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Background: Statin therapy has been shown to reduce mortality in a wide range

of cancer types and overall stages. Still, there is uncertainty about its efficacy in

increasing survival among advanced cancer patients.

Methods: We conducted a meta-analysis with data from all studies that

compared the hazard ratio of overall survival, cancer-specific survival, and

progression-free survival in patients with advanced-stage cancer who receive

statin therapy. Studies were selected from the PubMed, Embase, and Web of

Science databases from their inception to December 31, 2022. Cancer types are

limited to those rarely screened during the annual examination andmore likely to

develop into advanced stages, such as lung, pancreatic and ovarian cancers. This

resulted in 27 studies eligible for meta-analysis.

Results: Statin therapy was associated with a 26% decreased risk of overall

survival (HR, 0.74; 95% CI, 0.67, 0.81), 26% decreased risk of cancer-specific

survival (HR, 0.74; 95% CI, 0.61-0.88), and 24% decreased risk of progression-

free survival (HR, 0.76; 95% CI, 0.65-0.87) for advanced-stage cancer patients.

The associations were not attenuated or reinforced by study design, study

regions, cancer types, or other medical care. Concomitant use of other

anticancer medications did not result in confounding effects.

Conclusions: Statin therapy produces significant benefits on overall survival and

cancer-specific survival. Although the benefits might be lower than the approved

immunotherapy medications, its cost-effectiveness could lead to dramatic

health consequences. Concomitant use of statin drugs as cancer treatments is

highly recommended in future clinical trials.
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Introduction

Statins, also known as 3-hydroxy-3-methyl-glutaryl-coenzyme

A (HMG-CoA) reductase inhibitors, are a class of cholesterol-

lowering medications that reduce the risk of cardiovascular

diseases. Statin use in the US has dramatically increased since

lovastatin was approved by the Food and Drug Administration

(FDA) in 1987 (1). In addition to their clinical benefits for

cardiovascular events, statins have been widely investigated for

cancer outcomes (2–6). In 1996, an increased incidence of breast

cancer in patients given pravastatin was seen in the CARE trial (2).

Afterward, consolidated results from several experimental studies

and large, high-quality randomized trials demonstrated that statins

had beneficial effects on cancer prevention (5, 7, 8).

Statins inhibit HMG coenzyme reductase, which converts HMG

coenzyme A to mevalonate, and, reduces the availability of

cholesterol and isoprenoids (9). In vitro studies have suggested that

these metabolites play a vital role in cancer cell proliferation (10–12).

On the one hand, cholesterol present in membrane microdomains is

reported to be a prominent mediator of the Akt signaling pathway in

cancer cells, which contributes to cell survival (13, 14). On the other

hand, isoprenoids, especially geranylgeranyl diphosphate (GGPP),

are required for the posttranslational modification of proteins that

localize to the membrane. Some of these proteins, such as Rap, Rho

and certain Ras proteins, are involved in networks essential for cancer

cell survival (15–17). Moreover, the inhibitory effects of statins, and in

particular GGPP depletion, on tumor suppression were observed in

human cell lines and mouse models (17, 18). The beneficial effects of

statins on inhibiting proliferation or killing cancer cells provide a

molecular basis for the potential application of statins for cancer

prevention in patients.

Statins have been shown to reduce cancer-related mortality (7,

19). However, few clinical trials and observational studies have

evaluated the protective effects of statins in patients with advanced-

stage caner (20–25). It has been reported that statin regimens were

associated with prolonged on median survival (18 months)

compared with the non-statin users (9 months) in patients with

advanced hepatocellular carcinoma in a randomized controlled trial

on overall survival (25). However, others have reported that statins

use was not associated with overall survival in patients with

advanced hepatocellular carcinoma and ovarian cancer (21, 24).

Because there are conflicting reports, meta-analyses that only

include patients with advanced-stage cancer are needed to clarify

the association between statins and mortality from advanced-stage

cancer. Currently, one meta-analysis is available to assess the effects

of statins on advanced cancer mortality, however, it is restricted to

prostate cancer with androgen deprivation therapy and only

includes retrospective studies (26). Aiming to more fully

understand how statins influence mortality in patients with

advanced-stage cancer, we conducted a meta-analysis by

collecting data from patients with advanced cancer (higher than

stage 3 or metastatic) according to the American Joint Committee

on Cancer staging manual (AJCC) staging system and then

investigated the overall effects of statin therapy. Cancer types are

limited to those that are rarely screened during annual examination

and more likely to develop into advanced stages.
Frontiers in Oncology 02
Materials and methods

Search strategy and selection criteria

We conducted a comprehensive search of the PubMed, Embase,

andWeb of Science databases from inception to December 31, 2022

(Figure 1). A combination of MeSH terms and text words was used

to identify published papers on the assessment of statin use and

survival in advanced cancer. The search strategy is shown in

eAppendix 1. In addition, we hand-searched the bibliographies of

selected papers to identify additional relevant studies. No study

design or language restriction was applied. Studies were selected

based on the inclusion and exclusion criteria presented in

Textbox 1.

Title and abstract screening were performed using Covidence.

The full text of the selected studies was reviewed to determine the

eligibility of inclusion. Data extraction and risk of bias analysis were

performed independently by two authors (YXL and ZHJ), with any

disagreements resolved by consensus.
Data extraction and quality assessment

Data from each study were extracted using a standardized form,

which included information on study characteristics (study design,

source, time period, sample size), cancer (cancer type and stage),

and drugs (statin type and dose). We contacted the authors of the

original papers if some information was missing or unclear.

We assessed the risk of bias using the Newcastle-Ottawa scale

for observational studies (27), based on the items of selection,

comparability of groups, and exposure/outcome assessment. We

applied criteria developed by the US Preventive Services Task Force

Procedure (USPSTF12) to rate the quality of RCTs based on

randomization methods, double-blind designs, and follow-up

reporting (28). More detailed information on the quality

assessment is available in the Supplementary Material.
Data synthesis and analysis

Data abstracted included the year of publication, country,

number of patients, study period, study design, cancer types,

cancer stage, statin generic name, follow-up time, and primary

outcomes. We conducted separate analyses for statin usage and

overall survival, cancer-specific survival, and progression-free

survival among patients with advanced-stage cancer. For studies

combining statins with another treatment to improve overall

survival, we recalculated the independent effect of statins on the

survival rate. Because of the expected heterogeneity in population

characteristics and study methodology, a Q statistic with a value of

p <.1 or an I (2) statistic > 50% was considered to indicate

significant heterogeneity between studies. If significant

heterogeneity was present, a random-effects model of analysis

was used; otherwise a fixed-effects model of analysis was used to

combine hazard ratios to account for both between- and within-

study variability.
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We assessed publication bias graphically using funnel plots and

statistically using Eggers’ test. We assessed heterogeneity using the I

(2) statistic. We used subgroup analysis to determine sources of

heterogeneity. Subgroup analysis included study design (RCT vs.

observational studies), statin types (hydrophilic vs. lipophilic),

study regions (the United States vs. European vs. Asian

countries), cancer types (digestive system cancer vs. respiratory

system cancer vs. reproductive system cancer), or treatment

regimen (use of statins alone vs. statins combined with other

medications). Statistical tests were 2-sided, and we used a

significance threshold of P <.05. Statistical analyses were

performed using the meta module of STATA MP, version 16

(Stata Corp LP, College Station, TX).
Results

Literature search results

We identified 3,877 relevant randomized controlled trials and

prospective and retrospective cohort studies by searching three

databases and reviewing relevant bibliographies. We excluded 1,346

duplicate articles and an additional 2,250 articles that did not fulfill

the selection criteria. After reviewing the full text of the remaining

281 articles, 254 were excluded for several reasons, as shown in
Frontiers in Oncology 03
Figure 1. We included 27 randomized controlled trials and

observational studies in the final analyses.
Characteristics of identified trials

The included studies involved a total of 163,005 participants

from more than 17 countries and consisted of 3 randomized

controlled trials and 24 observational studies reported from April

2001 through December 2022. Among the studies, the median

follow-up period was 41.2 months (ranging from 3.1 to 87.6

months), with a daily dose of statin ranging from 10 mg to 40 mg

(Table 1). All three randomized controlled trials were designed with

simvastatin (29–32). Among 24 observational studies, one

observational study used pravastatin as the single agent (23). All

the other observational studies described several statins in their

research and one study evaluated the effects of each generic statin

separately on survival rates (33).

The studies evaluated the effects of statin usage among patients

with advanced-stage cancer. There are eight studies for patients

with the advanced stage prostate cancer (6, 33–39), four for the

advanced stage pancreatic cancer (40–43), five for advanced stage

lung cancer (29, 31, 44–46), one for advanced hepatocellular

carcinoma (47), three for the advanced stage ovarian cancer (24,

48, 49), two for advanced stage gastric cancer (23, 30), one for
FIGURE 1

Study selection for the effect of statin on patients with advanced-stage cancer.
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TABLE 1 Characteristics of studies about the association between statins and advanced-stage cancer survival.

Author,
year, study
design,

Study
country,
study period

Number
of
patients
(cases/
control)

Cancer type Cancer
stage

Statin brand Dose/
day

Follow-
up
time

Pre or
post
diagnose

Elmore, 2008,
observational

United States,
1996-2001

126 (17/
109)

Ovarian cancer III, IV NA NA NA NA

Han, 2011,
RCT

Korea, 2006-
2008

106 (52/54) Lung cancer IIIB, IV Simvastatin 40 mg 30 m Post

Kim, 2014,
RCT

Korea, 2009-
2012

244 (120/
124)

Gastric cancer IV Simvastatin 40 mg NA Post

Nakai, 2013,
observational

Japan, 2001-
2011

250 (30/
220)

Pancreatic
cancer

Locally
advanced
or
metastatic

NA NA 9.9 m NA

Jeon, 2015,
observational

United States,
2007-2009

954 (314/
640)

Pancreatic
adenocarcinoma

Grade III,
IV

Fluvastatin, lovastatin, pravastatin,
rosuvastatin, simvastatin

NA 3.1 m Post

Jung, 2015,
observational

Korea, 1997-
2013

171 (46/
125)

Prostate cancer Metastasis NA NA 52 m NA

Shao, 2015,
observational

Taiwan, 2001-
2010

20,200
(1,988/
18,212)

Hepatocellular
carcinoma

III, IV NA NA 1.7 y NA

Boegemann,
2016,
observational

German, 2010-
2015

108 (21/87) Prostate cancer Metastatic NA NA 20 m NA

Bujanda, 2016,
observational

Spain, 2009-
2015

60 (20/40) Gastric cancer III, IV Pravastatin 40 mg 4-6 y Post

Chen, 2016,
observational

China, 2009-
2013

60 (30/30) Ovarian cancer III, IV NA 10–20
mg

30.3 ±
14.9 m

NA

Lin, 2016,
observational

United States,
2007-2009

5,118
(1,404/
3,714)

Lung cancer IV NA NA NA Both

Moon, 2016,
observational

Korea, 2006-
2014

180 (17/
163)

Pancreatic
cancer

III, IV Atorvastatin, rosuvastatin,
simvastatin, or pitavastatin

30 mg NA NA

Lam, 2017,
observational

United states,
2000-2010

276 (59/
217)

Lung cancer IIIA, IIIB NA NA 4.7 y NA

Lee, 2017, RCT Korea, 2012-
2015

68 (36/32) Lung cancer IIIB, IV Simvastatin 40 mg 22.3 m Post

Gordon, 2018,
observational

United states,
2011-2016

598 (199/
399)

Prostate cancer Metastatic Atorvastatin, lovastatin, pravastatin,
rosuvastatin, simvastatin, unknown

30 mg NA NA

Hamada, 2018,
observational

United states,
2000-2013

374 (139/
235)

Pancreatic
cancer

Metastatic NA NA NA Pre

Lorenzo, 2018,
observational

Italy, 2011-2016 185 (71/
114)

Prostate cancer Metastatic NA NA NA NA

Seliger, 2018,
observational

German, 1998-
2013

1,093 (122/
971)

Glioma III, IV Simvastatin, atorvastatin, cerivastatin,
fluvastatin, lovastatin, pravastatin

NA 7.3 y NA

Wu, 2019,
observational

Taiwan, 2008-
2014

5,749
(2,171/
3,578)

Prostate cancer T3, T4,
N1, M1

Simvastatin, pitavastatin, atorvastatin,
fluvastatin, lovastatin, pravastatin,
rosuvastatin

NA 3.6 y Post

Kumar, 2020,
observational

United States,
2000-2015

6854 (3747/
3107)

Prostate cancer III, IV NA NA 5.9 y Post

Gonzalez, 2020,
observational

United states,
2010-2014

534 (128/
406)

Ovarian cancer IIIC, IV NA NA NA NA

(Continued)
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advanced stage esophageal adenocarcinoma (50), one for advanced

stage glioma (51), one for advanced renal cell carcinoma (52), and

one for cancer patients with brain metastasis (52, 53).
Quality evaluation

Among the studies, the mean quality score evaluated by the

New Castle-Ottawa Scale was 8.0 for the observational studies

(Table S1), with 9 points for nine studies, 8 points for six studies,

and 6-7 points for nine studies that had lower scores for outcome

assessment. Among the clinical trials, there were two studies rated

as “good” and two studies rated as “fair” on the scale by the US
Frontiers in Oncology 05
Preventive Services Task Force Procedure (Table S2). The “good”

RCT studies generally used appropriate randomization methods in

the study design, while the “fair” ones consisted of some limitations

in study design, quality or precision.
Primary analysis

Three RCT studies and twenty-one observational studies

provided information on the association between statin usage and

the overall survival rate among advanced-stage cancer patients. The

pooled hazard ratio showed a significantly increased chance of

overall survival (HR, 0.74; 95% CI, 0.67-0.81), with evidence of
TABLE 1 Continued

Author,
year, study
design,

Study
country,
study period

Number
of
patients
(cases/
control)

Cancer type Cancer
stage

Statin brand Dose/
day

Follow-
up
time

Pre or
post
diagnose

Khan, 2021,
observational

United States,
1999-2013

4556 (2088/
2468)

Prostate cancer T4, N1,
M1

NA NA 4.5 y Post

Dighe, 2021,
observational

United States,
2003-2019

141 (60/81) Esophageal
adenocarcinoma

IV NA NA NA Pre

Lopez, 2021,
observational

United States,
2007-2011

110156
(1078/
109078)

Prostate cancer Advanced
stages

NA NA 5.6 y Pre

Santoni, 2022,
observational

Italy, Spain,
2016-2021

304 (93/
211)

Renal cell
carcinoma

Metastatic NA NA 35.8 m Post

Min, 2022,
observational

China, 2010-
2019

4150 (219/
3931)

Brain Metastatic NA NA NA Post

Takada, 2022,
observational

Japan, 2016-
2019

390 (337/
53)

Non−small−cell
lung cancer

Advanced
stages

NA NA 457 d NA
f

Advanced stages: higher than stage 3 or locally advanced, metastatic for pancreatic cancer.
FIGURE 2

Pooled associations between statin and overall survival in patients with advanced-stage cancer.
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substantial between-study heterogeneity (I (2) 85.4%, P <.001;

Figure 2). Publication bias was not observed (the funnel plot was

symmetric, and Egger’s test P = .20) (Figure S1). No individual

study affected the overall estimate by more than 10% (Table S3).

Seven studies provided information on the association between

statin usage and the cancer-specific survival rate among advanced-

stage cancer patients. The pooled hazard ratio showed a

significantly increased chance of cancer-specific survival (HR,

0.74; 95% CI, 0.60-0.89), with evidence of between-study

heterogeneity (I (2) 91.0%, P <.001; Figure 3). Visual inspection

of the funnel plots revealed some asymmetry, but Egger’s tests for

asymmetry were not statistically significant (P = .92) (Figure S2). As

the power of Egger’s test will be low with small numbers of studies,

we used trim-and-fill analysis to impute the omitted studies. The

imputed estimation was consistent with the main result, with a

pooled hazard ratio of 0.85 (95% CI, 0.48-1.22) (Figure S3). No

individual study affected the overall estimate by more than 10%

(Table S4).

Seven studies provided information on the association between

statin usage and the progression-free survival rate among advanced-

stage cancer patients. The pooled hazard ratio showed that the

increased chance of progression-free survival was 0.76 (95% CI,

0.65, 0.87), with evidence of between-study heterogeneity (I (2)

55.8%, P = .04; Figure 4). Publication bias was not observed (Funnel

plot is symmetric and Egger’s test P = .59) (Figure S4). No

individual study affected the overall estimate by more than 10%

(Table S5).
Subgroup analysis

We performed a number of subgroup analyses according to

study design, statin types, study regions and study quality (Table 2).

In the analysis of overall survival, there were statistically significant
Frontiers in Oncology 06
differences between different study designs, and the HR of the

observational study was lower (0.73 vs 0.95). Because the effects of

statins on the survival rate might change with cancer type, we also

conducted a subgroup analysis among the digestive system,

respiratory system, reproductive system and others. No

statistically significant differences were demonstrated. In addition,

in some of the selected studies, patients were allocated statins and

other medications, including the simultaneous use of aspirin. Even

though we calculated the independent effect of statins, there might

be the possibility of confounding effects. As a result, we also

performed subgroup analysis of the treatment regimen (use of

statins alone vs statins combined with other medications). No

statistically significant differences were demonstrated in any of

the three survival analyses.
Discussion

In this systematic review and meta-analysis, statin treatment

was associated with a decreased risk of overall mortality, cancer-

specific survival and progression-free mortality for advanced-stage

cancer patients. The associations were not attenuated or reinforced

by study regions, cancer types and other medical care, except for the

statin types. Concomitant use of other anticancer medications did

not result in confounding effects. The results of this meta-analysis

help to clarify the effects of statins on cancer survival in advanced-

stage cancer patients and promote more eligible randomized trials

with large sample sizes to be performed in the future.

The underlying mechanisms responsible for the reduced

mortality by statins for advanced-stage cancer were attributable

mainly to growth suppression, apoptosis induction, and

antimetastatic effects. First, previous in vitro studies have

demonstrated that statins can halt cancer cell proliferation by

inducing G0/G1 or G2/M arrest. The involved pathways include
FIGURE 3

Pooled associations between statin and cancer-specific mortality in patients with advanced-stage cancer.
FIGURE 4

Pooled associations between statin and progression-free survival in patients with advanced-stage cancer.
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reduction of CDK4/6 and cyclin D1 (54), blocking the CDK2/cyclin

E-mediated G1/S transition (55), preventing the DNA-binding

activity of NF-ĸB (56), and inhibiting DNA methyltransferases

(57). Second, the induction of apoptosis was ascribed to decreased

protein levels of anti-apoptotic proteins such as Bcl-2 and Bcl-xL

(58, 59) and the activation of pro-apoptotic molecules such as Bax,
Frontiers in Oncology 07
Bad, and Caspases 3, 8, and 9 (58–61). In particular, our latest

studies further explored the underlying mechanism of inducing

apoptosis by statins, it was found that the depletion of GGPP rather

than FPP blocked macropinocytosis, which serves as an important

route for tumor nutrient uptake. Defects in macropinocytosis by

statins result in protein and amino acid starvation, which further
TABLE 2 Subgroup analyses in subset of included studies according to baseline characteristics.

Study characteristics
Overall survival

p
Cancer-specific survival

p
Progression free survival

p
n HR (95% CI) n HR (95% CI) n HR (95% CI)

Study Design .001 – .22

RCT 3 0.95 (0.73, 1.16) 0 – 2 0.91 (0.69, 1.14)

Observational 21 0.73 (0.65, 0.80) 7 0.74 (0.61, 0.88) 5 0.72 (0.51, 0.93)

Statin types .01 .65 –

Hydrophilic 2 0.62 (0.52, 0.71) 1 0.69 (0.57, 0.82) 0 –

Lipophilic 5 0.86 (0.73, 0.99) 1 0.79 (0.61, 0.97) 2 0.91 (0.69, 1.14)

Statin types .001 .08 .22

Simvastatin 5 0.94 (0.81, 1.07) 1 0.91 (0.70, 1.13) 2 0.91 (0.69, 1.14)

Pravastatin 2 0.56 (0.39, 0.73) 1 0.69 (0.45, 0.94) 0 –

Atorvastatin 1 0.77 (0.67, 0.87) 1 0.74 (0.62, 0.87) 0 –

Fluvastatin 1 0.84 (0.65, 1.04) 1 0.95 (0.68, 1.22) 0 –

Lovastatin 1 0.97 (0.73, 1.21) 1 0.88 (0.60, 1.17) 0 –

Rosuvastatin 1 0.64 (0.53, 0.75) 1 0.69 (0.55, 0.84) 0 –

Pitavastatin 1 0.44 (0.23, 0.65) 1 0.44 (0.15, 0.74) 0 –

Not indicated 14 0.73 (0.63, 0.83) 3 0.55 (0.31, 0.79) 5 0.72 (0.51, 0.94)

Study regions .64 .25 .92

America 9 0.74 (0.60, 0.88) 5 0.99 (0.42, 1.56) 0 –

Europe 5 0.67 (0.40, 0.95) 0 – 3 0.78 (0.42, 1.13)

Asia 10 0.80 (0.70, 0.90) 2 0.60 (0.24, 0.96) 4 0.80 (0.63, 0.97)

Study quality .18 .26 .05

>=8 15 0.77 (0.73, 0.81) 5 0.83 (0.63, 1.04) 4 0.92 (0.78, 1.07)

<8 9 0.65 (0.49, 0.82) 2 0.61 (0.27, 0.94) 1 0.55 (0.31, 0.99)

Cancer types .67 .96 .73

Digestive system 8 0.80 (0.66, 0.95) 0 – 2 0.75 (0.38, 1.13)

Respiratory system 5 0.76 (0.72, 0.79) 1 0.77 (0.73, 0.81) 2 0.83 (0.57, 1.08)

Reproductive system 8 0.67 (0.49, 0.85) 6 0.77 (0.56, 0.97) 1 1.10 (0.50, 1.70)

Others 3 0.81 (0.62, 0.99) 0 – 2 0.70 (0.28, 1.12)

Statin medication .52 .30 .22

Using alone 14 0.77 (0.67, 0.87) 5 0.81 (0.63, 1.00) 1 0.91 (0.72, 1.11)

Combine with other methods 11 0.71 (0.56, 0.86) 2 0.60 (0.24, 0.96) 6 0.74 (0.55, 0.93)
frontiersin
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induces apoptosis (17). Finally, because metastases at distant sites

rather than the primary tumors cause the majority of patients’ death

(62), inhibition of metastasis by statins accounts important for the

inverse association that we observed between statin use and the

mortality of advanced-stage cancer. It was reported that the

depletion of GGPP by statins blocks posttranslational

modification of multiple small GTPase proteins to localize to the

membrane. These small GTPase proteins such as RhoA, Ras and

Rac are involved in cell migration and tumor invasiveness (17, 18).

We included 11 studies using other medications combined with

statins for therapy, so there is the possibility of confounding effects

from other treatments. However, we were able to control the

suspected factors that may co-occur with the use of statins by

performing subgroup analysis. Comparing the groups using statins

alone with the groups using combination therapy, although the

hazard ratios for using statins alone were slightly higher than those

of the combination groups in the two types of survival analyses,

there was no significant difference, indicating a lack of confounding

effect by using other medications together with statins.

In the subgroup analysis, we were able to evaluate several

potential factors that may affect the inverse association between

statin therapy and mortality in advanced-stage cancer. RCT studies

are commonly supposed to provide more robust evidence for meta-

analysis, but in the subgroup analysis of study design, observational

studies showed lower HR. Possible reasons include that these trials

were designed to estimate the improvement in the effectiveness of

other first-line drugs, not the effectiveness of statins alone, and more

RCTs are needed to validate the robustness of our findings. In

addition, accumulating data suggested that lipophilic statins

provide a stronger protective effect than hydrophilic statins (63–

65). However, the hydrophilic group displayed a lower hazard ratio

in this study, probably because that most of the observational

studies did not clarify statin types in their studies, which limited

the number of included studies in this subgroup analysis. For the

same reason, the significant differences we observed between each

generic statin were not powerful enough to provide clinical

implications, but these might be attributed to variations in

pharmacokinetic properties, dosage and treatment duration,

genetic factors, concomitant other medications, or patient

population diversity. In terms of other factors, such as study

regions, study quality, and cancer types, no significant differences

were demonstrated except for the groups that included limited

numbers of studies. Therefore, the subgroup analyses indicated that

most of these factors did not attenuate or reinforce the association

between statin treatment and the outcomes of advanced-

stage cancer.

Although the protective effects of statins associated with

survival rates in advanced cancer patients are lower than the

approved immunotherapy medications such as PD-1 or PD-L1

inhibitors (avelumab, atezolizumab, durvalumab, nivolumab, and

pembrolizumab) (66–69), which display hazard ratios of 0.57 for

PD-L1 positive patients when compared with the conventional

chemotherapy group (66), Statins have significant advantages as
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antitumour drugs. First, current lipid guidelines recommend the use

of statins to reduce LDL cholesterol, and people with a history of

cardiovascular disease or high LDL cholesterol are more likely to

receive statins without extensive clinical safety evaluation. Second,

statins are much less expensive than immunotherapy drugs. On a

global scale, their cost-effectiveness could have a dramatic impact

on health. In addition, our study supports the conduct of clinical

trials to test the synergistic effect of statins with other approved anti-

tumour drugs. In addition, some studies have reported a high risk of

cardiovascular disease in cancer patients due to the cardiotoxicity of

cancer therapy (70, 71). However, more studies are needed to

evaluate whether statins can reduce these complications in

cancer patients.

Identification of the optimal dose of statins to achieve more

effectiveness in reducing cancer mortality remains a key challenge.

For most of the studies included in this meta-analysis, statins were

administered at a dose of 10-40 mg per day, which was the

moderate-intensity statin therapy dose recommended by the

American College of Cardiology/American Heart Association

(ACC/AHA) for the management of blood cholesterol (72). High-

intensity statin therapy has rarely been investigated for advanced-

stage cancer patients, probably because a higher dose of statins (80

mg simvastatin per day) increases the risk of myopathy in

myocardial infarction patients (73). In addition, a study from

Denmark revealed that the cancer related mortality for overall

stages did not appear to decrease as the statin dose increased (7).

However, basic studies indicated that a higher dose of statins killed

cancer cells more efficiently (17, 18). Therefore, more trials are

needed to clarify whether the effects of reducing mortality by statins

are dose dependent in advanced stage cancer patients.

Several limitations of our study need to be considered. First,

there was significant heterogeneity in the magnitude of association

across studies, which could be due to systemic differences in the

study design, study location, characteristics of study populations,

statin types, stain half-life, metabolic site, and hydrophilicity and

cancer types. Nevertheless, in the sensitivity analysis excluding each

study, our overall pooled effect estimates remained similar, adding

to the internal validity of the conclusions. Second, there was a lack

of evidence on longitudinal associations between statin therapy and

survival rate in advanced-stage cancer, probably because of the

considerably short survival time for advanced cancer patients.

Third, a large population of randomized clinical trials with

available individual participant data are required for reliable

assessments of the association between different statins and

survival rates for advanced cancer patients.

In conclusion, statin therapy produces significant benefits in

overall survival and cancer-specific survival, irrespective of study

design, study regions, cancer types and other medical care. There is

low-level evidence about the efficacy of statins on progression-free

survival in advanced-stage cancer. The concomitant use of statins

drugs as a cancer treatment may be considered in future

clinical trials.
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Pembrolizumab versus chemotherapy for PD-L1-positive non-small-cell lung cancer.N
Engl J Med (2016) 375:1823–33. doi: 10.1056/NEJMoa1606774

69. Shen X, Zhao B. Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 expression
status in cancer: meta-analysis. BMJ (2018) 362:k3529. doi: 10.1136/bmj.k3529

70. Floyd JD, Nguyen DT, Lobins RL, Bashir Q, Doll DC, Perry MC. Cardiotoxicity
of cancer therapy. J Clin Oncol (2005) 23:7685–96. doi: 10.1200/JCO.2005.08.789

71. Khakoo AY, Liu PP, Force T, Lopez-Berestein G, Jones LW, Schneider J, et al.
Cardiotoxicity due to cancer therapy. Tex Heart Inst J (2011) 38:253–6.

72. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al.
2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/
PCNA guideline on the management of blood cholesterol: executive summary: A
report of the american college of cardiology/american heart association task force on
clinical practice guidelines. Circulation (2019) 139:e1046–81. doi: 10.1161/
CIR.0000000000000624

73. Study of the Effectiveness of Additional Reductions in C, Homocysteine
Collaborative G, Armitage J, Bowman L, Wallendszus K, Bulbulia R, Rahimi K, et al.
Intensive lowering of LDL cholesterol with 80 mg versus 20 mg simvastatin daily in
12,064 survivors of myocardial infarction: a double-blind randomised trial. Lancet
(2010) 376:1658–69. doi: 10.1016/S0140-6736(10)60310-8
frontiersin.org

https://doi.org/10.1158/1078-0432.CCR-10-2525
https://doi.org/10.1016/j.ejca.2014.08.005
https://doi.org/10.4143/crt.2016.546
https://doi.org/10.1155/2020/4174395
https://doi.org/10.1016/j.ejca.2018.11.032
https://doi.org/10.18632/oncotarget.24888
https://doi.org/10.18632/oncotarget.24888
https://doi.org/10.1016/j.euf.2017.03.015
https://doi.org/10.1016/j.euf.2017.03.015
https://doi.org/10.4111/kju.2015.56.9.630
https://doi.org/10.1007/s10552-021-01450-0
https://doi.org/10.1007/s10552-021-01450-0
https://doi.org/10.1038/s41391-021-00475-5
https://doi.org/10.1038/s41391-020-0207-5
https://doi.org/10.1097/MPA.0b013e31825de678
https://doi.org/10.1371/journal.pone.0121783
https://doi.org/10.1371/journal.pone.0121783
https://doi.org/10.3349/ymj.2016.57.5.1124
https://doi.org/10.3349/ymj.2016.57.5.1124
https://doi.org/10.1016/j.cgh.2018.02.022
https://doi.org/10.1016/j.cgh.2018.02.022
https://doi.org/10.1016/j.lungcan.2016.07.006
https://doi.org/10.1016/j.lungcan.2016.11.017
https://doi.org/10.1186/s12885-022-09385-8
https://doi.org/10.1186/s12885-022-09385-8
https://doi.org/10.1097/MD.0000000000001801
https://doi.org/10.1097/MD.0000000000001801
https://doi.org/10.1016/j.ygyno.2020.03.012
https://doi.org/10.1016/j.ygyno.2008.06.007
https://doi.org/10.1016/j.ygyno.2008.06.007
https://doi.org/10.3390/cancers13184653
https://doi.org/10.1371/journal.pone.0207858
https://doi.org/10.1007/s11523-022-00907-9
https://doi.org/10.3390/ph15121474
https://doi.org/10.1038/srep35783
https://doi.org/10.1158/1535-7163.MCT-06-0175
https://doi.org/10.1124/pr.111.004994
https://doi.org/10.1016/j.cancergen.2015.03.008
https://doi.org/10.1186/1471-2407-12-409
https://doi.org/10.3892/ijo.2011.1273
https://doi.org/10.3892/ol.2017.6783
https://doi.org/10.3892/ol.2017.6783
https://doi.org/10.1158/0008-5472.CAN-07-0993
https://doi.org/10.1038/nrc1670
https://doi.org/10.3892/mco.2019.1895
https://doi.org/10.1002/ijc.30185
https://doi.org/10.1007/s10549-017-4246-0
https://doi.org/10.1056/NEJMoa1613683
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1136/bmj.k3529
https://doi.org/10.1200/JCO.2005.08.789
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.1016/S0140-6736(10)60310-8
https://doi.org/10.3389/fonc.2023.1234713
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The effects of statins in patients with advanced-stage cancers -&nbsp;a systematic review and meta-analysis
	Introduction
	Materials and methods
	Search strategy and selection criteria
	Data extraction and quality assessment
	Data synthesis and analysis

	Results
	Literature search results
	Characteristics of identified trials
	Quality evaluation
	Primary analysis
	Subgroup analysis

	Discussion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References


