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Abstract. Background: Generic anticancer drugs represent
an opportunity in terms of cost savings but there are some
concerns about their tolerability. The safety profiles of
generic versus branded oxaliplatin formulations have never
been studied in detail. Patients and Methods: We tested in
vitro concentrations, stability and efficacy of branded versus
generic oxaliplatin formulations, then we retrospectively
collected data about hypersensitivity reactions (HSR) of 427
colorectal cancer patients treated with oxaliplatin-based
regimens. Results: No significant difference in oxaliplatin
concentration or time-dependent antiproliferative activity
between branded and generic oxaliplatin was detected. The
incidence of HSR was 12.1% (33/273 patients) in those
treated with branded and 9.8% (15/154 patients) in those
treated with generic oxaliplatin (p=0.46). The occurrence of
grade III-1V HSRs and severe HSRs leading to oxaliplatin
discontinuation were comparable. Conclusion: No difference
between generic and branded formulations of oxaliplatin
were demonstrated in preclinical nor in clinical settings.
Generic oxaliplatin can be considered a safe alternative to
branded formulation.

Chemotherapy for colorectal cancer (CRC) has radically
changed in the past decades since new agents have been
added to the regimen of 5-fluorouracil (5-FU)/leucovorin
(LV), which still remains the backbone of all systemic
treatments. In the late 1990s, the incorporation of irinotecan
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and oxaliplatin into the treatment armamentarium improved
patient outcomes, and, consequently, irinotecan plus SFU/LV
(FOLFIRI) and oxaliplatin plus 5FU/LV (FOLFOX)
regimens became the standard of care (SOC) in advanced
disease. Furthermore, oxaliplatin was tested in the adjuvant
setting, and it is now SOC because of a demonstrated
reduction in relapse rate and an improvement in overall
survival when combined with a fluoropyrimidine compared
to fluoropyrimidine-alone in patients with stage III CRC and,
to a lesser extent, in those with stage II. Thus, oxaliplatin has
become one of the most used drugs in patients with CRC.

The cost of anticancer therapies is rapidly growing, and
any strategy leading to cost savings is always welcome (1).
Generic drugs (commonly called generics) represent a
relevant, potential opportunity in terms of cost savings.
WHO defines a generic as “a pharmaceutical product,
usually intended to be interchangeable with an innovator
product, that is manufactured without a license from the
innovator company and marketed after the expiry date of the
patent or other exclusive rights” (2). Generics are usually
sold for significantly lower prices than their branded
equivalents and data extracted from the Pharmacy Registry
of our Institution revealed that on December 18th 2008, the
cost of one vial of oxaliplatin (100 mg) was €252.9 for
Eloxatin™ (Sanofi Aventis™) and €38.2 for generic
oxaliplatin (Ebewe™ ). Several reasons account for the lower
price of generic drugs, including increased competition
among producers when drugs are no longer protected by
patents; generic manufacturers do not incur costs related to
drug discovery; generic manufacturers are not required to
test the safety and efficacy of the drugs through clinical
trials, since those steps have already been conducted by the
branded name company.

The administration of oxaliplatin (both branded and
generic) is associated with hypersensitivity reactions (HSR) in
about 10% of patients (3). These HSRs are mainly
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characterized by an early onset during drug infusion (even
though some delayed events have been reported), and different
symptoms, predominantly cutaneous side-effects. In some
cases, more severe and life-threatening symptoms occur. The
prophylactic administration of premedication including
steroids and antihistamines allows oxaliplatin re-challenge and
continuation of treatment in less than one-third of patients (3,
4). As a whole, about 7% of all patients receiving an
oxaliplatin-containing regimen discontinue therapy, with a
potentially detrimental effect in terms of tumor curability
(adjuvant setting) or survival (advanced setting).

With the aim of reporting the HSR incidence and overall
toxicity rates before and after the introduction of generic
oxaliplatin, we (i) tested the concentrations, stability and
efficacy of branded formulation versus generics ones in vitro,
and (ii) retrospectively collected data of all patients with
CRC followed-up at our Institution, comparing the data in
patients treated with the branded drug with those of patients
treated with generic formulations.

Patients and Methods

Chromatographic analyses. In order to determine the actual
concentration of the considered oxaliplatin formulations (branded
and generic), we reconstituted the samples according to the
manufacturer's indications (if necessary). They were randomly
chosen from among the batches used for patients at our Institution.
At the time of preclinical assessment, the branded oxaliplatin
formulation was Eloxatin™ from Sanofi Aventis and two generic
formulations were Ebewe™ and Teva™ .

Samples were prepared at a concentration of 5 mg/ml of
oxaliplatin and each sample was supplemented with flavone (250
pg/ml in methanol) which acted as an internal standard. The
chromatographic analysis was performed with a LaChrom high-
performance liquid chromatography (HPLC) apparatus equipped
with UV spectrophotometer (VWR International, Milan, Italy).
Following an injection of 10 ul of the sample, separation was
achieved with a C18 reversed-phase column (LiChroCART™ 250-
4 mm LiChrospher™ 100 RP-18, 5 um ; VWR International)
preceded by a security pre-column (4.4 mm LiChroCART™
LiChrospher™ 100 RP-18, 5 m; VWR International). The isocratic
mobile phase consisted of water and acetonitrile (30:70, v/v).
Analyses were carried out at a constant flow rate of 1 ml/min at
30°C and the elute was monitored at 255 nm for 6 min (5).

In order to test the stability of formulations, we analyzed such
samples prepared as above after storage for 1, 3, and 7 days at room
temperature, 4°C, and 37°C.

Cytotoxicity assay. The CACO-2 cell line (Sigma Aldrich, Milano,
Italy) derived from human colorectal adenocarcinoma (6) was
cultured in 75 cm? flasks (TPP AG, Trasadingen, Switzerland) in
DMEM+GlutaMAX™ (Life Technologies Europe BV, Monza MB,
Italy) supplemented with 10% fetal bovine serum, 100 U/ml
penicillin G, 40 pg/ml gentamicin sulfate and 2.5 pg/ml
amphotericin B at 37°C in a humidified atmosphere with 5% CO,
(unless otherwise specified, materials were from Sigma-Aldrich,
Milan, Italy). Cytotoxicity assays were performed as previously
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described (7). Briefly, cells were seeded at a density of 2x103 per
well in a 96-well plate (TPP AG). After 1 day, the medium was
replaced and supplemented with different concentrations (ranging
from 5 to 50 pM) of tested oxaliplatin formulations. After 48 and
72 h of incubation, cell viability was evaluated by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT)
assay and the results expressed as the average percentage of
absorbance of treated versus control (culture medium alone) cells.
Reported results are the mean of three independent experiments.

Patients. Clinical data and outcomes of all patients with CRC treated
at our Institution were retrieved from our institutional database with
data prospectively collected since 1993. Data between January
1st,1994 and June 30th, 2014 from patients who received first-line
or adjuvant treatment with oxaliplatin-containing regimens were then
extracted and entered into a new database specifically designed for
the present study. The data extracted included patient demographics,
primary tumor characteristics with stage and grading, disease-free
interval, site of metastasis (if any), chemotherapy history, date of
first progression and date of death or last follow-up visit.

Patients were predominantly treated with the FOLFOX, XELOX
or the chronomodulated (CHRONO) regimens. FOLFOX consisted
of 100 mg/m? oxaliplatin on day 1, followed by 2 hour-infusion of
300 mg/m?2 LV and 22 hour-infusion of 1500 mg/m? 5-FU. On day
2, patients received 2-hour infusion of 300 mg/m2 LV and 22-hour
infusion of 1500 mg/m?2 5-FU; the cycle was repeated every 14
days. XELOX regimen contained 100 mg/m? oxaliplatin on day 1
and 2000 mg/m? capecitabine b.i.d. for 14 consecutive days; the
cycle was repeated every 21 days. The CHRONO regimen was
administered by means of automatic, programmable out-patient
pumps which delivered drugs during a predetermined time-frame
and with a flow rate varying according to a sinusoidal curve.
Patients received a 4-day course of chronomodulated infusions of
5-FU (750 mg/m2/day) — LV (300 mg/m?2/day) delivered at night
(from 22:15 to 09:45 hours with a peak at 0400 hours), and
oxaliplatin (25 mg/m?/day) delivered during the day (from 10:15 to
21:45 hours with a peak at 1600 hours).

Patients were grouped into two subgroups according whether
they received branded or generic oxaliplatin. Data about the type of
oxaliplatin administered were extracted from the Pharmacy Log of
our Institution. In general, Eloxatin™ (Sanofi-Aventis™ , branded)
was administered up to January 15, 2009; Ebewe™ (generic) from
January 16, 2009 until December 10, 2009; Hospira™ (generic)
from December 11, 2009 until March 17, 2011; and finally Teva™
(generic) from March 18, 2011 until the end of the study. Patients
receiving both branded and any generic formulation were excluded
from the analysis.

Assessment of HSRs and toxicities. HSRs were defined as one of the
following symptoms occurring during or immediately after
oxaliplatin infusion: rash, itching, urticaria, flushing, burning,
palmar erythema, edema of the face and hands, abdominal
cramping, diarrhea, back pain, tachycardia, bronchospasm,
hypotension or hypertension, and seizures.

Central laboratory database and clinical charts were the sources
of data for hematological and non-hematological toxicities,
respectively. Toxicity was recorded per cycle of therapy and graded
according to version 3.0 of the Common Terminology Criteria for
Adverse Events (8). The worst toxicity per patient was then
considered for the statistical analyses. On the basis of the findings
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published by Giacchetti et al. (9) in which a different toxicity
profile was demonstrated in patients submitted to chronotherapy
versus those who received FOLFOX, the former patients were
excluded from the toxicity analyses. The remaining patients, who
received FOLFOX or XELOX regimen, were then grouped
according whether they presented no or only mild toxicity (grade 0
and 1) versus moderate to severe toxicity (grade 2, 3 and 4).

Outcomes assessment. Treatment response was classified according
to the Union for International Cancer Control criteria (10) up to
2001, and then to Response Evaluation Criteria In Solid Tumors
(RECIST) (11). Complete response (CR) was defined as the
complete disappearance of all clinically detectable malignant
disease. As far as the UICC criteria are concerned, a partial response
(PR) was defined as a decrease of >50% in the sum of the products
of the two longest perpendicular diameters of all measurable lesions,
and progressive disease (PD) was defined as an increase of at least
25% in the size of measurable lesions and the development of new
lesions. According to the RECIST criteria, the definition of PR and
PD are a decrease by >30% and an increase by >20% of the sum of
the longest diameters of the target lesions, respectively (11). Only
the best tumor response was recorded.

For patients treated for advanced disease, progression-free
survival (PFS) was estimated from the start of first-line treatment to
the date of disease progression or death (whichever came first) or to
the date of the last follow-up visit for censored patients. Overall
survival (OS) was considered from the start of first-line treatment to
the date of death, or date of the last follow-up for censored patients.
The cut-off date for statistics computation was June 30th, 2015.

Statistical analyses. The calibration curves for HPLC analyses were
constructed by plotting the peak-height ratios of oxaliplatin to the
internal standard versus the nominal concentrations in the standard
biological samples using linear regression analysis. Oxaliplatin
concentrations are reported as the meantstandard deviation (SD).
Two-way ANOVA and Bonferroni multiple comparison test (for
post-ANOVA comparisons) were used to evaluate the statistical
significance of the preclinical experiments.

For patients, differences between proportions were evaluated
using the chi-square test with Yates correction, when appropriate.
Differences between groups by non-parametric unpaired variables
were validated by the Mann-Whitney U-test. Considering the high
number of statistical inferences planned in the study (>20), in order
to avoid a validation due to chance and not to a real difference, we
considered a value of p<0.01 as valid. With this cut-off, we limited
the number of statistical inferences incorrectly considered valid
from 1 out of 20 to 1 out of 100. Survival curves were plotted using
the Kaplan—-Meier method and compared using the log-rank test. All
statistical computations were performed using GraphPad Prism
version 6.0c for Mac OSX (GraphPad software, La Jolla, CA,
USA), SPSS for Windows Ver 22.0 (IBM Software, Segrate, MI,
Italy), and STATISTICA for Windows Ver. 8.0 (Statsoft, Dell
Software, Tulsa, OK, USA).

Results

Preclinical bioequivalence and stability of oxaliplatin
formulations. In order to test the reported percentage of
oxaliplatin in the different batches (branded and generics),
we analyzed the freshly opened samples commercially

available by means of HPLC. Although all three drugs were
a little less concentrated than stated, there were no
significant differences in oxaliplatin concentration between
Eloxatin™ and the generic formulations or among all generic
drugs tested (Figure 1A). Moreover, in order to assess the
stability of formulations following reconstitution, we
examined the samples after storage for 1, 3, and 7 days at
room temperature, 4°C, and 37°C. Our HPLC data
demonstrated that different storage conditions did not
significantly affect drug stability compared to freshly opened
formulations for all considered samples (Figure 1B).

The in vitro efficacy of the considered formulations on
colorectal adenocarcinoma cell line was examined by
growing CACO-2 cells with an increasing amount of
Eloxatin™ , Ebewe™ and Teva™ (5, 15, 50 uM) and
measuring the viability by a colorimetric assay at 48 and 72
h. All three formulations exhibited dose- and time-
dependent antiproliferative activity against CACO-2 cells,
but for each concentration and time there were no
significant differences between Eloxatin™ and the generic
formulations (Figure 1C).

Patients. A total of 427 patients were included in the analysis
and clinical and treatment characteristics are summarized in
Table I. The majority were males (61.1%), and presented
with synchronous metastases (63.0%). Main patient
characteristics in the two oxaliplatin-treated groups were
similar, with the following exceptions: patients in the
generic-treated group were older (median age=67.7 vs. 64.9
years, p<0.002), and were treated predominantly with the
FOLFOX or the XELOX regimen as compared to the
chronomodulated therapy (91.6% vs. 35.5%, p<0.001).

A total of 4100 cycles were entered into the database.
Their distribution according to type of chemotherapy and
oxaliplatin formulation is summarized in Table I. Patients
received a median of 11 cycles of oxaliplatin (range=1-16):
12 (1-14) of FOLFOX, 12 (1-16) of chronotherapy, and 8 (1-
12) of XELOX. Patients in the brand-treated group received
the chronotherapy regimen more frequently than did the
generic-treated group (64.5% vs. 8.4%), whereas FOLFOX
was more frequently administered in the generic-treated
group (61.7% vs. 26.7%) (p<0.0001).

Hypersensitivity reactions. A total of 48 patients (11.3%)
experienced at least one HSR (Table II). In the group treated
with branded drug, 33 out of 273 patients (12.1%) had an
HSR, whereas this was the case for 15 out of 154 patients
(9.8%) in the generic-treated group. This difference was not
statistically significant (p=0.46). No difference in time to
occurrence of HSR was demonstrated between the two
groups (log-rank p=0.57) (Figure 2). The most frequent
HSRs were palma-plantar erythema or facial rash, often
associated with itching. In four cases, laryngospasm was
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Figure 1. Preclinical bioequivalence and stability of oxaliplatin formulations: differences in oxaliplatin concentration (A), stability under different
storage conditions (B), and dose-dependent antiproliferative activity against CACO-2 cells 24 hours (left) and 48 hours (right) after drug exposure

(C). Eloxatin™ : Branded drug; Ebewe™ and Teva™ : generic drugs.

reported, without laboratory evidence of desaturation or
shock. Fever was reported in one case, a few minutes after
the first cycle (maximum 38.8°C) and at the end of the
second oxaliplatin  administration, notwithstanding
premedication with 1,000 mg paracetamol per os. The
oxaliplatin dose was then reduced to 50% and the patient
continued chemotherapy without any subsequent additional
side-effect.

Grade III-IV HSRs were recorded in 16 patients (3.7%),
11 (4.0%) in the group treated with branded drug and five
(3.2%, x* p=0.8) in the group treated with generic drug.
They mainly consisted of hypotension recovered in few
minutes after drug discontinuation. The median number
(range) of cycles at which the severe HSRs occurred was 4
(1-12) in the overall population, 5 (1-12) in the brand-treated
group and 3 (1-12) in the generic-treated group (p=0.98).
Finally, severe HSRs led to oxaliplatin discontinuation in 14
patients, nine (3.3%) and five (3.2%) in the brand- and
generic-treated groups, respectively (p=0.98).
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Clinical outcomes. Chemotherapy was generally well tolerated,
with grade 3 and 4 toxicities reported in fewer than 10% of the
patients. The most frequent were: neutropenia in 41 patients
(9.6%; 38 of grade 3 and three of grade 4) and diarrhea in 25
patients (5.8%; 21 grade 3 and four of grade 4). Toxicities in
patients treated with FOLFOX or XELOX regimens and
grouped according to grade of intensity are listed in Table III.
No major difference between the two groups was evident, with
the only exception being leucopenia (31.2% vs. 18.6%, in
brand- and generic-treated groups, respectively, p=0.03).

Considering only the 398 patients with metastatic CRC,
no difference in response rate between groups was evident
(432% vs. 43.1%, in brand- and generic-treated groups,
respectively). For the whole patient cohort, PFS and OS were
13.6 and 25.4 months, respectively. A longer median PFS
was demonstrated in the brand-treated group (14.4 vs. 12.4
months, log-rank p<0.03), whereas OS was not significantly
different between the two groups (26.9 vs. 24.9 months,
respectively, log-rank p=0.14).
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Figure 2. Time to occurrence of oxaliplatin-induced hypersensitivity reactions (HSR) for patients stratified according to drug formulation (log-rank

p=0.57).

Discussion

Notwithstanding the European Medicine Agency and the other
regulatory agencies guidelines guaranteeing the quality of
available generic drugs, physicians might be uncomfortable
with patients taking the generic equivalents instead of the
branded drugs. The main concern is related to a potential low
quality of the generic formulation, theoretically leading to a
lesser pharmacological effect and a higher incidence of adverse
events. Although the available literature is still lacking
straightforward evidence and often the negative point of view
of physicians is frequently tied to anecdotal cases without any
solid scientific evidence, the use of different formulations of the
same active agent may also increase the frequency and severity
of side-effects. The former point, leads to the hypothesis that
different formulations may differ in bioequivalence (mainly in
terms of concentrations of the active agent). In fact, in order to
define the bioequivalence of the generic product compared to
the innovator, current laws require only that the 90% confidence
interval of pharmacokinetic parameters (area under the curve
ratio and maximal concentration ratio) are between 80% and
125%. However, bioequivalence tests are generally not required
if the generic agent is administered as aqueous intravenous

solution containing the same active agent as the currently
approved drug (12).

Secondly, there is a potential threat related to a potential
increase in the incidence of the side-effects mainly related to
different formulations of the same drug with different
excipients. Thus, some patients who did not have any
adverse event when taking a branded drug may develop
allergic reactions or other adverse effects when using another
formulation of the same active agent. Excipients that have
been known to generate adverse effects include sulfites,
saccharin, aspartame, benzyl alcohol, lactose, propylene
glycol and soya lecithin (13).

Additionally, it is known that some excipients may
influence drug bioavailability and a different combination of
excipients may change the rate at which the drug is released,
when it should be administered, and a food and liquid
interaction may be observed (14). Hence, specific tests
should be conducted when excipients are different, at
different concentrations, or because a possible interaction
with the active agent (e.g. complex formation), or otherwise
affect the disposition of the drug.

For these reasons, we performed this preclinical and
retrospective clinical study to improve information about
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Table 1. Patient characteristics according to drug formulation.

Total Branded drug Generic drug
No. of patients (%) 427 273 (63.9) 154 (36.1)
Male 261 (61.1) 167 (61.2) 94 (61.0)
Female 166 (38.9) 106 (38.8) 60 (39.0)

Median age (range), years

65.6 (22.2-84.1)

64.9 (28.9-84.1)

67.7 (22.2-82.5)

Stage at diagnosis, n (%)

A 3(0.7) 3(1.1) 0

B 50 (11.7) 29 (10.6) 21 (13.6)

C 101 (23.7) 67 (24.6) 34 (22.1)

D 269 (63.0) 171 (62.6) 98 (63.7)

Unknown 4(0.9) 3(1.1) 1(0.6)
Chemotherapy setting, n (%)

Adjuvant 29 5 24

Metastatic 398 268 130
Site of metastases, n (%)

Liver 287 (67.2) 188 (68.9) 99 (64.3)

Lung 139 (32.6) 89 (32.6)1 50 (32.5)

Other 142 (33.3) 89 (32.6) 53 (34.4)
Treatment regimen

Total no. of cycles (%) 4100 2665 (65.0) 1435 (35)
CHRONO

No. of patients (%) 189 (44.3) 176 (64.5) 13 (8.4)

Total no. of cycle administered (%) 1910 (46.6) 1778 (66.7) 132 (9.2)

Median no. of cycle administered per patient (range) 12 (1-16) 12 (1-16) 12 (3-12)
FOLFOX

No. of patients (%) 168 (39.3) 73 (26.7) 95 (61.7)

Total no. of cycle administered (%) 1705 (41.6) 714 (26.8) 991 (69.1)

Median no. of cycles administered per patient (range) 12 (1-14) 11 (1-13) 12 (2-14)
XELOX

No. of patients (%) 70 (16.4) 24 (8.8) 46 (29.9)

Total no. of cycle administered (%) 485 (11.8) 173 (6.5) 312 (21.7)

Median no. of cycle administered per patient (range) 8 (1-12) 8 (1-12) 8 (2-10)
Response to chemotherapy, n (% of eligible patients)

Response 173 (43.1) 110 (43.1) 63 (43.2)

Stabilization 163 (40.6) 98 (384) 65 (44.5)

Progression 65 (16.3) 47 (18.5) 18 (12.3)

Unknown (% of entire population) 26 (6.1) 18 (6.6) 8(5.2)

CHRONO: 5-Fluorouracil, leucovorin and oxaliplatin administered according to a chronomodulated schedule; FOLFOX: 5-fluorouracil, leucovorin
and oxaliplatin: XELOX: capecitabine and oxaliplatin.

branded oxaliplatin and its generic forms. More specifically,
we carried out a series of preclinical in vitro analyses to
highlight the possible bioequivalence between Eloxatin™
and its generics, in terms of: a) concentration of active agent
in the formulations, b) stability of the formulations under
different temperatures (room temperature, 4°C, or 37°C), and
c) efficacy of the formulations in vitro. Our data show that
there were no significant differences between the different
formulations (Eloxatin™ and the generic formulations, nor
among the latter) for the considered parameters.

Therefore, after excluding bioequivalence problems, we
carried out a retrospective clinical study on patients to
investigate whether excipients in the different formulations
were responsible for any difference in adverse reactions.
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The occurrence of oxaliplatin-induced HSRs is common.
In a recent review, global incidence ranged from 8.9% to
23.8% according to different series, whereas grade III-IV
HSRs were present in 1.6-14.6% of patients (15). This wide
range in HSR incidence might be explained by the
heterogeneity of the clinical manifestations, which are
variable and unpredictable, thus not always interpreted by
physicians as being associated with oxaliplatin. With this
limitation, although no publication supports this hypothesis,
there is a general perception that adverse events increased
following the commercialization of the generic formulations.
This lack of confidence in generics among medical
oncologists may also be the consequence of several published
clinical reports in which the generic formulation of other
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Table II. Hypersensitivity reactions (HSR) according to the type of
oxaliplatin administered. Rash and itching were often associated.

HSR Total Brand Generic
Total, n (%) 48 (11.3) 33 (12.1) 15 (9.8)
Grade III-1V, n (%) 16 (3.7) 11 (4.0) 5(3.2)
Rash, n 23 15 8
Itching, n 15 9 6
Laryngospasm, n 4 3 1
Fever, n 1 0 1
Hypotension, n 16 11 5

drugs was more toxic (16-18), the concentration was lower
than that declared (19), or the drug had lower efficacy than
branded drugs (20, 21). However, it should be noted that
several other studies did not find any difference between
branded and generic drugs (22, 23). As far as oxaliplatin is
concerned, only one study has reported a comparison between
branded and generic formulations (24); in this retrospective
study, a slight increase in non-hematological toxicities was
documented in patients treated with generic formulation.
However, the study included only a small number of patients,
preventing any definitive conclusion.

Globally, the HSR incidence in our series was 11.3%,
whereas severe HSRs represented only 3.7% of the patients.
These findings are in line with published data from the
abovementioned review (22). In our study, we did not find
any difference in HSR occurrence in patients treated with
branded versus generic oxaliplatin formulation, no relevant
difference in response rate and OS were demonstrated.
Because of the equivalence of these two efficacy outcomes,
we can explain the reported longer time to progression for the
brand-treated group as being a consequence of differences in
restaging procedures across the long period of time
considered, or simply by chance. Additionally, our study was
not planned and powered enough to detect such difference in
time to progression.

The number of patients submitted to an oxaliplatin-based
chemotherapy has grown in the past decade due to new
indications, not only for patients with stage II/IIl CRC (25),
but also for other malignancies such as pancreatic (26),
biliary (27) and gastric (28) cancer. Having increased the
number of patients at risk, it is reasonable to state that
starting from the end of 2005, a larger and growing number
of patients experienced an oxaliplatin-induced HSR. The
new indications, especially those related to gastric cancer,
appeared approximately at the same time when generic
oxaliplatin entered the market (i.e. in 2008). Thus, a possible
explanation about the current general feeling of an increase
in oxaliplatin-induced HSRs with use of generics might
simply rely on the association of these two events.

Table III. Maximal toxicities per patient in those submitted to FOLFOX
(5-fluorouracil, leucovorin and oxaliplatin) XELOX (capecitabine and
oxaliplatin) according to drug type.

Total Branded  Generic p-Value*
drug drug  (Branded
vs.
generic
drug)

No. of patients, n 238 97 141
Leucopenia, n (%)

Grade 0-1 176 (73.9) 79 (81.4) 97 (68.8)

Grade 2-4 62 (26.1) 18 (18.6) 44 (312) 0.03
Neutropenia, n (%)

Grade 0-1 163 (68.5) 70 (72.2) 93 (66.0)

Grade 2-4 75 (31.5) 27 (27.8) 48 (340) 031
Thrombocytopenia, n (%)

Grade 0-1 204 (85.7) 81(83.5) 123 (87.2)

Grade 2-4 34 (143) 16(16.5) 18 (12.8) 042
Anemia, n (%)

Grade 0-1 177 (74.4) 75 (77.3) 102 (72.3)

Grade 2-4 61 (25.6) 22(22.7) 39(27.7) 039
Nausea, n (%)

Grade 0-1 192 (80.7) 74 (76.3) 118 (83.7)

Grade 2-4 46 (19.3) 23 (23.7) 23(163) 0.16
Diarrhea, n (%)

Grade 0-1 201 (84.4) 78 (80.4) 123 (87.2)

Grade 2-4 37 (15.6) 19(19.6) 18 (12.8) 0.15
Mucositis, n (%)

Grade 0-1 222 (93.3) 88(90.7) 134 (95.0)

Grade 2-4 16 (6.7) 9(9.3) 7(5.0) 0.19
Neuropathy, n (%)

Grade 0-1 204 (85.7) 82 (84.5) 122 (86.5)

Grade 2 34 (143) 15(15.5) 19(135)  0.67
*By %2 test.

The reported toxicity burden in our series was mild, with
a relatively low incidence of grade 3-4 side-effects. Thus, in
order to increase the number of events per group, and to
render toxicity comparison more sensible, we planned to
stratify patients according whether they presented toxicity of
grade 2 or more. No statistically significant difference in
toxicity profiles between groups was evident (p=0.01).

We can conclude that the tested branded and generic
oxaliplatin formulations had equivalent concentrations of
the active agent, equivalent stability at different
temperature conditions, and equivalent in vitro efficacy.
The incidence of oxaliplatin-induced HSRs was not
different according whether patients received branded or
generic oxaliplatin. More relevantly, no difference in
outcomes and toxicity profile was documented between the
two groups.

Based on our data, it can be concluded that generic
oxaliplatin should be considered as a safe and active
alternative to the branded formulation.
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