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Abstract

Statins are known for their anticancer effects, and many studies have shown the effectiveness of statins for cancer prevention and
improvement of cancer-related long-term oncologic outcome. However, their effectiveness on recurrence or survival of non-
small cell lung cancer (NSCLC) after curative resection remains unknown. This was a retrospective cohort study that assessed the
medical records of patients who were diagnosed with NSCLC and treated with curative resection at a tertiary care hospital
between August 2003 and July 2012. The primary outcome was the comparison of postoperative overall survival (OS) and
recurrence-free survival (RFS) between the statin group of patients, who were administered statins at least | month before the
surgery and continued it after the surgery, and the nonstatin group of patients, who were not administered statins. Propensity
score (PS) matching was used to balance the 2 groups, and the analysis was performed using a Cox proportional hazards model. In
total, 994 patients with NSCLC were included in the final analysis: 135 patients in the statin group and 859 patients in the nonstatin
group. After PS matching, there was no significant difference in postoperative recurrence (P = .862) or death (P = .074) between
the statin group and the nonstatin group. Similarly, there was no significant difference in postoperative RFS (P = .862) and OS
(P = .072) between the 2 groups after PS matching. This study demonstrated that statin administration had no significant
association with recurrence or survival after NSCLC treatment.
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Introduction

Lung cancer is one of the most frequent causes of cancer-
related deaths worldwide.'! Non-small cell lung cancer
(NSCLC) accounts for 80% of lung cancer cases at the time
of initial diagnosis, and the standard treatment is curative resec-
tion, which is associated with a higher chance of long-term
survival 2 However, even after curative resection of NSCLC,
long-term survival is reported as <50%, with 33.1% of patients
exhibiting recurrence within 2 years.’

Statins are inhibitors of 3-hydroxy-3-methylglutaryl-
coenzyme A reductase, which suppresses intramolecular
mevalonate synthesis. They are widely used to lower blood
cholesterol, and their effectiveness in lowering cardiovascular

! Department of Anesthesiology and Pain Medicine, Seoul National University
Bundang Hospital, Seongnam, Republic of Korea

2 Department of Thoracic Surgery, Seoul National University Bundang
Hospital, Seongnam, Republic of Korea

® Medical Research Collaborating Center, Seoul National University Bundang
Hospital, Seongnam, Republic of Korea

* Department of Anesthesiology and Pain Medicine, Inje University Seoul Paik
Hospital, Seoul, Republic of Korea

Corresponding Author:

In-Ae Song, Department of Anesthesiology and Pain Medicine, Seoul National
University Bundang Hospital, 166, Gumi-ro, Bundang-gu, Seongnam 463-707,
Korea.

Email: songoficu@outlook.kr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further
BY NC

permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


mailto:songoficu@outlook.kr
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/1073274818778000
http://journals.sagepub.com/home/ccx

Cancer Control

mortality and morbidity has been confirmed.* In addition,
statins are reported to have potential anticancer effects.>® The
mechanism by which statins have an anticancer effect is asso-
ciated with suppressing inflammation, immunomodulation, and
angiogenesis.” More specifically, in lung cancer cells, statins
are reported to induce cancer cell apoptosis® and suppress
tumor growth.” A previous meta-analysis reported no associa-
tion between statin usage and the prevalence of lung cancer,'”
but other studies have reported that statin administration after
the diagnosis improved the mortality rate of patients with lung
cancer.'"'? Moreover, another study showed that statins
improved the survival of patients with stage IV lung cancer.'?
However, no study has assessed the effect of statin administra-
tion on recurrence-free survival (RFS) or overall survival (OS)
in patients with lung cancer after curative resection.

This study aimed to assess the effect of statin administration
on RFS and OS of patients with NSCLC after curative resec-
tion. We hypothesized that statin administration would
improve both OS and RFS after curative resection.

Materials and Methods

This was retrospective observational study approved by the
institutional review board (IRB approval number: B-1708/
412-126). Because this was a retrospective review of electronic
patient medical records, the requirement for informed consent
was waived. The medical records of adult patients (>19 years)
who were diagnosed with primary NSCLC and treated with
elective curative resection (lobectomy, segmentectomy, wedge
resection) between August 2003 and July 2012 were used for
the analysis. The exclusion criteria were as follows: (1) intrao-
perative conversion to pneumonectomy or bilobectomy,
(2) pathologic stage M1 or N3, (3) incomplete resection,
(4) loss to follow-up within 5 years after the surgery, (5) death
within a month from surgical complications, (6) onset of
another primary cancer within 5 years after the surgery, and
(7) incomplete medical records. Lobectomy with sublobar
resection in another lobe was considered lobectomy, and
segmentectomy with wedge resection in another lobe was
considered segmentectomy. An electronic medical record
system has been established since 2003 to maintain and
manage patients’ medical records.

Measurements and Outcome

The following information was collected for the study: gender,
age, body mass index (kg/m?), American Society of Anesthe-
siologists classification, histologic type of tumor, surgery type
(video-assisted thoracic surgery), preoperative comorbidities
(hypertension, diabetes mellitus, stroke, ischemic heart dis-
ease), pathologic tumor stage, pathologic lymph node stage,
receipt of adjuvant chemotherapy or adjuvant radiotherapy,
surgery time (minutes) and anesthesia time (minutes), date of
death and/or recurrence, and statin administration. Tumor stage
and lymph node stage were determined using American
Joint Committee on Cancer guideline, Seventh Edition.'

Preoperative hypertension and diabetes mellitus were consid-
ered present if the patient had regular medication to control
these conditions before the surgery. Ischemic heart disease
included a wide variety of conditions from stable angina to
myocardial infarction. The date of death was obtained with
approval from the Ministry of the Interior and Safety in South
Korea, and the date of recurrence was defined as the date of
confirmed diagnosis of recurrence during outpatient clinic
follow-up after the surgery.

The statin group was defined as patients who took a constant
daily dose of statin (simvastatin, lovastatin, pravastatin, fluvas-
tatin, atorvastatin, or rosuvastatin) at least 1 month before the
surgery and continued it after the surgery. The nonstatin group
was defined as patients who had not taken any statin for at least
a year prior to the surgery and who were not prescribed a statin
after the surgery. The primary outcome of this study was the
difference in RFS and OS between the statin group and the
nonstatin group. Overall survival was defined as the time
period between the surgery date and the date of death, and RFS
was defined as the time period between the surgery date and the
date of recurrence or death.

Statistical Method

The # test was used to compare continuous variables and the >
test for categorical variables. In order to balance the covariates
between the 2 groups, the propensity score (PS) matching
method was used.'> Then, univariate regression analysis was
performed in order to identify the covariates that had individual
effects on recurrence and death after lung cancer surgery. After
balancing the 2 groups using PS matching with a criterion of
P > .1, we applied Cox proportional hazards models. The
results of Cox regression analysis before and after applying
PS matching are displayed as hazard ratios (HRs) and 95%
confidence intervals (CIs). Furthermore, we utilized the log-
rank test to compare RFS and OS between the statin group and
the nonstatin group after balancing each covariate through
Kaplan-Meier estimation after PS matching. All statistical
analyses were performed using R software (version 3.3.2 with
R packages), and P values <.05 were considered statistically
significant.

Results

In total, 1548 patients were diagnosed with NSCLC and treated
with elective lung cancer surgery between August 2003 and
July 31, 2012. The exclusion criteria were (1) 34 patients due
to intraoperative conversion to pneumonectomy; (2) 48
patients due to intraoperative conversion to bilobectomy;
(3) 35 patients due to incomplete resection; (4) 82 patients due
to follow-up loss within 5 years after the surgery; (5) 3 patients
due to death within a month from complications; (6) 49 patients
due to pathologic stages N3 or M1; (7) 89 patients due to onset
of another primary cancer within 5 years after the surgery; and
(8) 131 patients due to lack of information on medication usage
before, during, and within a year after the surgery. In the end,
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Table |. Baseline Characteristics Before and After Propensity Score Matching.
Unmatched Cohort Matched Cohort
Statin Nonstatin Statin Nonstatin

Variables Group, n = 135 Group, n = 859 P Value Group, n = 133 Group, n = 133 P Value

Statin dosage, mg/d, mean (SD) 18.2 (10) 0 <.001 18.2 (10) 0 <.001

Sex: male, n (%) 82 (60.7%) 548 (63.6%) 515 81 (60.9%) 80 (60.2%) .900

Age, mean (SD) 68.5 (7.6) 62.6 (10.2) <.001 68.6 (7.6) 67. (8.0) .182

BMI, mean (SD) 24.3 (2.7) 23.8 (2.9) .046 24.3 (2.7) 24.3 (2.7) .863

ASA, n (%) <.001 442
I 13 (9.6%) 255 (29.6%) 12 (9.0%) 18 (13.0%)

2 92 (68.1%) 525 (61.0%) 91 (68.4%) 83 (62.4%)
3 30 (22.2%) 81 (9.4%) 30 (22.6%) 32 (24.1%)

Histologic type, % .694 710
Squamous Cell 33 (24.4%) 210 (24.4%) 32 (24.4%) 32 (24.4%)
Adenocarcinoma 87 (64.4%) 531 (61.8%) 86 (64.4%) 84 (63.0%)

Others® 15 (11.1%) 118 (13.7%) 15 (11.1%) 17 (12.6%)

VATS, n (%) 33 (24.4%) 310 (86.4%) .009 32 (24.1%) 37 (27.8%) 484

Operation, n (%) 874 31
Lobectomy 119 (88.1%) 749 (87.0%) 118 (88.7%) 115 (86.5%)
Segmentectomy, wedge resection 16 (11.9%) 112 (13.0%) 15 (11.3%) 18 (13.5%)

Surgery time, minutes, mean (SD) 177.9 (86.4) 188.8 (73.8) .126 178.5 (86.7) 170.4 (61.4) 401

Hypertension, n (%) 54 (40.0%) 138 (16.0%) <.001 54 (40.6%) 53 (39.8%) .900

Diabetes mellitus, n (%) 26 (19.3%) 57 (6.6%) <.001 26 (19.5%) 24 (18.0%) 754

Cerebrovascular disease, n (%) 16 (11.9%) 32 (3.7%) <.001 16 (12.0%) 17 (12.8%) .852

Ischemic heart disease, n (%) 27 (20.0%) 26 (3.0%) <.001 27 (20.3%) 19 (14.3%) .195

Tumor, % .063 961
Tl 79 (58.5%) 414 (48.1%) 78 (58.6%) 77 (57.9%)

T2 48 (35.6%) 345 (40.1%) 47 (35.3%) 46 (34.6%)
T3 6 (4.4%) 61 (7.1%) 6 (4.5%) 7 (5.3%)
T4 2 (1.5%) 41 (4.8%) 2 (1.5%) 3 (2.3%)

Node, % .086 .837

NO 110 (81.5%) 610 (71.0%) 108 (81.2%) 106 (79.7%)

NI 14 (10.4%) 140 (16.3%) 14 (10.5%) 17 (12.8%)

N2 Il (8.1%) 110 (12.7%) Il (8.3%) 10 (7.5%)
Adjuvant chemotherapy, n (%) 6 (4.4%) 76 (8.8%) .085 6 (4.5%) 8 (6.0%) .583
Adjuvant radiotherapy, n (%) 16 (11.9%) 159 (18.5%) .060 15 (11.3%) 17 (12.8%) .706

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; SD, standard deviation; VATS, video-assisted thoracic surgery.

?Others: large cell type, sarcomatoid lung cancer.

994 patients were included in the final analysis. From this
cohort, 135 patients belonged to the statin group and 859
patients belonged to the nonstatin group. After applying PS
matching, each group had 133 patients. Table 1 shows the
differences in baseline characteristics between the 2 groups.
In the total cohort prior to applying PS matching, several vari-
ables exhibited differences. However, after applying PS match-
ing, the 2 groups had similar characteristics (P > .1 for all
covariates; Table 1).

Univariate Analysis and Cox Regression Model After
PS Matching

Table 2 shows the outcome of univariate regression analysis to
identify the variables associated with death or recurrence after
surgery. Table 3 shows the outcomes of a cox regression model
of recurrence and death, before and after applying PS match-
ing. The statin group had a significant reduction in recurrence
(HR: 0.59, 95% CI: 0.37-0.93, P = 0.024), but no significant

difference in death prior to PS matching (P = .745). However,
after applying PS matching, Cox regression models showed no
significant differences in recurrence (P = .862) and death
(P = .074) between the statin group and nonstatin group. Fig-
ures 1 and 2 show Kaplan-Meier curves of OS and RFS, respec-
tively, after PS matching; there was no significant difference
between the 2 groups for either OS (P = .072) or RFS (P =
.862).

Discussion

This study demonstrated that statin administration before and
after surgery for NSCLC had no effect on postoperative RFS or
OS. The outcome of the study is meaningful because we
matched several conditions—such as tumor stage, lymph node
stage, adjuvant chemotherapy, adjuvant radiotherapy, and
underlying diseases—between patients in the statin group and
nonstatin group through PS matching. Furthermore, unlike pre-
vious studies,'!!? this study assessed the effect of statin
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Table 2. Univariate Cox Regression Analysis for Recurrence and Death After Lung Cancer Surgery.

95% Confidence Interval 95% Confidence Interval
Recurrence Death

Variable HR Lower Upper P Value HR Lower Upper P Value
Female (vs male) 0.860 0.653 1.133 .284 0.524 0414 0.663 <.001
Age, years 1.000 0.990 1.016 .654 1.050 1.034 1.058 <.001
Body mass index, kg/m? 1.040 0.995 1.093 .082 0.929 0.894 0.965 <.001
ASA

| 1.000 1.000

2 1.380 1.003 1.912 .048 1.430 1.102 1.862 .007

3 1.210 0.744 1.975 441 2.070 1.470 2.925 <.001
Histologic type

Squamous cell carcinoma 1.000 1.000

Adenocarcinoma 0.708 0.533 0.941 0lI8 0.549 0.437 0.689 <.001

Others? 0.268 0.146 0.495 <.001 0.691 0.498 0.958 .027
Type of operation |

VATS 1.000 1.000

Open thoracotomy 2.160 1.664 23813 <.001 2.040 1.659 2.520 <.001
Type of operation ||

Lobectomy 1.000 1.000

Segmentectomy 0.000 0.000 Inf .992 0.322 0.133 0.780 012

Wedge resection 0.314 0.155 0.636 .001 0.593 0.385 0913 0l8
Hypertension 1.220 0.860 1.730 266 0.844 0.610 1.167 .305
Diabetes mellitus 1.410 0.870 2.280 .164 1.140 0.730 1.770 .570
Stroke history 0.768 0.362 1.630 492 1.080 0.622 1.888 777
IHD history 0.795 0.392 1.609 523 1.100 0.653 1.842 727
Tumor

0-1 1.000 1.000

2 3.970 2.829 5.570 <.001 2.070 1.641 2.623 <.001

3 7.540 4.794 11.866 <.001 3.490 2412 5.051 <.001

4 7.930 4.765 13.213 <.001 5.660 3.894 8229 <.001
Node

0 1.000 1.000

| 79.500 43.758 144.413 <.001 2.080 1.606 2.695 <.001

2 105.000 57.658 192.847 <.001 2.920 2.236 3.816 <.001
Adjuvant radiotherapy 3.146 2.389 4.143 <.001 3.063 2453 3.825 <.001
Adjuvant chemotherapy 2.299 1.135 4.660 .021 2.293 1.317 3.994 .003
Surgery time, minutes 1.004 1.002 1.005 <.001 1.004 1.003 1.005 <.001
Anesthesia time, minutes 1.004 1.003 1.006 <.001 1.004 1.003 1.006 <.001

Abbreviations: ASA, American Society of Anesthesiologists; IHD, ischemic heart disease; HR, hazard ratio; VATS, video-assisted thoracic surgery.
?Others: large cell type, sarcomatoid lung cancer.

Table 3. Cox Proportional Hazard Model for Recurrence and Death After Lung Cancer Surgery.

95% ClI 95% ClI
Recurrence Death

Model HR Lower Upper P Value HR Lower Upper P Value
Before PS matching

Nonstatin 1.00 1.00

Statin 0.59 0.37 0.93 .024 1.05 0.78 1.42 .745
After PS matching

Nonstatin 1.00 1.00

Statin 0.95 0.51 1.75 .862 1.49 0.96 2.30 074

Abbreviations: Cl, confidence interval; HR, hazard ratio; PS, propensity score.

administration only in those patients with NSCLC who were long-term outcome of lung cancer.''™"* One of the potential
treated by curative resection. causes of the different results is the difference in the patient

The outcomes of this study are different from those of pre-  cohort. Two previous population-based cohort studies' !> ana-
vious studies in which statin use had a positive effect on the lyzed all patients, including those with advanced cancer and
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Figure |. Overall survival after lung cancer surgery between the
statin group and the nonstatin group after propensity score matching.
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Figure 2. Recurrence-free survival after lung cancer surgery between
the statin group and nonstatin group after propensity score matching.

those who were receiving palliative care, and another previous
study focused on a cohort of patients with stage IV advanced
lung cancer.'® The difference in the cohort is critically impor-
tant because the primary treatment option for patients with
advanced cancer is chemotherapy rather than surgery. The
anticancer effect of statins is reported as a “synergistic” effect
when administered in conjunction with chemotherapy.'®!”

Therefore, in this study, in which early-stage patients who
underwent surgical treatment as the primary treatment option
were the majority of the sample cohort, the anticancer effect of
statins may not have been as pronounced.

There are a few things to consider when interpreting the
outcome of this study. First, lung cancer surgery is usually
performed under general anesthesia, and the patients in the
statin group were not able to take the drug for 1 to 2 days after
surgery. In general, the 24 hours after tumor resection is known
as a decisive time period for tumor recurrence, because non-
visible malignant cells proliferate most rapidly during this
period.'® Therefore, the absence of statin administration for
1 to 2 days immediately after the surgery may have weakened
the anticancer effect of the statin. For this reason, statins are
unlikely to have a positive effect on preventing tumor recur-
rence. In fact, a previous study on a prostate cancer patient
cohort demonstrated that statin administration at the time of
prostatectomy was not able to significantly reduce tumor recur-
rence after surgery,'® which is similar to our findings.

However, a prospective cohort study from a Danish group
reported that statin administration significantly reduced post-
operative tumor recurrence in patients with breast cancer.?’
Nevertheless, an important issue needs to be addressed: In that
prospective cohort study, only simvastatin—a highly lipophi-
lic statin—significantly reduced tumor recurrence. Previous
studies®'** have demonstrated that lipophilic statins play a
critical role in improving cancer outcomes. Moreover, an in
vitro study demonstrated that lipophilic statins can induce
cancer cell apoptosis more effectively than hydrophilic sta-
tins.?> Although still controversial, the outcomes of the pres-
ent study may have been different if we had only used
lipophilic statins, such as simvastatin, which have a stronger
anticancer effect.

A final consideration is the sample size. Determining the
correct sample size to detect the anticancer effect of statins is
quite difficult, and therefore, many studies have been large
sample-based population cohort studies.''"'*?° However, this
study strictly focused on the long-term outcome after curative
resection of NSCLC, and we were forced to match the 2 groups
using a relatively smaller sample size. Therefore, the appropri-
ateness of statistical power in this study to demonstrate the
anticancer effect of statin—if any—is debatable.

There are few limitations in this study. First, the retrospec-
tive design of the study introduced selection bias. Second,
because the study was performed in a single center, the results
might not be generalizable. Third, as mentioned before, we
were not able to separately analyze the effects of lipophilic and
hydrophilic statins. Fourth, although the dates of death for the
patients were accurate, we were unable to confirm whether
the deaths were cancer related. Finally, this study did not show
the dose—response relationship of daily statin dose due to the
small population of the statin group. Nonetheless, the study is
valuable because it is the first study to analyze the effect of
statin administration on long-term oncologic outcome after
curative resection of NSCLC.
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Conclusion

In conclusion, this study showed that statin administration had
no significant association with recurrence or survival after sur-
gical treatment of NSCLC. Future, additional, larger sample
sized prospective cohort studies are needed to validate the
findings of this study.
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