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Objective: It is a challenge to obtain satisfactory treatment outcomes for patients with multidrug-resistant/rifampicin-resistant
tuberculosis (MDR/RR-TB); the study aims to correlate the Minimum Inhibitory Concentration (MIC) value of drugs with the
outcome of patients with MDR/RR-TB to obtain an understanding for better regimens and optimal outcomes.

Methods: The patients diagnosed with MDR/RR-TB were retrospectively enrolled from January 1, 2018 to December 31, 2019,
recorded clinical characteristics, MIC DST (Drug Susceptibility Test) results, and followed the treatment outcome. The data were
analyzed on the correlations of MIC DST values with outcomes and clinical characteristics.

Results: A total of 276 patients with MDR/RR-TB were included, containing 98 cases (35.5%) with newly treated patients and 178
cases (64.5%) with re-treated patients. A total of 220 cases recorded treatment success (79.7%) and 49 cases recorded treatment failure
or died. MIC values of isoniazid (H), moxifloxacin (Mfx), and ethionamide (Eto) in newly treated patients were lower than those in
retreated patients, and resistance levels of Mfx and H were closely associated with the treatment outcome (P < 0.05) while those of
other drugs had no close association with treatment outcome.

Conclusions: MIC values of some anti-TB drugs, such as fluoroquinolones (FQs) and H, can reflect the treatment outcome for
patients with MDR/RR-TB, which can contribute to making regimens for better treatment outcomes.
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Introduction

Tuberculosis (TB) remains a threat to global public health as one of the leading infectious diseases. The transmission of
drug-resistant mycobacterium tuberculosis (MTB) exacerbates the challenge of TB control. According to the updated
WHO report, TB was estimated at 9.9 million new cases and lead to 1.3 million deaths among the HIV-negative
population in 2020, worldwide,' MDR/RR-TB were referred to as MTB isolates at least resistant to H and rifampicin (R),
the average treatment success rate was 59% globally in 2020 while it was varied among different regions under varied
health conditions.

Making effective regimens for MDR/RR-TB patients is the key factor in obtaining a favorable outcome. Regimens
containing novel anti-TB drugs such as bedaquiline can get a 91.2% sputum culture conversion rate at the end of
treatment, a 71.3% success rate for MDR and XDR-TB patients was reported in 2017, the culture conversion rate
reached 84.6% for MDR-TB, 83.9% for pre-XDR-TB and 86.6% for XDR-TB reported in China in 2021.°> Nix-TB
regimen for XDR-TB or MDR-TB not responsive or not tolerant to treatment containing bedaquiline or pretomanid, and
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linezolid obtained 90% of the favorable outcome.* Regimens containing delamanid reached 78.9% of the overall
treatment success rate for MDR-TB patients.” One study® showed that the predictors of poor treatment outcomes for
MDR-TB included resistance to second-line drugs, age, social or economic status, and so on, among which drug
resistance was one of the most important factors. Therefore, having an accurate DST is essential to making efficient
regimens for drug-resistant patients. However, the correlations of drug-resistant levels with treatment outcomes for
patients with MDR/RR-TB remain imprecise.

DST methods usually contain traditional DST based on liquid or solid culture method (L-J or BACTEC MGIT
system) as the phenotype method and molecular DST based on PCR and hybridization technique as genotype method
(Xpert MTB/RIF, molecular linear probe hybridization, etc). The phenotype method is time-consuming, accurate, and can
test at least 10 drugs while the genotype method is fast and accurate but only tests R (such as Xpert MTB/RIF) or H and
R, and two second-line drug resistances (such as molecular linear probe hybridization). Therefore both DST methods
have advantages and disadvantages. However, MIC culture and DST assays were applied in clinics and can provide more
detailed information about the resistance level of each drug, MIC values from each drug are likely to be different among
different patients with MDR-TB. A high level of H resistance or low level of H resistance was evaluated by MIC DST
according to a MIC of >1 pg/mL as the cut-off value, which is the key issue to influence the efficacy of anti-TB
regimens.” Establishing the MIC distribution of some second-line drugs such as aminoglycosides and cyclic polypeptides
antibiotics is important to improve the quality of drug susceptibility testing against MTB.® Altogether, the MIC DST
method is the high throughput methodology for MTB which can provide the routine breakpoint during DST and MIC
determination.” However, the decrease in dilution of Pyrazinamide (Z) MIC for Z-susceptible strains was not associated
with sputum culture conversion and treatment outcome as previously reported.'® Therefore it is important to figure out
the correlations of drug resistance degree with the treatment outcome and clinical profile of a patient with MDR-TB to
make a better regimen and obtain the optimal outcome.

Except for Z, the correlation of MIC values for each drug with treatment outcome remains elusive. The present study
was designed as a retrospective analysis, to follow up enrolled patients with MDR/RR-TB during all courses of
treatment, and try to find some clues to guide making regimens for presuming the optimal outcome of patients with
MDR/RR-TB.

Methods

Study Design and Patients

Patients diagnosed with MDR/RR-pulmonary TB were retrospectively enrolled from January 1, 2018 to December 31,
2019 in Shanghai Pulmonary Hospital, a pulmonary disease specialized hospital that admitted patients from four
provinces and one municipality including Zhejiang, Anhui, Jiangsu, Jiangxi Province and Shanghai in eastern China.
Included criteria were as follows: patients diagnosed as having MDR-TB/RR and HIV negative, confirmed by MTB
culture of MIC DST and Xpert MTB/RIF, the DST results were repeated by the other respiratory sample if the DST
results were not in accordance with clinics. Patients received chemotherapy for MDR/RR-TB in the hospital after
consultation and confirmed by an expert group organized by Shanghai municipal CDC and received management in the
county CDC nearby. MDR/RR-TB diagnosis based on MIC DST and Xpert MTB/RIF were performed according to the
WHO guidelines.'" Excluded criteria were as follows: patients with HIV infection; patients infected with non-
tuberculous mycobacteria (NTM); or patients switched to other hospitals after starting the regimen. Patients had
been undergone MIC DST before receiving the treatment which was followed by a culture every three months during
the whole course of treatment. All patients enrolled in the study were followed-up till one year after stopping the
treatment.

MDR-TB refers to patients with a culture of MTB DST which is at least resistant to isoniazid (H) and rifampicin (R),
XDR-TB is referred to for patients with a culture MTB DST resistant to at least H and R and additionally resistant to
fluoroquinolones (FQs) or any second-line injectable agents (amikacin, kanamycin or capreomycin) according to the
previous WHO guidelines. RR-TB is referred to for patients with a culture MTB DST resistant to R, RR-TB should
include MDR-TB and XDR-TB.
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Newly diagnosed MDR/RR-TB refers to patients without previous anti-TB treatment history or with less than one
month of previous treatment history. Re-treated MDR/RR-TB refers to patients with previous anti-TB treatment history
for more than one month, which included patients with a one-time treatment history and more than a one-time treatment
history. The one-time treatment history should be referred to a patient with one-time drug-sensitive TB treatment history
and having failed or relapsed, more than a one-time treatment history is referred to retreated patients having more than
a one-time of TB treatment history and having failed or relapsed at the most recent treatment.

Ethical Approval

The present study was performed under the Declaration of Helsinki about ethical principles for research. This retro-
spective study was approved by The Ethics Committee of Shanghai Pulmonary Hospital (approval number K20-430).
Since the study was retrospective, the written informed consent had been waived by the ethics committee, but it had been
guaranteed that the privacy of patients enrolled was totally protected in this study.

MTB Culture and ldentification

Sputum or BALF (bronchoalveolar lavage fluid) specimens were tested by MTB BACTEC MGIT 960 culture (Becton
Dickinson, Cockeysville, MD, USA), which was performed by the manufacturer’s instructions. Positive culture isolates
were validated by the MPT 64 antigen detection kit (Genesis, Hangzhou, China), and NTM was excluded from the study.

Minimum Inhibitory Concentration (MIC) DST of the Drugs

All positive MTB strains were tested by MIC DST and were confirmed by Xpert MTB/RIF (Cepheid, USA), Xpert MTB/
RIF was performed according to the manufacturer protocol. MIC DST was performed using Myco TB system
(MYCOTB; Trek Diagnostic Systems, ThermoFisher Scientific Inc., USA).'? Laboratory steps of MIC DST were
performed by trained persons in biosafety cabinets according to the relevant guidelines. The TREK sensititre MIC
plate had been settled by drugs with fixed concentration variation. For bacteria, M. tuberculosis H37Rv was used as
a control strain. M. tuberculosis clinical isolates and H37Rv as control in Middlebrook 7H9 broth containing oleic acid-
albumin-dextrose-catalase (OADC), vortexed for 30 s and get inoculation fluid with 1x10° cfu/mL (5x10%~5x10°cfu/
mL). To each well of Sensititre Autoinoculator ®/AIM® inoculation MTB MIC plate was added 100 ul of inoculate
bacteria fluid (finished adding bacteria fluid in each well were initially cultured in the BACTEC MGIT) 960 system, the
bacteria were cultured at 37 °C for 1-7 days for proliferation. 100 puL of culture fluid vortex were inoculated within 30
minutes, covered by velum and then inoculated for 10 days at 35-37 °C in an aerobic environment and examined for the
status of growing in control wells after 7-10 days. If the growth of the strain was insufficient to be performed by DST
after being cultured for 10 days, it was re-incubated in the plate for up to an additional 11 days. The MIC value was
referred to as the lowest drug concentration that inhibited the growth of bacteria. The critical concentration of MTB drug
sensitivity test is based on CLSI M24-A2 and FDA-approved standards for drug susceptibility testing. Results can be
read using the Vizion® System. The MIC of each strain to the drug higher than (>) the cut-off drug concentration is
referred to be resistant to this drug. The results of MIC DST were shown as quantified data with unit ug/mL. The cut-off
concentration recommended were 4 pg/mL for Amikaxin (Ak), 25 ng/mL for Cycloserin (Cs), 5 ng/mL for Ethambutol
(E), 0.2 pg/mL for H, 5 pg/mL for Kanamycin (Ka), 2 pg/mL for Aminosalicylic acid (PAS), 1 pg/mL for R, 0.5 pg/mL
for moxifloxacin (Mfx), 2 ug/mL for ofloxacin (Ofx), 2 ug/mL for Streptomycin (Sm), 5 pg/mL for Eto."

Making Regimen, Treatment, and Treatment Efficacy Evaluation

All included patients with MDR/RR-TB received regimens according to the principles of WHO and Chinese guideline

recommendations in 2020 and 2019.'*'> All cases were given long-term regimens with a total course of 18-20 months

which included injectable agents containing regimens or all-oral regimens if injectable agents were resistant.
Treatment outcomes for MDR-TB were evaluated according to WHO guidelines.'® The treatment outcomes were

classified into “cured”, “completed treatment”, “failure”, “default” and “death”. The “cured” is patients who complete the

treatment with consistently at least three negative culture results for the final 12 months of the treatment course and

17 «

without evidence of failure; * “completed treatment” was determined by bacterial negative conversion at the end of the
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treatment with less than three negative cultures. The “failure” was patients who had sputum culture-positive in the final
12 months of the treatment course or if any one of the final three cultures was positive or to be discontinued due to
clinical or radiological adverse reactions or adverse events. “Death” was for patients who died for any reason during anti-
TB treatment (ATT); “default” was a patient whose TB treatment was interrupted for at least two consecutive months for
any reason. Favorable treatment outcomes were defined as the sum of “cured” and “treatment completed”, unfavorable
outcomes included “failure”, “default” and “death”.'8

Statistical Analysis

The statistical analysis was conducted with SPSS 18.0 (IBM Corp, Armonk, NY, USA) and GraphPad Prism (9.0). The
baseline data were compared between the MIC values of patients with newly treated and retreated groups and between
retreated patients at different times of treatment. Classification variables were described as frequency and percentage and
compared using a chi-square test or Fisher's exact test. Continuous variables are described as medians and quartiles.
When the data are normally distributed, the #-test was used to compare the mean values of continuous variables,
otherwise, the Mann—Whitney test was used. Chi-square analysis was used to compare treatment outcomes including
success and failure or death. A difference was considered as significant if the P-value was less than 0.05.

Results

Patients Characteristics

322 cases diagnosed as MDR/RR-TB were enrolled, 46 cases were excluded, including 5 cases due to incomplete record of
treatment, 32 cases excluded due to being transferred into other hospitals, and 9 cases lacked culture MIC value results.
Finally, a total of 276 cases diagnosed with MDR/RR-pulmonary TB were enrolled in the study with an average age of 41.6
(11-84) years, including males, 188 cases (68.1%) and females, 88 cases (31.9%). Among the 276 patients, there were 247
cases (89.5%) with MDR-TB, 100% cases with RR-TB, 44 cases (15.9%) with XDR-TB, 125 cases (45.3%) with pre-XDR-
TB, 114 cases (41.3%) were pre-XDR-TB (FQs resistance), only 11 cases were pre-XDR-TB (second-line injectable agents
resistance). Newly treated patients were 98 cases (35.5%) while re-treated patients were 178 cases (64.5%). For complica-
tions, coexisted pleural TB had 23 cases, tuberculous lymphadenitis 4 cases, diabetes mellitus 42 cases (15.2%), hepatitis 9
cases (3.3%), anemia 103 cases (37.3%), hypoproteinemia 26 cases (9.4%), hypertension 19 cases (6.9%), bronchiectasis 41
cases (14.9%), COPD 4 cases (1.4%), cardiopathy 5 cases (1.8%). Included flow diagram is shown in Figure 1, and detailed
information about the characteristics of patients is given in Table 1.

220 cases of enrolled patients got treatment success and 48 cases got treatment failure and 1 case died, 7 cases
were loss of follow-up. The treatment success rate was 79.7% (220/276) in all patients and was 93.9% (92/98) in
newly treatment patients which was significantly higher than 71.9% (128/178) in pretreated patients, p was 0.000
(x2=18.58).

Comparison of MIC for Anti-TB Drugs Between Newly Treated and Retreated
MDR-TB Patients

Among the 276 cases enrolled in the study, there were different MIC values of drugs between newly treated and retreated
MDR-TB patients. The MIC value of H was significantly lower in newly treated patients (3.1+2.4) than that in retreated
patients (5.5+6.8), p was 0.0012; MIC value of Cs seemedlower in newly treated patients (11.948.5) than in retreated patients
(19.5£38.2) but had no statistical difference (p was 0.5); MIC value of E was similar between newly treated patients and
retreated patients (p was 0.7); MIC value of ethionamide (Eto) was significantly lower in newly treated patients (3.2+7.9) than
in retreated patients (13.0+£23.7), p was 0.0001; MIC value of Mfx was significantly lower in newly treated patients (2.0+3.3)
than in retreated patients (4.9+5.1), p was 0.0002; MIC value of PAS seemed lower in newly treated patients (3.6+18.1) than in
retreated patients (9.4+29.2) but had no statistical significance (p was 0.08). It was summed up that H, Mfx, and Eto had
statistically lower MIC values in newly treated patients than those in retreated patients while Cs, E, and PAS were similar MIC
values in the two groups, see Figure 2A—F and Table 2.
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322 cases diagnosed as MDR/RR-TB

Excluded 46 cases excluded

— | + 5 cases incomplete record,

32 cases transferred to other
hospitals

*9 cases lack of MIC DST results

|

276 cases include finally

Followed up the treatment

Cure Completed treatment Failure Death
Loss of follow- (165 cases) (55 cases) (48 cases) (1 case)
up (7 cases)

Figure | Included cases flow diagram.

Comparison of MIC for Anti-TB Drugs Among Retreated MDR-TB Patients with

Different Times of Treatment History

Among 178 retreated patients, there were differences of MIC value of H, Eto, Mfx between patients having one-time
treatment history and patients having more than one-time treatment history while the MIC value of Cs and PAS had no
statistical differences between the two groups, more specifically, MIC of H was statistically lower in retreated patients
having a one-time treatment history (3.5+2.6) than that in retreated patients having more than a one-time treatment (4.5
+3.7), p was 0.38; Eto MIC value was similarly lower in patients having a one-time treatment history (9.2+21.6) than that
in patients having more than a one-time treatment history (21.2+33.0), p was 0.0008; Mfx MIC value was significantly

Table | Clinical Characteristics in All Included Patients with
MDR/RR-TB (n = 276)

Patient Characteristics Included Patients (n)
Male 188 (68.1%)
Female 88 (31.9%)
Age 41.6 (11-84)
BMI 20.8 (8.6-30)
MDR-TB 247 (89.5%)
XDR-TB 44 (15.9%)
Pre-XDR-TB 125 (45.3%)
Pre-XDR (FQ resistance) 114 (41.3%)
Pre-XDR (Injectable agents resistance) Il (4.0%)
(Continued)
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Table 1 (Continued).

Patient Characteristics

Included Patients (n)

Newly treated

98 (35.5%)

Retreated

178 (64.5%)

With extra-pulmonary TB

Pleural TB 23 (8.3%)
Tuberculous lymphadenitis 4 (1.4%)
Bronchial TB 48 (17.4%)

Pulmonary TB only

207 (75.0%)

Complications

DM 42 (15.2%)
Hepatitis 9 (3.3%)
Anemia 103 (37.3%)
Hypoproteinemia 26 (9.4%)
Hypertension 19 (6.9%)
Bronchiectasis 41 (14.9%)
COPD 4 (1.4%)
Cardiopathy 5 (1.8%)
Others 16 (5.9%)

Severity of lung lesions

Cavity

182 (65.9%)

Lesion 2 3 lung fields

208 (75.4%)

Treatment outcome

Cure

165 (59.8%)

Complete treatment

55 (19.9%)

Success 220 (79.7%)
Failure 48 (17.4%)
Death 1 (0.4%)
Loss of follow-up 7 (2.5%)

lower in patients having a one-time treatment history (2.04£3.3) than that in patients having more than a one-time

treatment history (4.4+£5.2), p was 0.0002; MIC values of Cs and PAS seemed lower in patients having a one-time

treatment history than those in patients having more than a one-time treatment history but had no statistical significance

(P was 0.1, 0.2 respectively). See the data in Figure 3A-E.
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Figure 2 The differences in MIC values of drugs between newly treated patients and retreated patients with MDR/RR-TB. (A) MIC values of isoniazid (H) between two
groups; (B) MIC values of cycloserine (C) between two groups; (C) MIC values of ethambutol (E) between two groups; (D) MIC values of ethionamide (Eto) between two
groups; (E) MIC values of moxifloxacin (Mfx) between two groups; (F) MIC values of p-aminosalicylic acid (PAS) between two groups. **p<0.005; ***p<0.001.

The Correlation of MIC Among FQs, Injectable Agents, and Eto, Isoniazid

To further verify the possible correlation of MIC values among some drugs having close correlation, we made the
analysis of correlation of MIC among FQs, injectable agents, Eto and H. The results showed that isoniazid had
a moderate positive correlation of MIC with Eto, Pearson r was 0.34, P was <0.0001; kanamycin had a strong positive
correlation of MIC with amikacin, Pearson r was 0.95, p was <0.0001; moxifloxacin had a strong positive correlation of
MIC value with ofloxacin, Pearson r was 0.88, p was <0.0001, implying some of the strains resistant to isoniazid had
a slight possibility of resistance to Eto while most strains resistant to Mfx or Ak had a great possibility of resistance to
Ofx or Ka. These results can give a helpful hint to guide making regimen when you only have the DST results of some

drugs. See Figure 4A—C.
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Table 2 Average MIC Value (Mean * SD) Between Newly Treated and
Retreated MDR-TB/RR-TB

Drugs MIC (ug/mL) in Newly | MIC (ug/mL) in P value
Treated Patients (n = Retreated Patients
98) (n=178)
H 3.1£2.4 5.5£6.8 0.001*
Ak 4.0+10.0 7.1£129 0.04*
Sm 40.1+29.6 34.8+30.1 0.16
Mfx 2.0£3.3 4.945.1 0.0002*
Ofx 5.747.2 111151 0.001*
PAS 3.6x18.1 9.4£29.2 0.08
Cs 11.9+8.5 19.5+38.2 0.5
Eto 3.247.9 13.0£23.7 0.000I*
E 6.8+5.7 7.1%5.7 0.7

Note: *The difference was statistically significant (p<0.05).

The Correlation of Treatment Outcome with MIC Values of Drugs in MDR-TB

Patients

Apart from 7 cases where there was a loss of follow-up during the treatment, 220 cases got treatment success (79.7%)
and 49 cases finished the treatment with the outcome of failure or death (18.4%). To elucidate the correlation of the MIC
value of each drug with the treatment outcome, the analysis was performed on patients with treatment success or failure
and death. The results showed that patients with Cs MIC who varied from less than 8 ug/mL to more than 32 ug/mL had
no statistically different outcomes; patients with Eto MIC who varied from less than 5 ug/mL to more than 40 ug/mL had
no significant differences of treatment outcome no matter treatment success or failure or death, while patients with Mfx
MIC with less than 1 ug/mL had a greater success rate than those patients with Mfx MIC more than 1 ug/mL, with
increased Mfx MIC value beyond 1 ug/mL, the treatment outcome had no obvious differences among patients with varied
Mfx MIC. Patients with an Mfx MIC value at 1 < MIC < 4 and >8 ug/mL had a greater rate of poor treatment outcome
than those with Mfx MIC <1 ug/mL. Besides those patients, patients with H MIC value at 1 < MIC <4 ug/mL had poorer
outcomes than those with H MIC <0.25 ug/mL. The data is shown in Table 3.

Discussion
The present study retrospectively recorded and made the analysis of the correlations between MIC values and treatment
outcomes for each patient with MDR/RR-TB. The results showed the interesting findings that the MIC values of some
drugs were closely associated with the treatment history of the patients, namely the times of the previous history of anti-
TB treatment, some drugs had strong correlations of MIC DST values with treatment outcomes while some drugs did not.
We enrolled 276 patients who satisfied the inclusion criteria, the treatment success rate was 79.7%, and the treatment
outcome was better in newly treated patients than in retreated patients (93.9% vs 71.9% in success rate), which was
similar to the conclusion from our previous study.'” To excavate the underlying reasons for which aspects possibly
influenced the outcome of DR-TB patients, we started with the MIC DST values and tried to find out the correlation
based on the MIC values of drugs and the profile of treatment outcomes. We found that the MIC values of drugs from
newly treated patients were lower than those from retreated patients, among which FQs, Ak, isoniazid, and Eto had
statistically lower MIC values in newly treated patients while E, Cs, and PAS had seemed to have a lower MIC value in
newly treated patients but there was no statistical significance. The lack of statistical significance was possibly due to the
limited number of cases. The difference in MIC value of drugs, especially FQs, between newly treated patients and
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Table 3 The Correlations of MIC Value with Treatment Outcome

MIC (ug/mL) Success Failure and Death P value
(n = 220) (n = 49)
Cs
<g* 30 7
8<MIC<16 161 35 0.88
16<MIC<32 19 6 0.63
>32 10 I 0.56
Eto
<5% 161 30
5<MIC<I0 18 4 0.76
10<MIC<40 I 5 0.11
240 30 10 0.16
Mfx
<I* 102 6
I<MIC<4 93 31 0.000%
>8 25 12 0.000%
Ak
<2.5% 176 38
2.5<MIC<8 5 I 0.82
>8 39 10 0.99
H
<0.25% 8 4
0.25<MIC<| 39 I 0.41
I<MIC<4 120 16 0.036*
>4 53 18 0.56

Note: *The difference was statistically significantly (p<0.05). "means the variate compared by the other
variates lised below.

retreated patients had the consistency of the differences in the treatment outcome, implying resistance levels or extent of
FQs, H, Eto or injectable agents might be able to influence the treatment outcomes for MDR/RR-TB due to different MIC
values. FQs resistance is the essential factor to impact the outcome of MDR-TB patients, other reports had similar
conclusions.?>?* The present study indicated MIC DST can help to give the hint on the outcome of MDR/RR-TB
patients, especially FQs resistance extent since higher MIC values of Mfx had significantly increased poor treatment
outcomes (rate of death and failure) as shown in Table 3.

Isoniazid (H), even though most of the patients enrolled in the study were MDR-TB, resistant to R, and susceptible to
H had 25 cases occupied 9.1% (25/276), the resistance level for H reflected by MIC value was still an important factor to
influence the treatment outcome of patients with MDR/RR-TB as the results show in Table 3. MIC value of H was lower
in newly treated patients than in retreated patients, while it also was lower in retreated patients having a one-time
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treatment history than in patients with more than a one-time treatment history, implying H is likely to be the risk factor to
impact treatment outcome for MDR/RR-TB, the previous study also mentions the risk of H resistance on poor treatment
outcomes.” Huyen et al made the analysis and found that katG315 mutations predicted poor outcomes and relapses while
inhA promoter region mutations predicted relapses of H resistance TB.?* The other possible reason is that patients with
resistance to R and susceptible to H in the present study were mostly found in newly treated patients who had better
treatment outcomes than in retreated MDR/RR-TB patients. The important results indicated that H resistance level might
be the underlying predicting factor for influencing the outcome of patients with MDR/RR-TB.

For other drugs in the present study, such as Cs, Eto and second-line injectable agents, the resistance levels presented
by the MIC value did not have a close association with the outcome of patients, however, their MIC values were lower in
newly treated patients than in retreated patients, and similarly lower in retreated patients having a one-time of treatment
history than those having more than a one-time treatment. These results indicated that the resistance level presented by
the MIC value had no obvious association with the treatment outcome for patients with MDR/RR-TB according to the
general dose of Cs taken daily. Because one study>> pointed out that the dose of Cs, 250 to 500 mg once or twice daily,
taken in the present study is not needed for the optimal PK/PD targets, that is possibly the reason why Cs MIC value was
not found to be associated with outcomes in this study. Another study also pointed out that lower serum CS concentra-
tions and delayed absorption were common in the Asian population.”® In consideration of adverse effects, especially
psychological effects, a population pharmacokinetic model for Cs should be developed to decide the optimal doses of Cs
to DST in vitro to guide the regimen making for clinics.*” For Eto and second-line injectable agents, we also did not
found the correlation of their MIC values with the treatment outcome, which might be due to low dose or other
unaccountable reasons.

The results in the present study also found strong correlations between two FQs agents, and two injectable agents,
which were consistent with the high cross-resistance of different FQs and second-line injectable agents previously
reported.”®** The correlation analysis of MIC value with low degree correlation also reflected the cross-resistance of
H and Eto.*°

There were several limitations in the present study, firstly, this is a retrospective study, and the data bias by enrolled
cases is likely to influence the analysis results. Secondly, the study did not record the MIC DST change if patients had
culture reversion. Thirdly, the MIC DST for other core drugs such as linezolid, and clofazimine were not done due to the
limited condition of the lab available.

Conclusion

MIC values of important drugs were significantly lower in newly treated MDR/RR-TB and retreated patients having
a single history of treatment. FQs and H resistance levels can influence the treatment outcome while other drugs such as
Cs and Eto did not.
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