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Multiple myeloma (MM) arises from asymptomatic precursor states, monoclonal 

gammopathy of undetermined significance (MGUS) or smoldering multiple myeloma 

(SMM) [1,2]. These precursor states are present in about 4% of those over the age of 50 and 

are easily identified with simple, widely available tests on peripheral blood [3]. Although the 

survival of MM has improved dramatically due to several major therapeutic advances in 

recent years, MM remains incurable and is associated with significant morbidity [4]. The 

average risk of progression from MGUS to MM is about 1% per year [5]. Given the low risk 

of progression and the lack of available agents with acceptable efficacy to toxicity ratios, 

chemoprevention interventions to reduce the development of MM in MGUS has not been 

studied [6].

Metformin is a widely used drug for diabetes that has been shown to reduce the risk of 

developing multiple solid cancers among diabetics [7]. There are several potential 

mechanisms by which metformin may exert its anti-cancer properties [8]. Metformin 

reduces insulin like growth factor-1 and insulin levels, both of which are known to be growth 

factors for cancer, including MM [9]. Metformin is associated with weight loss, which could 

also modify the risk of MGUS to MM progression as obesity in a known risk factor for MM 

[10]. Metformin has also been shown to change adipokine levels, activate AMPK signaling 

and inhibit mTOR, all of which have a net anti-cancer effect. Recently, Chang has shown 

that metformin use among diabetics with MGUS was associated with a reduced risk of 

developing active MM in a large study of overwhelming male US military veterans [11]. We 
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sought to evaluate the impact of metformin use on the development of MM among patients 

with MGUS, using a large population-representative dataset from the United Kingdom 

(UK).

We conducted a matched case-control study nested within The Health Improvement 

Network, THIN, a population-representative database of approximately 11,000,000 

individuals treated by general practitioners in the UK between 1995-2013 (http://www.thin-

uk.com/). We identified 124 MGUS cases transformed to MM and 760 MGUS controls 

without documented transformation during follow-up. Diagnoses of MGUS and MM were 

determined using READ codes, the standard primary care classification system in the UK.

Selection of controls was based on incidence density sampling [12]. For each individual with 

MGUS and subsequent MM, up to ten controls were randomly selected after matching on 

age, sex, practice site, and duration of follow-up from MGUS diagnosis. Each control 

subject could not have been diagnosed with MM as of the date of MM diagnosis of the 

matched case subject. The date that the case subject was first diagnosed with MM served as 

the index date for both the case subject and for the matched control.

Exposure to metformin was defined as receipt of at least two prescriptions for metformin at 

the time of MGUS diagnosis. Conditional logistic regression was used to estimate odds 

ratios (ORs) and 95% confidence intervals (CI) for MM in MGUS patients with diabetes 

treated with metformin, other anti-diabetic medications, or no treatment, compared to 

patients without diabetes. In addition to matching, analyses were adjusted for obesity 

(BMI>30mg/m2) and smoking (ever). In a sensitivity analysis to reduce confounding by 

indication, we repeated the primary analysis using an alternative exposure definition of 

metformin use of > 2 years and < 2 years and adjusted for glucose levels prior to MGUS 

diagnosis. We also repeated this analysis in the subgroup of patients with diabetes using 

diabetic individuals without metformin exposure as the reference group.

There was no statistically significant difference between cases and controls in age 

(72.2±10.4 vs. 73.4±9.3, respectively), sex (61.3% males vs. 59.6%, respectively) or 

duration of follow-up (2.3±2.7 years vs. 1.7±2.2 years, respectively). We first looked at the 

impact of metformin and other anti-diabetic therapy on incident MM in patients with MGUS 

(Table 1A) relative to patients without diabetes. In diabetics who were not on therapy there 

was no increased risk of developing MM (OR 0.96 (0.38-2.38). In contrast, among diabetics 

who have been exposed to metformin, there was a reduced but non-significant risk of 

incident MM (OR 0.39 (0.14-1.13). For diabetics receiving other therapies (sulfonylureas, 

thiazolidodiones and insulin) without metformin exposure, there was a similar impact on 

MM risk (OR 0.17 (0.02-1.28).

Because of the trend towards reduced risk of MM in metformin-exposed patients, we 

explored duration of metformin exposure in relation to incident MM. When metformin 

exposure was defined as cumulative duration > 2 years and analyses were adjusted for serum 

glucose level, we observed a statistically significant reduction in myeloma risk (OR 0.19, 

0.04-0.99). In analyses limited to diabetic patients, metformin treatment > 2 years was 

associated with an OR of 0.40 (95 CI%, 0.08-2.04) and metformin treatment < 2 years was 
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associated with no change in risk (OR 1.01 (0.18-5.65), relative to diabetes patients not 

treated with metformin (Table 1B).

In the current matched case-control study, we have shown that anti-diabetic medications may 

be associated with a reduced risk of developing active MM among MGUS patients with 

diabetes. For metformin, the impact was shown mainly for patients who have been treated 

for at least two years, but not for patients who have been on therapy for a shorter period of 

time.

Our study has distinct differences from the previous work by Chang [11]. While Chang 

examined the effect of metformin, but not other anti-diabetic therapies, on MM risk the 

current study evaluated different anti-diabetic medications and was able to demonstrate a 

protective effect that was not unique to metformin alone. These results suggest that glycemic 

control may reduce the risk of developing MM among diabetic patients with MGUS. 

Additionally, our study matched on duration of time from MGUS diagnosis to MM 

diagnosis and assessed medication exposure at the time of MGUS diagnosis to reduce time-

window bias [13]. Finally, the current study was based on a large population-representative 

dataset of MGUS patients. The incidence of cancer in THIN was previously shown to be 

valid compared to cancer registry data in the UK [14,15]. Limitations of the study included 

reduced sample size, particularly in the diabetes subgroup analysis, inability to assess 

pathological characteristics of MGUS, (including M-protein isotype, M-protein 

concentration and ratio of free serum light chains), inability to assess race, and relatively 

short follow-up time from MGUS diagnosis.

In conclusion, we have shown that anti-diabetic medications may have a protective effect on 

the development of MM in diabetic patients with MGUS. These results add to previous data 

by Chang et al and other studies showing a protective effect of metformin on the 

development of cancer [11]. Preclinical studies have also shown anti-myeloma effects of 

metformin [16,17]. Future studies should address the effect of tight glycemic control, in 

addition to other metformin-specific mechanisms, on MGUS progression to MM in diabetic 

patients. MM will be an increasing burden on our population due to aging and increasing 

rates of obesity. Therefore, exploring opportunities to prevent the development of MM is 

critical.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding: This work was supported by the National Institutes of Health, through Grant UL1TR000003 and K23 CA 
187185 (RM).

References

1. Weiss BM, Abadie J, Verma P, Howard RS, Kuehl WM. A monoclonal gammopathy precedes 
multiple myeloma in most patients. Blood. 2009; 113:5418–5422. [PubMed: 19234139] 

Boursi et al. Page 3

Leuk Lymphoma. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. Landgren O, Kyle RA, Pfeiffer RM, et al. Monoclonal gammopathy of undetermined significance 
(MGUS) consistently precedes multiple myeloma: a prospective study. Blood. 2009; 113:5412–
5417. [PubMed: 19179464] 

3. Kyle RA, Therneau TM, Rajkumar SV, et al. Prevalence of monoclonal gammopathy of 
undetermined significance. NEJM. 2006; 354:1362–1369. [PubMed: 16571879] 

4. Röllig C, Knop S, Bornhäuser M. Multiple myeloma. Lancet. 2015; 385:2197–2208. [PubMed: 
25540889] 

5. Kyle RA, Therneau TM, Rajkumar SV, et al. A long-term study of prognosis in monoclonal 
gammopathy of undetermined significance. NEJM. 2002; 346:564–569. [PubMed: 11856795] 

6. Rajkumar SV. Risk of progression in MGUS. The Lancet Haematol. 2014; 2:e6–e7.

7. Decensi A, Puntoni M, Goodwin P, et al. Metformin and cancer risk in diabetic patients: a 
systematic review and meta-analysis. Cancer Prev Res. 2010; 3:1451–1461.

8. Pollak MN. Investigating Metformin for Cancer Prevention and Treatment: The End of the 
Beginning. Cancer Discov. 2012; 2:778–790. [PubMed: 22926251] 

9. Ferlin M, Noraz N, Hertogh C, Brochier J, Taylor N, Klein B. Insulin-like growth factor induces the 
survival and proliferation of myeloma cells through an interleukin-6-independent transduction 
pathway. Br J Haematol. 2000; 111:626–634. [PubMed: 11122111] 

10. Brown LM, Gridley G, Pottern LM, et al. Diet and nutrition as risk factors for multiple myeloma 
among blacks and whites in the United States. Cancer causes control. 2001; 12:117–125. 
[PubMed: 11246840] 

11. Chang SH, Luo S, O’Brian KK, et al. Association between metformin use and progression of 
monoclonal gammopathy of undetermined significance to multiple myeloma in US veterans with 
diabetes mellitus:a population-based retrospective cohort study. Lancet Haematol. 2015; 2:e30–
e36. [PubMed: 26034780] 

12. Lubin JH, Gail MH. Biased selection of controls for case-control analyses of cohort studies. 
Biometrics. 1984; 40:63–75. [PubMed: 6375751] 

13. Suissa S, Azoulay L. Metformin and the risk of cancer: time-related biases in observational studies. 
Diabetes Care. 2012; 35:2665–2673. [PubMed: 23173135] 

14. Haynes K, Forde KA, Schinnar R, et al. Cancer incidence in The Health Improvement Network. 
Pharmacoepidemiol Drug Saf. 2009; 18:730–6. [PubMed: 19479713] 

15. Cea Soriano L, Soriano-Gabarro M, Garcia Rodriguez LA. Validity and completeness of colorectal 
cancer diagnoses in a primary care database in the United Kingdom. Pharmacoepidemiol Drug 
Saf. 2016; 25:385–91. [PubMed: 26436320] 

16. LeGrand J, Park ES, Wang H, et al. Global gene expression profiling in mouse plasma cell tumor 
precursor and bystander cells reveals potential intervention targets for plasma cell neoplasia. 
Blood. 2012; 119:1018–1028. [PubMed: 22147894] 

17. Dalva-Aydemir S, Bajpai R, Martinez M, et al. Targeting the Metabolic Plasticity of Multiple 
Myeloma with FDA-Approved Ritonavir and Metformin. Clin cancer res. 2015; 21:1161–1171. 
[PubMed: 25542900] 

Boursi et al. Page 4

Leuk Lymphoma. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Boursi et al. Page 5

Table 1
The impact of metformin on the development of myeloma in MGUS

A) Association of metformin and other diabetes therapy with incident myeloma in patients with MGUS.

Cases
N=124

Controls
N=760

Unadjusted
OR Adjusted 

§

OR

No diabetes 113 633 Ref Ref

Diabetes, no therapy 6 38 0.95
(0.38-2.35)

0.96
(0.38-2.38)

Diabetes, metformin
exposed

4 65 0.39
(0.14-1.10)

0.39
(0.14-1.13)

Diabetes, other
therapy without

metformin exposure**

1 24 0.17
(0.02-1.29)

0.17
(0.02-1.28)

B) Association of metformin duration with incident MM in patients with MGUS and diabetes*.

Cases
(n=11)

Controls
(n=127)

Unadjusted
OR

Adjusted **
OR

Diabetes, never
exposed to metformin

7 62 Ref Ref

Diabetes, metformin
exposure < 24 mos

2 17 1.04 (0.20-
5.48)

1.01 (0.18-5.65)

Diabetes, metformin
exposure > 24 mos

2 48 0.37
(0.07-1.87)

0.40
(0.08-2.04)

§
Adjusted for obesity (BMI>30mg/m2) and smoking (ever).

*
This analysis was unmatched.

**
Unconditional logistic regression was used adjusted for age, sex, obesity and smoking.
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