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Abstract

BACKGROUND—The safety, efficacy, and appropriate timing of isoniazid therapy to prevent
tuberculosis in pregnant women with human immunodeficiency virus (HIV) infection who are
receiving antiretroviral therapy are unknown.

METHODS—In this multicenter, double-blind, placebo-controlled, noninferiority trial, we
randomly assigned pregnant women with HIV infection to receive isoniazid preventive therapy for
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28 weeks, initiated either during pregnancy (immediate group) or at week 12 after delivery
(deferred group). Mothers and infants were followed through week 48 after delivery. The primary
outcome was a composite of treatment-related maternal adverse events of grade 3 or higher or
permanent discontinuation of the trial regimen because of toxic effects. The noninferiority margin
was an upper boundary of the 95% confidence interval for the between-group difference in the rate
of the primary outcome of less than 5 events per 100 person-years.

RESULTS—A total of 956 women were enrolled. A primary outcome event occurred in 72 of
477 women (15.1%) in the immediate group and in 73 of 479 (15.2%) in the deferred group
(incidence rate, 15.03 and 14.93 events per 100 person-years, respectively; rate difference, 0.10;
95% confidence interval [Cl], —4.77 to 4.98, which met the criterion for noninferiority). Two
women in the immediate group and 4 women in the deferred group died (incidence rate, 0.40 and
0.78 per 100 person-years, respectively; rate difference, —0.39; 95% CI, —1.33 to 0.56); all deaths
occurred during the postpartum period, and 4 were from liver failure (2 of the women who died
from liver failure had received isoniazid [1 in each group]). Tuberculosis developed in 6 women (3
in each group); the incidence rate was 0.60 per 100 person-years in the immediate group and 0.59
per 100 person-years in the deferred group (rate difference, 0.01; 95% CI, —0.94 to 0.96). There
was a higher incidence in the immediate group than in the deferred group of an event included in
the composite adverse pregnancy outcome (stillbirth or spontaneous abortion, low birth weight in
an infant, preterm delivery, or congenital anomalies in an infant) (23.6% vs. 17.0%; difference, 6.7
percentage points; 95% ClI, 0.8 to 11.9).

CONCLUSIONS—The risks associated with initiation of isoniazid preventive therapy during
pregnancy appeared to be greater than those associated with initiation of therapy during the
postpartum period. (Funded by the National Institutes of Health; IMPAACT P1078 TB APPRISE
ClinicalTrials.gov number, .)

TUBERCULOSIS IS THE LEADING CAUSE oF health complications and death among persons with
human immunodeficiency virus (HIV) infection who reside in low-income and middle-
income countries with a high tuberculosis burden. Among women, tuberculosis
predominantly affects those of reproductive age. When tuberculosis develops during
pregnancy or the early postpartum period, it is associated with adverse maternal, pregnancy,
and infant outcomes.2”7 There is consensus regarding the net benefit of treating active
tuberculosis during pregnancy and providing isoniazid to prevent active tuberculosis in
persons with HIV, particularly in persons who have latent tuberculosis infection. However,
safety and efficacy data are lacking regarding isoniazid preventive therapy in pregnant
women who are receiving antiretroviral therapy (ART), because pregnant women have been
consistently excluded from trials of isoniazid preventive therapy.8-14

Many physiological changes that occur during pregnancy and the postpartum period affect
the immune system and the way drugs are absorbed, distributed, metabolized, and
eliminated.15-17 Data from small, retrospective studies'8-19 suggest that women who are
pregnant or who have given birth in the previous 3 months have a higher risk of adverse
events and drug-induced liver injury, including from isoniazid, than women who are not
pregnant or who have not recently given birth.16:20 World Health Organization (WHO)
guidelines recommend initiation of isoniazid preventive therapy in pregnant women with
HIV on the basis of data from nonpregnant adults.2* The primary objective of the
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International Maternal Pediatric Adolescent AIDS Clinical Trials (IMPAACT) Network
P1078 TB APPRISE trial (TB Ante vs. Postpartum Prevention with INH in HIV
Seropositive Mothers and Their Exposed Infants) was to evaluate the safety of initiating
isoniazid preventive therapy during pregnancy, as compared with initiating it during the
postpartum period, in women with HIV who are living in areas with a high tuberculosis
burden. We hypothesized that initiating isoniazid preventive therapy during pregnancy would
be as safe as deferring therapy to week 12 after delivery.

TRIAL DESIGN AND TREATMENT

We conducted a prospective, double-blind, placebo-controlled, randomized, noninferiority
trial at 13 sites in eight countries that have a high prevalence of tuberculosis (=60 cases per
100,000 population). Participants were randomly assigned to begin taking oral isoniazid
either during pregnancy (immediate group) or at week 12 after delivery (deferred group).
The immediate group received isoniazid (300 mg daily) from the time of trial entry through
28 weeks after enrollment and then received placebo until week 40 after delivery. The
deferred group received placebo from the time of trial entry until week 12 after delivery and
then received isoniazid (300 mg daily) for 28 weeks. All women received locally supplied,
open-label pyridoxine (vitamin Bg) and a prenatal multivitamin from the time of trial entry
until week 40 after delivery. Randomization was stratified according to the duration of
gestation at trial entry (=14 weeks to <24 weeks or >24 weeks to <34 weeks) and was
balanced at each site. Full details of the trial design and conduct are provided in the protocol
and the statistical analysis plan, available with the full text of this article at NEJM.org.

PARTICIPANTS

Eligible participants were pregnant women, at 14 weeks through 34 weeks of gestation, who
had HIV infection and were 18 years of age or older, weighed at least 35 kg, and had an
absolute neutrophil count of 750 cells or more per cubic millimeter, a hemoglobin level of
7.5 g or more per deciliter, a platelet count of 50,000 or more per cubic millimeter, and
levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total
bilirubin that were no more than 1.25 times the upper limit of the normal range within 30
days before trial entry. Exclusion criteria were suspected active tuberculosis, recent known
tuberculosis exposure, treatment for tuberculosis for more than 30 days in the previous year,
evidence of recent acute hepatitis, or peripheral neuropathy of grade 1 or higher. Evidence of
latent tuberculosis infection was not required for entry.

TRIAL OVERSIGHT

All women provided written informed consent. The trial was approved by local and
collaborating institutional review boards and was reviewed every 6 months by an
independent data and safety monitoring board (see the Supplementary Appendix, available
at NEJM.org). The isoniazid and placebo were supplied by the Clinical Research Products
Management Center of the National Institute of Allergy and Infectious Diseases. The
isoniazid, placebo, and testing kits were purchased with trial funds; there was no commercial
support for the trial. In February 2016, in response to a request by the data and safety
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monitoring board, a letter about potential risks of receiving isoniazid preventive therapy in
addition to ART was issued to all participants after two participants in the trial died from
fulminant liver failure.

The data were gathered at the local sites; the IMPAACT Statistical and Data Analysis Center
analyzed the data according to the statistical analysis plans. All the authors vouch for the
accuracy and completeness of the data and analyses and for the fidelity of the trial to the
protocol.

TRIAL PROCEDURES

Baseline serologic testing for HIV antibodies, an assessment of CD4 count, an HIV type 1
quantitative RNA assay, testing for hepatitis C virus antibody and hepatitis B surface
antigen, an assessment of creatinine and glucose levels, and an interferon gamma release
assay (IGRA) for tuberculosis (with the use of the QuantiFERON-TB Gold test?) were
performed at entry. Follow-up visits occurred every 4 weeks during pregnancy and at labor
and delivery; follow-up of mothers and infants occurred every 4 weeks after delivery for 48
weeks. Assessments included a medical history, physical examination, complete blood
count, measurement of the ALT level (AST and total bilirubin levels were also assessed if
there was an elevation in ALT level of grade 1 or higher), assessment of tuberculosis
exposure or disease (with acid-fast bacilli smear and Mycobacterium tuberculosis culture
performed if tuberculosis was suspected), maternal peripheral neuropathy screening,?2 and
HIV testing of the infant. Adherence to the trial regimen was assessed monthly on the basis
of patient-reported adherence and pill counts.

PRIMARY OUTCOME

The primary outcome was a composite safety outcome of maternal adverse events of grade 3
or higher that were possibly, probably, or definitely related to isoniazid or placebo or
permanent discontinuation of the trial regimen because of toxic effects, whichever occurred
first, through week 48 after delivery. Members of an independent end-point review
committee, who were unaware of the trial-group assignments, determined whether adverse
events were related to isoniazid or placebo. Hepatotoxicity and peripheral neuropathy were
graded with the use of protocol-defined criteria. All other adverse events were graded with
the use of the Table for Grading the Severity of Adult and Pediatric Adverse Events of the
Division of AIDS.23

SECONDARY OUTCOMES

Key secondary maternal outcomes were adverse events of any cause of grade 3 or higher,
hepatotoxicity, death, and tuberculosis, assessed through week 48 after delivery.
Hepatotoxicity was defined as an elevation of grade 3 or higher in liver-enzyme levels (ALT,
AST, or total bilirubin); an elevation of grade 2 or higher in total bilirubin and ALT levels; or
an elevation of grade 2 or higher in ALT level with symptomatic clinical hepatitis. Key
infant outcomes were adverse events of grade 3 or higher, tuberculosis, and death, assessed
through week 48 after birth. The composite efficacy outcome was maternal tuberculosis,
infant tuberculosis, maternal death, infant death, or stillbirth or spontaneous abortion.
Diagnosis of tuberculosis was categorized as probable or confirmed according to
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standardized criteria, and cases were reviewed by an independent end-point review
committee composed of five experts in maternal and pediatric tuberculosis who were
unaware of the trial-group assignments.

The composite adverse pregnancy outcome, a key secondary outcome, was stillbirth (fetal
death at 20 weeks of gestation or later) or spontaneous abortion (loss of pregnancy before 20
weeks of gestation), low birth weight (<2500 g) in an infant, preterm delivery (delivery
before 37 weeks of gestation, with duration of gestation determined with the use of the
Ballard examination when available or by obstetrical estimate), or major congenital
anomalies in an infant (defined according to the Metropolitan Atlanta Congenital Defects
Program of the Centers for Disease Control and Prevention4); adverse pregnancy outcomes
were also assessed individually. The composite severe adverse pregnancy outcome was
stillbirth or spontaneous abortion, very low birth weight (<1500 g) in an infant, very preterm
delivery (delivery before 34 weeks of gestation), or major congenital anomalies in an infant.

STATISTICAL ANALYSIS

On the basis of previous studies of isoniazid preventive therapy in persons with HIV
infection,10-12 we assumed that the incidence rate of the primary outcome would be 5 events
per 100 person-years in the deferred group. Noninferiority of immediate isoniazid preventive
therapy to deferred therapy with respect to the primary outcome would be shown if the upper
boundary of the 95% confidence interval for the between-group difference in the incidence
rate was less than 5 events per 100 person-years. We calculated that 950 women (475 per
group) would need to be enrolled to provide the trial with a power of at least 90% to show
noninferiority of immediate therapy to deferred therapy, at a two-sided alpha level of 0.05
(see the Supplementary Appendix).

All analyses were prespecified unless otherwise noted. The primary analysis was performed
on an intention-to-treat basis and included all women who underwent randomization, with
data censored at the last trial visit. We performed a post hoc worst-case sensitivity analysis,
in which participants who did not complete follow-up were considered as having had a
primary outcome event, and a post hoc complete-case sensitivity analysis, which included
only participants who had data available through week 48 after delivery. We also performed
a per-protocol analysis, which included all eligible enrolled women who completed the trial
regimen according to the protocol, all women in whom tuberculosis developed or who died
during the treatment period, and all women who permanently discontinued the trial regimen
because they met criteria for discontinuation as specified in the protocol. The absolute
difference between groups in the rate of the primary outcome was calculated with the use of
Mantel-Haenszel estimates, stratified according to duration of gestation at trial entry;
confidence intervals were calculated according to the method of Greenland and Robins,?
and the significance level was set at 5%, given that sequential monitoring with a Haybittle—
Peto use function boundary for the alpha level was used for interim analyses.28 The
percentage of participants with outcome events and the between-group differences in the
percentage, with 95% confidence intervals, were also computed. The efficacy outcomes of
maternal tuberculosis and infant tuberculosis and the composite efficacy outcome were
assessed in all mothers who underwent randomization and their infants, except for mothers
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who underwent randomization but were later found to have had tuberculosis at the time of
enrollment. The analysis of the composite efficacy outcome was stratified according to
duration of gestation at trial entry.

Within-group incidence rates and 95% confidence intervals for rate differences between
groups were computed for secondary outcomes, except for the composite and individual
pregnancy outcomes, which were compared with the use of Fisher’s exact test with mid-P
adjustment?’; a two-sided P value of 0.05 or less was considered to indicate statistical
significance. There was no adjustment for multiple testing in the analyses of secondary
outcomes.

TRIAL POPULATION

From August 2014 through April 2016, a total of 956 participants were enrolled; 477 women
were assigned to the immediate group, and 479 to the deferred group (Fig. 1). The baseline
characteristics were well balanced between the two groups (Table 1). The median age was
29 years, 90.5% were black African, 33.6% had a duration of gestation of 14 weeks to less
than 24 weeks, and 30.0% had positive IGRA results for latent tuberculosis at enrollment.
The median CD4 count was 493 cells per cubic millimeter, and all participants except one
were receiving highly active ART; in 85.1% of all participants, the regimen included
efavirenz. A total of 171 women (17.9%) discontinued the trial prematurely: 6 women
(0.6%) died (2 women in the immediate group and 4 in the deferred group); 78 women
(8.2%) withdrew consent (44 women in the immediate group and 34 in the deferred group);
1 woman (0.1%), in the deferred group, was not eligible; 1 woman (0.1%), in the immediate
group, enrolled in another study; and 85 women (8.9%) were lost to follow-up (41 women in
the immediate group and 44 in the deferred group). The time to the last clinic visit was
balanced between the two groups (Fig. S1 in the Supplementary Appendix). Data on
adherence to isoniazid treatment were available for 466 participants in the immediate group
and 413 participants in the deferred group. According to patient-reported adherence data,
400 women (85.8%) in the immediate group and 363 (87.9%) in the deferred group
completed at least 90% of the treatment (P = 0.43 by Fisher’s exact test); according to
assessment of pill count, 408 of 463 women (88.1%) in the immediate group and 376 of 413
(91.0%) in the deferred group completed at least 90% of the treatment (P = 0.19 by Fisher’s
exact test).

PRIMARY OUTCOME

In the intention-to-treat population, a primary outcome event occurred in 72 women (15.1%)
in the immediate group and in 73 (15.2%) in the deferred group (incidence rate, 15.03 and
14.93 events per 100 person-years, respectively; rate difference, 0.10; 95% CI, -4.77 to
4.98) (Table 2). These results met the criterion for noninferiority of immediate treatment to
deferred treatment. The results of the per-protocol analysis were consistent with these
findings and also showed noninferiority. Treatment-related maternal adverse events of grade
3 or higher and the numbers and percentages of participants who discontinued the trial
regimen because of toxic effects are shown in Table 3. Additional data on incidence rates in
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the intention-to-treat and per-protocol populations according to duration of gestation,
reasons for discontinuation of the trial regimen, and estimated percentages of participants
with primary and secondary outcome events are provided in Tables S1 through S3 in the
Supplementary Appendix.

The results of sensitivity analyses for missing data did not show noninferiority of immediate
treatment to deferred treatment. In the worst-case analysis, the between-group difference in
the incidence rate was 1.45 events per 100 person-years (95% confidence interval [Cl],
-5.49 to 8.4), and in the complete-case analysis, the between-group difference in the
incidence rate was 0.21 events per 100 person-years (95% ClI, —5.34 to 5.75) (Table S4 in
the Supplementary Appendix).

SECONDARY MATERNAL SAFETY OUTCOMES

Intention-to-treat analyses showed no significant differences in the incidence of adverse
events of any cause (treatment-related or not) of grade 3 or higher (Tables 2 through 4). The
incidence rate of any grade 3 or 4 adverse event related to isoniazid or placebo was 34.95 per
100 person-years in the immediate group and 31.26 per 100 person-years in the deferred
group (rate difference, 3.69; 95% CI, —4.07 to 11.45). The incidence rate of hepatotoxicity
was 5.80 and 6.69 per 100 person-years, respectively (rate difference, —0.89; 95% CI, -3.98
to 2.19).

Six women died — 2 women in the immediate group and 4 in the deferred group (incidence
rate, 0.40 and 0.78 per 100 person-years, respectively; rate difference, —0.39; 95% CI, -1.33
to 0.56) (Table 2, and Table S5 in the Supplementary Appendix). The primary cause of death
in 4 of the women (1 in the immediate group and 3 in the deferred group) was liver failure,
and all the deaths occurred during the postpartum period; 2 women had received isoniazid (1
woman in each group), and all 4 were receiving efavirenz—tenofovir-emtricitabine at the
time of death.

There were no noted imbalances between the groups in the prevalence of peripheral
neuropathy or hepatotoxicity (Table 2 and Fig. 2A). Symptomatic hepatitis developed in 11
women (1.2%) — 3 women in the immediate group and 8 in the deferred group. All cases of
symptomatic hepatitis occurred during the postpartum period; at the time of the event, 4
women were receiving isoniazid, and 4 women had discontinued isoniazid at 2.4 weeks, 4.9
weeks, 14.7 weeks, and 15.7 weeks before symptom onset. A total of 63 women had
elevations in liver-enzyme levels of grade 3 or higher or symptomatic hepatitis (or both); at
the time of the first event, 32 women were receiving isoniazid in addition to efavirenz-based
ART, 22 were receiving efavirenz-based ART only, and 6 were receiving isoniazid in
addition to non-efavirenz-based ART.

ADVERSE PREGNANCY OUTCOMES AND OUTCOMES IN INFANTS

There were 926 deliveries. A greater percentage of women in the immediate group than in
the deferred group had a composite adverse pregnancy outcome event (23.6% vs. 17.0%;
difference, 6.7 percentage points; 95% Cl, 0.8 to 11.9; P = 0.01) (Fig. 2B). There was a
higher frequency of each of the individual adverse pregnancy outcomes in the immediate
group than in the deferred group, but none of the between-group differences were
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significant. With respect to the composite severe adverse pregnancy outcome, no significant
difference was observed between the immediate group and the deferred group (6.3% vs.
4.6%; difference, 1.7 percentage points; 95% CI, —1.3 to 4.8; P = 0.27). The results of a post
hoc analysis of adverse pregnancy outcomes according to duration of gestation are provided
in Figure S3 in the Supplementary Appendix; the analysis was not adjusted for multiple
comparisons. Among the 909 infants born alive, no imbalances between groups were noted
in adverse events of grade 3 or higher, HIV infection, or death assessed through week 48
after birth (Table 2).

TUBERCULOSIS AND COMPOSITE EFFICACY ANALYSES

One woman with confirmed tuberculosis at entry was excluded from the analysis of efficacy
outcomes. Tuberculosis developed in 6 women (3 in each group), and all cases occurred
during the postpartum period (Table 2, and Table S6 in the Supplementary Appendix). The
incidence rate of maternal tuberculosis was 0.60 and 0.59 per 100 person-years, respectively
(rate difference, 0.01; 95% CI, —0.94 to 0.96). Four cases were confirmed (one was a case of
monoresistant [i.e., isoniazid-resistant] tuberculosis), and two cases were probable. There
were no cases of tuberculosis in infants in the immediate group, and a probable case of
tuberculosis developed in one infant in the deferred group at 12 months of age. In an
analysis stratified according to duration of gestation at trial entry, there were no between-
group differences in the time to the composite efficacy outcome (Fig. S2B in the
Supplementary Appendix). Attempts were made to contact the 85 women who were lost to
follow-up; we were able to ascertain vital status for 74 of these women (87.1%). No
maternal deaths, hospitalizations, or tuberculosis cases were reported.

DISCUSSION

Isoniazid in addition to ART is strongly recommended for the prevention of tuberculosis in
patients with HIV infection.14 On the basis of data from nonpregnant adults and the absence
of harm observed in small studies of isoniazid preventive therapy in pregnancy,28-30 the
WHO recommends isoniazid preventive therapy and ART during pregnancy,4 but it has
acknowledged the need for pregnancy-specific data.1* This trial showed that isoniazid
preventive therapy initiated during pregnancy was noninferior to initiation at 3 months after
delivery with respect to maternal adverse events, and there was a low incidence of
tuberculosis in both groups. However, with careful clinical monitoring and monitoring of
liver function, we observed a higher incidence of maternal treatment-related serious adverse
events during the postpartum period than expected in both the immediate group and the
deferred group. We also observed a higher incidence of adverse pregnancy outcomes in the
immediate group than in the deferred group when analyzed a priori as a composite outcome.
No other differences in secondary maternal or infant outcomes were observed between
groups.

Risk factors for hepatotoxicity (including drug-induced hepatotoxicity) include female sex,
pregnancy, delivery within the previous 3 months, and obesity.2%-31 Retrospective data from
the 1980s have suggested a higher risk of toxic effects related to isoniazid treatment during
pregnancy and the postpartum period, and this formed the basis of the recommendation of
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the Centers for Disease Control and Prevention to defer isoniazid preventive therapy to the
postpartum period in women without HIV infection.18:32-34 However, more recent small
studies involving women who became pregnant while receiving isoniazid preventive therapy
or who started receiving isoniazid preventive therapy during pregnancy did not show
increased adverse events.28-30 We reviewed seven trials of isoniazid preventive therapy in
nonpregnant adults in which liver function was monitored, albeit with variable algorithms
and with variable proportions of participants who were receiving ART (Table S7 in the
Supplementary Appendix).10-13:35-37 \Whereas in our trial in pregnant women, 6.6% of
participants had hepatotoxicity of grade 3 or higher (including four events of symptomatic
hepatitis and two deaths [0.2%] due to liver failure) while receiving isoniazid, studies in
nonpregnant women showed lower percentages of participants with hepatotoxicity of grade
3 or higher, ranging from 1.1 to 2.9% in five trials totaling 8084 participants and from 4.0 to
5.5% in smaller trials involving less than 400 participants. Furthermore, in five trials, no
deaths or a small number of deaths due to liver failure were reported in groups that received
isoniazid (0 to 0.05%)10:12:13.35.36.38: jn two trials, deaths were reported, but they were of
unknown cause, and the relatedness to the trial drug was unclear.11:37

In the current trial, the majority of elevations in liver-enzyme levels of grade 3 or higher and
all cases of symptomatic hepatitis and death occurred during the postpartum period; this
highlights the importance of postpartum monitoring and follow-up. Some of these events
were not considered to be associated with isoniazid, and all these events occurred in
participants who were receiving efavirenz-based ART. No other cause of maternal death
from liver failure (e.g., hepatitis A, hepatitis B, hepatitis C, or acetaminophen use) could be
identified. It is possible that efavirenz — the first-line ART in 85% of our participants and a
drug that has been associated with hepatotoxicity of grade 3 or higher or drug
discontinuation in 2.3% of patients39 and fulminant hepatic failure in women*0 —
contributed to liver failure and death. An interaction between efavirenz and isoniazid may be
a contributing factor, because isoniazid appears to inhibit an accessory pathway of efavirenz
metabolism, which results in higher efavirenz levels, particularly in women who have slow
metabolizing genotypes for both drugs (e.g., N-acetyltransferase 2 slow acetylator and
CYP2B6 TT).41

The higher incidence of the composite adverse pregnancy outcome among women in the
immediate group than in the deferred group was a new finding. When examined separately,
there were no significant between-group differences in any of the adverse pregnancy
outcomes, although the frequencies of stillbirth or spontaneous abortion and low birth
weight in an infant were numerically higher in the immediate group than in the deferred
group. Studies in animals have shown that animals that receive at least twice the therapeutic
dose of isoniazid have smaller litter sizes and offspring with a lower birth weight than those
in comparison groups.#2-44 Although the adverse pregnancy outcomes in this trial could be
due to chance, given the large number of secondary outcomes that were analyzed, our results
highlight a safety concern that warrants further examination.

This trial had limitations. We excluded women who were in the first trimester of pregnancy,
and we did not evaluate the effect of isoniazid on organogenesis. We also excluded women
with recent tuberculosis exposure — a group in which there is a higher risk of tuberculosis.

N Engl J Med. Author manuscript; available in PMC 2020 April 03.
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Our noninferiority margin was just reached, and the results of the primary analysis were not
robust to assumptions regarding missing data. Most participants were receiving efavirenz,
and other antiretroviral agents may have a different risk—benefit profile. We observed low
rates of tuberculosis, most likely because all participants received ART and isoniazid,
because we used systematic baseline screening for tuberculosis, and because not all
participants had latent tuberculosis infection (only 30% had latent infection at entry).
Finally, the trial included monthly monitoring of liver-enzyme levels and other safety
measures, rather than just monitoring of symptoms, which is the standard of care in current
HIV and tuberculosis programs because of resource constraints as well as controversy
regarding the clinical importance of asymptomatic elevated liver-enzyme levels.3! It is
possible that we misclassified transient hepatic adaptation (a nonprogressive injury to
hepatocyte cell structures) as liver injury because of our more intensive monitoring of
laboratory values. Conversely, our frequent monitoring and management of elevated liver-
enzyme levels may have averted severe hepatotoxicity.

The combination of isoniazid preventive therapy and ART is effective in reducing the risk of
HIV-associated tuberculosis.11:14:36 |n women with HIV infection who were receiving ART,
the initiation of isoniazid preventive therapy during pregnancy was noninferior to initiation
during the postpartum period with respect to maternal treatment-related adverse events.
However, our finding of a greater incidence of adverse pregnancy outcomes in the
immediate group than in the deferred group without any additional benefit with respect to
the risk of tuberculosis or maternal or infant death is a cause for concern. Shorter-course
regimens (such as isoniazid and rifapentine administered for 1 month or 3
months10:12,13,35.36.38) injtiated during pregnancy may have different risk-benefit profiles,
and further study is warranted. Our trial highlights the need to include pregnant women in
clinical trials to inform global health policy.8:°

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1361 Women were assessed for eligibility

405 Were excluded
330 Were not eligible
1 Died

32 Declined to participate
13 Did not return to the clinic
29 Had other reason

956 Underwent randomization

'

l

477 Were assigned to the immediate
group
475 Received isoniazid or placebo
2 Did not receive isoniazid or
placebo

479 Were assigned to the deferred

group
479 Received isoniazid or placebo

118 Did not complete the trial
regimen
16 Had toxic effects
2 Had tuberculosis diagnosis
9 Became pregnant
76 Discontinued the trial while
receiving the trial regimen

120 Did not complete the trial
regimen
28 Had toxic effects
1 Had tuberculosis diagnosis
7 Became pregnant
65 Discontinued the trial while
receiving the trial regimen

Page 14

19 Had other reason
83 Did not complete the trial

15 Had other reason
88 Did not complete the trial
44 Withdrew consent 34 Withdrew consent
41 Were lost to follow-up 44 Were lost to follow-up
2 Died 4 Died
1 Had other reason 1 Had other reason

' l

477 Were included in the intention- 479 Were included in the intention-

to-treat analysis to-treat analysis

101 Were excluded from the per- 91 Were excluded from the per-
protocol analysis protocol analysis

376 Were included in the per-protocol 388 Were included in the per-protocol
analysis analysis

Figure 1. Enrollment, Randomization, and Analysis.
Participants were assigned to receive 28 weeks of isoniazid preventive therapy initiated

either during pregnancy (immediate group) or at 12 weeks after delivery (deferred group).
Participants were excluded from the per-protocol analysis for one or more of the following
reasons: they withdrew consent, they were lost to follow-up, they did not complete the trial
regimen according to the protocol, or they had been found after randomization to be
ineligible.
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B Immediate Treatment [ Deferred Treatment

A Hepatotoxicity According to Protocol-Specified Definitions
104

;“m

Any Hepatotoxicity Grade 3 Grade 4 Grade =2 Total Bilirubin Grade =2 ALT with
Liver Enzymes Liver Enzymes and ALT Symptomatic
Clinical Hepatitis

Women with Event (%)
@
1

No. of Events/Total No. (%)

Immediate treatment 29/470 (6.2) 19/470 (4.0) 10/470 (2.1) 2/470 (0.4) 3/470 (0.6)
Deferred treatment 34/475 (7.2) 18/475 (3.8) 16/475 (3.4) 3/475 (0.6) 8/475 (1.7)
RD (95% Cl) -1.0 (-4.3t0 2.3) 03 (-2.3t0 2.9) -1.2 (-3.5t00.9) -0.2 (-1.5 to 1.0) 1.0 (-2.7 to 0.4)
P Value 0.56 0.80 028 0.84 0.18

B Composite Adverse Pregnancy Outcomes and Components
304

25+

204

Women or Infants with Event (%)
G
1

Composite Composite  Stillbirth or Low Birth Very Low Preterm Very Preterm  Congenital
Adverse  Severe Adverse Spontaneous Weight Birth Weight Delivery Delivery Anomaly

Pregnancy Pregnancy Abortion

Outcome Outcome

No. of Events/

Total No. (%)
Immediate treatment 106/449 (23.6)  28/448 (63)  17/459 (3.7)  62/430 (144)  4/430(0.9)  48/442(10.9) 10442 (2.3) 10/440 (2.3)
Deferred treatment ~ 78/460 (17.0)  21/458 (4.6) 9/466 (L9)  46/446 (103)  4/446 (0.9)  40/458 (8.7) 12/458 (2.6) 6/458 (1.3)
RD (95% Cl) 67(08t0119) 17(-13t048) 18(-04to4]l) 41(-03t086) 00(-15tol6) 21(-18t061) -04(-26t018) 10 (-09t03.0)
P Value 0.01 0.27 0.09 0.07 0.86 0.29 0.75 0.26

Figure 2. Hepatotoxicity and Adver se Pregnancy Outcomes.
Hepatotoxicity (Panel A) was defined as a grade 3 or higher elevation in liver-enzyme levels

(alanine aminotransferase [ALT], aspartate aminotransferase, or total bilirubin), a grade 2 or
higher elevation in total bilirubin and ALT levels, or a grade 2 or higher elevation in ALT
level with symptomatic clinical hepatitis. Grading of hepatotoxicity was determined on the
basis of criteria specified in the protocol. The composite adverse pregnancy outcome (Panel
B) was stillbirth (fetal death at 20 weeks of gestation or later) or spontaneous abortion (loss
of pregnancy before 20 weeks of gestation), low birth weight (<2500 g) in an infant, preterm
delivery (delivery before 37 weeks of gestation, with duration of gestation determined with
the use of the Ballard examination when available or by obstetrical estimate), or major
congenital anomalies in an infant (defined according to the criteria of the Metropolitan
Atlanta Congenital Defects Program of the Centers for Disease Control and Prevention??).
The composite severe adverse pregnancy outcome was stillbirth or spontaneous abortion,
very low birth weight (<1500 g) in an infant, very preterm delivery (delivery before 34
weeks of gestation), or major congenital anomalies in an infant. The risk difference (RD) is
the between-group difference in percentage points.
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