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and meta-analysis

Shao-Yu Tseng, Yi-Shin Huang*, Tien-En Chang, Chin-Lin Perng, Yi-Hsiang Huang

Division of Gastroenterology and Hepatology, Department of Medicine, Taipei Veterans General Hospital, and National Yang Ming
Chiao Tung University School of Medicine, Taipei, Taivan, ROC
Abstract \

Background: The mainstay therapy for latent tuberculosis infection is a 9-month regimen of daily isoniazid (9H) and a 3-month
regimen of 12 once-weekly doses of isoniazid and rifapentine (3HP). We performed this updated meta-analysis to compare hepa-
totoxicity, efficacy and completion rate between these two regimens.

Methods: We searched all literature in the major medical databases using the subject search terms “isoniazid” and “rifapentine”,
and performed a systemic review and meta-analysis.

Results: A total of 14 studies were eligible for the meta-analysis, which included 5600 (49%) patients who received the 3HP regimen
and 5919 (51%) patients who received the 9H regimen. A total of 202 (2%) patients had a drug-induced liver injury (DILI) and 11317
(98%) did not. The pooled odds ratio (OR) of DILI in the 3HP regimen was 0.18 (95% confidence interval [Cl], 0.12-0.26; p < 0.0001),
compared with the 9H regimen. This result remained consistent in subgroup analyses of ethnicity and study design. The SHP regi-
men was superior to the 9H regimen in the prevention of active tuberculosis (OR, 0.38, 95% Cl, 0.18-0.80, p = 0.01). Furthermore,
the 3HP regimen was associated with a better completion rate than the 9H regimen (OR: 2.30, 95% ClI, 2.10-2.53, p < 0.0001).
Conclusion: The 3HP regimen is superior to the 9H regimen, with less hepatotoxicity, and better efficacy and completion rate in

treating latent tuberculosis infection.
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1. INTRODUCTION

Tuberculosis (TB) is a major health issue worldwide, and an esti-
mated 1.4 million people died from TB in 2019.! Latent tuber-
culosis infection (LTBI) is a condition of immune response to
stimulation by mycobacterium tuberculosis bacilli with no evi-
dence of active TB disease.? TB has been reported to reactivate
in about 5% to 10% of patients with LTBIL.> Managing LTBI to
prevent active disease is important to control and eliminate TB.*
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Various treatment strategies have been proposed to prevent
active TB in patients with LTBIL. Among them, a 9-month regi-
men of daily isoniazid (9H) is the most commonly used regi-
men. However, a 3-month regimen of 12 once-weekly doses of
isoniazid and rifapentine (3HP) has recently been demonstrated
to decrease anti-TB drug-induced liver injury (DILI) and shorten
the treatment course.”® A few studies have suggested that the
3HP regimen is comparable to the 9H regimen in terms of
safety, efficacy, and completeness of treatment. However, most
previous studies have been conducted in the US and enrolled
Caucasian patients.” DILI is a potential adverse drug reaction
associated with all anti-TB drugs. Several new studies have been
published since the last meta-analysis in this field. Consequently,
the safety and efficacy between these two regimens need to be
re-evaluated, especially in populations other than Caucasians.
Therefore, we performed this updated meta-analysis to compare
the occurrence of DILI, the effectiveness of preventing TB reacti-
vation, and treatment completion rate between the 3HP and 9H
regimens, with a particular focus on ethnic differences.

2. METHODS

2.1. Identification and retrieval of studies

We conducted a literature search for articles on the 3HP
and 9H regimens published up to January 2021 in PubMed,
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Medline, Embase, and the Cochrane Database of Systemic
Reviews using the medical subject heading search terms
“isoniazid” and “rifapentine”. Articles were selected for full-
text review based on the title and abstract. In addition, we
manually searched the reference lists of the retrieved articles
to increase the number of potentially relevant articles. Only
articles relevant to the 3HP and 9H regimens were selected
for this systematic review and meta-analysis. Two researchers
independently examined all articles and assessed their eligibil-
ity for this study. Discordant opinions were resolved by con-
sensus with the other co-authors.

2.2. Inclusion and exclusion criteria

We included both prospective studies and retrospective case-
control studies in the meta-analysis. The inclusion criteria were:
(1) patients receiving standard latent TB treatment including
the 3HP or 9H regimen; (2) having data on patients with or
without DILI; and (3) studies with a clear definition of DILI,
including the upper normal limit of serum alanine aminotrans-
ferase (ALT) or aspartate aminotransferase (AST), used to
define DILI. The exclusion criteria were: (1) incomplete data
on the number of cases and controls with or without DILI; (2)
use of the same patient/control group in a second article; and
(3) animal studies. The studies included in the analysis were
reviewed for the following characteristics: authors and year
of publication; ethnicity of the enrolled patients; prospective
or retrospective case-control study; administration mode; and
definition of DILI.

TB reactivation was defined as sputum culture-confirmed TB
or clinically diagnosed active TB from a chest X-ray. Treatment
completion was defined as a patient taking >80% of his/her total
doses.’ Due to the various follow-up periods in different stud-
ies, a minimal follow-up duration of 19 months was required in
this study.

The Newcastle-Ottawa quality assessment scale was used to
evaluate the quality of each included study as follows: high qual-
ity 7-9, medium quality 4-6, and low quality <4.°
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2.3. Statistical analysis

Odds ratios (ORs) and 95% confidence intervals (ClIs) for the
incidence of DILI and other parameters between the 3HP and 9H
regimens were calculated. Fixed model forest plot meta-analysis
for all eligible studies was performed first. Heterogeneity was
assessed using between-study variance using I? statistics with a
cutoff value of 50%, or the chi-square test for Cochran Q statis-
tics with p < 0.10. If significant heterogeneity was found, a ran-
dom-effects model was used to analyze the pooled data. Funnel
plots were used to assess publication bias. All statistical analyses
were performed using Review Manager Version 5.4 (RevMan
for Windows, 2020; The Cochrane Collaboration, Oxford, UK).

3. RESULTS

A total of 539 articles were retrieved from the initial search,
of which 14 were determined to be eligible for the meta-
analysis (Fig. 1). The baseline characteristics of the included
studies are listed in Table 1.1°2* Of the patients who under-
went treatment for LTBI, 5600 (49%) received the 3HP regi-
men and 5919 (51%) received the 9H regimen. A total of 202
(2%) patients had DILI and 11317 (98%) did not. Five studies
were based on Asian patients, one on Caucasian patients, and
one on African American patients, and the other seven studies
included patients of various ethnicities (Table 1). Eight stud-
ies were prospective randomized clinical trials, and six studies
were retrospective case-control studies. Only one study used a
strict definition of DILI as serum alanine ALT more than five
times the upper limit of normal value (ULN), while the other
studies used a loose definition of DILI (ALT or AST >2 or 3
ULN).

The pooled OR of all studies for the occurrence of DILI with
the 3HP regimen was 0.18 (95% CI, 0.12-0.26; p < 0.0001,
Fig. 2) compared with the 9H regimen. No heterogeneity was
noted among the studies (I> = 0%; p = 1.00). Further subgroup
analysis revealed that the patients who received the 3HP regimen

Records identified through database searching
up toJan. 2021 (n = 539)

Screening and Exclusion:

* Duplication (n=310)

* Non-English (n = 11)

¢ Non-human(n =22)

* No 3HP or 9H regimen (n = 118)
* No confirmed latentTB (n = 24)

Records screened (n = 54) |

Exclusion:

* Guidelines(n =3)

* Incomplete data of cases/controls (n = 14)

* No definition of drug-induced liver injury (n = 23)

Studies included in this meta-analysis (n = 14) |

Fig. 1 Flow chart of the selection of eligible studies.
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Follow-up

B
reactivation
rate, %

Treatment

Definition of completion rate,

Male, % DILI
(3HP/9H)

Age, mean
or median ®

Numbers

Admin-
istration
mode

Study

Enroliment
years

Table 1
Main characteristics of included studies in order of publication year
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Quality

duration
33 months
33 months
19 months
33 months
60 months
24 months

% (3HP/9H) (3HP/9H)

DILI
AST > 3x ULN
AST > 3x ULN
AST > 3x ULN
AST > 3x ULN
AST > 3x ULN
AST > 3x ULN
ALT > 5x ULN
AST > 2x ULN
AST > 3x ULN
ALT > 3x ULN
ALT > 3x ULN
AST > 3x ULN
ALT > 3x ULN

ALT > 3x ULN
self-administered therapy; TB = tuberculosis; ULN = upper limit of normal value.

(3HP/9H)

(3HP/9H)
36.04/35.0°

(3HP/9H)
3986/3745
471/434

design

Country Race

us.
us.

First author, year
Sterling, 20111°

9
8

0.2/0.4

82.1/69.0
88.1/80.9
77.8/52.1
88.8/63.7
97.0/87.3
79.2/65.2
87.3/57.9
93.0/47.3
89.4/77.9
No data
90.5/78.3
90.2/42.4
85.3/71.0
82.0/61.0

18/103

55.4/53.5
53.8/47.6
42.2/42.5
70.9/67.9
43.6/52.9
49.1/71.3
52.7/53.0
76.7/66.4
61.4/54.2

0/0°

DOT
DOT
DOT
DOT
DOT
DOT
SAT
SAT
DOT
DOT/SAT

RCT
RCT
case-control

2001-2008
2001-2010
2012-2013

Multiracial

0/0.7
No data
0.9/3.1

0/0
0/3
312

10.012.0°¢

Multiracial

Villarino, 2015
Lines, 2015

40.1/38.0
36.0%/36.0°

45/94
207/186
101/590

Caucasian

us.
us.

9

RCT
case-control
case-control

2001-2013

2014

Multiracial
Asian

Sterling, 2016™

0/0.3
No data
No data

0721

34.9/34.5
41.2/38.3
35.0/35.0
55.2/59.8
31.7/32.0
23.0%/25.0°

Taiwan
us.

Huang, 2016
Yamin, 2016

074

53/115

2012-2013
2005-2014

African American

Multiracial

6
6
8
8
5
7
7

No data
19 months
24 months
33 months
24 months
16 months
24 months
24 months

0r7
0/6

55/202
43/110
132/131

case-control
case-control

us.
us.

Arguello Perez, 20171
Simkins, 2017'7
Sun, 20188

0/0

2012-2014
2014-2016

Multiracial
Asian

0/0
No data

217
01

RCT
RCT
case-control
case-control
case-control
case-control

Taiwan
us.

31/56

2001-2008
2015-2017

Multiracial
Asian

Moro, 2018'¢
Chen, 2018%

0/0
No data
No data
No data

0/2
1/7
2/3
0/0

28.6/34.8
No data
No data

62.1/62.0
No data
No data

58.0/54.8

21/23
112/92
293/100

DOT
DOT
DOT/SAT
DOT/SAT

Taiwan
us.

2013-2014

Multiracial
Asian

Wheeler, 20197
Feng, 2020%
Lin, 20212

ALT

2017-2019

Taiwan
Taiwan

72.0/65.9

50/41

2014-2020

Asian

alanine aminotransferase; AST = aspartate aminotransferase; DILI = a drug-induced liver injury; DOT = directly observed therapy; RCT = randomized controlled trial; SAT =

“Median age.

PAll pregnant women.

high quality: 7-9; medium quality: 4-6; low quality: < 4.

“Newcastle- Ottawa quality assessment scale
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had a lower risk of DILI than those who received the 9HP regi-
men in both the Asian patient (OR = 0.21; 95% CI, 0.07-0.60;
p = 0.004) and other ethnicity (OR = 0.17; 95% CI,0.11-0.26; p
< 0.0001) subgroups, and the prospective (OR = 0.17; 95% CI,
0.11-0.27; p < 0.0001) and case-control (OR = 0.18; 95% CI,
0.06-0.57; p = 0.003) study subgroups.

Seven studies had available data on treatment efficacy, and
the analysis showed that the 3HP regimen was superior to the
9H regimen in the prevention of active TB (OR = 0.38; 95%
CI, 0.18-0.80; p = 0.01, Fig. 3). Subgroup analysis revealed that
this better TB prevention effect also existed in multiracial stud-
ies. However, only two cases had a reactivation of TB in three
Asian studies, and the number was too small to achieve statisti-
cal significance.

One study did not have data on treatment completion rate.
Therefore, the treatment completion rate was analyzed in the
other 13 studies, with an OR of 2.30 (95% CI, 2.10-2.53,;
p <0.0001, Fig. 4) for the 3HP regimen, suggesting that the com-
pletion rate was about 2 times higher with the 3HP regimen
than the 9H regimen. Subgroup analysis of the Asian and mul-
tiracial studies also showed a better complete rate with the 3HP
regimen than the 9H regimen.

Fig. § depicts the occurrence of flu-like syndrome between
the 3HP and 9H regimens. Flu-like syndrome occurred more
frequently with the 3HP regimen than the 9H regimen in all
patients in the studies with these data (OR = 3.60; 95% CI,
2.18-5.97; p < 0.001), and also in the Asian and multiracial
groups.

The funnel plot in Fig. 6 shows that there were few studies
in the left lower quadrant, suggesting that studies with small
study size and effect size were not enrolled in this meta-analysis.
Publication bias may have existed in this study.

4. DISCUSSION

LTBI is an important health threat which should be managed
carefully. 3HP and 9H are the two most commonly used regi-
mens to treat LTBL. Our meta-analysis included 14 studies with
relatively high quality and focused on DILI, treatment efficacy
and completion rate of these two regimens. We found that the
3HP regimen was superior to the 9H regimen in terms of DILI,
efficacy and completion rate.

A recent meta-analysis reported that the 3HP regimen had
similar efficacy to the 6H and 9H regimens, with a significantly
lower risk of DILI and higher treatment completion rate.®
However, this review only included four studies. Another three
meta-analyses compared the 3HP regimen with many other
regimens and found that it was as safe as the other regimens.
Our meta-analysis focused on the 3HP and 9H regimens and
included five updated high-quality articles from Taiwan, and we
found that the 3HP regimen was superior to and not just equiva-
lent to the 9H regimen in safety and efficacy. This may be a
recommendation for health authorities and healthcare providers
globally to implement the 3HP regimen for LTBI.

The superior efficacy of the 3HP regimen may be due to a
low rate of DILI, short treatment duration, and high comple-
tion rate. In addition, the mean rifapentine elimination half-life
is 13.3 to 24.3 h, which is much longer than the elimination half-
life of rifampin (2-3h).>* The maximum plasma concentrations
of rifapentine are well above the minimum inhibitory concen-
trations for mycobacterium tuberculosis after administering the
standard 600-mg dose. Ingestion of this dose with a high-fat
meal increases the peak concentration and the area under the
curve by 43% to 50% over fasting values.?* Whether the phar-
macokinetic characteristics of rifapentine achieve better efficacy
is open to debate. Of note, there was a publication bias in this
meta-analysis as shown in the funnel plot analysis (Fig. 6). This
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Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H. Fixed. 95% Cl
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Subtotal (95% CI) 30 935 13.8% 0.18 [[IJ.IJS, 0.57} e
Total events 1 328
Heterogeneity: Chi*= 0.37, df=5 (P=1.00); F= 0%
Testfor overall effect: Z= 2.94 (P = 0.003)
Total (95% CI) 202 11317 100.0%  0.18[0.12, 0.26] L 4
Total events 26 5574 ) ) )
Heterogeneity: Chi*=1.53, df=11 (P =1.00); F=0% ID.D1 x ! 1EIE|‘

Testfor overall effect: Z= 8.49 (P < 0.00001)

Testfor subgroup differences: Chi*=0.01, df=1 (P =093), F=0%

0.1 1
NON- DILI DiLI

Fig. 2 Forest plot of association between 3HP regimen and the risk of drug-induced liver injury (DILI) compared with 9H regimen in all eligible 14 studies and
subgroup analysis of different ethnic populations and study designs. Events denote patients received 3HP regimen.

suggested that the meta-analysis tended to enroll studies wi
th a large sample size and effect size, which may have helped to
show the better efficacy of the 3HP regimen. Further studies with
a smaller sample size and effect size are needed to consolidate the
superior role of the 3HP regimen in the prevention of TB.
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Diverse ethnicity and genetic polymorphisms may influence
the susceptibility to DILL>**?* Nine of the included studies in
this meta-analysis were from the US, and five were from Asia (all
from Taiwan). Seven of the studies from the US included patients
of various ethnicities, of whom Caucasians were the majority,
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2.1.2 MULTIRACIAL

STERLING 2011 7 22 3979 7708 595% 0.44[0.18,1.07] 2011 —l—

WILLARING 2015 0 3 471 902 14.0% 0.13[0.01,2.54] 2015 *
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Total events ] 4951 ) ) ) )

Heterogeneity: Chi*=1.17, df=3 (P = 0.76), F=0% IIJAD1 071 1 1'0 100‘

Test for overall effect: Z= 2.57 (P =0.01)
Test for subgroup differences: Chi*= 053, df=1 {P=0.47), F=0%

Fig. 3 Forest plot of efficacy to prevent tuberculosis infection among patients receiving 3HP compared with 9H regiment in seven studies and subgroup analysis
of different ethnic populations. Events denote patients received 3HP regimen.

NON-TB CASES TB CASES

and one study recruited all African Americans. Therefore, we
specifically analyzed the Taiwanese patients as one subgroup
and found that the results remained the same across Taiwanese
and other ethnic populations. However, further studies are war-
ranted to investigate whether this result can be extrapolated to
other Asian populations.

Interestingly, although a lower DILI rate was noted among the
patient receiving the 3HP regimen than the 9H regimen, those who
received the 3HP regimen seemed to have more other adverse drug
reactions such as skin rash, flu-like syndrome, dizziness, headache,
nausea/vomiting, fever, and fatigue.!®!316182023 A randomized con-
trol trial reported that possible hypersensitivity reactions occurred
in 152/4040 (3.8%) patients receiving the 3HP regimen and
17/3759 (0.5%) patients receiving the 9H regimen.'® Another ran-
domized control study also demonstrated a high rate of systemic
drug reactions in patients receiving the 3HP regimen.'® We ana-
lyzed flu-like syndrome in this meta-analysis and found that it was
more frequent in patients receiving the 3HP regimen than the 9H
regimen (Fig. 5), both in the Asian and multiracial studies. Because
most of the adverse reactions were not serious and resolved easily,
the benefit of the 3HP regimen over the 9H regimen is still justified.

Base on the US CDC guidelines,* the 3HP regimen is not
recommended for: (1) pregnant women or women expecting to
become pregnant in 3 months; (2) children younger than 2 years
of age; (3) people with human immunodeficiency virus infection
who are taking antiretroviral medications with clinically signifi-
cant or unknown drug interactions with once-weekly 3HP; or

Www.ejcma.org

(4) people presumed to be infected with isoniazid- or rifampicin-
resistant strains. For these specific populations, further meta-anal-
yses are needed after more relevant reports have been published.

Since the definition of DILI may influence the study results,
we considered this issue in our analysis. A serum ALT level of
more than 3 times the ULN was defined as indicating DILI in 12
of the 14 included studies. One study defined DILI as an eleva-
tion in ALT level of more than five times the ULN, and another
as an ALT level more than two times the ULN. As the definition
of DILI used in the studies seemed to similar across the studies,
we did not analyze it further.

There are some limitations to this meta-analysis. First, we only
compared the 3HP and 9H regimens, so that our results cannot
be extrapolated to 3HP with other diverse regimens. Second,
although children, patients with human immunodeficiency virus
infection, pregnant women, renal transplant candidates, and
uremic patients with dialysis were enrolled into some of their
studies, further studies on these special populations are needed
to validate the consistency of the results. Third, two different
drug administration policies, directly observed therapy, and self-
administered therapy (SAT), may have affected the results of this
study. However, only two studies used SAT alone, which was
too few to perform further subgroup analysis. Fourth, although
14 studies were included in this study, around 70% of the cases
came from the PREVENT TB trial, which may have affected
the results of this meta-analysis. However, the published articles
from this trial enrolled different patient groups.
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Fig. 4 Forest plot of treatment completion rate among patients receiving 3HP compared with 9H regimen in 13 studies and subgroup analysis of different ethnic
populations. Events denote patients received 3HP regimen.
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Fig.5 Forest plot of flu-like syndrome among patients receiving 3HP compared with 9H regimen in 5 studies and subgroup analysis of different ethnic populations.
Events denote patients received 3HP regimen.
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In conclusion, in this meta-analysis, we found that the 3HP

regimen was safer in terms of DILI, better effective and comple-
tion rate comparing with the 9H regimen in the treatment of
patients with LTBI. In addition, there were no ethnic differences
in the results. Compared to the 9H regimen, the 3HP regimen is
a better treatment choice for LTBI.
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