-year survival rate following treatment
with IP plus simvastatin, with a one-sided type I error rate of
10% and 80% power. With a 10% drop-out rate expected, the
study sample size was set at 126 patients.

All the efficacy analyses were conducted in the intent-to-
treat population. Adverse effects were analyzed only in the
patients who received treatment. Pearson’s y? and Fisher’s
exact tests were used to determine the relationships between
the categorical variables where appropriate. The relation-
ships between the categorical and continuous variables were
tested using the t test. The significance of the changes in the
continuous variables between the two groups was calculated
using a two-sample t test. Progression-free survival (PFS)
was calculated from the beginning of the study treatment
to the first documentation of disease progression, death, or
last follow-up visit. OS was calculated from the beginning
of the study treatment to death or the final follow-up visit.
The survival rate was estimated using the Kaplan-Meier
method, and differences in the survival between the groups
were assessed using the log-rank test. Cox proportional haz-
ards models were used to calculate the survival hazard ratios
(HRs). Two-sided p-values less than 0.05 were considered
significant.

Results

1. Patient characteristics

Between September 16, 2011, and September 9, 2021, 125
patients were randomly assigned to receive either IP plus
simvastatin (n=62) or IP (n=63) (Fig. 1). The median age of
the patients was 64 years (range, 46 to 79 years), and male sex
(n=116, 92.8%) was predominant (Table 1). The ECOG per-
formance status of 2 was 41 (32.8%) and median body mass
index (BMI) was 23.1 kg/m? (range, 17.5 to 36.2 kg/m?).
All the patients had a smoking history with a median of
40 (range, 2 to 108) pack-years. Patient characteristics were
well-balanced between the treatment groups except for liver
metastasis.

2. Safety
A total of 125 patients were included in the safety evalu-
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‘ Patients screened (n=128) |

—| Screening failure not eligible (n=3) ‘

‘ 1:1 Randomly assigned (n=125) |
|

Simvastatin+Irinotecan-Cisplatin

(n=62)

I

Received study treatment
(safety population) (n=62)

Stop study treatment (n=60)

- Progressed or died (n=53)

- Adverse effect (n=4)

- Withdrawal of consent (n=3)

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) study diagram.

Table 1. Patient characteristics

| Continued study treatment (n=2) l

Irinotecan-Cisplatin

(n=63)

Received study treatment
(safety population) (n=63)

Stop study treatment (n=62)

- Progressed or died (n=49)

- Adverse effect (n=6)

- Withdrawal of consent (n=2)
- Patient decision (n=b)

| Continued study treatment (n=1) ‘

Characteristic IP plus simvastatin 1P p-value?

Age (yr)
<65 30 (48.4) 39 (61.9) 0.152
>65 32 (51.6) 24 (38.1)

Sex
Male 57 (91.9) 59 (93.7) 0.744
Female 5(8.1) 4(6.3)

Smoking
Former 46 (74.2) 46 (73.0) >0.99
Current 16 (25.8) 17 (27.0)

ECOG PS
0 8(12.9) 4(6.3) 0.398
1 33 (53.2) 39 (61.9)
2 21 (33.9) 20 (31.7)

Brain metastasis
Yes 13 (21.0) 14 (22.2) >0.99
No 49 (22.2 49 (77.8)

Liver metastasis
Yes 8 (129 18 (28.6) 0.029
No 54 (87.1) 45 (71.4)

LDH (U/L)
<202 17 (27.4) 45 (71.4) >0.99
> 202 18 (28.6) 45 (71.5)

BMI (kg/m?)
<23.0 28 (45.2) 34 (54.8) 0.373
>23.0 34 (54.0) 29 (46.0)

Values are presented as number (%). BMIL, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; IP, irinote-
can and cisplatin; LDH, lactate dehydrogenase. *Tested with Pearson’s y? test or Fisher’s exact test.
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Table 2. Summary of adverse effects

Any grade 2 Grade 3
Adverse effect
IP plus simvastatin P p-value” IP plus simvastatin IP

Anemia 37 (59.7) 33 (52.4) 0.411 14 (22.6) 12 (19.0) 0.627
Neutropenia 48 (77.4) 47 (74.6) 0.712 33 (53.2) 29 (46.0) 0.421
Thrombocytopenia 18 (29.0) 29 (46.0) 0.050 0 7 (11.1) 0.013
Hypokalemia 1(1.6) 5(7.9) 0.207 0 4(6.3) 0.119
AST increased 9 (14.5) 1(1.6) 0.009 1(1.6) 0 0.496
ALT increased 13 (21.0) 3(4.8) 0.007 1(1.6) 0 0.496
Creatinine increased 16 (25.8) 17 (27.0) 0.881 0 0 -
Fatigue / Asthenia 37 (59.7) 32 (50.8) 0318 4(6.5) 3(4.8) 0.717
Anorexia 31 (50.0) 28 (44.4) 0.534 0 2(3.2) 0.496
Nausea 34 (54.8) 34 (54.0) 0.922 0 3(4.8) 0.244
Vomiting 17 (27.4) 17 (27.0) 0.956 0 2(3.2) 0.496
Oral mucositis 8(12.9) 7 (11.1) 0.758 1(1.6) 0 0.496
Diarrhea 38 (61.3) 35 (55.6) 0515 6(9.7) 5(7.9) 0.731
Pneumonia 6(9.7) 0 0.013 0 0 -

Values are presented as number (%). ALT, alanine transaminase; AST, aspartate transaminase; IP, irinotecan and cisplatin. ?Tested with
Pearson’s o test or Fisher’s exact test.

A B
1.0 Median PFS 1.04 Median 0S
—— |P-sim 6.3 mo ——— |P-sim 144 mo
o 0.8 1 — P 6.4 mo n 0.8 — P 15.2mo
o HR, 1.07 (95% Cl, 0.75-1.56) g HR, 1.06 (95% Cl, 0.74-1.52)
2_ 0.64 p=0.686 E 0.6 1 p=0.749
S i = i
%u 0.4 é 0.4
- 02+ & 021
U T T _‘I T T T T T ‘_I. T U T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60 0 6 12 18 24 30 36 42 48 54 60
Time (mo) Time (mo)
No. at risk No. at risk
IP-sim 623 9 32 2 2 2 2 10 IP-sim 62 57 352011 4 2 2 2 2 1
P 6332 8222 2 1 1 1 10 IP 6357322 97 5 3 2 2 2

Fig. 2. Kaplan-Meier curves: progression-free survival (PFS) (A) and overall survival (OS) (B). CI, confidence interval; HR, hazard ratio;
IP, irinotecan plus cisplatin; IP-sim, irinotecan plus cisplatin and simvastatin.

ation. Patients received a median of 6.0 (range, 1.0 to 6.0)
treatment cycles in both the IP plus simvastatin and control
groups (p=0.832). The most common adverse effects were
neutropenia (76.0%), diarrhea (58.4%), and anemia (56.0%)
(Table 2). Grade 3 or worse adverse effects, which were
reported in more than 5% of the patients, included neutrope-
nia (49.6%), anemia (20.8%), and diarrhea (8.8%). No treat-
ment-related deaths occurred in either treatment groups.
There was no significant difference in any grade 3 or worse
adverse event between the two treatment groups (62.9% in
the IP plus simvastatin group vs. 61.9% in the IP group, p
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> 0.99). The addition of simvastatin to IP did not increase the
incidence of grade 3 or higher neutropenia (53.2% vs. 46.0%),
diarrhea (9.7% vs. 7.9%), or alanine transaminase increase
(1.6% vs. 0.0%). However, the frequency of grade 3 or higher
thrombocytopenia was significantly lower in the IP plus sim-
vastatin group than in the IP group (0.0% vs. 11.1%, p=0.013).

3. Efficacy

Considering the data cut-off on April 28, 2022, the median
follow-up duration was 75.0 months and 119 patients (92.0)
had experienced disease progression or death (Fig. 1). Three
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Table 3. The effect of simvastatin on serum lipid and lipoprotein levels

o IP+simvastatin Ir Baseline Change
Characteristic a) b)
Pre Post Change (%) Pre Post Change (%) p-value? p-value
Triglyceride (mg/dL) 139491 110£86  -20+40 13866 117457  -6£39 0.938 0.460
HDL cholesterol (mmol /L) 43410 4349 528 44+16 47+15 11431 0.497 0.266
LDL cholesterol (mmol /L) 105+31 73£25 27426 110+£29 113+£27 7£30 0.333 <0.001

Values are presented as mean+SD. HDL, high-density lipoprotein; IP, irinotecan and cisplatin; LDL, low-density lipoprotein; SD, standard
devition. ¥Tested with t test, PTested with t test with difference.

1009 p=0713  p=0014 p=0014 p=0348  p=0.046 p=0324  p=0.965
T 1 T 1 T 1 T 1 T 1 T 1 T 1

80 - 80.0

65.2

60 1 55.8 56.3

56.0%
40 -

1-Year 0S rate (%)

NVEE (W n&n& S DS e
Q X LUV AT PV NN LT

v
ECOG  Liver LDH BMI TG LDL-C  HDL-C
PS metastasis (U/L) (kg/m?) (mg/dL) (mmol/L) (mmol/L)

Fig. 3. 1-Year survival rate analysis by clinical factors and lipid and lipoprotein levels. BMI, body mass index; ECOG PS, Eastern Coopera-
tive Oncology Group performance status; HDL-C, high-density lipoprotein—cholesterol; LDH, lactate dehydrogenase; LDL-C, low-density

lipoprotein—cholesterol; OS, overall survival; TG, triglyceride.

patients (4.8%) in the IP plus simvastatin group and three
patients (4.8%) in the IP group were alive.

Tumor evaluation was available for 120 patients (96%). The
ORR was not different between the two treatment groups (IP
plus simvastatin, 54/61[88.5%] vs.IP, 50/59 [84.7%]; p=0.543)
(S1 Table).

The 1-year survival rates of the simvastatin and control
groups were 53.2% and 58.7%, respectively (p=0.535). The
IP plus simvastatin treatment did not prolong the PFS com-
pared to the IP treatment alone (median PFS, 6.3 months
[95% confidence interval (CI), 5.5 to 7.1] vs. 6.4 months [95%
Cl, 5.7 to 7.1]; HR, 1.07 [95% CI, 0.75 to 1.56]; p=0.686) (Fig.
2A). There was no significant difference in the OS between
the IP plus simvastatin group and the IP group (median OS,
14.4 months [95% CI, 9.7 to 19.1] vs. 15.2 months [95% (I,
12.7 t0 17.7]; HR, 1.06 [95% CI, 0.74 to 1.52]; p=0.749) (Fig. 2B).

After discontinuing the study, subsequent treatment was
determined at the physician’s discretion (S2 Table). Subse-
quent systemic chemotherapy was administered to 47 of
62 patients (75.8%) in the IP plus simvastatin group and 46
of 59 patients (73.0%) in the IP group. Etoposide plus plati-
num regimen was mostly used in both the treatment groups

(50.0% in the IP plus simvastatin group vs. 39.7% in the IP
group, p > 0.99). Three (4.8%) patients in the simvastatin
group and three patients (4.8%) in the IP group received
immunotherapy with anti-programmed death-ligand 1 inhi-
bitor.

The subgroup analysis for the PFS and OS was performed
according to important clinical factors, including smoking
pack year, BMI, serum lactate dehydrogenase (LDH), and
lipoproteins (S3 Table). No subgroups showed a survival
benefit from the addition of simvastatin to IP treatment. Even
in the subgroup with more than 50 pack-years, no survival
improvement was observed using the IP plus simvastatin
combination (PFS: HR, 1.15 [95% CI, 0.56 to 2.35]; p=0.709;
0S: HR, 1.61 [95% CI, 0.80 to 3.25]; p=0.187).

4. Serum lipid and lipoprotein levels

Serum lipid and lipoprotein levels were measured at base-
line in 125 patients (100%) and after the 1st cycle of treat-
ment in 111 patients (88.8%). Pretreatment levels of the
serum lipids and lipoproteins were similar between the two
treatment groups (Table 3). The serum LDL-C level was sig-
nificantly reduced after the first cycle of treatment in the

VOLUME 55 NUMBER 3 JULY 2023 8§89



Cancer Res Treat. 2023;55(3):885-893

simvastatin group than in the control group (-27% vs. 7.0%,
p <0.001) (Table 3). Triglyceride (-20% vs. —6%, p=0.460) and
HDL-C (5% vs. 11%, p=0.266) levels were not affected by the
simvastatin treatment. Baseline increased level of triglycer-
ides had a trend of better PFS (HR, 0.50; 95% CI, 0.23 to 1.11;
p=0.089) and OS (HR, 0.58; 95% CI, 0.28 to 1.24; p=0.161),
while the LDL-C and HDL-C levels were not associated with
the survival outcomes (S4 Table).

Survival improvement with IP plus simvastatin was not
observed in patients with high baseline LDL-C levels or pati-
ents whose LDL-C level was significantly decreased after the
1st cycle of treatment (S3 Table).

5. Hypertriglyceridemia and survival

At the baseline, mean triglyceride concentration was 138.8
mg/dL (standard deviation, 79.6), and hypertriglyceridemia
(>200 mg/dL) was observed in 12% of the patients with ED-
SCLC. Baseline hypertriglyceridemia was significantly asso-
ciated with high body weight, BMI, low HDL-C level, and
neutrophil-to-lymphocyte ratio (S5 Table). However, it was
not associated with the ECOG performance status, smoking
pack-years, liver metastasis, or serum LDH levels.

Analysis of the 1-year survival rate showed that the base-
line serum LDH, liver metastasis, and triglyceride levels
were significantly related to the 1-year survival rate (Fig.
3). Patients with triglyceride levels > 200 mg/dL (n=15) had
80.0% 1-year survival rate, while those with triglyceride lev-
els < 200 mg/dL (n=110) had 52.7% (p=0.046) (S6 Table). In
the logistic regression model with covariates including LDH
level and liver metastasis, the baseline triglyceride level
remained an independent predictor for the 1-year survival
rate (odd ratio, 0.23; 95% CI, 0.06 to 0.92; p=0.036).

Discussion

We conducted a randomized phase II study to evaluate
the efficacy and toxicity of a combination of simvastatin and
IP chemotherapy in 125 Korean patients with previously
untreated ED-SCLC. It took almost 10 years to complete
this study due to the slow recruitment. It was thought that
the subject recruitment had been challenging owing to a
decrease in the incidence of SCLC type and poor perfor-
mance status of ED-SCLC patients [13]. In this study, IP plus
simvastatin treatment failed to improve the 1-year survival
rate compared to IP treatment alone. There were no signifi-
cant differences in the other survival outcomes between the
two treatment groups. Considering the safety profile, no
additional adverse effects from simvastatin combination
treatment were observed.

Based on the promising preclinical efficacy and proven
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safety profiles, multiple clinical studies have been conduct-
ed to investigate the anti-tumor effect of statins in different
types of cancers. However, it remains controversial whether
statin treatment enhances anti-tumor efficacy. In a rand-
omized phase III study with 846 patients with ED-SCLC or
limited-disease SCLC, a combination of pravastatin 40 mg/
day plus standard chemotherapy did not improve the medi-
an OS compared to chemotherapy alone [14]. In addition, the
sorafenib plus pravastatin 40 mg/day combination treatment
showed no survival benefit in a randomized phase III study
with 312 patients with advanced hepatocellular carcinoma
(HCC) [15]. However, another phase II study in 83 patients
with unresectable HCC demonstrated that the combination
of pravastatin 40 mg/day and transcatheter arterial embo-
lization significantly prolonged the survival [16]. Moreover,
in a randomized phase II study in 91 patients with refractory
multiple myeloma, lovastatin (0.5-2 mg/kg/day) combina-
tion treatment significantly prolonged the OS and PFS [17].
When statins were clinically evaluated as anticancer drugs,
the type, dose, and treatment duration of statins were con-
sidered important factors affecting the final results. In this
study, simvastatin 40 mg once a day treatment sufficiently
lowered the mean LDL-C level by approximately 30%. How-
ever, some researchers have suggested that simvastatin 40
mg/day, which is a typical dose for hypercholesterolemia,
may be a suboptimal dose to induce cancer cell death in the
tissue [4]. Several doses and dosing schedules of statins need
to be further evaluated in clinical settings.

In our previous clinical study, we found that the anti-
tumor effect of simvastatin was associated with an increased
smoking dose in patients with SCLC [11]. It was assumed
that simvastatin successfully inhibited the activation of
nuclear factor-kB, which plays a critical role in smoke-asso-
ciated inflammatory cancers such as SCLC [18]. However,
in this randomized study, the efficacy of simvastatin did not
vary based on the current smoking status or pack-years. In
addition, we could not find other clinical biomarkers, includ-
ing BMI and lipoprotein levels, to identify cancers vulnerable
to statins. In contrast, several previous studies have attempt-
ed to identify tumor subtypes with high sensitivity to statins.
In a breast cancer study, the statin sensitivity of estrogen
receptor (ER)-negative breast cancer was higher than that
of ER-positive breast cancer [19]. Moreover, some preclinical
studies showed statins are more effective in cancer cells hav-
ing epithelial-to-mesenchymal transition feature [20]. HMG-
CoA reductase expression or TP53 mutation status also were
evaluated as a predictive molecular biomarker for statin sen-
sitivity. However, these biomarkers have not yet been vali-
dated in clinical studies. The absence of a proven biomarker
may be a cause of inconsistency in the results of many previ-
ous clinical studies with statins. Further study of predictive
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markers of statin-sensitive tumor type is warranted.

Although there was no significant difference in the median
OS between the simvastatin and IP groups, all the patients
showed an outstanding OS of approximately 15 months.
This survival result appears to be distinctly longer than the
historical outcomes of patients with ED-SCLC, even though
this is not a direct comparison. In the IMPower133 trials,
which provided the evidence of the current standard first-
line treatment with atezolizumab plus etoposide and carbo-
platin (ECb) in patients with ED-SCLC, the median OS of
the experimental and the control groups was 12.3 and 10.3
months, respectively [21]. It remains unclear why the partici-
pants of this study have a longer survival compared to that of
other study controls. Several factors, including the regimen
(IP vs. ECb) and treatment duration (6 cycles vs. 4 cycles) of
cytotoxic chemotherapy, ethnicity (Asian vs. non-Asian), and
extent of tumor could explain this unexpected result.

One of the exploratory findings of this study is the pos-
sible association between the blood lipid profile and prog-
nosis of patients with ED-SCLC. Increased triglyceride levels
at baseline were associated with better survival outcomes,
independent of the LDH level, which is a well-known prog-
nostic marker of SCLC. Few clinical studies have evaluated
the prognostic effect of triglyceride; thus, the results remain
inconsistent [22,23]. More recently, BMI, which is closely
related to serum triglyceride levels, has been extensively
investigated for its impact on the prognosis of patients treat-
ed with anti-programmed death-ligand 1 (PD-L1) immune
checkpoint inhibitors in multiple cancer types [24-26]. Most
previous studies have suggested that obese patients show
better survival outcomes with immunotherapy than non-
obese patients. Unfortunately, considering that serum triglyc-
eride levels were not measured in those studies, we could not
determine their prognostic effect in patients treated with
anti-PD-L1 immunotherapy. On the other hand, cancer
cachexia, which is characterized by anorexia, weight loss,
and reduced skeletal muscle mass, is well known to be asso-
ciated with a worse prognosis in patients with SCLC [27,28].
Impaired glucose and lipid homeostasis, such as insulin
resistance, lipolysis, and systemic inflammatory process,
has been suggested as a pathogenic mechanism of cancer
cachexia [29]. Jones et al. [30] found that serum triglyceride
levels were significantly lower in cachexic mice with tumors
than in control mice owing to decreased very-low-density-
lipoprotein production and release from the liver. In addi-
tion, another preclinical study reported reduced plasma tri-
glyceride levels along with changes in the activity of tissue
lipoprotein lipase in a cachexia mouse model [31]. In this
study, patients without hypertriglyceridemia showed signifi-
cantly lower body weight and BMI than those with hyper-
triglyceridemia. These findings suggest that the prognostic

effect of blood triglyceride levels in patients with SCLC may
be explained in terms of the cachectic conditions. However,
the number of patients included in this study was too small
to draw the conclusion. It is necessary to validate its prog-
nostic value in other large-sample clinical studies.

In conclusion, the addition of simvastatin to chemotherapy
provided no survival benefit in ever-smokers with ED-SCLC.
Different treatment doses and schedules may be considered
for increasing the synergistic anticancer efficacy. Moreover, it
is necessary to evaluate whether particular SCLC subgroups
are highly sensitive to statins. Among the serum lipid and
lipoprotein markers, triglyceride levels could be associated
with a better prognosis in ED-SCLC.
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