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Aims: L-asparaginase is an essential medicine in the treatment of pediatric acute

lymphoblastic leukemia (ALL) and the quality of generic formulations is an area of

concern. We compared nine generic formulations of L-asparaginase available in India

with the innovator.

Methods: The quality of formulations was assessed by measuring 72-hour trough

asparaginase activity in children with ALL during induction following administration

of 10,000 IU/m2 of L-asparaginase. In-vitro analysis of the label claim was assessed

by measuring activity of three generic formulations. Liquid chromatography-mass

spectrometry (LC/MS) was used to determine the amount of host contaminant pro-

teins (HCPs) in the formulations.

Results: Between March 2015 to June 2018, 240 samples from 195 patients were

analyzed. The number of samples analyzed ranged from 7–66 per generic brand

(median: 18) and seven of the innovator. The proportion of generic formulations that

failed to achieve a predefined clinical threshold activity of 50 IU/L ranged from

16.7% (2/12) to 84.9% (28/33) in the highest activity to lowest activity generic

respectively. On other hand, all innovator samples had activity greater than

50 IU/L. In-vitro asparaginase activity in the three generic formulations tested ranged

from 71.4–74.6% of the label claim (10,000 IU) compared to 93.5% for the innovator.

LC/MS analysis of generic 5 identified 25 HCPs with a relative peptide count of

27.1% of the total peptides.

Conclusions: Generic formulations had lower asparaginase activity which raises seri-

ous clinical concerns regarding their quality. Until stringent regulatory enforcement

improves the quality of these generics, dose adaptive strategies coupled with thera-

peutic drug monitoring need to be considered.
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1 | INTRODUCTION

L-asparaginase is an essential drug in the treatment of paediatric

acute lymphoblastic leukemia (ALL) and its addition to chemotherapy

protocols has led to improved overall survival and decreased relapse

in paediatric ALL.1 It is an enzyme isolated from the periplasmic

region of Escherichia coli or Erwinia chrysanthemi, which degrades

L-asparagine to L-aspartic acid and ammonia. As leukemic blasts have

a reduced capacity to synthesize L-asparagine, deprivation of this

amino acid leads to cell cycle arrest and apoptosis of the leukemic

cells.2

In India, at least ten generic formulations of L-asparaginase have

been approved by State Licensing Agencies (SLA) or by the Central

Drugs Standard Control Organisation (CDSCO). The approval process

of these biosimilars have been briefly detailed by the CDSCO in

“Guidelines on Similar Biologic: Regulatory Requirements for Market-

ing Authorization in India, 2016.” However, a waiver of safety and

efficacy studies can be applied for if the generic formulation can dem-

onstrate comparability to the reference biologic using physicochemi-

cal and in vitro techniques, if it is comparable to the reference biologic

preclinically, if pharmacokinetic/pharmacodynamics studies have pref-

erentially been done in-patient, and if a comprehensive post market-

ing surveillance plan is in place.3 As these guidelines were mainly

drafted with a primary endpoint of safety and secondary endpoints of

efficacy and immunogenicity, the post marketing surveillance of

generic formulations is limited to 4 years after approval, after which

there are no recommendations. There is a lingering concern, however,

whether these regulations are sufficient to ensure that only good

quality generic L-asparaginase receive marketing approval, and more

importantly, about the ability of current regulations to ensure that

quality is maintained beyond the surveillance period.

As L-asparaginase was approved by the CDSCO in 1973, and due

to concern of possible differences in manufacturing practices of com-

panies producing L-asparaginase, we conducted a retrospective

review of L-asparaginase activity levels reported in pediatric ALL

patients at our hospital during the induction phase of chemotherapy.

We also compared in-vitro label claims of several different off-the-

shelf generic Indian formulations to assess L-asparaginase activity

levels and the presence of host contaminating proteins (HCP).

2 | METHODS

2.1 | Study population

Newly diagnosed paediatric acute lymphoblastic leukemia (ALL) cases

treated at Tata Memorial Hospital, Mumbai during the period March

2015 to June 2018 were included in this retrospective analysis. Any

paediatric ALL case who had a trough L-asparaginase activity reported

after the 1st and subsequent doses of L-asparaginase were included

and demographic variables were collected. Briefly, paediatric B cell

ALL patients were all treated on our institutional protocol (ICICLE)

which consisted of 10,000 units/m2 of L-asparaginase for 4–8 doses

along with vincristine, steroids for standard risk with the addition of

daunorubicin for intermediate and high-risk patients.4 Early T precur-

sor, T cell ALL, T cell lymphoblastic lymphoma, and mixed phenotypic

leukemia were treated with MCP841, an institutional protocol with a

similar four drug induction including eight doses of 10,000 units/m2

of L-asparaginase.5 Nine generic formulations of L-asparaginase were

available in our hospital during this period. The name of the generic

formulation which was used in each case was captured from the

patients' records. Ethics approval was obtained to retrospectively

collect demographic and laboratory values of interest.

2.2 | Drugs and reagents

The nine different generic formulations of L-asparaginase

(10,000 IU/vial) were procured by the hospital pharmacy. Reagents

for asparaginase activity including L-aspartic acid β-hydroxamate

(AHA), trichloroacetic acid (TCA), 8-hydroxyquinoline, and reference

standard L-asparaginase were procured from Sigma Aldrich

(Bangalore, India). Generic formulations 1 through 8 were obtained

from pharmacies of Indian origin, and generic formulation 9 from an

Asian based pharmaceutical company. Innovator L-asparaginase was

obtained directly from Medac.

2.3 | In-vitro analysis of L-asparaginase activity

Three generic formulations (Generic 1, 3 and 5) and the innovator

were obtained for in-vitro analysis. Each formulation was individually

dissolved in sterile water for injection according to instructions in the

What is already known about this subject?

• The quality of generic L-asparaginase is a matter of con-

cern globally based on a study of one generic

formulation.

• Since a plethora of generic brands of L-asparaginase are

marketed in India, and because no clinical study has been

conducted demonstrating their efficacy, there is lingering

concern about their quality.

What this study adds

• Compared to the innovator, the generic formulations had

markedly inferior activity in vitro and in vivo.

• Mass-spectrometry analysis of one of the generic formu-

lations showed high levels of host contaminating

proteins.

• Our study underscores the need for heightened regula-

tory oversight and enforcement to ensure patients'

access to good quality products.
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product insert. Reference standards for L-asparaginase were prepared

using water for injection in a range of 0.4–40 IU/ml. The diluted for-

mulations were analysed in triplicate using a sensitive microplate

reader based method as described below.6 Briefly, 200 μl of the syn-

thetic substrate 1mM AHA was incubated with 10 μl of diluted formu-

lations at 37�C for 30 minutes. The reaction was stopped by adding

24.5% TCA followed by addition of a solution of 8-hydroxyquinoline,

sodium bicarbonate and hydrogen peroxide. The intensity of the

green colour of the product indooxine was measured at 710 nm in a

96-well plate using a sensitive microplate reader. The activity of

samples was determined using a 4-parametric non-linear regression

equation.

2.4 | In-vivo analysis of L-asparaginase activity

Dose and administration: L-asparaginase was administered at a dose

of 10,000 IU/m2 intramuscular every 3 days for 4–8 doses depending

on risk as per the ICICLE or MCP841 protocol.4 Patients were admin-

istered different L-asparaginase formulations, based on the treating

oncologist's preference and availability in the hospital pharmacy at

that time. Due to sporadic availability during certain times, at one

point only three generic formulations were available in the hospital

pharmacy. Since these generic formulations were used interchange-

ably, 34 patients had cross-over from one generic formulation to

another.

Pharmacokinetic Sampling: 3 ml of blood from each patient were

collected in EDTA collection tubes 72 hours after the preceding dose

of L-asparaginase. Samples were placed on ice and centrifuged at

4�C/1008 rcf for 10 minutes. The plasma samples were stored at

−80�C pending analysis. The actual time of L-asparaginase administra-

tion and blood sampling were recorded.

Plasma L-asparaginase activity: To determine L-asparaginase

activity, the method described by Lanvers et. al was used with modifi-

cations.6 Briefly, 20 μL of plasma standard having known asparaginase

activity or patient plasma was taken in micro-centrifuge tubesto

which 180 μL of 10mM AHA solution was added, vortexed for

3 minutes and kept for incubation at 37�C for 30 minutes. The

reaction was stopped by adding 100 μl of 24.5% TCA. The samples

were centrifuged at 700 rcf for 5 minutes at room temperature. 10 μL

of supernatant was added to 40 μL of milliQ water in pre-labelled

micro-centrifuge tubes followed by 200 μL of freshly prepared 8-

hydroxyquinoline solutions. After heating at 95�C for 1 minute,

100 μL from each micro-centrifuge tube was transferred to unique

wells in 96-well plate and the absorbance of the product, indooxine,

was recorded at 710 nm. Unlike Lanvers et al, who used two linear

curves in the activity range of 2.5–75 and 75–1250 IU/L, a single

4-parametric non-linear regression equation, generally employed for

immunoassays,7 was used to validate this method in the activity range

of 2–2000 IU/L. The validation parameters are shown in supplemen-

tary Table S1. Inter-day and intra-day accuracy and precision was

calculated using four quality control (QC) samplesi.e., 2 IU/L, 60 IU/L,

300 IU/L and 2000 IU/L corresponding to the lower limit of

quantitation (LLOQ), low QC (MQC), medium QC (MQC) and high QC

(HQC) respectively.

2.5 | Thermal stability analysis of L-asparaginase
activity at room temperature

Two generic formulations (Generic 1, and 5) and the innovator

formulation were reconstituted with sterile water for injection as

recommended in the information insert available with the vial.

Further, the formulations were diluted to a final concentration of

12.5 IU/ml. Equal amount of formulation was aliquoted in indepen-

dent micro-centrifuge tubes and was placed at room temperature for

2, 4, 8, and 24 hrs. In-vitro asparaginase activity, as described above

was performed at each above mentioned time points to determine the

asparaginase activity of the formulations. The activity was also evalu-

ated at 0 time point. Three replicates of each formulation were used

to perform the assay.

2.6 | Impurity profiling by liquid chromatography–
tandem mass spectrometry (LC–MS/MS)

Generic 5 was analysed by LC–MS/MS using Qtrap machine. It was

the only generic available in the hospital pharmacy at the time of this

analysis. The sample was prepared using a method previously

described by Zenatti et al.8 Briefly, the sample was reconstituted in

normal saline from which 30 μg was aliquoted to which 10 μL urea

8 M and 0.4 μL 250mM Dithiothreitol (DTT) was added. For reduc-

tion, the sample was incubated at 56�C for 25 min, following which

0.57 μL 500mM iodoacetamide was added and the sample was

incubated for 30 min at room temperature in the dark for alkylation.

This was followed by the addition of 0.4 μL 250mM DTT and further

incubated for 15 min. The sample was digested by the addition of

53.3 μL 50mM ammonium bicarbonate, 0.74 μL 100mM CaCl2 and

1 μg of trypsin and incubated at 37�C for 13 hours. The reaction was

stopped by the addition of trifluoroacetic acid to a final concentration

of 1%.

Samples were then dried in a speed vacuum concentrator for

2 hours and then stored in a -20�C refrigerator pending analysis.

Reconstitution of the dried samples was done using 60 μL of 80% ace-

tonitrile (ACN) and de-salted using a Zip-Tip. The sample was again

dried in a speed vacuum concentrator for 30 minutes to remove the

ACN and reconstituted with 0.1% formic acid.

The sample was analysed on a Triple ToF 5600 plus (SCIEX)

connected to LC–MS/MS (Exigent). Through an autosampler, 6 μl

(2 μg) of protein sample was injected into a NANOLC trap column

(350 μm*0.5 mm; C18; particle size 3 μm, 120 Ao) to trap the protein

and a 45 minute wash (0.1% formic acid) at a flow rate of 2 μl/min

was given to remove the unwanted residues. The peptides were

separated by a 0–95% gradient of acetonitrile in 0.1% formic acid

using C18 NANOLC Column (75 μm*15 cm; 3C-18; particle size-

3 μm, 120 Ao) for 146 minutes at a flow rate of 250 nl/min. The
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nanoelectrospray voltage was set to 2.2 kV and the scan MS spectra

was set at a range of 350 to 1250 Daltons. The raw files were

processed using Peak View 1.2, and the MS/MS spectra were

searched using the Protein pilot software against the Uniprot

SwissProt E. coli database.

2.7 | Statistical analysis

Descriptive statistics were used to characterize the demographic fea-

tures. Frequency distributions were tabulated for categorical variables,

and means and standard deviations were calculated for continuous

variables.

3 | RESULTS

During the study period, 240 samples from 195 patients were ana-

lyzed. Selected demographic factors of the patient population in rela-

tion to each generic formulation are shown in Table 1. Overall, the

age, gender distribution, BSA, and L-asparaginase dose were grossly

similar between all 9 generics. The majority of the samples were B cell

ALL (n = 222 which were further stratified into standard (n = 67,

30.1%), intermediate (n = 87, 39.1%), and high (n = 68, 30.6%) risk

based on the ICICLE risk stratification at diagnosis. The number of

patients who had one, two, or three sequential samples were

161 (82.6%), 23 (11.8%), and 11 (5.6%) respectively.

3.1 | In-vitro asparaginase activity

In-vitro asparaginase activity in the innovator was 93.5 ± 4.4% of the

label claim (10,000 IU), whereas generics 1, 3, and 5 showed lower

asparaginase activity levels of 74.6 ± 9.1%, 71.4 ± 1.6%, and

74.0 ± 2.0% respectively when compared to the label claim

(Supplementary Figure S2).

3.2 | Plasma asparaginase activity

3.2.1 | Method validation parameters

The method had acceptable accuracy and precision in the calibration

range of range of 2–2000 IU/L. A representative calibration curve of

standard asparaginase activity versus absorbance is shown in supple-

mentary Figure S1. The median coefficient of determination (R2) of

three successive calibration runs was found to be 0.999

(0.998–0.999). The back calculated activity along with the accuracy

and precision for each standard in three successive runs is shown in

supplementary Table S1. The relative standard deviation (RSD) varied

from 4.29 to 14.4% whereas the accuracy ranged from 94.16% to

109.61%. Inter-day and intra-day accuracy and precision for LLOQ,

LQC, MQC and HQC samples is shown in Supplementary Table S2.

The RSD varied from 3.35–11.03% for inter-day and 2.19–10.33 for

intra-day runs. The accuracy was found in the range of 101.55 to

114.01% for inter-day and 98.91 to 114.93% for intra-day runs.

3.2.2 | Asparaginase activity in patient samples

The plasma asparaginase activity for each generic formulation is dis-

played in Figure 1. The proportion of patients not achieving threshold

values of 50 IU/L and 100 IU/L for each of the nine generic formula-

tions is shown in Table 2. A higher proportion of samples drawn after

administration of Indian generic formulations (Generics 1–8) were

unable to achieve a clinically defined activity level of 100 IU/L or

above (n = 171, 77.0%) when compared with Generic 9 (n = 3, 27.2%).

A lower clinical cut-off of 50 IU/L, required to achieve asparagine

depletion9, was taken which again demonstrated an inability of Indian

generic formulations to achieve adequate levels (n = 127, 57.2%)

when compared to Generic 9 (n = 2, 16.7%).

3.3 | Thermal stability

Generics 1, 5 and the innovator had comparable thermal stability at

room temperature and followed first order decline in asparaginase

activity at the rate of 18.5%, 5.0% and 14.3% per hour respectively.

3.4 | Impurity profiling by LC–MS/MS

Generic 5 was tested for host-contaminating proteins (HCP) using

LC–MS/MS and the results are displayed in Table 3. Twenty-five spu-

rious proteins were identified and the relative number of HCPs

totaled 27.1% of the total peptide count. HCPs were found in several

subcellular locations, of which 55% were periplasmic, 28.2% were

cytoplasmic, 10.7% were cytoplasmic extracellular, and 6.1% were

from the inner membrane.

4 | DISCUSSION

Our retrospective analysis found that of the 3 approved generic

formulations we tested in-vitro, none were within 90–110% of the

label claim whereas the innovator was. The in-vivo analysis also

demonstrated that none of the 8 Indian generic formulations tested

were able to consistently achieve a clinically defined threshold of

100 IU/L. Moreover, the generic formulation that achieved the

highest activity irrespective of order of administration was one of the

foreign generics, further highlighting the suboptimal quality in local L-

asparaginase formulations.

As lack of purification of L-asparaginase has been cited as a

reason for the inferior quality of generic formulations,10 we analysed

a generic formulation for impurities using LC–MS/MS. The results

clearly demonstrate a higher amount of host contaminating proteins
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(HCP) in the generic formulation when compared to published data of

the innovator.11 The presence of cytoplasmic and membrane bound

proteins possibly indicates a deficiency in the extraction process of

the crude periplasmic protein. Additionally the high amount of HCPs

could be due to insufficient purification of the final product.12 Though

not examined in our study, high levels of HCPs can lead to drug

antibody reactions and cause inactivation of L-asparaginase along

with a higher chance of hypersensitivity reactions.10 Our in-vivo and

LC–MS/MS findings similarly mirror published results from Brazil with

minor differences in HCPs (i.e. beta lactamase) demonstrating the

mounting concern worldwide regarding the efficacy of generic

formulations.8,13

Due to concerns raised over lack of cold chain between dispensa-

tions from the pharmacy to administration, we further investigated

the thermal stability of generic formulations at room temperature and

found the rate of decline in asparaginase activity was similar to the

innovator. This suggests that the suboptimal in-vitro and in-vivo

asparaginase activity is unlikely to be due to improper storage, as

medications are dispensed to patient families in ice boxes, and admin-

istration practices are uniform in our hospital.

The Central Drugs Standard Control Organization (CDSCO) in its

“Guidelines on Similar Biologic: Regulatory Requirements for Market-

ing Authorization in India, 2016” has listed criteria for which a waiver

of safety and efficacy can be applied with the promise of periodic

safety update reports (PSURs).3 In our study, we have demonstrated

in-vitro activity consistently below the label claim, which clearly

doesn't meet minimal regulatory guidelines, and in-vivo activity that is

markedly different from the innovator and well below defined clinical

thresholds in a majority of cases. This can happen as after approval,

generic formulations do not have to submit efficacy reports, and

PSURs must be submitted only up till 4 years after approval. Addition-

ally, there is no strict definition of comparability as there is for oral

formulations. It is left up to the SLA in many cases to determine theT
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F IGURE 1 Box and whisker plots showing trough asparaginase
activity in the clinical samples for each brand. The dotted line and
solid line correspond to an activity of 50 IU/L and 100 IU/L
respectively
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TABLE 2 Comparative in-vivo asparaginase activity between generics

Formulations Total number of samples

Number of samples

below 50 IU/L

Number of samples

below 100 IU/L Activity (IU/L) a

Innovator 7 0 (0.0%) 0 (0.0%) 704.9 ± 400.3

Generic 1 66 31 (46.97%) 44 (66.67%) 175.2 ± 317.7

Generic 2 41 27 (65.85%) 35 (85.37%) 77.3 ± 152.7

Generic 3 35 21 (60.00%) 29 (82.86%) 85.5 ± 181.5

Generic 4 12 6 (50.00%) 10 (83.33%) 78.9 ± 71.0

Generic 5 33 28 (84.85%) 32 (96.97%) 52.7 ± 117.0

Generic 6 18 5 (27.78%) 8 (44.44%) 120.4 ± 99.9

Generic 7 7 4 (57.00%) 6 (86.0%) 62.18 ± 61.0

Generic 8 10 5 (50.00%) 7 (70.00%) 138.1 ± 202.6

Generic 9b 11 2 (16.67%) 3 (27.27%) 538.8 ± 404.3

TOTAL of generics 233 129 (55.13%) 174 (74.36%) 147.7 ± 151.8

aMean ± SD.
bGeneric 9 is a foreign based generic.

TABLE 3 LC–MS/MS of generic formulation 5

N % Cov Accession # Name Location Peptides(95%)

1 99.7 P00805 L-asparaginase 2 Periplasmic 352

2 43.1 P23843 Periplasmic oligopeptide-binding protein Periplasmic 21

3 67 P61889 Malate dehydrogenase Cytoplasmic

Extracellular

14

4 53.2 P0A867 Transaldolase A Cytoplasmic 15

5 36.3 P45523 FKBP-type peptidyl-prolyl cis-trans isomerase FkpA Periplasmic 8

6 28.6 P33363 Periplasmic beta-glucosidase Periplasmic 11

7 17 P33790 ProteinTraG Inner membrane 7

8 43.8 P0AFH8 Osmotically-inducible protein Y Periplasmic 7

9 32.9 P0A9B2 Glyceraldehyde-3-phosphate dehydrogenase A Cytoplasmic 5

10 17.2 P23847 Periplasmic dipeptide transport protein Periplasmic 6

11 44.5 P0AF93 2-iminobutanoate/2-iminopropanoate deaminase Cytoplasmic 5

12 22.9 P0AEG6 Thiol:Disulfide interchange protein DsbC Periplasmic 4

13 36.2 P68066 Autonomous glycyl radical cofactor Cytoplasmic 3

14 25.9 P23827 Ecotin Periplasmic 2

15 11.2 P69441 Adenylate kinase Cytoplasmic 2

16 14.5 P0ACI6 Regulatory protein AsnC Cytoplasmic 2

17 16.5 P00448 Superoxide dismutase [Mn] Cytoplasmic 2

18 13.9 P0AEM9 L-cystine-binding protein FliY Periplasmic 2

19 18.3 P0A955 KHG/KDPG aldolase Cytoplasmic 2

20 6.5 P05458 Protease 3 Periplasmic 2

21 17.5 P0ABZ6 Chaperone SurA Periplasmic 3

22 27.9 P0AE22 Class B acid phosphatase Periplasmic 4

23 5.1 P40120 Glucans biosynthesis protein D Periplasmic 1

24 0.6 P46889 DNA translocase FtsK Inner membrane 1

25 5.5 P0AFM2 Glycine betaine/proline betaine-binding periplasmic protein Periplasmic 1

26 6.5 P67662 HTH-type transcriptional activator AaeR Cytoplasmic 1
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quality control measures necessary to approve a drug in their state

which has led to heterogeneous practices throughout India and possi-

bly a lax regulatory environment.14

Asparaginase activity in local generic versus foreign generic

formulations has been raised as another area of concern in the quality

of drugs. Out of the 9 generic formulations of L-asparaginase tested,

we were able to verify import licenses for the companies that

distributed 3 of the formulations (generic 1, generic 4 and generic 9)

and were able to demonstrate a difference between these 3 generics as

well, with generic 9 performing better overall.15 As it is often the

responsibility of SLAs to monitor and enforce regulatory guidelines

(e.g. blacklisting companies), robust information networks besides online

notices should be developed to disseminate critical information.16

Recent efforts by the CDSCO and independent SLAs such as

independent state run drug testing facilities and more strict regulatory

guidelines is a step in the right direction though it will likely take time to

enforce these policies. Until that time, it may be of benefit to

individually test batches of L-asparaginase for activity before adminis-

tering the drug to patients, since if in-vitro levels are below 90% of the

label claim, the in-vivo activity will be less. Alternatively, individualized

L-asparaginase dose adjustment strategies to achieve asparaginase

levels of 100–140 IU/L have demonstrated improved outcomes in

pediatric ALL.17 The transition of most developed countries to pegylated

L-asparaginase is also a putative strategy that has been proven to be

cost-effective when compared to native L-asparaginase.18,19

The findings of this study also have global implications, as we

were able to verify that 4 companies that produced Indian generic

formulations 1,3,4,6 exported their product to 9 countries during

2016.20 Recent legislation has now made it easier to obtain no objec-

tion certificates from SLAs in an effort to increase exports of Indian

generic formulations and help support local manufacturers. There is

no question that the cost of innovator drugs are prohibitive to many

developing countries and the need for biosimilars is paramount, but

regulatory waivers need to be balanced by pharmacovigilance. This

study had several limitations due to its retrospective design including

the inability to uniformly evaluate all generic formulations, to test all

generic formulations available in the market at that time, and to asso-

ciate sub-therapeutic levels with clinical outcomes. However, a large

sample size and minimal variability in asparaginase activity amongst

generic formulations along with consistency with in-vitro and in-vivo

data add validity to our findings. Though we did not collect clinical

outcomes in these patients, previous data has suggested that inability

to achieve a clinical threshold of 100 IU/L can be linked to inferior

outcomes.21 As B cell ALL patients made a large subset of our study

group, we looked into the activity of L-asparaginase based on

different risk types due to concerns of asparaginase resistance

(Supplementary Figure S3).22 Contrary to a recently published finding

from Krishnan et al,23 we did not find a major difference in the

asparaginase activity levels between different risk subtypes though

these findings must be considered in the background of suboptimal

activity of generics. To conclude, our findings of lower activity in all

Indian generic formulations clearly demonstrates a serious clinical con-

cern in the treatment of pediatric leukemia. Regulatory enforcement

and periodic monitoring of generic formulations are necessary to

ensure quality care of all patients and alternative strategies may need

to be considered to ensure optimal dosing. Prospective studies aimed

at determining acceptable in-vitro levels and the effect of these

generic formulations on clinical outcomes needs to be conducted.
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