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Treatment of extensively drug-resistant tuberculosis in
Tomsk, Russia: a retrospective cohort study
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Summary

Background Mycobacterium tuberculosis strains that cause untreatable drug-resistant disease are a threat worldwide.
We describe the treatment, management, and outcomes of patients with extensively drug-resistant tuberculosis in
Tomsk, Russia.

Methods We undertook a retrospective cohort study of 608 patients with multidrug resistant tuberculosis who had
treatment in civilian or prison services, between Sept 10, 2000, and Nov 1, 2004, according to the treatment strategy
recommended by WHO. Clinical characteristics, management practices, and treatment outcomes of patients with
extensively drug-resistant (XDR) tuberculosis and non-extensively drug-resistant (non-XDR) tuberculosis are
described. The main outcome was the frequency of poor and favourable outcomes at the end of treatment.

Findings Of 608 patients with multidrug resistant tuberculosis, 29 (4-8%) patients had baseline XDR tuberculo-
sis. Treatment failure was more common in patients with XDR tuberculosis than in those with non-XDR tuberculosis
(31% vs 8-5%, p=0-0008). 48-3% of patients with XDR tuberculosis and 66-7% of patients with non-XDR tuber-
culosis had treatment cure or completion (p=0-04). The frequency and management of adverse events did not differ
between patients with XDR and non-XDR tuberculosis.

Interpretation The chronic features of tuberculosis in these patients suggest that extensively drug-resistant tuberculosis
may be acquired through previous treatments that include second-line drugs. Aggressive management of this
infectious disease is feasible and can prevent high mortality rates and further transmission of drug-resistant strains
of Mycobacterium tuberculosis.

Funding Bill & Melinda Gates Foundation, Eli Lilly Foundation, The Open Society Institute, Frank Hatch Fellowships
in Global Health Equity at the Brigham & Women’s Hospital, Infectious Disease Society of America, the Heiser
Foundation, the United States National Institutes of Health, and the John D and Catherine T MacArthur Foundation.

Introduction

Every year an estimated 490000 new cases of multidrug
resistant (MDR) tuberculosis arise worldwide, with a
prevalence that is thought to be three times greater than
this number."> MDR tuberculosis—caused by strains of
Mycobacterium tuberculosis that are resistant to isoniazid
and rifampin, the backbone of first-line treatment against
tuberculosis—is more difficult and costly to treat than
non-drug-resistant tuberculosis.** However, extensively
drug-resistant (XDR) tuberculosis is an even greater
threat to control of the disease. XDR tuberculosis is a
subgroup of MDR tuberculosis, which is also resistant to
the most effective second-line drugs against tuberculosis:
any second-line aminoglycoside or capreomycin, and any
fluoroquinolone.** Although the worldwide burden of
XDR tuberculosis is unknown, 7% of isolates of MDR
tuberculosis  referred to supranational reference
laboratories from 2000 to 2004 were XDR cases.!

Scarce therapeutic options and high mortality rates
associated with XDR tuberculosis are a concern. A report
of an outbreak of XDR tuberculosis in 53 HIV-positive
patients in the province of KwaZulu Natal in the Republic
of South Africa, during which 52 patients died after about
16 days from diagnosis of tuberculosis, has been a

warning for the global tuberculosis community of the
dangers of allowing drug resistance to flourish un-
checked.” Other reports from non-HIV-infected patients
have reinforced the alarm.*”

Although XDR tuberculosis is referred to by some as
being untreatable, aggressive clinical and programmatic
management can greatly improve the outcome of the
disease, which provides hope to the many infected
patients. The aim of this study is to describe the clinical
characteristics, management, and outcomes of patients
treated for MDR and XDR tuberculosis in Tomsk,
Russia.

Methods

Study setting

Tomsk Oblast is located in western Siberia, Russia, and
has about 1-1 million inhabitants, roughly half of whom
live in remote rural villages. Between 1998 and 2002,
rates of MDR tuberculosis in Tomsk rose from 6-5% to
13-7% for newly detected cases, and from 26-7% to
43-6% for previously treated cases. During this time,
Tomsk had implemented DOTS (directly observed
treatment, short-course), the treatment strategy of WHO
for non-drug-resistant tuberculosis, consisting of short-
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(n=605)

XDRTB(N=29)  Non-XDRTB(N=579)  pvalue
Female 5 (17%) 97 (17%) 1.00
Age (years)* 33:9(111) 359 (113) 033
Treatment initiation site 017
Civilian 20 (69%) 398 (69%)
TB hospital 17 (59%) 278 (48%)
Day hospital or polyclinic in Tomsk 1(3%) 96 (17%)
Sites outside of Tomsk 2 (7%) 24 (4%)
Prison 9 (31%) 181 (31%)
Any disability 20 (69%) 239 (41%) 0-003
Homeless 1(3%) 23 (4%) 1.00
Number of previous treatments against TB 3-0[2-0,4-0] 2[1.0,3-0] 0-0005
(median [first and third quartiles])
New patients (no previous treatment 0 (0%) 3(0-5%) 1-00
against TB)
Previous default 0(0%) 3 (4%) 0-62
Previous parenteral exposure (n=597)t 17 (59%) 177 (31%) 0-002
Previous fluoroquinolone exposure (n=597) 15 (52%) 79 (14%) <0-0001
Previous or present incarceration (n=605) 21 (72%) 320 (56%) 0-07
Low body-mass index (n=607) 18 (62%) 240 (41%) 0-03
HIV (n=604) 0(0%) 5(0-9%) 1.00
Alcoholismi 9 (31%) 252 (43%) 019
lllegal drug uset 7 (24%) 106 (18%) 0-46
Previous surgery for TB (n=605) 6 (21%) 5(10%) 0-06
Baseline respiratory insufficiency (n=600) 17 (59%) 299 (52%) 0-51
Fibrotic or cavitary lesions on chest X-ray 10 (34%) 92 (16%) 0-009

Data are n (%) unless stated otherwise. MDR=multidrug resistant. TB=tuberculosis. XDR=extensively drug-resistant.
Non-XDR=non-extensively drug-resistant. *Mean (SD). tAdministration of parenteral drug (kanamycin, amikacin,
streptomycin, or capreomycin) or fluoroquinolone (ciprofloxacin, levofloxacin, or moxifloxacin) for any period before
treatment against MDR. $These data are based on clinician assessment in patient records.

Table 1: Baseline characteristics of patients with MDR tuberculosis
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Figure 1: Proportion of patients with baseline resistance to first-line and second-line antituberculosis drugs

Number of patients=608. XDR-TB

=extensively drug-resistant tuberculosis. Non-XDR-TB=non-extensively drug-

resistant tuberculosis. INH=isoniazid. RIF=rifampin. PZA=pyrazinamide. EMB=ethambutol. SM=streptomycin.
KM=kanamycin. CM=capreomycin. OFX=ofloxacin. CPX=ciprofloxacin. CS=cycloserine. Ethio=ethionamide.

PAS=para-aminosalicylic acid.

course chemotherapy given under direct observation.*
Because of pre-existent resistance to isoniazid and
rifampin, short-course chemotherapy failed in many
patients,**” and probably contributed to worsening of

drug resistance.™” In 2000, individualised treatment for
patients with MDR tuberculosis was available in Tomsk
through a public—private partnership between the
Tomsk Oblast Tuberculosis Services (Tomsk, Russia),
the Tomsk Penitentiary Services Tuberculosis Hospital
(Tomsk, Russia), Partners In Health (Boston, USA, and
Moscow, Russia), Massachusetts State Laboratory
Institute (MA, USA), and the Open Society Institute
(NY, USA). Between 2000 and 2004, 636 patients were
treated according to the WHO programme.?

Patients

We enrolled 636 consecutive patients between Sept 10,
2000, and Nov 1, 2004, to start treatment against MDR
tuberculosis. Patients were diagnosed with tuberculosis
with radiographic, bacteriological, and clinical criteria.
Patients with suspected pulmonary tuberculosis submitted
sputum samples for smear microscopy and mycobacterial
culture. Drug susceptibility testing (DST) was done on all
culture-positive isolates. Patients affected by laboratory
confirmed MDR tuberculosis were assessed for MDR
tuberculosis treatment by physicians in civilian and prison
tuberculosis services. Treatment against MDR tuberculosis
was not withheld on the basis of drug resistance. Patients
gave written informed consent before initiation of therapy.

Procedures

Early in the programme, DST was done at the
Massachusetts State Laboratory Institute (MA, USA), a
member of the supranational tuberculosis reference
laboratory network. In later stages, almost all such testing
was done at the Tomsk Oblast tuberculosis reference
laboratory (Tomsk, Russia), which received external quality
assurance from the Massachusetts State Laboratory
Institute. The Tomsk Oblast tuberculosis reference
laboratory does DST according to the absolute
concentration method on Lowenstein—Jensen media at
the following concentrations: 1 pg/mL isoniazid, 40 pg/mL
rifampin, 5 pg/mL ethambutol, 10 pg/mL streptomycin,
and 30 pg/mL kanamycin. The Massachusetts State
Laboratory Institute does DST according to the proportion
method on 7H10 agar plates for all drugs, except
pyrazinamide, for which BACTEC (mycobacteriological
culture with liquid medium) is used, at the following
concentrations: 0-2, 1, and 5 pg/mL isoniazid, 1 pg/mL
rifampin, 100 pg/mL pyrazinamide, 5 pg/mL ethambutol,
2 and 10 pg/mL streptomycin, 5 pg/mL kanamycin,
10 pg/mL capreomycin, 5 pg/mL ethionamide,
30 pg/mL cycloserine, 1 pg/mL para-aminosalicylic acid,
6pg/mLamikacin, 1pg/mLlevofloxacin, 2pg/mLofloxacin,
and 2 pg/mL ciprofloxacin.

Regimen and management

Physicians designed individual therapies against MDR
tuberculosis with a standard algorithm that accounted for
DST results and history of previous treatments against
tuberculosis.” This approach is consistent with the WHO
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treatment strategy for drug-resistant tuberculosis.”? When
possible, treatment contained at least five drugs to which
the patient'’s isolate was susceptible. If discrepant
resistance data were encountered, physicians often
included the drug in question, but did not regard it as one
of the five effective drugs. If five effective drugs were not
available, physicians considered including drugs to which
resistance was known, especially if patients had scarce or
no previous exposure to them. Patients with DST results
showing resistance to fluoroquinolones were also treated
with ofloxacin or levofloxacin, whereas those with DST
results showing resistance to kanamycin with or without
capreomycin were treated with capreomycin.

Physicians did a standardised baseline examination of
all patients. All patients with tuberculosis were routinely
offered voluntary testing for HIV by ELISA. All patients
received this testing. Furthermore, physicians assessed
comorbid disorders, including abuse of alcohol or other
substance-abuse disorders.

All drugs were given under direct observation (DOT).
Civilian tuberculosis services had four types of treatment
facilities: inpatient tuberculosis hospital, day hospital,
ambulatory polyclinic (health centre), or district (raion)
hospital or clinic. Patients were routinely admitted for the
duration of parenteral therapy (intensive phase), generally
6-9 months, and were then discharged to complete treat-
ment as outpatients, unless they had a condition needing
inpatient care (eg, diabetes, alcoholism, homelessness, or
psychiatric disorder). In the prison, patients received DOT
and examinations in the clinic and hospital facilities within
the prison. Patients moving between prison and civilian
sectors were tracked by close communication between the
two tuberculosis services. Patients were not obliged to
receive treatment in either sector, and inpatient admission
in the civilian sector was voluntary.

According to the laws of the Russian Federation, disability
status was granted to patients with tuberculosis on the
basis of bacteriological, respiratory, and functional analysis,
and consists of a monthly pension. Nutritional support
was provided to all prisoners, inpatients, and adherent
ambulatory patients.”” Adverse reactions were managed
aggressively, avoiding discontinuation of drugs whenever
possible.”” Physicians monitored monthly sputum smear,
cultures, and clinical response. Treatment generally lasted
at least 18 months after culture conversion. In prisons,
patients who failed to respond to treatment were transferred
to an isolation unit where infection-control measures were
taken. In the ambulatory sector, patients who failed to
respond to treatment were not put in a hospice or under
quarantine in Tomsk. All patients who failed treatment
received medical care for palliation of symptoms.

Data collection and analysis

We obtained data from standardised forms that were
completed prospectively by tuberculosis physicians and
nurses, and reviewed records to verify and complete
results. Radiographic findings were based on one read of

baseline chest radiographs undertaken for clinical
purposes by radiologists specialised in tuberculosis. We
used a DOTS-Plus Electronic Medical Record with a
Microsoft SQL 2000 server (Microsoft Corporation,
Seattle, WA, USA) and exported data into an Access 2000
database (Microsoft Corporation).

We defined baseline MDR tuberculosis as resistance to
isoniazid and rifampin in any DST before starting MDR
tuberculosis treatment, and adherence as the proportion
of doses received (under DOT or self-administered) over
the total doses prescribed. The frequency of self-
administered doses was about 4%. Low body-mass index

XDRTB(N=29)  Non-XDRTB Total number p value
(N=579)

Favourable outcome 14 (48%) 386 (67%) 400 (66%) 0-04*
Cured 13 (45%) 366 (63%) 379 (62%)
Treatment completed 1(3-%) 20 3%) 21 (3%)

Poor outcome
Failure 9 (31%) 49 (8%) 58 (9%) 0-0008+
Death 2 (7%) 29 (5%) 31 (5%) 0-65t
Default 4(14%) 115 (20%) 119 (20%) 0-42t

Total number of patients=608. Data are numbers (%). MDR=multidrug resistant. XDR TB=extensively drug-resistant
tuberculosis. Non-XDR TB=non-extensively drug-resistant tuberculosis. *This value refers to the comparison between
favourable and poor outcome. tThis value refers to the comparison between each outcome (ie, failure, death, or
default) and all other outcomes.

Table 2: Treatment outcomes of patients with MDR tuberculosis

XDRTB(N=29)  Non-XDRTB(N=579) pvalue
Any adverse event (number [%])* 19 (65%) 388 (67%) 0-87
Number of different types of adverse events 1[0,2] 1[0,2] 0-63
Duration of therapy (months)
Treatment success 211[18-2,23.0] 18.5[18.0,20-9] 0-04
Failure 10-9[10-1,16-5] 18-2[14-0, 22:0] 0-02
Death 37[1-2,6-2] 10-6 [5-2, 14-4] 013
Default 5-1[3-0, 83] 7-8[4-2,122] 0-24
Total cohort 18.0[10-1, 21-9] 18-1[14-8,19-8] 0-62
Adherence
Treatment success 0-87[0-83,0-91] 0-92[0-84,0-97] 018
Failure 0-93[0-91, 0-96] 0-91[0-81, 0-95] 030
Death 0-89[0-80, 0-98] 0-89[0-75, 0-94] 0-55
Default 0-96 [0:74, 0-97] 0-82[0-69, 0-90] 0-19
Total cohort 0-91[0-84, 0-96] 0-90[0-80,0-96] 065
Received surgery during treatment for MDRTB 3 (10%) 53 (9%) 0-74
(number [%])
Months of parenteral agent during treatment ~ 10-9 [7-7, 18-4] 97[7:0,131] 010
for MDRTBT
Months of administration of fluoroquinolone  15:6 [8-1,19-8] 17-9[14-2,19-1] 0-09

during treatment for MDR BT

Total number of patients=608. Data are median (first and third quartiles), unless stated otherwise. MDR=multidrug
resistant. XDR TB=extensively drug-resistant tuberculosis. Non-XDR TB=non-extensively drug-resistant tuberculosis.
*Adverse events include diarrhoea, hepatitis, nephrotoxicity, hypothyroidism, hypokalaemia, arthralgia, rash,
ototoxicity, depression, psychosis, neuropathy, and seizures. tCumulative number of months during which any
parenteral agent (kanamycin, amikacin, streptomycin, or capreomycin) or fluoroquinolone (ciprofloxacin, levofloxacin,
or moxifloxacin) was given as part of the treatment against MDR tuberculosis.

Table 3: Individualised characteristics of treatment for patients with MDR tuberculosis
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Figure 2: Drugs given in MDR tuberculosis regimen by XDR tuberculosis status

Number of patients=608. XDR-TB=extensively drug-resistant tuberculosis. Non-XDR-TB=non-extensively drug-
resistant tuberculosis. INH=isoniazid . RIF=rifampin. PZA=pyrazinamide. EMB=ethambutol. KM=kanamycin.
CM=capreomycin. AMK=amikacin. OFX=ofloxacin. LFX=levofloxacin. MFX=moxifloxacin. CS=cycloserine.
PAS=para-aminosalicylic acid. Ethio/Pro=ethionamide or prothionamide. Amox/Clav=amoxicillin with clavulanic acid.

Unadjusted OR[95% Cl]  Adjusted OR* [95% CI]

Female
Age (years)
Baseline disability (any)

Baseline homelessness

Number of previous treatments

Previous default

Previous or present incarceration

Low body-mass index
HIV

Baseline alcoholism
Baseline illegal drug use

Previous surgery for TB

Baseline respiratory insufficiency
Baseline fibrotic or cavitary lesions on chest x-ray
Surgery during treatment for MDRTB

Lowest quartile adherence to treatment for MDRTB

XDR at baseline

Total number of patients=608. MDR=multidrug resistant. TB=tuberculosis. XDR=extensively drug-resistant. *Variables
included in the model are age, disability, homelessness, previous default, alcoholism, respiratory insufficiency, fibrosis
or cavitary lesions, low adherence, and baseline XDR.

114[0:72-1.79]
0-98[0-96-0-99]
0-55[039-0-77]
0-36[0-16-0-83]
0-93[0-82-1-06]
0-39[0-17-0-91]
0-93[0-66-130]
0-91[0-65-1-27]
0-35[0-06-2-11]
0-39[0-28-0-55]
0-80[0-52-1-22]
1.01[0-58-1.76]
0-44[0-31-0-62]
0-44[0-28-0-67]
124 [0-69-2-26]
0-34[0-23-0-50]
0-48[0-23-1-01]

0-51[0-35-0-75]
0-48[0-33-0-69]
0-61[0-38-0-99]

0-35[0-23-0-53]
0-41[0-19-0-91]

Table 4: Variables associated with favourable treatment outcome

(weight in kilograms divided by the square of height in
meters) was defined as less than 18-5 for women and
20 for men.* Final treatment outcomes, as defined by
WHO and the STOP-TB Working Group on MDR-TB,
were used.”?” Poor treatment outcome was defined as
default, failure, or death for any cause during treatment.
Favourable outcome was defined as treatment completion
or cure. Time-to-culture conversion was defined as time
from treatment start to date of the first of two consecutive
negative cultures.

Analysis was done with SAS version 9.1. Non-normal
continuous variables were presented as medians with
first and third quartile values. We did a univariate analysis
to show differences in patient characteristics, manage-

ment principles, and treatment outcomes in patients
with XDR versus non-XDR tuberculosis. We reported
statistical significance using the ¥2 test or Fisher’s exact
test for categorical variables, and the ¢ test (and two-sided
Wilcoxon test for data with non-normal distribution) for
continuous variables. Because of the small numbers, a
multivariable analysis of factors associated with XDR
tuberculosis was not done. For multivariable analysis, we
did a stepwise logistic regression, including all variables
significantly associated with favourable outcome (cure or
treatment completion) with a p=0-05 on univariate
analysis. We also assessed the effect of XDR status on
outcome. All other variables that showed statistical
significance (p<0-05) on multivariable analysis were also
retained. The Harvard School of Public Health (MA,
USA) and the Siberian State Medical University (Tomsk,
Russia) granted Institutional Review Board approval for
the analysis.

Role of funding source

The funding sources had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had the final responsibility
for the decision to submit for publication.

Results
Of the 636 patients who had treatment against MDR
tuberculosis in the study period, 608 had documented
baseline MDR tuberculosis and 28 were treated for
presumed MDR tuberculosis on the basis of treatment or
contact history, or MDR tuberculosis diagnosed before
moving to Tomsk. These 28 patients are excluded from
the analysis. 29 patients (4-8%) met the definition of
XDR tuberculosis before starting treatment for MDR
tuberculosis. The proportion of patients with XDR
tuberculosis did not vary by calendar year (p=0-31). As
shown in table 1, most patients were male, young, and
started treatment in the civilian sector. All patients were
tested for HIV, and only five (<1%) were HIV-positive,
and none of them had XDR tuberculosis. Patients with
XDR tuberculosis had more tuberculosis treatments than
patients with non-XDR tuberculosis (p=0-0005). Patients
with XDR tuberculosis were sicker than those with non-
XDR tuberculosis; therefore, they were more likely to
receive a disability pension (p=0-003), have fibrotic or
cavitary radiographic findings (p=0-009), and have a low
body-mass index (p=0-03). Most XDR strains were
resistant to all firstline drugs and ethionamide
(figure 1).

Two-thirds of patients with non-XDR tuberculosis had
a favourable treatment outcome compared with half of
patients with XDR tuberculosis (p=0-04) (table 2).
Treatment failure was more common in patients with
XDR tuberculosis than in those with non-XDR tuber-
culosis (p=0-0008), whereas death and default rates did
not differ significantly. Time-to-culture conversion was
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not significantly different in patients with XDR
tuberculosis compared with those with non-XDR
tuberculosis (unadjusted HR=0-67, 95% CI 0-42-1-09).
The median time to culture conversion in both groups
was 2 months. Table 3 summarises treatment charac-
teristics of patients. Patients with XDR tuberculosis
were classified as treatment failures earlier than patients
without XDR tuberculosis (p=0-02). Adherence did not
differ in the two groups. Individualised regimens relied
heavily on second-line drugs (figure 2). Despite
resistance to capreomycin in 13 (46%) and to ofloxacin
in 27 (96%) patients with XDR tuberculosis, most had
received capreomycin (90%) and ofloxacin (90%).
Overall, patients with XDR tuberculosis had similar
treatment (fluoroquinolones, parenteral agents, and
surgery) to other patients with MDR tuberculosis. XDR
tuberculosis was inversely associated with favourable
treatment outcome (table 4). Other baseline factors
inversely associated with a favourable treatment
response were alcoholism, respiratory insufficiency, and
fibrotic or cavitary findings on a chest radiograph. Lower
adherence to treatment against MDR tuberculosis was
also inversely associated with poor treatment outcome.
Table 5 shows that adverse events in patients with XDR
tuberculosis happened with a similar rate to those in
patients with other types of MDR tuberculosis, except
for arthralgia, because fewer patients with XDR
tuberculosis had pyrazinamide. Additionally, adverse
events provoking changes of treatment (ie, dis-
continuation, substitution, or change in dose of drug)
were no greater in patients with XDR tuberculosis than
in those with non-XDR tuberculosis.

Discussion

We have shown that, although treatment outcomes were
worse in patients with XDR tuberculosis than those in
patients with MDR tuberculosis who were infected with
strains that were susceptible to fluoroquinolones and at
least one of the parenteral drugs, 48% of patients with
XDR tuberculosis—often termed untreatable in press
reports—responded favourably to treatment. Although
our results for treatment outcomes were similar to those
reported elsewhere,”” one major difference was that the
time-to-sputum culture conversion in patients with XDR
tuberculosis did not differ from that in those with MDR
tuberculosis.

Our results draw attention to several important clinical
and programmatic points for settings with a low rate of
HIV. First, the results show that XDR tuberculosis was
associated with a greater number of previous treatments
for tuberculosis—including a higher probability of having
had parenteral and fluoroquinolone therapy before
starting individualised treatment against MDR tuber-
culosis—and chronic disease (manifested by chronic
radiographic lesions, low body-mass index, and disability).
These characteristics suggest that previous inadequate
therapy with second-line drugs against tuberculosis—

Frequency during treatment for MDR

Adverse event needing change in

Data are n (%). MDR TB=multidrug resistant tuberculosis.

TB (N=608) treatment against MDRTB (N=608)

XDRTB Non-XDRTB XDRTB Non-XDRTB
Nausea, vomiting 22 (76%) 405 (70%) 11 (50%) 189 (47%)
Arthralgia 9 (31%) 289 (50%) 1(11:%) 55 (19%)
Depression 2 (7%) 47 (8%) 1(50%) 21 (45%)
Diarrhoea 10 (34%) 228 (39%) 4 (40%) 60 (26%)
Hepatitis 5 (17%) 89 (15%) 1(20%) 21 (24%)
Hypokalaemia 11 (38%) 220 (38%) 0(0%) 21(9%)
Hypothyroidism 2 (7%) 59 (10%) 0 (0%) 8 (14%)
Nephrotoxicity 1(3%) 38 (7%) 0(0%) 4 (10%)
Neuropathy 1(3%) 41 (7%) 0 (0%) 9 (22%)
Ototoxicity 3(10%) 75 (13%) 0 (0%) 31(41%)
Psychosis 3(10%) 50 (9%) 2 (67%) 40 (80%)
Rash 3(10%) 82 (14%) 0 (0%) 16 (19%)
Seizure 2 (7%) 55 (9%) 2 (100%) 32 (58%)

Table 5: Occurrence and management of adverse events

especially the improper use of fluoroquinolones and
injectable drugs, both in weak treatments and for
inappropriately short durations of time—might have a
major role in the development of XDR strains. Genotyping
of tuberculosis strains from repeated treatments would
be needed to confirm this finding.

Although the programme of the WHO Green Light
Committee for the treatment of MDR tuberculosis ensures
that patients have access to quality-assured second-line
drugs given under clinically and programmatically
appropriate conditions,””* less than 40000 patients have
been approved since the programme’s inception in 2000.%
Therefore, most patients with MDR tuberculosis worldwide
receive drugs, the quality of which is unknown, in regimens
that might be inadequate or inappropriately short, and
without programmatic support to identify adverse events
and facilitate adherence to treatment (this fact is probably
true also in Russia). Such treatments could contribute to
the generation of XDR tuberculosis. However, this
hypothesis does not rule out the possibility that some
patients—especially sick individuals who might have spent
considerable time in congregate settings—were initially
infected with XDR tuberculosis. In Tomsk, we have seen
high rates of probable re-infection with strains of MDR
tuberculosis in patients admitted for treatment of drug-
susceptible tuberculosis.® Therefore, we cannot exclude
the possibility that nosocomial transmission and patient
re-infection also greatly contribute to the spreading of
increasingly drug-resistant strains.””

Second, our results show that no difference in adverse
events was observed between patients with XDR
tuberculosis and those with other MDR tuberculosis in a
setting in which both groups had similar treatments.
Despite documented resistance to parenteral drugs and
fluoroquinolones of the infecting strains of XDR
tuberculosis, treatments have included these drugs
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because there have been no alternatives. Although this
strategy might not have provided any additional benefit,
it was endorsed on the basis of data suggesting the
presence of multiple tuberculosis strains in sputum
isolates from the same patient and the importance of
fluoroquinolonesinthetreatmentof MDR tuberculosis.**
Furthermore, all patients in the programme, including
those with XDR tuberculosis, had adjunctive surgery
where appropriate, which is an approach that has shown
success in this and other settings.*** Because of the high
risk of failure for patients with XDR tuberculosis, such
aggressive medical and surgical strategies are warranted.
Moreover, our findings show that management of XDR
tuberculosis is feasible within existing treatment
strategies for MDR tuberculosis.

Finally, we showed that, unlike XDR tuberculosis in
populations with high rates of HIV, most patients in our
cohort with poor treatment outcomes did not die, but
continued to be ill (treatment failures or defaulters). This
finding is similar to that in a few other published reports
on HIV-negative cohorts with XDR tuberculosis.”" In
addition to XDR tuberculosis, other indicators of chronic
disease, alcoholism, and treatment non-adherence
predicted poor treatment response.

Overall, these data suggest that the epidemiology of
XDR tuberculosis in Tomsk consists of chronic patients
who acquired XDR tuberculosis through repeated
treatments; after failing aggressive therapy for MDR
tuberculosis, they continue to live in the community with
active disease. An appropriate public-health response to
XDR tuberculosis in such settings needs to be
multifaceted: (1) decrease time to diagnosis and initiation
of appropriate treatment; (2) use aggressive medical and
surgical treatments for patients with XDR tuberculosis,
being their last chance for cure; and (3) find ways of
keeping transmission to a minimum if treatment fails.

Timely treatment with appropriate drugs, as opposed
to serial suboptimum regimens, would decrease the
possibility for amplification of drug resistance, decrease
transmission of primary MDR and XDR tuberculosis,
and increase the chance of cure for affected patients.” As
suggested by others,” the severity and chronicity of
disease have a direct effect on outcome. In the absence of
new drugs, adjuvant surgery should have an important
role in treating drug-resistant tuberculosis. Surgery
should be done before mycobacterial counts begin to
rise.”®” Patients will be more likely to tolerate surgery if
diagnosed and referred early in the course of the disease.
Community-based approaches to the treatment of MDR
tuberculosis have been successful in several settings, and
should be pursued for patients with both XDR and MDR
tuberculosis as a way of keeping to a minimum
mycobacterial transmission in congregate settings.*
Also, for those who remain infectious after treatment
fails, there is a humanitarian and public-health need to
provide palliative care such that nosocomial and
household transmission is kept to a minimum.

Our study is restricted by its retrospective nature and
the small number of patients with XDR tuberculosis.
Long-term follow up of this cohort is needed to find out
whether the rate of relapse is greater in patients with XDR
tuberculosis than in those with non-XDR tuberculosis.
Furthermore, our findings and management principles
might not be generalised to settings where HIV co-
infection is more frequent. Nonetheless, we suggest that
treatment of patients with XDR tuberculosis with
currently available chemotherapeutic agents—including
fluoroquinolones and capreomycin—should be estab-
lished as soon as possible to prevent high mortality and
reduce further transmission. We expect that this finding
will also be true in settings of HIV co-infection. The
Tomsk MDR-TB project—a collective effort between
Tomsk civilian and prison services, international con-
sultants, and private philanthropy—provides an important
model of successful international collaboration to provide
a high standard of care to patients with tuberculosis.” The
replication of such models might be needed to confront
the emerging threat of XDR tuberculosis.

Conflict of interest statement

JJF, IYG, SK, EAN, SSS, ADP, and MLR received partial salary and/or
travel support from the Bill & Melinda Gates Foundation and Eli Lilly
Foundation. JJF, SK, MLR, and SSS received salary support also from
the Frank Hatch Fellowships in Global Health Equity at the Brigham &
Women’s Hospital. SSS received additional salary support from the
Infectious Disease Society of America, the Heiser Foundation, and the
US National Institutes of Health. SK received travel and research
funding from the John D and Catherine T MacArthur Foundation.

Acknowledgments

We thank Natasha Arlyapova, Donna Barry, Valentina Ivanovna Berezina,
Vera Golubchikova, Alexander Golubkov, Olga Yurievna Khristenko,
Gwyneth Jones, Oleg Petrovich Karpeichik, Charmaine Lastimoso,
Tatyana Lyagoshina, Tom Nicholson, Michael Nikiforov,

Gennady Giorgevich Peremitin, Oksana Ponomarenko,

Ekaterina Pushkareva, Dmitry Yurievich Shegercov, Olga Sirotkina,
Ekaterina Petrovna Stepanova, Tamara Tonkel, Galina Yanova,

Askar Yedilbayev, and Natalia Aleksandrovna Zemlyanaya for their
indefatigable patient care, and administrative and technical support for
this programme. We also thank Tamara Tonkel, Vera Golubchikova, and
Mercedes Becerra for comments on the manuscript.

References

1 World Health Organization/International Union Against
Tuberculosis and Lung Disease. Global Project on Anti-Tuberculosis
Drug Resistance Surveillance. Anti-tuberculosis drug resistance in
the world: report no 4. Geneva, Switzerland: WHO, 2008.

2 World Health Organization. The Global MDR-TB & XDR-TB
Response Plan 2006-2007. Geneva, Switzerland: WHO, 2007 WHO/
HTM/TB/2007.387.

3 Farmer PE, Furin JJ, Shin SS. Managing multidrug-resistant
tuberculosis. J Respin Dis 2000; 21: 53-56.

4 Espinal MA, Kim S]J, Suarez PG, et al. Standard short-course
chemotherapy for drug-resistant tuberculosis: treatment outcomes
in 6 countries. JAMA 2000; 283: 2537-45.

5  Centers for Disease Control and Prevention. Emergence of
Mpycobacterium tuberculosis with extensive resistance to second-line
drugs—worldwide, 2000-2004. MM WR Morb Mortal Wkly Rep
2006; 55: 301-05.

6 World Health Organization. Report of the meeting of the Global
Task Force on XDR-TB. Geneva, Switzerland: WHO, 2006.
Publication: WHO/HTM/TB/2007.374.

7 Gandhi NR, Moll A, Sturm AW, et al. Extensively drug-resistant
tuberculosis as a cause of death in patients co-infected with
tuberculosis and HIV in a rural areas of South Africa. Lancet 2006;
368: 1575-80.

www.thelancet.com Published online August 25,2008 DOI:10.1016/50140-6736(08)61204-0



Articles

8  Shah NS, Wright A, Bai GH, et al. Worldwide emergence of
extensively drug-resistant tuberculosis. Emerg Infect Dis 2007;

13: 380-87.

9  Masjedi MR, Farnia P, Sorooch S, et al. Extensively drug-resistant
tuberculosis: 2 years of surveillance in Iran. Clin Infect Dis 2004;
43: 841-47.

10 Migliori GB, Ortmann J, Girardi E, et al. Extensively drug-resistant
tuberculosis, Italy and Germany. Emerg Infect Dis 2007; 13: 780-82.

11 Kim HR, Hwang SS, Kim HJ, et al. Impact of extensive drug
resistance on treatment outcomes in non-HIV-infected patients
with multidrug-resistant tuberculosis. Clin Infect Dis 2007;

45: 1290-95.

12 Morbidity and Mortality Weekly Report. Extensively drug-resistant
tuberculosis—United States, 1993-2006. MM WR Morb Mortal
Wkly Rep 2006; 56: 250-53.

13 Migliori GB, Besozzi G, Girardi E, et al. Clinical and operational
value of the extensively drug-resistant tuberculosis definition.

Eur Respir ] 2007; 30: 623-26.

14 Mawer C, Ignatenko N, Wares D, et al. Comparison of the
effectiveness of WHO short-course chemotherapy and standard
Russian antituberculous regimens in Tomsk, western Siberia.
Lancet 2001; 358: 434-35.

15 Migliori GB, Espinal M, Danilova ID, Punga VV, Grzemska M,
Raviglione MC. Frequency of recurrence among MDR-TB cases
“successfully” treated with standardised short-course chemotherapy.
Int J Tuberc Lung Dis 2002; 6: 858-64.

16 Kimerling ME, Kluge H, Vezhnina N, et al. Inadequacy of the
current WHO re-treatment regimen in a central Siberian prison:
treatment failure and MDR-TB. Int J Tuberc Lung Dis 1999;
3:451-53.

17 Cox H, Kebede Y, Allamuratova S, et al. Tuberculosis recurrence
and mortality after successful treatment: impact of drug resistance.
PLoS Med 2005; 3: 1836—43.

18 Seung KJ, Gelmanova IE, Peremitin GG, et al. The effect of initial
drug resistance on treatment response and acquired drug resistance
during standardized short-course chemotherapy for tuberculosis.
Clin Infect Dis 2004; 39: 1321-28.

19 Saravia JC, Appleton SC, Rich ML, Sarria M, Bayona J, Becerra MC.
Re-treatment management strategies when first-line tuberculosis
therapy fails. Int | Tuberc Lung Dis 2005; 9: 421-29.

20 Shin SS, Pasechnikov AD, Gelmanova 1Y, et al. Treatment outcomes
in an integrated civilian and prison MDR-TB treatment program in
Russia. Int | Tuberc Lung Dis 2006; 10: 402-08.

21 Mukherjee J, Rich M, Socci A, et al. Programmes and principles in
treatment of multidrug-resistant tuberculosis. Lancet 2004;

363: 474-81.

22 World Health Organization. Guidelines for the programmatic
management of drug-resistant tuberculosis. Geneva, Switzerland:
WHO, 2006. WHO/HTM/TB/2006.362.

23 Keshavjee S, Gelmanova I, Pasechnikov A, et al. Treating multi-drug
resistant tuberculosis in Tomsk, Russia: developing programs that
address the linkage between poverty and disease.

Ann N'Y Acad Sci 2007; 1136: 1-11.

24 Bender DA, Bender AE. Nutrition: a reference handbook. Oxford,

England: University Press, 1997.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

Laserson K, Thorpe L, Lemaine V, et al. Speaking the same
language: treatment outcome definitions for multidrug-resistant
tuberculosis. Int J Tuberc Lung Dis 2005; 9: 640—45.

Migliori GB, Lange C, Girardi E, et al. Extensively drug-resistant
tuberculosis is worse than multidrug-resistant tuberculosis:
different methodology and settings, same results. CID 2008;

46: 958-59.

Kim JY, Mukherjee JS, Rich ML, Mate K, Bayona J, Becerra MC.
From multidrug-resistant tuberculosis to DOTS expansion and
beyond: making the most of a paradigm shift. Tuberculosis 2003;
83: 59-65.

Gupta R, Cegielski JP, Espinal MA, et al. Increasing transparency in
partnerships for health—introducing the Green Light Committee.
Trop Med Int Health 2002; 7: 970-76.

World Health Organization. The Green Light Committee (GLC)
Initiative Summary. http://www.who.int/tb/challenges/mdr/
greenlightcommittee/en/ (accessed Aug 1, 2008).

Gelmanova 1Y, Keshavjee S, Golubchikova VT, et al. Barriers to
successful tuberculosis treatment in Tomsk, Russia; non-adherence,
default, and the acquisition of multi-drug resistance. Bull WHO
2007; 85: 703-11.

Li X, Zhang Y, Shen X, et al. Transmission of drug-resistant
tuberculosis among treated patients in Shanghai, China.

J Infect Dis 2007; 195: 864—69.

Braden CR, Morlock GP, Woodley CL, et al. Simultaneous infection
with multiple strains of Mycobacterium tuberculosis. Clin Infect Dis
2001; 33: e42-47.

Migliori GB, Lange C, Girardi E, et al. Fluoroquinolones: are they
essential to treat multidrug-resistant tuberculosis? Eur Respir |
2008; 31: 1-2.

Somocurcio ]G, Sotomayor A, Shin S, et al. Surgery for patients
with drug-resistant tuberculosis: report of 121 cases receiving
community-based treatment in Lima, Peru. Thorax 2007; 62: 416-21.
Pomerantz M, Madsen L, Goble M, Iseman M. Surgical
management of resistant mycobacterial tuberculosis and other
mycobacterial pulmonary infections. Ann Thorac Surg 1991;
52:1108-11.

Kir A, Tahaoglu K, Erdal Okur E, Hatipoglu T. Role of surgery

in multi-drug-resistant tuberculosis: results of 27 cases.

Eur ] Cardiothorac Surg 1997; 12: 531-34.

Farmer PE. Managerial successes, clinical failures.

Int J Tuberc Lung Dis 1999; 3: 365-67.

Chan E D, Laurel V, Strand MJ, et al. Treatment and outcome
analysis of 205 patients with multidrug-resistant tuberculosis.
Am ] Respir Crit Care Med 2004; 169: 1103-09.

Pomerantz B, Cleveland J, Olson H, Pomerantz M.

Pulmonary resection for multidrug-resistant tuberculosis.

J Thorac Cardiovasc Surg 2001; 121: 448-53.

Mitnick C, Bayona J, Palacios E, et al. Community-based therapy for
multidrug-resistant tuberculosis in Lima, Peru. N Engl ] Med 2003;
348: 119-28.

Keshavjee S, Seung K, Satti H, et al. Building capacity for
multidrug-resistant tuberculosis treatment: health systems
strengthening in Lesotho. Innovations 2007; 2: 87-106.

www.thelancet.com Published online August 25,2008 DOI:10.1016/50140-6736(08)61204-0



	Treatment of extensively drug-resistant tuberculosis in Tomsk, Russia: a retrospective cohort study
	Introduction
	Methods
	Study setting
	Patients
	Procedures
	Regimen and management
	Data collection and analysis
	Role of funding source

	Results
	Discussion
	Acknowledgments
	References


