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ABSTRAET

Tuberculosis

Kenji HayAsHmara ™. Takefumi Sarro*

The incidence rate of tuberculosis in Japan was
16.7 per 1,000.000 per vear{asof 2012}, and 625% of
these were elderly people aged 65 years or older.
Because cell-mediated immunity in the elderly is
weakened, tuberculosis develops relatively easily. The
onset of tuberculosis in elderly patients is associated
with respiratory symptoms different from those
observed in young patients. Therefore, a diagnosis of
tuberculosis tends to be late in elderly patients. It is
important that we diagnose tuberculosis early and
start treatment in elderly tuberculosis patients. We
carefully evaluated the risk of tuberculosis onset and
treatment of possible latent tuberculosis infection
(LTBI) in the elderly to prevent the onset of the
disease.

(Authors)

* Department of Respiratory Medicine, National Hospi-
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Future of pharmacogenetics-based therapy for

Personalized medicine uses technology to enable a level of personalization not previously practical.
Currently, tuberculosis (TB) therapy is not personalized. Previous reports have shown that a genetic
polymorphism of NAT2 is associated with large interindividual and inter-racial differences in the toxicity
and efficacy of isoniazid. Herein, we show the safety and efficacy of a pharmacogenetics-based standard
TB therapy and also provide a schematic presentation that proposed therapeutic approaches for latent
TB infection (LTBI) using NAT2 genotyping. Our data show that the pharmacogenetics-based TB therapy
is safer and more efficacious than the standard therapy. Therefore, the therapy using NAT2 genotyping
proposed for LTBI herein will be safer and more efficacious than the standard LTBI therapy. Introduction
of this therapy with NAT2 genotyping will be one of the cornerstones of personalized medicine.

KEYWORDS: drug-induced liver injury

isoniazid

latent tuberculosis infection

N-acetyltransferase 2 NAT2 personalized medicine pharmacogenetics

pulmonary tuberculosis

In 2011, an estimated 8.7 million cases of
tuberculosis (TB; range: 8.3--9.0 million) were
reported globally, with 125 cases reported per
100,000 individuals, and approximately 1.4 mil-
lion people (range: 1.3—1.6 million) died of the
disease {1). In The Stop TB Strategy, the WHO
recommends a standard 6-month four-drug regi-
men as the first-line therapy [2-4). However, in
some cases, the specified number of doses cannot
be administered within the targeted time period
because of drug toxicity [2.5]. Furthermore, drug-
induced liver injury (DILI) can cause morbid-
ity and even mortality [6-8}. These adverse drug
events confer substantial additional costs such as
the costs associated with increased frequency of
outpatient visits, laboratory tests and hospitaliza-
tion in more serious cases. Second-line anti-TB
medications could cause greater toxicity-related
problems and are often less effective than firse-
line medications, and treatment could be pro-
longed in spite of attendant challenges to ensure
compliance. As a result, the risks of treatment
failure and relapse increase.

Pharmacogenetics (PGx)-based testing is
anticipated to be important across all medical
specialties, as a pillar of the personalized medi-
cine movement [9]. PGx-based testing involves
genetic testing to assess the risk of adverse
response development in a patient or likelihood
of patient response to a given drug, facilitating
drug selection and dosing 10]. PGx-based test-
ing is a relatively new field and we will discuss
the impact of PGx-based therapy for TB, and

10.2217/PGS.14.38 © 2014 Future Medicine Ltd

treatment of latent TB infection (LTBI) prior
to primary preventive care.

Liver injury & PGx in anti-TB drug
treatment

In most cases, anti-TB drug-induced liver injury
(ATLI) has been caused by isoniazid INH), a
key drug of standard therapy. Genetically poly-
morphic N-acetyltransferase 2 (NAT2) metabo-
lizes INH [11-13]. The INH elimination rate is
trimodally distributed in accordance with NAT?2
metabolic activity [1415]. The status of NAT2
activity is genetically controlled and depends
on the number of active alleles (NAT2%, *12
and *13). Variant alleles (NAT2*5, *6, *7, *14
and *19) produce impaired NAT?2 enzyme with
lower activity. INH is first metabolized into
acetyl-INH via NAT2 in the liver, followed by
hydrolysis to acetylhydrazine. Acetylhydrazine
is then oxidized into hepatotoxic intermediates
by CYP2E1 [16). Impairment of NAT?2 activity
and enzyme induction by rifampicin (RMP)
likely shift it from the major pathways to alter-
native pathways that form the toxic metabolite
hydrazine (Fioure 1) 17].

Previous reports have shown that a genetic
polymorphism of NATZ is associated with large
interindividual and inter-racial differences in the
toxicity and efficacy of INH [15,18-23). Patients
with slow acetylators (i.e., without any active
alleles) develop hepatotoxicity more often than
do the patients with rapid acetylators (i.e., two
active alleles) during treatment for TB with the
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Figure 1. Metabolic pathways of isoniazid and incriminated metabolites

that induce liver injury.

602

standard regimen [22,23]. It had been found that
slow acetylators were present in almost 50% of
Caucasians and only 10% of Asians. Meta-anal-
yses have shown a significant association between
NAT?2 slow acetylators and a high risk of ATLI
[24.25]. By contrast, rapid acetylators are shown to
be prone to treatment failure with the standard
regimen [15,18-20], probably owing to a low serum
concentration of INH. These observations show
that the current internationally recommended
dosage of INH is too high for slow acetylators
and insufficient for rapid acetylators. Thus, we
believe that a pharmacogenetically stratified treat-
ment would be useful to avoid INH-induced liver
injury while improving the cure rate.
Meanwhile, CYP2E1 has been.implicated
since Mitchell ez a/. proposed a hypothesis that
the enzyme generates radicals that attack hepa-
tocytes [16]. It has been reported that CYP2E!
¢l/cl homozygotes are prone to developing more
severe hepatotoxicity than those with other c//c2
and ¢2/c2 genotypes [26]. CYP2EI ¢2 is the allele
named CYP2EI*5 by the Human Cytochrome
P450 (CYP) Allele Nomenclature Commit-
tee [27]. A recent meta-analysis showed no sta-
tistically significant association between the
CYP2EI cl/cl genotype and ATLI (OR: 1.28;
95% CI: 0.97-1.69) [24]. Statistically significant
risks associated with the genotype were found
among Chinese populations, while no such sig-
nificant associations were found among Japanese,
Korean, Indian or Caucasian populations. Thus,
the association between CYP2EI gene variants
and ATLI is still controversial. Further PGx-based
approaches are needed to provide new insights.
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PGx-based standard TB therapy

A multicenter, parallel, prospective, random-
ized, open-label, blinded-end point (PROBE),
controlled pharmacogenetic clinical trial was
conducted in Japan to clarify whether NAT2
genotype-oriented dosing of INH improves the
efficacy and tolerability of the 6-month four-
drug standard regimen for newly diagnosed pul-
monary TB (NCT00298870) [25]. The eligible
population was identified from a series of patients
with newly diagnosed pulmonary TB who had
normal liver and kidney functions, according to
a blood biochemistry clinical examination. After
NATZ2 genotyping, the patients were assigned to
either conventional standard treatment (STD
treatment: approximately 5 mg/kg of INH for
all) or NAT2genotyped-guided treatment (PGx-
based treatment: approximately 7.5 mg/kg for
patients homozygous for NAT2*: rapid acety-
lators; 5 mg/kg for patients heterozygous for
NAT2*4: intermediate acetylators; 2.5 mg/kg
for patients without NAT2*: slow acetylators).
The primary end points included incidences of
INH-related DILI (INH-DILI) during the first
8 weeks of the therapy, and early treatment fail-
ure as indicated by a persistent positive sputum
culture or no significant improvement in chest
x-ray findings in the 8th week.

One hundred and seventy-two Japanese
patients (slow acetylators: 9.3%, intermediate
acetylators: 37.2% and rapid acetylators: 53.5%)
were enrolled in the trial. After the allocation of
the patients, Mycobacterium avium complex infec-
tions and resistance to INH were examined and
used as additional exclusion criteria to ensure the
efficacy of INH. Patients with complex infections
or INH resistance were excluded from the final
analysis. In this trial, all patients were treated as
follows according to the Japan Anti-Tuberculosis
Association (JATA) guidelines, with the excep-
tion of INH dosage, which was a 6-month regi-
men comprising INH, RMP, pyrazinamide and
ethambutol/streptomycin for the first 2 months
followed by RMP and INH for the remaining
4 months. This treatment schedule is in line with
the current standard treatment recommended
internationally for adult pulmonary TB [2).

Sample size to achieve a power of 0.8 with
an o of 0.05 was calculated in the case of 22
slow acetylators and 156 rapid acetylators. A
group sequential analysis showed that p-values
regarding INH-DILI in slow acetylators were
lower than the O’Brien—Fleming type stopping
boundary determined using the Lan—DeMets
approach. The trial was finalized eatly because
of ethical considerations.
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In the intention-to-treat analysis, INH-DILI
developed in 78% of the slow acetylators in the
STD treatment group, while none of the slow
acetylators in the PGx-based treatment group
developed INH-DILI or showed early treatment
failure. Among the rapid acetylators, early treat-
ment failure was observed with a significantly
lower incidence rate in the PGx-based treatment
group than in the STD treatment group (15 vs
389%). Thus, the NAT2 genotype-guided regimen
resulted in much lower incidences of unfavorable
events (INH-DILI or early treatment failure)
than did the conventional standard regimen.
Further exploratory analyses were performed for
118 patients for whom positive sputum cultures
were obtained at screening, who were infected
with M. tuberculosis susceptible to all the first-
line anti-T'B drugs. In terms of primary outcomes,
PGx-based treatment reduced INH-DILI while
maintaining therapeutic efficacy in slow acetyl-
ators, and also reduced the incidence of persistent
positive culture without increasing INH-DILI
frequency in rapid acetylators (Fiure 2). The
incidence of unfavorable events in the combined
population of rapid and slow acetylators was obvi-
ously higher in the STD treatment group than
in the PGx-based treatment group. By contrast,
PGx-guided dose stratification reduced unfavor-
able events to the degree observed in intermediace
acetylators (Ficurz 3). With regard to other adverse
events, there was no statistically significant dif-
ference in the incidence of these adverse events
between the PGx-based treatment group and the
STD treatment group. .

In the randomized trial, NAT2 genotype-
guided dosing stratification of INH could
improve treatment outcomes in patients with
drug-susceptible TB. In slow acetylators, admin-
istration of half the conventional standard dose
reduced the frequency of INH-DILI, but did not
reduce therapeutic efficacy. In the case of rapid
acetylators, administration of a dose 1.5-times
the conventional standard dose of INH reduced
the incidence of early treatment failure without
- increasing the incidence of INH-DILI. Thus,
the results clearly demonstrate the potential of
a NAT2 genotype-guided dosing stratification of
INH in chemotherapy for TB. Here, we propose
that pharmacotherapy with INH against TB
should be individualized by stratification based
on NAT2 genetic information in order to achieve
the best outcome for each patient.

NAT2 genotyping

The frequency of the NAT2 genotype differs
across the world (Tasie 1); slow acetylator status
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occurs in more than 50% of Caucasians and in
only 10% of Japanese. The effect of the NAT2
genotype on the outcome of INH treatment
cannot be ignored. As shown in previous stud-
ies, homozygous rapid acetylators show insuf-
ficient responses to the standard daily dose of
INH (5 mg/kg, not more than 300 mg) [15,9]
and slow acetylators are at risk for developing
anti-I'B DILI [22-25). Based on pharmacoge-
netic dose-finding trials [2030], the appropriate
daily doses of INH estimated for slow acetyl-
ators, rapid acetylators and intermediate acety-
lators were 2.5 mg/kg, 7.5 mg/kg and 5 mg/kg,
respectively. The validity of the estimated doses
was verified in the randomized trial [28). The
next step is to begin applying NAT2 genotype-
guided dose stratification of INH in clinical
settings. This new strategy against TB (Ficuns 4)
will result in improved outcomes regardless of
patient ethnicity.

PGx-based treatment requires genotyping in
advance. Therefore, an inevitable issue is the
risk associated with delay in treatment while
waiting for genotyping. With regard to per-
sonalized medicine, the technology of genetic
testing has improved considerably, especially

when compared with traditional PCR-RFLP
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Figure 2. Incidence of isoniazid-induced liver injury and persistent positive
culture among patients with drug-sensitive tuberculosis on sputum culture

at screening. Purple columns: isoniazid-induced liver injury; blue columns:

persistent positive culture.

IA: intermediate acetylator; PGx: Pharmacogenetics-based treatment; RA: Rapid

acetylator; SA: Slow acetylator; STD: Conventional standard treatment.

Data taken from [28].
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Figure 3. Incidence of combined unfavorable events among patients with
drug-sensitive tuberculosis on sputum culture at screening.

IA: Intermediate acetylator; PGx: Pharmacogenetics-based treatment; RA: Rapid
acetylator; SA: Slow acetylator; STD: Conventional standard treatment.

Data taken from [28].

methods. Commercially available methods are
yet to be adopted in clinical practice. One of
the rate-determining factors for the spread of
PGx-based treatment in clinics is the develop-
ment of handy, accurate and affordable genotyp-
ing equipment, such as equipment for multiplex
SNP typing methods. Additionally, other factors
such as cost of testing and insurance coverage are
complicating issues.

The cost of NAT2 genotyping for PGx-based
treatment is difficult to estimate, because geno-
typing costs vary greatly depending on the num-
ber of samples, the testing method and facilities.
Here is an example that might be a standard
for genotyping-related pricing. The Ministry
of Health, Labour and Welfare determined the

testing cost of UGT1A1*28 and *6 for irinote-
can as 20,000 yen as a part of health insurance
in Japan. In this case of NAT2 genotyping for
several SNPs, the fee for each patient was 5000
yen, but the price could be reduced to less than
half after the customization of analysis proce-
dure. On the other hand, treatment failures
and adverse events during anti-T'B treatment
can lead to more clinical laboratory tests, more
hospital stays and recovery delays; resulting in
increasing costs.

LTBI
Immune-based tests, such as the tuberculin skin
test or IFN-v release assays (IGRA), have been
used to diagnose LTBI. The risk of reactivation
and development of active TB'can be reduced
by using therapy for patients with positive tests.
The current standard LTBI therapy consists of
INH, which can reduce the risk of active TB
development by as much as 90% if taken daily
for 9 months (321. However, this long duration
of therapy discourages patients, and the risk of
serious adverse events (such as hepatotoxicity)
discourages both providers and patients. As a
result, the completion rate of INH therapy is
less than 50% in many programs. Therefore,
personalized, PGx-based therapy is needed to
lower the incidence of adverse drug reactions.
Thus far, a series of pharmacogenetic obser-
vational studies have evaluated the potential
association between NAT2 gene polymorphisms
and the risk of ATLI. It has been inferred that
a NAT2 genotype-based approach against both
active and latent TB will be useful to improve
the quality of anti-T'B therapy. What is needed
next is a study regarding NAT2 genotype-based
dose stratification of INH for LTBI therapy.

PGx-based LTBI therépy |
Treatment of LTBI is important for controlling
and eliminating TB [32], because it reduces the

egion

Europe (Caucasian)
Africa
‘ Asia

Middle and South America

East Asia (Chinese, Korean and Japanese) 2062

Subjects (n)
SA
5382 0.58 (0.09)
1034 0.46 (0.19)
1790 0.45 (0.20)
824 0.27 (0.18)
0.14 (0.05)

NAT2 acetylator status based on genotyping

IA RA
0.34 (0.06) 0.08 (0.09)
0.40 (0.14) 0.14(0.14)
0.37(0.13) 0.18 (0.19)
0.52 (0.15) 0.21(0.16)
0.46 (0.07) 0.40 (0.08)

SA = 5/S, IA = RIS, RA = R/R. Slow alleles (S) = NAT2*5, *6, *7 and *14, Rapid alleles (R) = NAT2*4, *12 and *13.
| Data are expressed as mean (standard deviation).
| IA: Intermediate acetylator; RA: Rapid acetylator; SA: Slow acetylator.

: Data taken from [31].
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A Patients diagnosed as
pulmonary tuberculosis

B Patients diagnosed as =~
. latent tuberculosis infection _

'

!

NAT2 genotype status SA
Daily dose of isoniazid | 2.5 mg/kg

1A RA
7.5 mglkg

Practicallyt 1 |
Bodyweight >40 kg | 150 mg

Bodyweight <40 kg 1 100 mg :
L e - —

[

450 mg

A Start the 6-month four-drug standard
regimen for newly diagnosed pulmonary
tuberculosis, in which daily dose of ;
rifampicin, pyrazinamide and ethanbutol
are the same as the current guidelines

Start the 6- or 9-month isoniazid
regimen for newly diagnosed latent
tuberculosis infection

Figure 4. Proposal of pharmacogenetic antituberculosis therapy and pharmacogenetic
latent tuberculosis infection therapy, where daily dose of isoniazid is optimized according
to the individual’s NAT2 genotype status. (A) Pharmacogenetic antituberculosis therapy and
(B) pharmacogenetic latent tuberculosis infection therapy, where daily dose of isoniazid is optimized

according to the individual’'s NAT2 genotype status.

SA has two slow alleles (two from a combination of NAT2*5, *6, *7 *14 and *19), IA has one slow

allele and RA has no slow alleles.

"These doses are practical for using tablets of isoniazid.
IA: Intermediate acetylator; RA: Rapid acetylator; SA: Slow acetylator.

risk of TB in persons infected with M. tuberculo-
sis. Some groups are at a high risk of developing
TB once infected. Targeted testing programs
have been designed to identify persons who are
at a high risk for TB and who would benefit
from treatment of LTBI. Targeted testing should
be undertaken only if resources are identified
and available to ensure full evaluation and
treatment. There are two methods to detect M.
tuberculosis infection in Japan and other indus-
trialized countries, the Mantoux tuberculin
skin test and IGRAs. In particular, the advent
of IGRA caused an increase in the number of
LTBI reported in Japan. Therefore, therapy for
LTBI becomes increasingly important. LTBI
treatment regimens are as follows: INH regi-
men, 12-dose (INH and rifapentine) regimen
and RMP regimen.

There are two methods for treatment with
INH: a 9-month regimen and a 6-month regi-
men. The 9-month regimen is used preferably
because it is more efficacious than the 6-month
regimen. On the other hand, treatment for LTBI
for 6 months rather than 9 months is more cost
effective and results in greater treatment adher-
ence by patients; therefore, healthcare providers
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often use the 6-month regimen rather than the
9-month regimen. Every effort should and will
be made to ensure that patients adhere to the
LTBI treatment for at least 6 months. There-
fore, it is important to ensure that LTBI treat-
ment finishes with as few drug-induced adverse
events as possible. PGx-based LTBI therapy will
be increasingly important in this area.

Future perspective
Personalized medicine usually involves the use
of technology to enable a level of personalization
that was not previously practical. Personalized
medicine involves the customization of health-
care, with medical decisions, practices and/or
products being tailored for each patient. The use
of genetic information has played a major role in
some aspects of personalized medicine, and even
the term itself was first coined in the context
of genetics (although it has since broadened to
encompass all sorts of personalization methods).
Personalized medicine has been applied in
some fields (e.g., oncology) long before the term
was coined. This is because oncology has a long
history of classifying tumor stages and sub-
types on the basis of anatomic and pathologic
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findings, and this approach includes examination
of genomic mutations in tumor specimens from
individual patients (such as epidermal growth
factor receptor mutations in lung cancer patients)
to identify markers associated with prognosis and
likely treatment responses. However, the prin-
ciples underlying personalized medicine have still
not been employed in TB therapy. Introducing
therapy based on NAT2 genotyping will be one
of the cornerstones of personalized medicine [25].

Ficure 4 shows our proposed schematic proto-
col of the NAT2 genotyping-based therapeutic
approach for TB and LTBI. Patients with LTBI
were allocated into three categories (slow acety-
lator, intermediate acetylator and rapid acetyl-
ator) based on NAT2 genotyping. INH was also
adjusted by bodyweight, into high or low dose,
in each genotype by group [28]. The duration of
the therapy will be confirmed on the basis of the

R L A

results of future clinical trials. On the basis of

the findings of a research group on PGx-based

Currently, personalized tuberculosis therapy is still not available.

therapy for TB [28], we believe that a similar
therapy for LTBI will be safer and more effica-
cious than the standard therapy. Furthermore,
to avoid side effects, patients who do not carry
NAT2*4, slow acetylators, should be prescribed
a lower dose of INH, and patients who carry
only NAT2*4, rapid acetylators, should be given
a higher dose to achieve the expected response.
We expect PGx-based treatment for TB and
LTBI to become the standard of care.
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"= Previous reports have shown that a genetic polymorphism of NAT2 is associated with large interindividual and inter-racial differences in

the toxicity and efficacy of isoniazid.

L NAT2 genotype-based tuberculosis therapy is obviously safer and more efficacious than the conventional standard therapy.

i+ Thus, the NAT2 genotyping-based latent tuberculosis infection treatment proposed in this article will be safer and more efficacious
. than the standard latent tuberculosis infection therapy.

+ Introduction of this therapy involving NAT2 genotyping will be one of the cornerstones of personalized medicine.
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Incidence and Number of Reported Deaths due to Tuberculosis
during Treatment with Biologic Agents in Japan

Tomoshige Matsumoto’

Department of Clinical Laboratory Medicine, Osaka Anti-Tuberculosis Association Osaka Hospital, 2276-1,

Neyagawa-Park, Neyagawa-city, Osaka, 572-0854, Japan

Biologic agents have revolutionized the treatment of
rheumatoid arthritis and other rheumatic diseases. The
anti-tumor necrosis factor (TNF) inhibitors adalimumab,
infliximab, and etanercept were listed in the ten top
best-selling medications in 2012 [1]. Biologic agents
other than anti-TNF inhibitors, such as actemra and
abatacept, are also available in Japan. More types of
biologics are expected to be used in the future because
of the efficacies of anti-TNF inhibitors. Unfortunately,
use of anti-TNF inhibitors has been reported to be
associated with the development of tuberculosis (TB)
[2, 3]. However, treatment of latent TB infection using
isoniazid has been reported to reduce the incidence of
TB in Japan [4]. We evaluated the morbidity and
mortality of TB patients treated with biologics in Japan
using the Japanese Drug Event Report Database
(JADER). According to the JADER, from 2004 to 2012,
TB developed in 408 patients (including redundant
data) and 13 patients died. These data suggest that
considerable attention should be paid to preventing TB
in patients treated with biologics (Table 1).
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Table 1: Incidence and Number of Deaths of Patients
with Tuberculosis Treated with Biologics in
Japan
Rocal | x| ETN | ADA | Tcz | GLM | ABT | czp
2004 23
2005 29 9 1
2006 16(1) 11
2007 31 8
2008 24 11(2) 5 3
2009 29 12(1) | 9(1) 5
2010 27 13 16(1) 2
2011 | 36(1) | 9(2) 14 5 1 2(1)
2012 23 15(1) | 14(1) 1 3(1) 1
Total | 238(2) | 88(6) | 58(3) | 17(0) | 4(1) | 3(1) | 0(0)

The number of tuberculosis incidence in each fiscal year. ( ); death toll

IFN, infliximab; ETN, etanercept; ADA, adalimumab; TCZ, tocilizurﬁab; GLM,
golimumab; ABT, abatacept; CZP, certolizumab.
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