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1 Guidance for Industry1 

2 Pulmonary Tuberculosis: Developing Drugs for Treatment 
3 
4 
5 

6 
7 This draft guidance, when finalized, will represent the Food and Drug Administration’s (FDA’s) current 
8 thinking on this topic.  It does not create or confer any rights for or on any person and does not operate to 
9 bind FDA or the public.  You can use an alternative approach if the approach satisfies the requirements of 

10 the applicable statutes and regulations. If you want to discuss an alternative approach, contact the FDA 
11 staff responsible for implementing this guidance.  If you cannot identify the appropriate FDA staff, call 
12 the appropriate number listed on the title page of this guidance. 
13 

14 
15 
16 
17 I. INTRODUCTION 
18 
19 The purpose of this guidance is to assist sponsors in the clinical development of drugs for the 
20 treatment of pulmonary tuberculosis.2  Specifically, this guidance addresses the FDA’s current 
21 thinking regarding the overall development program and clinical trial designs for drugs to 
22 support an indication for the treatment of active pulmonary tuberculosis.  This draft guidance is 
23 intended to serve as a focus for continued discussions among the Division of Anti-Infective 
24 Products, pharmaceutical sponsors, the academic community, and the public.3 

25 
26 This guidance applies to the development of a single investigational drug as well as to the 
27 development of two or more new investigational drugs for use in combination.  Sponsors 
28 interested in development of two or more new investigational drugs for use in combination 
29 should refer to the guidance for industry Codevelopment of Two or More New Investigational 
30 Drugs for Use in Combination4 and discuss the overall development plans with the FDA.   
31 
32 This guidance does not contain discussion of the general issues of statistical analysis or clinical 
33 trial design. Those topics are addressed in the ICH guidances for industry E9 Statistical 

1 


1 This guidance has been prepared by the Division of Anti-Infective Products in the Center for Drug Evaluation and 
Research (CDER) at the Food and Drug Administration. 

2 For the purposes of this guidance, all references to drugs include both human drugs and therapeutic biological 
products unless otherwise specified. 

3 In addition to consulting guidances, sponsors are encouraged to contact the division to discuss specific issues that 
arise during clinical development. 

4 We update guidances periodically.  To make sure you have the most recent version of a guidance, check the FDA 
Drugs guidance Web page at 
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm. 
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34 Principles for Clinical Trials and E10 Choice of Control Group and Related Issues in Clinical 
35 Trials, respectively. 
36 
37 FDA’s guidance documents, including this guidance, do not establish legally enforceable 
38 responsibilities. Instead, guidances describe the Agency’s current thinking on a topic and should 
39 be viewed only as recommendations, unless specific regulatory or statutory requirements are 
40 cited. The use of the word should in Agency guidances means that something is suggested or 
41 recommended, but not required. 
42 
43 
44 II. BACKGROUND 
45 
46 Tuberculosis infections caused by Mycobacterium tuberculosis (M. tuberculosis) remain 
47 endemic in the United States and epidemic in many parts of the world.  Resistance to multiple 
48 drugs and the emergence of the human immunodeficiency virus/acquired immune deficiency 
49 syndrome (HIV/AIDS) epidemic created new challenges in the management of tuberculosis.  
50 Drugs with new mechanisms of action, improved safety profiles, fewer drug-drug interactions 
51 (especially for patients needing concurrent treatment of HIV/AIDS), and use of shorter-course 
52 
53 

combination regimens are needed to manage tuberculosis.  The FDA has convened a number of 
public discussions on the issues related to clinical trial designs for tuberculosis.5 

54 
55 
56 III. DEVELOPMENT PROGRAM 
57 
58 A. General Considerations 
59 
60 1. Early Phase Clinical Development Considerations 
61 
62 The activity of investigational antimycobacterial drugs can be evaluated in trials of early 
63 bactericidal activity and/or in phase 2 trials that evaluate microbiologic outcomes at early time 
64 points. 
65 
66 a. Early bactericidal activity 
67 
68 Early bactericidal activity (EBA) trials evaluating the quantitative counts of viable tubercle 
69 bacilli from daily collections of sputum can provide information on the bactericidal activity of 
70 single drugs or a new regimen in clearing M. tuberculosis from the sputum of patients with 
71 newly diagnosed pulmonary tuberculosis.  These trials are not intended to provide definitive 
72 treatment for patients but rather to evaluate antimycobacterial activity in a brief setting (7 to 14 
73 days). The value of an EBA trial includes the preliminary evaluations of antimycobacterial 

5 Meeting information and transcripts from Anti-Infective Drugs Advisory Committee meetings held on June 3, 
2009 (general discussion of trial designs), and November 28, 2012 (discussion of the review of a specific new drug 
application), can be found at http://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-
InfectiveDrugsAdvisoryCommittee/ucm125599.htm and 
http://www.fda.gov/AdvisoryCommittees/Calendar/ucm321011.htm, respectively; the 2009 FDA pulmonary 
tuberculosis workshop transcripts can be found at http://www.fda.gov/Drugs/NewsEvents/ucm168975.htm. 

2 
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74 activity of a new drug or regimen over the course of 7 to 14 days.  Patients appropriate for 
75 enrollment in EBA trials would be immunocompetent, treatment-naïve adults at low risk of drug 
76 resistance or extrapulmonary disease, who can begin standard-of-care treatment for pulmonary 
77 tuberculosis at the completion of the EBA trial.   
78 
79 b. Phase 2 evaluations 
80 
81 Phase 2 trials designed to assess antimycobacterial activity (e.g., an 8-week evaluation of the 
82 absence of acid fast bacilli (AFB) in sputum) of the investigational drug(s) when combined with 
83 other antimycobacterial drugs as part of a treatment regimen can be useful for evaluating 
84 possible doses or regimens before initiating phase 3 trials.   
85 
86 2. Drug Development Populations 
87 
88 The trial populations should include adults with pulmonary tuberculosis.  The presence of 
89 extrapulmonary disease may require longer durations of therapy than pulmonary tuberculosis and 
90 assessment of endpoints that evaluate the extrapulmonary site.  When trials include patients with 
91 pulmonary tuberculosis and concurrent extrapulmonary involvement, the pharmacokinetics, 
92 including elimination pathways and tissue distribution characteristics, of the investigational drug 
93 should be well characterized (i.e., genitourinary tuberculosis may be amenable to therapy with 
94 drugs primarily excreted by renal metabolism).  Trials can include patients with drug-resistant 
95 pulmonary tuberculosis who are able to be treated with effective antimycobacterial drug 
96 regimens.  In patients with extensively drug-resistant tuberculosis (CDC 2006), for whom there 
97 
98 

are limited or no available effective antimycobacterial drugs, the evaluation of two or more new 
investigational drugs should be considered.6 

99 
100 3. Efficacy Considerations 
101 
102 Trials of investigational drugs for the treatment of tuberculosis can be designed to show that a 
103 new drug as part of a treatment regimen (or as an entirely new regimen) is effective based on a 
104 superiority test or noninferiority test.  A single adequate and well-controlled trial in patients with 
105 pulmonary tuberculosis, supported by other independent evidence (e.g., evidence of 
106 
107 

antimycobacterial activity from an EBA trial), can provide evidence of effectiveness when the 
single trial has demonstrated a clinically meaningful treatment effect.7 

108 
109 4. Safety Considerations 
110 
111 The evaluation of the safety profile of an investigational antimycobacterial drug can be 
112 challenging because patients with pulmonary tuberculosis often have comorbid conditions.  In 
113 addition, the co-administration with other antimycobacterial drugs (potentially including other 
114 investigational antimycobacterial drugs) or other concomitant medications provides additional 
115 challenges to the safety evaluation of an investigational drug for treatment of pulmonary 

6 See the guidance for industry Codevelopment of Two or More New Investigational Drugs for Use in Combination. 

7 See the guidance for industry Providing Clinical Evidence of Effectiveness for Human Drug and Biological 
Products. 
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116 tuberculosis. If severe adverse effects occur in a patient enrolled in a clinical trial, it is generally 
117 recommended that all drugs for treatment of tuberculosis, including the investigational drug(s), 
118 be stopped simultaneously and restarted one at a time to explore which drug may be causing the 
119 adverse effect (CDC 2003). 
120 
121 Treatment guidelines from the American Thoracic Society, Centers for Disease Control and 
122 Prevention, and the Infectious Diseases Society of America provide recommendations for the 
123 management of patients with adverse effects caused by one or more drugs used in a treatment 
124 regimen.  For example, the guidelines suggest that standard therapy for pulmonary tuberculosis 
125 should be stopped in the setting of acute hepatitis, which could be drug-induced hepatitis caused 
126 by isoniazid, pyrazinamide, or rifampin.  Two or more antimycobacterial drugs without known 
127 hepatotoxicity can be used for treatment until the cause for hepatitis has been identified.  After 
128 symptom improvement and liver function test normalization, standard therapy (e.g., rifampin, 
129 isoniazid, pyrazinamide, ethambutol) can be restarted in a sequential fashion with close 
130 monitoring of liver function tests (CDC 2003).  
131 
132 In general, sponsors should discuss with the FDA the size of the needed preapproval safety 
133 database during drug development.  An appropriate preapproval safety database is approximately 
134 500 or more patients treated at the dose and duration of therapy recommended in labeling.  For 
135 assessment of risks and benefits in patients with drug-resistant tuberculosis, an unmet medical 
136 need, a preapproval safety database of approximately 300 patients may be sufficient. 
137 
138 In trials that include two or more investigational drugs in one treatment arm, if an unexpected 
139 adverse effect occurs in the investigational treatment arm, it may be difficult to determine which 
140 of the investigational drugs is responsible for the effect.  If serious adverse effects occur in 
141 clinical trials of a combination regimen, further evaluation of the role of the components of the 
142 regimen in the adverse effect is important.  Data from trials that evaluate each investigational 
143 drug, if feasible, may provide important information about the adverse effects observed in trials 
144 of the combination regimen.   
145 
146 B. Specific Efficacy Trial Considerations 
147 
148 1. Trial Designs 
149 
150 The following trial designs can be used to demonstrate superiority:  
151 
152  All patients receive an optimal background antimycobacterial treatment, one predicted to 
153 be active based on epidemiologic information and in vitro susceptibility testing when 
154 available, with randomization to add the investigational drug or matching placebo.  
155 Efficacy can be demonstrated by showing superiority of the investigational drug plus the 
156 optimized background regimen to the placebo plus the optimized background regimen.   
157 
158  A regimen of one or more investigational drugs is compared to a standard regimen, with 
159 efficacy demonstrated by showing superiority of the investigational regimen over the 
160 standard regimen.8 

8 See the guidance for industry Codevelopment of Two or More New Investigational Drugs for Use in Combination. 
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161 
162 The following trial designs can be used to demonstrate noninferiority:  
163 
164  The investigational drug replaces one of the drugs of a standard multiple drug regimen.  
165 The investigational drug treatment group is within an acceptable noninferiority margin 
166 based on the known quantitative and reliable contribution within the standard regimen of 
167 the drug that has been replaced. 
168 
169  An investigational drug or regimen administered for a time period of fewer than 6 months 
170 is compared to the standard regimen administered for 6 months.  Noninferiority would be 
171 demonstrated by showing that the treatment-shortening regimen containing the 
172 investigational drug(s) performs within a prespecified margin of the performance of the 
173 6-month regimen.  The margin is based upon the known decrement in the performance of 
174 the 6-month standard regimen when it is administered for a shorter time period. 
175 
176 In an attempt to identify appropriate noninferiority margins, we reviewed data from previously 
177 conducted trials for historical evidence of sensitivity to drug effects (HESDE).9  Based on the 
178 review, a justification for a noninferiority margin for a treatment-shortening regimen is included 
179 in the Appendix. 
180 
181 There may be other designs or variations of the above designs that may be suitable for evaluating 
182 the safety and efficacy of an investigational drug for the treatment of pulmonary tuberculosis.  
183 We recognize that developing informative trial designs for the study of an investigational drug in 
184 the treatment of tuberculosis presents significant challenges.  Sponsors who are planning clinical 
185 trials of investigational drugs for the treatment of tuberculosis are encouraged to meet with the 
186 FDA to discuss development plans for phase 3 clinical trials. 
187 
188 2. Trial Population 
189 
190 Although a specific trial may target patients more likely to have either drug-susceptible or drug­
191 resistant pulmonary tuberculosis, patients are likely to be randomized and enrolled before in vitro 
192 susceptibility test results are available.  Protocols should specify how patients will be handled 
193 after in vitro susceptibility results are available, both in the conduct of the trial and in the 
194 analysis of the results. 
195 
196 Enrichment strategies for trials in drug-resistant tuberculosis can include focusing on contacts of 
197 drug-resistant tuberculosis cases, patients from areas with highly prevalent drug resistance, 
198 patients relapsing after previous treatment, and patients with disease progression on a standard 
199 drug regimen.   
200 

9 See ICH E10 for a discussion of HESDE. 
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201 3. Inclusion and Exclusion Criteria 
202 
203 Recommended inclusion criteria for patients with pulmonary tuberculosis are as follows: 
204 
205  Presence of AFB in a sputum specimen by smear microscopy or other rapid diagnostic 
206 test; microbiological diagnosis of tuberculosis should be confirmed by culture from at 
207 least one sputum sample obtained at the time of enrollment 
208 
209  Chest radiographic findings consistent with active pulmonary tuberculosis; for example, 
210 one or more of the following findings by standardized interpretative criteria: 
211 
212  Cavitary lesion(s) 
213  Apical infiltrates 
214  Hilar lymphadenopathy 
215  New infiltrate 
216 
217  A minimum of two signs or symptoms that have been present for at least 2 weeks: 
218 
219  Sputum production 
220 
221  Cough 
222 
223  One or more episodes of hemoptysis 
224 
225  Fever (e.g., oral temperature greater than or equal to 38.0 degrees Celsius on at least 
226 two occasions) 
227 
228  Pleuritic chest pain 
229 
230  Weight loss 
231 
232  Night sweats 
233 
234 Use of rapid diagnostic tests may help to enroll a patient population with pulmonary tuberculosis 
235 and may help to determine drug-susceptibility and identify possible drug-resistance.  The clinical 
236 trial can provide an opportunity to contribute to the development and evaluation of a new 
237 diagnostic test. Sponsors interested in the evaluation of a diagnostic test in the context of new 
238 drug or regimen development are encouraged to discuss development with the FDA and to 
239 contact the appropriate review division in the Center for Devices and Radiological Health.   
240 
241 Recommended exclusion criteria are as follows: 
242 
243  Patients who have received 2 or more weeks of therapy for the current episode of active 
244 tuberculosis (unless being enrolled in a trial targeting drug-resistant tuberculosis and 
245 there is documented lack of response to therapy based on clinical and microbiological 
246 findings) 

6 
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247 
248  Patients with significant concurrent illness that may affect outcome assessment 
249 
250  Patients who are not willing to comply with recommendations from local public health 
251 authorities for the management of patients with pulmonary tuberculosis 
252 
253 4. Randomization, Stratification, and Blinding 
254 
255 Trials should be randomized and double-blinded unless a sponsor can provide a scientifically 
256 adequate explanation why blinding cannot be accomplished.  If trials are single-blind or open­
257 label, sponsors should discuss potential biases with the FDA and how these biases will be 
258 addressed. 
259 
260 Sponsors should consider stratification of patients at randomization by HIV status (e.g., by 
261 cluster of differentiation antigen 4 (CD4) cell counts above or below 200 cells/mm3) and the 
262 presence or absence of cavitary disease. In trials that enroll patients with drug-resistant 
263 tuberculosis based on results of in vitro susceptibility testing, stratification can be used to address 
264 differences in the number of drugs to which patient isolates are resistant.  A discussion of how 
265 the analyses will account for the stratified randomization should be included in the protocol. 
266 
267 If the protocol provides for enrollment of patients with concurrent disease outside the pulmonary 
268 system (extrapulmonary tuberculosis), patients with extrapulmonary disease should be either 
269 stratified at entry or analyzed separately as appropriate. 
270 
271 5. Specific Populations 
272 
273 a. Pediatric populations 
274 
275 Sponsors should discuss drug development in the pediatric population by the end-of-phase 2 
276 meeting.10  Pulmonary tuberculosis in pediatric patients can have different clinical and 
277 pathophysiologic characteristics.11  An extrapolation of adult efficacy to pediatric populations for 
278 the treatment of pulmonary tuberculosis may be appropriate for certain pediatric populations, and 
279 sponsors should provide pharmacokinetic (PK) and safety information in a sufficient number of 
280 pediatric patients to support the appropriate dose for treatment of children with pulmonary 
281 tuberculosis. 
282 
283 For treatment of children who have extrapulmonary tuberculosis in which extrapolation from 
284 adult trials may not be feasible (e.g., in children under the age of 5 years with extrapulmonary 
285 tuberculosis), sponsors should provide adequate efficacy and safety in a sufficient number of 
286 pediatric patients for treatment of extrapulmonary tuberculosis, which may require a different 

10 See the Pediatric Research Equity Act (Public Law 108-155; section 505B of the Federal Food, Drug, and 
Cosmetic Act; 21 U.S.C. 355B) as amended by the Food and Drug Administration Safety and Innovation Act of 
2012 (Public Law 112-114). Also see the ICH guidance for industry E11 Clinical Investigation of Medicinal 
Products in the Pediatric Population. 

11 For an example, see Perez-Velez and Marais 2012. 
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287 dose and duration of therapy in comparison to treatment of pulmonary tuberculosis.  The 
288 additional safeguards of 21 CFR part 50, subpart D, for enrolling children in clinical 
289 investigations affect the timing and design of trials that support pediatric drug development.  In 
290 accordance with these requirements, in general, pediatric patients can be enrolled in trials if 
291 sufficient safety and antimycobacterial activity data in adults are available and appropriate 
292 dosing regimens have been characterized.   
293 
294 b. Pregnant women 
295 
296 Tuberculosis is common among females of reproductive potential in endemic areas, and drugs 
297 being developed for tuberculosis should address use during pregnancy.  When deciding whether 
298 to enroll pregnant women in clinical trials of investigational drugs to treat tuberculosis, sponsors 
299 should consider the following factors: 
300 
301  Fetal risk considerations based on results from nonclinical toxicology studies, 
302 reproductive toxicology studies, and any available clinical data 
303 
304  Available data about correct dosing in pregnant women 
305 
306  Whether safety and efficacy have been demonstrated in nonpregnant populations 
307 
308  Therapeutic options for the treatment of the pregnant patients with tuberculosis 
309 
310  Ethical considerations for enrolling pregnant women in tuberculosis drug clinical trials 
311 based on maternal/fetal risk and benefit. 
312 
313 In situations when safe and effective treatments for tuberculosis are available for pregnant 
314 women, it is generally more appropriate to complete phase 3 clinical trials of the investigational 
315 drug(s) to establish safety and efficacy in nonpregnant patients before trials in pregnant patients 
316 are initiated. 
317 
318 Women with tuberculosis who become pregnant while enrolled in a clinical trial for an 
319 investigational drug could be re-consented to remain in the clinical trial if the potential benefits 
320 of continued treatment outweigh the risks of ongoing fetal exposure to the investigational drug, 
321 the risks of discontinuing maternal therapy, and/or the risks of exposing the fetus to additional 
322 drugs if the woman is placed on an alternative therapy.  Such patients can provide information to 
323 evaluate correct dosing during pregnancy.  Data to be collected when pregnant women are 
324 included in a clinical trial include the following elements:  (1) steady-state PK assessments; (2) 
325 gestational age at enrollment; (3) gestational timing and duration of drug exposure; and (4) 
326 pregnancy outcomes including adverse maternal, fetal, and neonatal events.  Infants born to 
327 mothers who received the investigational drug(s) should be followed by investigators until at 
328 least 12 months of age.12 

329 

12 See the American Thoracic Society, Centers for Disease Control and Prevention, and Infectious Diseases Society 
of America guidelines for treatment of tuberculosis for recommendations regarding treatment of women during 
pregnancy or breast-feeding (CDC 2003). 
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330 c. Other specific populations 
331 
332 Geriatric patients,13 patients with renal insufficiency, and patients with hepatic impairment 
333 should be included in trials during drug development, if feasible.  Because of the high incidence 
334 of tuberculosis in patients co-infected with HIV, patients with HIV should be included in trials 
335 during drug development.   
336 
337 6. Dose Selection 
338 
339 When selecting a dosing regimen to be evaluated in phase 3 clinical trials, sponsors should 
340 consider target PK/pharmacodynamic (PD) parameters (e.g., area under the curve/minimum 
341 inhibitory concentration (MIC), maximal concentration/MIC, time above the MIC) based on in 
342 vitro models and animal models, results from early clinical trials (e.g., EBA and/or trials of 
343 clearing AFB from sputum at early time points), and results from exposure-response 
344 relationships. PK/PD evaluations based on free drug concentrations also can be an important 
345 consideration in dose selection. 
346 
347 7. Choice of Comparators  
348 
349 The choice of comparator or background regimen depends in part upon the clinical trial design 
350 (whether the trial is intended to show superiority or noninferiority) and the patient population 
351 that will be enrolled (e.g., the likelihood of infection with drug-susceptible or drug-resistant 
352 strains of M. tuberculosis). In general, comparator regimens should be chosen that contain FDA­
353 approved drugs and represent standard of care.  For trials of predominantly drug-resistant 
354 tuberculosis where the goal of the trial is to demonstrate superiority, the comparator arm should 
355 represent an optimized background regimen based on epidemiologic information of susceptibility 
356 and/or results from susceptibility testing.  The use of comparator regimens based on local 
357 practice outside of the United States or the use of drugs that are not FDA-approved should be 
358 discussed with the FDA in advance of trial initiation. 
359 
360 8. Efficacy Endpoints 
361 
362 The following efficacy endpoints can be used in clinical trials of pulmonary tuberculosis. 
363 
364  A surrogate endpoint of no growth of M. tuberculosis on sputum cultures during 
365 treatment.  Demonstration of treatment effect on the rate of sputum culture conversion 
366 from positive to no growth of M. tuberculosis during treatment, either as a time-to­
367 conversion analysis or at a fixed time point (e.g., at 2 months), could be considered as 
368 reasonably likely to predict clinical benefit and might support approval of a drug that 
369 provides meaningful therapeutic benefit to patients over existing treatments under the 
370 accelerated approval regulations (21 CFR 314.510 or 21 CFR 601.41).  Serial cultures 
371 should be obtained at specific time points during treatment (e.g., every 2 weeks or every 
372 month). The time to sputum culture conversion is the time to the first no growth of M. 
373 tuberculosis, verified by no growth on at least 2 subsequent consecutive sputum cultures 

13 See the ICH guidances for industry E7 Studies in Support of Special Populations:  Geriatrics and E7 Studies in 
Support of Special Populations:  Geriatrics; Questions and Answers. 
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374 taken at least 28 days apart. Sputum cultures can be evaluated on either solid or liquid 
375 media. 
376 
377  A primary clinical efficacy endpoint that is comprised of survival and evaluation of 
378 M. tuberculosis on serial sputum culture examinations during treatment and 12 
379 months following completion of treatment. 
380 
381 Clinical success is defined as patients who are alive, achieved no growth of 
382 M. tuberculosis on serial sputum culture examinations, did not experience relapse or 
383 recurrence of pulmonary tuberculosis, and otherwise did not meet a definition of clinical 
384 failure.  
385 
386 Clinical failure is defined as having one or more of the following: 
387 
388  Protocol-defined clinical progression of pulmonary disease during treatment or 
389 unanticipated surgical intervention   
390 
391  Any growth of M. tuberculosis from an extrapulmonary site during the trial (unless 
392 patients with extrapulmonary tuberculosis are included at baseline)  
393 
394  Signs or symptoms of active tuberculosis, including radiographic worsening 
395 compared to baseline findings, resulting in reinitiation of antimycobacterial therapy 
396 during follow-up14 

397 
398  Death during treatment or follow-up 
399 
400  A sputum culture with growth of M. tuberculosis at certain time points outlined as 
401 follows (relapse or recurrence): 
402 
403  After a specific time point defined in the trial (in general this is expected to be any 
404 time after 2 consecutive no growth sputum cultures, taken at least 28 days apart)15 

405 
406  Failure to achieve no growth of M. tuberculosis on serial sputum cultures that 
407 result in a change in antimycobacterial therapy   
408 
409  Other endpoint considerations.  Most patients with pulmonary tuberculosis report 
410 improvement or resolution of their symptoms at therapy completion (Bark, Dietze, et al. 
411 2011; Wejse, Gustafson, et al. 2008).  However, symptom evaluations in certain patient 
412 populations may be more difficult to interpret, for example, among patients co-infected 

14 In some circumstances there may be reinitiation of antimycobacterial therapy while there is diagnostic uncertainty 
whether relapse has occurred, but therapy is subsequently stopped when an alternative diagnosis is established.  
Protocols should define the duration of retreatment therapy that will be used to define clinical failure to avoid 
labeling all patients in this situation as failures. 

15 Molecular evaluations of the baseline isolate and the isolate obtained at the timing of a clinical failure may help to 
distinguish between relapse and reinfection. 
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413 with HIV (Rangaka, Wilkinson, et al. 2012).  Nevertheless, a well-defined and reliable 
414 evaluation of symptoms could be helpful in the ascertainment of treatment success if 
415 sputum specimens are not available from patients during the period of observation 
416 following therapy completion.  Outcome assessment of symptoms could be based on a 
417 patient-reported outcome instrument.16 

418 
419 9. Trial Procedures and Timing of Assessments 
420 
421 a. Entry visit 
422 
423 Baseline demographic information, current medications, and complete physical examination 
424 should be obtained at this visit.  In addition, the following should be included at entry: 
425 
426  Clinical signs and symptoms of pulmonary tuberculosis (e.g., cough, sputum production, 
427 episodes of hemoptysis, fever, pleuritic chest pain, weight loss, night sweats). 
428 
429  Baseline laboratory evaluations that include the following:  (1) complete blood cell 
430 counts; (2) liver chemistry and function tests (e.g., serum albumin, alkaline phosphatase, 
431 serum aminotransferases, bilirubin, lactate dehydrogenase, prothrombin time); and (3) 
432 renal function tests (e.g., serum creatinine, blood urea nitrogen) and urinalysis.  
433 
434  Additional baseline evaluations that include one or more of the following, based on the 
435 characteristics of the investigational drug and the patient population:  (1) other serum 
436 chemistries (e.g., serum glucose, uric acid, phosphorous, potassium, amylase); (2) HIV 
437 serology and CD4 cell count (if HIV positive); (3) pregnancy test (in women of 
438 childbearing potential); (4) 12-lead electrocardiogram; and (5) response to tuberculin skin 
439 testing or interferon gamma release assays.  
440 
441  Imaging results (standard posterior to anterior view and lateral chest radiographs, or 
442 computed tomography scans) to assess the extent and severity of pulmonary disease.  
443 Radiographic findings using standard interpretive criteria might be an important 
444 stratification criterion (e.g., the presence of cavitary lesions). 
445 
446  Sputum specimens for AFB smears and mycobacterial culture obtained by one of the 
447 following: spontaneous expectoration, induction with hypertonic saline, bronchoscopy, 
448 or gastric lavage (e.g., for children).  When applicable, baseline quantitative cultures 
449 should be collected in a standardized manner (e.g., single early morning induced sputum 
450 or pooled 24-hour sputum). 
451 
452 b. Visits during therapy and after therapy completion 
453 
454 As a general rule, clinical assessments should occur weekly or biweekly during the first several 
455 months of therapy, followed by monthly assessments until therapy completion.  After completion 

16 See the guidance for industry Patient-Reported Outcome Measures:  Use in Medical Product Development to 
Support Labeling Claims. 
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456 of trial drug therapy, assessments should occur approximately every 3 months for a total of 12 
457 months. Assessments of signs and symptoms, adverse effects, and laboratory tests, as 
458 appropriate, should occur at these visits.  In addition, targeted physical examinations should be 
459 performed.   
460 
461 During therapy, sputum specimens for AFB smears and mycobacterial culture should be 
462 obtained at least monthly, in general.  Depending on the investigational drug regimen and design, 
463 a shorter interval between specimen collections (e.g., 2 weeks) may be appropriate for certain 
464 periods of the trial. 
465 
466 During follow-up after therapy completion, if patients are not able to expectorate sputum 
467 spontaneously at these visits, sponsors should consider other methods to obtain sputum (e.g., 
468 induced sputum specimen). 
469 
470 10. Statistical Considerations 
471 
472 In general, a detailed statistical analysis plan stating the trial hypotheses and the analysis 
473 methods should be included in the protocol.   
474 
475 The primary efficacy analysis is based on the difference in proportions of patients achieving a 
476 clinical success at 12 months following therapy completion (see section III.B.8., Efficacy 
477 Endpoints, for the definition of clinical success).   
478 
479 A surrogate endpoint analysis can be based on no growth of M. tuberculosis on sputum cultures 
480 during treatment and generally would be either:  (1) time-to-no-growth of M. tuberculosis on 
481 sputum cultures during treatment; or (2) the proportion with no growth of M. tuberculosis on 
482 sputum culture at a prespecified time point during treatment.   
483 
484 As mentioned in section III.B.8., Efficacy Endpoints, other endpoints can be considered and 
485 should be discussed with the FDA during protocol development. 
486 
487 Sponsors should consider the following definitions of analysis populations for a tuberculosis 
488 trial: 
489 
490  Safety population: All patients who received at least one dose of investigational drug 
491 during the trial. 
492 
493  Intent-to-treat (ITT):  All randomized patients. 
494 
495  Microbiological intent-to-treat (micro-ITT):  All randomized patients with a positive 
496 culture for M. tuberculosis from a pretreatment sample.  For trials intended to focus on 
497 patients with drug-resistant tuberculosis, sponsors can choose for the primary analysis a 
498 micro-ITT population of all randomized patients with a positive culture for a drug­
499 resistant isolate of M. tuberculosis in the pretreatment sample.  
500 
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501  Per-protocol:  All randomized patients with a positive culture from a pretreatment sample 
502 and achieving a prespecified level of compliance with the protocol (e.g., presence at 
503 follow-up visits). 
504 
505 In general, the analysis population of greatest interest in the determination of efficacy is the 
506 micro-ITT analysis population.  In addition, consistency of the results for efficacy should be 
507 evaluated in the ITT and per-protocol populations.  If there are notable differences between 
508 outcomes for the ITT and per-protocol populations, reasons for these differences should be 
509 investigated. 
510 
511 All patients should be followed completely for the duration of the trial even if they discontinue 
512 the investigational drug. A challenge to patients and investigators is adherence to the protocol 
513 during therapy and throughout the 12 months following therapy completion.  Investigators 
514 should make every effort to minimize the loss to follow-up throughout the trial.  The informed 
515 consent should emphasize the importance of continued participation for the full duration of the 
516 trial and the protocol should specify how patients will be contacted if they fail to attend a trial 
517 visit. Given that missing data is nonetheless likely to occur, the protocol should state how 
518 missing data will be handled in the primary efficacy analysis.  Imbalances across treatment arms 
519 in the rate or reason for missing data will be a cause for concern and should be thoroughly 
520 discussed in the final report. 
521 
522 11. Accelerated Approval Considerations 
523 
524 Approval under 21 CFR part 314, subpart H, or 21 CFR part 601, subpart E, may be applicable 
525 to drugs developed for the treatment of tuberculosis that provide meaningful therapeutic benefit 
526 to patients over existing treatments.  An endpoint based on conversion of sequential sputum 
527 cultures to no growth of M. tuberculosis can be used as a surrogate endpoint.  Sponsors can 
528 provide scientific data to support the use of other surrogate endpoints that are reasonably likely 
529 to predict clinical benefit. When a drug is approved under accelerated approval, sponsors are 
530 required to “study the drug further, to verify and describe its clinical benefit” (21 CFR 314.510 
531 for drugs; 21 CFR 601.41 for biologics). 
532 
533 12. Risk-Benefit Considerations 
534 
535 Because of the high rate of morbidity and mortality for patients with drug-resistant tuberculosis, 
536 caused in part by limited treatment options and epidemiological characteristics, an 
537 investigational drug’s safety profile might support further development in patients with drug­
538 resistant tuberculosis, but not drug-susceptible tuberculosis (e.g., because of an adverse effect 
539 that would not be acceptable for patients with drug-susceptible tuberculosis who have alternative 
540 therapies readily available).   
541 
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542 C. Other Considerations 
543 
544 1. Clinical Microbiology Considerations 
545 
546 Investigational drugs being evaluated for the treatment of tuberculosis should have supportive 
547 data from in vitro microbiology and in vivo animal model studies.  The mechanism of action of 
548 the drug should be identified to support its use as part of a specific treatment regimen.  In vitro 
549 studies also can provide information to inform selection of the regimen of antimycobacterial 
550 drugs to be used in the investigational drug(s) clinical trials. 
551 
552 a. In vitro studies 
553 
554 In vitro studies should incorporate the following considerations: 
555 
556  Studies of drug activity against metabolically active, dormant, and intracellular stages of 
557 M. tuberculosis are recommended. Testing against metabolically active bacilli should be 
558 performed on drug-susceptible laboratory isolates, laboratory isolates with known 
559 patterns of resistance, and isolates representing different geographical regions.  These 
560 studies should identify the optimal in vitro concentration effective for inhibiting growth 
561 and/or killing the organism during metabolically active and dormant stages.  The criteria 
562 for characterizing isolates as drug-susceptible or drug-resistant to the investigational 
563 drug, including the basis for establishing a critical drug concentration, should be 
564 specified. 
565 
566  In vitro studies should use standardized methods for susceptibility testing such as those 
567 recommended by Clinical Laboratory Standard Institute (CLSI) Document Susceptibility 
568 
569 

Testing of Mycobacteria, Nocardiae, and other Aerobic Actinomycetes; M24-A2, or by 
Antimicrobial Susceptibility Test systems approved by the FDA.17  If nonstandard 

570 methods are being employed, a complete description of the methods and the performance 
571 characteristics of the assay in the actual laboratory where testing will be done should be 
572 submitted to the FDA for review before use in the trial.  Quality control parameters for in 
573 vitro susceptibility testing should be developed during phase 1 and phase 2 evaluations, 
574 and provisional interpretive criteria should be proposed before phase 3 testing.  If 
575 interpretive criteria are established for labeling purposes, then testing of at least 150 
576 clinical isolates, preferably from representative geographic areas, should be included in 
577 the analyses that support the interpretive criteria. 
578 
579  In vitro models can provide an estimate for the effective dosing of an investigational drug 
580 or combination of investigational drugs to identify their potential as promising therapies 
581 for further development in treatment of pulmonary tuberculosis (e.g., PD modeling). 
582 

17 See, for example, CLSI, 2011, Susceptibility Testing of Mycobacteria, Nocardiae, and other Aerobic 
Actinomycetes; Approved Standard – Second Edition, CLSI document M24-A2, CLSI 940 West Valley Rd. Suite 
1400, Wayne, PA 19087-1898; and the guidance for industry Class II Special Controls Guidance Document: 
Antimicrobial Susceptibility Test (AST) Systems 
(http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm080564.htm). 
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583  In vitro testing should include a study of multiple-drug regimens that contain the 
584 investigational drug(s). If two new investigational drugs are under evaluation 
585 simultaneously, factorial designs evaluating the new drugs should be carried out.   
586 
587 b. In vivo animal models 
588 
589 Appropriate animal models can serve as an important bridge between the identification of in 
590 vitro antimycobacterial effects of an investigational drug and the initiation of human clinical 
591 trials. PK assessments, toxicology findings, and changes in drug susceptibility in animal model 
592 studies may inform clinical trial designs.  Evaluations of the investigational drug, or combination 
593 of investigational drugs, using different animal models or more than one isolate of M. 
594 tuberculosis should be considered for studying activity against different aspects of tuberculosis 
595 infection. Although animal studies are of great value, they cannot substitute for clinical trials in 
596 
597 

patients with tuberculosis to evaluate drug safety and efficacy because clinical trials can be 
conducted in patients with tuberculosis.18 

598 
599 c. Drug resistance and cross-resistance 
600 
601 The potential of M. tuberculosis isolates to develop resistance to the investigational drug should 
602 be examined in appropriate in vitro and/or in vivo models and should include evaluating the 
603 potential for cross-resistance to drugs in the same class or in other classes.  If resistance is 
604 demonstrated, it is important to identify the mechanism of resistance.  Attempts should be made 
605 to evaluate the clinical significance of any changes in phenotype (e.g., in vitro susceptibility to 
606 the drug) or genotype observed in nonclinical studies by correlating such changes with outcomes.  
607 
608 d. Types of culture media to identify M. tuberculosis 
609 
610 Solid media (e.g., Löwenstein-Jensen media) and liquid media (e.g., mycobacteria growth 
611 indicator tube) are culture assay methods available to identify and characterize M. tuberculosis. 
612 Either solid media or liquid media, or both, can be used in clinical development.  The type of 
613 culture media has implications for the trial.  For example, mycobacterial growth can take less 
614 than 2 weeks in liquid media, while growth on solid media can take up to 6 weeks.  Also, there 
615 are newer molecular methodologies to detect M. tuberculosis and its susceptibility profile that 
616 can be included in the trial’s microbiology considerations.  Sponsors should specify in the 
617 clinical trial protocol the methods to culture and identify M. tuberculosis as well as the in vitro 
618 susceptibility testing methods that will be employed.  The following are microbiological 
619 approaches for identification and characterization of M. tuberculosis. 
620 
621  Using solid and liquid media for the baseline culture.  The sputum specimen is 
622 evaluated simultaneously on both solid and liquid media.  The advantages to this 
623 approach are: (1) a more rapid observation of mycobacterial growth in liquid media (e.g., 
624 less than 2 weeks); (2) growth of pure culture on solid media is already underway for the 
625 biochemical confirmation of M. tuberculosis; and (3) growth of pure culture on solid 
626 media is already underway for the evaluation of in vitro susceptibility tests. 

18 See 21 CFR 314.600, subpart I, Approval of New Drugs When Human Efficacy Studies Are Not Ethical or 
Feasible. 
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627 
628  Using liquid media for the baseline culture 
629 
630  The sputum specimen is evaluated in liquid media.  The advantage is a more rapid 
631 observation of mycobacterial growth.  The disadvantage is a potential delay in the 
632 identification and characterization of the liquid culture isolate, because the isolate 
633 would then need to be subcultured on solid media to confirm pure culture (growth 
634 takes up to 6 weeks) and for biochemical confirmation of M. tuberculosis and 
635 evaluation of in vitro susceptibility tests. 
636 
637  The sputum specimen is evaluated on liquid media, and the confirmation of M. 
638 tuberculosis and susceptibility testing is performed by molecular methodologies.  The 
639 advantage is rapid identification and characterization of the liquid media isolate.  
640 However, clinical development programs that intend to use molecular methodologies 
641 to identify and characterize M. tuberculosis should also obtain solid media cultures in 
642 at least a subset of patients to evaluate the antimycobacterial susceptibility testing of 
643 the investigational drug(s), which can be used for determining susceptibility test 
644 criteria. 
645 
646  Using solid media for the baseline culture.  The sputum specimen is evaluated on solid 
647 media.  The disadvantage is that mycobacterial growth takes up to 6 weeks for 
648 identification and characterization of M. tuberculosis. 
649 
650 Solid or liquid culture media can be used for the evaluation of patients on therapy and after 
651 therapy completion. Sequential negative culture results can be interpreted as no growth of M. 
652 tuberculosis as part of the endpoint assessments.  Within a clinical trial, the culture 
653 methodologies should be consistent to evaluate all patients in the trial. 
654 
655 2. Relevant Nonclinical Safety Considerations 
656 
657 Combination therapy remains the standard of care for the treatment of tuberculosis.  The 
658 nonclinical studies to characterize the safety profile of a combination regimen and to support 
659 clinical trials and approval of a marketing application will vary, depending on the information 
660 available on each separate drug and the intended patient population.19  We encourage sponsors to 
661 discuss the available toxicology data and plans for combination therapies with the FDA. 
662 
663 The need for combination toxicology studies before administering a combination of 
664 investigational (unapproved) drugs to humans should be based on the following considerations: 
665 

19 For guidance on when to conduct nonclinical combination studies to support clinical trials of drug combinations, 
see the following:  (1) guidance for industry Nonclinical Safety Evaluation of Drug or Biologic Combinations; (2) 
ICH guidance for industry M3(R2) Nonclinical Safety Studies for the Conduct of Human Clinical Trials and 
Marketing Authorization for Pharmaceuticals; and (3) ICH guidance for industry S6(R1) Preclinical Safety 
Evaluation of Biotechnology-Derived Pharmaceuticals. 
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666  The availability of clinical experience with the individual drugs 
667 
668  The availability of nonclinical toxicology data for each of the individual drugs for the 
669 proposed duration of the combination clinical regimen 
670 
671  The existence of a significant toxicological concern and the safety margin between the no 
672 observed adverse effects level for each of the individual drugs in the animal toxicology 
673 studies and the proposed human exposure to each of the investigational drugs in the 
674 combination 
675 
676  The potential for interaction based on the absorption, distribution, metabolism, and 
677 excretion of each of the drugs 
678 
679  The potential for adverse effects to involve the same organ system (overlapping 
680 toxicities) or synergistic toxicities based on a review of accumulated data from each of 
681 the investigational drugs 
682 
683  The benefit derived from the drugs based on the degree of unmet need for the patients in 
684 the trial (e.g., patients with drug-resistant tuberculosis who have limited or no alternative 
685 therapies) 
686 
687 Although performance of nonclinical toxicology studies of the combination regimen of two or 
688 more early stage investigational drugs generally is recommended before initial use of the 
689 regimen in patients (e.g., ICH guidance for industry M3(R2) Nonclinical Safety Studies for the 
690 Conduct of Human Clinical Trials and Marketing Authorization for Pharmaceuticals), sponsors 
691 should contact the FDA to determine if nonclinical toxicology studies of the specific 
692 investigational drug combination regimen would be needed. 
693 
694 3. PK/PD Considerations 
695 
696 a. Phase 1/phase 2 PK trials 
697 
698 The pharmacokinetics of the investigational drug should be fully characterized in single-dose 
699 PK, multiple-dose PK, and phase 2 PK/PD evaluations.  Clinical pharmacology trials conducted 
700 during phase 1 and phase 2 drug development should include the characterization of PK in 
701 specific populations, including patients who have renal or hepatic impairment, as well as an 
702 evaluation of the effect on the QT interval.20 

703 
704 b. Drug interactions 
705 
706 In vitro studies should be conducted to determine the potential of the investigational drug to act 
707 as a substrate, inhibitor, or inducer of major human metabolizing enzymes and relevant 
708 transporters. Based on these results, in vivo drug interaction evaluations between one or more of 

20 See the ICH guidance for industry E14 Clinical Evaluation of QT/QTc Interval Prolongation and Proarrhythmic 
Potential for Non-Antiarrhythmic Drugs; Questions and Answers (R1). 
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709 the antimycobacterial drugs used in the planned treatment regimen, or for drugs unrelated to 
710 treatment of tuberculosis but are likely to be used (e.g., antiretroviral therapy for treatment of 
711 HIV; antacid therapy that can affect the gastrointestinal acid environment), may be needed 
712 before initiating clinical efficacy trials.21  Consultation with the FDA is strongly recommended 
713 during drug development regarding appropriate drug interaction evaluations for a specific 
714 investigational drug, and, in particular, in situations where co-development of two or more 
715 investigational drugs is being planned. 
716 
717 c. Exposure-Response 
718 
719 Exposure-response relationships should be explored during early phases of drug development to 
720 aid in selection of optimal dosing strategies for evaluation in later trials.22  Sponsors are 
721 encouraged to explore exposure-response relationships for both sputum and serum drug 
722 concentrations and markers of activity (e.g., the time-to-sputum conversion or sputum 
723 conversion rate at 2 months in patients with pulmonary tuberculosis).  Evaluations of 
724 subpopulations in phase 3 efficacy trials can provide additional information about exposure­
725 response relationships. 
726 
727 4. Labeling Considerations 
728 
729 The INDICATIONS AND USAGE section of the Full Prescribing Information should state that 
730 a drug is approved for the treatment of active pulmonary tuberculosis.  For example: 
731 
732 ‘Drug X is indicated for the treatment of pulmonary tuberculosis’   
733 
734 For drugs approved under accelerated approval, additional information concerning the 
735 limitations of usefulness of the drug and any uncertainty about anticipated clinical benefits 
736 should be included in the indications and usage statement (see 21 CFR 201.57(c)(2)(i)(B)).  
737 

21 See the draft guidance for industry Drug Interaction Studies — Study Design, Data Analysis, Implications for 
Dosing, and Labeling Recommendations. When final, this guidance will represent the FDA’s current thinking on 
this topic. 

22 See the guidance for industry Exposure-Response Relationships — Study Design, Data Analysis, and Regulatory 
Applications. 
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802 APPENDIX: 
803 
804 JUSTIFICATION FOR A NONINFERIORITY MARGIN IN TREATMENT-
805 SHORTENING CLINICAL TRIALS OF PULMONARY TUBERCULOSIS 
806 
807 This Appendix focuses on the analysis of the historical data and determining the HESDE for use 
808 in the justification for a noninferiority margin in clinical trials of treatment-shortening regimens 
809 
810 

for pulmonary tuberculosis.  For complete discussion of noninferiority trials and justification of 
margins, see the draft guidance for industry Non-Inferiority Clinical Trials. 23 

811 
812 For the purpose of defining a noninferiority margin, we considered the standard-of-care regimen 
813 to be 2 months of treatment with ethambutol (or streptomycin), isoniazid, rifampin, and 
814 pyrazinamide (intensive phase) followed by 4 months of treatment with isoniazid and rifampin 
815 (continuation phase), which is often described in abbreviated terminology as 2EHRZ/4HR or 
816 2SHRZ/4HR. Additionally, we considered a daily to three-times weekly administration for the 
817 intensive phase to be part of a standard-of-care regimen, and we did not consider drugs given 
818 twice or once a week to be a standard-of-care regimen.  We considered this standard-of-care 
819 regimen to be the active-controlled arm for a future noninferiority trial in drug-susceptible 
820 tuberculosis. 
821 
822 The endpoint of unfavorable outcome was defined as one of the following:  (1) patients who 
823 never cleared their sputum to show no growth of M. tuberculosis while on therapy; (2) patients 
824 who had microbiological confirmation of relapse of pulmonary tuberculosis within a 12-month 
825 period of observation following therapy completion; or (3) patients who died any time within the 
826 clinical trial drug administration period and 12-month period of observation following therapy 
827 completion. 
828 
829 The use of a treatment-shortening regimen is intended to allow for the removal of at least several 
830 months of isoniazid and rifampin therapy (e.g., removal of the final 2 months (months 5 and 6) 
831 of isoniazid and rifampin therapy).  It is the effect of these drugs during these months that we 
832 need to understand to estimate a treatment effect (M1). 
833 
834 A full literature search found three trials that contained information directly related to the effects 
835 of rifampin and isoniazid in months 5 and 6.  Two trials conducted by the British Medical 
836 Research Council (BMRC) were described in several articles, and there was one more recently 
837 conducted trial. 
838 
839  In Study 1 (Singapore Tuberculosis Service/British Medical Research Council 1981; 
840 Singapore Tuberculosis Service/British Medical Research Council 1986) 360 patients 15 
841 years of age and older who had pulmonary tuberculosis were randomized to one of four 
842 treatment groups: 
843 
844  Group A: Six-month regimen of 2 months of daily streptomycin, isoniazid, rifampin, 
845 and pyrazinamide followed by 4 months of isoniazid, rifampin, and pyrazinamide 
846 (2SHRZ/4HRZ) 

23 When final, this guidance will represent the FDA’s current thinking on this topic. 
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847 
848  Group B: Six-month regimen of 2 months of daily streptomycin, isoniazid, rifampin, 
849 and pyrazinamide followed by 4 months of isoniazid and rifampin (2SHRZ/4HR) 
850 
851  Group C: Four-month regimen of 2 months of daily streptomycin, isoniazid, 
852 rifampin, and pyrazinamide followed by 2 months of isoniazid, rifampin, and 
853 pyrazinamide (2SHRZ/2HRZ) 
854 
855  Group D: Four-month regimen of 2 months of daily streptomycin, isoniazid, 
856 rifampin, and pyrazinamide followed by 2 months of isoniazid and rifampin 
857 (2SHRZ/2HR) 
858 
859 A comparison of groups A and B versus groups C and D provides an estimate of the 
860 treatment effect of isoniazid and rifampin when given in months 5 and 6 in the standard 
861 regimen.  All patients were assessed at 18 months after enrollment.  Deaths were not 
862 reported in the article. 
863 
864  The second set of information (Study 2) comes from several publications of the BMRC’s 
865 4th and 5th East African Studies (East African/British Medical Research Council 1973; 
866 East African/British Medical Research Council 1978; East African/British Medical 
867 Research Council 1981; East and Central Africa/British Medical Research Council Fifth 
868 Collaborative Study 1983). The 4th East African/BMRC trial contained 5 4-month 
869 treatment groups, and enrolled patients 15 to 65 years of age who had drug-susceptible 
870 pulmonary tuberculosis.  The bacteriological relapse rates were found to be unacceptably 
871 high and therefore the trial was halted earlier than planned.  The last 193 patients enrolled 
872 in the trial were continued on their regimen for up to 6 months.  These patients as well as 
873 newly enrolled patients were then included into the 5th East African study that did not 
874 contain 4-month treatment groups.  Though the 4- and 6-month treatment arms are not 
875 concurrently randomized arms, the trials were conducted at similar sites and the protocols 
876 are believed to be similar between the 4th and 5th East African trials.  The treatment 
877 groups of interest are listed here: 
878 
879  Six-month regimen of 2 months of daily streptomycin, isoniazid, rifampin, and 
880 pyrazinamide followed by 4 months of isoniazid and rifampin and (2SHRZ/4HR 
881 from the 5th East African study) 
882 
883  Four-month regimen of 2 months of daily streptomycin, isoniazid, rifampin, and 
884 pyrazinamide followed by 2 months of isoniazid, rifampin, and pyrazinamide 
885 (2SHRZ/2HRZ) 
886 
887  Four-month regimen of 2 months of daily streptomycin, isoniazid, rifampin, and 
888 pyrazinamide followed by 2 months of isoniazid and rifampin (2SHRZ/2HR) 
889 
890 Deaths were reported in the article and are included as unfavorable outcomes. 
891 
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892  A third trial (Johnson, Haddad, et al. 2009) enrolled approximately 850 adults 18 to 60 
893 years of age with noncavitary pulmonary tuberculosis who received the 2-month period 
894 of standard of care (i.e., 2EHRZ).  All patients then received daily isoniazid and rifampin 
895 for an additional 2 months.  At month 4, approximately 400 patients enrolled in the trial 
896 were eligible for randomization (all had negative sputum cultures at month 2) into one of 
897 two treatment groups:  discontinue rifampin and isoniazid (shortened treatment course 
898 2EHRZ/2HR) or continue rifampin and isoniazid for an additional 2 months (standard 
899 course of treatment 2EHRZ/4HR).  Though the rate of unfavorable outcome was higher 
900 in the 4-month treatment arm (6.6 percent) than the 6-month treatment arm (1.5 percent), 
901 this trial enrolled only patients who had sputum conversion to no growth at 2 months and 
902 therefore represents a more limited patient population with potentially less severe 
903 pulmonary tuberculosis; it could therefore represent a conservative (low) estimate of the 
904 effect of the extra 2 months.  The trial results might be less directly applicable to the 
905 overall population of patients with pulmonary tuberculosis and, therefore, were not 
906 included in the analysis. 
907 
908 Table A contains the results from Studies 1 and 2.  Using the endpoint of failure to convert 
909 sputum to no growth, relapses of tuberculosis, and death at 18 months postrandomization (i.e., a 
910 period of time from randomization through 12 months following completion of the longer 
911 treatment arm), the 95 percent confidence interval (CI) of the weighted estimate of the treatment 
912 effect of rifampin and isoniazid for months 5 and 6 was (4.8 percent, 12.1 percent).  Therefore, 
913 the estimate of M1 is 4.8 percent.  Without discounting any additional treatment effects, this 
914 supports a noninferiority margin of 4.8 percent. 
915 
916 Table A: The Results of Two Treatment-Shortening Studies* 

Study 6-Month Unfavorable 4-Month Unfavorable Treatment Effect (4-
Regimen Outcome Regimen Outcome Month Regimen 

Minus 6-Month 
Regimen) and 95% CI 

1 2SHRZ/4HR(Z) 1.2% (2/158) 2SHRZ/2HR(Z) 9.6% (15/156) 8.4% (3.8%, 14.2%) 
2 2SHRZ/4HR 4.7% (8/172) 2SHRZ/2HR(Z) 13.2% (28/212) 8.6% (2.4%, 14.6%) 

Summary Estimate and 95% CI** 8.4% (4.8%, 12.1%) 

917 
918 

* The number of deaths is unknown for Study 1 and therefore is not included in the outcome. 
** Random effect model (DerSimonian and Laird 1986) 

919 
920 In a noninferiority trial in patients with drug-susceptible pulmonary tuberculosis where a 
921 treatment-shortening regimen is compared to a standard 6-month regimen, the selection of a 
922 noninferiority margin of 4.8 percent can be supported by the historical data and appears to be 
923 clinically acceptable. The clinical trial should incorporate the endpoint of failure to convert 
924 sputum to no growth, relapses of tuberculosis, or deaths at a 12-month period of observation 
925 
926 

following completion of the 6-month antituberculosis drug regimen.  The work done on this 
noninferiority margin justification was presented at the 2009 FDA workshop.24  A noninferiority 

927 margin for a treatment-shortening regimen has also been described (Nunn, Phillips, et al, 2008).  
928 Sponsors should discuss with the FDA the choice of a noninferiority margin greater than 4.8 
929 percent and the scientific support for justification of the margin. 

24 The transcripts of the 2009 FDA pulmonary tuberculosis workshop can be found at 
http://www.fda.gov/Drugs/NewsEvents/ucm168975.htm. 
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930 
931 A number of factors influence the estimate of a trial’s sample size, including the prespecified 
932 type I and type II error rates, the expected success rates, and the noninferiority margin.  The 
933 following example provides a framework for discussion with the FDA about sample size 
934 estimation for a noninferiority trial evaluating a treatment-shortening regimen (Makuch and 
935 Simon 1980).  The total sample size of enrolled patients is approximately 480 patients per arm 
936 based on the following assumptions that can be considered conservative:  (1) the identification of 
937 M. tuberculosis in 90 percent of enrolled patients (primary analysis population is approximately 
938 430 patients per arm); (2) a two-sided type I error of 0.05 and power of 90 percent; (3) for both 
939 arms, a rate of 5 percent of patients who have the endpoint of failure to convert sputum to no 
940 growth, relapses of tuberculosis, or deaths at a 12-month period of observation; and (4) a 
941 noninferiority margin of 4.8 percent. 
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