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Objective: generic meropenem (Penem®) has been available and was substituted for original meropenem in Siriraj Hospital,
but its effectiveness and safety for treatment of infection in clinical setting are the main concern.

Material and Method: From July 2007 to July 2010, hospitalized patients aged 18 or older who received meropenem for at
least 48 hours were identified retrospectively from the pharmacy database of Siriraj Hospital. 260 patients per group were
required to demonstrate non-inferiority of generic meropenem (Penem®) versus original meropenem in term of overall
favorable outcome.

Results: 275 and 273 patients receiving original and generic meropenem were enrolled and analyzed. Overall favorable
outcome and overall mortality were comparable between generic and original group (72.5% vs. 65.8%, p = 0.108; 38.6%
vs. 39.3%, p = 0.918, respectively). No significant difference of adverse effect was found between two groups. The non-
inferiority test indicated that the clinical outcome and overall mortality of the generic meropenem were non-inferior to the
original meropenem (p <0.001, p = 0.005, respectively). The independent factors associated with unfavorable outcome were
previous use of an antibiotic, having respiratory tract infection, receiving lower dose and shorter duration of antibiotic. The
independent factors associated with the overall mortality were underlying pulmonary disease, previous use of antibiotic,
having respiratory tract or catheter related blood stream infection. Treatment with either generic or original meropenem did
not relate to unfavorable outcome (p = 0.320) or overall mortality (p = 0.640).

Conclusion: Generic meropenem (Penem®) was not inferior to original meropenem for therapy of infections in the hospitalized

patients at Siriraj Hospital.
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Currently, generic medicines are increasingly
used in clinical settings for several reasons. Among
those common reasons are cost savings which lead to
restriction of prescription policy and strict regulatory
policy on the reimbursement of original medicines for
price control®. Although generic medicine prescription
or substitution may increase affordability for the
public, especially in developing countries®?, its
effectiveness and safety remains an issue of
controversy®®, Generally, approval of generic drugs
requires only therapeutic equivalence which is assumed
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after demonstration of bioequivalence and
pharmaceutical equivalence as innovator products®.
However, most bioequivalence studies of generic
product were evaluated in healthy subjects whose
pharmacokinetics are quite different from the patients®.
Therefore, effectiveness and safety of using generic
drugs in clinical setting still remain topics of physician
and public concern.

Meropenem, a broad spectrum antibiotic of
carbapenem family, has been used for more than 10
years for treatment of a wide range of serious infection
including complicated intra-abdomonal infection,
complicated skin and skin structure infection and
bacterial meningitis. Further, it was commonly
prescribed for empirical therapy of severe bacterial
infection in hospitalized patients®. After its patent has
been expired, generic drugs from several pharmaceutical
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companies become available in the market. In Siriraj
Hospital, a generic meropenem (Penem®), produced by
M&H manufacturing Co. Ltd., has been substituted
for the innovator product since October 2009. Its
effectiveness and safety are crucial as it is used mostly
for treatment of the seriously-ill patient.

The objective of the present study was to
compare effectiveness and safety of generic
meropenem (Penem®), with original products for
treatment of infections in hospitalized patients at Siriraj
Hospital.

Material and Method

Hospitalized patients aged 18 or older who
received meropenem for at least 48 hours were identified
retrospectively from the pharmacy database of Siriraj
Hospital. The eligible patients were selected by
systematic random sampling. Medical records of the
chosen patients were reviewed to obtain demographic
data, underlying conditions, indications of prescribing
meropenem, type and site of infection, causative
organism, previous and concurrent antibiotic use,
microbiological and clinical outcomes and adverse
events. Regarding hospital policy, after a generic
meropenem became available in October 2008, it would
be substituted for an innovator whenever meropenem
was prescribed. Therefore, the eligible patients who
received original meropenem were selected between
July 2007 and October 2008 and those received generic
meropenem (Penem®) were selected between October
2009 and July 2010.

The study was conducted to demonstrate
non-inferiority of generic meropenem (Penem®) in
relation to overall favorable outcome including cure
and improvement at the end of treatment. The authors
assumed a favorable outcome of 70% with the original
drug and non-inferiority margin of 10% for the generic
drug. With a power of 80% and type | errors of 5% by
using n Query Advisor 5.0, a sample size of 260 patients
per each group was needed to show non-inferiority of
generic meropenem. The authors firstly enrolled 300
patients in each group and later excluded 25 patient
from original group and 27 patients from generic group
for the following reasons: no evidence of infection
(19 and 10 patients in original and generic group,
respectively), received meropenem for less than 48
hours (6 and 17 patients in original and generic group,
respectively). Thus, 275 patients were enrolled in
original groups and 273 patients were enrolled in generic
groups.

Mean, standard deviation, median and range
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were used to summarize continuous variables, whereas
categorical variables were expressed as numbers and
percentages. Chi-square test (Pearson’s or Fisher’s
exact test) for categorical variables and Student’s t-
test or Mann-Whitney test for continuous variables
were used as appropriate. Multiple logistic regression
was performed to adjust for confounding factors
and evaluate the factors which influenced favorable
outcomes and mortality. The strength of association
with unfavorable clinical outcome or overall mortality
was measured using odds ratio and its 95% confidence
interval. All statistical procedures were conducted on
PASW statistics 18.0 (SPSS Inc., Chicago, IL, USA)
and statistical software R version 2.12.0 (R Development
Core Team, 2010). A p-value of 0.05 or less was
considered statistically significant using two tailed or
one tailed test as appropriate.

Results

The characteristics of patients who received
original and generic meropenem are shown in Table 1.
There was no difference between two groups in term of
age and sex ratio. Around 95% of patients had co-
morbidities of which heart disease (31.3% vs. 19%, p =
0.001) and hematologic malignancy (19.3% vs. 7%, p <
0.001) were found to be more common in the patients
who received original product, whereas cancer was
found to be more common in those received the generic
product (23.4% vs. 12.4%, p =0.001). In addition, prior
exposure to other antibiotic before receiving meropenem
is significantly more frequent in the patient who
received original drug (72.0% vs. 52.4%, p <0.001).

The infections of the patients are reported in
Table 2. Approximately 87% of infections were health-
care associated. There was no difference between two
groups in terms of type and site of infection, except for
infection of the central nervous system, which was
found to be more common in the patients who received
the original product (3.3% vs. 0.4%, p = 0.020). The
most common pathogens were gram-negative bacteria
including extended-spectrum- beta-lactamase (ESBL)
producing E. coli and K. pneumoniae, P. aeruginosa
and A. baumannii. The patients who received the
original drug were infected with A. baumannii and
MSSA more frequently than those received generic
drug (14.9% vs. 4.8%, p < 0.001; 4.7% vs. 1.1%, p =
0.023, respectively). Regarding to susceptibility of
organism to meropenem, A. baumannii in the original
group were more susceptible than those in the generic
group (30.8% vs. 0%, p = 0.046). Concurrent antibiotics,
as shown in Table 3, were given more frequently in
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Table 1. Characteristics of patients

Original Meropenem Generic Meropenem p-value
(n=275) (n=273)

Age (yr) 0.169
Mean + SD 65.2+17.8 67.5+16.5
Median (min, max) 69 (16, 100) 72 (15, 99)

Gender 0.860
Male 131 (47.6%) 127 (46.5%)

Female 144 (52.4%) 146 (53.5%)

Department 0.153
Medicine 182 (66.2%) 188 (68.9%)

Surgery 80 (29.1%) 64 (23.4%)
Other 13 (4.7%) 21 (7.7%)

Underlying disease 262 (95.3%) 260 (95.2%) 1.000
DM 96 (34.9%) 90 (33.0%) 0.697
Heart disease 86 (31.3%) 52 (19.0%) 0.001**
Hematologic malignancy 53 (19.3%) 19 (7.0%) <0.001
Renal disease 46 (16.7%) 44 (16.1%) 0.938
Cancer 34 (12.4%) 64 (23.4%) 0.001
Pulmonary disease 24 (8.7%) 23 (8.4%) 1.000
Immunosuppressive agents 18 (6.5%) 20 (7.3%) 0.848
Liver disease 14 (5.1%) 26 (9.5%) 0.067

Previous use of antibiotic 198 (72.0%) 143 (52.4%) <0.001**

**significantat 0.01 level

patient who received original meropenem (42.5% vs.
33%, p = 0.026). Eighty-two to 90% of meropenem was
prescribed as appropriate indication, shown in Table 4.
An original meropenem was prescribed more
appropriately than the generic drug (90.5% vs. 82.8%,
p =0.011). There was no difference between two groups
in term of dosage and duration, as shown in Table 5.
The outcomes of meropenem therapy are
shown in Table 6. There was no significant difference
in term of an overall favorable outcome (65.8 % vs.
72.5%, p = 0.108) and adverse effects between the
original and the generic groups. Even though infection
related death was found more common in generic group
and death related to other causes was found to be
more common in the original group, no significant
difference was found in overall mortality (39.3% vs.
38.6%, p = 0.918). Table 7 showed the non-inferiority
test of main outcome between original and generic
meropenem. The generic meropenem was non-inferior
to original meropenem in relation to overall favorable
outcome (p < 0.001) and overall mortality (p = 0.005).
Regarding overall favorable outcome, although the
lower bound of the 95% confidence interval of
difference (-14.3%) was lower than 10%, in favor to
generic meropenem, the upper bound was within non-
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inferiority margin (1.0%).

The independent factors associated with
clinical outcomes and mortality are shown in Table 8
and Table 9. By using a multiple logistic regression,
treatment with either generic or original meropenem
did not relate to unfavorable outcome (adjusted OR =
1.23,95% CI: 0.82, 1.84, p = 0.320) or overall mortality
(adjusted OR =1.10, 95% CI: 0.75, 1.60, p = 0.640). The
unfavorable outcome was independently associated
with previous use of antibiotic (adjusted OR = 1.60,
95% ClI: 1.06, 2.42, p = 0.027), having respiratory tract
infection (adjusted OR =2.43, 95% CI: 1.65, 3.58, p <
0.001), receiving lower dose antibiotic (adjusted OR =
1.24,95% Cl: 1.02, 1.51, p=0.031) and shorter duration
of antibiotic (adjusted OR = 1.03, 95% CI: 1.00, 1.07,p =
0.067). The overall mortality was associated with
underlying pulmonary disease (adjusted OR =2.28, 95%
Cl: 1.20, 4.30, p = 0.011), previous use of antibiotic
(adjusted OR=1.43,95% ClI:0.97,2.11, p=0.069), having
respiratory tract infection (adjusted OR = 2.18, 95% Cl:
1.51, 3.15, p < 0.001) or catheter related blood stream
infection (adjusted OR =4.99, 95% Cl: 1.25,19.89, p =
0.023). Less mortality was found in patients who
received a greater dose of meropenem (adjusted OR =
0.83,95% Cl: 0.69, 0.99, p=0.042).
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Table 2. Infections in the patients who received meropenem

Original Meropenem Generic Meropenem p-value
(n =275) (n=273)
Type of infection
Community-acquired 28 (10.2%) 40 (14.7%) 0.145
Health-care associated 247 (89.8%) 233 (85.3%)
Site of infection
Respiratory 124 (45.1%) 110 (40.3%) 0.294
Genitourinary 59 (21.5%) 59 (21.6%) 1.000
Intra-abdominal 32 (11.6%) 46 (16.8%) 0.104
Wound/soft tissue 20 (7.3%) 11 (4.0%) 0.145
CNS 9 (3.3%) 1 (0.4%) 0.020*
Primary bacteremia 2 (0.7%) 4 (1.5%) 0.449
Others 5 (1.8%) 0 (0%) 0.061
Evidence of infection < 0.001**
Microbiological documented 191 (69.5%) 143 (52.4%)
Clinical documented 84 (30.5%) 130 (47.6%)
Common causative organism
E.coli (ESBL- ve) 19 (6.9%) 15 (5.5%) 0.611
E.coli (ESBL+ ve) 40 (14.5%) 39 (14.3%) 1.000
K.pneumoniae (ESBL- ve) 22 (8.0%) 11 (4.0%) 0.076
K.pneumoniae (ESBL+ ve) 34 (12.4%) 22 (8.1%) 0.128
Pseudomonas aeruginosa 36 (13.1%) 31 (11.4%) 0.624
Acinetobacter baumannii 41 (14.9%) 13 (4.8%) < 0.001**
MSSA 13 (4.7%) 3 (1.1%) 0.023*
MRSA 10 (3.6%) 4 (1.5%) 0.180
Enterococcus spp. 10 (3.6%) 5 (1.8%) 0.302
Isolated susceptible to meropenem
E.coli (ESBL+ ve) 36/36 (100%) 39/39(100%) 1.000
K.pneumoniae (ESBL+ ve) 34/34 (100%) 21/21 (100%) 1.000
Pseudomonas aeruginosa 29/36 (80.6%) 22/30 (73.3%) 0.688
Acinetobacter baumannii 12/39 (30.8%) 0/11 (0%) 0.046
* ** significant at 0.05, 0.01 level respectively
Table 3. Concurrent antibiotics
Original Meropenem Generic Meropenem p-value
(n=275) (n=273)
No 158 (57.5%) 183 (67.0%) 0.026*
Yes 117 (42.5%) 90 (33.0%)
Glycopepeptide 64 (22.3%) 54 (19.8%) 0.373
Colistin 17 (6.2%) 17 (6.2%) 1.000
Aminoglycoside 13 (4.7%) 5 (1.8%) 0.097
Quinolone 14 (5.1%) 9 (3.3%) 0.404
Beta-lactam 1 (0.4%) 0 (0%) 1.000

* Significantat 0.05 level

Discussion

diseases, proportion of common organism, previous

Although most characteristics of the patients and concurrent antibiotic use. However, overall
in original and generic meropenem were comparable,  favorable outcome, overall mortality and adverse effect
there were some differences related to underlying were comparable between two groups. Multiple
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Table 4. Indications of Meropenem

Indication Original Meropenem Generic Meropenem p-value
(n =275) (n=273)
No 26 (9.5%) 47 (17.2%) 0.011*
Yes 249 (90.5%) 226 (82.8%)
Confirmed or suspected infection due to P.aeruginosa 105 (42.2%) 103 (45.6%) 0.513
Severe infection due to ESBL-producing pathogens 61 (24.5%) 54 (23.9%) 0.963
Empirical therapy for hospital-acquired infection 44 (17.7%) 41 (18.1%) 0.989
not respond to cephalosporin, aminoglycoside,
fluroquinolone, beta-lactam+ beta-lactam inhibitor
Infection due to pathogen resistant to cephalosporin, 24 (9.6%) 19 (8.4%) 0.759
aminoglycoside, fluroquinolone, beta-lactam+
beta-lactam inhibitor
Empirical therapy for febrile neutropenia 14 (5.6%) 8 (3.5%) 0.390
Infection due to pathogen susceptible to other 1 (0.4%) 1 (0.4%) 1.000
antibiotic but the patient unable to receive
such antibiotics
*Significant at 0.05 level
Table 5. Dosage and duration of Meropenem
All patients Original Generic p-value
Meropenem Meropenem
(n =275) (n=273)
Dosage of Meropenem (gram per day) 0.863
Mean + SD 22+11 22+1.0 22+11
Median (min, max) 2.0 (0.5, 6.0) 2.0 (0.5, 6.0) 2.0 (0.5, 6.0)
Duration of Meropenem (day) 0.889
Mean + SD 9.1+6.6 94+74 8.8+5.7
Median (min, max) 7.0 (2.0, 58.0) 7.0 (2.0, 58.0) 7.0 (2.0, 34.0)

independent factors associated with unfavorable
outcome or mortality were previous or concurrent use
of other antibiotic, having respiratory tract or catheter
related infection, underlying pulmonary disease,
receiving inadequate dose or shorter duration of
meropenem. From non-inferiority test, generic
meropenem was not inferior to original drug in term of
favorable outcome and overall mortality. Additionally,
treatment with either generic or original did not affect
clinical outcomes or overall mortality.

Because of the increasing cost of
pharmaceutical expenditures, generic drugs become
more widely used for their cost saving. To contain the
costs, some countries or institutions stimulate generic
use through generic substitution: the delivery of a
generic drug by the pharmacist when a branded drug is
indicated on the GP prescription®. Generally,
therapeutic equivalence of generic drug was based
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solely on biopharmaceutical equivalence which is
mostly conducted in healthy subjects® or by in vitro
microbiological assay®. Such similarities may not
always imply therapeutic equivalence. Vesca O et al
found agonistic-antagonistic actions of three generic
of vancomycins caused from inhibitory and stimulatory
principles in formulations which lead to their lower
bactericidal efficacy in mice“?, Mastoraki E et al also
reported a higher incidence of postoperative infection
following CABG surgery in adult patients receiving
generic cefuroxime instead of original cefuroxime as
antimicrobial prophylaxis®®. Therefore, prescribing
generic meropenem for ill or severe patients in clinical
practice needs to be evaluated carefully.

Conclusion

The present study showed non-inferiority of
generic meropenem (Penem®) compared with its
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Table 6. Outcomes of Meropenem therapy

Original Meropenem Generic Meropenem p-value
(n =275) (n=273)

Clinical outcome 0.027*
Favorable outcome (Cure + Improve) 181 (65.8%) 198 (72.5%) 0.108
Infection worse 31 (11.3%) 12 (4.4%) 0.005
Die of infection 60 (21.8%) 60 (22.0%) 1.000
Others 3(1.1%) 3 (1.1%) 1.000

Microbiological outcome <0.001**
Eradicate 66 (24.0%) 72 (26.4%) 0.588
Persist 35 (12.7%) 8 (2.9%) <0.001**
New organism 38 (13.8%) 23 (8.4%) 0.061
Undetermined 136 (49.5%) 170 (62.3%) 0.003**

Length of hospital stay (day) 0.087
Mean + SD 40.2 +414 349+ 320
Median (min, max) 30.0 (3.0, 334.0) 25.0 (3.0, 266.0)

Discharge status <0.001**
Alive 164 (59.6%) 167 (61.2%) 0.779
Die of infection 63 (22.9%) 89 (32.6%) 0.015*
Die of other causes 43 (15.6%) 16 (5.9%) 0.008**
Against advice 5 (1.8%) 1 (0.4%) 0.222

Adverse effects
Antibiotic allergy 2 (0.7%) 0 (0%) 0.482
Antibiotic-associated diarrhea 26 (9.5%) 27 (9.9%) 0.978

Overall mortality
n 270 273 0.918

106 (39.3%) 105 (38.6%)

*, **significant at 0.05, 0.01 level respectively

Table 7. Main outcomes of Meropenem therapy

Factor Original Generic Difference Chi-square Non-inferiority

Meropenem Meropenem (95% ClI) test test
(n =275) (n=273) (p-value) (p-value)

Clinical outcome
(Cure + Improve) 181 (65.8%) 198 (72.5%) -6.7% (-14.3,1.0)  0.108 < 0.001**
Infection worse 31 (11.3%) 12 (4.4%) 6.9% (2.4, 11.6) 0.005** <0.001**

Die of infection 60 (21.8%) 60 (22.0%) 0% (-6.9, 6.9) 1.000 0.003**
Others 3 (1.1%) 3(1.1%) 0% (-2.2,2.2) 1.000 < 0.001**

Overall mortality

n 270 273
106 (39.3%) 105 (38.6%) 0.8% (-7.4, 8.9) 0.918 0.005**

**Significant at 0.01 level

innovators in overall favorable outcome and overall
mortality. No version of meropenem was associated to
unfavorable outcome or overall mortality.
limitations of the study in relation to different timing of
the present study and the study design since the study
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was not designed as a randomized control trial.
Nevertheless, there is enough evidence to conclude
that generic meropenem (Penem®) was not inferior to
original meropenem for therapy of infections in the
hospitalized patients at Siriraj Hospital.

There were
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Table 8. The association between potential factors and unfavorable clinical outcome in infected patients

Factor Crude OR p-value Adjusted® OR p-value
(95% CI) (95% CI)

Previous use of antibiotic 1.62 (1.10, 2.38) 0.015* 1.60 (1.06, 2.42) 0.027*

Duration of Meropenem, day 1.05 (1.01, 1.08) 0.006** 1.03 (1.00, 1.07) 0.067

Respiratory tract infection 2.38 (1.64, 3.45) <0.001** 2.43 (1.65, 3.58) <0.001**

Length of hospital stay (day) 1.01 (1.00, 1.02) 0.004** 1.01 (1.00, 1.02) 0.005**

Dosage of Meropenem (gram/day) 1.22 (1.02, 1.46) 0.026* 1.24 (1.02, 1.51) 0.031*

Received generic meropenem® 1.37 (0.95, 1.97) 0.09 1.23(0.82, 1.84) 0.320

OR = Odds ratio

aadjusted for underlying heart disease, underlying hematologic malignancy, underlying cancer

®original meropenem is the reference group of received meropenem

* ** significant at 0.05, 0.01 level respectively

Table 9. The association between potential factors and overall mortality in infected patients

Factor Crude OR p-value Adjusted OR p-value

(95% CI) (95% CI)

Underlying pulmonary disease 2.51(1.37, 4.63) 0.003** 2.28(1.20,4.30) 0.011*

Previous use of antibiotic 1.44 (1.00, 2.06) 0.050 1.43(0.97,2.11) 0.069

Respiratory tract infection 2.22 (1.56, 3.16) <0.001** 2.18(1.51,3.15) <0.001*

Dosage of Meropenem (gram/day) 0.81 (0.69, 0.96) 0.017* 0.83(0.69,0.99) *

Catheter related blood stream infection (CRBSI) 4.31(1.13,16.43) 0.032* 4.99 (1.25,19.89) 0.042*

Received generic meropenem® 1.03(0.73, 1.45) 0.875 1.10 (0.75,1.60)  0.023*
0.640

OR = Odds ratio
dadjusted for underlying heart disease, underlying hematologic malignancy, underlying cancer

Poriginal meropenem is the reference group of received meropenem

*, **significant at 0.05, 0.01 level respectively
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