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Objective: To determine effectiveness and safety of generic piperacillin/tazobactam (Astaz-PR) that has been available as a
substitute for original piperacillin/tazobactam (Tazocin®) in Siriraj Hospital since October 2011.

Material and Method: Medical records of hospitalized adult patients who received piperacillin/tazobactam for at least 48
hours from January 2011 to June 2012 were reviewed. The data on demographics, clinical features of infections, antibiotic
treatments, clinical courses and outcomes of the patients who received original piperacillin/tazobactam and generic piperacillin/
tazobactam were analyzed and compared.

Results: The medical records of 300 patients who received original piperacillin/tazobactam and 300 patients who received
generic piperacillin/tazobactam were included. The characteristics of the patients and clinical and microbiological features of
infections of the patients in both groups were not significantly different. Overall favorable clinical outcome and overall
mortality were comparable between generic and original groups (74.0% vs. 74.7%, p = 0.93; 18.3% vs. 18.0%, p = 1.00,
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 patients who received generic piperacillin/tazobactam were not inferior to
those who received original piperacillin/tazobactam (p = 0.004 and p = 0.001, respectively).

Conclusion: Generic piperacillin/tazobactam (Astaz-PR) was not inferior to original piperacillin/ tazobactam (Tazocin®) for

therapy of infections in the hospitalized patients at Siriraj Hospital.
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Piperacillin/tazobactam is a combination of
beta-lactam antibiotic (piperacillin) and beta-lactamase
inhibitor (tazobactam). Piperacillin/tazobactam is a
broad spectrum antibiotic that contains activity against
gram positive and gram negative bacteria, including
Pseudomonas aeruginosa, as well as anaerobes®?.
Piperacillin/tazobactam has been used for therapy of
moderate and severe bacterial community-acquired and
hospital-acquired infections®?. Piperacillin/tazobactam
was shown to be effective and safe in therapy of
nosocomial pneumonia, intra-abdominal infections,
febrile neutropenia and other infections“®)., The usual
dosage of piperacillin/tazobactam is 4.5 grams every 6-
8 hours for 7 to 14 days.
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The original innovator of piperacillin/
tazobactam is Tazocin®. The original piperacillin/
tazobactam has been used in Thailand for more than a
decade. Piperacillin/tazobactam is classified as category
D inthe National List of Essential Medicines of Thailand.
The cost of piperacillin/tazobactam is rather expensive.
Piperacillin/tazobactam is one of the restricted
antibiotics at Siriraj Hospital. It can be approved for 5
indications: 1) confirmed or suspected infection due to
Pseudomonas aeruginosa, 2) infection due to pathogen
resistant to cephalosporins, aminoglycosides and
fluoroquinolones, 3) empiric therapy for febrile
neutropenia, 4) infection due to the pathogen being
susceptible to other antibiotics but the patient is unable
to receive such antibiotics and 5) empiric therapy of
nosocomial infections.

Generic formulation of piperacillin/tazobactam
(Astaz-PF) has been approved to be used as a substitute
for original product (TazocinR) since October 2011.
The objective of the present study was to compare
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effectiveness and safety of generic piperacillin/
tazobactam with original product for treatment of
infections in hospitalized patients at Siriraj Hospital
according to the policy of Siriraj Hospital to assess
effectiveness and safety of new generic products in
hospital formulary since 2008.

Material and Method

The present study was approved by the Siriraj
Institutional Review Board. The identifications of
hospitalized patients who received piperacillin/
tazobactam from January 2011 to June 2012 were
identified from the pharmacy database of Siriraj Hospital.
The eligible patients aged 18 or older who received
piperacillin/tazobactam for at least 48 hours were
selected by systematic random sampling. The medical
records of the chosen patients were reviewed to obtain
demographic data, underlying conditions, indications
of prescribing piperacillin/tazobactam, type and site of
infection, causative organism, previous and concurrent
antibiotic use, microbiological and clinical outcomes
and adverse events.

The present study was conducted to
demonstrate non-inferiority of generic piperacillin/
tazobactam in relation to overall favorable outcome
including cure and improvement at the end of treatment.

Table 1. Characteristics of the patients

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 at
least 260 patients per each group was needed to show
non-inferiority of generic piperacillin/tazobactam to
original piperacillin/tazobactam.

Mean, standard deviation, median and range
were used to summarize continuous variables, whereas
categorical variables were expressed as numbers and
percentages. Chi-square test (Pearson’s, Yates’
continuity correction or Fisher’s exact test) for
categorical variables and unpaired t-test or Mann-
Whitney U-test for continuous variables were used to
compare differences between the two groups as
appropriate. Non-inferiority test was used to compare
the efficacy and safety between groups. All statistical
procedures were conducted on PASW statistics 18.0
(SPSS) and statistical software R version 2.15.1 (R
Development Core Team, 2012). 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 piperacillin/tazobactam were not

Generic Piperacillin/ Original Piperacillin/ p-value
Tazobactam (n = 300) Tazobactam (n = 300)

Age (yr) 0.64
Mean + SD 63.1+18.4 63.6 + 18.0
Median (min, max) 64 (18, 103) 67 (18, 100)

Gender
Male 139 (46.3%) 155 (51.7%) 0.22
Female 161 (53.7%) 145 (48.3%)

Department
Medicine 203 (67.7%) 222 (74.0%) 0.19
Surgery 63 (21.0%) 54 (18.0%)

Other 34 (11.3%) 24 (8.0%)

Underlying disease 275 (91.7%) 281 (93.7%) 0.43
Diabetes mellitus 78 (26.0%) 100 (33.3%) 0.06
Heart disease 73 (24.3%) 82 (27.3%) 0.46
Malignancy 111 (37.0%) 100 (33.3%) 0.39
Renal disease 39 (13.0%) 60 (20.0%) 0.03
Hypertension 140 (46.7%) 154 (51.3%) 0.29
HIV infection 6 (2.0%) 6 (2.0%) 1.00
Liver disease 28 (9.3%) 24 (8.0%) 0.66
Pulmonary disease 17 (5.7%) 33 (11.0%) 0.03
Immunosuppressive drug 15 (5.0%) 15 (5.0%) 1.00
Other 118 (39.3%) 106 (35.3%) 0.35

Previous antibiotic use 73 (24.3%) 71 (23.7%) 0.92

J Med Assoc Thai Vol. 96 Suppl. 2 2013 S105



significantly different, as shown in Table 1. Forty-six
percent to 52% of the patients were males with a mean
age of 63 years. Most of the patients were hospitalized
in medical wards. More than 90% of patients in both
groups had co-morbidities in which hypertension,
diabetes mellitus, heart disease and malignancy are
common. Approximately 24% of the patients in both
groups had prior use of other antibiotics.

The clinical and microbiological features of
infections of the patients in both groups were not
significantly different, as shown in Table 2. Most of
the infections were nosocomial-acquired and health-
care associated infections. Respiratory tract and
genitourinary tract were common sites of infections.
More than 95% of the patients in both groups had
evidence of infections. Among the patients who had
microbiological documented infections, P. aeruginosa

was the most common pathogen. Most of the patients
received only piperacillin/tazobactam and concurrent
antibiotics were given to 13.0% and 8.3% of the patients
who received generic piperacillin/tazobactam and
original piperacillin/tazobactam respectively as
shown in Table 3. More than 95% of the patients in
both groups received piperacillin/tazobactam according
to indications of piperacillin/tazobactam as
recommended by the hospital in which the indication
of confirmed or suspected infection due to P.
aeruginosa was the most common, as shown in Table
4. The median dose of piperacillin/tazobactam was 13.5
grams per day and the median duration of piperacillin/
tazobactam therapy was 6 days as shown Table 5.
The outcomes of piperacillin/tazobactam
therapy are shown in Table 6. There was no significant
difference in terms of favorable clinical outcome (74.0%

Table 2. Clinical and microbiological features of infections of the patients

Generic Piperacillin/ Original Piperacillin/ p-value
Tazobactam (n = 300) Tazobactam (n = 300)

Type of infection 0.18
Community-acquired 84 (28.0%) 69 (23.0%) 0.19
Health-care associated 43 (14.3%) 57 (19.0%) 0.15
Nosocomial 173 (57.7%) 174 (58.0%) 1.00

Site of infection
Respiratory 117(39.0%) 138 (46.0%) 0.09
Genitourinary 32 (10.7%) 46 (15.3%) 0.11
Wound/soft tissue 26 (8.7%) 22 (7.3%) 0.65
Catheter-associated blood stream 1 (0.3%) 1 (0.3%) 1.00
Intra-abdominal 31 (10.3%) 15 (5.0%) 0.02
Endocarditis 1 (0.3%) 0 (0%) 1.00
Bone & joint 2 (0.7%) 1 (0.3%) 1.00
Primary bacteremia 11 (3.7%) 11 (3.7%) 1.00
Others 5 (1.7%) 5 (1.7%) 1.00

Evidence of infection 0.30
Microbiological documented 106 (35.3%) 121 (40.3%)

Clinical documented 188 (62.7%) 176 (58.7%)
No 6 (2.0%) 3 (1.0%)

Causative organism
E. coli (ESBL- ve) 6 (2.0%) 15 (5.0%) 0.08
E. coli (ESBL+ ve) 15 (5.0%) 14 (4.7%) 1.00
K. pneumoniae (ESBL- ve) 15 (5.0%) 14 (4.7%) 1.00
K. pneumoniae (ESBL+ ve) 9 (3.0%) 10 (3.3%) 1.00
Pseudomonas aeruginosa 37 (12.3%) 41 (13.7%) 0.71
Acinetobacter baumannii 8 (2.7%) 11 (3.7%) 0.64
Stenotrophomonas maltophilia 8 (2.7%) 11 (3.7%) 0.37
MSSA 8 (2.7%) 6 (2.0%) 0.78
MRSA 3 (1.0%) 5 (1.7%) 0.72
Enterococcus spp. 9 (3.0%) 5 (1.7%) 0.48
Coagulase Negative Staphylococci 2 (0.7%) 0 (0%) 0.48
Streptococcus spp. 2 (0.7%) 5 (1.7%) 0.44
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Table 3. Concurrent antibiotics

Generic Piperacillin/ Original Piperacillin/ p-value
Tazobactam (n = 300) Tazobactam (n = 300)
No 261 (87.0%) 275 (91.7%) 0.09
Yes 39 (13.0%) 25 (8.3%)
Beta-lactams 2 (0.7%) 2 (0.7%) 1.00
Aminoglycosides 3 (1.0%) 0 (0%) 0.25
Fluoroquinolones 5 (1.7%) 5 (1.7%) 1.00
Glycopeptides 18 (6.0%) 11 (3.7%) 0.25
Macrolides 4 (1.3%) 4 (1.3%) 1.00
Other 7 (2.3%) 3 (1.0%) 0.34
Table 4. Indications of piperacillin/tazobactam
Indication Generic Piperacillin/ Original Piperacillin/ p-value
Tazobactam (n = 300) Tazobactam (n = 300)
No 5 (1.7%) 4 (1.3%) 1.00
Yes 295 (98.3%) 296 (98.7%)
Confirmed or suspected infection due 248 (82.7%) 258 (86.0%) 0.32
to P.aeruginosa
Infection due to pathogen resistant to 5 (1.7%) 7 (2.3%) 0.77
cephalosporins, aminoglycosides,
fluoroquinolones
Empiric therapy for febrile neutropenia 40 (13.3%) 28 (9.3%) 0.16
Infection due to pathogen susceptible to 2 (0.7%) 1 (0.3%) 1.00
other antibiotics but the patient is unable
to receive such antibiotics
Others 0 (0%) 2 (0.7%) 0.50
Table 5. Dosage and duration of piperacillin/tazobactam
All patients Generic Piperacillin/ Original Piperacillin/ p-value
Tazobactam (n = 300) Tazobactam (n = 300)
Dosage of piperacillin/tazobactam 0.33
(gram per day)
Mean + SD 11.7+35 11.9+3.6 116 +3.3
Median (min, max) 135 135 135
(6.8, 18.0) (6.8, 18.0) (6.8, 18.0)
Duration of piperacillin/tazobactam 0.79
(day)
Mean + SD 6.7+4.2 6.6 +3.8 6.7+4.7
Median (Min, Max) 6.0 6.0 6.0
(2.0, 60.0) (2.0,29.0) (2.0, 60.0)

vs. 74.7%, p = 0.93), microbiological eradication of
pathogen (25.3% vs. 23.7%), median length of hospital
stay (19 days vs. 19 days), adverse effects (6.7% vs.
3%) and overall mortality (18.3% vs. 18%) between the
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generic and the original groups respectively. Non-
inferiority analysis of favorable clinical outcome and
overall mortality between the generic piperacillin/
tazobactam group and the original piperacillin/
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tazobactam group revealed that generic piperacillin/
tazobactam was not inferior to original piperacillin/
tazobactam (p = 0.004 and p = 0.001 respectively) as
shown in Table 7.

Discussion

Generic medicines are increasingly used in
clinical settings for several reasons among which a
significant cost saving is one of them. Although generic
medicine prescription or substitution can increase
affordability for the public, especially in developing

Table 6. Outcomes of piperacillin/tazobactam therapy

countries, its effectiveness and safety remains an issue
of controversy®. Several studies showed that some
generic drugs were inferior to innovator products®®?),
Registration of generic intravenous preparation to Thai
Food and Drug Administration (FDA) Office does not
require any data on bioequivalence or therapeutic
equivalence to the original innovator. In vitro potency
evaluations of various piperacillin/tazobactam generic
products compared with the innovator revealed
that many of the generic products contained less
potent activity than original product®*®, Therefore,

Generic Piperacillin/ Original Piperacillin/ p-value
Tazobactam (n = 300) Tazobactam (n = 300)

Clinical outcome within 48 hours after end 0.70

of treatment with piperacillin/tazobactam
Favorable outcome (Cure + Improve) 222 (74.0%) 224 (74.7%) 0.93
Infection worse 60 (20.0%) 64 (21.3%) 0.76
Die due to infection 17 (5.7%) 11 (3.7%) 0.33
Others 1 (0.3%) 1 (0.3%) 1.00

Microbiological outcome 0.23
Eradicate 76 (25.3%) 71 (23.7%) 0.70
Persist 5(1.7%) 10 (3.3%) 0.30
New organism 22 (7.3%) 33 (11.0%) 0.16
Undetermined 197 (65.7%) 186 (62.0%) 0.40

Length of hospital stay (day) 0.74
Mean + SD 31.1+353 28.9 +31.0
Median (min, max) 19.0 19.0

(3.0, 252.0) (2.0, 217.0)

Discharge status 0.88
Alive 245 (81.7%) 246 (82.0%) 1.00
Die due to infection treated with 22 (7.3%) 20 (6.7%) 0.87
piperacillin/tazobactam
Die of other infection 19 (6.3%) 21 (7.0%) 0.87
Die of other causes 13 (4.3%) 13 (4.3%) 1.00
Against advice 1 (0.3%) 0 (0%) 1.00

Adverse effects
Antibiotic allergy 1 (0.3%) 0 (0%) 1.00
Antibiotic-associated diarrhea 19 (6.3%) 9 (3.0%) 0.08

Overall mortality 55 (18.3%) 54 (18.0%) 1.00

Table 7. Non-inferiority analysis of main outcomes of piperacillin/tazobactam therapy

Outcome Generic Original Difference Chi-square Non-inferiority
Piperacillin/ Piperacillin/ (95% ClI) test (p-value) test (p-value)
Tazobactam Tazobactam
(n=300) (n=300)

Favorable clinical 222 (74.0%) 224 (74.7%) -0.7% (-7.6, 6.3) 0.93 0.004

outcome

Overall mortality 55 (18.3%) 54 (18.0%) 0.3% (-5.9, 6.5) 1.00 0.001
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effectiveness and safety of using generic drugs in a
clinical setting still remain issues of physician and
public concern, especially for life-saving drugs.

Siriraj Hospital has launched a policy to
assess effectiveness and safety of new generic
products included in hospital formulary since 2008.
Piperacillin/tazobactam is a broad spectrum antibiotic
to be used for patients with moderate and severe
bacterial community-acquired and hospital-acquired
infections®® and it is one of the life-saving antibiotics.
Therefore, generic piperacillin/tazobactam should
contain effectiveness and safety not inferior to the
innovator product.

Although randomized controlled trial
comparing generic piperacillin/tazobactam with original
piperacillin/tazobactam is the most suitable research
design to determine non-inferiority of generic
piperacillin/tazobactam, such a study design is
expensive and time consuming. Therefore, this study
was conducted by reviewing and analyzing the
information from the patients who received generic
piperacillin/tazobactam or original piperacillin/
tazobactam as prescribed by practicing physicians.
There are two main limitations of this study
methodology. The confounders, such as characteristics
of the patients, the severity of infections and co-
interventions given to the patients in both groups might
be different since it was not a prospective randomized
controlled trial. Most of the patients who received
original piperacillin/tazobactam were hospitalized during
January to September 2011 whereas most of the patients
who received generic piperacillin/tazobactam were
hospitalized during October 2011 to June 2012. The
difference in duration of prescriptions with original
piperacillin/tazobactam and generic piperacillin/
tazobactam mentioned earlier is that most of healthcare
coverage policies indicated that generic drugs should
be prescribed if they are available.

Although the methodology used in our study
might be susceptible to biased results due to the
aforementioned limitations, the present study results
revealed that all major confounders of the patients and
co-interventions given to the patients in both group
were quite similar. Moreover, the observed primary
outcome of the present study, favorable clinical
response, was similar to the figure we expected and we
used it to estimate the sample size. Therefore, the
present study results of non-inferiority of generic
piperacillin/tazobactam to original piperacillin/
tazobactam observed in our study should be valid. It
should be kept in mind that the results of this study
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were from the treatment of the patients with a specified
generic piperacillin/tazobactam (Astaz-PR) and the
results of the present study cannot be generalized to
other generic piperacillin/tazobactam products.
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