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Background. New onset or worsening drug-induced liver injury challenges coinfected patients on antiretroviral therapy (ART)
initiation during antituberculosis (TB) treatment.

Methods. Post hoc analysis within a randomized trial, the Starting Antiretroviral Therapy at Three Points in Tuberculosis trial,
was conducted. Patients were randomized to initiate ART either early or late during TB treatment or after TB treatment completion.
Liver enzymes were measured at baseline, 6-month intervals, and when clinically indicated.

Results. Among 642 patients enrolled, the median age was 34 years (standard deviation, 28-40), and 17.6% had baseline CD4+
cell counts <50 cells/mm’. Overall, 146/472 patients (52, 47, and 47: early, late, and sequential arms) developed new-onset liver injury
following TB treatment initiation. The incidence of liver injury post-ART initiation in patients with CD4+ cell counts <200 cells/mm?’
and >200 cells/ mm?> was 27.4 (95% confidence interval [CI], 18.0-39.8), 19.0 (95% CI, 10.9-30.9), and 18.4 (95% CI, 8.8-33.8) per 100
person-years, and 32.1 (95% CI, 20.1-48.5), 11.8 (95% CI, 4.3-25.7), and 28.2 (95% CI, 13.5-51.9) per 100 person-years in the early, late
integrated, and sequential treatment arms, respectively. Severe and life-threatening liver injury occurred in 2, 7, and 3 early, late, and se-

quential treatment arm patients, respectively. Older age and hepatitis B positivity predicted liver injury.

Conclusions.

High incidence rates of liver injury among cotreated human immunodeficiency virus (HIV)-TB coinfected pa-

tients were observed. Clinical guidelines and policies must provide guidance on frequency of liver function monitoring for HIV-TB

coinfected patients.
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Globally, tuberculosis (TB) remains a leading cause of mor-
tality and morbidity among people living with human immu-
nodeficiency virus (HIV), despite effective treatment for both
diseases. South Africa bears a disproportionate burden of di-
sease with 567 per 100 000 cases reported in 2017 [1]. Drug-
induced liver injury (DILI) and liver enzyme elevations are
commonly occurring complications of cotreatment of TB and
HIV. DILI has been known to complicate therapy in 5%-33% of
TB-infected patients and can affect 9%-30% of patients living
with HIV who receive antiretroviral therapy (ART) [2, 3]. Liver
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injury often results in interruption of anti-TB or antiretroviral
treatment and may exacerbate patient morbidity, resulting in
poor treatment outcomes [2]. DILI is usually a diagnosis of ex-
clusion. While a liver biopsy may improve diagnostic accuracy,
it is not routinely performed. Multiple clinical and biochemical
definitions of DILI exist as defined by the American Thoracic
Society, British Thoracic Society, European Respiratory Society,
and the World Health Organization (WHO) [2].

Earlier African studies report grade 2 liver injury incidence
rates of 19.7 episodes per 100 person-years (95% confidence
interval [CI], 16.1-24.0] post-ART initiation, and data from
Taiwan describe an incidence rate of 36 cases per 100 person-
years [4-8]. An Ethiopian study demonstrated a 10-fold in-
crease in liver toxicity in HIV-TB cotreated patients when
compared to patients on TB therapy exclusively [9]. South
African in-hospital and 3-month mortality data associated

with TB therapy or ART-induced liver injury was shown to be
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27% and 35%, respectively [10]. Recently published Controlled
Comparison of Two Moxifloxacin Containing Treatment
Shortening Regimens in Pulmonary Tuberculosis (REMoxTB)
trial data showed that patients who received standard isoniazid-
containing TB therapy were at higher risk of liver toxicity com-
pared to those who received a moxifloxacin-based TB regimen
[11]. Furthermore, transaminase elevation of >3 times the
upper limit of normal (ULN) occurred in 15% of patients living
with HIV compared to 9% of patients not living with HIV [11].

Limited data exist related to the impact of initiating ART at
differing time points of TB therapy on the development and
resolution of DILL. An understanding of whether the timing
of ART initiation during TB therapy influences the incidence,
severity, and resolution of liver injury in HIV-TB cotreated
patients will enhance clinical management of this common
complication of cotreatment. Our aim in this study was to in-
vestigate the incidence, risk factors, and resolution of liver in-
jury among HIV-TB coinfected patients enrolled in a clinical
trial designed to determine the optimal time of ART initiation
during TB treatment.

METHODS

Study Design Overview

The Starting Antiretroviral Therapy at Three Points in
Tuberculosis trial was a randomized, open-label clinical trial
undertaken from June 2005 to July 2010. Patients with CD4+
cell counts <500 cells/mm’ were included in the study. All 642
patients initiated standard TB therapy at study enrollment. Both
first-episode TB patients and patients with recurrent TB were
enrolled. All patients with a first episode of TB were treated
with a fixed combination of rifampicin, isoniazid, ethambutol,
and pyrazinamide for 2 months (intensive phase), with doses
determined according to pretreatment weight, and a subse-
quent 4 months (continuation phase) of a fixed combination of
isoniazid and rifampicin [12]. As per South African TB treat-
ment guidelines at the time, patients with recurrent TB were
given additional streptomycin with a longer duration of inten-
sive phase TB treatment. Patients were randomly assigned to
3 groups in a ratio of 1:1:1 in permuted blocks of 6 or 9 with
no stratification and were assigned to initiate ART within 4
weeks of TB treatment initiation (hereafter referred to as the
early integrated arm), within 4 weeks after completion of the
intensive phase of TB treatment (hereafter referred to as the late
integrated arm), or within completion of TB therapy (hereafter
referred to as the sequential treatment arm).

All patients received standard co-trimoxazole prophylaxis
and anti-TB therapy. The standard first-line ART regimen com-
prised 300 mg/d lamivudine, 250 mg/d didanosine (for patients
weighing >60 kg), or 400 mg/d (for patients weighing >60 kg)
and 600 mg/d efavirenz. Detailed methodology has been de-
scribed elsewhere [13].

Setting and Study Population

The study was conducted at the Centre for the AIDS Programme
of Research in South Africa e-Thekwini treatment clinic,
which adjoins the Prince Cyril Zulu Communicable Disease
Centre, an outpatient TB facility in Durban. Patients were aged
218 years, coinfected with HIV and pulmonary TB, and pro-
vided informed consent for study participation. Pulmonary
TB was confirmed by a positive sputum smear for acid fast ba-
cilli, and HIV infection was confirmed by 2 positive HIV rapid
screening tests.

Ethics Statement

The University of KwaZulu-Natal Biomedical Research Ethics
Committee and the Medicines Control Council of South Africa
approved the study.

Laboratory Methods and Definitions of Liver Injury

Liver enzymes were monitored at 6 monthly intervals
postrandomization or as per clinician discretion, and testing
was conducted at a local laboratory. Normal range values
for males and females used in this analysis were alanine
aminotransferase (ALT) 10 U/L-40 U/L and 7 U/L-35 U/L
and aspartate aminotransferase (AST) 15 U/L-40 U/L and
13-35 U/L, respectively. Liver injury was graded according to
the Division of AIDS Table for Grading the Severity of Adult
and Pediatric Adverse Events (version 1.0, 28 December 2004).
All elevated ALT or AST values were referenced against the
ULN threshold standardized by the local reference laboratory.
The laboratory was accredited by the South African National
Accreditation System and met minimum standards for good
laboratory practice. Elevated liver enzymes of grade 1 and
higher after the baseline visit were regarded as abnormal and in-
cluded in the analysis. Patients with baseline abnormal liver en-
zymes who developed further worsening of liver toxicity were
assessed using the same grading scale. Resolution of liver injury
was defined as reversion to normal of any grade of liver injury
by the end of follow-up.

Statistical Methods

Time at risk of developing liver injury was calculated as time
from randomization to the date when abnormal results were
detected, using the single random-point method. Time of
worsening liver toxicity was calculated as time from baseline
to the time point of increasing grade of liver toxicity, using the
single random-point method. Time at risk for patients who did
not experience liver injury was calculated from randomization
to study termination or death, whichever occurred first.

The Fisher exact test was used for analyses of categorical vari-
ables. The Wilcoxon rank sum test or unpaired t test was used
for analysis of continuous data. Poisson approximation was used
to calculate 95% Cls for incidence rates and the F-distribution
to calculate 95% ClIs for incidence ratios. Incidence of liver
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injury was analyzed using the Kaplan-Meier curve and the
log-rank test. Predictors of incident liver injury were assessed
using the univariable and multivariable proportional hazards
model. Analysis of predictors of liver injury included random-
ized arm, age, gender, body mass index (kg/m’ classified as
BMI <18.5 or 218.5), previous history of TB, previous history of
extrapulmonary TB, WHO stage 4, log viral load, and hepatitis
B surface antigenemia (HBsAg) status. Statistical analyses were
done using SAS Enterprise Guide version 7.1. All statistical tests
were conducted at a 5% level of significance.

RESULTS

Baseline Characteristics

A total of 642 patients were enrolled and randomly assigned
to 3 ART treatment arms (Figure 1). Forty-nine patients with
missing baseline AST and ALT levels were subsequently ex-
cluded from the analysis. Of the 593 patients analyzed, 121
(20.4%) had elevated liver enzymes at baseline, of which 52.1%
were male. Among patients with baseline raised transaminases,
34.7% had CD4+ cell counts <50 cells/mm’ compared to 12.9%

among those with no liver injury (P <.001), 11.3% vs 7.6% were
HBsAg positive (P = .237), and 21.5% vs 35.8% reported a pre-
vious history of TB (P = .002; Table 1).

Preval and Incid of Liver Injury

Of the 593 patients analyzed, 121 (20.4%) presented with liver
injury at the baseline visit, with 17% (7/42), 30% (12/40), and
21% (8/39) of patients developing worsening of preexisting
liver injury in the early integrated, late integrated, and sequen-
tial treatment arms, respectively (Figure 1). Among those with
normal baseline liver enzymes, 34%, 30%, and 29% developed
new onset liver injury during study follow-up in the early inte-
grated, late integrated, and sequential treatment arms, respec-
tively (Figure 1). There was no overall significant difference in
the occurrence of liver injury across the 3 treatment arms for
the duration of follow-up (Figure 2).

Incidence of Liver Injury Stratified by CD4+ Cell Count Pre- and Post-ART
Initiation

In the subset of patients with CD4+ cell counts <200 cells/mm”,
the highest incidence rate of pre-ART initiation liver injury
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Figure 1.

Study flow diagram. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Table 1. Baseline Characteristics of Participants in the Starting Antiretroviral Therapy at Three Points in Tuberculosis Trial
Early Integrated Late Integrated Sequential Arm Patients With Liver Patients With No Liver
Variable Arm (n = 214) Arm (n = 215) (n=213) Injury (n = 121) Injury (n = 472) PValue ®
Mean age (SD), y 34.3 (8.0) 34.5(8.7) 33.9(8.2) 34.1(8.3) 34.2 (8.2) .873
Male, n (%) 97 (45.3) 12 (52.1) 110 (561.6) 63 (562.1) 230 (48.7) .542
Body mass index <18.5 kg/m?, 25 (11.7) 28 (13.0) 29 (13.6) 12 (9.9) 63 (13.1) 440
n (%)°
History of TB, n (%) 80 (374) 68 (31.6) 66 (31.0) 26 (21.5) 169 (35.8) .002
History of extrapulmonary TB, n (%)° 10 (4.7) 9(4.2) 9(4.3) 8 (6.6) 18 (3.8) 212
World Health Organization stage 14 (6.5) 11 (6.1) 13(6.1) 11 (9.1) 24 (5.1) 127
4,n %)
Alcohol use, n (%)
Occasional 24 (11.8) 23 (11.0) 28 (13.7) 15 (12.8) 53 (11.6) 877
Frequent 6(2.9) 9(4.3) 9 (4.4) 4 (3.4) 20 (4.4)
Patients with CD4* count 37 (17.3) 35 (16.3) 41 (19.2) 42 (34.7) 61 (12.9) <.0001
<50 cells/mm?, n (%)
Median alanine aminotransferase 21.0 (13-33) 19.0 (13-29) 170 (12-28)
(interquartile range), U/L
Mean log,, human immunodeficiency 5.0 (0.9) 5.0(0.9) 5.1(0.7) 5.1(0.9) 5.0 (0.9) .616
virus RNA (SD), copies/mL ¢
Hepatitis B surface antigen positive, 15 (8.8) 15 (8.1) 13 (7.5) 12 (11.3) 30 (7.6) .237

n (%)°

Abbreviations: SD, standard deviation; TB, tuberculosis.

#P value for the comparison of patients with liver enzyme abnormalities to those without.

°Five patients in the sequential treatment group had missing baseline body mass index data, which were not included in the percentage calculation.

°Among these patients, none had TB of the liver. One patient in the late arm and 3 patients in the sequential arm had missing extrapulmonary TB data, which were not included in the per

centage calculation.

9Baseline viral load data were not available for 16 patients in the early arm, 16 in the late arm, and 12 in the sequential arm.

°The hepatitis B surface antigen status was missing for 25, 12, and 27 patients in early, late, and sequential arm, respectively.

(grades 1-4) of 50.3 (95% CI, 28.1-82.9) per 100 person-years
occurred in the late integrated treatment arm (Table 2). Overall,
similarly high liver injury incidence rates were observed in
this subset of patients across all treatment arms, irrespective of
whether ART was initiated or not. A similar incident rate was
observed when stratified by CD4+ cell counts >50 cells/mm’
and <50 cells/mm? (data not shown)

Post-ART initiation incidence of liver injury (grades 1-4) in
the subset of patients with CD4+ cell counts >200 cells/mm” was
32.1 (95% CI, 20.1-48.5), 11.8 (95% CI, 4.3-25.7), and 28.2 (95%

CI, 13.5-51.9) per 100 person-years of follow-up in the early in-
tegrated, late integrated, and sequential treatment arms, respec-
tively (Table 2). Patients in the early integrated arm had a greater
than 2-fold incidence rate of liver injury compared to the late in-
tegrated arm (incidence rate ratio [IRR], 2.71; 95% CI, 1.1-6.68;
P =.030; Table 2). The IRR of the early integrated arm vs the se-
quential arm was 1.14 (95% CI, 0.54-2.41; P = .731) and the IRR
of the late integrated arm vs the sequential arm was 0.42 (95% CI,
0.15-1.16; P = .093; Table 2). Notably fewer events of liver injury
were noted pre-ART initiation in this subset of patients.
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Figure 2. Kaplan-Meier estimates of cumulative probability of developing liver toxicity by study.
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Table 3. Baseline Risk Factors for Incident Liver Injury in Tuberculosis Patients Receiving Antiretroviral Therapy

Univariable Analysis

Multivariable Analysis

Exposure Variable HR® P Value aHRP PValue
Treatment arm

Sequential Reference Reference

Early integrated 1.14 (0.77-1.69) 526 1.19 (0.75-1.89) 464

Late integrated 1.04 (0.69-1.56) .855 1.17 (0.73-1.86) 519
Age (per 5-year increase) 1.14 (1.04-1.24) .006 1.19 (1.05-1.33) .005
Gender

Female Reference Reference

Male 1.43 (1.03-1.98) .033 1.20 (0.79-1.82) .399
Body mass index, kg/m?

>18.5 Reference Reference

<18.5 0.90 (0.54-1.52) .696 0.86 (0.49-1.50) 692
History of TB

No Reference Reference

Yes 1.00 (0.71-1.41) .995 1.00 (0.67-1.48) .996
History of extrapulmonary TB

No Reference Reference

Yes 0.85 (0.35-2.07) 721 0.68 (0.06-7.86) 757
World Health Organization stage

3 Reference e Reference .

4 0.96 (0.45-2.04) .908 0.68 (0.09-5.13) 713
Alcohol use

Never used alcohol Reference Reference

History of alcohol use 1.49 (0.99-2.25) .059 1.34 (0.81-2.21) .259

CD4+ count (per 50 cells/mm?) 0.99 (0.93-1.06) 817 0.98 (0.90-1.06) 638
Hepatitis B surface antigen

Negative Reference Reference

Positive 1.79 (1.03-3.13) .04 1.65 (0.88-3.07) 116

Abbreviations: aHR, adjusted hazard ratio; HR, hazard ratio; TB, tuberculosis.
“Refers to hazard ratio (HR) as indicated in the footer.
PRefers to aHR-adjusted hazard ratio as indicated in the footer.

The highest incidence rates of worsening of preexisting liver
injury of 27.4 cases per 100 person-years (95% CI, 14.1-47.8)
was observed in the late integrated arm (data not shown). There
was no statistically significant difference in the IRR of liver in-
jury between the arms (data not shown). It is noteworthy that
the IRR of 0.44 (0.17-1.12; P = .084) comparing occurrence of
liver injury between the early and late integrated treatment arms,
while not statistically significant, may be of clinical relevance.

Severe Liver Injury and Adverse Events

Severe or life-threatening liver injury (= grade 3), including
both new onset and worsening events, occurred post-baseline
in 2 (8.2 and 10.4 months postenrollment), 7 (interquartile
range, 2.1-15.2 months postenrollment), and 3 (8.7, 14.7, and
19.7 months postenrollment) of the early integrated, late inte-
grated, and sequential treatment arm patients, respectively.

Predictors of Liver Injury

Significant predictors of liver injury were age and HBsAg pos-
itivity. For every 5-year increase in patient age, the risk of liver
injury increased by 21% (hazard ratio [HR], 1.19; 95% CI,

1.05-1.33; P = .005; Table 3). Patients with a positive Hep BSAg
at baseline had a 2-fold risk of developing liver injury (HR, 1.79;
95% CI, 1.03-3.13; P = .04; Table 3) compared to HBsAg-
negative patients at baseline. Importantly, on reanalysis of the
data, including abnormal baseline liver injury cases, alcohol use
and male gender were found to be statistically insignificant.

Resolution of Liver Injury

During study follow-up, we observed that liver injury resolved
to normal in two-thirds (31 in each study arm) of all patients
(Supplementary Table 1). At the end of study follow-up, the se-
quential treatment arm had the highest number of unresolved
worsened liver injury cases. Among patients with severe grades
of liver injury, none resolved in the early arm, whereas severe
liver injury resolution occurred in 2 late integrated patients and
1 sequential arm patient.

DISCUSSION

Our study demonstrates excessively high incidence rates of
liver injury among HIV-TB coinfected patients irrespective of
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timing of ART in TB therapy. Almost one-third of all patients
experienced liver injury during study follow-up. Importantly,
the onset of liver injury occurred several weeks to months after
ART start. This has important implications as current guide-
lines for TB, HIV, and HIV-TB cotreatment are silent regarding
frequency of liver safety monitoring in coinfected patients re-
ceiving concomitant ART during or post-TB treatment com-
pletion [14, 15], while also ignoring liver safety monitoring in
asymptomatic patients. Prospective evaluation of liver injury in
other multicountry randomized trials conducted in coinfected
patients receiving early or deferred ART in TB therapy show
that while liver injury accounted for the vast majority of re-
ported study-related adverse events, there was no significant
difference in occurrence of liver injury by randomized arms
[16-18]. A randomized trial investigating safety and efficacy of
an efavirenz-based ART regimen in Ethiopia showed no differ-
ence in incidence rates or severity of liver injury in HIV-TB
coinfected patients initiated at 1 week, 4 weeks, or 8 weeks after
TB treatment start [19].

Among post-ART initiation patients with CD4+ cell counts
<200 cells/mm’, rates of liver injury were not significantly dif-
ferent between the arms. Patients with CD4+ cell counts >200
cells/mm’, however, demonstrated significantly different rates
of liver injury post-ART initiation, with the early and sequen-
tial treatment arms experiencing more than a 2-fold higher
incidence rate of liver injury compared to the late treatment
arm. Our findings of higher rates of liver injury among pa-
tients receiving concurrent ART and 4-drug TB therapy concur
with literature reports that show up to a 10-fold increased risk
in liver injury among patients cotreated for HIV and TB [9].
Furthermore, studies have demonstrated that up to 25% of
cotreated patients develop liver injury, with approximately 50%
developing mild liver injury [7]. Additionally, early hepatic
monitoring in the first 2 months of TB therapy was shown to
detect about 75% of moderately elevated liver enzymes [11],
highlighting the need for close monitoring of liver function
tests during intensive TB therapy.

The highest incidence rate of liver injury was observed
among pre-ART initiation patients already receiving anti-TB
therapy, with CD4+ cell counts <200 cells/mm?, who were
randomized to the late treatment arm. This rate was almost
2-fold higher than for sequential treatment arm patients.
Isoniazid, rifampicin, and pyrazinamide are all known liver
toxic drugs [20], with risk of liver injury known to be 2-fold
higher in HIV-TB coinfected patients receiving TB therapy
in the absence of ART [21, 22]. We found high levels of liver
injury attributable to TB treatment only among ART naive
patients. It is noteworthy that other cohorts and randomized
studies also show high rates of liver injury prior to ART start
in patients receiving anti-TB therapy only [9, 10, 17, 23-25].
Importantly, the frequency of TB treatment-associated liver
injury observed in the pre-ART period appeared to increase

with longer delays to ART start. Patients with CD4+ cell
counts >200 mm’ randomized to the early integrated and se-
quential treatment arms experienced higher rates of liver in-
jury post-ART initiation. This highlights the significant role
of TB and ART in the development of liver injury [9, 10]. This
finding also demonstrates the direct role of HIV infection in
hepatic injury, with almost 80% of individuals living with HIV
having abnormal liver function tests [26].

Patients with CD4+ cell counts >200 mm’ experienced
higher incidence rates of liver injury in the early integrated
treatment arm. These findings have important implications
in the context of the new WHO HIV test and treat policy in
coinfected patients who are administered ART in the absence
of liver function monitoring. The number of patients who de-
veloped severe liver injury in this study was very small, with no
patient requiring treatment interruption and rechallenge. It is
likely that our inclusion of clinically stable ambulant patients
in this study accounted for the low rates of severe liver injury
observed in this cohort.

Males in our cohort were at higher risk of liver injury when data

analysis included cases with abnormal baseline liver enzymes.
This contrasts literature that reported biological variations in drug
pharmacokinetics, including slow drug acetylation in women,
that contribute to a higher risk of DILI [27, 28]. It is important to
note that concurrent alcohol abuse is more frequent among males
in our population, likely contributing to the higher risk of liver
injury observed. Other risk factors for liver injury in this cohort
were similar to other published findings [2, 4, 6, 29, 30]. Despite
high rates of injury in this cohort, irrespective of study arm, most
patients had complete and spontaneous resolution of liver injury.
Severe or life-threatening liver injury was experienced in only 4%
of patients, and 13% of patients exited the study with unresolved
liver injury. Approximately 20% of asymptomatic study patients
developed elevated transaminases following TB therapy initiation
that resolved spontaneously. Immune suppressed patients were
less likely to resolve their liver injury.
We acknowledge several limitations to this study. Data on the
use of traditional remedies and over-the-counter drugs, which
may have contributed to liver injury, were not collected. More
frequent monitoring of liver enzymes may have provided a
more nuanced understanding of liver enzyme perturbations re-
lated to ART and TB drug cotreatment. Liver biopsy, histology,
and ultrasonography may have added to our understanding as
to the true nature and cause of liver injury; however, this is not
standard of care.

CONCLUSIONS

Patients on concurrent HIV and TB therapy demonstrated a
high incidence of liver injury, especially when initiating ART
during the intensive phase of TB therapy. This occurred in the
context of an ambulant, clinically stable, coinfected population
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who were receiving a liver-friendly ART regimen. Careful,
close liver function monitoring in HIV-TB coinfected patients,
specifically during initiation of ART early in TB treatment, is
necessary for the prompt detection and management of DILL
Clinical guidelines and policies for HIV-TB coinfected patients
must address frequency of liver function monitoring, guidelines
for further investigation, and up-referral of patients with liver
injury that is suitable for the task-shifted model of care rou-
tinely provided in HIV-TB endemic settings.
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