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ABSTRACT: No information is currently available on the influence of injectable second-line drugs

on treatment outcomes of multidrug-resistant (MDR) and extensively drug-resistant (XDR)

tuberculosis (TB) patients.

To investigate this issue, a large series of MDR- and XDR-TB cases diagnosed in Estonia,

Germany, Italy and the Russian Federation (Archangels Oblast) between 1999 and 2006 were

analysed. All study sites performed drug susceptibility testing for first- and second-line anti-TB

drugs, laboratory quality assurance and treatment delivery according to World Health

Organization recommendations.

Out of 4,583 culture-confirmed cases, 240 MDR- and 48 XDR-TB cases had a definitive outcome

recorded (treatment success, death, failure). Among MDR- and XDR-TB cases, capreomycin

resistance yielded a higher proportion of failure and death than capreomycin-susceptible cases.

Resistance to capreomycin was independently associated with unfavourable outcome (logistic

regression analysis: odds ratio 3.51).

In the treatment of patients with multidrug-resistant and extensively drug-resistant tuberculosis,

resistance to the injectable drug capreomycin was an independent predictor for therapy failure in

this cohort. As Mycobacterium tuberculosis drug resistance is increasing worldwide, there is an

urgent need for novel interventions in the fight against tuberculosis.
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E
xtensively drug-resistant (XDR) tubercu-
losis (TB) is defined as resistance to at
least rifampicin and isoniazid, plus resis-

tance to any fluoroquinolone and at least one of
three injectable anti-TB drugs (capreomycin,
kanamycin, or amikacin) [1–4]. Multidrug-
resistant (MDR)-TB is defined as resistance to at
least rifampicin and isoniazid. Preliminary
reports from a number of sources following the
XDR-TB outbreak in the town of Tugela Ferry,
South Africa, suggested that XDR-TB may be
almost incurable [4–6]. The XDR-TB-defining
drugs are those considered essential to achieve
successful outcomes in MDR-TB cases [1–4]. As
XDR-TB is still a newly described disease,
evidence on the role of the different classes of
anti-TB drugs in its treatment is scant and slowly
accumulating.

After demonstrating that XDR-TB patients have a
higher risk of death and failure than those with
MDR-TB [4, 7, 8], two TuBerculosis Network
(TBNET) studies [9, 10] showed that: 1) resistance
to additional first-line drugs (other than isoniazid
and rifampicin) is a predictor of adverse out-
comes [9]; and 2) resistance to fluoroquinolones
contributes to increased risk of death and failure
in these cases [10]. However, no information is
presently available on the influence of injectable
second-line drugs on treatment outcomes among
MDR- or XDR-TB cases.

METHODS
Drug resistance and treatment outcome data
were reviewed for all 4,583 culture-confirmed
TB cases diagnosed consecutively by the TB
clinical reference centres between 2003 and 2006
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in Germany (Borstel, Munich-Gauting, Grosshansdorf and
Bad-Lippspringe) and Italy (Sondalo, Milan and Rome),
between 2001 and 2004 in Estonia (Tallin and Tartu), and
between 1999 and 2001 in the Russian Federation (Archangels
Oblast) [4, 9, 11, 12]. Standard World Health Organization
(WHO) definitions for MDR-TB, XDR-TB and treatment
outcome (treatment success, died, failure, default and trans-
ferred out) were used [9]. Inclusion criteria for this analysis
included all 288 cases with laboratory-confirmed MDR- or
XDR-TB for whom a definitive treatment end-point was
recorded (treatment success, treatment failure or death).
Cases were excluded if they did not meet the definition of
confirmed MDR- or XDR-TB, or if they were confirmed MDR-
or XDR-TB cases but did not have a definitive treatment
outcome recorded. Thus, MDR- and XDR-TB cases without a
definitive outcome were excluded from the analysis, including
77 (18%) cases still undergoing treatment, 57 (13%) who
defaulted and three (0.7%) who transferred out.

An analysis was performed in order to assess potential
differences between the included and excluded groups that
could bias results. No significant differences were found
between MDR- and XDR-TB cases included and excluded
from the multivariate analysis for the main demographic
variables (age, sex and immigrant status) or the number of
drugs to which the Mycobacteriun tuberculosis strain was
resistant.

Drug susceptibility testing (DST) for first-line anti-TB drugs
(isoniazid, rifampicin, ethambutol, streptomycin and pyrazi-
namide) and second-line anti-TB drugs was performed
according to WHO recommendations by quality-assured
laboratories and re-tested at the WHO Supranational
Reference Laboratories (Rome, Milan, Borstel, Munich-
Gauting, Stockholm (Sweden) and Oslo (Norway)) [13, 14].
At all sites, regimens to treat MDR- and XDR-TB cases were

tailored to the DST results according to WHO recommenda-
tions. Each of the locations had access to all categories of
second-line drugs during the study period (the injectable
agents amikacin, capreomycin and kanamycin; fluoroquino-
lones; and the oral agents ethionamide/prothionamide,
para-aminosalycilic acid and cycloserine). Third-line agents
(amoxicillin/clavulanic acid, clarithromycin, clofazimine) were
available in all locations except Archangels Oblast.

The prevalence of resistance to injectable second-line drugs
(capreomycin, kanamycin or amikacin) was analysed.
Outcomes were compared using the Chi-squared test (catego-
rical variables) or an unpaired t-test (continuous variables).
Logistic regression analysis was performed. The following
variables were included in the statistical analysis: country, sex,
age at the time of diagnosis, immigrant status, DST results
(isoniazid, rifampicin, ethambutol, pyrazinamide, streptomy-
cin, any fluoroquinolone, amikacin, capreomycin, kanamycin),
treatment outcomes and MDR- or XDR-TB status.

The study was approved by the ethical committee of the
coordinating centre (WHO Collaborating Centre for TB and
Lung Diseases, S. Maugeri Foundation Tradate, Italy). Patient
confidentiality was ensured by circulation of only coded
information to all investigators except the treating physicians.

RESULTS
Of 4,583 culture-confirmed cases (Italy: n52,140; Germany:
n5748; Estonia: n5900; Archangels Oblast: n5795), 361 (7.9%)
were MDR-TB and 64 (1.4%) were XDR-TB cases. Of these, 240
(66.5%) MDR-TB cases (Italy: n526; Germany: n527; Estonia:
n5153; Archangels Oblast: n534) and 48 (75%) XDR-TB cases
(Italy: n54; Estonia: n544) had a definitive outcome recorded
and were included in the analysis (tables 1 and 2). In the final
sample of 288 cases for analysis, 124 (43%) cases were resistant
to one or more of the second-line injectables. In total, 43 (15%)

TABLE 1 Outcomes of multidrug-resistant tuberculosis (MDR-TB) and extensively drug-resistant tuberculosis (XDR-TB) cases
resistant and susceptible to injectable second-line drugs in Estonia, Germany, Italy and the Russian Federation
(Archangels Oblast)#

Outcome MDR-TB XDR-TB

Capreomycin Kanamycin Amikacin Capreomycin Kanamycin Amikacin

Treatment success

Resistant 9 (39) 72 (66) 15 (72) 4 (36) 22 (48) 8 (36)

Susceptible 156 (72) 93 (71) 150 (69) 18 (49) 0 (0) 14 (54)

Died

Resistant 5 (22) 20 (18) 3 (14) 4 (36) 12 (26) 8 (36)

Susceptible 38 (17) 23 (18) 40 (18) 10 (27) 2 (100) 6 (23)

Failure

Resistant 9 (39) 18 (16) 3 (14) 3 (28) 12 (26) 6 (28)

Susceptible 23 (11) 14 (11) 29 (13) 9 (24) 0 (0) 6 (23)

Total

Resistant 23 (100) 110 (100) 21 (100) 11 (100) 46 (100) 22 (100)

Susceptible 217 (100) 130 (100) 219 (100) 37 (100) 2 (100) 26 (100)

Data are presented as n (%). The percentage was calculated using the total number of cases resistant or susceptible to the given drug as a denominator. #: includes

cases resistant to one and more than one injectable.

SECOND-LINE INJECTABLES TO TREAT DRUG-RESISTANT TB G.B. MIGLIORI ET AL.

1156 VOLUME 31 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL



cases were resistant to amikacin, 34 (12%) to capreomycin and
156 (54%) to kanamycin. Among the cases with any resistance
to second-line injectables, 52 were resistant to more than one
injectable (35 to two compounds and 17 to all three).

Out of the 240 MDR-TB cases with a definitive outcome reported,
the proportion of cases resistant to capreomycin, kanamycin and
amikacin was 9.6% (n523), 45.8% (n5110) and 8.7% (n521),
respectively, and among the 48 XDR-TB cases it was 22.9%
(n511), 95.8% (n546) and 45.8% (n522), respectively.

The proportion of HIV-seropositive patients was low in the
sample of 288 cases: 10 (4.2%) out of 240 in MDR-TB and one
(2.1%) out of 48 in XDR-TB cases. No significant differences in
outcomes were noted for HIV-infected patients.

Capreomycin-resistant MDR-TB cases yielded a higher propor-
tion of failure and death than capreomycin-susceptible ones
(14 (60.9%) out of 23 versus 61 (28.1%) out of 217; p50.0013).
Unfavourable outcomes were similar in patients susceptible
versus resistant to kanamycin and amikacin: 38 (34.5%) out of
110 versus 37 (28.5%) out of 130 (p50.31) and six (28.6%) out of
21 versus 69 (31.5%) out of 219 (p50.78), respectively.

Furthermore, patients who were resistant to more than one
injectable drug were more likely to achieve an unfavourable
outcome. In the overall sample, 37 (33%) out of 112 cases
resistant to only one injectable had an unfavourable outcome
versus 29 (55.7%) out of 52 cases resistant to more than one
injectable drug (odds ratio (OR) 2.56, 95% confidence interval
(CI) 1.24–5.31; p50.006). In MDR-TB cases, adverse outcomes
appeared in 25 (28.7%) out of 87 single-injectable resistant
cases versus 15 (51.7%) out of 29 multi-injectable resistant cases
(OR 2.66, 95% CI 1.03–6.9; p50.024), and for XDR-TB in 12
(48%) out of 25 versus 14 (60.8%) out of 23 cases (OR 1.69, 95%
CI 0.46–6.25; p50.37).

A logistic regression analysis was used to compare outcomes
for cases susceptible versus resistant to each of the injectable
agents. Resistance to capreomycin was the only independent
variable significantly associated with unfavourable outcome
(OR 3.51, 95% CI 1.67–7.36; p50.001), while resistance to
amikacin (OR 1.76, 95% CI 0.91–3.39; p50.09) and kanamycin
(OR 1.57, 95% CI 0.96–2.57; p50.07) achieved border-line
significance. After adjustment for covariates (country, sex,
immigrant status and age), the corresponding ORs did not
significantly change. Resistance to capreomycin (OR 3.29, 95%
CI 1.41–7.69; p50.006), amikacin (OR 0.83, 95% CI 0.36–1.9;
p50.66) and kanamycin (OR 0.81, 95% CI 0.44–1.47; p50.49)
were similar after adjustments. Furthermore, a comparison of
outcomes between cases susceptible to all three injectables
versus cases resistant to one, two and three injectable drugs was
performed (table 2). In this analysis, treatment outcomes did
not appear to be poorer as the number of drugs to which a case
was resistant increased.

DISCUSSION
The results of the present study suggest that resistance to
capreomycin, in particular, significantly increases the risk of
death and treatment failure in MDR- and XDR-TB cases, while
resistance to either kanamycin or amikacin alone does not
appear to be as important an indicator of poor prognosis.
While the study did not show that resistance to more than one
injectable leads to significantly poorer outcomes, a larger
sample would help to clarify whether there is indeed a
tendency toward poorer outcomes in cases with additional
resistance. Outcomes for XDR-TB cases already resistant to
fluoroquinolones seemed to be less affected by loss of multiple
second-line injectable drugs.

The strengths of the study include: large sample size, high
quality of laboratory data (all XDR-TB defining drugs tested

TABLE 2 Outcomes of extensively drug-resistant tuberculosis (XDR-TB) and multidrug-resistant tuberculosis (MDR-TB) cases
susceptible and resistant to one or more injectable second-line drug in Estonia, Germany, Italy and Russian Federation
(Archangels Oblast)

Treatment success Died Failure Total Crude OR (95%CI)# Adjusted OR (95% CI)"

MDR-TB

Susceptible 89 (72) 23 (18) 12 (10) 124 (100) 1 1

Resistant to 1 drug 62 (71) 14 (16) 11 (13) 87 (100) 1.02 (0.55–1.88) 1.01 (0.09–11.94)

Resistant to 2 drugs 8 (40) 4 (20) 8 (40) 20 (100) 1.95 (1.19–3.18) 1.02 (0.42–2.47)

Resistant to 3 drugs 6 (67) 2 (22) 1 (11) 9 (100) 1.08 (0.67–1.75) 0.92 (0.56–1.51)

XDR-TB+

Resistant to 1 drug 13 (52) 7 (28) 5 (20) 25 (100)

Resistant to 2 drugs 6 (40) 4 (27) 5 (33) 15 (100)

Resistant to 3 drugs 3 (37.5) 3 (37.5) 2 (25) 8 (100)

Overall sample

Susceptible 89 (72) 23 (18) 12 (10) 124 (100) 1 1

Resistant to 1 drug 75 (67) 21 (19) 16 (14) 112 (100) 1.25 (0.72–2.18) 2.23 (0.37–13.41)

Resistant to 2 drugs 14 (40) 8 (23) 13 (37) 35 (100) 1.95 (1.32–2.88) 1.2 (0.56–2.59)

Resistant to 3 drugs 9 (53) 5 (29) 3 (18) 17 (100) 1.31(0.93–1.84) 0.92 (0.56–1.51)

Data are presented as n (%), unless otherwise stated. OR: odds ratio; CI: confidence interval. #: number of injectables the patient is resistant to versus susceptible strains;
": number of injectables the patient is resistant to versus susceptible strains adjusted for the following variables: country, sex, immigrant status and age; +: the comparison

carried out on the overall sample and on MDR-TB cases was not possible for XDR-TB cases as, by definition, no strain was susceptible to all the three injectable drugs.
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and DST controlled for quality) and the capacity to provide
representative data on at least two study settings, Estonia and
Archangels Oblast (where all diagnosed cases were included in
the study). The present results might be considered robust, as
the statistical adjustment for the main covariates did not
change ORs significantly. Additionally limitations of the study
include: 1) the inability to assess additional factors, including
variability of provider treatment practices and existence of
additional comorbid conditions (other than HIV) that may
confound the results; and 2) in spite of the large cohort,
numbers are small when stratification per individual injectable
drug is performed.

At present, caution should always be used when interpreting
data related to XDR-TB cases. In fact, universally accepted
standardised approaches to testing concentrations and meth-
ods which correlate clinically with disease as well as quality
assurance systems, including proficiency testing for second-
line drugs, do not yet exist [9]. Further information from other
MDR- and XDR-TB hot spots (e.g. South Korea, China, India
and Peru) is needed to confirm the findings presently reported.
A comparative analysis of the role played by the XDR-TB-
defining drugs and linezolid will further contribute to
clarifying their relative importance in influencing treatment
outcomes.

Among the XDR-TB-defining drugs, rifampicin, fluoroquino-
lones and aminoglycosides are also used to treat diseases other
than TB [10, 15]. The key role played by the previously
mentioned drugs for the success of TB treatment suggests the
urgent need to sensitise the medical community on the rational
use of these life-saving compounds against other infections.
This may be especially important for the use of fluoroquino-
lones against upper and lower respiratory tract infections in
countries with a high incidence of TB [10, 11]. Until new data
from large, prospective clinical studies are available, additional
guidance on the use of drugs in treatment of MDR- and XDR-
TB should be developed based on the new evidence of the
relative importance of specific drugs in improving treatment
success from observational cohort studies, such as the one
presented here.

In conclusion, the present study is the first to assess the
contribution of second-line injectable anti-TB drugs to treat-
ment outcomes in MDR- and XDR-TB cases. The findings
suggest that in the countries surveyed, resistance to second-
line injectable drugs is, in general, widespread among drug-
resistant cases. In the present study, the loss of capreomycin as
an effective treatment agent appears to be an important
predictor of poor treatment outcomes. The implications of
this finding for clinical management need to be explored in
more detail before any recommendations can be considered;
however, the need to consult expert clinicians for all cases of
MDR-TB and XDR-TB should be emphasised, as the chances of
treatment success are increased with early and effective
intervention.

In this context, two parallel actions are critical at the
programme level: 1) strengthening existing tuberculosis con-
trol activities to prevent new cases of multidrug-resistant and
extensively drug-resistant tuberculosis; and 2) improving
national capacity to diagnose and treat existing drug-resistant

cases effectively, in order to provide patients with the greatest
opportunity for a successful outcome. At the global level, the
rational use of existing compounds must be urgently promoted
to preserve their utility in treating the most difficult tubercu-
losis cases and intensify efforts to develop novel interventions
(including new drugs and vaccines) to fight tuberculosis more
effectively.
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