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across the world, Moe et al. argue that many prom-
ising drugs that are ready for late-stage develop-
ment have not been taken off manufacturers’ 
shelves because of insufficient financial incen-
tives. If true, this is an alarming indictment of the 
industry. Pharmaceutical development is largely 
driven by companies that derive their revenues 
from patent-protected market exclusivity. In ad-
dition to inadequately addressing “unprofitable” 
diseases, this incentive structure has been ex-
ploited by manufacturers to garner undeserved 
revenue at the expense of patients and payers.3 

It is not a stretch to predict similar behavior 
after the adoption of a priority-review voucher 
program. The first voucher is likely to be re-
ceived by Novartis for the antimalarial treatment 
artemether–lumefantrine (Coartem), a product 
that has long been available outside the United 
States.4 Yet there is no guarantee that Novartis’s 
windfall of $100 million (or more) in this case 
will be invested in delivery of the drug to needy 
patients or in further research.5 The optimal way 

to address neglected diseases is not to create ever 
more convoluted incentives that are easily prone 
to misuse, but instead to enhance public invest-
ment in research while ensuring that the results 
are made available in such a way as to achieve the 
greatest benefit for the public health.
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Bezafibrate for an Inborn Mitochondrial Beta-Oxidation Defect
To the Editor: Carnitine palmitoyltransferase II 
(CPT2) deficiency is a rare autosomal recessive 
disorder of mitochondrial fatty acid oxidation. 
The most common form of this disorder is char-
acterized by muscle stiffness, myalgia, and exer-
cise intolerance,1,2 and current dietary approach-
es often do not prevent attacks of rhabdomyolysis. 
We found that bezafibrate, a commonly used hy-
polipidemic drug,3 restored the capacity for nor-
mal fatty acid oxidation in muscle cells from pa-
tients with a mild form of CPT2 deficiency by 
stimulating the expression of the mutated gene.4

We evaluated the efficacy of bezafibrate as a 
treatment for the mild form of CPT2 deficiency 
in six adults; bezafibrate was administered for 
6 months (at a dose of three 200-mg tablets per 
day). The primary end point was the level of 
fatty acid oxidation in skeletal muscle. Muscle-
biopsy specimens were obtained before and after 
treatment, mitochondria were isolated, and mito-
chondrial respiration rates were measured in the 
presence of palmitoyl L-carnitine, the specific sub-
strate of CPT2. Before treatment, the palmitoyl 
L-carnitine oxidation levels were markedly re-

duced (by 21 to 54% of the normal value), reduc-
tions that were consistent with CPT2 deficiency. 
After bezafibrate treatment, the values increased 
significantly in the six patients (by 60 to 284%, 
P = 0.03) (Fig. 1A). In addition, CPT2 messenger 
RNA in skeletal muscle increased in all the pa-
tients (by 20 to 93%, P = 0.002) (Fig. 1B), as did 
the CPT2 protein level (data not shown), findings 
that were consistent with the increased oxidation 
levels. In vitro analysis of myoblasts from the pa-
tients (Fig. 1C) showed that the initial defect in 
fatty acid oxidation (49 to 75% of control values) 
was fully corrected after the cells had been ex-
posed to bezafibrate (P = 0.002). There were 3 to 
24 episodes of rhabdomyolysis per patient over a 
6-month period before treatment (mean [±SD] 
creatine kinase level, 10,900±3900 IU per liter) and 
0 to 6 episodes per patient during treatment (mean 
creatine kinase level, 4700±1900 IU per liter).

The effects of bezafibrate on health, physical 
functioning, and quality of life were evaluated 
with the use of the 36-Item Short-Form General 
Health Survey, which was completed by each pa-
tient before and after treatment. The scores for 
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each domain were calculated for each patient and 
then averaged (Fig. 1D). Before treatment, scores 
in five of eight domains were below the popula-
tion norms,5 most notably, the scores for “role-
physical” and bodily pain — findings that were 
consistent with symptoms of CPT2 deficiency. Af-
ter treatment, the scores for all domains reached 
the control ranges. The largest improvements were 
seen in the scores for “role-physical” (an increase 

by a factor of 2.5) and bodily pain (an increase by 
a factor of 2.0), indicating less limitation in physi-
cal activity and a clear decrease in muscular pain. 
No adverse effects were reported.

The results of this pilot trial show a therapeu-
tic effect of bezafibrate, suggesting that further 
study of this agent for pharmacologic treatment 
of the mild form of CPT2 deficiency may be of 
interest.
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Figure 1. Bezafibrate Treatment in Six Patients with CPT2 Deficiency.

Panel A shows the level of oxidation of palmitoyl L-carnitine in isolated muscle mitochondria before and after treatment with bezafi-
brate. Palmitoyl L-carnitine is a specific substrate of carnitine palmitoyltransferase II (CPT2), which is located in the inner mitochondrial 
membrane. The mitochondrial respiratory levels, measured by means of polarography, are shown as the average of duplicate measure-
ments. The mean control value of palmitoyl L-carnitine oxidation in 16 measurements was 25.6±5.9 nmol of oxygen per minute per mil-
ligram of protein. The dashed horizontal line indicates the lower limit of the range of control values in our study (the mean value minus 
1 SD). CPT1 denotes carnitine palmitoyltransferase I, and CoA coenzyme A. Panel B shows changes in CPT2 messenger RNA (mRNA) 
in muscle before and after treatment with bezafibrate. The results of a real-time quantitative polymerase-chain-reaction assay are shown 
as the mean values for triplicate measurements (+SD) in two different experiments. Panel C shows mean levels of palmitate oxidation 
in myoblasts (+SD) from four controls and in CPT2-deficient myoblasts from the six patients; the myoblasts were treated for 48 hours 
with vehicle or 200 μM bezafibrate. Panel D shows the mean scores on the 36-Item Short-Form General Health Survey for the CPT2- 
deficient patients before and after treatment with bezafibrate, as compared with the scores for population norms. Asterisks denote 
P = 0.02 for the comparison of the baseline scores with the scores after treatment with bezafibrate. The ⊥ bars denote standard devia-
tions. The two-sided Wilcoxon signed-rank test was used for paired comparisons.
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