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ABSTRACT No large study has ever evaluated the efficacy, safety and tolerability of meropenem/
clavulanate to treat multidrug- and extensively drug-resistant tuberculosis (MDR- and XDR-TB). The aim
of this observational study was to evaluate the therapeutic contribution, effectiveness, safety and tolerability
profile of meropenem/clavulanate added to a background regimen when treating MDR- and XDR-TB cases.

Patients treated with a meropenem/clavulanate-containing regimen (n=96) showed a greater drug
resistance profile than those exposed to a meropenem/clavulanate-sparing regimen (n=168): in the former
group XDR-TB was more frequent (49% versus 6.0%, p<0.0001) and the median (interquartile range
(IQR)) number of antibiotic resistances was higher (8 (6–9) versus 5 (4–6)). Patients were treated with a
meropenem/clavulanate-containing regimen for a median (IQR) of 85 (49–156) days.

No statistically significant differences were observed in the overall MDR-TB cohort and in the
subgroups with and without the XDR-TB patients; in particular, sputum smear and culture conversion
rates were similar in XDR-TB patients exposed to meropenem/clavulanate-containing regimens (88.0%
versus 100.0%, p=1.00 and 88.0% versus 100.0%, p=1.00, respectively). Only six cases reported adverse
events attributable to meropenem/clavulanate (four of them then restarting treatment).

The nondifferent outcomes and bacteriological conversion rate observed in cases who were more severe
than controls might imply that meropenem/clavulanate could be active in treating MDR- and XDR-TB cases.
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Introduction
The World Health Organization (WHO) estimated that 480000 new multidrug-resistant tuberculosis
(MDR-TB) cases occurred globally in 2014, with 190000 deaths [1]. Only one MDR-TB case out of three
is currently diagnosed and one out of four treated [1]. Of the 123000 cases of MDR-TB notified to the
WHO in 2014, about half were detected in India, the Russian Federation and South Africa. Overall, 3.3%
of new cases and 20% of previously treated cases of TB are MDR-TB. In Belarus, over 50% of TB cases are
MDR-TB; 34% of new cases and 64% of those previously treated [1, 2]. The proportion of MDR-TB cases
harbouring extensively drug-resistant (XDR)-TB strains of Mycobacterium tuberculosis in 2014 was highest
in Belarus (29%), Georgia (15%) and Latvia (19%), and accounted for up to 9.7% globally [1, 2].

Treatment of MDR-TB cases is long, expensive and associated with frequent adverse events [3–8].
Furthermore, a large proportion of patients with MDR-TB have additional drug resistances and this makes
the choice of an adequate treatment very difficult.

The WHO guidelines in force recommend the stepwise use of second-line drugs classified into five groups
[7], although modifications to drug grouping have been proposed recently [9] and discussion is ongoing at
the WHO level.

The difficulty in identifying at least four active drugs suitable for inclusion in a multidrug regimen
effective against these resistant forms of TB makes the need for new antibiotics urgent [3, 4, 7, 10, 11].

Presently, there is a lot of interest in new drugs such as delamanid [12–14] and bedaquiline [15–20], and
in repurposed drugs, which are included in WHO Group 5, i.e. drugs with unknown/limited evidence on
efficacy and/or tolerability [7, 21]. This group includes linezolid [10, 22–28] and carbapenems [29–34].
Carbapenems represent an interesting class of drugs (including meropenem, imipenem and ertapenem),
which are widely used to treat MDR- and XDR-TB cases, although very limited evidence exists regarding
their efficacy, safety and tolerability [29–34].

The association of a β-lactam antibiotic with a β-lactamase inhibitor was explored recently with apparently
suboptimal results, as Mycobacterium tuberculosis is protected from β-lactam antibiotics through its potent
β-lactamase, encoded by the blaC gene [35, 36]. Clavulanate (a β-lactamase inhibitor) has a demonstrated
capacity to inhibit the activity of blaC-coded products in vitro [36]. Meropenem, a carbapenem offering a
limited substrate for hydrolysis, has demonstrated high bactericidal in vitro activity when combined with
clavulanate against susceptible, MDR- and XDR-TB strains of M. tuberculosis, and the ability to sterilise
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cultures in vivo within 2 weeks [37, 38]. It has also shown promising activity in a murine model [39] and its
clinical effectiveness against M. tuberculosis-related disease was proved in two case reports of 10 cases or less
[30, 40]. To date, a single study is available in the literature suggesting the drug is effective and well tolerated.
Unfortunately, this study had a limited sample size of 37 patients recruited at a single centre and was focused
on the evaluation of bacteriological conversion, without providing final treatment outcomes [29].

Taking advantage of existing collaborations and established research protocols, TB reference centres
belonging to the International Carbapenems Study Group (ICSG) [31] conducted a large observational
study to evaluate the therapeutic contribution, effectiveness, safety and tolerability profile of meropenem/
clavulanate added to a background regimen (as per the WHO guidelines) when treating MDR- and
XDR-TB cases.

Material and methods
An observational, retrospective, cohort study was performed in five centres specialised in the management
of MDR- and XDR-TB cases in three countries which decided to adhere to the ICSG project.

Individuals aged <15 years were excluded. Only adults with a culture-confirmed diagnosis of MDR-TB (i.e.
TB caused by M. tuberculosis isolates resistant to at least isoniazid and rifampicin) were enrolled and
evaluated according to meropenem/clavulanate exposure (the time period of clinical evaluation ranged
from 2003 to 2015).

Individuals treated with MDR-TB meropenem/clavulanate-containing and -sparing regimens were
consecutively recruited following a retrospective design in all centres. Specifically, patients from each
participating centre were separated in groups exposed and not exposed to meropenem/clavulanate.

Anti-TB drugs were prescribed following the WHO recommendations based on drug-susceptibility test (DST)
results provided by quality-assured laboratories serving all the participating centres without any blinding or
randomisation procedures [11]. Meropenem/clavulanate was administered off-label at a dosage of 1 g three
times daily intravenously (2 g three times daily in Belgium) and clavulanate in the form of oral amoxicillin/
clavulanic acid. The ratio between those exposed and not exposed to meropenem/clavulanate-containing
regimens was 1:2.

Demographic, epidemiological, clinical and microbiological variables were retrospectively collected from
medical records using standardised ad hoc E-forms. In particular, the following information was retrieved:
date of admission, length of hospital stay, date and place of birth, sex, residence, immigration from a high
TB burden country, HIV status, exposure to antiretroviral drugs, previous TB diagnoses, previous anti-TB
treatments (i.e. exposure to anti-TB drugs for >1 month) and previous treatment outcomes, DST results,
including susceptibility or resistance to the drugs defining XDR-TB (i.e. TB caused by M. tuberculosis
strains resistant to isoniazid, rifampicin, any fluoroquinolones and at least a first-line injectable anti-TB
drug: amikacin, capreomycin or kanamycin), radiological findings, anti-TB regimen administered
(including dosage and length of exposure), surgery, duration of exposure to meropenem/clavulanate and
other relevant drugs (e.g. linezolid) and adverse events potentially ascribed to the meropenem/clavulanate
and other relevant drugs (e.g. linezolid), management of adverse events, proportion of sputum smear and
culture positivity at the hospital admission and at 30, 60 and 90 days after the prescription of second-line
anti-TB drugs, time to sputum smear/culture conversion, and treatment outcomes.

A descriptive analysis of the qualitative and quantitative variables was performed using absolute and
relative (percentages) frequencies and mean±SD or median (interquartile range (IQR)) according to their
parametric distribution, respectively. Inference analysis was carried out with Chi-squared or Fisher’s exact
tests and the Wilcoxon–Mann–Whitney test for categorical and numerical variables, respectively. Survival
analyses were performed to assess the microbiological (i.e. sputum smear and culture) conversion in
patients treated with meropenem/clavulanate-containing and -sparing regimens.

Two-tailed p-values were deemed statistically significant when p<0.05. All statistical analyses were carried
out with Stata 13.0 statistical software (StataCorp, College Station, TX, USA).

Ethical approval for the collection and analysis of anonymous and retrospective data and for the
compassionate use of the drugs was obtained by the institutional review boards of the participating
institutions as per legislation in force in the different ICSG countries and at the coordinating centre.

Results
A retrospective cohort of 264 MDR-TB patients was recruited (table 1). 21.6% were affected by XDR-TB.

96 were treated with meropenem/clavulanate-containing and 168 with meropenem/clavulanate-sparing
regimens. The majority (52.1%) of the patients were males, with a median (IQR) age of 33 (26–43) years,
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TABLE 1 Demographic, epidemiological and clinical characteristics of multidrug- and extensively drug-resistant tuberculosis
(MDR- and XDR-TB) patients treated with optimised background regimen with and without additional meropenem/clavulanate (MC)

Total MC-sparing regimen MC-containing regimen p-value

Subjects 264 168 96
Admission year <0.0001
2003 1/264 (0.4) 1/168 (0.6) 0/96 (0.0)
2005 2/164 (0.8) 2/168 (1.2) 0/96 (0.0)
2007 10/264 (3.8) 10/168 (6.0) 0/96 (0.0)
2008 17/264 (6.4) 15/168 (8.9) 2/96 (2.1)
2009 21/264 (8.0) 14/168 (8.3) 7/96 (7.3)
2010 32/264 (12.1) 17/168 (10.1) 15/96 (15.6)
2011 48/264 (18.2) 22/168 (13.1) 26/96 (27.1)
2012 27/264 (10.2) 18/168 (10.7) 9/96 (9.4)
2013 46/264 (13.0) 40/168 (23.8) 6/96 (6.3)
2014 51/264 (19.3) 26/168 (15.5) 25/96 (26.0)
2015 6/264 (66.7) 3/168 (1.8) 6/96 (6.3)

Age at admission years 33 (26–43) 32 (26–44) 34 (26–43) 0.79
Male 137/263 (52.1) 83/167 (49.7) 54/96 (56.3) 0.31
Continent of birth <0.0001
Africa 35/264 (13.39) 30/168 (17.9) 5/96 (5.2)
Asia 36/264 (13.6) 33/168 (19.6) 3/96 (3.1)
Europe 168/264 (63.6) 96/168 (57.1) 72/96 (75.0)
Other 25/264 (9.5) 9/168 (5.4) 16/96 (16.7)

Migrant 202/264 (76.5) 129/168 (76.8) 73/96 (76.0) 0.89
HIV test offered 249/260 (95.8) 161/166 (97.0) 88/94 (93.6) 0.20
HIV-positive 13/251 (5.2) 5/162 (3.1) 8/89 (9.0) 0.04
Exposure to antiretroviral therapy 11/13 (84.6) 5/5 (100.0) 6/8 (75.0) 0.22
Previous exposure to anti-TB therapy 125/262 (47.7) 59/167 (35.3) 66/95 (52.8) <0.0001
Times treated >1 month 1 (0–3) 1 (0–2) 2 (1–4) <0.0001
Surgical treatment 21/257 (8.2) 7/165 (4.2) 14/92 (15.2) 0.002
Prior treatment outcome <0.0001
Failed 72/122 (59.0) 23/60 (38.3) 49/62 (79.0)
Default 6/122 (4.9) 1/60 (1.7) 5/62 (8.1)
Completed 7/122 (5.7) 5/60 (8.3) 2/62 (3.2)
Cured 7/122 (5.7) 2/60 (3.3) 5/62 (8.1)
Transferred out 1/122 (0.8) 1/60 (1.7) 0/62 (0.0)
Relapse 1/122 (0.8) 0/60 (0.0) 1/62 (1.6)
Unknown 28/122 (23.0) 28/60 (46.9) 0/62 (0.0)

Form <0.0001
New 139/247 (56.3) 107/151 (70.9) 32/96 (23.0)
Relapse 32/247 (13.0) 19/151 (12.6) 13/96 (13.5)
Chronic 15/247 (6.1) 0/151 (0.09 15/96 (15.6)
Failure 61/247 (24.7) 25/151 (16.6) 36/96 (37.5)

Pulmonary TB 241/264 (91.3) 148/168 (88.1) 93/96 (96.9) 0.015
Extra pulmonary TB 44/264 (16.7) 30/168 (17.9) 14/96 (14.6) 0.49
Radiological findings 0.001
Cavitary lesions 38/238 (16.0) 22/145 (15.2) 16/93 (17.2)
Bilateral pulmonary involvement with cavitary lesions 96/238 (40.3) 46/145 (31.7) 50/93 (53.8)
Bilateral pulmonary involvement 50/238 (21.0) 34/145 (23.5) 16/93 (32.0)
Noncavitary nonbilateral pulmonary involvement 54/238 (22.7) 43/145 (29.7) 11/93 (11.8)

Sputum smear-positive 182/250 (72.8) 97/154 (63.0) 85/96 (88.5) <0.0001
Sputum culture-positive 249/251 (99.2) 153/155 (98.7) 96/96 (100.0) 0.53
Drug resistance
Streptomycin 198/240 (82.5) 122/160 (76.3) 76/80 (95.0) <0.0001
Isoniazid 264/264 (100.0) 168/168 (100.0) 96/96 (100.0)
Rifampicin 262/264 (99.2) 167/168 (99.4) 95/96 (99.0) 0.69
Ethambutol 172/259 (66.4) 92/164 (56.1) 80/95 (84.2) <0.0001
Pyrazinamide 157/235 (66.8) 73/141 (51.8) 84/94 (89.4) <0.0001
Fluoroquinolone 73/255 (28.6) 27/161 (16.8) 46/94 (48.9) <0.0001
Ethionamide 63/159 (39.69 63/159 (39.6) 63/86 (73.3) <0.0001
Cycloserine 39/186 (21.0) 24/111 (21.6) 15/75 (20.0) 0.79
Amikacin 61/244 (25.0) 21/162 (13.0) 40/82 (48.8) <0.0001
4-Aminosalicylic acid 32/104 (30.8) 9/57 (15.8) 23/47 (48.9) <0.0001

Continued
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and most of them were migrants (76.5%), whose country of birth was located in Europe in the majority of
the cases (61.4%). 13 individuals (5.2%) were HIV-positive. Most cases (91.3%) were affected by
pulmonary TB, with percentages of sputum smear and culture confirmation of 72.8 and 99.2%,
respectively. Almost half of the cases (47.7%) were previously treated (in the majority of the cases for
drug-susceptible TB, according to the medical history); the commonest previous treatment outcome was
failure (59.0%) and 8.2% underwent surgery.

Patients treated with a meropenem/clavulanate-containing regimen showed a greater drug resistance profile
than those exposed to a meropenem/clavulanate-sparing regimen: in the former group, XDR-TB was more
frequent (49% versus 6.0%, p<0.0001) and the median (IQR) number of antibiotic resistances was higher
(8 (6–9) versus 5 (4–6)).

Patients were treated with a meropenem/clavulanate-containing regimen for a median of 85 (49–156) days
(table 2). No statistically significant differences in terms of effectiveness indicators were observed in the

TABLE 1 Continued

Total MC-sparing regimen MC-containing regimen p-value

Capreomycin 55/207 (26.6) 17/126 (13.5) 38/81 (46.9) <0.0001
Kanamicin 53/163 (32.5) 16/88 (18.2) 37/75 (49.3) <0.0001
Linezolid 5/172 (2.9) 1/97 (1.0) 4/75 (5.3) 0.10
Rifabutin 108/137 (78.8) 83/111 (74.8) 25/26 (96.2) 0.02
Other 9/27 (33.3) 3/16 (18.8) 6/11 (54.6) 0.10

Antibiotic resistances 6 (4–8) 5 (4–6) 8 (6–9) <0.0001
Length of hospital stay days 100 (63–175) 99 (78–181) 101 (61–172) 0.47
Treatment after MDR-TB diagnosis months 18 (14–20) 18 (12–20) 18 (18–22) 0.09
XDR 57/264 (21.6) 10/168 (6.0) 47/96 (49.0) <0.0001
Moxifloxacin 210/254 (82.7) 133/159 (83.7) 77/95 (81.1) 0.60
Levofloxacin 35/261 (13.4) 26/165 (15.8) 9/96 (9.4) 0.15
Linezolid 74/188 (39.4) 24/98 (24.5) 50/90 (55.6) <0.0001
Delamanid 1/239 (0.4) 0/144 (0.0) 1/95 (1.1) 0.40
Bedaquiline 11/239 (4.6) 2/144 (1.4) 9/95 (9.5) 0.008

Data are presented as N or n/N (%) or median (interquartile range), unless otherwise stated. Denominators (N) were different among the
selected variables because of missing data.

TABLE 2 Safety and tolerability in multidrug- and extensively drug-resistant tuberculosis patients exposed and not exposed to
meropenem/clavulanate (MC)-containing regimens

Total MC-sparing regimen MC-containing regimen p-value

Subjects 264 168 96
Interruption of linezolid 36/159 (22.6) 13/69 (18.8) 23/90 (25.6) 0.32
Interruption of linezolid due to adverse events 25/139 (18.0) 11/57 (19.3) 14/82 (17.1) 0.74
Adverse events presumably due to linezolid 50/145 (34.5) 13/56 (23.2) 37/89 (41.6) 0.02
Anaemia 28/166 (16.9) 8/74 (10.8) 20/92 (21.7) 0.06
Leukopenia 9/169 (5.3) 5/78 (6.4) 4/91 (4.4) 0.56
Thrombocytopenia 11/148 (7.4) 0/57 (0.0) 11/91 (12.1) 0.007
Peripheral neuropathy 41/161 (25.5) 12/70 (17.1) 29/91 (31.9) 0.03
Gastrointestinal disorder 22/151 (14.6) 14/60 (23.3) 8/91 (8.8) 0.013
Optic neuritis 1/173 (0.6) 1/82 (1.2) 0/91 (0.0) 0.29
Reversible adverse events 69/110 (62.7) 25/47 (53.2) 44/63 (69.8) 0.07
Linezolid restarted if interrupted 24/88 (27.3) 5/45 (11.1) 19/43 (44.2) <0.0001
Total linezolid exposure 143 (51–540) 105 (0–458) 173 (78–540) 0.006
Interruption of meropenem 52/94 (55.3)
Interruption of meropenem due to adverse events 8/94 (8.5)
Adverse events presumably due to meropenem 6/93 (6.5)
Meropenem restarted if interrupted 4/8 (50)
Total meropenem exposure 85 (49–156)

Data are presented as N or n/N (%) or median (interquartile range), unless otherwise stated. Denominators (N) were different among the
selected variables because of missing data.
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overall MDR-TB cohort and in the subgroups with and without the XDR-TB patients; in particular,
sputum smear and culture conversion rates were similar in XDR-TB patients exposed to meropenem/
clavulanate-containing regimens (88.0% versus 100.0%, p=1.00 and 88.0% versus 100.0%, p=1.00,
respectively) (table 3 and figure 1).

A subanalysis performed after stratifying all MDR-TB cases for n<6 or n⩾6 drug resistances (median
number of drug resistances in the entire cohort) did not identify any statistically significant differences in
sputum smear and culture conversion rates and treatment success rates between the two arms, with the
only exception of the higher treatment success in those with n<6 drug resistances and treated with a
meropenem/clavulanate-sparing regimen.

Only six cases reported adverse events that could be attributable to meropenem/clavulanate and four of
them restarted treatment after its interruption (table 2).

Discussion
The aim of our study was to evaluate the therapeutic contribution of meropenem/clavulanate when added
to a background regimen (as per the WHO guidelines) in terms of effectiveness, safety and tolerability in
treating MDR- and XDR-TB cases.

TABLE 3 Treatment outcomes of multidrug- and extensively drug-resistant tuberculosis (MDR- and XDR-TB) patients exposed
and not exposed to meropenem/clavulanate (MC)-containing regimens

Total MC-sparing regimen MC-containing regimen p-value

Subjects 264 168 96
Sputum smear conversion 155/160 (96.9) 100/102 (98.0) 55/58 (94.8) 0.35
At 30 days of treatment 128/227 (56.4) 91/133 (68.4) 37/94 (39.4) <0.0001
At 60 days of treatment 148/208 (71.2) 89/117 (76.1) 59/91 (64.8) 0.08
At 90 days of treatment 169/201 (84.1) 93/111 (83.8) 76/90 (84.4) 0.90
In patients with <6 resistances 65/66 (98.5) 56/57 (98.3) 9/9 (100.0) 1.00
In patients with ⩾6 resistances 90/94 (95.7) 44/45 (97.8) 46/49 (93.9) 0.62
In MDR-TB patients 126/128 (98.4) 93/95 (97.9) 33/33 (100.0) 1.00
In XDR-TB patients 29/32 (90.6) 7/7 (100.0) 22/25 (88.0) 1.00
In MDR-TB patients without resistance to fluoroquinolones 142/145 (97.9) 107/110 (97.3) 35/35 (100.0) 1.00
In MDR-TB patients with resistance to fluoroquinolones 29/30 (96.7) 17/18 (94.4) 12/12 (100.0) 1.00

Sputum culture conversion 156/159 (98.1) 101/101 (100.0) 55/58 (94.8) 0.05
At 30 days of treatment 100/210 (47.6) 70/116 (60.3) 30/94 (31.9) <0.0001
At 60 days of treatment 118/186 (63.4) 59/93 (63.4) 59/93 (63.4) 1.00
At 90 days of treatment 132/180 (73.3) 60/89 (67.4) 72/91 (79.1) 0.08
In patients with <6 resistances 66/66 (100.0) 57/57 (100.0) 9/9 (100.0) 1.00
In patients with ⩾6 resistances 90/93 (96.8) 44/44 (100.0) 46/49 (93.9) 0.24
In MDR-TB patients 127/127 (100.0) 94/94 (100.0) 33/33 (100.0) 1.00
In XDR-TB patients 29/32 (90.6) 7/7 (100.0) 22/25 (88.0) 1.00
In MDR-TB patients without resistance to fluoroquinolones 140/141 (99.3) 105/106 (99.1) 35/35 (100.0) 1.00
In MDR-TB patients with resistance to fluoroquinolones 29/30 (96.7) 17/18 (94.4) 12/12 (100.0) 1.00

Time from start of anti-TB therapy to sputum smear
conversion days

30 (7–61) 30 (0–56) 45 (28–68) 0.0002

Time from start of anti-TB therapy to culture conversion days 42 (29–90) 42 (30–90) 44 (28–75) 0.81
Treatment outcome 0.001
Cured 89/264 (33.7) 67/168 (39.9) 22/96 (22.9)
Treatment completed 81/264 (30.7) 48/168 (28.6) 33/96 (34.4)
Still on treatment 54/264 (20.5) 30/168 (17.9) 24/96 (25.0)
Died 14/264 (5.3) 3/168 (1.8) 11/96 (11.5)
Default 21/264 (8.0) 16/168 (9.5) 5/96 (5.2)
Transferred out 5/264 (1.9) 4/168 (2.4) 1/96 (1.0)

Treatment success 170/264 (64.4) 115/168 (68.5) 55/96 (57.3) 0.07
In patients with <6 resistances 76/91 (83.5) 67/77 (87.0) 9/14 (64.3) 0.035
In patients with ⩾6 resistances 92/111 (82.9) 46/54 (85.2) 46/57 (80.7) 0.53
In MDR-TB patients 141/207 (68.1) 108/158 (68.4) 33/49 (67.4) 0.90
In XDR-TB patients 29/57 (50.9) 7/10 (70.0) 22/47 (46.8) 0.30

Data are presented as N or n/N (%) or median (interquartile range), unless otherwise stated. Denominators (N) were different among the selected
variables because of missing data.
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The results of our study demonstrate that meropenem/clavulanate-containing and -sparing regimens
achieve similar sputum smear and culture conversion rates in XDR-TB cases. No statistically significant
differences in terms of treatment outcomes were observed between the patients with and without a
meropenem/clavulanate-containing regimen, in spite of the fact that the former had a more severe form of
disease and a larger number of drug resistances. Furthermore, the safety profile of meropenem/clavulanate
(previously demonstrated in the treatment of other bacterial diseases) was confirmed and only two
patients did not continue the treatment with meropenem/clavulanate.

This is, to the best of our knowledge, the first large study (sample size >90) on meropenem/clavulanate
administered to TB patients in the scientific literature. Among the strengths of the study we mention the
large size of the entire cohort, and the detailed information collected from all five centres and three
countries in Europe and Latin America.

However, the study shows the following limitations, which are in-built in its observational, retrospective
design. 1) Having not been planned prospectively, the computation of a primary hypothesis-based sample
size was not allowed. 2) Given each regimen (as per the WHO guidelines) consisted of a cocktail of drugs, it
was difficult to attribute a specific effect to a specific drug (meropenem/clavulanate in this case). 3) No
randomisation and blinding procedures were performed. 4) As expected, the patients enrolled in the
meropenem/clavulanate-containing arm were significantly more complex in terms of drug resistance patterns,
while most of the demographic, epidemiological and clinical variables did not differ significantly. In this
respect, the nondifferent results in terms of outcomes and bacteriological conversions observed in MDR- and
XDR-TB cases might imply that meropenem/clavulanate could be active. This finding needs to be confirmed
by controlled clinical trials which will remove the “background noise” produced by the observational design.
5) As no standard DST for meropenem/clavulanate was available, some isolates may have been resistant to the
drug. The evidence provided by this study allows a greater understanding of the role of carbapenems and
confirms the results of previous studies [29, 30]. Meropenem/clavulanate is safe and its activity appears
promising, although probably not as active as other repurposed drugs (e.g. linezolid [22–28]).

Furthermore, it should be highlighted that meropenem/clavulanate is expensive as compared with other
antibiotics and is not available in all countries, particularly in geographical areas with a high MDR- and
XDR-TB burden and limited economic resources.

We note that treatment success in the cohort of the XDR-TB patients treated with meropenem/clavulanate
was higher than that achieved in the largest observational cohort available in the literature (46.8% versus
40.0%) [3, 4]. It will be interesting to compare the results of this study with an ongoing study (by the
same international group) on imipenem, which is cheaper and more widely available.

As the future role of carbapenems in the treatment of MDR- and XDR-TB needs further discussion [9, 41], the
evidence provided by this observational study offers new information to clinicians treating severely resistant TB
cases (e.g. those with resistances to six drugs or more or with intolerance to drugs) and lacking the minimum
number of active drugs necessary to design an effective regimen [3, 4]. For this reason, 12 of the patients treated
with meropenem/clavulanate were prescribed bedaquiline (n=11) or delamanid (n=1). Even less evidence is
presently available for other drugs which are already in use (e.g. sulphonamides [42, 43] and mefloquine [44]).

Although the combination of meropenem/clavulanate with delamanid and bedaquiline is potentially useful
to avoid rapid resistance development to the new compounds, some concerns have been raised about the
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FIGURE 1 a) Sputum smear and b) culture conversion in multidrug- and extensively drug-resistant tuberculosis patients exposed and not exposed
to meropenem/clavulanate (MC)-containing regimens.
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QTc prolongation and related cardiotoxicity. Fortunately, no cases were detected in our study. This toxicity
might be further enhanced by other second-line drugs, such as fluoroquinolones or clofazimine [45].

Although observational studies show some methodological shortcomings, they could offer rapid
orientation on the drug effectiveness and safety in order to better inform future clinical trials. In the case
of linezolid, the observational evidence was confirmed by that generated by a clinical trial [26].

Results of a phase IIa study evaluating the early bactericidal activity of meropenem/clavulanate
(NCT02349841) are expected soon and may confirm our results. In addition, the oral carbapenems
currently under evaluation (e.g. faropenem (NCT02349841 and NCT02381470)) might shed new light on
the use of carbapenems for the treatment of MDR- and XDR-TB.

Moreover, our results suggest that meropenem/clavulanate can improve the outcome in MDR- and XDR-TB,
although further studies correlating resistance testing for carbapenems with outcomes are necessary.

Phenotypic/genotyping resistance testing for meropenem/clavulanate susceptibility may assist clinicians in
identifying patients who may benefit from treatment of this drug.

MDR-TB is a global public health priority and challenge; the rapid implementation of new clinical trials
with repurposed drugs is an important component towards TB elimination that needs to be addressed [46].
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