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OBJECTIVE—To explore in France the relationship between insulin glargine use and overall
and specific cancer risks in type 2 diabetic patients compared with other basal insulins.

RESEARCH DESIGN AND METHODS —Data were extracted from French health in-
surance information system (Systeme National d’Information Inter-Régimes de I'Assurance Mal-
adie) linked with data from the French Hospital Discharge database (Programme de
Médicalisation des Systemes d’Information). Included were 70,027 patients aged 40—79 years
who started a basal insulin in 2007-2009. Cox proportional hazards models with age as time-
scale were used to calculate multivariate-adjusted hazard ratios for associations between type of
basal insulin and risk of overall cancer, breast cancer, and seven other cancer sites.

RESULTS —The median follow-up was 2.67 years in patients exposed to insulin glargine.
Absolute event rates for all cancer in patients exposed to glargine versus other basal insulin users
were 1,622 and 1,643 per 100,000 person-years, respectively. No significant association was
observed between glargine exposure and overall cancer incidence after adjustment for sex, with a
hazard ratio of 0.97 (95% CI 0.87-1.07), or after additional adjustment for any other hypogly-
cemic agent use and duration of diabetes. No increased risk of breast cancer was observed for
glargine users compared with other basal insulins users, with a fully adjusted hazard ratio of 1.08
(0.72-1.62).

CONCLUSIONS —In a large cohort of patients newly treated by basal insulin, no increased
risk of any cancer was observed in insulin glargine users compared with other basal insulin users.
Because follow-up did not exceed 4 years, longer-term studies are needed.
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he publication in 2009 of four ob-

servational studies (1-4) raised the

question of a possible relationship
between the risk of developing tumors
and the type of insulin (i.e., human insu-
lin and insulin analogs), particularly insu-
lin glargine. Previous in vitro studies
comparing insulin glargine and human
insulin concluded that glargine had a
higher receptor affinity and mitogenic
potency (5). However, the in vivo

metabolism of insulin glargine in the
blood suggests a low mitogenic potency
due to the low affinity of its main metab-
olite for the IGF-1 receptor (6).

Overall, several differences concern-
ing the methodology of published obser-
vational studies can be highlighted. In
particular, some studies compared insu-
lin glargine and human insulin mono-
therapy only and excluded patients
exposed to both types of insulin in the
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main or a secondary analysis (1,2) and/or
considered human insulin regardless of
the duration of activity compared with a
long-acting analog (1,2,4) and/or consid-
ered prevalent users (1-4), and one anal-
ysis included new users only (2). Several
adjustments for various variables, ac-
cording to the data available in the data-
bases used, also often led to conflicting
results within the same study. Moreover,
multiple subgroup analyses increased the
risk of spurious chance findings. The
German study (1) that found a significant
increased risk of total cancers for insulin
glargine was criticized (7,8); in particular,
Pocock and Smeeth (7) reported serious
errors in the methodology that made the
“article’s findings unsupportable.” They
also pointed out that the main results of
the first four cohort studies (1-4) and
clinical trials (9) did not show any signif-
icant increase in the overall incidence of
malignancy for insulin glargine com-
pared with other insulins. However, the
cancer risk associated with insulin glar-
gine remained an ongoing debate in late
2010, particularly in relation to breast
cancer.

We were therefore asked by the
French Medicines Agency (Agence fran-
caise de sécurité sanitaire des produits de
santé [Afssaps]) in January 2011 to
conduct a study based on national admin-
istrative databases. The main objective of
this study was to estimate the relationship
between insulin glargine use and cancer
risk, especially breast cancer, in French
patients with type 2 diabetes compared
with other basal insulins.

RESEARCH DESIGN
AND METHODS

Study design and data source

We conducted an historical cohort study
based on data from the French National
Health Insurance information system (Sys-
teme National d’Information Inter-Régimes
de I'Assurance Maladie [SNIIRAM]), which
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contains individualized, anonymous, and
comprehensive data on health spending re-
imbursements (10). The main demographic
data include age, sex, and vital status. Infor-
mation on 100% reimbursed severe and
costly chronic diseases (affection de longue
durée [ALD] [11]) is available in the
SNIIRAM and coded according to the ICD-
10. These data can be linked to the French
Hospital Discharge database (Programme
de Médicalisation des Systemes d’Infor-
mation [PMSI]) (12). The PMSI database
provides detailed medical information on
all admissions in public and private hos-
pitals, including discharge diagnoses
ICD-10 codes and medical procedures
performed during the hospital stay. The
linkage between SNIIRAM and PMSI data-
bases has been previously used to conduct
several large epidemiological or postau-
thorization safety studies (13-15).

Data from SNIIRAM were only avail-
able from 2006. Specific approval was
obtained from the French data protection
agency (Commission nationale de l'infor-
matique et des libertés [CNIL]) to per-
form this study during the planned
period.

Study population

For reasons of complete availability of
data during the whole study period, this
study was based on the national health
insurance general scheme, excluding stu-
dents and civil servants, covering more
than 49 million people (i.e., 75% of the
French population).

The cohort contained new users of
long-acting or intermediate-acting insulin
during the years 2007, 2008, and 2009,
identified by the Anatomical Therapeutic
Chemical (ATC) code. Three groups were
defined according to first exposure to
insulin glargine (A10AE04), insulin dete-
mir (A10AEQ5), or human intermediate-
acting or long-acting insulin (i.e., basal
human insulin [BHI]; A10ACO1,
A10ADO1, and A10AEQ1). Two distinct
prescriptions for the same type of basal
insulin were required within a 6-month
period to define exposure. To select a
population with type 2 diabetes, inclu-
sion was limited to patients aged 40 to 79
years with at least three prescriptions for
any other hypoglycemic agent (OHA; i.e.,
ATC code Al0B) in the calendar year
preceding insulin exposure. Patients were
defined as new wusers if they had no
prescription for any basal or bolus insulin
in 2006.

Excluded were patients with any dis-
charge diagnosis of cancer (ICD-10 codes

C00-C97, D00-D09, and D37-D48)
from 2005 to inclusion or within the
12 months after inclusion, or with can-
cer identified from ALD status since
1987.

Exposure

Exposure to insulin glargine or other
basal insulin was considered a time-
dependent variable. A patient was defined
as really exposed to a specific insulin after
12 months from the first reimbursement
until the end of follow-up, even after
treatment discontinuation. Moreover,
any switch to another type of basal insulin
was taken into account similarly. Expo-
sure to any class of OHA was defined in a
similar way. The actual cumulative in-
sulin dose from study entry to the last date
of prescription was considered to be a
time-dependent variable and calculated
by evenly distributing the total dose of
each basal insulin prescription over all of
the days between the date of the pre-
scription and the date of the subsequent
prescription.

Outcomes

Outcomes analysis started from the 13th
month after the date of the first eligible
insulin reimbursement to the earliest of
the following events: occurrence of the
studied event (all cancer or specific can-
cer), loss to follow-up, defined by more
than 6 consecutive months without hav-
ing filled any drug prescription, death
from any cause, or end of the observation
period on 31 December 2010. Patients
lost to follow-up were censored 2 months
after the start of the minimum 6-month
gap to allow enough time to observe any
incident cancer.

Cancer cases were identified by hos-
pital discharge diagnoses (ICD-10 codes).
The two main outcomes were “all malig-
nancies” (C00 to C97) and “breast cancer”
in women (C50). The incidence of can-
cers at seven other sites was also studied
for insulin glargine users: prostate (C61),
colorectal (C18 to C21), liver (C22), kid-
ney (C64), bladder (C67), head and neck
(C00 to C14), and lung (C33 and C34)

cancers.

Confounding factors

The main potential confounders were age
at study entry, sex, use of any class of
OHA after inclusion, and information on
duration of diabetes, which was estimated
from the date of initiation of the ALD for
diabetes (when available). The following
classes of OHA were considered separately:
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metformin, pioglitazone, rosiglitazone,
sulfonylureas, and other OHA. Together
with OHA comedication, screening tests
for breast and prostate cancer, hormone
replacement therapy (HRT), and hospital-
izations for cardiovascular or cerebrovas-
cular disease were identified during the
calendar year before inclusion. Women
aged 50 years or older were considered as
being treated with HRT (ATC codes
GO3CA, GO3FB, or GO3HB) if they had
two or more annual prescriptions. Screen-
ing tests were collected by the correspond-
ing codes in SNIIRAM for men aged 50
years or older (blood prostate-specific
antigen test) and women aged 50 to 74
years (mammography). Hospitalizations
for acute coronary syndrome and stroke
were identified from discharge diagnoses
(ICD-10 codes 121 to 123 and 160 to 164,
respectively).

Statistical analyses

Age, sex, OHA class use, and duration of
diabetes were compared using the x* test
for categorical variables and the Wilcoxon
test for continuous variables. Other base-
line characteristics (including admission
rates and screening tests) were compared
using the Mantel-Haenszel method with
adjustment for age and sex. Percentages
were age- and sex-standardized, includ-
ing overall mortality rate during the first
year after study entry. Patients were clas-
sified into insulin glargine, insulin dete-
mir, or BHI groups according to the first
insulin prescribed.

Crude incidence rates and incidence
rate ratios (IRRs) of overall and site-
specific cancers were calculated with the
number of cancer cases and the corre-
sponding exposure or nonexposure peri-
ods. Cox proportional hazards models
were used to calculate adjusted hazard
ratio (HR) estimates of cancer incidence
with insulin glargine, insulin detemir,
BHI, or OHA class and their 95% CI.
Age in calendar months was used as the
time scale. Several models with adjust-
ment for potential confounders were per-
formed: sex in model 1, sex and OHA
class use in model 2, and sex, OHA class
use, and duration of diabetes in model 3.
The same models were applied for cumu-
lative doses classified into terciles. Other
potential confounders, such as screening
tests and HRT, were considered in model
2 for the main analysis only (i.e., insulin
glargine vs. other basal insulin users)
when the P value was = 0.2 for compar-
ison of prevalences. Two sensitivity anal-
yses were conducted: one used length of
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follow-up in calendar months as the time
scale and age as covariate (10-year clas-
ses); another considered only a 6-month
period instead of a 12-month period for
the exclusion of cancers after inclusion
and for the defined time lag for exposure
to insulin glargine.

Associations were considered statisti-
cally significant fora P value <0.05. Anal-
yses were performed with SAS 9.1
software (SAS Institute, Cary, NC).

RESULTS

Description of the cohort population
From the 89,471 individuals potentially
eligible, 13,782 were excluded for cancer
before study entry or within the 12
months after study entry and 5,662 pa-
tients for follow-up of less than 12
months (see Supplementary Fig. 1). The
cohortincluded 70,027 patients; of these,
47,432 (67.7%) were treated with insulin
glargine only, 12,506 (17.9%) were trea-
ted with insulin detemir only, 4,564
(6.5%) were treated with BHI only, and
5,525 (7.9%) were treated successively
with at least two distinct long-acting or
intermediate-acting insulins. Among pa-
tients who initiated their insulin therapy
with insulin glargine, 5.4% subsequently
switched to another basal insulin. This
percentage was higher for insulin detemir
(12.9%) and BHI (18.5%). BHI actually
corresponded to intermediate-acting in-
sulin only (i.e., neutral protamine Hagedorn
[NPH]) insulin, showing that long-acting
human insulin was already no longer pre-
scribed in France and has totally been
replaced by analogs. Information on dura-
tion of diabetes was available for 58,889
patients (78.3%).

Patients exposed to insulin glargine
were slightly but significantly older than
those exposed to other basal insulins (P <
0.0001; Table 1). The duration of diabetes
was comparable between the insulin glar-
gine, insulin detemir, and BHI groups,
and did not differ significantly between
insulin glargine users and other basal in-
sulins users. Patients exposed to insulin
glargine were more frequently exposed to
any OHA (87.2%) than patients exposed
to BHI (70.3%), but less frequently ex-
posed than insulin detemir users (91.3%).

The all-cause mortality rate was
higher in BHI users (8.9%) than in insulin
glargine users (4.7%) and insulin detemir
users (3.5%; P < 0.0001). No significant
difference in hospitalizations for acute
coronary syndrome and stroke, or for
screening tests and HRT was observed

between insulin glargine users and other
basal insulin users (Table 1).

Median follow-up was 2.67, 2.75,
and 2.83 years in patients exposed to
insulin glargine, insulin detemir, and
BHI, respectively. The median monthly
and cumulative doses were 722 and
21,000, 679 and 18,000, and 606 and
16,500 IU, respectively.

Association with cancer

A total of 1,391 malignancies of any type
were reported for patients exposed to
insulin glargine versus 405 in patients
exposed to insulin detemir and 191 in
BHI users. Crude incidence rates for
individuals exposed and not exposed to
insulin glargine were 1,622 and 1,643 per
100,000 person-years, respectively
(crude IRR 0.99 [95% CI 0.89-1.09];
Table 2). No significant association was
observed between insulin glargine expo-
sure and incidence of any malignancy
after adjustment for sex (HR 0.97 [0.87-
1.07]) or after additional adjustment for
any OHA class use and duration of diabe-
tes (Table 3). Comparable results were
observed in a similar analysis with insulin
detemir and BHI. A borderline significant
risk decrease was observed for metfor-
min, with HR 0.87 (0.79-0.96) in model
2 and 0.87 (0.78-0.97) in model 3, and
sulfonylureas as well, with 0.89 (0.81-
0.97) and 0.86 (0.77-0.95). A stratified
analysis—not initially planned—on met-
formin users versus nonusers led to com-
parable results in both groups for the
three models (Supplementary Table 1).
During follow-up, crude incidence rates
of breast cancer were 271 and 264 per
100,000 person-years for insulin glargine
versus nonusers, respectively (crude IRR
1.02 [0.71-1.47]; Table 3). No increased
risk of breast cancer was observed in any
model; in particular, the HR for glargine
was 1.01(0.71-1.45)inmodel 1 and 1.08
(0.72-1.62) in model 3. Comparable re-
sults were observed for insulin detemir
and BHI (Table 3).

Similar results for insulin glargine
were observed when length of follow-up
was used as the time scale, with HR 0.97
(95% CI 0.88-1.08) for all cancers and
1.00 (0.70-1.44) for breast cancer (model
1, Supplementary Table 2). When
considering a 6-month period instead
of a 12-month period for the exclusion
of cancers after inclusion and for the de-
fined time lag for exposure to insulin, the
results for insulin glargine remained non-
significant for all cancers (0.95 [0.87—
1.04] in model 1) and breast cancer

(1.00 [0.72-1.37] in model 1; Supple-
mentary Table 3).

Evaluation of a possible dose-effect
showed that no increased risk of cancer
was specifically observed in any model
for higher doses of insulin glargine
(27,000 IU and more), with HR in model
1 0£0.97 (0.84-1.11) for all malignancy
and 1.33(0.85-2.09) for breast cancer in
women. Similar results were observed
for higher doses of insulin detemir or
BHI. However, a slight nonsignificant in-
crease in point estimates was observed in
the three models for increased doses of
glargine and the occurrence of breast
cancer. No association was observed be-
tween insulin glargine use and the seven
other tumor sites compared with the use
of other basal insulins in any model
(Table 4).

CONCLUSIONS —Insulin glargine
was first marketed in France in mid-
2003. Using a large nationwide cohort
including more than 70,000 basal insulin
incident users—to our knowledge the
largest study to date on this topic—we
did not find any significant difference
in the risk of all cancers between new in-
sulin glargine users and nonusers. We
also did not observe any difference in
breast cancer risk or the risk for seven
other malignancies between these two
groups. Interestingly, a significantly de-
creased risk was observed for metformin
and sulfonylureas users compared with
nonusers.

The two databases used are indepen-
dent in data collection, resulting in a
decreased risk of selection biases. These
databases are considered to be compre-
hensive, because all French pharmacists
and all physicians in French hospitals
routinely contribute to data collection,
with annual quality control of coding.

This study presents several limita-
tions. The maximum duration of follow-
up was 4 years, and we therefore had no
information on the occurrence of cancers
after longer-term exposure. Besides, data
from French cancer registries established
in a few French areas (16) cannot be
linked to SNIIRAM and PMSI data. Con-
sequently, stage of cancer and date of first
symptoms were not available in this
study. In some studies, however, regional
estimations of cancer incidence from the
PMSI database have been compared with
the incidence reported by local cancer
registries (17,18). One study reported a
good concordance between breast cancer
data from 12 departmental registries and
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Table 1—Demographic data and use of antidiabetic drugs during follow-up by long-acting or intermediate-acting insulin

Insulin glargine Insulin detemir BHI Overall
Exposed Nonexposed P Exposed Nonexposed P Exposed Nonexposed P population
N (%) 52,375 (74.8) 17,65(25.2) <0.0001 16,639 (23.8) 53,388 (76.2) <0.0001 6,666 (9.5) 63,361 (90.5) <0.0001 70,027 (100.0)
Men (%) 51.7 50.7 0.02 50.2 51.9 <0.0001 49.1 51.7 <0.0001 51.5
Age (years)
Mean (SD) 63.3 (10.1) 62.9 (10.2)  <0.0001 62.3 (10.0) 63.5 (10.1) <0.0001  64.1 (10.7) 63.1 (10.0) <0.0001 63.2 (10.1)
40-49 10.2 11.1 <0.0001 11.5 10.1 <0.0001 11.5 10.3 <0.0001 10.4
50-59 26.9 274 29.6 26.2 22.4 27.5 27.0
60-69 299 30.0 30.3 299 27.6 30.2 30.0
70-79 32.9 31.5 28.6 33.8 38.6 31.9 32.6
Duration of diabetes
(years) (N = 58,889)
<5 33.4 333 0.80 32.9 33.6 0.03 33.7 33.4 0.01 33.4
5-9 329 332 339 32.7 313 332 33.0
=10 33.7 33.5 332 33.7 35.0 33.5 33.6
Exposure to other antidiabetic
drugs during follow-up
Metformin 65.5 65.9 0.28 71.8 63.6 <0.0001 53.7 66.8 <0.0001 65.6
Pioglitazone 7.1 8.3 <0.0001 9.9 6.7 <0.0001 5.7 7.6 <0.0001 7.4
Rosiglitazone 4.5 4.5 0.66 53 42 <0.0001 29 4.7 <0.0001 4.5
Sulfonylureas 50.7 51.4 0.09 57.5 48.8 <0.0001 41.0 51.9 <0.0001 50.9
Other OHA 40.2 37.8 <0.0001 453 37.8 <0.0001 293 40.7 <0.0001 39.6
Total OHA 87.2 83.9 <0.0001 91.3 84.9 <0.0001 70.3 88.1 <0.0001 86.4
Cancer screening*
Mammography® 245 24.5 0.96 25.1 243 0.23 235 24.6 0.30 24.5
HRT® 2.4 2.6 0.42 29 23 0.004 1.9 2.5 0.05 2.4
PSA screening® 443 44.8 0.39 45.8 44.1 0.01 41.6 44.7 0.001 444
Short-stay hospitalization
at baseline*
Acute coronary syndrome 0.4 0.4 0.67 0.5 0.4 0.47 0.6 0.4 0.06 0.4
Stroke 0.4 0.5 0.61 0.4 0.5 0.48 0.6 0.4 0.01 0.4

Data are in percentages unless otherwise stated. Source SNIIRAM-PMSI, January 2006-December 2010. *Percentages were age- and sex-standardized. *Women aged 50—74 years. "Women =50 years. “Men =50 years.
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Table 2—Crude incidence rate ratios by long-acting or intermediate-acting insulin for all malignancies and breast cancer

Follow-up time (month)

Exposure Patients (n) Cases (n) Total Without exposure Incidence rate® IRR (95% CI)
All malignancies
Insulin glargine IE 52,375 1,391 1,053,209 24,269 1,622 0.99 (0.89-1.09)
NE 17,652 498 339,505 0 1,643
Insulin detemir E 16,639 405 335,433 28,228 1,582 0.96 (0.86-1.08)
NE 53,388 1,484 1,057,281 0 1,641
BHI ] 6,666 191 145,068 11,335 1,714 1.06 (0.91-1.23)
NE 63,361 1,698 1,247,646 0 1,618
Breast cancer (women)
Insulin glargine E 25,208 114 518,051 12,502 271 1.02 (0.71-1.47)
NE 8,687 40 168,985 0 264
Insulin detemir E 8,302 38 169,470 15,802 297 1.14 (0.79-1.64)
NE 25,683 116 517,566 0 261
BHI E 3,401 15 75,659 5,907 258 0.96 (0.56-1.63)
NE 30,584 139 611,377 0 270

Source SNIIRAM-PMSI, January 2006—December 2010. E, exposed; NE, nonexposed. “Per 100,000 person-years.

PMSI discharge diagnoses (17). More-
over, insulin users may differ in several
criteria according to insulin type, and
other adjustments, such as BMI, would
have been useful to improve this compar-
ison. BMI and diabetes duration were
comparable among insulin users in two
U.K. studies (2,3), but BMI could not be
compared in French patients.

Another study limitation is the lack of
information on tobacco use, which is a
known risk factor for many cancers, par-
ticularly lung, head and neck, and bladder
cancers. This may also be an important
factor affecting the generalizability of our
results. However, further analysis concern-
ing other cancer sites showed that there was
no difference between insulin glargine in-
cident users and nonusers in the incidence
of lung cancer and head and neck cancer,
which supports the hypothesis that the
prevalence of smokers was comparable in
the two groups, as observed in the Scottish
study (2).

Our analysis only attributed a case of
cancer when this event occurred at least
12 months after start of exposure, a pe-
riod that we considered to be possibly
relevant for inducing a cancer. However,
no consensus has been reached concern-
ing the duration of cancer induction. We
therefore also considered a shorter period
of 6 months as a sensitive analysis, which
provided similar results. Furthermore, a
recent study (19) suggested that the
higher risks of cancer shortly after starting
insulin treatment might be explained by
protopathic bias. We also took into ac-
count any subsequent change in insulin

exposure status and observed that only a
small proportion of patients in this cohort
(7.5%) were exposed to more than one
basal insulin. We also analyzed BHI users
versus nonusers and insulin detemir users
versus nonusers and found no difference
for cancer risks in these two analyses. In
addition, we only selected patients exposed
to long-acting or intermediate-acting insu-
lin, as was done in a Taiwanese study (20),
because patients exposed to fast-acting in-
sulin only might present several differen-
ces, such as severity of diabetes, level of
residual insulin, or comorbidities, com-
pared with basal insulin users. We also
tried to improve group comparability by
not applying the monotherapy compari-
sons performed in some studies (1,21)
(i.e., users only exposed to the same basal
insulin during the study period), and con-
versely, we took into account all switches
from a basal insulin to another one. More-
over, we compared basal insulins with or
without short-acting insulin, and we did
not include individuals exposed to short-
acting insulin only.

Because information on drug expo-
sure was available only from 2006 on-
ward, leading to a possible lack of data for
patients who initiated insulin therapy a
long time ago, we also selected new users
only rather than a fixed cohort. Moreover,
these patients were more likely to be
comparable in severity of diabetes or stage
of progression of the disease.

We considered that age was the most
appropriate time scale in the main Cox
regression model, because age is a known
risk factor for many cancers. For such

outcomes, the hazard is more likely to
be a function of age than time-on-study
(22). However an analysis was also per-
formed with time-on-study as the time
scale and showed similar results, as in
the Taiwanese study (20).

Besides, the results of the multicenter
randomized Outcome Reduction With
Initial Glargine Intervention (ORIGIN)
trial have been recently published (23).
They were based on 12,537 people who
received insulin glargine or standard care-
—in an open-label design—and mainly
provided an analysis of cardiovascular
morbidity and/or mortality. The results
of the safety analysis on cancer were com-
parable with our study findings, as there
was no significant difference in the inci-
dence of any cancer (HR 1.00 [95% CI
0.88-1.13]) with a median follow-up of
6.2 years.

No increased risk for breast cancer
was observed in our study, but a slight
nonsignificant trend was noted with in-
creased doses of glargine. A recent in vitro
study showed that insulin glargine stim-
ulated proliferation of breast adenocarci-
noma cell line (MCF-7) compared with
regular human insulin (24). However, it is
unknown whether this finding supports
an increased risk of developing a breast
tumor in immunocompetent women. A
subgroup analysis in the first Swedish
study (4) showed a significantly increased
risk of breast cancer for glargine versus no
glargine use, but nonsignificant results
were observed for glargine and overall
cancer risk. A significant result was also
reported in the Scottish study (2) for the
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Table 3—Risk of all malignancies and breast cancer, overall and with increasing level of insulin glargine, insulin detemir,
or BHI exposure during follow-up: adjusted HR estimated from the three multivariate Cox models with age as the time scale

Model 1*

Model 2P

Model 3¢

All malignancies
Insulin glargine

Insulin detemir

BHI

Breast cancer (women)
Insulin glargine

Insulin detemir

BHI

Overall

[0-14,000 U]
[14,000-27,000 IU]
27,000 IU and more
Overall

[0-14,000 1U]
[14,000-27,000 IU]
27,000 IU and more
Overall

[0-14,000 TU]
[14,000-27,000 IU]
27,000 IU and more

Overall

[0-14,000 IU]
[14,000-27,000 IU]
27,000 IU and more
Overall

[0-14,000 TU]
[14,000-27,000 1U]
27,000 IU and more
Overall

[0-14,000 IU]
[14,000-27,000 1U]
27,000 IU and more

0.97 (0.87-1.07)
0.96 (0.85-1.08)
0.98 (0.86-1.11)
0.97 (0.84-1.11)
1.02 (0.91-1.13)
1.06 (0.91-1.23)
0.91 (0.75-1.10)
1.07 (0.87-1.31)
1.02 (0.88-1.19)
0.97 (0.78-1.21)
1.14 (0.88-1.48)
0.98 (0.73-1.32)

1.01 (0.71-1.45)
0.91 (0.59-1.40)
0.91 (0.58-1.42)
1.33 (0.85-2.09)
1.16 (0.81-1.68)
1.28 (0.78-2.07)
0.99 (0.52-1.89)
1.18 (0.60-2.32)
0.93 (0.55-1.59)
1.05 (0.52-2.15)
1.27 (0.56-2.87)
0.27 (0.04-1.91)

0.97 (0.88-1.08)
0.96 (0.85-1.08)
0.98 (0.86-1.11)
0.98 (0.85-1.12)
1.04 (0.93-1.16)
1.09 (0.93-1.26)
0.93 (0.76-1.12)
1.09 (0.89-1.33)
0.99 (0.85-1.15)
0.95(0.77-1.18)
1.09 (0.84-1.41)
0.93 (0.69-1.25)

1.00 (0.70-1.44)
0.90 (0.58-1.39)
0.91 (0.58-1.42)
1.31 (0.84-2.05)
1.10 (0.76-1.60)
1.20 (0.74-1.95)
0.95 (0.50-1.81)
1.12 (0.57-2.21)
1.02 (0.59-1.75)
1.11 (0.54-2.27)
1.41 (0.62-3.21)
0.30 (0.04-2.18)

1.04 (0.93-1.16)
1.04 (0.91-1.18)
1.01 (0.88-1.16)
1.06 (0.91-1.24)
1.01 (0.89-1.13)
1.05 (0.88-1.23)
0.91 (0.73-1.12)
1.06 (0.85-1.32)
0.91 (0.76-1.08)
0.93 (0.73-1.18)
0.89 (0.65-1.21)
0.89 (0.63-1.24)

1.08 (0.72-1.62)
0.88 (0.54-1.45)
1.02 (0.62-1.67)
1.49 (0.91-2.45)
1.08 (0.72-1.62)
1.13 (0.66-1.96)
1.02 (0.51-2.03)
1.04 (0.48-2.26)
1.03 (0.56-1.88)
1.21 (0.56-2.60)
1.51 (0.61-3.72)
0.00

Data are HR (95% CI) unless otherwise stated. Source SNIIRAM-PMSI, January 2006-December 2010. *Adjusted for sex (all malignancies). PAdjusted for sex (all
malignancies) and OHA class use. “Adjusted for sex (all malignancies), OHA class use, and duration of diabetes.

prevalent users and for insulin glargine
monotherapy only. However, such a risk
was not found in three other analyses of
the Scottish study (2) or in the second
Swedish study published in early 2011
(25). The Swedish authors concluded
that the increased risk of breast cancer
observed in the 2006-2007 period in
Sweden and not in 2007-2008 was pos-
sibly due to chance. Four studies reported

more recent results (26-29). A moderate
increase was reported by Ruiter et al. (27)
for insulin glargine compared with hu-
man insulin, despite a significantly lower
risk of all malignancies for insulin glar-
gine versus human insulin. This was not
observed for overall glargine in the three
other studies (26,28,29), but some sub-
group analyses provided borderline sig-
nificant results, including use over 5

Table 4—Risk of other cancer sites for glargine vs. other basal insulins: adjusted HR
estimated from the three multivariate Cox models with age as the time scale

Model 2P

Model 3¢

Model 1%
Prostate 0.92 (0.65-1.30)
Colorectal 0.94 (0.70-1.25)
Liver 0.97 (0.69-1.37)
Kidney 0.99 (0.51-1.92)
Bladder 1.12 (0.74-1.70)
Lung 1.03 (0.76-1.41)

Head and neck

0.82 (0.46-1.44)

0.90 (0.64-1.28)
0.94 (0.71-1.26)
0.98 (0.69-1.38)
1.01 (0.52-1.94)
1.14 (0.75-1.72)
1.04 (0.76-1.42)
0.83 (0.47-1.46)

1.01 (0.68-1.48)
0.98 (0.72-1.32)
1.07 (0.72-1.59)
1.11 (0.54-2.26)
1.06 (0.67-1.66)
1.10 (0.78-1.57)
0.91 (0.48-1.72)

Data are HR (95% CI) unless otherwise stated. Source SNIIRAM-PMSI, January 2006—December 2010.
Adjusted for sex (except prostate). "Adjusted for sex (except prostate) and OHA class use. “Adjusted for sex
(except prostate), OHA class use, and duration of diabetes.

years in a subgroup of women who had
been on insulin before starting glargine
(HR 2.7 [95% CI 1.1-6.5]) (26). How-
ever, there is no evidence of concordance,
as these significant results for the associ-
ation of insulin glargine and breast cancer
were mainly observed in subgroups that
differed between studies. Moreover,
such a risk was not identified in the
ORIGIN trial (23) with a follow-up of up
to 7 years.

No significant difference was ob-
served among incident users between
insulin glargine and other basal insulins
for the risk of prostate, colorectal, liver,
kidney, bladder, lung, and head and neck
cancers, in accordance with the great
majority of previously published find-
ings, including recent results from the
General Practice Research Database
(GPRD) database (19). The Taiwanese
study recently reported a significant risk
increase for prostate cancer (20) for insu-
lin glargine users versus nonusers.
Conversely, a significant protection for
colorectal cancer by insulin glargine was
reported in two recent studies (27,28).
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These findings were not identified in
other studies and could have resulted
from multiple comparisons or residual
confounding factors. At this time, the U.S.
Food and Drug Administration and the
European Medicines Agency have not
concluded that insulin glargine increases
the risk of any cancer, and the review of
this safety concern is still ongoing
(30,31).

This cohort study was conducted at
the request of the French Medicines
Agency (Afssaps) in response to a phar-
macovigilance signal. No associations
were observed in incident users moni-
tored up to 4 years between insulin
glargine and increased or decreased risk
of all malignancies, or for higher doses of
insulin glargine, compared with other
basal insulins. No risk increase was ob-
served for breast cancer, specifically, or
for seven other tumor sites. This study,
based on data from large nationwide
administrative databases, therefore con-
firms the nonsignificant results of most
previous studies, although follow-up was
limited. Further studies with a longer
follow-up are needed to ensure continu-
ous monitoring of cancer risk in patients
with diabetes mellitus.
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