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Purpose: Isoniazid-monoresistant tuberculosis (Hr-TB) has emerged as a global challenge, necessitating detailed guidelines for its
diagnosis and treatment. We aim to consolidate the Korean guidelines for Hr-TB management by gathering expert opinions and
reaching a consensus.

Patients and Methods: A conventional Delphi method involving two rounds of surveys was conducted with 96 experts selected based on
their clinical and research experience and involvement in nationwide tuberculosis studies and development of the Korean guidelines on
tuberculosis. The survey consisted of three sections of questionnaires on diagnosis, treatment, and general opinions on Hr-TB.

Results: Among the 96 experts, 72 (75%) participated in the two rounds of the survey. A majority of experts (96%) strongly agreed on
the necessity of molecular drug susceptibility testing (DST) for isoniazid and rifampin resistance in all tuberculosis patients and
emphasized the importance of interpreting mutation types (inhA or katG) and additional molecular DST for fluoroquinolones for
confirmed isoniazid-resistant cases. Over 95.8% of experts recommended treating Hr-TB with a combination of rifampin, ethambutol,
pyrazinamide, and levofloxacin for six months, without exceeding 12 months unless necessary. They also acknowledged the drawbacks
of long-term pyrazinamide use due to its side effects and agreed on shortening its duration by extending the duration of the rest of the
treatment with a modified combination of choice.

Conclusion: This Delphi survey enabled Korean tuberculosis experts to reach a consensus on diagnosing and treating Hr-TB. These
findings will be valuable for developing the upcoming revised Korean guidelines for Hr-TB management.
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Introduction

Isoniazid (INH, H) is one of the key agents to treat tuberculosis (TB) today. After the first discovery of INH as a novel treatment for
TB, it immediately became one of the “triple therapy”, a combination of streptomycin, para-aminosalicylic acid, and isoniazid."
Even after replacing streptomycin and para-aminosalicylic acid with rifampicin (RIF, R), INH continues to be a first-line therapy.
However, in the past decade, INH-monoresistant TB (Hr-TB) strains have emerged as a global challenge. The worldwide
prevalence of Hr-TB among newly diagnosed TB patients is 7.4%, increasing to 11.4% among previously treated TB patients.” In
2019, the World Health Organization (WHO) consolidated guidelines for drug-resistant TB treatment, recommending a regimen
of RIF, ethambutol (EMB, E), pyrazinamide (PZA, Z), and levofloxacin (LFX) for patients with Hr-TB.

The Korean Academy of Tuberculosis and Respiratory Disease (KATRD) adopted the WHO’s recommendation,
releasing the fourth edition of the Korean Guidelines for Tuberculosis in 2020.* The latest guidelines replace the previous
recommendation of REZ for 6-9 months with a new chemotherapy regimen of RIF-EMB-PZA-LFX for 6 months in
patients with Hr-TB. However, the current Hr-TB chapter of the guidelines only briefly introduces the consolidated WHO
guidelines and their treatment recommendations. Considering the high incidence of Hr-TB among new TB patients and
the prevalence of TB in the Republic of Korea, physicians need more detailed guidelines that include information on
diagnosing INH resistance and when to switch to the new chemotherapy regimen. Therefore, this study aims to
consolidate guidelines for Hr-TB management by gathering expert opinions and reaching a consensus on detecting Hr-
TB, utilizing available diagnostic tools, and determining the optimal treatment strategy.

Materials and Methods

Study Design

We conducted a conventional Delphi method, a technique well introduced, and widely used in medical field,’ © with two
rounds of survey. The survey consisted of three sections with questions to be answered by experts anonymously: the first
section for diagnosing Hr-TB, the second section for the treatment of Hr-TB, and the third section for general opinions on
Hr-TB (Appendix 1). Regarding each question or statement, experts could choose from one of the followings: strongly
agree, agree, neutral, disagree, and strongly disagree. Additionally, experts could leave comments or suggestions at the
end of the survey. The first round of the survey was constructed using the Google Forms and sent to the experts via
electronic mail. After two weeks, their replies were collected and analyzed. The result of the first round was sent back to
the experts and the second round of survey with the same questionnaire was sent soon after. Again, their replies were
collected after two weeks for final analysis (Figure 1).

Facilitator Members and Experts

The questionnaire for the survey was developed and proposed by four facilitator members (Wan Seo, Hyung Woo Kim,
Ju Sang Kim, and Jinsoo Min), all of whom are members of the KATRD with extensive clinical and academic experience
in TB, as acknowledged in several publications.”® Ju Sang Kim is an advisory board member of the Korea Disease
Control and Prevention and Jinsoo Min is a member of the Korean Multi-drug-resistant TB (MDR-TB) Consortium and
the National TB Expert Review Committee. The questions in the survey primarily pertained to recent updates and
changes recommended by the WHO.>'® The facilitators reviewed the topics discussed in the WHO guidelines and
created the questionnaire while considering the current situation in Korea. The 107 experts participating in the Delphi
survey were thoughtfully selected by the four facilitators based on factors such as their clinical and research experience in
TB and involvement in the Korean Guidelines for TB and/or other nationwide TB study groups.

The number of participating experts exceeded the usual range of 10-20, typical for consensus methods such as the
nominal group technique (or the expert panel) and the Delphi technique.® However, to achieve a robust consensus through
a diverse range of expertise, we found it essential to involve a large number of experts. This approach was informed by the
fact that the HrTB guidelines in Korea potentially influence not only a limited group of experts in university-affiliated
hospitals, but also physicians in primary hospitals and many other professionals in the field. As results, the selected experts
were KATRD members, working at tertiary referral hospitals, public hospitals, or government. To mitigate potential selection
bias, we ensured the inclusion of more than one expert from each hospital or organization. Nineteen experts participated in
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Four facilitators carefully selected 107 experts who
were active as members of the KATRD and/or
involved in at least one of Tuberculosis related

cohort studies/control projects

- !

1% round of survey of questions regarding HrTB
were sent to the 107 experts using Google Forms
via E-mails

!

65 experts (60.7%) replied in two weeks. The
survey could not reach to 11 experts. 31 experts
received the survey but did not reply

Preparation

Round 1

11 experts with invahd
e mail addresses

removed

The result of the 1% survey and the 2™ round of
survey were sent to 96 experts

!

I 72 experts (75%) replied in two weeks

!

Statistical analysis & Interpretation

Round 2

Figure | Flow chart of the Delphi method.
Abbreviations: KATRD, Korean Academy of Tuberculosis and Respiratory Diseases; HrTB, Isoniazid-monoresistant tuberculosis.

nationwide TB cohort studies, and three experts were involved in a nationwide public-private mix TB control project in
Korea. Eleven experts actively contributed to the development of the fourth edition of the Korean Guidelines for TB in 2020.

Results Interpretation and Proposing Recommendations

Overall, in terms of the median values for each question, the trend of responses of the second round remained to be the same as that
of the first round with little refinement and no further round of survey was necessary (Appendix 1 and Table 1). The agreement rate
was defined as the percentage of responses with either “strongly agree” or “agree”, whereas the disagreement rate was defined as
the percentage of responses with either “disagree” or “strongly disagree”. For instance, if 100 experts responded to a question with
the distribution 40/30/15/10/5 (Strongly agree/Agree/Neutral/Disagree/Strongly disagree), then the agreement rate would be 70%
((40+30)/100) and the disagreement rate would be 15% ((10+5)/100). If the agreement rate was greater than or equal to 70%, the
statement in the question was decided to be recommended. Likewise, if the disagreement rate was greater than or equal to 70%, the
statement in the question was decided to be recommended against. The rest of the cases were considered as neutral statements and
were discarded in our final recommendation proposals.
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Table | The Second Round of the Delphi Survey on the Current and Future Guidelines for Diagnosis of Isoniazid-Monoresistant
Tuberculosis

Statements Strongly | Agree Neutral | Disagree | Strongly | Agreement
Agree Disagree | Rate*
QI | For all TB patients, it is essential to conduct molecular 63 (87.5) 6 (8.3) 3 (4.2 0 (0.0 0 (0.0) 95.8%

DST using the initial culture isolates and to determine the
presence of genetic mutations responsible for resistance
to INH and RIF

Q2 | In cases where the Xpert MTB/RIF assay shows RIF 42 (58.3) 23 31.9) | 7(9.7) 0 (0.0 0 (0.0 90.3%
susceptibility, additional molecular DST is necessary to

determine the presence of INH resistance

Q3 | When molecular DST confirms the presence of INH 12 (16.7) 41 (56.9) | 16 (22.2) | 2 (2,8) 0 (0.0) 74.6%
resistance genetic mutations, it is essential to consider
the type of mutation (inhA or katG) for interpretation.

Q4 | When molecular DST confirms the presence of INH 39 (54.2) 26 (36.1) | 4 (5.6) 2 (2.8) 0 (0.0 91.5%
resistance genetic mutations, molecular DST for
fluoroquinolones should be conducted for cases with

confirmed INH resistance genetic mutations.

Q5 | Regardless of the molecular DST results, all TB patients | 57 (79.2) 13 (18.1) | 0(0.0) 1 (1.4) 0 (0.0) 98.6%
should undergo phenotypic DST using the initial culture

isolates and confirm the presence of INH resistance.

Q6 | In cases of discrepancy between the results of phenotypic | 21 (29.2) 32.(444) | 8(11.1) | 8(ILD) 3 (42) 73.6%

and molecular DST, the conventional drug susceptibility

testing results should be prioritized.

Notes: *Agreement rate was defined as the percentage of responses with either “strongly agree” or “agree”.
Abbreviations: TB, tuberculosis; DST, drug susceptibility testing; INH, isoniazid; RIF, rifampin.

Ethical Statement
This study was approved by the Institutional Review Board of the Catholic University of Korea (IRB No.
UC22QIDI0134). Informed consent was obtained from the study participants before starting the survey.

Results

The first round of the survey was sent to 107 experts, and 96 experts received the survey emails. Eleven experts with
invalid email addresses had to be removed without any further management in order to maintain the survey’s anonymity.
Of the remaining 96 experts who received both emails from the first and second rounds of the survey, 72 (75%)
responded and participated in the surveys. The responses for each question were counted and collected for statistical
analysis by one of the four facilitators, who were only exposed to the email addresses (Figure 1).

In the first section for diagnosing Hr-TB, the median values for all six questions lay at either “strongly agree” or “agree”.
Nearly 96% of the experts strongly agreed that conducting molecular drug susceptibility testing (DST) for INH and RIF resistance
is essential for all TB patients, even in situations where the Xpert MTB/RIF assay has already been done (agreement rate of
90.3%). Most of the experts pointed out the usefulness of interpreting the type of mutations (inhA or katG) and additional rapid
DST for fluoroquinolones (FQs) for those confirmed INH resistant (agreement rate of 74.6% and 91.5%, respectively).
Nevertheless, 98.6% of the experts still preferred conventional culture-based phenotypic DST over the molecular DST and
73.6% prioritized the phenotypic DST result when there was a discrepancy between the results of phenotypic and molecular DSTs
(Table 1).

In the second section for treatment of Hr-TB, the experts chose “strongly agree” or “agree” for most of the questions with
agreement rate higher than 70%. This included changing the treatment regimens once INH resistance is confirmed in either
phenotypic or molecular DSTs, treating Hr-TB with a combination of RIF-EMB-PZA-LFX for six months and not exceeding over
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12 months unless it is necessary, and treating Hr-TB as MDR-TB when RIF has to be discontinued for any reason. Most experts

were also well aware of the downside of the long-term use of PZA due to its side effects and agree on shortening its duration to two

months by extending the duration of the rest of the regimen (agreement rate of 75%). In special situations where low-concentration

resistance to INH or the inhA gene mutation was detected, some experts agreed on considering high-dose INH administration
(agreement rate of 45.8%) (Table 2).

Table 2 The Final Delphi Survey on the Current and Future Guidelines for Treatment of Isoniazid-Monoresistant Tuberculosis

Statements

Strongly
Agree

Agree

Neutral

Disagree

Strongly
Disagree

Agreement
Rate*

Qla®*

Treatment regimens should be changed from the
point of diagnosis of INH monoresistance in
molecular DST.

37 (51.4)

24 (33.3)

6 (8.3)

5 (6.9)

0 (0.0)

84.7%

Qlb

Treatment regimens should be changed from the
point of diagnosis of INH monoresistance in
phenotypic DST.

48 (66.7)

22 (30.6)

2 (2.8)

0 (0.0)

0 (0.0)

97.2%

Q2

It is recommended to treat Hr-TB with a combination
of RIF, EMB, PZA, and LFX for six months from the
point of diagnosis.

28 (38.9)

41 (56.9)

3 (42)

0 (0.0)

0 (0.0)

95.8%

Q3

The combination of anti-TB drugs for HR-TB
treatment can be modified considering the following
factors: I) Initial bacillary load, 2) Extent of lesions, 3)
Culture conversion at two months, and 4) Potential
PZA side effects.

24 (33.3)

43 (59.7)

5 (6.9)

0 (0.0)

0 (0.0)

93.1%

Q4

In cases of low severity INH monoresistant

tuberculosis, LFX may be omitted.

I (1.4)

23 (31.9)

16 (22.2)

27 (37.5)

5 (6.9)

33.3%

Q5

For patients with a high likelihood of PZA side effects,
shortening the duration of PZA administration to two
months and extending the overall treatment duration

are considered positively.

10 (13.9)

44 (61.1)

13 (18.1)

5 (6.9)

0 (0.0)

75.0%

Q6

If no side effects occur and medication adherence is
good during Hr-TB treatment, extending the total
treatment duration beyond 12 months is deemed

unnecessary.

29 (40.3)

37 (51.4)

4(5.6)

2 (2.8)

0 (0.0)

91.7%

Q7

For cases with low-concentration resistance to INH
in conventional drug susceptibility testing or when
the inhA gene mutation is detected in molecular DST,

high-dose INH administration can be considered.

2 (2.8)

31 (43.1)

29 (40.3)

9 (12.5)

0 (0.0)

46.5%

Q8

When RIF is discontinued due to side effects or other
reasons during Hr-TB treatment, anti-TB drugs
should be selected according to multidrug-resistant

TB criteria.

23 (31.9)

40 (55.6)

5 (6.9)

3 (42)

I (1.4)

87.5%

Q9

If Hr-TB is diagnosed during six months of standard
TB treatment, it is recommended to consult an
expert with extensive experience in drug-resistant TB

treatment.

15 (20.8)

38 (52.8)

12 (16.7)

7(9.7)

0 (0.0)

73.6%

Notes: *Agreement rate was defined as the percentage of responses with either “strongly agree” or “agree”. **The final survey (or the second survey) was modified due to

requests and Q| of Treatment was separated into Qla for molecular DST and QIb for conventional DST.

Abbreviations: Hr-TB, isoniazid-resistant TB; DST, drug susceptibility testing; TB, tuberculosis; RIF, rifampin; EMB, ethambutol; PZA, pyrazinamide; FQ, fluoroquinolone.
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In the third section for general opinions on the current Korean guidelines for Hr-TB, 59.7% agreed that the current TB
treatment guidelines (4th edition, 2020) require improvements in the section on Hr-TB, and 94.4% wished that the

consensus reached through this Delphi survey would be reflected in the future revision of the Korean TB guidelines
(Table 3).

Discussion
Diagnosis of Hr-TB

Emerging from our survey results, we recommend conducting molecular DST using the initial culture isolates for all TB
patients, regardless of the Xpert MTB/RIF assay (Table 4). This recommendation aligns with the WHO’s advice and is

Table 3 The Final Delphi Survey on General Opinions on the Current Korean Guidelines for Isoniazid-Monoresistant Tuberculosis

Strongly | Agree Neutral Disagree | Strongly | Agreement
Agree Disagree | Rate*
QI | The current TB treatment guidelines (4th edition, 2020) | |1 (15.3) 32 (444) | 23 (31.9) | 6 (8.3) 0 (0.0) 59.7%
require improvements in the section on Hr-TB.
Q2 | The current TB treatment guidelines (4th edition, 2020) | 0 (0.0) 19 (26.4) | 36 (50.0) 17 (23.6) | 0 (0.0) 26.4%
sufficiently consider recently introduced diagnostic
methods for Hr-TB.
Q3 | The current TB treatment guidelines (4th edition, 2020) | 0 (0.0) 28 (38.9) | 31 (43.1) 12 (16.7) | 0(0.0) 39.4%
sufficiently consider recently introduced treatment
strategies for Hr-TB.
Q4 | The current TB treatment guidelines (4th edition, 2020) | 0 (0.0) 20 (27.8) 37 (51.4) 15 (20.8) | 0(0.0) 27.8%
adequately reflect the clinical and socioeconomic
characteristics of domestic patients.
Q5 | The consensus reached through this Delphi survey 22 (30.6) 46 (63.9) | 4 (5.6) 0 (0.0 0 (0.0) 94.4%
should be reflected in the future revision of TB
treatment guidelines in our country.

Notes: *Agreement rate was defined as the percentage of responses with either “strongly agree” or “agree”.
Abbreviations: TB, tuberculosis; Hr-TB, isoniazid-resistant tuberculosis.

Table 4 Summary of Newly Proposed Recommendations Based on the Delphi Survey on Isoniazid-Resistant Tuberculosis

Recommendations

I.1 We recommend conducting a molecular DST using the initial culture isolates for all TB patients, regardless of the Xpert MTB/RIF assay results,

to determine the presence of genetic mutations responsible for both INH and RIF resistance.

1.2 It can be useful to consider the type of mutation (inhA or katG) for interpretation when molecular DST confirms the presence of INH resistance

genetic mutations.

I.3 We recommend, if available, conducting an additional molecular DST for fluoroquinolones for cases with confirmed INH resistance genetic

mutations.

I.4 We still recommend that all TB patients undergo culture-based phenotypic DST using the initial culture isolates regardless of the molecular DST

results.

1.5 We recommend prioritizing culture-based phenotypic DST in cases of discrepancy between the results of molecular and phenotypic DSTs.

2.1 We recommend changing the treatment regimens once INH resistance is confirmed in either molecular or phenotypic DST.

2.2 We recommend treating Hr-TB with a combination of RIF-EMB-PZA-LFX for six months and not exceeding over 12 months unless necessary.

(Continued)
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Table 4 (Continued).

Recommendations

2.3 We support shortening the duration of PZA to two months and extending the duration of the rest of the regimen when Hr-TB patients

experience severe long-term side effects of PZA.

3.1 We strongly suggest that the consensus reached through this Delphi survey be reflected in future revisions of TB treatment guidelines in the

Republic of Korea.

Abbreviations: TB, tuberculosis; Hr-TB, isoniazid-resistant tuberculosis; DST, drug susceptibility testing; INH, isoniazid; RIF, rifampin; EMB, ethambutol; PZA, pyrazinamide;
LFX, levofloxacin.

also in the context of the increasing prevalence of Hr-TB. A recent multicenter retrospective cohort study using culture-
based phenotypic DST results from 4417 culture-confirmed TB patients who visited one of eight tertiary referral hospitals
in Korea between 2015 and 2018 revealed that 7.2% (316/4417) of patients had Hr-TB, a higher proportion than those
with RIF-resistant TB (RR-TB) (1.2%, 53/4417) or MDR-TB (4.1%, 179/4417)."" In a previous Korean nationwide study
on anti-TB drug resistance in 2004, the prevalence of Hr-TB was 5.05% (133/2636) among new patients and 6.83% (19/
278) among previously treated patients.'” The trend indicates a decline in MDR/RR-TB prevalence, while the proportion
of Hr-TB has gradually increased.'’'? This highlights the concern that neglecting non-MDR Hr-TB may lead to
a resurgence in the incidence of MDR-TB.'*'* Therefore, rapid detection of both RIF and INH-resistance using
molecular methods will promote earlier diagnosis of Hr-TB and prompt switching to appropriate anti-TB regimens,
ultimately reducing the burden of potential MDR-TB.

The experts who participated in our survey largely agreed on the usefulness of interpreting the type of mutation (inhA
or katG) once molecular DST confirms the presence of INH resistance genetic mutations (Table 4. Recommendation 1.2).
Regarding molecular DST for INH resistance, the WHO endorsed its use in 2008 based on evidence provided by a meta-
analysis evaluating the diagnostic accuracy of commercially available line probe assays (LPAs): the INNO-LiPA Rif.TB
assay (Innogenetics, Ghent, Belgium) and the GenoType MTBDRplus (version 1) (Hain Life-Science, Nehren,
Germany)."> Those commercial LPAs, along with the AdvanSure MDR-TB GenoBlot Assay (AdvanSure; LG Life
Science, South Korea), have been widely used in Korea and are familiar to primary care physicians. A previous study
examining 206 genotypic INH-resistant strains of TB patients in Korea using the GenoType MTBDRplus assay showed
68.0% of the population with katG mutation and 35.0% with inhA mutation. The katG mutation exhibited high-level INH
resistance in 94.8% of cases, while over half of the cases (51.5%) with inhA mutation showed low-level resistance.®

Our study identified a preference among experts for phenotypic DST over molecular DST when discrepancies
between the results of the two tests occur when diagnosing Hr-TB (Table 4. Recommendation 1.4, 1.5). This can be
explained by the notably lower sensitivity of the commercial LPAs for detecting INH resistance compared to RIF
resistance. One main reason for this lower sensitivity is that these LPAs target only katG and inhA, while there are other
genes associated with INH resistance, such as ahpC, furA, iniA, kasA, iniB, and iniC, exist.!” Therefore, early
assumption on how one is resistant to INH based only on the molecular DST can lead to misdiagnosis and an
inappropriate choice of treatment regimen.

The majority of experts (91.5%) agreed on conducting molecular DST for FQs in TB patients with confirmed INH
resistance genetic mutations (Table 1). A recent multicenter retrospective cohort study in South Korea reported 1.2% (45/
3720) resistance to any FQs in newly diagnosed TB patients and 1.3% (4/316) resistance in Hr-TB patients.'' Although
the rate is relatively small compared to that of MDR-TB (20.1%, 36/179), because FQs are a key drug in the latest
treatment of choice for Hr-TB, referring a sample for molecular DST for FQ is a prudent step to take before selecting
a regimen.'® Currently, Korea has two commercial reference laboratories that offer gene sequencing for gyrA and gyrB
resistance at no cost with financial support of the Korea Disease Control and Prevention Agency. The Korean Institute of
Tuberculosis under the Korean National Tuberculosis Association also provides gene sequencing for gyrA and gyrB
resistance for all Hr-TB cases confirmed either by phenotypic or molecular DSTs.
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Treatment of Hr-TB

Our survey reaffirmed that most experts adhere to these guidelines, with a 95.8% agreement rate (69/72) on a 6-month
course of RIF-EMB-PZA-LFX for Hr-TB. The latest Korean TB guidelines (the fourth edition of the Korean Guidelines
for TB in 2020) adopted the WHO guidelines, recommending a 6-month course of RIF-EMB-PZA-LFX from the point
of diagnosis of INH monoresistance. We also examined the other regimens and treatment durations suggested by global
academies and organizations, including the WHO, Centers for Disease Control and Prevention, Infectious Diseases
Society of America, and the Canadian Tuberculosis Standards. All guidelines published after the 2018 WHO guidelines
introduced and recommended new regimens for Hr-TB, incorporating later generation FQs, preferably LFX (Table 5).

In terms of when to initiate the switch in regimens for Hr-TB, our survey recorded an 84.7% agreement rate among
experts when confirmed by molecular DST and a 97.2% agreement rate when confirmed by phenotypic DST (Table 2,
Qla and QIb). A small percentage of expert (6.9% or 5/72) even disagreed on switching the regimen based solely on
rapid DST. The statement in the WHO guidelines lacked specificity regarding the diagnosis of INH monoresistance
before switching regimens, only mentioning “with confirmed rifampicin-susceptible and isoniazid-resistant”, without
specifying whether phenotypic DST or molecular DST should be used to confirm INH monoresistance.” Considering
these results, our recommendation could not favor one DST over the other (Table 4, Recommendation 2.1). However, we
anticipate that as molecular DST continues to improve in terms of sensitivity and specificity, differences in opinion will
narrow.

Our survey highlighted the importance of LFX in treatment for Hr-TB. Of the experts, 66.7% did not agree on
omitting LFX even in low-severity Hr-TB cases. A systemic review conducted with 19 cohort studies and 33 trials with
3744 patients with Hr-TB in 2017 showed that treatment with the previous WHO standard regimen for new patients
resulted in treatment failure, relapse, and acquired multidrug resistance in 11%, 10%, and 8% of cases, respectively.'®
Evidence from several cohort studies and randomized trials demonstrated significantly greater treatment success
(adjusted odds ratio, 2.8; 95% confidence interval, 1.1-7.3) with addition of FQ to 6 months or more of REZ with or
without INH ((H)REZ).'” Nevertheless, a vast majority of experts (93.1%) agreed on occasionally modifying the
combination of anti-TB drugs, considering factors such as initial bacillary load, extent of lesions, culture conversion at
two months, and potential pyrazinamide side effects (Table 2).

Reducing the duration of PZA to two months and extending the rest of the treatment duration could be an effective
alternative strategy, with a 75.0% agreement rate among experts in our Delphi survey (Table 2). Long-term pyrazinamide
use, in particular, raises concerns among physicians when treating Hr-TB with a 6-month course of RIF-EMB-PZA-LFX,
due to its major side effects of hepatotoxicity, arthralgias, and prolonged inhibition of uric acid excretion. Patients with
fulminant or sub-fulminant liver failure appeared to have a higher risk of death when treated with PZA.2° A recent

Table 5 Regimens and Treatment Durations of Isoniazid-Resistant Tuberculosis Recommended
by Academies and Organizations Worldwide

Guidelines Regimens Treatment Duration (Months)
Canadian Tuberculosis Standards (2022) | 6REZ-FQ 6
KATDR (2020) 6REZ-LFX 6
ATS/CDC/ERS/IDSA (2019) 6REZ-FQ 6
2REZ/7RE+FQ 9
New Zealand (2019) 6REZ-MFX 6
WHO (2018) 6(H)REZ-LFX 6
NICE (2016) 2(H)REZ/7RE 9-12

Abbreviations: KATRD, Korean Academy of Tuberculosis and Respiratory Diseases; ATS, American Thoracic Society;
CDC, Centers for Disease Control and Prevention, ERS, European Respiratory Society; IDSA, Infectious Diseases Society
of America; WHO, World Health Organization; NICE, National Institute for Health and Care Excellence; R, rifampin; E,
ethambutol; Z, pyrazinamide; LFX, levofloxacin; MFX, moxifloxacin; FQ, fluoroquinolone.
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retrospective cohort study of 626 notified HR-TB cases in London demonstrated that if the duration of (H)REZ treatment
is long enough, a short PZA duration could be effective.?! Another retrospective multicenter cohort study of 318 notified
HR-TB case in Korea revealed that shortening duration of PZA administration with additional FQ could be a safe
alternative for patients with potential hepatotoxicity related PZA.** In certain circumstances, particularly when PZA-
related side effects are a concern, this alternative short-course PZA regimen may be a suitable option. (Table 4.
Recommendation 2.3).

Conclusion

In conclusion, our Delphi survey, which was participated in by 96 experts, reached consensus on most of the major
statements for diagnosing and treating Hr-TB. We strongly recommend conducting molecular DST using the initial
culture isolates for all TB patients, regardless of the Xpert MTB/RIF assay. We advocate for the prompt switching of
regimens once Hr-TB is suspected, but favor the conventional confirmation method with phenotypic DST. Once
confirmed, we strongly recommend treating Hr-TB with a 6-month course of RIF-EMB-PZA-LFX. We anticipate for
a few occasions when an alternative treatment strategy will be required due to concerns about long-term pyrazinamide
side effects.

The strengths of our study include a high response rate (75%, with 72 out of 96 experts participating) and the
utilization of the Delphi method to reach a consensus among experts, which is crucial for informing future guideline
revisions on Hr-TB. However, this study also has limitations due to its focus on Korean TB experts, which may not
adequately represent the perspectives of primary care physicians who are not specialized in TB and/or respiratory
medicine yet are involved in diagnosing and treating TB patients. Conducting another survey involving non-TB expert
physicians in the primary care field will be highly valuable for the revision of future TB guidelines.
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