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SUMMARY
SETTING—Patients with cavitary pulmonary tuberculosis (TB) on baseline chest radiograph
(CXR) who remain culture-positive after 8 weeks of treatment are at high risk of relapse. The role
of end-of-treatment (EOT) CXR in predicting relapse is unclear.

OBJECTIVE—To determine whether EOT CXR independently predicts TB relapse.

DESIGN—We conducted a secondary analysis of a randomized trial of intermittent treatment
using rifapentine in the continuation phase of TB treatment among 1004 human
immunodeficiency virus seronegative adults with culture-proven pulmonary TB.

RESULTS—Relapse occurred in 17.3% of subjects with persistent cavity on EOT CXR, in 7.6%
of subjects with a cavity that resolved by EOT, and 2.5% (P = 0.002 for trend) of subjects who
never had a cavity. In multivariable analysis, patients with persistent cavity on EOT CXR were
significantly more likely to relapse than patients with no cavity on baseline or 2-month CXR
(hazard ratio [HR] 4.22, 95%CI 2.00–8.91), and were more likely to relapse than subjects whose
early cavity had resolved by EOT CXR (HR 1.92, 95%CI 1.09–3.39).

CONCLUSION—A persistent cavity after 6 months of TB treatment was independently
associated with disease relapse after controlling for other variables. EOT CXR may help predict
those likely to relapse.

Keywords
tuberculosis; relapse; chest radiograph

TUBERCULOSIS (TB) is a major global public health problem, with incidence rates
ranging from 5 per 100 000 population per year in the United States and other market

© 2008 The Union

Correspondence to: Carol Dukes Hamilton, Box 3306, Division of Infectious Diseases & International Health, Duke University
Medical Center, Durham, NC 27710, USA. Tel: (+1) 919 684 3279. Fax: (+1) 919 681 7494. dukes002@mc.duke.edu.

NIH Public Access
Author Manuscript
Int J Tuberc Lung Dis. Author manuscript; available in PMC 2013 September 27.

Published in final edited form as:
Int J Tuberc Lung Dis. 2008 September ; 12(9): 1059–1064.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



economies to over 400/100 000 in most of sub-Saharan Africa and much of Asia.1–3

Standard TB treatment requires a minimum of 6 months of four-drug rifampicin (RMP)
based treatment for fully drug-susceptible isolates. Even with standard treatment, 5% or
more of individuals treated with recommended regimens will either fail therapy or relapse
with TB after treatment is completed. Risk factors associated with treatment failure or
relapse include persisting organisms visible by microscopy that grow in culture despite 8–12
weeks of TB treatment,4,5 extent of baseline pulmonary disease (e.g., bilateral compared
with unilateral disease),4 recognizable cavities on initial chest radiographs (CXRs),4,6

resistance to one or more TB drugs being used,7,8 malabsorption of TB drugs,9 human
immunodeficiency virus (HIV) co-infection7,10,11 and patient non-adherence.12

Risk factors associated with TB relapse were identified in the context of a US-based
randomized clinical trial—the TB Trials Consortium (TBTC) Study 22—a multicenter study
comparing a standard twice-weekly TB treatment regimen during the continuation phase of
therapy with a once-weekly regimen substituting a new drug, rifapentine (RFP), for the
standard agent, RMP. The final study cohort of 1004 subjects was restricted to HIV-
seronegative individuals.13 Five characteristics were found to be independently associated
with increased risk of failure or relapse. These included positive sputum cultures for
Mycobacterium tuberculosis at 2 months of TB treatment, the presence of a cavity on a CXR
taken in the first 2 months of treatment, being underweight, having bilateral pulmonary
involvement and being a non-Hispanic white person. After adjusting for the five
independent risk factors, random treatment assignment did not significantly predict failure/
relapse. The risk for disease relapse was over 20% in the group with both culture-positive
sputum after 2 months of treatment plus a cavity on an early CXR, and <2% in the group
with neither a cavity on CXR nor positive sputum cultures after 2 months of TB treatment.
Based on these findings, the Centers for Disease Control and Prevention (CDC)
recommends that TB treatment be extended from 6 to 9 months for individuals who fit into
the highest risk group.14

The initial analysis of Study 22 data resulted in important findings with respect to failure/
relapse, but the results may be of limited value to TB programs in countries with the highest
TB burden because the high-risk group is defined by CXR findings plus 2-month culture
data, which are rarely available in low-income countries. TB programs in such countries rely
on sputum microscopy to look for the presence of TB bacteria in the sputum as a surrogate
for culture. On the other hand, CXRs are available in some resource-poor countries that do
not have mycobacterial culture capacity, and might provide a more accessible and efficient
way to determine risk for relapse. We hypothesized that Study 22 data—including
radiographic findings at the end of treatment (EOT) for pulmonary TB—could predict
disease relapse independently from culture results, thus extending the usefulness of the data
to resource-limited settings.

METHODS
We used a subset of TBTC Study 22 data—comprising 1004 HIV-seronegative adult
subjects with drug-susceptible pulmonary TB—to conduct an analysis of EOT CXR and its
ability to predict disease relapse independently of the 2-month culture results. In Study 22,
subjects with fully susceptible pulmonary TB were randomized to one of two study arms
after receiving 8 weeks of standard TB treatment, which included isoniazid (INH), RMP,
pyrazinamide and ethambutol by directly observed treatment. Half of the subjects received
twice-weekly INH and RMP, while the other half received once-weekly INH and RFP. All
subjects received 24 weeks of treatment. CXRs were required within 2 weeks of
randomization, which occurred after 8 weeks of standard treatment, and at the EOT. CXRs
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at the time of initial diagnosis were not required for the study, but if available, they were
assessed in the same way as the study-required films and included in the study database.

Central reading of CXRs was not performed during Study 22. TB investigators or
radiologists at each site reviewed study CXRs and assessed whether each was ‘normal’, had
a cavity, or had evidence of bilateral disease, based only on standard postero-anterior and
lateral CXRs. Although site investigators were either chest or infectious disease physicians
with considerable experience in the diagnosis and management of TB, they did not receive
specific training on CXR interpretation prior to Study 22. When subsequent CXRs were
obtained, site investigators—who were not blinded to treatment arm or clinical condition—
compared CXRs to earlier films and assessed whether there had been disease progression or
development of any new lesions. Cavity on ‘early’ CXR was defined as the presence of a
cavity on a CXR obtained within 2 weeks of the start of initial TB treatment (initial CXR)
and/or cavity on a CXR obtained at the end of 8 weeks of induction therapy, just prior to
being randomized to one of the 16-week continuation arms. ‘Persistent’ cavity on EOT CXR
was defined as the presence of a cavitary lesion on an early CXR and on the EOT CXR.

Study 22 subjects included in our analysis met the following inclusion criteria: 1) received at
least one dose of study medication; 2) had available 2-month sputum culture results, ‘early’
CXR results and EOT radiograph results; and 3) did not meet the definition for treatment
failure. ‘Treatment failure’ was defined as a positive culture at or after 4 months of TB
treatment or evidence of progressive TB by clinical and/or radiographic methods without a
positive culture. Because treatment failure was defined as occurring before the anticipated
EOT, evaluating EOT CXR to predict this pre-EOT event would not be relevant. ‘Relapse’,
on the other hand, was defined in Study 22 as a positive culture or clinical symptoms
recurring after completion of treatment, and is the outcome variable for this analysis.
Sputum was to be submitted for smear and culture on all study subjects at the EOT as well
as at four follow-up study intervals over the ensuing 2 years. A general flow diagram for the
EOT CXR relapse analysis is shown in Figure 1.

A traditional way to try to quantitate bacillary load is to grade the number of acid-fast bacilli
(AFB) seen on direct microscopy of the expectorated sputum. We used a scoring system
from 0 (negative) to 4+, corresponding to the number of M. tuberculosis bacteria present per
ml of concentrated sputum.15 Because we did not have large numbers of subjects in each
group, we grouped 3+ and 4+ smears together as indicating high-level bacillary load, and
compared relapse rates to all the others (negative, 1+, and 2+).

Because central reading of CXR was not performed during Study 22, prior to our analyses
we randomly sampled CXRs from 10% of the Study 22 subjects to determine whether CXR
data recorded during the study were biased. Three investigators (CDH, JES and PCG)
reviewed 241 films from 99 subjects across TBTC sites, blinded to the subjects’ treatment
arms or outcomes, and developed a consensus reading which was then compared to the sites’
original interpretations. We found no significant bias except for the finding of bilateral
disease (P = 0.0004, McNemar's χ2), which the consensus group read more often than the
original interpretation. The kappa (κ) statistic was 0.54 for cavity (80% agreement), 0.72
(86% agreement) for bilateral disease and 0.74 (97% agreement) for the presence of new
lesions. Based on these findings, we used the original Study 22 data regarding CXR findings
for our analyses.

This project was granted exempt status by the Duke University Health System Institutional
Review Board and a non-research determination at the CDC. Sites obtained local
institutional review board exemption or approval prior to sending randomly selected CXRs
for central review.
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Statistical analysis
The objective of our analysis was to examine whether EOT CXRs independently predicted
TB relapse, adjusting for other factors associated with TB relapse in the original study. The
original Study 22 analysis found five independent risk factors for failure/relapse to be white
race, underweight, cavity on early CXR (CXR at diagnosis or in first 8 weeks of treatment),
bilateral pulmonary involvement and positive sputum culture after 8 weeks of standard
treatment. After adjusting for the identified risk factors, treatment arm was not an
independent predictor of failure/relapse.13 However, in order to confirm that treatment arm
did not predict relapse in our subset of Study 22 subjects, we forced treatment into our initial
multivariable model and confirmed that treatment arm was not a significant predictor of
relapse, nor did it confound the estimates of the other predictors, and so it was excluded
from the final model. In addition, the analysis of each arm independently identified the same
variables to be significantly associated with TB relapse. For our analysis, the treatment arms
were therefore combined and TB relapse was modeled as a dependent variable in a Cox
proportional hazards model. For the purposes of the Cox model, subjects were censored at
the time of death, loss to follow-up or completion of follow-up phase.

Univariate analysis was performed using each independent variable alone in this model.
Multivariable analysis was performed by including all independent variables significantly
associated with TB relapse in the original Study 22 analysis, plus two other findings on EOT
CXR (bilateral disease and cavity). A final model was obtained by backward elimination,
retaining variables significantly (P < 0.05) associated with TB relapse. Significant
confounding was defined as a >10% change in the hazard ratio (HR) for a particular variable
upon removal of another variable from the model;16 variables that were significant
confounders were retained in the model regardless of statistical significance. Subjects with
missing values for a given variable were removed from analyses involving that variable; no
imputation was performed to correct for missing data.

RESULTS
Of the 1004 original Study 22 subjects, 834 met the inclusion criteria for the current analysis
(Figure 1). Individuals meeting the inclusion criteria were comparable with those excluded
in terms of age, sex, race/ ethnicity and CXR and clinical findings (Table 1).

The first two columns of Table 2 show the results of univariate and multivariable analyses
from the original Study 22 data as reference, and the second two columns show the results of
our analysis of EOT CXR data. Sixty (7.2%) individuals relapsed—39 (9.3%) in the RFP
(experimental) arm and 21 (5.1%) in the RMP (control) arm. All of the variables originally
identified in Study 22 remained significantly associated with TB relapse in the 834
individuals included in our analysis. We found that TB relapse occurred in 17.3% (29/168)
of subjects who had a persistent cavity on their EOT CXR, in 7.6% (21/275) of subjects
whose early cavity had resolved at EOT CXR, and in 2.5% (9/365) of subjects for whom no
cavity was seen on either early or EOT CXR (P = 0.002, Cochran-Armitage test for trend)
(Figure 2).

In addition, 26 subjects who were not reported to have a cavity on early CXR were reported
to have a cavity on EOT CXR; one (3.9%) of these subjects relapsed. In some cases, this
represented an initial infiltrate obscuring an underlying cavity, which then became evident
when the infiltrate cleared with treatment. In other such cases, however, the cavity on EOT
CXR may have represented over-interpretation by the treating physician.

In multivariable analysis that adjusted for white race, underweight, cavity on early CXR and
positive sputum culture at 2 months, patients with a persistent cavity on EOT CXR were

Hamilton et al. Page 4

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2013 September 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



significantly more likely to relapse than patients with no cavity on early CXR (HR 4.22,
95% confidence interval [CI] 2.00–8.91, Table 2) and were more likely to relapse than
patients whose early cavity had resolved by EOT CXR (HR 1.92, 95%CI 1.09–3.39, not
shown in Table 2).

We also analyzed the data removing sputum culture data from the model to simulate the
situation in many resource-poor countries where it is not possible to perform culture for TB.
Persistent cavity on EOT CXR remained the best predictor of relapse (HR 4.81, 95%CI
2.31–10.03), followed by being underweight (HR 3.19, 95%CI 1.88–5.42), having a cavity
on early CXR that resolved (HR 2.23, 95%CI 1.04–4.79), and having high initial bacillary
load noted on sputum smear microscopy (3+ or greater) (HR 1.95, 95%CI 1.14–3.34) (Table
3).

DISCUSSION
A cavity on CXR is reported in 40–50% of patients with newly diagnosed pulmonary TB.17

Similarly, nearly half of the subjects enrolled in TBTC Study 22 had a cavity at the time of
their diagnosis. The 16.9% of subjects who had a persistent cavity at the end of 6 months of
treatment had more than twice the risk of TB relapse (17.3% vs. 7.6%) than subjects whose
cavity had closed by the end of treatment. After adjusting for other known predictors of TB
relapse, persistent cavity on EOT CXR was independently associated with a higher TB
relapse rate. This important finding notably extends the original findings of Study 22 and
provides evidence that, even when 2-month sputum cultures cannot be obtained, TB
programs could identify patients at highest risk for relapse and intervene with extended
treatment or close post-treatment follow-up. Even programs that do not routinely obtain
initial CXRs might choose to obtain EOT CXRs for individuals who were still AFB smear-
positive after 8 weeks of treatment.

Our analysis had several limitations. The most significant limitation is that Study 22
included only HIV-seronegative individuals and our results may not be generalizable to
persons with advanced HIV/acquired immune-deficiency syndrome (AIDS), who have a
lower rate of cavitary disease.18–21 In addition, each site was responsible for interpreting its
patients’ CXRs in a simple, standard format, but there was no central reading of CXRs, no
pre-set definitions for reading cavities and no blinding to the patients’ treatment arm or
clinical course. However, we did not find significant bias in local readings compared with
our central readings, except for the finding of bilateral disease. The level of agreement
between the original site and the centralized interpretations was good (κ 0.54), and
consistent with other published reports.22 Nevertheless, we have tried to standardize CXR
readings in subsequent TB treatment trials, to improve our precision. Finally, Study 22
employed intermittent TB treatment during the continuation phase of treatment;
extrapolating our findings to patients receiving daily treatment throughout should be done
with caution.

In conclusion, our results show that despite supervised state-of-the-art treatment, HIV-
seronegative individuals with a persistent cavity at the end of therapy were at significantly
higher risk of disease relapse. Our analysis provides evidence that EOT CXRs might serve
as an alternative to sputum culture conversion for identifying HIV-seronegative populations
at high risk for relapse, which could be useful to TB treatment programs where EOT CXRs
are more accessible or affordable than documenting culture conversion after 2 months of
treatment.
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Figure 1.
Flow of data for EOT CXR and relapse analysis showing exclusions based on protocol.
CXR = chest radiograph; EOT = end of treatment.

Hamilton et al. Page 8

Int J Tuberc Lung Dis. Author manuscript; available in PMC 2013 September 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Proportion of subjects with tuberculosis relapse by findings on early and EOT CXR. EOT =
end of treatment; CXR = chest radiograph.
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Table 1

Clinical characteristics of TBTC Study 22 subjects

Subjects used for EOT CXR
analysis (n = 834) %

Subjects with failure or missing
data (n = 170) %

P value for comparison

Mean age, years 43.7 46.1 0.08

Male sex 75.2 73.5 0.65

Race 0.56

    Non-Hispanic black 39.3 41.8

    Non-Hispanic white 15.3 18.1

    Asian/Pacific Islander 14.2 12.4

    Hispanic 24.5 28.2

    Native American 4.0 2.4

Underweight 30.7 29.4 0.74

Diabetes 84.4 85.3 0.77

Alcoholism 55.6 55.3 0.95

Early cavity 53.1
57.5

* 0.34

EOT cavity 23.3
19.1

† 0.28

Bilateral disease on enrollment CXR 55.9
57.3

‡ 0.74

TBTC = Tuberculosis Trials Consortium; EOT = end of treatment; CXR = chest radiograph.

*
29 subjects missing data.

†
34 subjects missing data.

‡
8 subjects missing data.
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Table 2

Predictors of failure/relapse in original Study 22 data and in EOT CXR data
*

Original Study 22 data (n = 1004) EOT CXR data (n = 834)

Variable Univariate HR (95%CI) Multivariable HR (95%CI) Univariate HR (95%CI) Multivariable HR (95%CI)

Treatment arm 1.86 (1.09–3.16) NA 1.86 (1.09–3.16) NA

Positive 2-month sputum
culture

4.73 (2.85–7.85) 2.80 (1.64–4.77) 4.73 (2.85–7.85) 2.61 (1.52–4.47)

Cavity on CXR

    None 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)

    Cavity on early CXR 4.55 (2.31–8.96) 2.97 (1.48–5.96)
— 

†
— 

†

    Cavity on early CXR,
resolved — 

†
— 

† 3.01 (1.42–6.40) 2.19 (1.02–4.71)

    Persistent cavity on
EOT CXR — 

†
— 

† 7.23 (3.52–14.85)
4.22 (2.00–8.91)

‡

White race 2.53 (1.49–4.31) 1.89 (1.10–3.25) 2.53 (1.49–4.31) 1.84 (1.07–3.17)

Underweight 4.13 (2.44–6.98) 2.97 (1.74–5.06) 4.13 (2.44–6.98) 2.92 (1.71–4.99)

Bilateral disease (2-month) 2.90 (1.57–5.36) NA 2.90 (1.57–5.36) NA

Bilateral disease (EOT
CXR) — 

†
— 

† 2.79 (1.66–4.69) NA

EOT = end of treatment; CXR = chest radiograph; HR = hazard ratio; CI = confidence interval; NA = not available; TB = tuberculosis.

*
EOT CXR data excludes treatment failure cases and missing CXR or culture data.

†
Analyses not done.

‡
P value = 0.02 for comparison of subjects with cavity on early CXR vs. subjects with persistent cavity on CXR.
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Table 3

Predictors of relapse when culture data are not available

Variable Univariate HR (95%CI) Multivariable HR (95%CI)

Treatment arm 1.86 (1.09–3.16) NA

Initial sputum smear

    Negative or <2+ AFB 1.0 (referent) 1.0 (referent)

    High bacillary load ( ≥ 3 +  AFB) 2.74 (1.61–4.66) 1.95 (1.14–3.34)

Cavity on CXR

    None 1.0 (referent) 1.0 (referent)

    Cavity on early CXR, resolved 3.01 (1.42–6.40) 2.23 (1.04–4.79)

    Persistent cavity on EOT CXR 7.23 (3.52–14.85) 4.81 (2.31–10.03)

White race 2.53 (1.49–4.31) 2.24 (1.31–3.81)

Underweight 4.13 (2.44–6.98) 3.19 (1.88–5.42)

HR = hazard ratio; CI = confidence interval; NA = not available; AFB = acid-fast bacilli; CXR = chest radiograph; EOT = end of treatment.
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