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Abstract Introduction Abiraterone acetate has been shown to enhance overall survival and
radiographic progression-free survival (rPFS) in men with metastatic castration-resis-
tant prostate cancer (mCRPC). Presently, multiple generic brands of abiraterone are
accessible in India. Nevertheless, evidence supporting the clinical equivalence of these
generics when compared to the innovator has not been established, and thus,
questions regarding their quality persist.
Objectives This retrospective analysis aimed to compare the prostate-specific anti-
gen (PSA) response in patients receiving generic or innovator (Zytiga) abiraterone for
mCRPC.
Materials and Methods This was a single-center, retrospective, comparative study.
All relevant data from selected cases were collected from the hospital’s electronic
medical record (EMR). Patients with mCRPC, treated with either innovator or generic
abiraterone from 2010 to 2019 and followed up until disease progression/death, were
included. Patients who switched between generic and reference brands and vice versa
were excluded. Patients in both arms were matched for prior treatment with docetaxel
(yes/no), age at cancer diagnosis (>60,�60 years), and total Gleason’s score (�8,<8),
in a ratio of 1:5. The primary outcomewas to assess the difference in PSA nadir between
the two study groups. Data were analyzed using Statistical Package for Social Sciences
(SPSS) v.21 and GraphPad Prism 8.0.2.
Results Outof the 114patients enrolled, 10 patients received Zytiga (innovator), and the
remaining receivedgeneric abiraterone. No statistically significant differencewas observed
in the median PSA nadir between the generic and innovator arms: 20.5 versus 88.5 ng/mL
(p¼0.293). Patients in the generic group exhibited a similar median rPFS compared to the
innovator group: 9.0months (95% confidence interval [CI]: 6.68–11.31months) versus 9.0
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Introduction

Prostate cancer is themost commonly diagnosedmalignancy
in men. Additionally, it is the fifth leading cause of cancer-
related death.1 According to Global Cancer Observatory
(GLOBOCAN) reports of 2020, prostate cancer accounts for
approximately 7% of cancer incidence and 4% of cancer-
related deathsworldwide.2 Treatment options for early-stage
prostate cancer include active surveillance, radical prosta-
tectomy, external beam radiation therapy, brachytherapy,
cryotherapy, and androgen deprivation therapy (ADT). An-
other option is interstitial implantation of radioisotopes such
as iodine-125 (125I), palladium, and iridium.3

Patients who receive local treatment will experience a
biochemical relapse (�20–40%) and an increased risk of
progression to metastasis. Although hormonal therapy has
shown effective control of cancer-related symptoms in met-
astatic prostate cancer, in almost all patients, the disease
progresses (resistant to androgen suppression), resulting in a
castration-resistant stage.

The various agents used in metastatic castration-resistant
prostate cancer (mCRPC) include docetaxel, cabazitaxel, abir-
aterone, enzalutamide, andapalutamide. ContinuedADT (with
luteinizing hormone-releasing hormone [LHRH] agonists or
antagonistsor surgical castration) andabirateroneacetateplus
prednisone, docetaxel, or enzalutamide are the standard of
care in newly diagnosed mCRPC patients. Abiraterone acetate
belongs to the class of antiandrogens and acts by inhibiting
CYP17A1 enzyme activity, thus preventing the synthesis of
androgen.4 It has shown to improve survival outcomes inmen
with mCRPC. A very early prostate-specific antigen (PSA)
response (�50% at 15 days after the start of abiraterone
acetate) to abiraterone in mCRPC is a good surrogate marker
of progression-free survival (PFS) and overall survival (OS).5

The original patent granted for its formulation in 1994
expired in 2014. A controversial secondary patent (the 438
patent) granted in 2014 that covered the coadministration of
abirateronewithprednisonefor thetreatmentofCRPCdelayed
the marketing of generic versions of the drug. However, in
October2018, theU.S.DistrictCourt invalidated the438patent
and generic versions of abiraterone started to appear.6 Cur-
rently, several generic brands of abiraterone are available in
India. However, their efficacy has never been established in
head-to-head studies with the innovator. In one bioequiva-
lence study between the generic and innovator versions of

abiraterone acetate, the generic was found to be bioequivalent
to the innovator molecule in healthy adult males.7 However,
suchdataarenot availablewithmostof the generics andhence
questions about their quality always remain. One way of
establishing clinical equivalence would be to compare the
PSA trend in response to abiraterone in patients receiving
the generic versus the innovator brands. In this retrospective
analysis, we aimed to compare the PSA response in generic
versus innovator (Zytiga) abiraterone in metastatic CRPC.

Materials and Methods

Study Design
This was a single-center, retrospective, observational,
matched cohort study, conducted in the clinical pharmacol-
ogy department of a tertiary care cancer hospital in India.
The study was approved by the institutional ethics commit-
tee (IEC). Pertinent data concerning the selected cases were
systematically retrieved from the hospital’s electronic med-
ical record (EMR).

Participants
Patients with a confirmed diagnosis of mCRPC treated with
either generic or innovator brand of abiraterone from2010 to
2019 and followed-up till disease progression/death (which-
ever was earlier) were included in the analysis. Patients who
crossed over from generic to innovator brands and vice versa
were excluded.

Intervention
The generic formulations of abiraterone investigated in this
study included Abirapro 250mg (Glenmark), Abiratas
250mg and 500mg (Intas), Zybiraa 500mg (Cadila), and
Zecyte 250mg (Cipla). A detailed comparison of pricing
between the innovator and generic variations is presented
in ►Supplementary Table S1 (available in the online version
only). Patients were administered oral abiraterone at a dose
of 1,000mg daily along with oral prednisolone at 5mg twice
daily, every 4 weeks according to the standard protocol.

Data Collection
All patientdata, encompassingdemographics,medical history,
treatment history, prostate cancer details (including the date
ofdiagnosis, PSA levels, etc.), baseline symptomspreceding the
initiation of abiraterone, baseline laboratory parameters prior

months (95% CI: 0–18.6 months), respectively (p¼0.539). The median time to PSA nadir
was similar (3months) between the two groups. The proportion of patients showing a PSA
response at day 90 did not significantly differ between the two groups, with p¼0.38. The
number of adverse events of any grade was comparable between the study groups,
although grade 3/4 events were numerically higher in the generic group.
Conclusion Generic abiraterone demonstrates a clinical response similar to that of
Zytiga. Our findings strongly support the use of generic abiraterone in patients with
mCRPC. The potential economic benefits of this substitution are substantial.
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to abiraterone commencement, follow-up laboratory inves-
tigations, symptoms and adverse events during abiraterone
treatment, the cessation date of abiraterone with the reason
for discontinuation, the date of progression on abiraterone,
specifying the type of progression (biochemical, radiological,
clinical), and the date and cause of death, were meticulously
documented from the EMR.

Primary and Secondary Outcomes
The primary outcome was to assess the difference in PSA
nadir between the innovator and generic cohorts. Secondary
outcomes included the evaluation of differences in median
radiological PFS (rPFS), median time to nadir, the proportion
of patients with a PSA response at 90 days, the incidence of
grade �3 toxicity, and any-grade toxicity between the two
study groups. PSA responsewas characterized by a reduction
in PSA (>50% compared to baseline). Time to nadir was
defined as the duration from the initiation of abiraterone
to the date of the first observed lowest PSA value. rPFS
denoted the time from commencement of abiraterone ther-
apy to radiological disease progression or death from any
cause.

Statistical Analysis
All continuous variables were presented as mean and stan-
dard deviation or median with interquartile range (IQR).
Categorical variables were expressed as proportions (n, %).
Differences in means between groups were assessed using
Student’s t-test, while differences in proportions were eval-
uated using the chi-squared test/Fisher exact test. Non-
normally distributed continuous data (e.g., time to nadir)
were compared between groups using the nonparametric
Mann–Whitney U test.

The incidence of adverse events was descriptively ana-
lyzed and expressed as a percentage. Survival analysis was
conducted using the Kaplan–Meier method, and the
obtained curves for the innovator and generic groups were
compared using a log-rank test. Patients in the innovator and
generic arms were matched for disease-free interval (<16,
�16 months), Eastern Cooperative Oncology Group Perfor-
mance Status (ECOG-PS; score 1 or 2), and previous therapy
with docetaxel/cabazitaxel (Yes/No) in a ratio of 1:5. Match-
ing of subjects was performed using Microsoft Excel 2019.

Data were captured on Microsoft Excel 2019 and analyzed
using Statistical Package SPSSv21 andGraphPad Prism8.0.2. A
p-value less than 0.05 was considered statistically significant.

Ethical Approval
The study received approval from the institutional ethics
committee (IEC) under the registration number ECR/
149/Inst/MH/2013 on September 3, 2021, with project num-
ber 900814. Given the retrospective design of the study, a
consent waiver was granted by the IEC. All procedures
conducted in research involving humanparticipants adhered
to ethical standards set by the institutional and/or national
research committee, in compliance with the principles out-
lined in the Declaration of Helsinki (1964) and subsequent
amendments or equivalent ethical benchmarks.

Results

A total of 114 eligible patients participated in this study. The
patients were categorized based on the abiraterone formula-
tion they received, namely, innovator (n¼10) and generic
(n¼104) groups. The final dataset for analyzing all outcomes
consisted of 10 patients in the innovator group and 50patients
in the generic group, with the exception of the assessment of
PSA response rate (�50% reduction from baseline) at day 90.
For this particular analysis, only 5 of 10 patients in the
innovator group and 22 of 50 patients in the generic group
were considered evaluable. A schematic illustration of the
patient selection process is presented in►Fig. 1. The baseline
demographics of patients who received innovator and generic
abiraterone are detailed in ►Table 1.

The median PSA nadir in the generic cohort was 20.5
ng/mL (IQR¼3–153.8 ng/mL), contrasting with 88.5 ng/mL
(IQR¼25–145.8 ng/mL) in the innovator cohort (p¼0.131;
Mann–Whitney U test). rPFS was computed for patients
administered with innovator and generic abiraterone. A
comparison ofmedian rPFS revealed no significant difference
between the groups, as depicted in ►Fig. 2. The generic
group exhibited a comparable median rPFS to the innovator
group: 9.0 months (95% CI, 6.68–11.31) vs. 9.0 months (95%
CI, 0–18.6), p¼0.539. The median (IQR) time to PSA nadir
demonstrated no significant difference between the generic

Fig. 1 Schematic representation of data collection, matching, and
analysis. PFS, progression-free survival; PSA, prostate-specific
antigen.
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Table 1 Baseline demographics

Variable Innovator (n¼ 10) Generic (n¼ 50)

Age at diagnosis (y), median (IQR) 64 (53–66) 62 (55–67)

Smoking (Y/N) 4/6 20/30

Comorbidities

HTN (Y/N) 3/7 26

DM (Y/N) 3/7 15

IHD/CAD (Y/N) 0 8

Initial PSA (ng/mL), median (IQR) 149 (60–963.5) 91.8 (27–365.0)

Serum testosterone level (ng/dL), median (IQR) 8.06 (5.60–26.33) 16.3 (8.90–21.80)

Initial Gleason’s score

3þ 2 – 1

3þ 3 3 1

3þ 4 1 2

4þ 3 2 9

3þ 5 – 1

4þ 4 2 18

4þ 5 2 11

5þ 4 – 4

3þ 7 – 1

5þ 5 – 2

Stage at diagnosis (IV/Localized) 9/1 44/6

Previous definitive surgery (Y/N) 2/8 16

Previous definitive radiotherapy (Y/N) 1/9 4

Neoadjuvant HT (Y/N) 1/9 6

Previous HT (Y/N) 8/2 41

Type of ADT received

Not received – 1

Surgical 5 29

Medical 3 16

Surgical and medical 2 4

Site of metastasis

Bone 4 27

Lymph node – 3

Bone, lymph node 4 18

Bone, lymph node, liver 1 –

Bone, lung 1 –

Bone, lymph node, lung – 2

Matched factors

Disease-free interval (<16/�16 mo) 4/6 20/30

ECOG-PS (1/2) 8/2 40/10

Previous therapy with docetaxel/cabazitaxel (Y/N) 7/3 35/15

Abbreviations: CAD, coronary artery disease; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; HT, hormonal therapy; HTN,
hypertension; IHD, ischemic heart disease; IQR, interquartile range; PSA, prostate-specific antigen; RT, radiotherapy; T2DM, type 2 diabetesmellitus.
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and innovator groups, with values of 3 months (IQR¼2–5
months) and 3 months (IQR¼1–3 months), respectively
(p¼0.304), as illustrated in ►Fig. 3. Only 5 of 10 patients
in the innovator group and 22 of 50 patients in the generic
group were evaluable to assess PSA response (�50% reduc-
tion from baseline) at day 90. The proportion of patients
exhibiting PSA response at day 90 did not differ significantly
between the two groups, as outlined in ►Table 2. The
incidence and severity of adverse events in the generic and
innovator groups were comparable as shown in ►Table 3.

Discussion

It was hypothesized that the PSA response would exhibit
similarity among patients administered generic and innova-
tor (Zytiga) abiraterone formulations. The findings indicated
that nadir PSA values, time to PSA nadir, rPFS, PSA response
rate at 90 days, and the incidence of adverse events were
comparable between the investigated cohorts. U.S. Food and
Drug Administration (FDA) defines a generic drug as “a drug
product that is comparable to a brand/reference listed drug
product in dosage form, strength, route of administration,

quality and performance characteristics, and intended
use.”8 Previous reports highlighting substandard quality
in Indian generics for drugs like docetaxel and L-asparagi-
nase raise concerns.9–11 Despite 13 generic brands of abir-
aterone being approved in India, their clinical equivalence
to Zytiga remains uncertain. Wang et al previously demon-
strated the bioequivalence of a Chinese abiraterone brand
with Zytiga in a single-dose, open-label, replicate design
study.7 Given the absence of bioavailability or bioequiva-
lence data for any of the Indian generics, this retrospective
study was designed to assess their clinical equivalence to
Zytiga.

PSA kinetics, including PSA nadir, PSA response rates
(�30, 50, and 90%), time to PSA progression, and PSA
doubling time (PSADT), serve as well-established surrogate
endpoints indicative of clinical benefit in patients with
mCRPC undergoing abiraterone treatment, irrespective of

Fig. 2 Progression-free survival estimates between the groups
determined using the Kaplan–Meier method. CI, confidence interval;
rPFS, radiographic progression-free survival.

Fig. 3 Difference in time to nadir between innovator and treatment
groups. PSA, prostate-specific antigen.

Table 2 PSA response rate (�50% fall from baseline) at 90 days
in innovator and generic groups

Innovator,
n (%)
Evaluable
(n¼5/10)

Generic,
n (%)
Evaluable
(n¼22/50)

p-valuea

PSA response
at 90 (�50%)

Yes 1 (20) 9 (40.90) 0.621

No 4 (80) 13 (59.09)

Abbreviation: PSA, prostate-specific antigen.
aDetermined using a Fisher exact test.

Table 3 Incidence of grade �3 toxicity between the two
groups

Adverse event Any grade Grade 3/4

Innovator Generic Innovator Generic

No. of patients with event (%)

Any adverse event 7 (70) 42 (84) 1 (10) 3 (6)

Anemia 4 (40) 28 (56) 1 (10) 2 (4)

Thrombocytopenia 0 (0) 4 (8) 0 (0) 1 (2)

Neutropenia 0 (0) 1 (2) 0 (0) 0 (0)

Nausea 2 (20) 5 (10) 0 (0) 0 (0)

Vomiting 0 (0) 6 (12) 0 (0) 1 (2)

Deranged LFT 2 (20) 8 (16) 0 (0) 0 (0)

Rise in bilirubin 0 (0) 3 (6) 0 (0) 0 (0)

Rise in SGOT 2 (20) 5 (10) 0 (0) 0 (0)

Rise in SGPT 2 (20) 4 (8) 0 (0) 0 (0)

Hypophosphatemia 0 (0) 7 (14) 0 (0) 0 (0)

Hypernatremia 0 (0) 1 (2) 0 (0) 0 (0)

Fluid retention 0 (0) 2 (4) 0 (0) 0 (0)

Cardiac disorder 1 (10) 3 (6) 0 (0) 0 (0)

Hypokalemia 1 (10) 4 (8) 0 (0) 0 (0)

Fatigue 2 (20) 10 (20) 0 (0) 1 (2)

Hypertension 3 (30) 20 (40) 0 (0) 0 (0)

Abbreviations: LFT, liver function tests; SGOT, serum glutamic-oxalo-
acetic transaminase; SGPT, serum glutamic-pyruvate transaminase.
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chemotherapy administration.12Nadir PSA level refers to the
lowest PSA level following primary androgen deprivation
therapy. No significant difference in the median nadir PSA
levels was observed between the innovator and generic
cohorts. Within the generic group, 26% (13 of 50 patients)
exhibited a PSA nadir value of less than 4ng/mL, while none
of the patients in the innovator group displayed such values.
The mean time to PSA nadir with abiraterone treatment is
reported to be 18.8�9.1 weeks.13 Nakayama et al reported a
similar time to PSA nadir (15.5 weeks) among abiraterone
responders in chemotherapy-treated mCRPC patients.14

However, our observation indicated a marginally earlier
median time to PSA nadir, specifically 3 months or 12 weeks,
in both study groups.

The median rPFS in both the innovator and generic abir-
aterone groups demonstrated similarity (9months), surpass-
ing existing evidence. The COU-AA-301 study reported a
median rPFS of 5.6 months with abiraterone treatment (95%
CI, 5.6–6.5 months).15 Real-world data analysis of Australian
mCRPC patients treated with abiraterone also reported an
rPFS of 5 months (95% CI, 2.0–8.0 months).16 It is known that
patients with mCRPC achieving �50% decline in PSA from
baseline exhibit improved survival compared to nonrespond-
ers.17 Between study groups, no statistically significant dif-
ference in PSA response rates (�50% decline in PSA at 90 days
from baseline) was observed (p¼0.38). In the generic group,
40% of patients (9/22) achieved greater than 50% decline in
PSA frombaseline at day 90,while only 1/5 evaluable patients
in the innovator group reached this threshold. Remaining
evaluable patients in the generic group experienced early
progression (PFS: 3–5 months) with no observable declining
trend in PSA. These generic group findings align with prior
reports indicating that approximately 40% of patients achieve
�50% decline in PSA at 90 days during abiraterone treat-
ment.5,18 Adverse events of any grade were comparable
between study groups, indicating generic formulations did
not pose heightened safety concerns, although grade 3/4
events were numerically higher in the generic group.

Overall, these findings suggest that generic abiraterone is
clinically equivalent to the innovator. The government is cur-
rently emphasizing the potential economic benefits associated
with the use of generic drugs. Indurlal et al demonstrated that
therapeutic interchange from brand to generic abiraterone
leads to substantial savings for the Oncology Care Model in
the United States.19 Additionally, utilizing generic drugs may
contribute to savings in drug expenditure. Meanwhile, con-
cerns about the quality and equivalence of generic drugs are
increasingly discussed in the lay media.

This study had a few limitations due to its retrospective
design, including potential residual confounding stem-
ming from unobserved characteristics of the formulation,
selection bias, the inability to assess all available generic
versions of abiraterone, the absence of a cost-effective-
ness analysis, and a limited number of patients in the
innovator group. Additionally, grouping the generic
brands together precluded the identification of any
distinctions between them. Despite these inherent biases,
it is noteworthy that PSA nadir numerically favored

generics over the innovator. The limited number of
patients in the innovator group may have contributed to
an underestimation of both the PSA response rate and
adverse events. Our assessment focused on the outcome
of the “number of patients having �50% decline in PSA at
90 days from baseline.” However, recent studies have
suggested that a greater than 30% decline in PSA at 4
weeks20 and a �50% decline in PSA at 15 days5 could be
valuable in identifying patients unlikely to benefit from
abiraterone, serving as surrogates for longer PFS and OS,
respectively. The incorporation of these metrics might
have underscored the contemporary utility of generic
brands. Nevertheless, it is unlikely that the outcomes
would have been substantially different.

Conclusion

In this small retrospective analysis, the clinical outcomes
observed with generic abiraterone were found to be compa-
rable to those associated with Zytiga. Our study provides
evidence endorsing the utilization of generic abiraterone
among patients diagnosed with mCRPC, particularly in sce-
narios where access to Zytiga is limited. The substantial
advantages of prescribing generic abiraterone for individuals
with mCRPC are noteworthy.
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