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Dear Editor, 40 

Multidrug-resistant tuberculosis (MDR-TB; defined by bacillary resistance against rifampicin 41 

and isoniazid) has been identified as a global threat to mankind [1]. According to the latest 42 

report by the European Centres of Disease Prevention and Control and World Health 43 

Organization regional office for Europe only approximately 50% of MDR-TB patients in 44 

Europe reach favorable treatment outcomes [2]. Successful treatment outcomes are 45 

achieved for less than 25% of patients with extensively drug-resistant TB (XDR-TB; MDR plus 46 

resistance against a least one fluoroquinolone and one second-line injectable drug) in the 47 

European Union/European Economic Area Countries [2]. 48 

Recently, new diagnostic methods and novel drugs have been introduced that may improve 49 

treatment outcomes in countries, where these innovations are available to provide 50 

personalized therapies [3-6]. In order to evaluate treatment outcomes in M/XDR-TB under 51 

unrestricted health-care conditions, and to ascertain the difference to the treatment 52 

outcome in patients with drug-susceptible TB, we performed a multicenter prospective 53 

observational cohort study in patients with M/XDR- and non-M/XDR-TB at clinical centers in 54 

Germany. We also sought to compare existing WHO and newly described “simplified” 55 

therapy outcome definitions for both M/XDR- and non-M/XDR-TB patients [7, 8]. 56 

Patients with pulmonary TB confirmed by the GeneXpert MTB/RIF test (Cepheid, Sunnyvale, 57 

USA) were enrolled at five hospitals in Germany (Medical Clinic, Research Center Borstel; 58 

Karl-Hansen-Klinik, Bad Lippspringe; Sankt Katharinen-Krankenhaus, Frankfurt; Thoraxklinik-59 

Heidelberg, Heidelberg; Asklepios Fachkliniken München-Gauting, Munich) between March 60 

2013 and March 2016. Patients less than 18 years of age and/or HIV-positive, or individuals 61 

under legal supervision were excluded from the study. Written informed consent was 62 

obtained from all patients. 63 
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Samples with a positive GeneXpert result for rifampicin resistance were further analyzed by 64 

using line-probe-assays (Hain Lifesciences, Nehren, Germany) for the detection of additional 65 

first- and second-line drug-resistances. Findings were later confirmed by culture based drug 66 

susceptibility tests (DST) at the national reference center for mycobacteria in Borstel, 67 

Germany. Individualized anti-TB drug regimens for patients with M/XDR-TB were designed 68 

using current therapy recommendations on the basis of molecular and phenotypic DST [9, 69 

10]. The algorithms were in main consent with the current WHO guidelines [11]. However, 70 

the preferred usage of certain drugs changed over time (i.e. linezolid). Patients with non-71 

M/XDR-TB were treated following national recommendations [12]. In addition to WHO-72 

defined outcome definitions [8], we applied simplified outcome definitions that include a 73 

one-year follow-up to both patient groups. According to the simplified outcome definitions 74 

[7]: 75 

Cure is defined as a negative culture status six months after treatment initiation, no positive 76 

culture thereafter, and no relapses within one year after treatment completion.  77 

Treatment failure is defined as a positive culture status six months after treatment initiation 78 

or thereafter or a relapse within 1 year after treatment completion.  79 

Undeclared outcome is defined as an outcome that was not assessed (owing to transferal 80 

out of the cohort, no culture status at six months while the patient was receiving care, or no 81 

post-treatment assessment).  82 

Death is defined as death during observation.  83 

Loss to follow-up is defined as non-receipt of care six months after treatment initiation.  84 

For the follow-up one-year after therapy end, patients were contacted by telephone 85 

interviews or/and during routine clinical follow-up visits. 86 
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Study approval was granted by the Ethics Committee of the University of Lübeck (AZ 12-233), 87 

which subsequently was confirmed by the corresponding local Ethic Committees of all 88 

participating centers. Statistic analyses were performed using STATA (Version 14, StataCorp 89 

LLC, College Station, Texas, USA). 90 

 91 

Seventy-five patients were enrolled, of whom 46 were infected with non-M/XDR and 29 with 92 

MDR strains of M. tuberculosis. Of the 29 patients with M/XDR-TB, eight patients were 93 

infected with an XDR strain of M. tuberculosis. In the cohort of non-M/XDR-TB patients, two 94 

patients had isoniazid mono-resistant TB. Only 3/29 (10.4%) M/XDR-TB patients received an 95 

anti-TB regimen containing bedaquiline or delamanid, which became available during the 96 

study period. Of the 22/29 (75.9%) M/XDR-TB patients receiving fluoroquinolones 18/22 97 

(81.8%) were treated with moxifloxacin while 4/22 (18.2%) received levofloxacin. Twenty-98 

one of 29 (72.4%) M/XDR-TB patients were administered second-line injectable drugs, of 99 

whom 14/21 (66.7%) patients received capreomycin and 7/21 (33.3%) amikacin. 100 

Patients with M/XDR- and non-M/XDR-TB showed similar frequencies of relapse-free cure 101 

(65.5% and 63.0%, respectively, p = 0.828), as they did for death and failure (Figure). Just 102 

eight patients (three M/XDR-TB, five non-M/XDR-TB) achieved cure by WHO-definitions. 103 

Treatment success by WHO definition, driven by treatment completion, was markedly lower 104 

for M/XDR-TB patients (58.6%) compared to non-M/XDR-TB patients (76.1%, p = 0.110). 105 

Given the relatively low number of patients, we did not identify any specific properties that 106 

characterize patients with therapy failure (Simplified outcomes: non-M/XDR-TB n=7 vs. 107 

M/XDR-TB n=3). 108 

 109 



6 

 

Under optimal management conditions and resources we observed similar frequencies of 110 

relapse-free cure in patients with M/XDR-TB and non-M/XDR-TB when applying outcome 111 

definitions that include a one-year follow-up period after the completion of treatment [7]. 112 

The lack of marked differences in treatment response between the two groups using new 113 

definitions is encouraging and stands in sharp contrast to the low frequency of WHO-defined 114 

cure for patients with TB ascertained on the last day of treatment. Frequency of treatment 115 

success by WHO definition (the sum of those who achieve cure or complete their treatment 116 

in the absence of failure) is nearly identical to the estimates reported by the European 117 

Centre for Disease Prevention and Control (ECDC) surveillance data (2). A recent multi-118 

national observational cohort study in Europe showed that WHO-defined treatment success 119 

is largely based on treatment completion rather than on cure [7, 8]. This was confirmed in 120 

the present study where only 6.5% of patients with non-M/XDR-TB were cured and 69.6% of 121 

patients had treatment completion. The main reason for the absence of cure is lack of the 122 

required number of sputum samples in the final stage of treatment. 123 

Prevention of relapse is the main purpose for the long duration of therapy in TB. Thus, cure 124 

from TB’s definition should include a relapse-free observation period after the end of 125 

therapy, which is already the case in anti-TB drug trials [13]. In the field of oncology, which is 126 

similar in this aspect to TB, determining cure (corresponding to end points such as 127 

progression free survival) at the last day of chemotherapy would be inacceptable [14]. As the 128 

majority of the relapse cases occur within twelve months of treatment completion, an 129 

observation period of one year is plausible to define relapse-free cure as it was recently 130 

proposed [7, 13]. A negative M. tuberculosis culture status at six-months of treatment, as the 131 

critical assessment point for the simplified definitions, has been shown to be predictive for 132 

cure in MDR-TB [7, 15]. The current study shows that applying the same outcome definitions 133 

for patients with non-M/XDR-TB and M/XDR-TB gives plausible results in line with clinical 134 
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experience. This opens the door to adopt a single set of outcome definitions for all 135 

pulmonary TB patient, regardless of resistance pattern or duration of therapy. Such a move 136 

will simplify and improve outcome reporting. 137 

Recently, two groups have demonstrated six-months culture conversion rates of 96% [16] 138 

and 100% [17] in patients with M/XDR-TB treated with bedaquiline-based regimens 139 

providing hope that much higher cure-rates from M/XDR-TB can be achieved in the future.  140 

 141 

In conclusion, in a country where sufficient resources for the management of patients with 142 

M/XDR-TB are available, we now observe substantial improvements in treatment outcomes 143 

resulting in a high frequency of relapse-free cure indistinguishable from cure in patients with 144 

non-M/XDR-TB. This “honeymoon” may last until strains of M. tuberculosis that have 145 

developed resistance against novel and refurbished second-line drugs start circulating in the 146 

community. WHO treatment outcome definitions for TB should be revised to describe cure 147 

only in the in the absence of disease recurrence one year after the end of treatment. 148 

 149 
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Figure 155 

 156 

 157 

Figure. Treatment outcomes for patients with non-M/XDR-TB and M/XDR-TB by simplified 158 

(TBNET) definitions (a) and WHO definitions (b). The simplified outcomes yielded the 159 

following results: Death: non-M/XDR-TB n=3 (6.5%) vs. M/XDR-TB n=2 (6.9%); Lost to follow-160 
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up: non-M/XDR-TB n=5 (10.9%) vs. M/XDR-TB n=4 (13.8%); Failure: non-M/XDR-TB n=7 161 

(15.2%) vs. M/XDR-TB n=3 (10.3%); Cure: non-M/XDR-TB n=29 (63.0%) vs. M/XDR-TB n=19 162 

(65.5%); Undeclared: non-M/XDR-TB n=2 (4.4%) vs. M/XDR-TB n=1 (3.5%). Outcomes 163 

following the WHO’definitions were: Death: non-M/XDR-TB n= 3 (6.5%) vs. M/XDR-TB n=2 164 

(6.9%); Lost to follow-up: non-M/XDR-TB n=5 (10.9%) vs. M/XDR-TB n=5 (17.2%); Failure: 165 

non-M/XDR-TB n=1 (2.2%) vs. M/XDR-TB n=5 (17.2%); Cure non-M/XDR-TB n=3 (6.5%) vs. 166 

M/XDR-TB n=5 (17.2%); Completed non-M/XDR-TB n=32 (69.6%) vs. M/XDR-TB n=12 167 

(41.4%); Not evaluated non-M/XDR-TB n=2 (4.4%) vs. M/XDR-TB n=0 (0.0%). Total for both 168 

analysis: non-M/XDR-TB n=46 (100%) vs. M/XDR-TB n=29 (100%). 169 

  170 



10 

 

REFERENCES 171 

 172 

1. G20 Leaders ́ Declaration. Shaping an interconnected world. In: G20, ed., Hamburg, 173 

2017. 174 

2. European Centre for Disease Prevention and Control (ECDC). Tuberculosis 175 

surveillance and monitoring in Europe 2016. Stockholm, Sweden: European Centre for 176 

Disease Prevention and Control; 2017. 177 

3. Olaru ID, Lange C, Heyckendorf J. Personalized medicine for patients with MDR-TB. J 178 

Antimicrob Chemother 2016: 71(4): 852-855. 179 

4. Olaru ID, von Groote-Bidlingmaier F, Heyckendorf J, Yew WW, Lange C, Chang KC. 180 

Novel drugs against tuberculosis: a clinician's perspective. Eur Respir J 2015: 45(4): 1119-181 

1131. 182 

5. Pankhurst LJ, del Ojo Elias C, Votintseva AA, Walker TM, Cole K, Davies J, Fermont JM, 183 

Gascoyne-Binzi DM, Kohl TA, Kong C, Lemaitre N, Niemann S, Paul J, Rogers TR, Roycroft E, 184 

Smith EG, Supply P, Tang P, Wilcox MH, Wordsworth S, Wyllie D, Xu L, Crook DW. Rapid, 185 

comprehensive, and affordable mycobacterial diagnosis with whole-genome sequencing: a 186 

prospective study. The Lancet Respiratory Medicine 2016: 4(1): 49-58. 187 

6. Votintseva AA, Bradley P, Pankhurst L, Del Ojo Elias C, Loose M, Nilgiriwala K, 188 

Chatterjee A, Smith EG, Sanderson N, Walker TM, Morgan MR, Wyllie DH, Walker AS, Peto 189 

TEA, Crook DW, Iqbal Z. Same-Day Diagnostic and Surveillance Data for Tuberculosis via 190 

Whole-Genome Sequencing of Direct Respiratory Samples. J Clin Microbiol 2017: 55(5): 191 

1285-1298. 192 

7. Günther G, Lange C, Alexandru S, Altet N, Avsar K, Bang D, Barbuta R, Bothamley G, 193 

Ciobanu A, Crudu V, Danilovits M, Dedicoat M, Duarte R, Gualano G, Kunst H, de Lange W, 194 

Leimane V, Magis-Escurra C, McLaughlin AM, Muylle I, Polcova V, Popa C, Rumetshofer R, 195 

Skrahina A, Solodovnikova V, Spinu V, Tiberi S, Viiklepp P, van Leth F, for T. Treatment 196 

Outcomes in Multidrug-Resistant Tuberculosis. N Engl J Med 2016: 375(11): 1103-1105. 197 

8. World Health Organization. Definitions and reporting framework for tuberculosis – 198 

2013 revision (updated December 2014). WHO Library Cataloguing-in-Publication Data, 199 

Geneva, Switzerland, 2014. 200 

9. Horsburgh CR, Jr., Barry CE, 3rd, Lange C. Treatment of Tuberculosis. N Engl J Med 201 

2015: 373(22): 2149-2160. 202 

10. Lange C, Abubakar I, Alffenaar JW, Bothamley G, Caminero JA, Carvalho AC, Chang 203 

KC, Codecasa L, Correia A, Crudu V, Davies P, Dedicoat M, Drobniewski F, Duarte R, Ehlers C, 204 

Erkens C, Goletti D, Gunther G, Ibraim E, Kampmann B, Kuksa L, de Lange W, van Leth F, van 205 

Lunzen J, Matteelli A, Menzies D, Monedero I, Richter E, Rusch-Gerdes S, Sandgren A, 206 

Scardigli A, Skrahina A, Tortoli E, Volchenkov G, Wagner D, van der Werf MJ, Williams B, Yew 207 

WW, Zellweger JP, Cirillo DM, Tbnet. Management of patients with multidrug-208 

resistant/extensively drug-resistant tuberculosis in Europe: a TBNET consensus statement. 209 

Eur Respir J 2014: 44(1): 23-63. 210 

11. Falzon D, Schunemann HJ, Harausz E, Gonzalez-Angulo L, Lienhardt C, Jaramillo E, 211 

Weyer K. World Health Organization treatment guidelines for drug-resistant tuberculosis, 212 

2016 update. Eur Respir J 2017: 49(3). 213 

12. Schaberg T, Bauer T, Castell S, Dalhoff K, Detjen A, Diel R, Greinert U, Hauer B, Lange 214 

C, Magdorf K, Loddenkemper R. [Recommendations for therapy, chemoprevention and 215 

chemoprophylaxis of tuberculosis in adults and children. German Central Committee against 216 

Tuberculosis (DZK), German Respiratory Society (DGP)]. Pneumologie 2012: 66(3): 133-171. 217 

13. Diacon AH, Van Baelen B, Theeuwes M. More on Treatment Outcomes in Multidrug-218 

Resistant Tuberculosis. N Engl J Med 2016: 375(26): 2609-2610. 219 



11 

 

14. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A, Gottfried M, Peled 220 

N, Tafreshi A, Cuffe S, O'Brien M, Rao S, Hotta K, Leiby MA, Lubiniecki GM, Shentu Y, 221 

Rangwala R, Brahmer JR, Investigators K-. Pembrolizumab versus Chemotherapy for PD-L1-222 

Positive Non-Small-Cell Lung Cancer. N Engl J Med 2016: 375(19): 1823-1833. 223 

15. Kurbatova EV, Cegielski JP, Lienhardt C, Akksilp R, Bayona J, Becerra MC, Caoili J, 224 

Contreras C, Dalton T, Danilovits M, Demikhova OV, Ershova J, Gammino VM, Gelmanova I, 225 

Heilig CM, Jou R, Kazennyy B, Keshavjee S, Kim HJ, Kliiman K, Kvasnovsky C, Leimane V, 226 

Mitnick CD, Quelapio I, Riekstina V, Smith SE, Tupasi T, van der Walt M, Vasilyeva IA, Via LE, 227 

Viiklepp P, Volchenkov G, Walker AT, Wolfgang M, Yagui M, Zignol M. Sputum culture 228 

conversion as a prognostic marker for end-of-treatment outcome in patients with multidrug-229 

resistant tuberculosis: a secondary analysis of data from two observational cohort studies. 230 

Lancet Respir Med 2015: 3(3): 201-209. 231 

16. Guglielmetti L, Le Du D, Veziris N, Caumes E, Marigot-Outtandy D, Yazdanpanah Y, 232 

Robert J, Frechet-Jachym M, Mycobacteria M-TMGotFNRCf, the Physicians of the French 233 

MDRTBC. Is bedaquiline as effective as fluoroquinolones in the treatment of multidrug-234 

resistant tuberculosis? Eur Respir J 2016: 48(2): 582-585. 235 

17. Olaru ID, Heyckendorf J, Andres S, Kalsdorf B, Lange C. Bedaquiline-based treatment 236 

regimen for multidrug-resistant tuberculosis. Eur Respir J 2017: 49(5). 237 

 238 


