Glargine (Lantus) insulin: should it be discontinued/switched in those with diabetes?

It has long been known that patients with Type 2 diabetes and insulin resistance are at excess risk for solid tumors, such as breast, pancreatic, colorectal, prostate, and endometrial cancer. Recent epidemiological studies from Europe have raised concerns regarding possibly increased cancer risk with use of insulin, and insulin-glargine (Lantus ®) in particular.  In an attempt to clarify the data and give guidance to physicians and patients alike, we have analyzed the results. We have done so in the context of the available clinical and physiologic knowledge and according to criteria applicable to epidemiologic evidence. A brief summary of the relevant data presented in the individual studies can be found in an addendum at the end of this analysis.

Possible Underlying Mechanisms

One concern about glargine insulin ever since it was approved by the FDA has been its increased IGF-1-receptor binding activity. IGF-1 can enhance proliferation in some tumor cell lines. Glargine insulin has been reported to have mitogenic properties in one cancer cell culture line (Saos osteosarcoma), but these results were not replicated in four other cell lines
. In addition, the insulin-receptor itself appears to conduct mitogenic effects, which may help explain the correlation between elevated insulin levels in obese and insulin-resistant patients and elevated cancer risk. Detemir insulin, which has been suggested as an alternative by some, has been found to have mixed results: while one study found decreased IGF-1-like activity
, another one in cancer cell lines (colorectal, prostate and breast cancer cell lines) found that both detemir and glargine exhibited equivalent proliferative and anti-apoptotic activities
.
Significant increases in absolute risk for cancer (crude incidence rates):  

	Study
	Primary outcome
	Criteria
	Excess absolute risk per 100 patient years 
	Statistically Significant

	German

	Any malignant neoplasm
	Glargine only vs. human insulin
	2.2 

for glargine dose >50 units/d only
	Yes

	Swedish

	Any  cancer, 

prostate, GI cancers

Breast
	Glargine vs. any other insulin
	None

0.24 
	No

Yes

	Scottish

	Any malignant neoplasm
	Glargine vs. any other insulin
	None
	No

	UK

	Any malignant neoplasm

Any malignant neoplasm, specifically prostate and colorectal, not breast or pancreatic cancers
	Glargine vs. any other insulin 

Sulfonylureas 

Combined orals 

Any insulin

  vs Metformin
	None

0.7

None

0.4
	No

Yes

No

Yes


Consistency across studies: Poor.  Glargine increased risk for total cancer in Germany, for breast cancer in Sweden, but not significant in Scotland and the UK.  Breast cancer increase in Sweden not found in Scotland and UK.  Sulfonylurea and any insulin-based regimens increased cancer risk in UK compared with metformin.

Dose response relationship: 

German   Yes, significant for any insulin use for both malignant neoplasms (1.78 per SD glargine, 1.57 per SD human insulin) and mortality (1.44 per SD for glargine and 1.20 per SD for human insulin).  With baseline adjustment, there was no significantly increased risk for malignant neoplasms with glargine, until >50 units/day. 

Swedish, Scottish, British  No dose response analyses

Does metformin decrease cancer risk?

Metformin has multiple effects; one is to improve insulin sensitivity in obesity and Type 2 diabetes, a second is directly on cancer cells where it activates AMPKinase which in turn inhibits MTOR. Both mechanisms, reduced insulin resistance and serum insulin levels, as well as inhibiting MTOR - a critical enhancer of protein translation - may explain the epidemiologic results that suggest that patients using metformin may have a lower risk of developing cancer.

This protective effect of metformin was epidemiologically supported in a case control study by Evans et al
:  of 12,000 Scottish patients with newly diagnosed diabetes, 923 were hospitalized with a diagnosis of a malignant cancer over an 8 year period and were matched with two controls with diabetes without cancer. Prescriptions for metformin were taken from another drug database.  The OR
 of cancer in patients on metformin for any time prior to diagnosis was 0.77 (0.64 to 0.92).  More importantly, there was a strong dose-response relationship with duration of treatment and total dose, with OR of 0.57 (0.43 to 0.75) in the tertile with greatest time/dose exposure to metformin. 

Data from the new studies regarding metformin:

· German, Swedish and Scottish studies: Adjusting for metformin use did not alter HR
 of glargine monotherapy vs. other insulins 

· UK study: Metformin-only group had lowest cancer incidence, insulin therapy had highest cancer incidence, metformin added to insulin decreased HR to 0.54. 

Final assessment: 

We have long known that patients with obesity and insulin resistance, i.e. increased internal insulin production, or those with diabetes and high insulin requirements, are at higher risk for certain cancers. These latest studies show that the more insulin one uses, the higher the risk of cancer, no matter what kind of insulin. Neither the epidemiological data nor lab data suggest that patients using relatively small amounts of glargine (e.g. less than 50 units a day) are at excess risk of developing cancer. 

There is no evidence that insulin in any form has transformed normal cells into cancer cells.  The only question is the proliferative power of human insulin, or any specific insulin analogue, to promote growth of already transformed cancer cells.

The adverse data concerning glargine insulin are inconsistent across studies. In addition, the dose response data with glargine shown in the German study must be interpreted in the context of the increased risk of regimens based on insulin and sulfonylureas, and the diminished risk for patients on metformin in the UK study.
While the epidemiologic connection between high-dose glargine and increased cancer risk, specifically breast cancer in the Swedish study, is important to recognize, the absolute excess risk for breast cancer is only 2.4 chances per 1000 per year, and the studies are far from conclusive. What we need now is more research to verify and more clearly quantify this link and understand whether there are causal relationships involved.

Recommendations: 

Fundamentally, glucose control is a priority for its beneficial effects on both micro- and macrovascular disease. The cancer risks suggested in the European registry studies should not lessen the importance of this goal.  There is no need to switch from a low dose (< 50 units per day) glargine insulin regimen.  Those on high-dose glargine (> 50 units insulin per day) should use all known methods to reduce that insulin dosage, mainly adding metformin up to 2000 mg per day, increasing exercise, and reducing weight.    

At this time, there is no way to determine a differential effect on mitogenesis between glargine and detemir insulin, and the potential of insulin pump therapy with regular insulin or rapid-acting insulin analogs has not been examined in this context.  In conclusion, hastily initiated regimen changes for patients on insulin-glargine that carry a substantial risk of worsened glycemic control are ill-advised at this time.

We have frequently been asked these questions:


"Are you stopping glargine on your patients?" - "No. The cancer risk in insulin-resistant patients with type 2 diabetes is real, but the cardiovascular and microvascular risk in insufficiently treated patients by far outweighs it"
 
"Are you switching all your patients from glargine to detemir?" - Detemir is a very useful insulin, and many patients are on it. However, none of these studies looked at detemir. It's simply too new.  The data on whether it has less IGF-1-like activity in cancer cell lines are conflicting. It may carry higher or lower cancer risk. We just don't know yet.
 
"Are you switching all your patients from glargine to human insulins including NPH?" - While glargine per se experimentally does not lead to better HbA1c levels, there is less hypoglycemia, and many patients cannot imagine going back to NPH.  And there is no evidence that glargine doses under 40 – 50 units per day cause significantly increased cancer risk compared with non-altered human insulins.

“Are you adding metformin or thiazolidinediones to those on large doses of glargine to lower insulin resistance and insulin dosage?”  Some of the data on metformin above suggests that this might be helpful, whereas some of the studies show no change in hazard ratio when adjusting for metformin use.  There is no data on thiazolidinediones and reduction of risk in persons on glargine.  This would depend on your interpretation of the preventive effects of metformin.  The three authors here would suggest it to patients concerned about cancer risk.
 
"What are you doing with patients with type 1 diabetes on glargine?" - These data only concern patients with T2DM, who require larger doses of glargine. There is no indication that glargine in T1DM carries any increased risk of cancer.
 
"You don't appear to be changing much in your practice. What ARE you doing differently?" - The recent publications have highlighted the connection between obesity, high insulin requirements and cancer risk. While we have always stressed the cardiovascular implications to patients with diabetes and their families, we will now remember the diabetes-associated cancer risk as well. Finally, these publications have reminded us that metformin, if tolerated and not contraindicated, should always be the mainstay of any T2DM regimen.
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Addendum: Summary of recently published studies & Relative Risk for cancer(s):  
German study4 
Largest statutory health insurance fund       

No distinction type 1 vs 2.  

Malignant neoplasms (ICD 10 C00-C97 and D00 – D09), all cause mortality  

1.63 yr FU   

Persons who are and have been only on human insulins (96,000)  vs   aspart (4100)  vs  lispro (3300)  vs glargine (24,000)       

(30% of population on insulins)

Significant HR for malignant neoplasms  at > 50 units glargine.  HR 1.3

Swedish5   

Seven Swedish registries tied to personal ID       

Types 1 and 2 (defined as > 30 yrs).

Breast, GI, prostate cancers or any malignancy  

Those on insulin in 2005 regardless of previous insulin usage   

2 year FU.  

Non-glargine (89,000)  vs   glargine plus other (20,300)    vs    glargine only   (6000)    

RR (adj for age BMI, smoking, age of onset)  for breast cancer in women 

     glargine only  vs  Non-glargine 1.97 (1.3 – 3.00)  adjusted for age, BMI, smoking, age onset diabetes   

No other significant differences 

Scottish6  

Scottish clinical diabetes database and cancer registry    

Type 1 defined as < 30 yrs age, type 2 > 35 yrs, indeterminate  30 – 35 yrs age   

All cancers, and specific cancers -- breast, colon, prostate, and pancreas    

On insulin 7/03 – 10/03   FU 12/05   

Non-glargine (32,300)  vs    glargine + other insulins  (3512)   vs    glargine only ( 447)

Any glargine (3959)  vs  non-glargine    HR 1.02    NS 

Glargine only  vs non-glargine: all cancers RR 1.55  (p =  0.045),   becomes NS adjusted

             for baseline oral hypoglycemics, ever smoked, or BMI

No increase in breast cancer specifically.  

Glargine + other insulins   vs    non-glargine:  HR 0.81,  NS.  

British  UK GP database7   

Database from 300 UK practices   

Persons over age 40  grouped by medication assignment after 2000.

Progression to any solid tumor or cancer of breast, colon, pancreas or prostate   

3 yr follow up

Diet only, metformin only (31,400), sulfonylurea only (7400), both metformin and sulfonylurea (13,900), insulin (10,100). 

Insulin subdivided into  Insulin glargine , human long acting insulin, human biphasic, analogue biphasic.  

Compared to metformin only,   HR’s were 1.36 (1.19 – 1.54) for sulfonylureas, 

1.42 (1.27-1.60) for combined insulin-based therapies, 

1.35 (1.22 – 1.49) for ever versus never-smoked with 

            NS     for metformin plus sulfonylureas.  

There were no specific increased HR’s among the four different insulin regimens.  The specific increased risk was for pancreatic and colorectal cancer, not for breast or prostate cancers.

� Le Roith D. Insulin glargine and receptor-mediated signalling: clinical implications in treating type 2 diabetes. Diabetes/metabolism research and reviews 2007;23(8):593-9.


� Kurtzhals P, Schaffer L, Sorensen A, et al. Correlations of receptor binding and metabolic and mitogenic potencies of insulin analogs designed for clinical use. Diabetes 2000;49(6):999-1005


� Weinstein D, Simon M, Yehezkel E, Laron Z, Werner H. Insulin analogues display IGF-I-like mitogenic and anti-apoptotic activities in cultured cancer cells. Diabetes/metabolism research and reviews 2009;25(1):41-9.





� L. G. Hemkens, U. Grouven, R. Bender, C. Günster, S. Gutschmidt, G. W. Selke, P. T. Sawicki. Risk of malignancies in patients with diabetes treated with human insulin or insulin analogues: a cohort study. Diabetologia, 2009


� J. M. Jonasson, R. Ljung, M. Talbäck, B. Haglund, S. Gudbjörnsdòttir, G. Steineck. Insulin glargine use and short-term incidence of malignancies–a population-based follow-up study in Sweden. Diabetologia 2009


� SDRN Epidemiology Group. Use of insulin glargine and cancer incidence in Scotland: A study from the Scottish Diabetes Research Network Epidemiology Group. Diabetologia 2009


� C. J. Currie, C. D. Poole, E. A. M. Gale.The influence of glucose-lowering therapies on cancer risk in type 2 diabetes


� Evans JM, Donnelly LA, Emslie-Smith AM, Alessi DR, Morris AD. Metformin and reduced risk of cancer in diabetic patients. BMJ (Clinical research ed 2005;330(7503):1304-5


� OR: Odds ratio - is a measure of � HYPERLINK "http://en.wikipedia.org/wiki/Effect_size" \o "Effect size" �effect size�, describing the strength of � HYPERLINK "http://en.wikipedia.org/wiki/Association_(statistics)" \o "Association (statistics)" �association� or non-� HYPERLINK "http://en.wikipedia.org/wiki/Independence_(probability_theory)" \o "Independence (probability theory)" �independence� between two binary � HYPERLINK "http://en.wikipedia.org/wiki/Data" \o "Data" �data� values. It is used as a � HYPERLINK "http://en.wikipedia.org/wiki/Descriptive_statistics" \o "Descriptive statistics" �descriptive statistic�, and plays an important role in � HYPERLINK "http://en.wikipedia.org/wiki/Logistic_regression" \o "Logistic regression" �logistic regression�. Unlike other measures of association for paired binary data such as the � HYPERLINK "http://en.wikipedia.org/wiki/Relative_risk" \o "Relative risk" �relative risk�, the odds ratio treats the two variables being compared symmetrically, and can be estimated using some types of non-random samples


� HR: Hazard ratio - in is the effect of an explanatory variable on the hazard or risk of an event. For a less technical definition, consider hazard ratio to be an estimate of � HYPERLINK "http://en.wikipedia.org/wiki/Relative_risk" \o "Relative risk" �relative risk�
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