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Abstract

Background: Globally it is estimated that 273,000 new cases of multidrug-resistant tuberculosis (MDR-TB, resistant to isoniazid and rifampicin) occurred in 2000.  To address MDR-TB management in the context of the DOTS strategy, WHO and partners have been piloting an expanded treatment strategy called DOTS-Plus.  However, standard definitions for MDR-TB registration or treatment outcomes do not exist.  We propose a set of definitions and standards for conducting cohort analyses to assess treatment outcomes of MDR-TB patients under the DOTS-Plus strategy.  

Methods:  Using published definitions for drug-susceptible TB as a guide, a year-long dialogue, involving 4 countries and WHO,CDC, and partners, was undertaken to pursue international consensus.  

Results: Definitions were designed for categories of MDR-TB patient registration, smear and culture conversion, and treatment outcomes (cure, treatment completion, death, default, failure, transfer out).  Standards for conducting cohort analyses were also delineated. 

Discussion:  Given the seriousness of MDR-TB, ethical limitations, and the limited number of second-line anti-TB drugs, it has not been possible to assess treatment efficacy under conventional controlled clinical trials.  Collecting data in a systematic and standardized manner using these definitions will allow for evidence-based decisions on optimal MDR-TB regimens under a variety of TB control program conditions.  
Word-count 196

Introduction


A recent report estimates that approximately 273,000 new cases of multidrug-resistant tuberculosis (MDR-TB)--3.2% of all new TB cases--occurred worldwide in 2000 (1).  By definition, MDR-TB is caused by strains of Mycobacterium tuberculosis resistant to at least the two most effective anti-TB drugs, isoniazid and rifampicin.  As such, the treatment of MDR-TB requires the use of second-line anti-TB drugs, which are more costly, more toxic, and less effective than first-line drugs.  In order to address the management of MDR-TB in the context of the DOTS strategy,
 particularly within low- and middle-income countries, WHO and its international partners are piloting an expanded TB treatment strategy called DOTS-Plus, which promotes the programmatic treatment of MDR-TB patients (2).  Through the Green Light Committee, several of these projects have been established across the globe, and their cumulative evidence will be critical to developing policy recommendations regarding MDR-TB management (3).  However, to date standard definitions for MDR-TB treatment outcomes do not exist.


In 1997, WHO published a set of. recommended standards for conducting cohort analyses and outcome definitions for patients treated under the DOTS strategy (4). These definitions have been revised and widely adopted by national TB control programs (NTPs) as an integral part of recording and reporting under the DOTS strategy. The use of these definitions in annual NTP publications allows for comparison of treatment outcomes across countries, fostering an accepted standardized operational approach to TB clinical care and programmatic case management (5).   However, these definitions are not applicable for MDR-TB as MDR-TB case management has several unique characteristics: enrollment criteria (history of treatment with first or second-line drugs), treatment duration (up to 24 months for MDR-TB patients versus six months for drug-susceptible TB patients), and more complex monitoring mechanisms (use of culture and smear microscopy as opposed to smear microscopy only).  

This paper proposes a set of treatment outcome definitions and standards for conducting cohort analyses of MDR-TB patients under the DOTS-Plus strategy.  These practical definitions are designed primarily for programmatic management and evaluation, rather than for individual clinical care.  As NTPs implement DOTS-Plus, consistent and relevant standards for MDR-TB outcome definitions are urgently needed to improve international surveillance, optimize clinical management, and, ultimately, allow for more rapid dissemination of much needed data on the most effective means for treating MDR-TB, particularly in resource-limited settings.

Methods

Using published definitions for drug-susceptible TB as a guide (4,7), a year-long international consensus process involving three phases was implemented.  First, extensive discussion occurred, drawing upon a systematic review of empirical data and experience from DOTS-Plus pilot projects in Latvia, South Africa, Peru, and Russia, countries with an elevated proportion of MDR among TB patients.  In the second phase, suggestions from the Scientific Panel of the STOP TB Working Group on DOTS-Plus for MDR-TB were solicited and incorporated.  The final phase involved incorporating a wider set of revisions based upon suggestions from members of the STOP TB Working Group on DOTS-Plus for MDR-TB.

To facilitate comparison of MDR-TB outcomes across programs, a minimum core set of demographic, clinical, and treatment-related variables was also designed (Appendix A).

Definitions

Case definition

A case of MDR-TB:  A patient with laboratory-confirmed M. tuberculosis and in vitro resistance to at least isoniazid and rifampin. 
Category of patient for MDR-TB registration 

As the specific characteristics of previous treatment experience are likely to affect outcomes, three categories of previous treatment history were established:

New MDR-TB patients: MDR-TB patients who have never received TB treatment, or who have received TB treatment for less than one month, prior to this episode.

MDR-TB patients previously treated with only first-line drugs: MDR-TB patients who were treated for one month or more with only first-line anti-TB drugs (See Table 1).

MDR-TB patients previously treated with  second-line drugs: MDR-TB patients who were treated for one month or more with one or more second-line anti-TB drugs (with or without first-line drugs) (See Table 2).

Interim Outcome Definitions for MDR-TB Patients

For optimal measure of patient progress, sputum cultures should be performed monthly (a minimum recommendation is once every three months) during therapy.  Due to their low sensitivity and inability to distinguish viable from nonviable organisms, sputum smears should be used only in the absence of culture (7).  All patients will have had a culture positive for M. tuberculosis at some point prior to MDR-TB therapy from which resistance was initially detected, but not all patients will have had a documented positive culture at MDR-TB therapy initiation.

Given the long duration of MDR-TB regimens, an interim outcome indicator was designed, based upon sputum bacteriologic results, as a marker of patient progress early in the treatment regimen.

Culture/smear converted:  After treatment initiation, an MDR-TB patient who has two negative consecutive cultures (or smears in the absence of culture), taken at least 30 days apart will be considered to have converted.  For programs that repeat cultures at the initiation of MDR-TB therapy, the following culture conversion definition can be reported,  separately from conversion, as a more accurate indicator of treatment efficacy:  an MDR-TB patient who is culture-positive at the initiation of treatment, and who has two negative consecutive cultures taken at least 30 days apart.

Time interval to culture/smear conversion: 

Time to conversion is calculated as the interval between the date of MDR-TB treatment initiation and the date of the first of two negative consecutive cultures/ smears
, taken at least 30 days apart.  This interval should be recorded separately for culture and smear conversion.

 Treatment Outcome Definitions for MDR-TB Patients

Due to the lack of a recommended standard MDR-TB treatment regimen, the following mutually exclusive MDR-TB outcome definitions have been designed to fit the wide range of  regimens and treatment durations currently in use.  These definitions rely on the use of culture.

Cure:  An MDR-TB patient who has completed treatment according to country protocol and has been consistently culture-negative for the last 12 months of treatment. A minimum of five cultures must be performed within the last 12 months of treatment.  A patient may still be considered cured if only one positive culture containing less than 10 colonies is reported during that time.  However, in order to meet the criteria for cure, a positive culture must be followed by a minimum of three consecutive negative cultures, taken at least 30 days apart.
   

Treatment Completed: An MDR-TB patient who has completed treatment according to country protocol but does not meet the definition for cure or failure due to lack of bacteriologic results.

Death:  An MDR-TB patient who dies for any reason during the course of MDR-TB treatment.

Treatment default
:  An MDR-TB patient whose MDR-TB treatment was interrupted for two or more consecutive months.   Additionally, patients who are removed from treatment by clinicians due to persistent, short (< 2 months) interruptions should also receive a default outcome.

Treatment failure
:  An MDR-TB patient with more than one positive culture
 in the last 12 months of treatment, with a minimum of five cultures performed during the last 12 months.  A patient will also be considered a treatment failure if one of the final three cultures taken during treatment is positive, or if s/he is persistently culture-positive and a clinical decision has been made to terminate treatment early.  Patients permanently removed from treatment due to drug intolerance will also receive a treatment failure outcome.

Transfer out:  An MDR-TB patient who has been  transferred to another reporting and recording unit and for whom the treatment outcome is unknown. 

MDR-TB Cohort Definitions

MDR-TB Cohort: Group of patients diagnosed and registered for MDR-TB during a time period (e.g., one quarter of the year).    New and retreatment patient form separate cohorts.  Sub-analysis of cohorts (e.g., according to HIV status, relapse, return after default, return after failure) may also be useful.  
National TB Programs with DOTS-Plus strategies are encouraged to provide MDR-TB treatment for all diagnosed MDR-TB patients.  If any MDR-TB patients are left untreated, the reasons for not receiving an MDR-TB treatment regimen should be explicitly delineated.
  Patients still on treatment at the end of a designated cohort treatment period must also be explicitly identified as such; this is a provisional outcome until a final outcome is available.  

Time frame of MDR-TB cohort analysis of treatment outcomes
: During a specific time frame (e.g., one calendar year), all MDR-TB patients are included in the cohort analysis of treatment  outcomes based on the date of MDR-TB treatment initiation.  To account for the long duration of MDR-TB treatment regimens, cohort analysis should be performed 36 months after last patient enrollment. Preliminary treatment outcomes may also be assessed at 12 and/or 24 months to monitor patient progress.  A two-year, post-outcome follow-up for all patients should be attempted to ensure accuracy of the definitions.

Discussion


Currently, the lack of international consensus and data on effective and economically feasible management strategies for patients with MDR-TB leaves clinicians and NTPs with difficult choices on how to best treat patients, particularly in settings of limited resources.  Given the nature and seriousness of MDR-TB and the limited number of second-line anti-TB drugs available, presently it is not possible to assess treatment efficacy under conventional controlled clinical trials.  Current DOTS-Plus projects, therefore, have been designed according to country-specific rates of drug resistance, resources, and available expertise.  Collecting data in a systematic manner using standard core variables and outcome definitions will allow for evidence-based decisions to be made regarding MDR-TB management under a variety of program conditions.  
DOTS-Plus calls for the establishment of strong basic TB control measures prior to the programmatic treatment of MDR-TB, in order to ensure that careful management of drug-susceptible TB patients prevents the further development of MDR-TB.  The proposed set of definitions described here is designed to be practical for NTPs, stressing the importance of patient case management, and relying on a minimal set of laboratory testing requirements, as not all NTPs routinely perform drug susceptibility testing.  While these definitions were designed based on review of country-specific data, they have not yet been formally validated.  In order to confirm their applicability and make evidence-based adjustments, these definitions must be pilot tested in multiple DOTS-Plus settings.  Data obtained from the use of these definitions will allow for the comparison of MDR-TB outcomes across countries and facilitate the evaluation of MDR-TB treatment effectiveness in programmatic settings.
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Appendix A

Core Data Set Variables

Variable
Suggested Definition

Demographic and Social Data


Age 
Date of Diagnosis – Date of birth

WHO age categorization

0-14

15-24

25-34

35-44

45-54

55-64

(65

Separate Age field (age at last birthday)

Sex
Male, female

Nationality
Country of birth

Separate Nationality field

Time in current country



Medical History
Include adverse reactions and allergies to non-TB medications; if woman of child-bearing age, history of last menstrual period and method of contraception, pregnancy history



Patient type
MDR-TB case, new, never treated TB, or treated < 1 month

MDR-TB case, previously treated with first-line drugs ((1 month)

MDR-TB case, previously treated with second-line drugs ((1 month)



Previous TB Treatment
Number of previous anti-TB treatment regimens ((1 month)

Number of previous treatments for MDR-TB ((1 month)

List of TB drugs taken in previous treatment(s) ((1 month)

Optional: dose and duration of each TB drug taken



HIV
time = at diagnosis of TB: positive/ negative/ unknown;

if retesting, record results, looking for ever-positive



Other medical conditions
time = at diagnosis of TB;

Specify major immunosuppressive conditions other than HIV 

List: Diabetes, renal insufficiency; hepatitis, other

drug/ alcohol abuse;

Psychiatric disorder (including depression);

Other 

Current medications that could interact with TB medications

Current TB Data


Treatment initiation
Date of MDR-TB second-line treatment initiation

Microscopy 
Date and result for each specimen

(definition: positive/negative/not done)

Smear burden also recommended, where possible: neg/scanty/1+,2+,3+/no grading available/ no data 



Culture
Date of collection & method & results for each specimen

(definition =  negative/positive for MTB/contaminated/not done/pending)  



DST
Date of collection & result for each specimen {Per WHO guidelines for second-line drugs, resistant /sensitive /not done/ pending}

Drugs: record first-line and second-line drugs for which guidelines exist at least

Drug abbreviations program-specific

Use WHO cut-offs

Site of disease
Pulmonary/extra-pulmonary/both



X-ray results
Date

Presence of cavity yes/no

Minimal/moderate/advanced disease

Unilateral with/ without cavity

Bilateral with/ without cavity

Initial regimen
Definition =  initial MDR-TB second-line treatment regimen

List drugs used, frequency (daily/intermittent), planned duration (months), dose (mg)



Weight/ Height
Kg & cm at baseline 

Follow-up Data


Microscopy
Date & result for each specimen

Definition:

(Positive/negative/ not done)

Interval: monthly until Rx complete

Smear burden also recommended, where possible: neg/scanty/1+,2+,3+/no grading available/ no data



Culture
Date of collection & method & results for each specimen

(definition =  negative; positive for MTB; contaminated; not done; pending)  

Interval: Ideally monthly (at minimum, quarterly)

DST
Date of collection & result for each specimen {Per WHO guidelines for second-line drugs: resistant/ sensitive/ not done; pending}

Drugs: record first-line and second-line drugs for which guidelines exist at least

Drug abbreviations program-specific

Use WHO cut-offs

Interval:  Repeat when patient fails to convert to culture/smear negative and patient has been on treatment at least 6 months



Changes in regimens
Drugs discontinued, drugs added, doses changed, dates, reason for change

Weight
In kg

Interval: Ideally monthly (at a minimum, quarterly)

X-ray results
Date

Presence of cavity yes/no  

Minimal/moderate/advanced disease

Unilateral with/ without cavity

Bilateral with/ without cavity



DOT
# doses directly observed/ total # of doses prescribed

(recorded monthly, and at the end of treatment)



Non-adherence


# missed doses per month/ total # of doses prescribed

(recorded monthly)



Treatment interruption
date interrupted, duration, source (doctor/patient); note: to be called “interruption” as opposed to “default”, each interruption must be < 2 months consecutively; # of interruptions



Optional: Surgery
OPTIONAL VARIABLE:

Was referral to surgery made? yes/no

If yes, why (categories not mutually exclusive):

a) localized disease; b) persistent smear/culture positivity; c) resistance pattern precluding effective treatment without surgery; 4) others



Outcome Data


Interim outcomes
Vital status (dead/alive); status of treatment (interrupting/continuing/transfer/default); smear/ culture result; conversion

Evaluated at least at 6, 12, 18, 24 months



Final outcomes
See accompanying document



Table 1:  Current first-line drugs
Isoniazid

Rifampicin

Streptomycin

Ethambutol

Pyrazinamide 

Thioacetazone (in some countries)

Table 2:  Current second-line drugs

Aminoglycosides 

(other than streptomycin)

Capreomycin

Fluoroquinolones

Prothionamide/ethionamide

Cycloserine

PAS  

� The DOTS strategy is a WHO-recommended five-pronged approach for the control of TB.  It includes: 1) government commitment to a National Tuberculosis Program; 2) case detection through case-finding by sputum smear microscopy examination of TB suspects; 3) standardized short-course therapy ; 4) regular, uninterrupted supply of all essential anti-TB drugs; and 5) monitoring system for program supervision and evaluation.


� The date sputum specimens are collected should be used.


� In patients with a positive culture late in treatment, programs are encouraged to extend treatment.


� The following algorithm should be followed for patients returning after default:





If the individual has taken ( 1 month of MDR-TB treatment, and upon return is smear (+), then s/he will receive a final outcome of default.  This patient should be re-registered and reinitiated on a new MDR-TB treatment regimen;


If the individual has taken ( 1 month of MDR-TB treatment, and upon return is smear (-), then  MDR-TB treatment will continue, and a culture will be performed;


If the culture returns positive, then he/she will receive a final outcome of default and will need to be reinitiated on a new MDR-TB treatment regimen. 


If the culture returns negative, then the patient will NOT be given a default outcome and will continue treatment.  The MDR-TB regimen may be extended to make-up for the period of default.  This patient can receive cure as his/her final outcome if the cure criteria are met.


� This is a programmatic definition for cohort analysis; thus after a patient “fails treatment”, countries are still encouraged to perform susceptibility testing of second-line drugs in order to find a successful treatment option for the patient or may continue treatment after a programmatic outcome has been assigned.


� A positive culture requires >10 colonies on solid media; two consecutive positive cultures must be obtained if <10 colonies are detected in the first culture; if the second culture also containes <10 colonies, the culture should be interpreted as positive.


� Some examples of reasons for exclusion from treatment include the following: a) Died before treatment initiated; b) Untreatable due to drug resistance pattern (exact resistance pattern should be recorded); c) Disease too advanced; d) Patient unwilling to be treated; e) Limited or drug supply shortage/ limited health facility access f) Others (should include all clinically and/or socially-related reasons).  


� Some patients may be registered twice during one cohort period (failure or default patients who are re-registered); therefore, the cohort analysis should identify the total number of patients as well as the total number of treatment episodes.  Stratifying cohort analyses by category of patient (new, retreatment) will prevent the repeated inclusion of a patient in a single analysis.
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