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Background

The results of a meta-analysis of retrospective studies suggest that the use of metformin in cancer patients may prolong progression-free disease survival and overall survival. However, the studies included in the meta-analysis did not strictly distinguish between patients with or without type 2 diabetes mellitus. Therefore, further studies are needed to assess whether the use of adjuvant chemotherapy with metformin in cancer patients without diabetes improves prognosis.





Method

Systematic searches of Embase, Pubmed, and The Cochrane library were performed for the subject terms metformin and neoplasm and for free words. Data related to PFS, OS were extracted according to inclusion exclusion criteria. The data were combined and meta-analysis was performed using Review Manager 5.4 to confirm the efficacy and safety of metformin administration.





Results

There were 3228 publications retrieved from the database and a total of 13 publications with 955 patients were included in the meta-analysis after screening. All included studies were randomised controlled trials. Metformin combined with adjuvant chemotherapy did not improve progression-free survival (HR=1,95CI 0.79-1.25), overall survival (HR=0.91,95% CI 0.69-1.20) and did not improve objective disease response rates in patients. There was no significant difference in grade 3-4 adverse reactions compared to placebo.





Conclusion

In this meta-analysis of randomised controlled trial studies, we found that chemotherapy in combination with metformin in cancer patients without diabetes did not prolong progression-free survival and overall survival and improved disease control in patients, although there was no significant difference in terms of safety. More high-quality randomised controlled trials are needed in the future to confirm the in vivo anti-tumour activity and survival benefit of metformin.
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Introduction

With advances in medical care, cancer mortality rates in high-income countries have improved significantly over the past few decades, reflecting the significant impact of income on the survival of cancer patients (1, 2). In terms of cancer incidence, the global incidence of cancer in men has shown a flat trend, while the incidence of cancer in women has increased slightly. However, in the 20 years between 1999 and 2019 cancer mortality rates increased by twice as much as in 1999, with more than 10 million people deaths from cancer in 2019 alone (3). Breast cancer has surpassed lung cancer as the highest detected cancer in women, followed by lung, colorectal, liver and stomach cancers (4). In contrast, prostate, lung and colon cancers are the most common in men. It is estimated that by 2050, there will be more than 6.9 million new cases of cancer in people over 80 years of age worldwide (5). The increasing incidence of cancer will undoubtedly increase the economic burden on patients, their families and society, and significantly affect the quality of life of patients and their families.

Metformin, as a first-line glucose-lowering drug for patients with type 2 diabetes (6), exerts its hypoglycaemic function mainly by reducing hepatic glucose output, increasing glucose uptake by whole-body muscle tissue and increasing tissue insulin sensitivity (7). Metformin can lower blood glucose and body weight to some extent. It is especially suitable for type 2 diabetic patients with obesity. Certainly, metformin does not only lower blood glucose and body weight, but can also improve e.g. NAFLD, metabolic diseases, inhibit inflammatory responses, exert cardiovascular protective effects, improve dyslipidaemia, regulate intestinal flora (8), and treat polycystic ovary syndrome (9). In addition, the use of metformin was found to be associated with a reduced risk of tumour development in patients with type 2 diabetes in retrospective studies (10–13). The results of meta-analyses has also shown that the use of metformin is associated with a reduced risk of cancer occurrence (14, 15). Diabetes is closely associated with the prognosis of cancer patients. Cancer patients with diabetes have higher rates of hospitalisation, length of stay and all-cause mortality compared to patients without diabetes (16). Diabetes was also associated with an increased risk of some neoplasms (17, 18). Some studies have shown that metformin use in cancer patients is associated with better prognostic outcomes, with metformin use extending progression-free survival and overall survival (19, 20). Although there are studies showing the anti-cancer effects of metformin. However, there are also studies doubting its anti-cancer effects, that is, the use of metformin is not associated with patient prognosis (21).

The anti-cancer effects of metformin were proposed in 2005 (22), which showed that long-term metformin use significantly reduced the risk of cancer in diabetic patients. As research developed, metformin also showed its antitumour activity in vitro and in vivo (23). However, the mechanisms of anti-tumour action of metformin are still under intense research. The two key mechanisms that can be identified are direct inhibition of the AMPK/mTOR signalling pathway (24) and indirect anti-cancer activity through its hypoglycaemic and anti-inflammatory effects (25, 26).

The results above all suggest that metformin has an anti-cancer effect, but the ability of metformin to improve patient prognosis still needs to be confirmed in clinical trials. We also noticed that some of the studies included in the meta-analysis included patients with type 2 diabetes and did not reach conclusions in the clinical studies that were consistent with the retrospective studies. That is, the combination of metformin with adjuvant chemotherapy in patients without diabetes did not result in a significant benefit in terms of progression-free disease survival and overall survival. There are, of course, clinical studies that have reached conclusions consistent with the retrospective studies. Overall, it remains unclear whether the use of metformin can benefit cancer patients without diabetes. Therefore, the purpose of our study is to collect data from existing published and unpublished clinical studies to evaluate the efficacy and safety of metformin in adjuvant chemotherapy in cancer patients without diabetes and to provide additional data on whether the clinical use of metformin can improve patient prognosis.





Methods




Register

All methods for this systematic review and meta-analysis are outlined in a prospectively registered protocol available online(CRD42022353508), and reporting follows PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.





Eligibility criteria

Studies included in this meta-analysis were required to satisfy the following criteria: (i) the included studies were randomised controlled trials; (ii) the included studies were in cancer patients without diabetes but with no restrictions on cancer type or grade of cancer; (iii) the experimental group was treated with chemotherapy combined with metformin while the control group was treated with chemotherapy alone or chemotherapy combined with placebo; (iv) the primary outcomes were progression-free survival, overall survival and secondary outcome indicators included objective response rate, Clinical benefits, disease control rate and grade 3-4 adverse reactions. Progression-free survival and overall survival were reported using risk ratio (HR). Exclusion criteria: non-randomised controlled trials, inclusion of studies that did not rigorously exclude patients with diabetes, meeting abstracts, clinical trials that did not report outcomes, survival outcomes not described using a risk ratio (HR).





Search strategy

Subject terms for metformin and Neoplasms as well as free terms were used to search relevant literature in Pubmed, Embase, The Cochrane Library, and references for selected reviews will also be searched. The search period is from the establishment of the library to August 2022. Further details of the search strategy are available in supplementary data(S1).





Study selection

All retrieved studies were assessed for eligibility. Two reviewer first screened the results by title and abstract, and those who could not obtain valid information through the title and abstract for inclusion were read through in full text, and those studies for which full text was not available or results were not published were excluded. For studies that were published in multiple journals, we mainly selected the original published studies. Any queries were checked by a third reviewer and resolved by consensus.





Data extraction

Data on patient characteristics, interventions, and outcomes for all studies were extracted into predesigned tables. These were cross-checked by a third independent reviewer and any disagreements were resolved by consensus. The extracted data mainly included patient’s age, number of patients, cancer type, treatment method, efficacy and adverse reaction related outcomes.





Quality assessment

The Cochrane risk of bias assessment tool was used to determine the methodologic quality of RCTs.A total of 7 domains were evaluated: random sequence generation, allocation concealment, participant blinding, outcome assessor blinding, incomplete outcome data, selective reporting bias, and other sources of bias. The Cochrane risk of bias assessment tool permits each domain to be assessed and assigned a judgment of “low,” “high,” or “unclear” risk. Two reviewers independently performed these steps, and disagreements were resolved by a third reviewer or consensus-based discussion.





Statistical analysis

Hazard ratio data could be obtained directly from the literature or by further analysis of the Kaplan-Meier curves. Revman5.4 software was used to analyze the pooled effect size. I2 was used to evaluate the heterogeneity between studies. If I2 < 50%, all studies were considered homogeneous and could be pooled. Otherwise, the effect size results were combined by random effect model. The P value was used to test the significance of the combined effect size. P value less than 0.05 was considered as a significant difference in the combined effect size; otherwise, there was no significant difference between the two groups. In addition, we will carry out subgroup analyses according to cancer type, tumour-based treatment modality, patient country and metformin dose, and thus study the efficacy of metformin use in cancer patients.






Results

After screening 3228 records, the final 13 studies with a total of 1255 patients met our criteria, and all included studies were randomized controlled trials. Among them, 8 were non-small cell lung cancer (27–34), 4 were breast cancer (35–38), and 1 was prostate cancer (39). The literature screening process was shown in Figure 1. The general information of all the studies included in the meta-analysis is shown in Table 1. Publication bias is shown in Figure 2 and Supplementary Material S2.




Figure 1 | PRISMA study selection diagram.




Table 1 | The basic characteristics of the studies.






Figure 2 | Risk of bias graph.






Quality evaluation

The 13 randomised controlled trials were included in the Meta-analysis, 6 randomised controlled trials reported describing details of randomisation groups, the remaining 7 studies did not mention details of randomisation groups and 3 studies reported allocation concealment. In terms of blinding 10 studies were open-label studies and all studies had complete data; all studies specifically described interventions and outcome indicators; see Figure 2.






Efficacy




Progression-free survival

A total of 10 studies reporting disease progression-free survival were included, of which 501 patients in the experimental group and 485 patients in the control group. Overall, the use of metformin did not benefit patients in terms of disease progression-free survival (HR=1,95CI 0.79-1.25), that is, the addition of metformin to cancer chemotherapy did not prolong patients’ progression-free survival (Figure 3). The results of the combined studies remained stable even with a fixed effects model for effect sizes, with the use of metformin not associated with prolonging patients’ tumour progression-free survival (HR=1.0, 95% CI 0.86-1.16, I2 = 52%). Begg’s test P=0.858, Egger’s test P=0.701 suggesting no significant publication bias in the studies. Because of the heterogeneity between studies, our subgroup analysis according to cancer type found that the addition of metformin to chemotherapy also did not prolong tumour progression-free survival in patients with a particular cancer (non-small cell lung cancer HR=0.92, 95% CI 0.57-1.48, breast cancer HR=1.08, 95% CI 0.84-1.39 and prostate cancer HR=1.0, 95%CI 0.66-1.51) (Figure 3). However, in the subgroup analysis according to cancer type metformin use was not found to be associated with improved tumour progression-free survival in patients with non-small cell lung cancer, but there was a high heterogeneity of results (I2 = 77%).




Figure 3 | Progression-free survival.



In view of the high heterogeneity of metformin in improving progression-free survival in patients with non-small cell lung cancer, we conducted subgroup analyses in the following aspects. Firstly, in a subgroup analysis on chemotherapy regimens, combination chemotherapy regimens based on platinum-based or vascular endothelial growth factor (EGFR)-inhibitor-targeted agents did not benefit patients in terms of progression-free survival, whereas combination platinum-based regimens with vascular endothelial growth factor (EGFR) inhibitors improved patients’ progression-free survival (HR=0.24, 95% CI 0.08 -0.73) (Figure 4). The second was a subgroup analysis based on the dose of metformin that patients received in combination with chemotherapy; metformin at 2g per day did not benefit patients in chemotherapy, in that it prolonged patients’ disease-free survival. In contrast, 1 g of metformin per day combined with chemotherapy appeared to improve patients’ disease progression-free survival (HR=0.6, 95% CI 0.39-0.92) (Figure 5). The second was a subgroup analysis based on the dose of metformin that patients received in combination with chemotherapy; metformin at 2g per day did not benefit patients in chemotherapy, in that it prolonged patients’ disease-free survival. In contrast, 1 g of metformin per day combined with chemotherapy appeared to improve patients’ disease progression-free survival (HR=0.6, 95% CI 0.39-0.92 and HR=0.24, 95%CI 0.08-0.73), The benefit rate was higher in Canadian patients (Figure 6).




Figure 4 | Chemotherapy regimens and progression-free survival.






Figure 5 | Metformin dose and progression-free survival.






Figure 6 | Patient country and progression-free survival.







Overall survival

Overall survival was reported in all 12 studies (27–37, 39) included in the meta-analysis. The results showed that the addition of metformin to chemotherapy in cancer patients without diabetes did not result in prolonged overall survival (HR=0.91, 95% CI 0.69-1.20). When the results were combined using a fixed effects model, the effect size combined results remained stable and metformin combined with chemotherapy did not prolong overall survival in cancer patients (HR=0.94, 95% CI 0.79-1.12, I2 = 54%) shown in Figure 7. Begg’s test P= 0.858 and Egger’s test P= 0.963, with no significant publication bias in the results. However, in a subgroup analysis according to cancer type we remained unable to find a benefit of metformin use for a specific cancer (non-small cell lung cancer HR=0.82, 95% CI 0.53-1.2, breast cancer HR=1.06, 95% CI 0.69-1.62, prostate cancer HR=1.0,95%CI0.65-1.54). Nevertheless, a subgroup analysis according to cancer type revealed a high heterogeneity in the amount of combined effects in patients with non-small cell lung cancer.




Figure 7 | Overall survival.



Since there is a high level of heterogeneity between combined outcomes in patients with non-small cell lung cancer, we investigated this further by subgroup analysis. Subgroup analysis according to chemotherapy regimen showed that the effect of metformin on overall patient survival was independent of the chemotherapy regimen in which only VEGF inhibitors or platinum-based agents were used, whereas VEGF inhibitors combined with platinum-based agents benefited patients and prolonged overall patient survival (HR=0.43, 95% CI 0.2-0.91)(Figure 8). In addition, a subgroup analysis based on the dose of metformin in combination with chemotherapy showed that neither 0.5g, 0.75g nor 2g per day of metformin prolonged overall survival, whereas 1g per day of metformin was possible(HR=0.52, 95% CI 0.3-0.9) (Figure 9). Lastly, a subgroup analysis of the region in which the patients were studied showed that metformin did not benefit patients in terms of overall survival in China, the USA and Egypt, while in Canadian patients metformin use may even lead to premature death due to disease progression. In contrast, in Mexican patients, metformin use may have benefited overall survival and reduced the risk of death (HR=0.53, 95% CI 0.3-0.9) (Figure 10).




Figure 8 | Chemotherapy Regimens and Overall Survival.






Figure 9 | Metformin dose and overall survival.






Figure 10 | Patient country and overall survival.







Objective response rate

Objective response rates were evaluated in seven studies (27, 28, 31, 35, 37–39) with 348 patients in the experimental group 355 patients in the control group. Chemotherapy combined with metformin did not improve the objective response rate in cancer patients. Although there was some heterogeneity between studies (I2 = 36%) using a random effects model combined showed stable study results (OR=1.32, 95% CI 0.84-2.08, I2 = 36%) shown in Figure 11.




Figure 11 | Objective response rate.







Clinical benefits and disease control

Five studies (27, 28, 31, 33, 34) and three studies (35, 36, 38) were included in terms of disease control and clinical benefit, respectively. The use of metformin did not show an advantage in terms of clinical benefit or disease control rates (OR=1.80, 95% CI 0.55-5.93 and OR=0.92, 95% 0.13-6.34) and metformin in combination with chemotherapy did not increase clinical benefit rates or disease control rates in patients. However, there was a high degree of heterogeneity in both disease control and clinical benefit (Figure 12).




Figure 12 | Clinical benefit rate and disease control rate safety.







Grade 3-4 adverse reactions

For safety six studies (27, 30, 35–37, 39) were included and there was no significant difference between the experimental group and the control group in terms of the occurrence of grade 3-4 serious adverse reactions (OR=0.76, 95% CI 0.53-1.1). Even after a combined effect size analysis using a random effects model the findings remained stable (OR=0.75, 95% CI 0.45-1.22, I2 = 32%) (Figure 13).




Figure 13 | Grade 3-4 adverse reactions.








Discussion

Our results show that the addition of metformin to adjuvant chemotherapy in cancer patients without diabetes does not prolong progression-free survival or overall survival. The role of metformin in cancer chemotherapy may be exaggerated, at least in our study which did not yield beneficial results for metformin in adjuvant chemotherapy in cancer patients without diabetes.

Although the results of some of the studies we included showed that metformin in combination with chemotherapy reduced the risk of death in patients, there were also some studies that showed that metformin use was associated with an increased risk of death in patients. The overall results of the studies showed that combining metformin during chemotherapy in patients without diabetes did not improve prognosis. In a subgroup analysis based on cancer typology, there was a high degree of heterogeneity in the results of use in patients with non-small cell lung cancer. In the subgroup analysis we found that chemotherapy regimens of vascular endothelial growth factor (VEGF) inhibitors in combination with platinum-based drugs in patients with non-small cell lung cancer and in Mexican and Canadian patients with 1 g of metformin daily prolonged progression-free survival to some extent. While 1 g of metformin daily prolonged overall survival in a subgroup analysis of overall survival, metformin use in Mexican patients may have benefited patients while in Canadian patients it may have led to an increased risk of death. Heterogeneity was highly stable across studies when analysing their heterogeneity, regardless of whether a fixed-effects or random-effects model was used.

In contrast, the systematic evaluation of the efficacy and safety of metformin in chemotherapy for cancer patients without diabetes in our study is a highlight of our study. However, in our study we produced results that were completely contradictory to the meta-analysis of the retrospective studies (15, 40), in that metformin did not benefit patients in chemotherapy for cancer patients without diabetes, either in patients with non-small cell lung cancer, breast cancer or prostate cancer, although there were no significant differences in terms of safety. Data on the efficacy of metformin were also reported in a phase 3 clinical trial that included 3649 breast cancer patients without diabetes, in which metformin did not show a significant difference in invasive disease-free survival compared with placebo (41). TAnother meta-analysis including seven randomised controlled trials also showed that metformin use did not prolong progression-free survival or overall survival in patients with advanced unresectable cancer, and there was no significant difference in grade 3-4 adverse effects, but this study included patients with diabetes (42). The same conclusion was reached in another phase 2 clinical study that included diabetic patients (43), however, the finding that metformin prolonged progression-free survival and overall survival in non-squamous cell carcinoma with high fluorodeoxyglucose uptake provides a potential direction for further research into metformin antitumour therapy. In addition, a secondary analysis of a study included in the meta-analysis (28) suggested that the use of metformin in patients with BMI >24 significantly prolonged progression-free survival as well as overall survival compared to patients with BMI ≤24, suggesting that BMI may be a factor influencing the efficacy of metformin in cancer chemotherapy (44).

There were also several limitations in our study as follows. Firstly, we did not include much literature, especially in breast and prostate cancers. Secondly, the number of patients in the studies we included was insufficient, which may have introduced some error in the results. Thirdly, the different regimens of chemotherapy included in the studies, with the existence of targeted agents in addition to metformin treatment as well as multiple conventional platinum-based chemotherapy regimens and radiotherapy combinations, may have allowed for differences in results between the studies. In addition, tumour staging varied between studies, which could also lead to bias in the results. Finally, there were differences in the dose of metformin used between study regimens, which may also have contributed to some differences in the study results.Therefore, in future studies, there is a need to design more high quality clinical trials with large samples to investigate the benefit potential of metformin in cancer chemotherapy based on tumour type, stage, species, chemotherapy regimen, metformin dose and patient BMI.





Conclusion

In this meta-analysis of randomised controlled trial studies, we found that chemotherapy in combination with metformin in cancer patients without diabetes did not prolong progression-free survival and overall survival and improved disease control in patients, although there was no significant difference in terms of safety. More high-quality randomised controlled trials are needed in the future to confirm the in vivo anti-tumour activity and survival benefit of metformin.
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