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Abstract: We described insulin glargine (originator) and insulin glargine-yfgn (biosimilar) treatment
patterns, assessed effectiveness and safety outcomes, and identified reasons for switching back to the
originator product from the biosimilar. This retrospective study included 328,463 Veterans 18 years of
age and older who received one or more outpatient prescriptions for insulin glargine and/or insulin
glargine-yfgn between 1 June 2021 and 31 December 2022. Patients were assigned to subgroups
based on the initial prescription during the study period, prevalent versus incident use for originator
insulin glargine, and prior versus no prior use of the originator before the biosimilar (i.e., prevalent
originator non-switcher (n = 189,734), originator switch to biosimilar (n = 81,010), incident originator
non-switcher (n = 49,401), and incident biosimilar (n = 8318)). There were no differences in the
outcome of mean HbA1c (7.9% for all subgroups). There were also no differences in the unadjusted
rates of hospitalization and/or emergency room visits for hyper- and hypoglycemia between the
prevalent originator non-switcher and originator switched to biosimilar subgroups (p = 0.09 and 0.38,
respectively) or the incident originator non-switcher and incident biosimilar subgroups (p = 0.054
and 0.61, respectively). Finally, none of the HbA1c or hyperglycemia outcomes adjusted for baseline
characteristics were statistically different. Adjusted analyses for rates of hospitalization and/or
emergency room visits for hypoglycemia could not be performed due to the low number of events.
Overall, patients who received insulin glargine-yfgn had similar effectiveness and safety outcomes as
patients who received the originator.

Keywords: insulin glargine; biosimilar pharmaceuticals; drug safety

1. Introduction

The number of biosimilars approved by the US Food and Drug Administration (FDA),
as well as the number of products participating in the FDA Biosimilar Development
Program, continues to expand [1]. As the prevalence of biological products (biologics)
for disease management grows, interest in biosimilars as cost-effective alternatives to the
originator (i.e., initially approved or reference) product also increases. Biosimilars are
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analogous to generic medications in that both mimic the initially approved biologic or
brand name drug, respectively. However, the biosimilar and originator biologics may have
differences in structural variation due to their size and molecular complexity [2,3]. These
differences are not clinically meaningful with regard to safety, purity, or potency, but they
are sufficient to prevent the automatic substitution of the biosimilar for the originator. If
biosimilars meet additional FDA requirements to demonstrate interchangeability for safety
and efficacy, then they may be substituted for the originator without a new prescription [2].

In 2021, insulin glargine-yfgn was the first biosimilar to be granted interchangeability
status by the FDA. Originator insulin glargine and its biosimilars are long-acting synthetic
formulations of human insulin used for glycemic control by providing a basal insulin level
for patients with type 1 or type 2 diabetes mellitus [4]. Results from two non-inferiority
studies (INSTRIDE 1 and 2) [5,6] were used to support approval of the biosimilar, and
one equivalence study (INSTRIDE 3) was used to support interchangeability between the
originator and biosimilar products [7]. However, we were unable to find any published
post-marketing studies with insulin glargine-yfgn; these data are important because they
provide information on safety and effectiveness in diverse populations with more complex
comorbidities. Real-world studies can help to inform more appropriate use and increase
patients’ and providers’ confidence in biosimilars.

Therefore, the overall goal of this study was to provide additional information on the
effectiveness and safety of the biosimilar product (insulin glargine-yfgn) as compared with
the originator (insulin glargine) in the Veterans Health Administration (VHA). (There is
another biosimilar, insulin glargine-aglr, but it has not been used in VHA to date.) The
objectives were to (1) describe biosimilar and originator insulin glargine treatment patterns;
(2) evaluate the effectiveness of the biosimilar versus the originator; (3) assess the rates of
select adverse events among patients who receive the biosimilar versus the originator; and
(4) identify the reasons for switching back to the originator from the biosimilar product,
as applicable.

2. Results
2.1. Patient Cohort

Between 1 June 2021 and 31 December 2022, 339,536 Veterans received an outpatient
prescription for the originator or biosimilar insulin glargine product (Figure 1). Through-
out this study, “insulin glargine products” refer to originator insulin glargine and insulin
glargine-yfgn, the biosimilar. Of these patients, 334,957 (98.7%) had a prescription for the
U-100 formulation of insulin glargine or insulin glargine-yfgn. Patients with prescriptions
for both the originator and biosimilar on the index date were excluded (i.e., date of first
prescription for insulin glargine during the study period), leaving 334,947 Veterans. Af-
ter restricting the cohort to Veterans with a history of using VHA services, 328,463 were
included and divided into subgroups based on the index prescription, prevalent versus
incident use for originator insulin glargine, and prior versus no prior use of the originator
before incident use of the biosimilar. The prevalent originator non-switcher subgroup
was the largest with 189,734 patients, followed by originator switch to incident biosim-
ilar (n = 81,010), incident originator non-switcher (n = 49,401), and incident biosimilar
(n = 8318) subgroups.

2.2. Prescribing Patterns

Of the 239,135 patients with an index prescription for the originator, 79.3% were
prevalent users, and 20.7% were incident users (Figure 2). None of these patients were
switched to the biosimilar during the study period. Patients who were switched to the
biosimilar from originator insulin glargine (24.7%) either remained on the biosimilar,
switched back to the originator, or switched at least one additional time for a total of
three or more changes in insulin glargine prescriptions. These patients who switched
to the biosimilar were either prevalent or incident users of the originator. Patients who
initiated therapy with the biosimilar during the study period (2.5%) either remained on the
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biosimilar, switched to the originator, switched back to the biosimilar, or switched at least
one additional time for a total of three or more changes in insulin glargine prescriptions.
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2.3. Baseline Patient Characteristics

Patients across the subgroups were predominantly non-Hispanic White males (Table 1).
The mean (SD) age ranged from 66.2 (12.5) years for the incident originator subgroup to
69.4 (10.8) years for the prevalent originator subgroup. The proportion of patients with
comorbidities of interest was lower in the incident originator and biosimilar subgroups.
The mean number of concomitant antidiabetic medications at baseline was similar across
subgroups, but the specific classes of medications varied. For example, a higher proportion
of incident users of both originator and biosimilar insulin glargine received sulfonylureas as
compared with prevalent users of originator insulin glargine and those who switched from
the originator to biosimilar. Mean (SD) baseline glycated hemoglobin (i.e., HbA1c) was
higher in the incident originator (9.4% [2.6]) and incident biosimilar (9.3% [2.5]) subgroups,
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and the proportion of patients with an HbA1c less than 7% was also lower in these two
subgroups. Finally, the proportion of patients with VHA hospitalizations and/or emergency
room (ER) visits for hyperglycemia at baseline was greater in the incident biosimilar and
originator subgroups compared with prevalent users of the originator and those who
switched from the originator to biosimilar.
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Table 1. Baseline characteristics of patients receiving originator insulin glargine or insulin glargine-
yfgn (i.e., biosimilar).

Characteristic
(Total N = 328,463)

Prevalent
Originator
Non-Switcher 1

N = 189,734
(57.8%)
n (%)

Originator
Switch to
Biosimilar 2

N = 81,010
(24.7%)
n (%)

Standardized
Difference 3

Incident
Originator
Non-Switcher 4

N = 49,401
(15.0%)
n (%)

Incident
Biosimilar 5

N = 8318 (2.5%)
n (%)

Standardized
Difference 3

Age (years), mean (SD) 69.4 (10.8) 69.2 (10.9) −0.0195 66.2 (12.5) 66.5 (12.5) 0.0265

18–64 54,463 (28.7) 24,490 (30.2) 0.0335 20,361 (41.2) 3432 (41.3) 0.0009

65–74 83,178 (43.8) 30,891 (38.1) −0.1162 17,219 (34.9) 2699 (32.4) −0.051

75+ 52,093 (27.5) 25,629 (31.6) 0.0917 11,821 (23.9) 2187 (26.3) 0.0545

Sex, male 180,933 (95.4) 76,047 (94.6) −0.0383 44,574 (93.9) 7464 (92.5) −0.0529

Race/Ethnicity

Non-Hispanic White 140,572 (74.3) 56,789 (70.4) −0.089 33,326 (68.1) 5438 (66.0) −0.0441

Non-Hispanic Black 36,263 (19.2) 17,874 (22.2) 0.073 11,191 (22.9) 2051 (24.9) 0.0472

Hispanic 4227 (2.2) 2919 (3.6) 0.0818 1580 (3.2) 383 (4.6) 0.0727
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Table 1. Cont.

Characteristic
(Total N = 328,463)

Prevalent
Originator
Non-Switcher 1

N = 189,734
(57.8%)
n (%)

Originator
Switch to
Biosimilar 2

N = 81,010
(24.7%)
n (%)

Standardized
Difference 3

Incident
Originator
Non-Switcher 4

N = 49,401
(15.0%)
n (%)

Incident
Biosimilar 5

N = 8318 (2.5%)
n (%)

Standardized
Difference 3

Other 2106 (1.1) 752 (0.9) −0.0181 467 (1.0) 85 (1.0) 0.0078

Asian 1779 (0.9) 567 (0.7) −0.0264 672 (1.4) 68 (0.8) −0.0523

American Indian 1276 (0.7) 478 (0.6) −0.0104 421 (0.9) 45 (0.5) −0.0374

Unknown 2972 (1.6) 1302 (1.6) 0.0118 1276 (2.6) 174 (2.1) −0.0309

Marital Status

Married 112,998 (59.8) 49,491 (61.3) 0.0314 27,208 (55.6) 4852 (58.7) 0.0657

Divorced, separated, or
widowed 59,161 (31.3) 24,317 (30.1) −0.0253 16,176 (33.0) 2563 (31.0) −0.0415

Never married 16,750 (8.9) 6866 (8.5) −0.0125 5570 (11.4) 855 (10.3) −0.0321

Smoking Status

Current smoker 32,735 (18.0) 13,689 (17.2) −0.0094 9705 (20.7) 1617 (20.1) −0.0052

Former smoker 84,757 (46.5) 34,845 (43.9) −0.0334 19,519 (41.7) 3255 (40.5) −0.0078

Never smoker 64,615 (35.5) 30,888 (38.9) 0.0849 17,551 (37.5) 3173 (39.4) 0.0543

Charlson Comorbidity
Index (adapted), 6 mean (SD) 3.1 (2.0) 3.1 (2.0) 0.02 2.9 (2.1) 3.0 (2.1) 0.0366

Other Comorbidities 6

Neuropathy 64,911 (34.2) 29,577 (36.5) 0.0481 12,918 (26.1) 2365 (28.4) 0.0513

Ischemic stroke 5228 (2.8) 2169 (2.7) −0.0048 1021 (2.1) 203 (2.4) 0.0252

Hypertension 152,059 (80.1) 66,170 (81.7) 0.0391 36,151 (73.2) 6227 (74.9) 0.0384

Retinopathy 34,030 (17.9) 16,412 (20.3) 0.0591 6455 (13.1) 1178 (14.2) 0.0319

Nephropathy 51,285 (27.0) 22,634 (27.9) 0.0204 10,449 (21.2) 1965 (23.6) 0.0593

Concomitant Therapies at
Index Prescription 7

Any non-insulin glargine
medication for diabetes 147,702 (77.8) 65,850 (81.3) 0.0854 37,663 (76.2) 6396 (76.9) 0.0154

Metformin 74,995 (39.5) 33,264 (41.1) 0.0313 20,300 (41.1) 3443 (41.4) 0.0061

Insulin, fast-acting 64,463 (34.0) 26,955 (33.3) −0.0149 15,389 (31.2) 2627 (31.6) 0.0093

Sulfonylurea 25,749 (13.6) 9530 (11.8) −0.0544 9281 (18.8) 1565 (18.8) 0.0007

Glucagon-like peptide-1 (GLP-1)
receptor agonist 26,418 (13.9) 15,000 (18.5) 0.1248 4953 (10.0) 798 (9.6) −0.0145

Thiazolidinedione 5544 (2.9) 2376 (2.9) 0.0007 1623 (3.3) 319 (3.8) 0.0297

Meglitinide 202 (0.1) 88 (0.1) 0.0007 37 (0.1) 6 (0.1) 8 −0.001

Sodium-glucose cotransporter 2
(SGLT2) inhibitor 28,750 (15.2) 21,934 (27.1) 0.2953 8720 (17.7) 1982 (23.8) 0.1528

Dipeptidyl peptidase 4 (DPP-4)
inhibitor 17,833 (9.4) 7165 (8.8) −0.0193 5369 (10.9) 925 (11.1) 0.0081

Alpha-glucosidase inhibitor 523 (0.3) 173 (0.2) −0.0126 140 (0.3) 23 (0.3) −0.0013

Number of Concomitant
Antidiabetic Medications,
mean (SD)

1.3 (1.0) 1.4 (1.0) 0.1515 1.3 (1.0) 1.3 (1.0) 0.0358

Glucose Monitoring Sensor, at
index date 10,113 (5.3) 8870 (10.9) 0.2066 2888 (5.8) 633 (7.6) 0.0705

Baseline HbA1c (%), 9 mean
(SD)

8.6 (3.0) 8.0 (1.8) −0.2389 9.4 (2.6) 9.3 (2.5) −0.0463
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Table 1. Cont.

Characteristic
(Total N = 328,463)

Prevalent
Originator
Non-Switcher 1

N = 189,734
(57.8%)
n (%)

Originator
Switch to
Biosimilar 2

N = 81,010
(24.7%)
n (%)

Standardized
Difference 3

Incident
Originator
Non-Switcher 4

N = 49,401
(15.0%)
n (%)

Incident
Biosimilar 5

N = 8318 (2.5%)
n (%)

Standardized
Difference 3

Baseline HbA1c < 7% 9 38,487 (21.5) 20,657 (26.0) 0.1055 7035 (15.3) 1328 (16.4) 0.031

VHA Hospitalizations and/or
ER Visits 6

Hypoglycemia 104 (0.1) 54 (0.1) 0.0048 29 (0.1) 4 (0.0) 8 −0.0046

Hyperglycemia 4493 (2.4) 2064 (2.5) 0.0116 2981 (6.0) 520 (6.3) 0.009

SD = standard deviation; HbA1c = glycated hemoglobin; VHA = Veterans Health Administration; ER = emergency
room. 1 Index prescription is for the originator product, and patients received the originator within one year prior
to the index date. Patients received only the originator product for the duration of the study. 2 Index prescription
is for the biosimilar, and patients received originator insulin glargine within one year prior to the index date.
Additional switches could occur after starting the biosimilar. 3 Standardized difference was calculated as the
difference in means or proportions divided by a pooled estimate of the standardized deviation. This measure of the
distribution is not influenced by sample sizes and provides a sense of the relative magnitude of the differences. A
standardized difference less than 0.1 is considered negligible. Data were missing for sex, 0.9%; race/ethnicity, 2.2%;
marital status, 0.5%; smoking status, 3.7%; and baseline HbA1c, 4.7%. 4 Index prescription is for the originator
product, and patients did not receive the originator within one year prior to the index date. Patients received only
the originator product for the duration of the study. 5 Index prescription is for the biosimilar, and patients did
not receive the originator within one year prior to the index date. However, patients could be switched to the
originator from the biosimilar product during the study timeframe. Additional switches could also occur after
changing to the originator. 6 Within 12 months prior to index date. 7 Days’ supply of concomitant medications
overlapped with index prescription date. However, patients may have stopped concomitant medication prior
to starting insulin glargine product. 8 Results do not provide an accurate estimate due to small numbers (cell
countleft < 11). 9 Most recent HbA1c prior to the index prescription date.

2.4. Effectiveness Outcomes

The means of the most recent HbA1c values were the same across the four subgroups
(7.9%, Table 2). There were statistically significant differences in the proportion of patients
with the most recent HbA1c < 7% in the prevalent originator versus originator to biosimilar
subgroups (p = 0.01) and in the incident originator versus incident biosimilar subgroups
(p = 0.02). However, the proportions were numerically similar. Also, the incident originator
(31.2%) and biosimilar (28.7%) subgroups had slightly higher percentages of patients
with the most recent HbA1c < 7%, compared with the prevalent originator (26.6%) or the
originator to biosimilar (27.5%) subgroups. The arithmetic mean HbA1c that included all
results after 3 months of insulin therapy was also similar across all subgroups (7.9% or 8%).

Table 2. Unadjusted effectiveness outcomes.

Outcomes of Interest 1,2

N = 177,122 (53.9% of
Full Sample)

Prevalent
Originator
Non-Switcher
N = 136,755
(77.2%)

Originator
Switch to
Biosimilar
N = 14,538
(8.2%)

p Value:
Originator
Switch to
Biosimilar
vs. Prevalent
Originator

Incident
Originator
Non-Switcher
N = 23,966
(13.5%)

Incident
Biosimilar
N = 1863
(1.1%)

p Value:
Incident
Biosimilar
vs. Incident
Originator

Number of Patient-days Followed for
Outcomes, mean (SD) 348.9 (42.6) 251.4 (60.7) 294.0 (78.6) 239.1 (70.2)

Most Recent HbA1c (%), mean (SD) 7.9 (1.6) 7.9 (1.5) <0.0001 7.9 (1.7) 7.9 (1.6) 0.98

Most Recent HbA1c < 7%, n (%) 36,332 (26.6) 4000 (27.5) 0.01 7485 (31.2) 535 (28.7) 0.02

Arithmetic Mean HbA1c (%), mean (SD) 3 8.0 (1.5) 7.9 (1.5) <0.0001 8.0 (1.7) 7.9 (1.6) 0.27

SD = standard deviation; HbA1c = glycated hemoglobin. 1 Outcome determined when patient is censored (i.e.,
index prescription switched to a different insulin, insulin discontinued, death, or end of study period, whichever
comes first). 2 Patient must have received at least three months of insulin therapy and had at least one HbA1c
result. 3 Includes all HbA1c results 3+ months after index prescription date.
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2.5. Safety Outcomes

For the safety outcomes assessed (Table 3), there was no difference in the crude rates
of hyperglycemia resulting in hospitalizations and/or ER visits between the prevalent
originator non-switcher and originator switched to biosimilar subgroups (p = 0.09) or the
incident originator non-switcher and incident biosimilar subgroups (p = 0.054). However,
the rate (per 100 patient-years) of hospitalizations and ER visits for hyperglycemia was
greater in the incident originator (4.8) and biosimilar subgroups (6.1) compared with the
prevalent originator (2.2) and originator switched to biosimilar subgroups (2.5). The number
of hypoglycemic events was small and too few to provide an accurate estimate in the
biosimilar subgroups. However, there was no difference in the crude rates of hypoglycemia
resulting in hospitalizations and/or ER visits between the prevalent originator non-switcher
and originator switched to biosimilar subgroups (p = 0.38) or the incident originator non-
switcher and incident biosimilar subgroups (p = 0.61).

Table 3. Unadjusted safety outcomes.

Outcomes of Interest 1,2

(N = 328,463)

Prevalent
Originator
Non-Switcher
N = 189,734
(57.8%)

Originator
Switch to
Biosimilar
N = 81,010
(24.7%)

p Value:
Originator
Switch to
Biosimilar
vs. Prevalent
Originator

Incident
Originator
Non-Switcher
N = 49,401
(15.0%)

Incident
Biosimilar
N = 8318
(2.5%)

p Value:
Incident
Biosimilar
vs. Incident
Originator

Number of Patient-days Followed for
Outcomes, mean (SD) 316.8 (91.9) 95.3 (96.0) 210.8 (118.0) 109.1 (95.4)

Hospitalizations/ER Visits for
Hyperglycemia, n (rate per
100 patient-years)

3552 (2.2) 522 (2.5) 0.09 1357 (4.8) 151 (6.1) 0.054

Hospitalizations/ER Visits for
Hypoglycemia, n (rate per
100 patient-years)

99 (0.06) 10 (0.5) 3 0.38 24 (0.08) 3 (0.1) 3 0.61

SD = standard deviation; ER = emergency room. 1 Hospital admission dates occurring on the same day or the day
after an ER visit are considered one event. 2 New hospitalizations occurring one day or more following a prior
hospital discharge are considered separate events (i.e., two events with one-day gap were counted as two events).
3 Results do not provide an accurate estimate due to small numbers (cell count < 11).

2.6. Adjusted Regression Analyses

The adjusted regression analyses for the effectiveness and safety outcomes are pre-
sented in Table 4. Hypoglycemia was excluded from the analyses because the number of
events was too small to estimate the risk difference between groups while adjusting for
potential confounders. All analyses are adjusted for the characteristics in Table 1. None of
the differences are statistically significant.

2.7. Switching Back to Originator Insulin Glargine

Of the 691 patients who received originator insulin glargine within one year prior
to the index prescription for the biosimilar, 139 (20%) were randomly sampled, and their
electronic health records were reviewed to determine the reason patients were switched
back to originator insulin glargine (Table 5). Most patients were switched back because
the originator was the only insulin glargine the VA facility pharmacy had in stock (i.e., an
administrative switch) (61.2%). Of the remaining patients sampled, most were inadver-
tently identified as switching back to the originator (30.2%). When their electronic health
records were reviewed, originator insulin glargine was ordered on the prescription, but the
medication dispensed was the biosimilar. Upon further investigation, this could have been
due to the ordering profile set-up for biosimilars at certain facilities. Of the 42 patients, 20
were from the same site.



Pharmacoepidemiology 2024, 3 110

Table 4. Adjusted regression analyses for effectiveness and safety outcomes 1.

Outcomes of Interest
(N = 177,122 for Effectiveness Outcomes;
N = 328,463 for Safety Outcomes)

Originator Switch to Biosimilar vs.
Prevalent Originator Non-Switcher

Incident Biosimilar
vs. Incident Originator
Non-Switcher

Mean difference (95% CI) Mean difference (95% CI)

Most Recent HbA1c (%) 0.007 (−0.017, 0.031), p = 0.56 0.014 (−0.061, 0.089), p = 0.71

Mean HbA1c (%) −0.011 (−0.034, 0.012), p = 0.36 −0.030 (−0.104, 0.044), p = 0.42

Risk difference (95% CI) Risk difference (95% CI)

Most Recent HbA1c < 7% 0.39 (−0.31, 1.09), p = 0.27 −2.20 (−4.50, 0.10), p = 0.06

Incident rate difference (95% CI) Incident rate difference (95% CI)

Number of Hospitalizations/ER Visits
for Hyperglycemia 0.14 (−0.03, 0.32), p = 0.11 0.67 (−0.10, 1.45), p = 0.09

CI = confidence interval; HbA1c = glycated hemoglobin; ER = emergency room. 1 Results adjusted for age, sex,
race/ethnicity, marital status, smoking status, Charlson Comorbidity Index, neuropathy, ischemic stroke, hyper-
tension, retinopathy, nephropathy, concomitant antidiabetic medications, number of concomitant antidiabetic
medications, use of glucose monitoring sensor, HbA1c, and VHA hospitalizations and/or emergency room visits
at baseline (see Table 1).

Table 5. Reasons for switching back to originator insulin glargine (i.e., originator to biosimilar to
originator) (n = 139).

Reason N (%)

Administrative Switch 85 (61.2)

Incorrect—No Switch Back 42 (30.2)

Other (i.e., adverse drug event, decreased effectiveness, preference, unknown) 12 (8.6)

3. Discussion

In our study of the effectiveness and safety of originator insulin glargine versus
biosimilar insulin glargine-yfgn in a large Veteran population, we did not find any clinically
relevant differences in outcomes between the subgroups of incident users of the originator
and biosimilar and the subgroups of the prevalent originator and originator switchers
to the biosimilar. Some unadjusted HbA1c, or effectiveness, outcomes were statistically
different due to the large numbers of patients in the subgroups (i.e., we had enough
power to detect very small differences). The rates of hospitalizations and ER visits for
hyperglycemia were comparable among the incident user subgroups and among the
prevalent originator and originator switchers to the biosimilar subgroups; however, the
incident user subgroups both had higher rates of hyperglycemia. This is not unexpected
because providers are more frequently adjusting insulin doses in those starting therapy.
During this time, providers are more likely to proceed with conservative adjustments in
doses to avoid hypoglycemia in older adults who do not tolerate low blood glucose values
as well as a younger population [8]. These incident users also had higher HbA1cs, and
lower proportions with an HbA1c < 7% at baseline, which is anticipated because they had
no history of insulin glargine use within one year prior to the index date. The rates of
hospitalization and ER visits for hypoglycemia were low in all subgroups and too small
to provide an accurate estimate in the biosimilar subgroups, but the differences between
the groups were not statistically significant in the unadjusted analyses. Our results are not
surprising, but they are reassuring as we expected the outcomes to be similar among those
receiving the originator versus the biosimilar based on previously published studies.

At this time, we were unable to find any real-world comparative effectiveness and
safety studies with originator insulin glargine and insulin glargine-yfgn. Phase 3 trials
evaluated the efficacy and safety of insulin glargine-yfgn with the originator in patients
with type 1 diabetes (INSTRIDE 1) [5] and type 2 diabetes (INSTRIDE 2) [6] and found the
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biosimilar to be non-inferior to the originator based on the primary endpoint of HbA1c
change. INSTRIDE 3 compared the efficacy and safety of switching from the biosimilar
to the originator and back to the biosimilar with a group of patients with type 1 diabetes
who remained on the originator throughout the trial. The outcomes were similar in both
groups, and these data were used to support the approval of insulin glargine-yfgn as
interchangeable with the originator (INSTRIDE 3) [7].

In addition, there are post-marketing studies comparing originator insulin glargine
with the follow-on biologic version. Follow-on biologics are also similar to the originator,
but they are FDA-approved under the Food, Drug, and Cosmetic Act 505(b)(2) rather than
the newer Public Health Service Act, Section 501(k) pathway that has been in place for bio-
logics since 23 March 2020 [9]. Follow-on biologics cannot be substituted for the originator
without a new prescription. Similar to our results, the real-world studies comparing the
follow-on biologic with the originator found no significant differences in effectiveness and
safety [10–13].

Given the lack of clinically relevant differences among the subgroups regarding effec-
tiveness and safety outcomes, our results support switching patients from insulin glargine
to insulin glargine-yfgn with no resulting clinically pertinent changes, on average, in
HbA1c scores and rates of hospitalization and ER visits for hyper- and hypoglycemia.
Although the results for hypoglycemia could not be adjusted for potential confounders due
to the occurrence of few events, it is unlikely that non-significant findings would become
significant in adjusted analyses. The VA Center for Medication Safety, which is part of VA
Pharmacy Benefits Management Services, has been evaluating the safety and effectiveness
of other biosimilars (e.g., rituximab, infliximab), and they have not identified problems
when switching from the originator to biosimilar product.

Transition to insulin glargine-yfgn from the originator occurred asynchronously across
VA facilities due to changes in the amount of biosimilar available from the manufacturer,
with many sites beginning the transition in the last two months of the study period.
However, some sites quickly switched most of their patients to the biosimilar shortly after it
was available due to the lower cost. Therefore, if the study period was longer, more patients
would have likely switched to the biosimilar from the originator or initiated therapy with
the biosimilar. This could potentially lead to additional cases of hypoglycemia in the
biosimilar subgroups and permit a more robust comparison with the originator product.
However, given our results and those in the literature, there is unlikely to be a difference.

Although our study evaluated clinically relevant outcomes in a large, national Veteran
population, there are limitations. First, the sample size was too small to assess effectiveness
and safety in patients who underwent multiple switches between products (i.e., 3+). This
is an important area for future study given the lack of information in these patients and
concern about the formation of antibodies. Second, there was another biosimilar for the
originator insulin glargine (insulin glargine-aglr) that was not evaluated because it was
not used in VHA during the study timeframe [14]. Comparing effectiveness and safety
among biosimilars will be useful as more receive FDA approval. Third, we did not evaluate
insulin doses because the directions on the prescription may not be updated every time the
patient’s dose is changed, especially in new starts. However, INSTRIDE 1 and 2 included
this outcome and found no difference between the biosimilar and originator [5,6]. Fourth,
there is the potential for residual confounding due to the lack of data on variables such as
BMI, adherence, diabetes duration, socioeconomic status, educational level, urban/rural
continuum, and physical activity. However, the inclusion of other possible confounders is
unlikely to change the conclusions given that there was no difference in outcomes between
the groups. Finally, we did not include events that occurred outside of VHA, although
we would not expect differential use of non-VHA hospitals/ERs among the subgroups.
However, this likely contributed to the low number of hypoglycemic events.
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4. Conclusions

Slightly less than three-quarters of Veterans received only originator insulin glargine
during the study period, and approximately one-quarter were switched from the originator
to the biosimilar. Of these patients, less than one percent were switched back to the
originator, mainly because it was the only insulin glargine the pharmacy had in stock.
Veterans who were incident users of insulin glargine-yfgn had similar HbA1c results and
rates of hospitalization and/or emergency room visits for hyper- and hypoglycemia to
those who were incident users of the originator. The same was true when comparing
Veterans who were switched from the originator to insulin glargine-yfgn with those who
were prevalent users of the originator. These real-world findings should help patients and
providers feel more comfortable with insulin glargine biosimilars. Studies in patients who
switch multiple times among available biosimilars and the originator are crucial.

5. Materials and Methods
5.1. Study Design and Participants

This national retrospective cohort study included Veterans aged ≥ 18 years who had
at least one outpatient prescription for originator insulin glargine and/or biosimilar insulin
glargine-yfgn filled within VHA between 1 June 2021 and 31 December 2022 (i.e., the study
period). Patients who did not use the VHA at baseline (i.e., no inpatient or outpatient visit
within one year prior to the index prescription date) were excluded because it is liable for
there to be limited data available within VHA records for these patients. Veterans receiving
combination products (e.g., insulin glargine + lixisenatide) or concentrated insulin glargine
at 300 units/mL were also excluded as these patients were less likely to be candidates to
switch to the biosimilar. In addition, patients with prescriptions for both the originator and
biosimilar on the same index date were excluded because we did not know which biologic
they used.

The index date was defined as the release date of the first prescription for the originator
or biosimilar product during the study period. For outcomes other than prescribing
patterns, patients were followed until they switched products (e.g., biosimilar to originator),
had prescriptions for both the originator and biosimilar released on the same date, reached
the index date +364 days or at the end of the study period, died, or discontinued the
insulin glargine product, which was defined as no new prescription within 1.5 times the
days’ supply of the last insulin glargine prescription for patients who did not have another
prescription for the biosimilar or originator during the remainder of the study period.
Throughout this study, “insulin glargine products” refer to originator insulin glargine and
insulin glargine-yfgn, the biosimilar. This study was approved by the IRBs at the Edward
Hines, Jr. VA Medical Center and the VA Pittsburgh Healthcare System.

5.2. Data Sources and Data Collection

The Pharmacy Benefits Management (PBM) outpatient prescription database v3.0 was
used to identify patients who received insulin glargine and insulin glargine-yfgn during
the study period. This database includes the drug name, strength, dosing instructions, days’
supply, prescriber, station number, and release dates for outpatient prescriptions. Other
validated PBM databases were used to collect demographic information, comorbidities,
pertinent lab values, and hospitalizations and ER visits within VHA. The Vital Status File
was used to determine the date of death during the study timeframe, as applicable.

Baseline data were collected during the 12 months prior to the index date and included
age, sex, race/ethnicity, marital status, smoking status, comorbidities, HbA1c, concomitant
antidiabetic medications, use of a glucose monitoring sensor, and the number of VHA hos-
pitalizations and ER visits with an ICD-10-CM code for hypoglycemia and hyperglycemia
in the primary position (Table S1) [15–17]. Data on body mass index (BMI) were also
available, but the information was excluded due to a high proportion of missing results
for the cohort (>40%). Comorbidities included those within the Charlson Comorbidity
Index, as well as potential complications of diabetes (i.e., neuropathy, ischemic stroke,
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hypertension, retinopathy, and nephropathy) [18]. Outpatient visits and hospitalizations
with ICD-10-CM codes for these comorbidities were used to obtain the data. The PBM
Outpatient Prescription database was used to pull information on concomitant use of
biguanides, fast-acting insulin, sulfonylureas, glucagon-like peptide-1 (GLP-1) receptor ag-
onists, thiazolidinediones, meglitinides, sodium-glucose cotransporter 2 (SGLT2) inhibitors,
dipeptidyl peptidase 4 (DPP-4) inhibitors, alpha-glucosidase inhibitors, amylinomimetics,
and glucose monitoring sensors. Concomitant use of antidiabetic medications was defined
as possessing a days’ supply of the medication that overlapped with the index prescription
release date for originator insulin glargine or the biosimilar.

5.3. Creation of Subgroups

Patient transition to the insulin glargine-yfgn was asynchronous across VHA. Con-
tributing factors included a temporary supply shortage until the manufacturer was able
to meet demand, local guidance, and prescriber preferences. Consequently, patients may
have been switched to the available insulin glargine product one or more times during the
study period. A switch between products was defined as a new prescription for insulin
glargine that was different from the prior insulin glargine product.

Patients who received originator insulin glargine and/or insulin glargine-yfgn during
the study period were separated into four subgroups based on the index prescription,
prevalent versus incident use for originator insulin glargine, and prior versus no prior use
of the originator before incident use of the biosimilar (i.e., prevalent originator non-switcher,
originator switch to biosimilar, incident originator non-switcher, and incident biosimilar).
Patients in the category of prevalent originator non-switcher received insulin glargine
within one year prior to the index date of the originator prescription in the study period
and continued throughout the study with no switches to the biosimilar. Patients in the
originator switch to biosimilar subgroup received originator insulin glargine within one
year prior to the index date of the biosimilar prescription in the study period. This included
patients who had a single switch from the originator to the biosimilar, switched back to the
originator, or had multiple switches starting with an index prescription for the originator.
The incident originator non-switcher subgroup included patients who initiated originator
insulin glargine during the study period, had no history of receiving the originator, and
remained on the originator throughout. The final subgroup, incident biosimilar, included
Veterans who started insulin glargine-yfgn during the study period and had no history of
receiving originator insulin glargine. This group included patients who never switched
after starting the biosimilar, switched once to the originator, switched back to the biosimilar,
or had multiple switches. Incident and prevalent users of insulin glargine were separated
due to potential differences in dosing trends, monitoring, and outcomes. Patients who
received insulin glargine-yfgn were separated into subgroups based on prior use of the
originator for the same reasons. For example, patients receiving a stable dose of originator
insulin glargine may not require as many dose adjustments when switched to the biosimilar
compared to an incident biosimilar patient.

5.4. Outcomes
5.4.1. Prescribing Patterns

To determine the prescribing patterns of insulin glargine products for each Veteran,
outpatient prescription data between 1 June 2021 and 31 December 2022 were examined.
Data for each patient were reviewed from the index prescription to the last prescription
released for insulin glargine or insulin glargine-yfgn during the study period. A patient
was described as a non-switcher, single switcher, switch back (two switches), or multiple
switcher (three or more switches between insulin glargine products).

5.4.2. Effectiveness and Safety

Effectiveness outcomes included the mean of the most recent HbA1c values prior to
censoring, proportion of patients with the most recent HbA1c less than 7%, and overall



Pharmacoepidemiology 2024, 3 114

arithmetic mean HbA1c. To be included in the effectiveness analysis, patients must have
received at least three months of insulin therapy as HbA1c averages three months of
blood glucose levels [19]. Baseline characteristics of Veterans included in the effectiveness
outcomes analyses are provided in Table S2.

Safety outcomes were hospitalizations and/or ER visits for hyperglycemia and hy-
poglycemia based on ICD-10-CM codes in the primary position (Table S1) [15–17]. Both
unadjusted and adjusted results were assessed. Although evaluating outcomes among
prevalent users can be more prone to bias, we included the results so providers could
compare prevalent originator non-switchers with those who switched from the originator
to the biosimilar as this is an area of interest.

5.4.3. Reasons for Switching Back to Originator from Biosimilar

To ascertain reasons for patients being switched back to originator insulin glargine
from the biosimilar (i.e., originator to biosimilar to originator), reviews of the electronic
medical record were performed by three pharmacovigilance pharmacist co-investigators
(S.W., A.A., C.S.) on a 20% random sample of these patients. This was conducted to identify
potential issues with switching from originator to insulin glargine-yfgn such as adverse
drug events and decreased effectiveness.

5.5. Analysis

For baseline characteristics, and effectiveness and safety outcomes, we compared the
incident originator and biosimilar subgroups and the prevalent and switch from originator
to biosimilar subgroups because new users of basal insulin are typically monitored more
frequently and are at increased risk for adverse reactions. Given the large sample size of the
study, baseline characteristics were compared using standardized differences, calculated
as the difference in means or proportions divided by a pooled estimate of the standard
deviation for each characteristic. A standardized difference < 0.1 is considered to be
negligible [20]. A standardized difference provides a direct estimate of the magnitude of
the difference independent of the sample size. For the effectiveness and safety outcomes,
the unadjusted analyses were conducted using a t-test for the continuous outcome, chi-
square test for the binary outcome, and negative binomial model for the count data. In the
adjusted analyses, missing covariates were imputed using chained equations (no variables
had >5% missingness) [21]. Multivariable regression analyses with robust variance were
used to assess a difference in outcomes between originator and biosimilar insulin glargine
subgroups while adjusting for baseline characteristics (e.g., demographics, comorbidities,
concomitant antidiabetic medications, HbA1c). The linear regression for the continuous
outcomes, logistic regression for the binary outcome, and negative binomial model for the
count data were performed with the point estimate and 95% confidence intervals on mean
difference, risk difference, and incidence rate difference presented as appropriate using
Stata’s margins option after the models [21]. A two-sided p value < 0.05 was considered
to be statistically significant. We conducted the descriptive analyses using SAS 9.4 (SAS
Institute, Cary, NC, USA), and imputation and models using StataSE 17 (StataCorp LLC,
College Station, TX, USA).

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/pharma3010008/s1, Table S1: ICD-10-CM Codes for Hyper-
glycemia and Hypoglycemia and Table S2: Baseline Characteristics of Subsample of Patients Receiv-
ing Originator Insulin Glargine or Insulin Glargine-yfgn who were Followed for 3+ Months and had
HbA1C Measured.
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