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OBJECTIVE—To examine whether use of insulin glargine, compared with another long-acting
insulin, is associated with risk of breast, prostate, colorectal cancer, or all cancers combined.

RESEARCH DESIGN AND METHODS —Computerized health records from Kaiser Per-
manente Northern and Southern California regions starting in 2001 and ending in 2009 were
used to conduct a population-based cohort study among patients with diabetes aged =18 years.
With use of Cox regression modeling, cancer risk in users of insulin glargine (n = 27,418) was
compared with cancer risk in users of NPH (n = 100,757).

RESULTS —The cohort had a median follow-up of 3.3 years during which there was a median
of 1.2 years of glargine use and 1.4 years of NPH use. Among users of NPH at baseline, there was
no clear increase in risk of breast, prostate, colorectal, or all cancers combined associated with
switching to glargine. Among those initiating insulin, ever use or =2 years of glargine was not
associated with increased risk of prostate or colorectal cancer or all cancers combined. Among
initiators, the hazard ratio (HR) for breast cancer associated with ever use of glargine was 1.3
(95% CI 1.0-1.8); the HR for breast cancer associated with use of glargine for =2 years was 1.6 or

1.7 depending on whether glargine users had also used NPH.

CONCLUSIONS —Results of this study should be viewed cautiously, given the relatively
short duration of glargine use to date and the large number of potential associations examined.

Ithough findings were not consis-

tent, results of four observational

studies conducted in Europe and
reported in June 2009 raised concerns
that use of the long-acting insulin analog,
glargine (Lantus), may increase the risk of
one or more forms of cancer (1-4). Insu-
lin analogs are structurally altered human
insulins. Because altering human insulin
molecules may also alter mitogenicity,
there was concern about the carcinogenic
potential of glargine. Each of the four
studies was conducted among patients
with diabetes and used data from elec-
tronic records. The number of end points,
especially for cancer at specific sites, was
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small; the period of observation was
short; and data were not consistently
complete or available on several poten-
tially important confounding variables.
Subsequently, Sanofi, the manufac-
turer of glargine, supported the current
study among Kaiser Permanente mem-
bers to examine the potential association
between use of insulin glargine and risk
of breast, prostate, colorectal cancer, or
all cancers combined. The final version of
the full protocol for this study was sub-
mitted to the European Medicines
Agency Committee for Medicinal Prod-
ucts for Human Use in March 2010. It
was approved by the Committee for
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Medicinal Products for Human Use in
April 2010.

RESEARCH DESIGN AND
METHODS

Setting and source population

The study was conducted among enroll-
ees of Kaiser Permanente’s Northern and
Southern California regions (KPNC and
KPSC). Together, these regions currently
serve ~4.8 million adult members. Kaiser
Permanente is a nonprofit, prepaid health
plan. KPNC and KPSC own and run their
hospitals and clinics, employ their own
physicians, manage their own pharma-
cies, and archive data generated from clin-
ical encounters.

Study cohort

The cohort included members 18 years
old or older diagnosed with type 1 or type
2 diabetes identified from pharmacy re-
cords (fills for diabetes drugs), laboratory
results (HbA;. levels), and outpatient,
emergency room, and hospitalization re-
cords listing a diagnosis of diabetes. The
cohort was restricted to patients with no
history of cancer.

Primary exposures of interest

The primary exposure of interest was in-
sulin glargine. The comparator was human
NPH (including NPH premixed with reg-
ular insulin), which is an intermediate-
acting insulin with indications for use
similar to those with glargine. Information
on medication use came from computer-
ized outpatient pharmacy records. Records
include dispense date and drug name,
amount, and days supply.

Eligible cohort members were cate-
gorized as “ever users” of glargine or NPH
if they filled at least two prescriptions for
the specific drug within a 6-month pe-
riod. Estimating cumulative duration of
insulin use from prescription data is dif-
ficult because of problems with adherence
and wastage. Thus, duration was calcu-
lated in two ways. For our main analyses,
we added the days between prescriptions;
if days between two prescriptions was >6
months, then the days counted for the
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earlier prescription was limited to 183. In
sensitivity analyses, we summed the num-

ber of days supply for each prescription.

Outcomes of interest

The three primary outcomes included
female breast, prostate, and colorectal
cancer. The secondary outcome was all
cancers combined, excluding nonmela-
noma skin cancers.

Incident cancers through 31 Decem-
ber 2009 were identified by linkage with
the KPNC and KPSC cancer registries,
both of which are contributing sites to the
National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER)
program of cancer registries. The regis-
tries follow SEER practices and have com-
parable accuracy and completeness
insured by standardized medical record
abstraction.

Potential confounding variables

Electronic health records provided infor-
mation on other diabetes medications and
on demographics, laboratory tests (e.g.,
HbA;.), BMI, and inpatient and outpa-
tient diagnoses. For some variables (e.g.,
race/ethnicity, BMI), data from the elec-
tronic record were supplemented with in-
formation obtained from prior surveys
conducted on subsets of the study cohort.

Cohort entry and follow-up (time

at risk)

Entry into the cohort occurred on May
2001 (when glargine became available in
the U.S.), or later, when the following
inclusion criteria were met: at least 12
months of continuous health plan mem-
bership and pharmacy benefits, 18 years
of age or older, and at least two prescrip-
tions for insulin glargine or for NPH
insulin within a 6-month period. For the
main analyses, follow-up ended at diag-
nosis of any cancer, death, a gap of >4
months in either membership or prescrip-
tion benefits, or 31 December 2009—
whichever came first.

Statistical analyses

Analyses were conducted using multivar-
iable Cox or Poisson regression modeling.
Use of insulins and other diabetes medi-
cations was treated as time-varying cova-
riates in regression models. Analyses were
adjusted for potential confounders, in-
cluding demographic and clinical varia-
bles. Sensitivity analyses examining
various sets of additional potential con-
founders obtained via questionnaire were
conducted in subsets of the study cohort.

RESULTS —The final eligible cohort in-
cluded 115,514 adult men and women
with diabetes (Supplementary Fig. 1). At
the end of follow-up, there were 27,418
patients who had used insulin glargine
and 100,757 who had used NPH
(12,661 individuals had used both).
Among new users of insulin (i.e., no use
of any insulin in the prior 12 months),
there were 6,548 whose first insulin was
glargine—or ~25% of all glargine users.
There were 39,708 new users of NPH—or
~40% of all NPH users.

As expected, there was a marked in-
crease in use of glargine over time (Table 1).
In the full cohort, age at first eligible glar-
gine prescription was slightly younger than
age at first eligible NPH fill. In contrast, the
age distribution was similar in the new in-
sulin users. In both the full cohort and new
insulin users, users of glargine were more
frequently male. There were only minimal
racial/ethnic differences by insulin type.
The proportion of NPH users without a
documented BMI was substantially higher
than for glargine users. Note, this is largely
because we only included BMI measures
within 24 months of first eligible prescrip-
tion and a large proportion of first eligible
NPH fills occurred prior to 2007, when the
BMI began to be systematically calculated
and recorded in the electronic medical re-
cords. When we restricted comparisons to
persons with known BMI, the differences
were reduced and the BMI distribution
was similar among new insulin users. The
proportion of adults with low income, based
on median household income of their resi-
dence census track, was similar for glargine
and NPH users. When we restricted to those
with known smoking status, NPH users
were more frequently current smokers.

Among the full cohort, the propor-
tion using NPH in the 12 months prior to
their first eligible glargine prescription
after entry into the cohort was similar to
the proportion using NPH prior to first
eligible NPH after entry (Table 1). Use of
short-acting insulin was more common
and metformin and sulfonylurea use
were less common in the 12 months prior
to first eligible glargine prescription than
at the first eligible NPH prescription.
Among new users of insulin, the use of
other diabetes medications was gener-
ally similar in the 12 months prior to first
eligible glargine or NPH prescription.
Use of thiazolidinediones, however,
was more common among the new glar-
gine users.

In the full cohort, there was a median
of 3.3 years of follow-up (maximum 8.6).

From the first eligible prescription for
glargine to end of follow-up was a median
of 2.3 years vs. a median of 3.6 years for
NPH (Supplementary Table 1). In gen-
eral, insulin users received glargine or
NPH for only a portion of their follow-
up period. There was a median of 1.2
years of glargine use and 1.4 years of
NPH use (Supplementary Table 2).

There were 5,851 cohort members
with at least one cancer diagnosed during
follow-up: 910 with breast cancer, 753
with prostate cancer, and 700 with co-
lorectal cancer. Among new insulin users,
there were 269 with breast cancer, 253
with prostate cancer, 205 with colorectal
cancer, and a total of 1,856 with cancer at
any site. Cancer incidence rates were
consistent with those reported for Cali-
fornia by SEER and expected rates based
on the reported association between
diabetes and cancer (5) (Supplementary
Table 3).

Given that NPH was our primary
comparator and it has been widely used
for decades, we first explored whether use
of NPH itself might be associated with
cancer risk. These analyses, using Poisson
regression, were conducted among a co-
hort of users of NPH with no prescription
for insulin in the 12 months prior to their
first NPH prescription (n = 46,390). (Note
that these analyses included new users at
KPSC from 2001-2008 and at KPNC
from 1996-2008 and thus included
more than the 39,708 new users of NPH
for the period 2001-2008 that were in-
cluded in our main analyses.) We saw
no evidence of an association with dura-
tion of NPH use and risk of colorectal,
prostate, or all cancers combined. Com-
pared with risk with <2 years of NPH use,
there was some suggestion of a very mod-
est increase in risk of breast cancer asso-
ciated with =5 years of NPH use
(Supplementary Table 4). The risk ratio
was 1.2 (95% CI 0.9-1.6) when we cal-
culated duration based on time between
prescriptions and 1.6 (1.0-2.4) when we
calculated duration by summing days
supply for each prescription. Given the
lack of a strong association between du-
ration of NPH use and cancer risk and
that we found little evidence for large
differences in prior NPH use at the
time of first eligible glargine versus first
eligible NPH prescription, we used NPH
with all durations combined as the pri-
mary comparison for our analyses of
glargine use.

We found little evidence of confound-
ing by BMI, race/ethnicity, income, diabetes
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Table 1—Selected characteristics at first eligible glargine or NPH prescription®

Full cohort: ever users of glargine or NPH

. b
New users of insulin

Glargine users NPH users Glargine users NPH users
(n=27,418) (n=100,757) (n =6,548) (n=39,708)
n % n % n % n %
Calendar year
2001 645 24 36,005 35.7 33 0.5 2,286 5.8
2002 1,834 6.7 10,316 10.2 170 2.6 4,319 10.9
2003 2,678 9.8 10,012 9.9 349 53 4,323 10.9
2004 2,382 8.7 8,126 8.1 360 5.5 4,409 11.1
2005 3,037 11.1 8,136 8.1 552 8.4 4,900 12.3
2006 4,342 15.8 8,025 8.0 1,057 lo.1 5211 13.1
2007 6,014 219 10,431 10.4 1,784 272 7,572 19.1
2008 6,486 237 9,706 9.6 2,243 343 6,688 16.8
Age (years)
18-29 2,653 9.7 3,832 3.8 213 33 900 2.3
30-39 2,594 9.5 7,356 7.3 380 5.8 2,981 7.5
40-49 5,147 18.8 15,380 153 1,258 19.2 6,551 16.5
50-59 7,830 28.6 27,311 27.1 2,156 329 11,772 29.6
60-69 5,666 20.7 26,118 259 1,545 23.6 10,074 254
=70 3,528 12.9 20,760 20.6 996 152 7,430 18.7
Sex
Female 12,862 46.9 50,693 50.3 2,869 43.8 19,591 49.3
Male 14,555 53.1 50,063 49.7 3,679 56.2 20,117 50.7
Missing 1 0.0 1 0.0 0.0 0.00 0.0 0.0
Race/ethnicity
Asian/Pacific 1,748 6.4 7,295 72 491 7.5 3,422 8.6
Black 2,840 10.4 13,090 13.0 694 10.6 4,535 11.4
Hispanic 6,089 222 25,544 254 1,864 28.5 10,997 27.7
White 12,203 44.5 42,634 423 2,369 36.2 15,962 40.2
Other 353 13 1,398 1.4 86 13 546 1.4
Unknown 4,185 153 10,796 10.7 1,044 15.9 4,246 10.7
BMI (kg/m*)°
<19 184 0.7 199 0.2 46 0.7 131 0.3
19-24 3,483 12.7 4,475 4.4 745 11.4 2,636 6.6
25-29 5,537 20.2 9,925 9.9 1,475 225 6,413 16.1
30-34 4,925 18.0 10,359 10.3 1,510 231 6,813 17.2
35-39 2,862 10.4 6,400 6.4 922 14.1 4,307 10.9
4044 1,556 5.7 4,328 43 479 7.3 2,719 6.9
=45 882 32 2,015 2.0 307 4.7 1,371 3.4
Unknown 7,989 291 63,056 62.6 1,064 16.2 15,318 38.6
BMI (kg/m*)?
<19 184 1.0 199 0.5 46 0.8 131 0.5
19-24 3,483 17.9 4,475 11.9 745 13.6 2,636 10.8
25-29 5,537 285 9,925 263 1,475 26.9 6,413 263
30-34 4,925 254 10,359 275 1,510 275 6,813 27.9
35-39 2,862 14.7 6,400 17.0 922 16.8 4,307 17.7
4044 1,556 8.0 4,328 115 479 8.7 2,719 11.2
=45 882 4.5 2,015 53 307 5.6 1,371 5.6
Income
Low*® 11,174 40.8 47,699 473 2,749 42.0 18,745 A2
High 12,786 46.6 46,230 45.9 2,893 44.2 18,673 47.0
Missing 3,458 12.6 6,828 6.8 906 13.8 2,290 5.8
Smokingf
Current user 4,018 14.7 13,886 13.8 864 13.2 6,155 15.5
Never user 15,223 55.5 45,768 45.4 3,778 57.7 20,245 51.0
Quit/former 5,425 19.8 19,233 19.1 1,471 225 8,171 20.6

Continued on p. 3956
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Table 1—Continued

Full cohort: ever users of glargine or NPH

New users of insulin®

Glargine users NPH users Glargine users NPH users
(n=27418) (n=100,757) (n = 6,548) (n =39,708)
n % n % n % n %
Passive 272 1.0 705 0.7 61 0.9 302 0.8
Not asked 32 0.1 84 0.1 9 0.1 34 0.1
Missing 2,448 8.9 21,081 20.9 365 5.6 4,801 12.0
Smoking®
Current user 4,018 16.1 13,886 17.4 864 14.0 6,155 17.6
Never user 15,223 61.0 45,768 57.5 3,778 61.2 20,245 58.1
Quit/former 5,425 21.8 19,233 24.2 1,471 23.8 8,171 23.4
Passive 272 1.1 705 0.9 61 1.0 302 0.9
Creatinine (mg/dL)h
Normal 20,529 74.9 74,857 74.3 5,035 76.9 30,016 75.6
Elevated 6,440 23.5 24,190 24.0 1,405 21.5 9,255 233
Missing 449 1.6 1,710 1.7 108 1.6 437 1.1
HbA, . (%)’
<7 3,964 14.5 15,843 15.7 550 8.4 3,871 9.8
7-7.9 5,947 21.7 20,910 20.8 967 14.8 5,851 14.7
8-8.9 5,908 21.5 19,749 19.6 1,342 20.5 7,628 19.2
9-9.9 4212 154 14,938 14.8 1,067 16.3 6,870 17.3
=10 6,974 25.4 27,480 27.3 D At 37.3 14,723 37.1
Missing 413 1.5 1,837 1.8 178 2.7 765 1.9
Diagnosis of
diabetes type’
Type 1 only 1,878 6.9 2,789 2.8 108 1.6 280 0.7
Type 2 only 15,293 55.8 68,578 68.1 5,663 86.5 34,203 86.1
Both 9,909 36.1 25,248 25.1 646 9.9 4358 11.0
Missing 338 1.2 4,142 4.0 131 2.0 867 2.2
Diabetes medication useX
Metformin 9,645 35.2 40,670 404 3,865 59.0 22,936 57.8
Sulfonylureas 10,250 374 47 454 47.1 4,634 70.8 29,078 73.2
TZDs 4,905 17.9 15,789 15.7 2,019 30.8 9,307 23.4
Other diabetes drugs 556 2.0 1,822 1.8 231 3.5 1,059 2.7
Insulin
NPH 10,680 39.0 44,036 43.7 0 0 0 0
Glargine 4,440 16.2 1,045 1.0 0 0 0 0
Short-acting 12,791 46.7 33,190 329 0 0 0 0
Long-acting, other 1,197 4.4 1,748 1.7 0 0 0 0

TZD, thiazolidinediones. “First eligible prescription was the first filled prescription that met all of the following requirements: dispensed in May 2001 or later, was the
2nd filled prescrlpuon for that medication within a 6-month period, and the recipient was =18 years of age and had 12 months of health plan membership and
pharmacy benefits. "No prescnptmn for any insulin in the 12 months prior to the first prescription for NPH or glargine. “BMI measures taken within 24 months before
or after 1st eligible prescription. “Restricted to those with known BML. cLow income is defined as median household income below the cohort average. Based on
earliest smoking data available. ®Restricted to those with known smoking. "Elevated creatinine value (=1.4 for women and >1 5 for men) closest to 1st eligible
prescription. 'Closest value prior to 1st eligible prescription.JAny diagnosis within 24 months prior to 1st eligible prescription. “In the 12 months prior to st eligible

prescription.

type, HbA; levels, or ever use of other
diabetes medications (Supplementary
Tables 5 and 11). All analyses, therefore,
were adjusted for KP region, age, sex (for
colorectal cancer and all sites combined),
year of cohort entry, use of metformin,
and use of other insulins (short acting
and other long acting). Metformin and
other insulins were included because of
interest by the European Medicines

Agency in seeing models adjusted for
these variables.

Among our full cohort of 115,514
glargine or NPH users, there was little
support for an increased risk for prostate
or colorectal cancer or all cancer sites
combined associated with use of glargine
(Tables 2—4, and Supplementary Table
12). However, there was a suggestion
of a modestly increased risk of breast

cancer among users of glargine for =2
years both among those who had and those
who had not also used NPH (Table 2).

To examine whether switching to
glargine after a history of using another
long-acting insulin increased the risk of
cancer, we looked at ever use of glargine
and duration of glargine use among users
of NPH at baseline (n = 99,506). We saw
no evidence of an increase in risk for
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Table 2—HRs for breast cancer associated with ever use and with duration of glargine use among all users of NPH or glargine, among
NPH users at baseline, and among new users of insulin at baseline”

Ever users of glargine or NPH NPH insulin users at baseline New insulin users at baseline
Insulin® Events Person-years HR® 95% CI Events Person-years HR® 95% CI Events Person-years HR* 95% CI

Ever use of glargine

None (NPH only) 779 192,681.7 1.0  Ref. 779 192,681.7 1.0  Ref. 217 60,868.1 1.0  Ref.

Glargine® 131 37,3656 1.0 0.9-1.3 56 17,0740 0.9 0.7-1.2 52 10,614.8 1.3 1.0-1.8
Ever use of glargine

None (NPH only) 779 192,681.7 1.0 Ref. NA NA NA NA 217 60,868.1 1.0 Ref.

Glargine only 68 17,2939 12 1.0-1.6 NA NA NA NA 33 6,402 .4 1.3 0.9-2.0

Glargine and NPH 63 20,071.7 09 0.7-1.1 NA NA NA NA 19 4,212.5 1.3 0.8-2.0
Duration of glargined

None (NPH only) 779 192,681.7 1.0  Ref. 779 192,681.7 1.0  Ref 217 60,868.1 1.0  Ref

<2 years glargine® 76 23,770.0 09 0.7-1.2 36 10,9642 09 0.6-13 36 7,941.9 12 08-1.7

=2 years glargine® 55 13,5956 12 09-1.6 20 6,109.7 09 0.6-14 16 2,673.0 1.6 1.0-2.8
Duration of glargine®

None (NPH only) 779 192,681.7 1.0  Ref. NA NA NA NA 217 60,868.1 1.0 Ref.

<2 years glargine only 35 11,0951 1.0 0.7-14 NA NA NA  NA 22 47776 12 0.7-19

=2 years glargine only 33 6,1989 16 1.1-24 NA NA NA NA 11 1,624.8 1.7 0.9-3.2

Glargine and NPH 63 20,071.7 09 0.7-12 NA NA NA NA 19 4,212.5 1.3 0.8-2.1

NA, not applicable among prevalent users of NPH at baseline. “HRs calculated using Cox regression; adjusted for site (KPNC, KPSC), calendar year of entry (2001,
2002, 2003, 2004, 2005, 2006, 2007, and 2008), age (18-34, 35-44, 45-54, 55-64, 65-74, and =75 years), metformin (ever vs. never), and insulin (ever vs. never
long- acung ever vs. never short-acting). "Insulin use treated as time varying, ‘Glargine users include those who used glargine alone as well as those who had also used
NPH. “Duration calculated by adding the days between prescriptions; if the number of days between two prescriptions was >6 months, then the number of days
counted for the earlier prescription was limited to 183.

breast, prostate, or colorectal cancer orall ~ duration of glargine use (Tables 2—4 and  versus another long-acting insulin in-
cancer sites combined associated with ~ Supplementary Table 12). creased the risk of cancer, we compared
ever use of glargine, and there was little To examine whether, among new risk in 6,548 new glargine users with risk
evidence that risk increased with longer users of insulin, initiating glargine use among 39,708 new NPH users (Tables 2—4

Table 3—HRs for prostate cancer associated with ever use and with duration of glargine use among all insulin users and among new
users of insulin at baseline”

Ever users of glargine or NPH NPH users at baseline New insulin users at baseline
Insulin® Events Person-years HR* 95% CI Events Person-years HR* 95% CI Events Person-years HR® 95% CI

Ever use glargine

None (NPH only) 675 1794453 1.0 Ref 675 179,4453 1.0 Ref. 226 59,1329 1.0 Ref.

Glargine® 78 40,980.4 0.7 0.6-0.9 45 18,256.0 0.9 0.7-12 27 12,689.2 0.6 0.4-1.0
Ever use insulin

None (NPH only) 675 1794453 1.0  Ref. NA NA NA NA 226 59,1329 1.0 Ref.

Glargine only 31 19,937.7 0.6 0.4-0.9 NA NA NA NA 13 8,012.3 0.5 0.3-0.9

Glargine and NPH 47 21,0427 08 0.6-1.1 NA NA NA NA 14 4,677.0 09 0.5-1.6
Duration of glargine®

None (NPH only) 675 1794453 1.0 Ref 675 1794453 1.0 Refl 226 59,1329 1.0 Ref.

<2 years glargine® 44 26,0576 0.6 0.5-09 27 11,3545 0.8 0.6-13 17 9,640.0 0.6 0.3-0.9

=2 years glargine® 34 14,9228 09 0.6-13 18 6,901.5 10 0.6-1.6 10 30492 09 05-17
Duration of glargined

None (NPH only) 675 1794453 1.0  Ref. NA NA NA NA 226 59,1329 1.0 Ref.

<2 years glargine only 16 13,037.6 05 0.3-0.8° NA NA NA NA 7 6,1352 04 0.2-0.0.8

=2 years glargine only 15 6,900.1 09 05-1.5 NA NA NA NA 6 1,877.1 0.8 04-19

Glargine and NPH 47 21,0427 08 0.6-1.1 NA NA NA NA 14 4,677.0 09 0.5-1.6

NA, not applicable among prevalent users of NPH at baseline. “HRs calculated using Cox regression; adjusted for site (KPNC, KPSC), calendar year of entry (2001,
2002, 2003, 2004, 2005, 2006, 2007, and 2008), age (18-34, 35-44, 45-54, 55-64, 65-74, and =75 years), metformin (ever vs. never), and insulin (ever vs. never
long- actmg ever vs. never short-acting). "Insulin use treated as time varying. “Glargine users include those who used glargine alone as well as those who had also used
NPH. “Duration calculated by adding the days between prescriptions; if the number of days between two prescriptions was >6 months, then the number of days
counted for the earlier prescription was limited to 183.
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Table 4—HRs for colorectal cancer associated with ever use and with duration of glargine use among all insulin users and among

new users of insulin at baseline®

Ever users of glargine or NPH

NPH users at baseline

New insulin users at baseline

Insulin®

Events Person-years HR* 95% CI

Events Person-years HR® 95% CI Events Person-years HR® 95% ClI

Ever use glargine

None (NPH only) 609  372,127.0 1.0 Ref. 609  372,127.0 1.0

Glargine® 91 78,346.0 1.0 08-12 32 35,330.0 0.7
Ever use insulin

None (NPH only) 609 372,127.0 1.0 Ref. NA NA NA

Glargine only 52 37,231.6 13 0.9-1.7 NA NA NA

Glargine and NPH 39 41,1144 0.8 0.5-1.1 NA NA NA
Duration of glargined

None (NPH only) 609  372,127.0 1.0 Ref. 609  372,127.0 1.0

<2 years glargine® 55 49,8276 09 0.7-12 18 22,318 0.6

=2 years glargine® 36 28,5184 1.1 0.8-1.5 14 13,011 0.9
Duration of glargine®

None (NPH only) 609 372,127.0 1.0 Ref. NA NA NA

<2 years glargine only 34 24,1327 13 0.9-19 NA NA NA

=2 years glargine only 18 13,0989 12 0.8-20 NA NA NA

Glargine and NPH 39 41,1144 0.8 0.5-1.1 NA NA NA

Ref. 169 120,001.0 1.0  Ref.
0.5-1.0 36 23,3041 1.1 08-1.6
NA 169 120,001.0 1.0  Rel

NA 29 14,4147 14 0.9-2.1
NA 7 8,889.4 0.7 03-14
Ref. 169 120,001.0 1.0  Ref.
0.4-1.0 31 17,5819 13 0.9-19
0.5-1.5 5 57222 0.7 03-1.6
NA 169 120,001.0 1.0  Ref.
NA 25 10,9128 1.6 1.0-2.5
NA 4 3,501.8 0.8 0.3-2.1
NA 7 8,880.4 0.7 03-14

NA, not applicable among prevalent users of NPH at baseline. “HRs calculated using Cox regression; adjusted for site (KPNC, KPSC), calendar year of entry (2001,
2002, 2003, 2004, 2005, 2006, 2007, and 2008), age (18-34, 35-44, 45-54, 55-64, 65-74, and =75 years), metformin (ever vs. never), and insulin (ever vs. never
long-acting, ever vs. never short-acting). "Insulin use treated as time varying. ‘Glargine users include those who used glargine alone as well as those who had also used
NPH. “Duration calculated by adding the days between prescriptions; if number of days between two prescriptions was >6 months, then the number of days counted

for the earlier prescription was limited to 183.

and Supplementary Table 12). Com-
pared with risk in NPH users (all dura-
tions combined), there was no increase
in risk observed for prostate, colorectal,
or all cancers combined associated with
ever use of glargine. However, there
was a suggestion of a modest increase in
risk of breast cancer (hazard ratio [HR]
1.3 [95% CI 1.0-1.8]) (Tables 2—4 and
Supplementary Table 12). There also
was a suggestion that risk of breast cancer
increased with increasing duration of
glargine use. The HR for breast cancer
was 1.2 (95% CI 0.8-1.7) for < 2 years
of glargine use and 1.6 (95% CI 1.0-2.8)
for =2 years of glargine use. Duration re-
sults were similar when looking at glar-
gine use only among those who had not
used NPH. There was little evidence for
an increase in risk of prostate, colorectal,
or all cancer sites combined associated
with longer duration of glargine use.

Other subgroup and sensitivity
analyses
In analyses restricted to individuals with 48
months of membership and pharmacy ben-
efits prior to baseline, the HRs for breast,
prostate, and colorectal cancer and all cancer
sites combined were similar to those
reported above (Supplementary Table 13).
In sensitivity analyses, we examined
cancer risk associated with duration of

glargine use when duration was calcu-
lated by summing days supply for each
prescription. Results were generally sim-
ilar to those in our main analyses with
duration calculated as time between pre-
scriptions, although among new insulin
users the HR for breast cancer associated
with =2 years’ duration of glargine was
slightly more elevated (HR 2.1 or 2.2, de-
pending on whether patients had also
used NPH) (Supplementary Table 14).
In additional sensitivity analyses
among new insulin users, follow-up was
censored as in the main analyses and
additionally when a patient stopped using
glargine or NPH or when they switched to
another long-acting insulin. As in our
main analyses, these sensitivity analyses
were adjusted for Kaiser Permanente re-
gion, calendar year, sex, age, metformin
use, and use of short-acting insulin, al-
though use of metformin and short-acting
insulin was fixed at baseline and not
treated as time varying. We generated
HRs for the period <2 years and for the
period =2 years after insulin initiation
(Supplementary Table 15). In these anal-
yses, there was no evidence that =2 years
of glargine use vs. =2 years of NPH in-
creased the risk of prostate or colorectal
cancer. There was a suggestion of a mod-
est increase in risk of breast cancer associ-
ated with =2 years of glargine vs. =2 years

of NPH (HR 1.6 [95% CI 0.9-3.1]). The
HR for all cancers combined associated
with =2 years of glargine use vs. =2 years
of NPH was 1.2 (95% CI10.9-1.7).

CONCLUSIONS —In this population-
based cohort study, we found limited
support for an association between use
of glargine and increased risk of cancer.
Results among prevalent users of NPH,
another long-acting insulin with similar
indications for use, suggested that risk of
cancer was not increased among those
switching to glargine. Among new users
of insulin, ever use or longer duration of
use of glargine versus use of NPH was not
associated with increased risk of prostate
or colorectal cancer. However, there was
an ~1.5- to 2.0-fold increase in risk of
breast cancer associated with =2 years of
glargine use. Given the small number of
breast cancer cases with =2 years of glar-
gine use among the new users, these esti-
mates were imprecise. In addition, these
results conflict with the findings in the full
cohort and among prevalent users of
NPH. We believe it is implausible that du-
ration of glargine use would be associated
with risk of breast cancer among new
users but not prevalent users of insulin
and so believe that chance resulting
from multiple comparisons is the most
plausible explanation for the positive
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association with breast cancer incidence
among new glargine users.

Since the initial four European stud-
ies were published in June 2009 (1-4),
several additional observational studies
have reported results on the association
between use of glargine and cancer risk
(6-14). Among all studies, only a small
number reported results for individual
cancers. Breast cancer—specific results
have been reported for seven study pop-
ulations (2,4,6,9,10,12—14). In three
studies (6,9,12), risk was weakly to mod-
estly higher among glargine users or a
subset of glargine users (e.g., users of glar-
gine only or long-term users of insulin)
than in users of other insulin, whereas
in two studies (4,13) the risk was mod-
estly lower and in one study (10) there
was no difference in risk. The eighth was
the Swedish study published in 2009 (2),
which found an increased risk of breast
cancer. However, in subsequent analyses
with an expanded cohort and extended
follow-up, the initial finding was attenu-
ated or disappeared, depending on the
time periods examined (7,14). Two stud-
ies (9,12) found an elevated risk of pros-
tate cancer associated with glargine use,
while one (10) found no association. Two
studies reported a decrease in risk of co-
lon or colorectal cancer (10,12).

An analysis combining results from
10,880 patients in 31 different clinical
trials, mostly of very short duration of
glargine use, found that glargine was not
associated with an increased risk of
breast, colon, or prostate cancer, al-
though the number of cancer cases at
these sites was small and risk estimates
were imprecise (15). However, the stron-
gest evidence to date bearing on the po-
tential carcinogenicity of glargine comes
from a recent analysis of the ORIGIN
(Outcome Reduction With Initial Glargine
Intervention) trial, which was conducted
among patients with cardiovascular risk
factors plus impaired fasting glucose, im-
paired glucose tolerance, or newly diag-
nosed type 2 diabetes and compared
outcomes in 6,254 patients randomized
to glargine with outcomes in 6,273 pa-
tients randomized to standard care (16).
After a median of 6.2 years of follow-up,
no increased risk of breast, prostate, or colon
cancer was observed among patients in the
glargine arm. For breast cancer specifically,
there were exactly the same number of
cases—28—diagnosed among those as-
signed to receive glargine and those assigned
to receive standard care, although these re-
sults included both men and women.

The differences in results across stud-
ies may in part be explained by chance,
different study designs or study popula-
tions, different comparison groups and
adjustment for covariates, different prac-
tice patterns for diabetes management, or
different periods of follow-up. Limita-
tions of all studies include only recent
and short-term use of glargine and a small
number of cancers at specific sites. In
addition, several observational studies
had incomplete information on poten-
tially important confounders.

Our study was subject to the above
limitations as well. Glargine was available
for use in the U.S. only as of May 2001,
and ~60% of glargine users in our cohort
initiated use in 2006 or later. We there-
fore were able only to examine the asso-
ciation between relatively recent and
short-term use of glargine and cancer
risk. The induction period for many
carcinogens is often years to decades.
Thus, this study of relatively recent and
short-term use would miss effects that
require longer exposure or follow-up to
become evident. While the study was con-
ducted in a large cohort of patients with
diabetes, we had relatively few glargine-
exposed cancer cases at the sites of in-
terest, limiting our precision, especially for
risk estimates associated with particular
durations of use.

We lacked complete information on
several potentially important confounders
on the full cohort. However, in analyses
restricted to individuals with information
on race/ethnicity, type of diabetes, dura-
tion of diabetes, BMI, and smoking, we
found little evidence of confounding by
these factors.

Although guidelines at Kaiser Perma-
nente for insulin initiation and manage-
ment are generally similar to those
recommended by the American Diabetes
Association (16,17), practice patterns
may differ from those in other medical
care settings. For example, in a study of
insulin users conducted in the U.S. Medi-
care population, ~40% used glargine and
60% used only anonglargine insulin (10).
However, practice patterns will only bias
results if they are related to unmeasured
risk factors for the cancers of interest.

There are several strengths of this
cohort study. First, enrollees of KPNC
and KPSC receive virtually all of their
health care from the prepaid, integrated
health plans. In addition, the member-
ships include >730,000 patients with di-
abetes. Computerized clinical records
allow for the identification of patients
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with diabetes based on diagnoses, labora-
tory tests, and pharmacy data, and the
plans have high-quality cancer registries.
This study is also strengthened by the
availability of electronic pharmacy re-
cords for data on medication use. By re-
quiring patients to fill two prescriptions
within a 6-month period, we increased
the likelihood that those classified
as users actually took the medications of
interest.

In conclusion, our results do not
support an association between relatively
short-term use of glargine and increased
risk of colorectal or prostate cancer or all
cancer sites combined. These results are
consistent with and complementary to
the results of ORIGIN, the only random-
ized clinical trial with a large number of
participants and follow-up extending
more than a few years. Our finding of a
modest increase in risk of breast cancer
associated with =2 years of glargine
among new insulin users should be
viewed cautiously. Given study limita-
tions, particularly the ability to examine
only very recent and short-term glargine
use, additional follow-up of this cohort
and others will be needed to determine
whether glargine is associated with an in-
crease in breast or other forms of cancer.
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