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KEYWORDS Abstract Background/Purpose(s): The World Health Organization (WHO) released treatment

Multidrug resistant guidelines for multidrug resistant tuberculosis (MDR-TB) in 2008, with subsequent revisions in
tuberculosis; 2011; Korea disseminated corresponding guidelines in 2011 and 2014, respectively. Thus, we

Nationwide study; aimed to investigate the temporal trends of and the updated guideline’s impact on the pre-

Prescription patterns; scription patterns of anti-TB drugs.

Time series; Methods: We conducted a time-series study using Korea’s nationwide healthcare database

Tuberculosis (2007—2015), where patients with TB or MDR-TB were included. Only anti-TB drugs prescribed

during the intensive phase of treatment for TB (two months) or MDR-TB (eight months) were
assessed. We estimated the annual utilization of TB treatment regimens and the relative dif-
ference (RD) in the proportion of MDR-TB treatment medications between the following pe-
riods: before the first Korean guideline (June 2008 to March 2011); between the first and
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revised guidelines (April 2011 to July 2014); after the revised guideline (August 2014 to
December 2015).

Results: Of 3523 TB (mean age 54.1 years; male 56.8%) patients, treatment regimens for TB
complied with guideline recommendations as >80% of patients received either quadruple
(mean 66.8%) or triple (14.5%) therapy of first-line anti-TB drugs. Following the WHO’s guide-
line update, prescription patterns changed accordingly among 111 MDR-TB (mean age 46.0
years; male 67.6%) patients, as use of pyrazinamide (RD +20.3%) and prothionamide
(+11.5%) increased (recommended to be compulsory), and streptomycin (—43.1%) decreased
(ototoxicity risks).

Conclusions: Anti-TB drug prescription patterns for both TB and MDR-TB well reflected WHO'’s
treatment guideline as well as corresponding domestic guidelines of South Korea.

Copyright © 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Tuberculosis (TB) remains an unresolved global issue, with
the World Health Organization (WHO) reporting an approxi-
mate estimate of 10.0 million TB patients in 2018." It is
common clinical practice to use multiple anti-TB drugs to
treat TB, where treatment regimens may differ depending
on the treatment phase (intensive or continued).? This two-
part course of treatment has set place as the standard
mainly due to the risks of developing drug resistance. Thus,
making appropriate prescriptions is highly important in suc-
cessfully treating TB.> Moreover, healthcare providers should
be well aware of the most recent treatment guidelines for
TB in order to prescribe appropriate treatment regimens.
South Korea, despite having high standards of health-
care, is the only country among the Organization for Eco-
nomic Cooperation and Development nations with high
incidence rates of TB (77 per 100,000 in 2016).* From 1966
to 2005, the Korea Academy of Tuberculosis and Respiratory
diseases released TB treatment guidelines four times (1966,
1990, 1997, 2005) to help clinicians treat TB patients.
Subsequently, to control and eventually eradicate TB in
Korea, the Korea Centers for Disease Control and Preven-
tion (KCDC) disseminated a more comprehensive TB treat-
ment guideline in 2011, followed by a revision in 2014 that
reflected the WHO guideline amendments.>'® Treatment for
TB remained consistent in both editions, as use of
quadruple or triple therapy of first-line anti-TB drugs
(isoniazid [H], rifampicin [R], ethambutol [E], pyrazinamide
[Z]) were recommended for use during the intensive phase
of treatment. However, guidelines for multidrug resistant
TB (MDR-TB) were amended to five agents (Z, fluo-
roquinolone, injectable agent, prothionamide, cycloserine)
from four agents (injectable agent, fluoroquinolone, two
from E or Z, group 4 or 5 anti-TB drugs). Although few
previous studies have described prescription patterns of
anti-TB drugs, no published evidence to our knowledge has
examined the change in prescription patterns of anti-TB
drugs following the update of treatment guidelines.”"®
Therefore, we aimed to describe the temporal pre-
scription patterns of TB treatments and to investigate the
impact of TB treatment guidelines disseminated by the
WHO and KCDC on clinical practice in treating MDR-TB.
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Methods
Data source

We used the National Health Insurance Service-National
Sample Cohort (NHIS-NSC) database of South Korea from
January 1, 2002 to December 31, 2015, which contains
healthcare utilization information from a randomly
extracted 2.2% sample of the entire Korea population of 50
million; the NHIS-NSC database contains approximately one
million individuals. The NHIS-NSC database provides data on
sociodemographic characteristics such as sex, age, region
of residence, and socioeconomic status (health insurance
type and income level) as well as information on prescribed
drugs, procedures, and diagnoses based on the Interna-
tional Classification of Disease, 10th revision (ICD-10)
codes. In 1983, the South Korean government implemented
the relieved co-payment policy for patients with rare or
incurable diseases by reducing their amount of co-payment
to lessen their economic burden and has expanded the
policy coverage largely since 2005.° Accordingly, patients
eligible for this policy are given specific codes (relieved co-
payment policy codes) along with their corresponding
healthcare utilization information; these codes are also
available in the NHIS-NSC database. As the aforementioned
policy codes are used for reimbursement purposes, they are
considered to have higher accuracy and validity over diag-
nosis codes. '°

Study Designs

We applied two different study designs to complete our
study objectives. First, we assessed the prescription
pattern of TB (excluding MDR-TB) treatment for the entire
study period (January 1, 2011 to December 31, 2015), as
treatment recommendations for TB remained consistent
between the two guidelines. Second, we investigated the
impact of treatment guidelines on the prescription pattern
of MDR-TB treatment for the study period divided into three
periods as follows: 1) before dissemination of the first
guideline (June 1, 2008 to March 31, 2011); 2) after the first
guideline but before dissemination of the second guideline
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(April 1, 2011 to July 31, 2014), and 3) after dissemination
of the second guideline (August 1, 2014 to December 31,
2015); which revised recommendations for MDR-TB treat-
ment. A visual representation for the above-mentioned
study objectives are displayed in Fig. 1.

Study population

The inclusion and exclusion criteria of study patients are
shown in Fig. 2. We identified all patients with TB or MDR-
TB by using the relieved co-payment policy codes. Benefi-
ciaries of the relieved co-payment policy for MDR-TB were
classified as “V206” since June 1, 2007, while those for TB
other than MDR-TB (ICD-10: A15-A19) were classified as
"*V246” starting January 1, 2010. We excluded the following
patients: 1) records of “V246” any time before 2010, as this
classification code was first introduced in 2010; 2) patients
with MDR-TB who had "V206” but were not diagnosed with
MDR-TB (ICD-10: U84.3), as they are considered to be false
positive patients; and 3) anti-TB drug prescriptions
accompanied with records of “V206” between June 1, 2007
and May 31, 2008, or “V246” between January 1, 2010 and

A. Prescription pattern analysis for tuberculosis patients

December 31, 2010, to restrict to incident patients with TB
or MDR-TB.

Eligible prescriptions for assessment

Treatment guidelines for both TB and MDR-TB have outlined
a more detailed recommendation of anti-TB medications
during the intensive phase of treatment compared to the
continuation phase. Therefore, only anti-TB drugs pre-
scribed during the intensive phase of treatment for TB (first
two months) and MDR-TB (first eight months) were eligible
for assessment. Among the prescriptions during the inten-
sive phase of treatment, prescriptions that contained only
one injectable anti-TB drug were excluded to prevent
overestimation of the total number of prescriptions.

Statistical analysis

The number and proportion for categorial variables and the
mean and standard deviation for continuous variables were
calculated to describe the baseline sociodemographic

Start of treatment: First anti-tuberculosis drug prescription for a tuberculosis patient

* Only one injectable anti-tuberculosis agent present

Dec 31,2015

Excluded:
Eligibility Period
Jan 1, 2010 Jan 1, 2011
Intensive phase
of treatment
Excluded:

« Patients diagnosed with tuberculosis

B. Prescription pattern analysis for multidrug resistant tuberculosis patients

Start of treatment: First anti-tuberculosis drug prescription for a multidrug or extensive drug-resistant tuberculosis patient

Excluded:
* Patients diagnosed with multidrug Excluded:
resistant tuberculosis * Only one injectable anti-tuberculosis agent present
Jun 1, 2007 Jun 1, 2008 Apr 1,2011 Aug 1,2014 Dec 31,2015
¢ A y
Eligibility period Intensive phase ]
of treatment
l)leztrloq:ifore )
guideline Period between
1t and 2" guideline Period after
o — - —>
2" guideline

Dissemination of the

It tuberculosis treatment guideline
from Korea Centers for Disease
Control and Prevention

Figure 1.

Dissemination of the
2 tuberculosis treatment guideline
from Korea Centers for Disease
Control and Prevention

Study diagram demonstrating the eligible prescriptions and study period of prescription pattern analyses for (A)

tuberculosis patients and (B) multi-drug resistant tuberculosis patients.
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National Health Insurance Service-National Sample Cohort database
Jan 1, 2002 to Dec 31, 2015
(n=1,108,361)

}

Patients who benefitted from the co-payment decreasing policy for
tuberculosis (TB) or multidrug resistant (MDR) TB
Jun 1, 2007 to Dec 31, 2015

(n=4,852)
Excluded
« Patients who benefitted from the co-payment decreasing policy
p— for MDR-TB but was diagnosed with other disease (n = 132)

* Patients who benefitted from the co-payment decreasing policy
for TB but was diagnosed with other disease (n = 0)

Patients with TB
Jan 1, 2010 to Dec 31, 20152
(n=4,561)

Excluded
» Patients diagnosed with TB
in 2010 (n = 1,038)

Patients with TB
Jan 1, 2011 to Dec 31, 2015
(m=3,523)

Figure 2.

'

Patients with MDR-TB
Jun 1, 2007 to Dec 31, 2015
(n=286)

Excluded

Patients diagnosed with MDR-TB
between Jun 1, 2007 and May 31, 2008
(n=175)

Patients with MDR-TB
Jun 1, 2008 to Dec 31, 2015
(m=111)

Flow diagram showing the study inclusion and exclusion criteria. # Patients with tuberculosis can be detected from

January 1, 2010 because the relieved co-payment policy code for tuberculosis was introduced on January 1, 2010. ° Patients with
multidrug resistant tuberculosis can be detected from June 1, 2007 because the relieved co-payment policy code for multidrug

resistant tuberculosis was introduced on June 1, 2007.

characteristics of patients with TB and MDR-TB. The abso-
lute standardized difference (aSD) was estimated to
determine imbalances present between the two patient
groups, where aSD>0.1 denoted an important imbalance.

For TB treatments, we estimated the annual proportion
of each treatment regimen of first-line oral anti-TB drugs
by dividing the number of prescriptions for the respective
regimen over the total number of prescriptions in each
year. The annual proportions were estimated from 2011 to
2015. Meanwhile, for treatments of MDR-TB, we estimated
the absolute difference (AD) with 95% confidence intervals
(Cls) for the proportion of each treatment medication
between the three periods, by subtracting the proportion
of periods 1 and 2 from that of periods 2 and 3, respec-
tively. We also estimated the relative difference (RD) with
95% Cls by dividing the estimated AD over the proportion
of the previous period and multiplied by 100. For instance,
the AD between period 1 and 2 was calculated as the
proportion of period 1 subtracted from the proportion of
period 2, while the corresponding RD was calculated as
dividing this AD by the proportion of period 1 and then
multiplied by 100.

All statistical analyses were performed using SAS 9.4
(SAS Institute Inc., Cary, NC, USA) and the study protocol
was approved by the Institutional Review Board of Sung-
kyunkwan University (IRB No. SKKU 2019-10-030-001) and
obtaining informed consent was waived by the Institutional
Review Board.
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Results

We identified a total of 3523 and 111 patients with TB and
MDR-TB, respectively (Fig. 2). Baseline socioeconomic
characteristics revealed that, as compared with MDR-TB
patients, TB patients were older (mean age 54.1 years
[standard deviation 20.1] versus 46.0 [19.0]; aSD 0.404) and
had less males (56.8% versus 67.6%; aSD 0.223). Although
there were no important imbalances (aSD<0.1) present in
health insurance type or income level between TB and MDR-
TB patients, significant imbalances were found in the region
of residence with a lower proportion of TB patients residing
in metropolitan areas or cities (88.7% versus 92.0%; aSD
0.114) than MDR-TB patients (Table 1).

From 2011 to 2015, prescription patterns of treatment
regimens for TB were consistent with the KCDC treatment
guidelines, which are based on WHO’s recommendations,
throughout the years (Fig. 3). Of all prescription of first-line
anti-TB drugs (H, R, E, Z) during the intensive phase of TB
treatment, the most common treatment regimen was
quadruple therapy (HREZ), ranging from 65.3% to 69.8% in
our study period. Although the second common regimen
was triple therapy of HRE (10.3% to 13.9%), use of first-line
anti-TB drugs with other drugs was found to be the third
most common treatment regimen (11.1% to 12.2%). Never-
theless, use of either quadruple or triple therapy of first-
line anti-TB drugs remained the most prevalent treatment
regimen for TB.
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Table 1 Baseline characteristics of patients with tuber-
culosis or multidrug resistant tuberculosis in South Korea.
Tuberculosis®  MDR- asD
(n = 3523) Tuberculosis
(n = 111)
Sex (n, %) 0.223
Male 2001 (56.8) 75 (67.6)
Female 1522 (43.2) 36 (32.4)
Age (years; 54.1 + 20.1 46.0 + 19.0
mean + STD)
Age group (years; 0.404
n, %)
<19 91 (2.6) 4 (3.6)
19-44 1114 (31.6) 54 (48.7)
45-64 1068 (30.3) 30 (27.0)
>65 1250 (35.5) 23 (20.7)
Health insurance 0.008°
type (n, %)
National health 3370 (95.7) 106 (95.5)
insurance
Medical aid 153 (4.3) 5 (4.5)
Income level® (n, 0.093¢
%)
Low 710 (20.2) 24 (21.6)
Lower-Middle 935 (26.5) 27 (24.3)
Upper-Middle 1032 (29.3) 36 (32.4)
High 846 (24.0) 24 (21.6)
Region of 0.114
residence (n,
%)
Metropolitan 1600 (45.4) 51 (46.0)
Cities 1521 (43.2) 51 (46.0)
Provinces 402 (11.4) 9 (8.1)

@ Tuberculosis patients and does not include patients with
MDR-tuberculosis.

b Income levels are classified into 11 groups ranging from 0 to
10, according to the type of health insurance. 10 of the groups
are for employee and district subscribers while, group O in-
dicates medical aid. Low (groups 0—2), Lower-Middle (groups
3-5), Upper-Middle (groups 6—8), High (groups 9—10).

¢ aSD>0.1 denotes an important imbalance.

Abbreviations: aSD, absolute standardized difference; MDR,
multidrug resistant; STD, standard deviation.

Upon dissemination of the first treatment guideline for
TB in Korea (April 2011), the pattern of MDR-TB treatments
followed guideline recommendations with prescriptions of
E (RD 23.7%, 95% Cl + 16.0% to +35.2%), Z (+104.5%,
+71.6% to +152.7%), kanamycin (+24.1%, +16.6 to +34.9%)
increased and ofloxacin (—96.1%, —725.9% to —12.7%),
para-aminosalicylic acid (PAS) (—36.5%, —52.7% to —25.4%),
and all group 5 drugs decreased. Likewise, with release of
the revised guideline for MDR-TB in August 2014, prescrip-
tion patterns changed accordingly as follows: use of Z
(+20.2%, +10.7% to +38.3%) and prothionamide (+11.5%,
+5.8% to +22.6%) increased as they were now recom-
mended to be compulsory, while streptomycin (—43.1%,
—106.1% to —17.7%) decreased as the guideline did not
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recommend it due to the common occurrence of resistance
and ototoxicity. In general, treatment regimens for MDR-TB
changed over time by adhering to treatment guideline
recommendations of the KCDC (Table 2).

Discussion

Findings from this study demonstrate that treatment regi-
mens for both TB and MDR-TB were consistent to clinical
guidelines released by the WHO and their corresponding
versions disseminated by the KCDC. Most patients with TB
received either quadruple or triple therapy of first-line
anti-TB drugs throughout our study period, which are rec-
ommendations suggested by treatment guidelines. Similar
findings were also observed for MDR-TB, as appropriate
adjustments to treatment regimens were made following
the release or update of guidelines for MDR-TB treatment.
Thus, this is the first nationwide study to have shown that
utilization patterns of anti-TB drugs for TB and MDR-TB
complied well with global and domestic recommendations
and further, showed that healthcare providers had high
adherence to them.

Despite being an indirect comparison, findings from both
our study (based on number of prescriptions; 66.8%) and a
study conducted in Yunnan, China (based on number of
patients; 74.8%), reported that HREZ quadruple therapy
accounted for approximately 70%.%2 However, unlike
quadruple therapy, the proportion for triple therapy was
different between the two studies as the proportion of
South Korea (14.5%) was approximately three-fold
compared to that of China (4.6%). Meanwhile, another
study conducted in Taiwan (incidence per 100,000 persons
of TB'" [43.9] and MDR-TB"? [0.46] in 2016) found that of
new TB cases, only one in two patients received HREZ
quadruple therapy (53.3%) during their intensive phase of
treatment, a proportion smaller than those of South Korea®
(TB [60.4] and MDR-TB [1.7]) and China'® (TB [63.7] and
MDR-TB [5.2]).” On the contrary, patients from Taiwan
received the highest proportion of triple therapy (26.0%)
when compared to South Korea (14.5%) and China (4.6%).
The observed differences between Taiwan and South Korea
may be attributed to Taiwan’s clinical guidelines that
allowed for physicians to modify treatment regimens when
deemed necessary, which were mainly based on their
clinical experiences.

A study conducted from the Beijing Chest Hospital be-
tween 2011 and 2015 found analogous results to those of
our study as Z, levofloxacin, and moxifloxacin were three of
the most commonly prescribed anti-TB drugs among MDR-
TB patients.’ In contrast to what was expected among
group 4 treatments based on the WHO guideline in 2011,
which recommended prothionamide and cycloserine or PAS
only when cycloserine was inappropriate, PAS was found to
be the most prescribed agent in the Beijing study. However,
we observed that PAS was the least prescribed drug
amongst the group 4 agents. In assuming that the respec-
tive healthcare providers of each country treated their
patients with MDR-TB based on the identical treatment
guideline disseminated by the WHO, we believe such
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30.0

20.0
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0.0
Year
Anti-tuberculosis regimens 2oL 201 iy 2014 2015
n (%) n (%) n (%) n (%) n (%)
Total prescriptions 1,996 (100.0) 2,255 (100.0) 2,115 (100.0) 1,930 (100.0) 1,807 (100.0)
HREZ 1,309 (65.6) 1,477 (65.5) 1,435 (67.8) 1,347 (69.8) 1,180 (65.3)
HRE 277 (13.9) 273 (12.1) 273 (12.9) 198 (10.3) 211 (11.7)
HRZ 36 (1.8) 29 (1.3) 21 (1.0) 24 (1.2) 34 (1.9)
HEZ 6(0.3) 15 (0.7) 6(0.3) 9(0.5) 6(0.3)
REZ 7(0.4) 9(0.4) 7(0.3) 4(0.2) 15 (0.8)
<2 first-line® drugs 47 (2.4) 59 (2.6) 54 (2.6) 55(2.8) 59 (3.3)
First-line drugs + Others 229 (11.5) 260 (11.5) 234 (11.1) 217 (11.2) 221(12.2)
Others without first-line drugs 85(4.3) 133 (5.9) 85 (4.0) 76 (3.9) 81 (4.5)

Figure 3.

Yearly proportion of anti-tuberculosis regimens by possible combinations for tuberculosis (excluding multidrug resis-

tant tuberculosis) patients from 2011 to 2015. Abbreviation: H, isoniazid; R, rifampicin; E, ethambutol; Z, pyrazinamide. 2 First-line

drugs are isoniazid, rifampicin, ethambutol and pyrazinamide.

discrepancy in prescriptions are likely due to their inter-
pretation and health care status.

We found prescribing patterns that were consistent with
both global and domestic treatment guidelines of TB.
However, for TB patients, there were a few prescriptions
that contained only second-line anti-TB drugs (3.9—5.9%),
with no first-line anti-TB drugs. Most of these cases could
be considered as those who experienced adverse events
upon using first-line anti-TB drugs and therefore, could no
longer be treated with any of them. Furthermore, although
cycloserine was more and more strongly recommended for
MDR-TB patients over time, a conflicting temporal pattern
was observed with its proportion decreasing with time.
This observed decrease of cycloserine may be due to
healthcare providers in South Korea opting to prescribe
prothionamide over cycloserine among the group 4 anti-TB
drugs; accordingly, prescriptions of prothionamide
increased with time. In addition to group 4 drugs, fluo-
roquinolones have been also recognized as essential in
treating MDR-TB. One study showed the superiority of
levofloxacin over ofloxacin in TB treatment, while other
studies have reported equivalence of levofloxacin and
moxifloxacin.’~"” The results of our study are in line with
these studies in that both levofloxacin and moxifloxacin
were more commonly prescribed over ofloxacin. As for
injectable agents (kanamycin, amikacin, streptomycin,
capreomycin), as all these agents have relatively similar
efficacy and adverse event profiles, there would be no
particular rationale to use more than one injectable agent
in treating MDR-TB."®"?° Yet, streptomycin is no longer a
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preferred injectable agent owing to its low reliability from
susceptibility tests and common occurrence of developing
resistance to H-resistant TB, which includes MDR-TB.?"?2
Moreover, as amikacin is administered intravenously and
capreomycin has been registered in the Korea Orphan &
Essential Drug Center of South Korea, prescription of these
drugs is limited. Hence, kanamycin had become the most
preferred injectable agent for MDR-TB in Korea up until
treatment guidelines have revised their recommendations
in a way that they no longer recommend injectable agents
in treating MDR-TB. In support, kanamycin was the most
prescribed injectable agent and there were no pre-
scriptions for capreomycin in our study.

Recent global and domestic treatment guidelines for TB
have made significant revisions, especially for the recom-
mended treatment regimen for MDR-TB, in order to reflect
newly developed treatment options of bedaquiline and
delamanid.?>?* Upon such amendments, anti-TB drugs of
levofloxacin or moxifloxacin, bedaquiline, and linezolid are
currently the most recommended and preferred treatments
for MDR-TB. To examine whether these novel updates in
treatment guidelines are well-adhered to in actual clinical
practice, this warrants further investigations that utilize
more recent data.

Strengths of this study are that, to our knowledge, this is
the first population-based study that used nationwide
claims data of South Korea to have examined the temporal
trends in the prevalence of treatments for both TB and
MDR-TB. As the NHIS-NSC database underwent rigorous
systematic stratified random sampling from all Koreans, our
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Table 2  Proportion of anti-tuberculosis drugs prescribed for multidrug resistant tuberculosis, before and after the dissemi-
nation of the 1st and 2nd editions of the Korean tuberculosis treatment guidelines.

Period 1 Period 2° Period 3¢ Difference between Periods 1 and 2 Difference between Periods 2

% (95% confidence interval) and 3% (95% confidence interval)
n (%) n (%) n (%) Absolute Relative Absolute Relative
Total number of prescriptions
206 293 66 N/A N/A N/A N/A
(100.0) (100.0) (100.0)
Group 1 (First-line oral anti-tuberculosis agents)
Ethambutol 54 (26.2) 95 (32.4) 22 (33.3) 6.2 23.7 (16.0-35.2) 0.9 2.8
(—1.8 to 14.3) (—11.7 to 13.5) (1.6-5.0)
Pyrazinamide 66 (32.0) 192 (65.5) 52 (78.8) 33.5 104.5 13.3 (2.0-24.5) 20.2
(25.1—41.9) (71.6—152.7) (10.7—38.3)
Group 2 (Injectable anti-tuberculosis drugs)
Kanamycin 68 (33.0) 120 (41.0) 36 (54.6) 7.9 24.1 (16.6—34.9) 13.6 33.2
(—0.6 to 16.5) (0.32—26.9) (19.4-56.8)
Amikacin 4 (1.9) 16 (5.5) 2 (3.00 3.5 181.2 -2.4 —44.5
(0.3—6.7) (59.7-550.2) (—7.3 to 2.5) (—198.5 to
—10.0)
Streptomycin 50 (24.3) 47 (16.0) 6 (9.1) -8.2 —33.9 -7.0 —43.1
(—15.4to —1.0) (-53.0to —21.7) (-15.1t01.2) (-106.1 to
-17.7)
Capreomycin 0 (0.0) 0 (0.0) 0(.00 O N/A 0 N/A
Group 3 (Fluoroquinolone)
Levofloxacin 113 (54.9) 105 (35.8) 23 (34.9) —19.0 —34.7 -1.0 -2.8
(—27.8 to —10.3) (—49.9 to —24.1) (—13.7 to 11.8) (—4.8 to —1.6)
Moxifloxacin 61 (29.6) 164 (56.0) 38 (57.6) 26.4 (17.9—34.8) 89.2 (61.0—130.0) 1.6 2.9 (1.7—4.9)
(—11.6 to 14.8)
Ofloxacin 18 (8.7) 1 (0.3) 0 (0.0) -8.4 —96.1 -0.3 —100.0

(=12.3 to —4.5) (=725.9 to —12.7) (—1.0 to 0.3)
Group 4 (Second-line oral anti-tuberculosis agents)

para- 123 (59.7) 111 (37.9) 12 (18.2) —21.8 —36.5 -19.7 -52.0
aminosalicylic (—30.5 to —13.1) (-52.7 to —25.4) (—30.5to —8.9) (—101.5 to
acid —26.7)
Cycloserine 185 (89.8) 247 (84.3) 43 (65.2) -5.5 —6.1 -19.1 -22.7
(—11.4 to 0.4) (—10.6 to —3.5) (—31.4to —6.9) (—41.2 to
—12.5)
Prothionamide 149 (72.3) 215 (73.4) 54 (81.8) 1.1 (—6.9 t0 9.0) 1.5 (1.0—-2.2) 8.4 11.5 (5.8—22.6)
(—2.2 to 19.0)
Group 5 (Other anti-tuberculosis agents)
Amoxicillin/ 28 (13.6) 30 (10.2) 5 (7.6) -3.4 —-25.0 -2.7 -26.0
clavulanate (—9.2 to 2.5) (—42.7 to —14.3) (—9.9 to 4.6) (—69.8 to
—9.7)
Clarithromycin 14 (6.8) 4 (1.4) 0 (0.0) -5.4 —79.4 -1.4 —100.0
(—9.1to —1.8)  (—246.4 to —25.9) (—2.7 to 0.0)
Linezolid 0 (0.0) 1 (0.3) 0(0.0)0 0.3 (-0.3to1.0) N/A -0.3 —100.0
(—1.0 to 0.3)

2 Period before the dissemination of the 1st edition of the Korean tuberculosis treatment guideline (Jun 1, 2008 to Mar 31, 2011).

b Period after the dissemination of the 1st edition of the Korean tuberculosis treatment guideline and before 2nd edition of the Korean
tuberculosis treatment guideline (Apr 1, 2011 to Jul 31, 2014).

¢ Period after the dissemination of the 2nd edition of the Korean tuberculosis treatment guideline (Aug 1, 2014 to Dec 31, 2015).
Abbreviation: N/A, not applicable.

results are likely to be a robust representation of general of anti-TB treatments and thereby, minimizing exposure

Korean population. Second, with the fee-for-service reim- misclassification.
bursement system utilized in South Korea, we were able to However, our study also has limitations. First, patients
include both inpatient and outpatient prescription records included in our study may not be incident cases of TB despite
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excluding all patients with a prescription record of anti-TB
drugs in the first one year of study period. With the median
time to TB relapse reported as 12 months, recurrent TB cases
who developed TB relapse after more than 12 months may
have been included in our study and we may have mis-
classified them as an incident cases.”” Second, we did not
consider dosages of the prescribed drugs as our interest was
the type of drug prescribed in assessing adherence to
treatment guidelines. Third, treatment regimens are likely
to have been different in treating particular TB patients,
such as those with low liver or renal functions or human
immunodeficiency virus (HIV) infection. However, as infor-
mation on liver and renal function and HIV infection were
either unavailable or had low validity in the database used in
this study, we were unable to classify patients depending on
the aforementioned criteria.?® 28 Fourth, we were unable to
determine if patients with TB or MDR-TB truly adhered to
their respective treatments as the NHIS-NSC database used
in this study does not provide information on drug adher-
ence. However, as patients with TB or MDR-TB receive close
monitoring and intensive care during the recommended
initial course of treatment, it can be assumed that these
patients adhered well to their prescribed medications.
Lastly, other interventions besides the treatment guidelines
released by the WHO and the KCDC could have influenced
the clinical practice of healthcare providers. However, as we
observed real-world prescription patterns that were largely
in line with guideline recommendations, we expect those
influences to be minimal in our study.

In summary, prescription patterns of anti-TB drugs for
patients with TB or MDR-TB in South Korea showed high
compliance to treatment guidelines disseminated by the
WHO. It would be interesting for future investigators to
assess the drug utilization patterns of anti-TB drugs in other
TB-prevalent countries and communities to determine the
underlying association between adherence to guidelines
and rates of treatment success or adverse events. While
awaiting results of confirmatory studies, healthcare pro-
viders should follow clinical guidelines for the treatment of
TB and MDR-TB.
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