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ABSTRACT

Background: Invasive aspergillosis (IA) is associated with high morbidity and mortality, particularly among immunocompromised
patients, such as lung transplant recipients, Voriconazole, the first—line therapy for IA, shows a non—linear pharmacokinetic profile
and has a narrow therapeutic range, Careful and appropriate administration is necessary, primarily because it is used for critically
ill patients; however, the clinical usefulness of therapeutic drug monitoring (TDM) has not been sufficiently verified, Therefore, in this
study, we validated the safety and efficacy of voriconazole TDM in lung transplant recipients receiving only voriconazole for IA
treatment, Methods: The electronic medical records of lung transplant recipients (=19 years of age) administered only voriconazole
for ) 7 days for treatment of IA from June 1, 2013 to May 31, 2018 were analyzed retrospectively, Results: Among the 54 patients, 27
each were allocated to TDM and non—TDM groups, respectively, There were no significant differences in patient characteristics
between the two groups except for ICU—hospitalization status, Of the TDM group patients, 81.5% needed adjustment of voriconazole
dosage because the levels were out of target range. Comparison of two groups showed that treatment response was higher
throughout treatment and switching rates of second—line agents were significantly lower in the TDM group, but it was insufficient to
confirm safety improvements through voriconazole TDM, Conclusions: Considering that the treatment response tended to be higher
and the rates of switching to second-line antifungal agents were lower in the TDM group, voriconazole TDM may increase the
therapeutic effect on |A in lung transplant patients,
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Table 1. General criteria for global responses to antifungal therapy

&A ol = 2~Z X|§A] Voriconazole TDM] -f-84 A= /91
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Az A3 B R
A A

1. eFA A & 37}
A B7HE Hfste] @7 A {WBC, ANC, A& (red
blood cell, RBC), 3|=ZZHl(hemoglobin, Hb), A%
(platelet, PLT)}, Zt71%
aspartate aminotransferase (AST), total bilirubin (T.bil)}, Al
71% {blood urea nitrogen (BUN), serum creatinine (SCr)}, A
38 (sodium, potassium, calcium) &3 7JEHF-AHY o
ARE 2 QTe A7 of i, Azl of i, WX o) ARE
skt
F2RE H7E Al eEAleh sl FARE 3] Al QIS
g1 3}7] 918l voriconazole £ o]%& X|EA) WAY3E HAL
ARIRRS RS ER 7Y, A7), A $5) 3
9, 714 e o] Afolel ol biasE 74:41717] $18) A2 12
A9k Bei7)7k ) A7 R AR Al 2ol HlmaT.
7} B2k o] vhy o]B= o 77| AT Common
Terminology Criteria for Adverse Events ver. 5.0 (CTCAE
5.0 AAE ) MR SAR ] Brjeld o 171
L CTCAE 5.0 grade3 o)’dol| sjdsl= X2 WET* 4
2 WBC <2.0x10%/uL, 35T 74ZS ANC <1.0x10%/
uL, WSS Hb <8.0 g/dL, 2% 7452 PLT <50.0x10%/

{alanine aminotransferase (ALT),

pL= Aol
e IF As= AR H-7]5 (electronic medical record,
EMR)S o] §5}e] S905 0.2 54181 9ick.

Outcomes, response

Criteria

Treatment success

Complete response

Survival within the prespecified period of all attributable symptoms and signs of disease and
radiological abnormalities, and mycological evidence of eradication of disease

Survival within the prespecified period of observation, improvement in attributable symptoms and signs

Partial response

of disease and radiological abnormalities, and evidence of clearance of cultures or reduction of

fungal burden, as assessed by a quantitative and validated laboratory marker

Lack of response

Survival within the prespecified period of observation and minor or no improvement in fungal disease,

Stable disease®
and mycological criteria

Progression of fungal disease . o
mycological criteria

Death

but no evidence of progression, as determined on the basis of a composite of clinical, radiological,

Evidence of progressive fungal disease based on a composite of clinical, radiological, and

Death during the prespecified period of evaluation, regardiess of attribution

9n certain invasive fungal diseases(e.g., invasive mold diseases), stabilization of fungal disease during periods of severe immunocompromise
provides evidence of efficacy of treatment and may be areasonable short-term therapeutic goal untilimmune recovery occurs.
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A ofw|EdF A58 EORTC/MSG E74 TDM A
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Voriconazole AHE % TDM eigt

Voriconazole F4¢} HAE FJES AHRH, X7] Fo A
voriconazole®] B3F8-ZS TDM A3} BIA|SP oA Z+
7} 9.0+2.2, 9.4+ 3.1 mg/kg/day (p=0.633)QL, A&

Assessed for eligibility n=67

Lung transplant recipients who received oral or intravenous voriconazole
for treatment of invasive aspergillosis

Excluded
patients
n=13

Patients who received

voriconazole less than 7 days
n=>5

Patients who used in combination

with another antifungal agents
n=8

n=54 finally included

A 4

TDM? group
n=27

A 4

non-TDM group
n=27

Fig. 1. Study flow diagram: screening and enrollment of patients. “Voriconazole TDM was performed more than once after reaching
of voriconazole steady state during the voriconazole administration. TDM, therapeutic drug monitoring
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Table 2. Baseline patient characteristics

DM (n=27) non-TDM (n =27) Total (n=54) p-value
Age, years 55.1£11.1 553%11.2 55.2+10.9 0.800¢
Gender
Male, N(%) 16 (59.3) 18 (66.7) 34 (63.0) 0.573°
Female, N(%) 11 (40.7) 9 (33.3) 20 (37.0)
Height, cm 165.3+8.0 164.9+7.1 165.1+7.4 0.540°
Weight, kg 53.8+11.5 52.3+10.6 53.1+10.9 0.870°
BMI, kg/m? 19.6£3.6 19.2+3.6 19.4+35 0.830°
Immunosuppressive drug
Triple regimen® 21 (77.8) 19 (70.4) 40 (74.1) 0.535°
Double regimend 2 (7.4) 4 (14.8) 6 (11.1) 0.669°
Triple regimen included basiliximalb® 4 (14.8) 4 (14.8) 8 (14.8) 1.000°
ICU care, N(%) 17 (63.0) 9 (33.3) 26 (48.1) 0.029°
Septic shock, N(%) 12 (44.4) 5 (18.5) 17 (31.5) 0.040°
History of IFls, N(%) 3(11.0) 2 (7.4) 5(9.2) 1.000°
Invasive fungal infection
Proven, N(%) 10 (37.0) 11 (40.7) 21 (38.9) 0.780°
Probable, N(%) 17 (63.0) 16 (59.3) 33 (61.1)

Data are the mean + SD or No. (%)

9From the Independent t-test

®From the Chi-square test or Fisher's exact test

CTriple regimen; tacrolimus, mycophenolate mofetil plus steroid

dDouble regimen; tacrolimus plus steroid

Triple regimen included basiliximab; basiliximab, mycophenolate mofetil plus steroid
BMI, body mass index; ICU, intensive care unit

Table 3. Antibiotics use between therapeutic drug monitoring (TDM) and non-TDM groups

DM (n=27) non-TDM (n = 27) Total (n = 54) p-value
Penicillins, N(%) 4 (14.8) 3 (11.1) 7 (13.0) 1.000
Pip/Tazo, N(%) 14 (51.9) 10 (37.0) 24 (44.4) 0.273
Cephalosporins, N(%)
2"9 generation 1 (3.7) 2 (7.4) 3 (5.9) 1.000
394 generation 19 (70.4) 14 (51.9) 33 (61.1) 0.163
4™ generation 11 (40.7) 8 (29.6) 19 (35.2) 0.393
Carbapenems, N(%) 21 (77.8) 19 (70.4) 40 (74.1) 0.535
Fluoroquinolones, N(%) 25 (92.4) 20 (74.1) 45 (83.3) 0.142
Aminoglycosides, N(%) 17 (63.0) 11 (40.7) 28 (51.9) 0.102
Macrolides, N(%) 9 (33.3) 7 (25.9) 16 (29.6) 0.551
Tetracyclines, N(%) 2 (7.4) 1 (3.7) 3 (5.6) 1.000
Glycopeptides, N(%) 21 (77.8) 18 (66.7) 39 (72.2) 0.362
Oxazolidinones, N(%) 5 (18.9) 2 (7.4) 7 (13.0) 0.420
Polymyxins, N(%) 14 (51.9) 8 (29.4) 22 (40.7) 0.097
Metronidazole, N(%) 10 (37.0) 6 (22.2) 16 (29.6) 0.233
TMP/SMX, N(%) 26 (96.3) 23 (85.2) 49 (90.7) 0.159

Data are the No. (%)
From the Chi-square test or Fisher's exact test
Pip/Tazo, piperacillin/tazobactam; TMP/SMX, trimethoprim/sulfamethoxazole
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Table 4. Voriconazole use between therapeutic drug monitoring (TDM) and non-TDM groups

DM (n=27) non-TDM (n =27) Total (n=54) p-value
Baseline
Loading dose, mg/kg/day 90£22 9.4+3.1 92+27 0.633
Maintenance dose, mg/kg/day 77%1.5 78%+1.4 7.7+1.5 0.750
Duration of voriconazole use, days 164 [32-937] 69 [10-571] 120 [10-937] 0.004

Data are the mean + SD or median [min-max]
From the Independent t-test or Mann-Whitney U test

& 7Yz} 77+ 1.5, 7.8 £ 1.4 mg/kg/day (p = 0.750)F F 7t
Frolgk xlelE KolA] §igith. 12y voriconazole®] F17]
- TDM Al@8oll A 164[32-937]Y, TDM H]A|8¥ol| A
69[10-571]4 2 TDM A&l 4] voriconazoled] F&7|7to]
t] Z2%0tHp = 0.004) (Table 4).

Voriconazole TDM A|&§¢] #443-& wdstr] 93] TDM
Al3toll A Z+ gkxle] oFA| F17]7F W voriconazole TDM
IAFE ARG H 9 0.5+ 033 AlES & S U
t}. TDM A 38 A3}, 2 7] voriconazole trough level- 3.1 +£2.2
mg/L, 3717+ W H voriconazole trough levek> 2.4 + 1.5
mg/LE Z45o] B d35559 1.0-5.5 mg/L WE FA5
ATHTable 5). TDM Al 274 5 oAl Foi71 W)

Table 5. Voriconazole therapeutic drug monitoring (TDM) results
in TDM group

TDM (n=27)
Number of voriconazole TDMY, N/week 0.5+03
Initial voriconazole trough level, mg/L 3.1£22
Average of voriconazole trough level, mg/L 2415

Data are the mean + SD

ATDM results which were performed after reaching of voriconazole
steady state (7 days after starting voriconazole administration) were
included

voriconazole =X FZE S5 E 13] o)A o|gk3} Sxl= 201 o
2, TDM A3 5 81.5%°) |d3st= 47} TDM Z3}o
2 8% ™ol a3t Bow ety ayu, o] F
68.2%°1 3|Fsl= 1595 AA) &3F ZHo] AlYEAAL v
2] T8(31.8%) & 24 glo] F97}1 A &= AthFig. 2).

Xz &1

EORTC/MSG 710l 21731 TDM Ald) of ol e ]
F kS-S FoA)Y E2 2493 A3} TDM Ay} HIA|S
9] ogk vk HlEL 737t Fof 23 A3 (40.7% vs.
22.2%; p = 0.143), 65 A% (44.0% vs. 36.8%:; p = 0.632), 12
Z A (47.8% vs. 30.8%; p=0.319), Fo] ETAH(48.1%
vs. 40.7%; p=0.584) 0% e} BE AFAM FAZOE
frolgk zlolE HolXe ko TDM AldiwtellA] BF <
531 Hk3-9] H]-go] =2 S B YTHFig. 3).

22} %7} AEE TDM A3 ool whe} 415k A}, TDM
A& HAETolA  IFIsE 913 APLS(37.0% vs.
48.1%; p = 0.410), 3702 APEE(7.4% vs. 14.8%; p = 0.390),
ICU A& 717H7[0-149]Q vs. 0[0-163]; p = 0.288), ventilator
ARE-717HA[0-17712 vs. 0[0-152]Y; p = 0.236)00| 4] BA A 0.
Z Fo3t ZolE HolA] St 1Y, voriconazole X E
A2 Qe 2x} FHIAAZ O] kA Ak TDM Al

Voriconazole TDM results® (n=27)

Patients
who do not nee
dose adjustment

5 (18.5%)

Patients who need
dose adjustment
based on TDMP

22 (81.5%)

Dose-adjusted
15 (68.2%)

an:Q::.W.Q.;Dose—unat:ljustec:l
e 7 (31.8%)
e

Fig. 2. Voriconazole therapeutic drug monitoring (TDM) results and the application ratio in TDM group. Data are No. (%). “TDM results
performed after reaching of voriconazole steady state(7 days after starting voriconazole administration) were included.

bvoriconazole trough levels < 1.0 mg/L or > 5.5 mg/L
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Treatment responses in TDM vs. non-TDM groups
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(n=23) (n=13) (n=27)  (n=27)

at 12 weeks® at the. End .Of
administration

7 Lack of response

Fig. 3. Treatment responses in therapeutic drug monitoring (TDM) vs. non-TDM groups at 2, 6, 12 weeks, and the end of voriconazole
administration. Data are No. (%). From the Chi-square test or Fisher's exact test. “Patients who completed voriconazole within 6
weeks were excluded from the analysis; 2 patients in TDM group, 8 patients in non-TDM group. PPatients who completed
voriconazole within 12 weeks were excluded from the analysis; 4 patients in TDM group, 14 patients in non-TDM group

HI3] TDM HIABelA o & ASSS HolH FAF S
Z ok 2FolE HHATH25.9% vs. 55.6%; p = 0.027) (Table
6). 22} XA -5, TDM A3} BIA| s BFol| A
liposomal amphotericin B22] Fgto] 71 WIHs|IH 1 &
F 2 HES F 7723 2] 7| QAT Table 7).

Hhd TDM AlSia) vIAJsoll N FRIdA] & ARE-717E
(166[32-937]¢ vs. 93[16-7341Y; p=0.012)" = AA7ZT
(66[6-473]Q vs. 27[0-163]1Y; p = 0.049)- EAH O 2 §o]
1A TDM A3+l A ©] AZIcK Table 6). 3FA| 9} voriconazole
Fol T8 AA 453 vhS B SAE o=

voriconazole &4 7|7+ F7} 2431 A3}, TDM A3l A

170.9 + 67.3%, TDM BIA| 820 4] 137.1 £ 9740 & F
Frolgh 2po] & Ho)A] Z9Th(p = 0.327) (Table 8).
TDM Al B2 t’dS2 voriconazole TDM F=7} A

& Aol vk AL dohis] I3 TOM A VL % 5

of FRAY) U4 W Wl FuF Wee wel Z

gl

response group)2] Vorlconazole trough levelé B34
t}. Voriconazole £37]7F U] A18)E TDM % 3l4= k53t
HRS- 1183, B33k uh-3- 1743] 9.2, HF voriconazole
trough level® &3k ¥H-S-TrollA] 2.6[0.4-8.0] mg/L, B3t
HRg-ol A 1.7[0.4-10.0] mg/LE S E o] F5gk gl

Table 6. Comparisons of efficacy in therapeutic drug monitoring (TDM) vs. non-TDM groups

DM (n=27) non-TDM (n = 27) Total (n=54) p-value
Switching rates to 2@ line anfifungal agents, N(%) 7 (25.9) 15 (55.6) 22 (40.7) 0.027¢
Total duration of antfifungal agents use, days 166 [32-937] 93 [16-734] 126 [16-937] 0.012°
Readmission to hospital for IFls, N(%) 10 (37.0) 13 (48.1) 23 (42.6) 0.410¢
3-month mortality, N(%) 2 (7.4) 4 (14.8) 6 (11.1) 0.390°
LOS, days 66 [6-473] 27 [0-163] 59 [0-473] 0.049
ICU LOS, days 7 [0-149] 0 [0-163] 1.5 [0-163] 0.288P
Duration of ventilator, days 4 [0-177] 0 [0-152] 2.5 [0-177] 0.234°

Data are the No. (%) or median [min-max]
9From the Chi-square test
®From the Mann-Whitney U test

IFls, invasive fungal infections; LOS, hospital length of stay; ICU LOS, intensive care unit length of stay
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Table 7. Comparisons of 2" line antifungal agents in therapeutic drug monitoring (TDM) vs. non-TDM groups

DM (n=7) non-TDM (n=15) Total (n=22) p-value
Liposomal amphotericin B, N(%) 4 (57.1) 10 (66.7) 14 (63.6) 1.000
Caspofungin, N(%) 2 (28.¢) 2 (13.3) 4 (18.2) 0.565
Combined treatment, N(%) 1 (14.3) 3 (20.0) 4 (18.2) 1.000

Data are the No. (%)
From the Fisher's exact test

Table 8. Duration of voriconazole use between therapeutic drug monitoring (TDM) and non-TDM groups

Total Treatment success group
DM (n=27) non-TDM (n = 27) p-value DM (n=13) non-TDM (n=11) p-value
Duration of 164 [32-937] 69 [10-571] 0.004 170.9 +67.3 137.1 +97.4 0327

voriconazole use, days

Data are the mean + SD or median [min-max]
From the Independent t-test or Mann-Whitney U test
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Fig. 4. Comparisons of median voriconazole trough levels between treatment success group and lack of response group in TDM
group. Median voriconazole tfrough levels were significantly different between treatment success group and lack of response group
among patients who received voriconazole therapeutic drug monitoring (p = 0.008). Data are median [min-max]. From the Mann-
Whitney U test
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Table 9. Comparisons of voriconazole trough level between treatment success group and lack of response group in TDM group

Treatment success Lack of response Total
group (n=118) group (n=174) (n=292) p-value
Median voriconazole trough level, mg/L 2.6 [0.4-8.0] 1.7 [0.4-10.0] 2.0 [0.4-10.0] 0.008°
Voriconazole trough level < 1.0 mg/L, N(%) 19 (16.1) 36 (20.7) 55 (18.8) 0.325P
Voriconazole trough level > 5.5 mg/L, N(%) 9 (7.9) 6 (3.4) 15 (5.1) 0.112°
Data are median [min-max] or No. (%)
9From the Mann-Whitney U test
®From the Chi-square test
Table 10. Comparisons of safety in therapeutic drug monitoring (TDM) vs. non-TDM groups
DM (n=27) non-TDM (n = 27) Total (n = 54) p-value
Cytopenia, N(%)
Leukopenia 7 (25.9) 6 (22.2) 13 (24.1) 0.750¢
Neutropenia 1 (3.7) 4 (14.8) 5 (9.3 0.351¢
Anemia 2 (7.4) 3(11.1) 5(9.3) 1.000¢
Thrombocytopenia 2 (7.4) 7 (25.9) 9 (16.7) 0.142°
Liver function
AAST, IU/L 77.0 [11.0-2192.0] 30.0 [2.0-817.0] 60.0 [2.0-2192.0] 0.046°
AALT, IU/L 58.0 [1.0-1293.0] 26.0 [0.0-165.0] 44,0 [0.0-1293.0] 0.077°
AT.bil, mg/dL 0.3 [0.0-21.3] 0.1 [0.0-21.3] 0.2 [0.0-21.3] 0.394°
Renal function
ABUN, mg/dL 24.7 [3.5-67.6] 14.2 [0.0-99.1] 19.4 [0.0-99.1] 0.02¢°
AsCr, g/dL 0.6 [0.0-3.6] 0.2 [0.0-3.1] 0.4 [0.0-3.¢] 0.002°
Heart dysfunction, N(%)
Tachycardia 3(11.1) 4 (14.8) 7 (13.0) 1.000¢°
Bradycardia 0 (0.0) 0 (0.0) 0 (0.0) 1.000°
Prolonged QT interval 1 (3.7) 0 (0.0) 1(1.9) 1.000°
Electrolyte imbalance, mEg/L
ASerum Na increase 7.7+ 4.4 61149 69+4.6 0.204°
ASerum Na decrease 7.7+58 6.1£55 68+56 0.378°
ASerum K increase 1.5 [0.5-4.8] 1.1 [0.0-3.3] 1.3 [0.0-4.8] 0.021°
ASerum K decrease 1.0£0.6 09+0.7 1.0£0.7 0.935°
ASerum Ca increase 1.2 [0.0-2.8] 0.7 [0.0-2.8] 1.1 [0.0-2.8] 0.076°
ASerum Ca decrease 09+0.7 1.0+£1.0 09+08 0.709°
Skin rash, N(%) 1 (3.7) 3 (11.1) 4 (7.4) 0.610°
Visual disturbance, N(%) 2 (7.4) 2 (7.4) 4 (7.4) 1.000¢

Data are No. (%), mean + SD or median [min-max]
9From the Chi-square test or Fisher's exact test
®From the Independent t-test or Mann-Whitney U test

AST, aspartate aminotransferase; ALT, alanine aminotransferase; T.bil, total bilirubin; BUN, blood urea nitrogen; sCr, serum creatinine

p=0.351), 918 WWE(7.4% vs. 11.1%; p=1.000), 23
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oA F 1 BAH SR foJ 3t xfo] & HolA] ettt
TDM AJ&it3} HlA|aiate] 7H7)s B4 Avl AST Z71&
(77.0[11.0-2192.0] TU/L vs. 30.0[2.0-817.0] IU/L; p = 0.046)
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