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Abstract

Objective

Management of multidrug-resistant tuberculosis (MDR-TB) is a significant challenge to the
global healthcare system due to the complexity and long duration of the MDR-TB treatment.
This study analyzed the safety of patients on longer injectable-based MDR-TB treatment
regimens using active pharmacovigilance data.

Method

We conducted an observational, prospective study based on active pharmacovigilance
within the national TB program. A total of 659 MDR-TB patients were enrolled and followed
up at 9 TB- hospitals in 9 provinces of all 3 regions in Vietnam between 2014 and 2016.
Patients received a treatment regimen (standardized or individualized) based on their drug
susceptibility test result and their treatment history. Baseline and follow-up information was
collected at the start and during treatment. Adverse events (AE) were defined and classified
as serious adverse events (SAEs) or otherwise. Multivariate Cox regression following the
Iterative Bayesian Model Averaging algorithm was performed to identify factors associated
with AE occurrence.

Results

Out of 659 patients assessed, 71.3% experienced at least one AE, and 17.5% suffered at
least one SAE. The most common AEs were gastrointestinal disorders (38.5%), arthralgia
(34.7%), and psychiatric disorders (30.0%). The proportion of patients with nephrotoxicity
and hearing loss or vestibular disorders were 7.4% and 15.2%, respectively. 13.1% of
patients required modifications or interruption of one or more drugs. In 77.7% of patients,
treatment was completed successfully, while 9.3% lost to follow-up, in 3.0% treatment failed,
and 7.4% died. Some significant risk factors for nephrotoxicity included diabetes mellitus
(HR =8.46 [1.91-37.42]), renal dysfunction (HR = 8.46 [1.91-37.42]), alcoholism (HR =
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13.28 [5.04-34.99]), and a higher average daily dose of injectable drugs (HR =1.28 [1.14—
1.43)).

Conclusion

While a majority of patients on the longer injectable-based regimens experienced non-seri-
ous AEs during MDR-TB treatment, one in six patients experienced at least an SAE. Active
TB drug-safety monitoring is useful to understand the safety of MDR-TB treatment and
explore the risk factors for toxicity. All-oral, shorter MDR-TB regimens might be able to
reduce the inconvenience, discomfort, and toxicity of such regimens and increase adher-
ence and likelihood of successful completion.

Introduction

Multidrug-resistant tuberculosis (MDR-TB) is a significant threat to global healthcare systems
and TB control. According to the statistics of the World Health Organization (WHO) in 2020,
there were close to 500 000 new cases with resistance to rifampicin (RR-TB), most of whom
also had isoniazid resistance (multidrug-resistant TB; MDR-TB) [1]. However, the global treat-
ment success rates for MDR-TB and extensively drug-resistant TB (XDR-TB) were low at 57%
and 26%, respectively [1, 2]. Vietnam is among 30 high-burden MDR-TB countries with an
estimate of 8 400 new MDR-TB cases among a total of around 170 000 new TB cases per year
[1]. MDR-TB treatment is complicated, expensive, requires a combination of multiple anti-TB
drugs, of which some are highly toxic, and some regimens last 20 months or more [2]. How-
ever, data on the safety profile of these regimens was mainly reported from crossectional sur-
veys or single sites [3-6]. To have a comprehensive picture of adverse events (AEs) that
MDR-TB patients sustained during the whole period of treatment, cohort event monitoring
(CEM) was set up for the National Tuberculosis Programme (NTP). CEM is a prospective,
observational, cohort study of adverse events associated with one or more medicines [7]. In
our study, CEM was used to actively detect AEs during MDR-TB treatment, assess causality
and improve the clinical management of the patients.

AEs associated with treatment of MDR-TB can be significant and need to be monitored
and managed properly and timely, thus being a critical component of the programmatic man-
agement of drug-resistant TB [8]. Among the most consequential AEs, nephrotoxicity and oto-
toxicity associated with injectable drugs (kanamycin, amikacin, or capreomycin) require
adequate monitoring to avoid permanent disability or serious consequences for patients. Even
though WHO has recommended restricted use of the injectable agents in the most recent
guidelines, some individualized regimens in current use may still include these drugs [9, 10]. It
is essential to understand factors related to the toxicity of injectable agents as it helps build a
strategy to minimize the risk. Nephrotoxicity of injectable drugs in clinical studies is well
established; however, there is a lack of studies about the association of these drugs in MDR-TB
treatment with nephrotoxicity. Therefore, this study aims to describe patient characteristics,
detect AEs and evaluate nephrotoxicity of injectable drugs in MDR-TB treatment.

Methods
Patient population

An observational, prospective study using a CEM approach [7] was conducted with 9 NTP
MDR-TB treatment sites, which were hospitals in 9 provinces across all three regions (North,
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Middle, and South) of Vietnam. Patients were enrolled in this cohort if they: (1) had been diag-
nosed with MDR/RR-TB based on drug susceptibility testing; (2) were 16 years or older; (3)
had never been exposed to MDR-TB treatment before, and (4) were initiated on MDR-TB
treatment in one of the selected NTP sites. AE monitoring and management were imple-
mented for the whole duration of treatment for all patients. The 9 hospitals involved in this
study were Pham Ngoc Thach Hospital (Ho Chi Minh City), Hanoi Lung Hospital, Central
Hospital Number 74, Thanh Hoa Lung Hospital, Pham Ngoc Thach Hospital (Quang Nam
province), and 4 provincial Hospitals of Tuberculosis and Lung Disease of Binh Dinh, Can
Tho, Nam Dinh and Binh Thuan.

Treatment

According to the NTP guideline for MDR-TB treatment, patients receive a standardized regimen
based on drug susceptibility test results and their treatment history. In 2014, the standardized
regimen consisted of an initial phase of 8 months with six drugs, including an injectable agent
[kanamycin (Km) or capreomycin (Cm)], levofloxacin (Lfx), prothionamide (Pto), cycloserine
(Cs) (or p-aminosalicylic acid/PAS), pyrazinamide (PZA) and ethambutol (Emb), followed by a
continuation phase of up to 18 months in which the same drugs were provided, except the
injectable drug agent. Km and Cs were replaced by Cm and PAS, respectively, if patients did not
tolerate these drugs. Phenotypic drug susceptibility tests were conducted to assess if a strain was
resistant to anti-TB drugs. An individualized regimen was used if there was resistance to any
drugs in the standardized regimen (e.g. injectable agents, fluoroquinolones) or drug intolerance.
The timeline for MDR-TB patient management followed the Guideline for TB diagnosis, treat-
ment, and prevention adopted by Ministry of Health of Vietnam (S1 Table).

Data collection

All MDR-TB physicians in the selected sites were trained on data collection using standardized
forms and procedures. Prior to the start of MDR-TB treatment, baseline patient information
was collected by MDR-TB clinicians in a paper-based form, which was then sent to the
National Drug Information and Adverse Drug Monitoring Center of Vietnam. During the fol-
low-up, trained physicians monitored and reported AEs according to a standard procedure
developed by NTP. Patients were hospitalized in the first 2 weeks or up to 2 months depending
on their clinical condition and subsequently continued treatment as outpatients with monthly
visits to the treatment center. AEs were detected based on symptoms or abnormal laboratory
results registered on the so-called AE form. This form collected information about AE, includ-
ing AE description, time of occurrence, severity, respective medical intervention, and informa-
tion about current MDR-TB regimen and the concomitant drugs. For outpatients, AE
monitoring was done during the routine monthly visits plus any additional visits for other rea-
sons. Pre-designed data collection forms were provided to all participating sites (S1 File). The
reported AEs were evaluated and classified using a version of the WHO guideline [7] adapted
to the situation of the treatment system in Vietnam. Criteria to identify AEs are summarized
in S2 Table.

Serious adverse events (SAEs) were identified if those events led to any of the following con-
sequences: hospitalization, prolongation of hospitalization, a persistent significant disability, a
congenital anomaly, a life-threatening condition, or death [7].

Data management and analysis

A Microsoft Access database was designed for data entry and management. The quality of data
entry was checked quarterly by randomly double-checking 20% of records by a member of the
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research team not involved in the data entry. A systematic cleaning and recoding process was
applied using the Syntax tool of SPSS 22.0 [11]. Missing data were handled using the Multivari-
ate Imputation by Chained Equations (MICE) approach available in the mice 3.3.0 package on
R3.5.1 [12, 13]. Multivariate Cox regression following the Iterative Bayesian Model Averaging
(BMA) algorithm was performed to identify factors associated with AE occurrence [14, 15].
The proportional hazard assumption was assessed by Schoenfeld global test [16]. Frequencies
were derived using overall percentages and medians and interquartile ranges (IQR) for contin-
uous variables. Hazard ratios with 95% confidence limits were used to express risk. Associa-
tions with a P value less than 0.05 were considered to be statistically significant.

Ethics statement

The proposal of this study was given scientific and ethical approval by the Committee of
Hanoi University of Pharmacy, under approval letter number 155a/QD-DHN on 24 March
2014. Due to the nature of the observational study, the informed consent was waived. The
reporting of the study adheres to the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines for observational studies [17] (S3 Table).

Results

Of 659 MDR/RR-TB patients enrolled in the cohort, most patients (95.8%) received a stan-
dardized regimen containing kanamycin. There were 6 patients received individualized regi-
mens, of which 2 patients were treated with regimens containing amikacin. The median
treatment duration was 19.3 (Interquartile range [IQR], 17.7-20.2) months. The characteristics
of patients in the cohort are presented in Table 1.

During treatment, 470 (71.3%) patients experienced at least one AE, and 115 (17.5%) of
patients suffered at least one SAE during the treatment in Table 2. The most common AEs
were gastrointestinal disorders (38.5%), arthralgia (34.7%), and psychiatric disorders (30.0%).
Of all SAEs, hearing loss or vestibular disorders, and visual impairment were the most com-
mon, in 3.6% and 3.3% of the patients, respectively.

Out of 115 patients with at least one SAE, 95 patients had to be hospitalized or had their
hospitalization prolonged (Table 3). Visual impairment, hearing loss or vestibular disorders,
and glucose metabolism disorders were the most common AEs leading to hospitalization or
prolonging hospitalization, with 3.0%, 2.7%, and 2.7%, respectively. Hepatoxicity (6/659), psy-
chiatric disorders (5/659), and nephrotoxicity (5/659) were the most frequent life-threatening
AEs. Out of 8 patients (1.2%) experiencing permanent disability, seven patients had hearing
loss, and one patient had visual impairment. PAS, Km, and Cs were the 3 drugs most often
withdrawn and replaced, for 0.8%, 0.5% and 0.5% of patients, respectively. Dose reduction
mainly occurred in patients treated with Km (2.4%) and PZA (1.8%). The anti-TB drugs that
were most often discontinued permanently were PZA (3.9%), injectable drugs (2.9%), and Pto
(2.7%). By the end of follow-up, 512 (77.7%) patients were reported to have been cured or
completed their treatment. Unfavorable outcomes were reported for 130 patients (19.7%).

Diabetes mellitus, existing renal dysfunction, alcohol dependence, and a higher average
daily dose of injectable drugs were identified to be associated with nephrotoxicity (Table 4).
Each increment of 1mg/kg/day was associated with a 28% increase in the risk of nephrotoxi-
city, a positive relationship that was nearly linear over much of the range of observed values

(Fig 1).
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Table 1. Clinical characteristics of patients.

Information n (%) or Median (IQR?) (N = 659)
Male sex 517 (78.5)
Age in years 41 (31-53)
Weight in kg 47 (42-54)
Duration of treatment in months 19.3 (17.7-20.2)
Outcome of previous treatment
Completed 278 (42.2)
Treatment failure 259 (39.3)
Lost to follow-up 22 (3.3)
No history of TB treatment 50 (7.6)
No information 50 (7.6)
Pre-existing comorbidities
Diabetes mellitus 104 (15.8)
HIV infection 57 (8.6)
Hepatic disorders 33 (5.0)
Gastrointestinal disorders 12 (1.8)
Hypertension 12 (1.8)
Hearing loss 11(1.7)
Arthralgia 7 (1.1)
Renal dysfunction 5(0.8)
Pre-existing patient conditions
Fatigue 88 (13.4)
Alcohol dependence 16 (2.4)
Initial MDR-TB Treatment Regimens
Standardized regimen 1° (kanamycin based) 631 (95.8)
Standardized regimen 2 (capreomycin based) 22(3.3)
Individualized? 6(0.9)

IQR™ interquartile range.

Drug abbreviations: kanamycin (Km) or capreomycin (Cm), levofloxacin (Lfx), prothionamide (Pto), cycloserine
(Cs), p-aminosalicylic acid (PAS), pyrazinamide (PZA) and ethambutol (Emb). The composition at the start of
treatment of the regimens was as follows

Regimen 1% PZA, Emb, Km, Lfx, Pto, Cs (PAS).

Regimen 2°: PZA, Emb, Cm, Lfx, Pto, Cs (PAS).

Individualized®: Pza Emb Am Mfx Pto Cs PAS (n = 2); PZA Emb Km Lfx Pto (n = 2); Emb Km Lfx Cs PZA (n = 1);
PZA Lfx Pto CsKm (n=1).

If patients did not tolerate Km and/or Cs, Cm and/or PAS would be the substitutions, respectively.

https://doi.org/10.1371/journal.pone.0255357.t001

Discussion

The emergence of MDR-TB is a serious global threat to TB control, and treatment of MDR-TB
is challenging because it usually requires longer regimens using more toxic second-line TB
medicines than drug-susceptible TB. Active pharmacovigilance is a useful approach to detect
AEs in MDR-TB treatment. In this study, 71.3% of patients experienced at least one AE, and
17.5% suffered at least one SAE during the treatment. Out of 659 patients, 86 (13.1%) needed
any change to their regimens, including change of drugs (2.4%), dose reduction (4.4%), and
drug discontinuation (8.0%). On the other hand, we also recorded 512 (77.7%) patients with
favorable treatment outcomes (cured and treatment completed). Diabetes mellitus, excessive
alcohol use, and pre-existing renal dysfunction had a statistically significant association with
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Table 2. Adverse events occurring during MDR-TB treatment.

Adverse event

AE® n (%) (N = 659)

SAE® n (%) (N = 659)

At least one adverse event 470 (71.3) 115 (17.5)
Gastrointestinal disorders 254 (38.5) 18 (2.7)
Arthralgia 229 (34.7) 5(0.8)
Psychiatric disorders 222 (33.7) 18 (2.7)
Central nervous system disorders 198 (30.0) 18 (2.7)
Hyperuricemia 193 (29.3) 4(0.6)
Dermatologic reactions 119 (18.1) 4(0.6)
Hearing loss or vestibular disorders 100 (15.2) 24 (3.6)
Visual impairment 69 (10.5) 22 (3.3)
Hypokalaemia 60 (9.1) 3(0.5)
Peripheral neuropathy 52(7.9) 1(0.2)
Nephrotoxicity 49 (7.4) 10 (1.5)
Glucose metabolism disorders 42 (6.4) 18 (2.7)
Hepatoxicity 38 (5.8) 12 (1.8)
Hematologic disorders 23 (3.5) 4(0.6)
Anaphylactic reactions 4(0.6) 2(0.3)
Hypothyroidism (n = 263)° 3(1.1) 0 (0)

AE® Adverse Event.
SAE®: Serious Adverse Event.

Hypothyroidism (n = 263)": 263 patients had thyroid-stimulating hormone results at baseline and at least one

measurement during the treatment.

https://doi.org/10.1371/journal.pone.0255357.1002

nephrotoxicity. We also observed a nearly linear relationship between the dose of the injectable

and the hazard ratio of nephrotoxicity.

The frequency of AEs reported for patients on MDR-TB treatment varies between studies
[6, 18, 19]. A systematic review and meta-analysis reported 57.3% of MDR-TB patients having

Table 3. Consequences of the adverse events and follow up outcomes of MDR-TB treatment.

SAE* n (%) (N =659)
Hospitalization or prolongation of hospitalization 95 (14.4)
Life-threatening 24 (3.6)
Permanent disability 8(1.2)

AEP management n (%) (N =659)
TB therapeutic intervention 86 (13.1)

Withdrawal and replacement 16 (2.4)

Dose reduction 29 (4.4)

Permanent discontinuation 53 (8.0)
Other medical intervention 338 (51.3)

Follow-up outcomes n (%) (N =659)
Cure/completion 512 (77.7)
Lost to follow-up 61(9.3)
Failure 20 (3.0)
All-cause death 49 (7.4)
Not evaluated 17 (2.6)

SAE?: Serious Adverse Event.
AE: Adverse Event.

https://doi.org/10.1371/journal.pone.0255357.t1003
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Table 4. Multivariate analysis for risk factors associated with the occurrence of nephrotoxicity.

Variables (With AE®/all subjects) HR® (95%CI°) p-value
Diabetes mellitus
No (36/555) 1 (Reference) -
Yes (13/104) 2.03 (1.03-4.02) 0.042
Existing renal dysfunction
No (47/654) 1 (Reference) -
Yes (2/5) 8.46 (1.91-37.42) 0.005
Alcohol dependence
No (43/643) 1 (Reference) -
Yes (6/16) 13.28 (5.04-34.99) <0.001
Increments of 1mg/kg/day of injectable drugs® 1.28 (1.14-1.43) <0.001

AE": Adverse event.
HR®: Hazard ratio are adjusted for age, gender, BML.
CI*: Confidence interval.

Injectable drugs®: including amikacin or kanamycin or capreomycin.

https://doi.org/10.1371/journal.pone.0255357.1004

at least one AE compared with 71.3% in our study [20]. Another study on MDR-TB patients
treated with long regimens with injectable agents reported 807/1027 cases (79%) experienced
atleast 1 AE [21]. These differences between studies are likely due to differences in patient
characteristics, treatment regimens, and AE monitoring approaches. In this study, AEs were
monitored prospectively following the CEM approach. Nearly all patients were treated with
the standardized MDR-TB regimen instead of an individualized regimen.

Gastrointestinal disorders and arthralgia were the most common AEs, with 38.5% and
34.7%, respectively, in this study. These results were consistent with the previous study
(35.8%) in Viet Nam in 2015 [4] however, higher than reported in other studies (18-24%) [6,
18]. Nearly all patients in this study were treated with Pto in their regimens. This could lead to
an increase in gastrointestinal disorders. Generally speaking, AEs related to clinical symptoms
are usually detected easily and have high frequencies. Psychiatric disorders, central nervous
system disorders developed in 33.7%, respectively 30.0% of patients in our study, while other
studies showed lower proportions [5, 19, 20]. Possible reasons are that most of the patients in
our study had Cs and Lfx in their regimens, and differences in definitions of AEs. These drugs
were associated with AEs of psychiatric nature and central nervous system disorders. Central
nervous system disorders usually occur in 0.9-11% of adults treated with fluoroquinolones
[22]. And 20-30% of patients treated with Cs in other studies have had psychiatric disorders
[22]. The percentage of patients having hepatotoxicity was 5.8%, which was consistent with
results reported by Yang et al. [6] and the meta-analysis of Wu et al. [20]. Visual impairment
was quite common at 10.5% in this study, compared to 2.5% in others [5, 19]. This AE usually
occurs in persons receiving Emb [23, 24]. It is possible that patients in our study used a higher
range of Emb doses. Moreover, the criteria to detect visual disorders might be different
between studies. In a multi-center observational study like this, visual impairment was mainly
reported when there were complaints about symptoms. The late-stage diagnosis of this AE
showed a shortage of resources and trained staff.

In our study, ototoxicity, including hearing loss or vestibular disorders, was mainly detected
by physical signs and symptoms instead of audiometry. Some cases could be diagnosed by
audiometry but not reported in the end because patients were transferred to specialized hospi-
tals/clinics, which were out of our monitoring. Although many studies, which used this
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and 95% confidence intervals (shading) are estimated from the Cox model with injectable drug dose as a spline function. The model
was adjusted for age, gender, body mass index, alcohol dependence, diabetes, and pre-existing renal disease. Patient distributions by
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https://doi.org/10.1371/journal.pone.0255357.9001

method for evaluating ototoxicity, reported similar proportions of this AE with our study
(15.2%) [25, 26], these results could be underestimated in comparison with the proportion of
20-30% in studies using audiogram to confirm ototoxicity [27, 28].

In this study, patients with nephrotoxicity were higher than in other studies [5, 6, 19], likely
because AEs were actively monitored by measuring serum creatinine levels in all patients at
baseline and each monthly visit. The mechanisms of aminoglycoside-induced ototoxicity and
nephrotoxicity are well understood [29, 30]. We also observed that diabetes mellitus, existing
renal dysfunction, alcohol dependency, and a higher average daily dose of injectable drugs
were associated with a higher risk of nephrotoxicity. Previous studies showed that diabetes
mellitus increased the odds of MDR-TB and the odds of developing AEs such as nephrotoxi-
city and hypothyroidism [31, 32]. Patients with alcohol dependency have a higher risk of neph-
rotoxicity than other patients. Alcohol and its metabolites could directly affect the kidneys and
indirectly damage other organs (especially the liver) [33]. Higher daily doses of injectable
drugs are related to a higher risk of nephrotoxicity [34, 35]. Additionally, patients treated with
injectable medications usually experience more AEs or SAEs and poorer outcomes [24].
Therefore, except amikacin, these drugs are not recommended in the most recent WHO
guideline for the treatment of MDR-TB [24, 36, 37]. In case these drugs are required for treat-
ment, an adequate dose adjustment and frequent monitoring of potential hearing loss and
nephrotoxicity need to be done. Our results suggested that we can develop a prognostic model
to predict AEs and propose recommendations such as clarifying the risk of AEs at baseline,
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screening actively and frequently AEs each outpatient visit, managing properly AEs to mini-
mize consequences of AEs during TB treatment.

In this study, 86/659 (13.1%) patients required TB regimen changes, and 338/659 (51.3%)
patients needed additional medications or medical intervention(s) to manage AEs. The pro-
portion of patients requiring a change in MDR-TB regimens in our study was lower than
reported in other studies, ranging between 20.1% and 55.2% [19, 20, 38]. In a recent meta-
analysis, 23.5% of patients had at least one drug stopped because of AEs, showing a higher rate
than in our study [37]. This has its roots in differences in the patient population and underly-
ing resistance patterns or a higher “tolerability” for AEs as well as more conservatism in chang-
ing the regimens. All studies emphasized the significance of managing patients closely and
monitoring AEs. Clinical practitioners should be trained to recognize AEs at an early stage,
which helps avoid serious consequences of AEs and reduce interruption or changes to
MDR-TB therapy. Close monitoring and timely management may be a reason for the high
treatment success rate in our study (77.7%) compared to approximately 60% reported else-
where [2]. No follow-up for relapse over the 12 months after successful end of treatment was
carried out as our study was conducted under routine programmatic conditions. With 49
(7.4%) deaths, the mortality rate in our study was comparable to that reported from previous
studies [19, 39, 40].

The findings of studies such as ours reinforce the WHO position adopted in recent years to
recommend all-oral treatment regimens as the first choice for MDR-TB patients [24]. Global
policy was updated when data from MDR-TB patients treated with regimens without
injectable agents—which have been standard regimen components for many years—showed
them to be effective, less toxic and feasible under programmatic settings. Moreover, since then,
all-oral regimens much shorter than 18 months have also been shown to be effective and are
being recommended [24]. Improved access to potent agents like later generation fluoroquino-
lones, bedaquiline and linezolid have made these regimens increasingly possible in most high
TB burden settings.

There are several limitations to our study. First, AEs that are clinically determined may
present a challenge to standardization. Although all researchers and clinicians were trained on
how to record and report AEs, finding AEs in MDR-TB treatment depends on many factors,
including experience, local cultural habits, and knowledge of physicians. Second, there was no
regular monitoring possible for some laboratory tests (thyroid stimulating hormone, amylase)
at some study sites due to lack of funding and facilities. Besides, ototoxicity and visual
impairment in our study were mainly evaluated through clinical symptoms instead of medical
equipment. This may result in underestimating the incidence of AEs and difficulty in manag-
ing consequences of AEs. Third, we did not evaluate the causal relationship between all AEs
and anti-TB drugs because the initial aim was to build a model for the recording and reporting
of AEs in MDR-TB treatment in Viet Nam rather than conducting pharmacovigilance. Last,
the safety information in this study is from patients treated by longer regimens containing
injectable drugs, which is not recommended by the most recent guideline of WHO. However,
this study still has its merit because, in clinical practice, there are still some patient populations
who need to be treated with regimens including injectable drugs due to intolerance of newer
anti-TB drugs such as bedaquiline and delamanid. Further studies could use findings from this
study as a control group or a comparator about safety between longer treatment regimens and
new therapies. Experience obtained from the implementation of active pharmacovigilance
during the treatment of MDR-TB helped develop national guidelines on the management of
AEs in the treatment of MDR-TB, aligned to the principles of active tuberculosis drug-safety
monitoring and management (aDSM) proposed by WHO [41]. This emphasizes the role of
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active pharmacovigilance to detect and treat AEs promptly, especially when patients are
treated with new drugs and new regimens.

From our experience, CEM study should only be conducted when researchers expect to
measure detailed information on AEs (incidence rate per exposure, onset time, progression,
severity, seriousness, characteristics, risk factors, concomitant diseases). It is important to
stress that the proper conduct of this approach requires investment in terms of financial
resources and human effort due to the long duration of TB treatment, the high frequency of
AEs, and the complexity of anti-TB regimens. We recommend that AEs of interest, including
ototoxicity and visual impairment, need to be detected through medical equipment such as
audiograms or specialized tests in each outpatient visit when high-risk drugs are used. In
many cases, it might be too late for AE management if diagnoses of hearing loss and visual
impairment only depend on physical signs and symptoms because these AEs could be irrevers-
ible and have detrimental effects on quality of life. CEM programs must be well designed,
including collaborations among different specialists such as cardiology, hematology, ophthal-
mology, and audiology. All physicians and practitioners need to be updated and trained to rec-
ognize, manage, and report AEs. More importantly, safety surveillance programs of anti-TB
treatments require regular supervision and monitoring. Under limited resources, alternative
pharmacovigilance approaches should be used in national TB programs, such as those focused
on SAEs or AEs of interest based on aDSM [41] or preferably including sensitization of clini-
cians to get a full safety profile.

Conclusion

AEs are common during the MDR-TB treatment using injectable-based longer regimens.
While the majority of patients on the longer injectable-based regimens experienced non-seri-
ous AEs during MDR-TB treatment, one in six patients experienced at least one SAE. It is cru-
cial to monitor and manage AEs, especially serious ones, to provide proper clinical decisions
and improve patient care. Whenever injectable drugs are used, which are not recommended
nowadays, these should be prescribed at the lowest possible dose to avoid serious toxicity,
while extra caution is needed in patients with existing renal dysfunction, diabetes mellitus, and
alcohol dependency. Active TB drug-safety monitoring is useful in improving the monitoring
and management of AEs among patients on MDR-TB treatment. The findings from our study
have documented further why MDR-TB patients need safer choices of therapy to improve
medication adherence and treatment outcomes.
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