
1 NAME 

ARK™ Voriconazole II Assay
2 INTENDED USE
T h e  A R K  V o r i c o n a z o l e  I I  A s s a y  i s  a  h o m o g e n e o u s  e n z y m e  i m m u n o a s s a y  i n t e n d e d  f o r  t h e  
q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  v o r i c o n a z o l e  i n  h u m a n  s e r u m  o n  a u t o m a t e d  c l i n i c a l  c h e m i s t r y  
a n a l y z e r s . T h e  m e a s u r e m e n t s  o b t a i n e d  a r e  u s e d  i n  m o n i t o r i n g  l e v e l s  o f  v o r i c o n a z o l e  t o  e n s u r e  
a p p r o p r i a t e  t h e r a p y . T h e  a s s a y  s h o u l d  o n l y  b e  u s e d  i n  c o n j u n c t i o n  w i t h  i n f o r m a t i o n  a v a i l a b l e  
f r o m  c l i n i c a l  e v a l u a t i o n s  a n d  o t h e r  d i a g n o s t i c  p r o c e d u r e s .
Caution: Federal Law restricts this device to sale by or on the order of a licensed practitioner.

3 SUMMARY AND EXPLANATION OF THE TEST
V o r i c o n a z o l e  ( V F E N D ® , Pfizer) is a triazole antifungal agent and is designated chemically as 
(2R,3S)-2-(2,4-difluorophenyl)-3-(5-fluoro-4-pyrimidinyl)-1-(1H-1,2,4-triazol-1-yl)-2-butanol.1 
VFEND is a triazole antifungal drug indicated for use in the treatment of:
•  I n v a s i v e  a s p e r g i l l o s i s
•  Candidemia (nonneutropenics) and disseminated candidiasis in skin, abdomen, kidney, 

b l a d d e r  w a l l ,  a n d  w o u n d s
•  E s o p h a g e a l  c a n d i d i a s i s
•  S e r i o u s  i n f e c t i o n s  c a u s e d  b y  Scedosporium apiospermum  a n d  Fusarium  s p p . i n c l u d i n g  

Fusarium solani ,  i n  p a t i e n t s  i n t o l e r a n t  o f ,  o r  r e f r a c t o r y  t o ,  o t h e r  t h e r a p y

4 PRINCIPLES OF THE PROCEDURE
A R K  V o r i c o n a z o l e  I I  A s s a y  i s  a  h o m o g e n e o u s  i m m u n o a s s a y  b a s e d  o n  c o m p e t i t i o n  b e t w e e n  
d r u g  i n  t h e  s p e c i m e n  a n d  v o r i c o n a z o l e  l a b e l e d  w i t h  t h e  e n z y m e  g l u c o s e - 6- p h o s p h a t e  
dehydrogenase (G6PDH) for binding to the antibody reagent. As the latter binds antibody, 
e n z y m e  a c t i v i t y  d e c r e a s e s . I n  t h e  p r e s e n c e  o f  d r u g  f r o m  t h e  s p e c i m e n ,  e n z y m e  a c t i v i t y  i n c r e a s e s  
a n d  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  d r u g  c o n c e n t r a t i o n . A c t i v e  e n z y m e  c o n v e r t s  t h e  c o e n z y m e  
nicotinamide adenine dinucleotide (NAD) to NADH that is measured spectrophotometrically as 
a rate of change in absorbance. Endogenous serum G6PDH does not interfere with the results 
b e c a u s e  t h e  c o e n y z m e  N A D  f u n c t i o n s  o n l y  w i t h  t h e  b a c t e r i a l  e n z y m e  u s e d  i n  t h e  a s s a y .

5 REAGENTS
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ARK™ Voriconazole II Assay
T h i s  A R K  D i a g n o s t i c s ,  I n c . p a c k a g e  i n s e r t  f o r  t h e  A R K  V o r i c o n a z o l e  I I  A s s a y  m u s t  b e  r e a d  
c a r e f u l l y  p r i o r  t o  u s e . P a c k a g e  i n s e r t  i n s t r u c t i o n s  m u s t  b e  f o l l o w e d  a c c o r d i n g l y . R e l i a b i l i t y  
o f  t h e  a s s a y  r e s u l t s  c a n n o t  b e  g u a r a n t e e d  i f  t h e r e  a r e  a n y  d e v i a t i o n s  f r o m  t h e  i n s t r u c t i o n s  
i n  t h i s  p a c k a g e  i n s e r t . T h e  A R K  V o r i c o n a z o l e  I I  A s s a y  t e s t  s y s t e m  i n c l u d e s  s e p a r a t e l y  
p r o v i d e d  t e s t  k i t s  f o r  t h e  A R K  V o r i c o n a z o l e  I I  A s s a y ,  A R K  V o r i c o n a z o l e  I I  C a l i b r a t o r  a n d  
A R K  V o r i c o n a z o l e  I I  C o n t r o l .

ARK 'iagnosWics� Inc�

KEY TO SYMBOLS USED

R e a g e n t  K i t              5030- 0001- 01©  2018,  A R K  D i a g n o s t i c s ,  I n c . 

ReagenW +anGling anG SWorage 
A R K  V o r i c o n a z o l e  I I  A s s a y  r e a g e n t s  a r e  p r o v i d e d  l i q u i d ,  r e a d y  t o  u s e  a n d  m a y  b e  u s e d  d i r e c t l y  
from the refrigerator. When not in use, reagents must be stored at 2–8°C (36–46°F), upright 
a n d  w i t h  s c r e w  c a p s  t i g h t l y  c l o s e d . I f  s t o r e d  a s  d i r e c t e d ,  r e a g e n t s  a r e  s t a b l e  u n t i l  t h e  e x p i r a t i o n  
d a t e  p r i n t e d  o n  t h e  l a b e l . D o  n o t  f r e e z e  r e a g e n t s . A v o i d  p r o l o n g e d  e x p o s u r e  t o  t e m p e r a t u r e s  
above 32°C (90°F). ImSroSer sWorage oI reagenWs can aIIecW assay SerIormance� 
R e a g e n t s  w e r e  s t a b l e  u p  t o  60 d a y s  w h e n  s t o r e d  o n - b o a r d  t h e  i n s t r u m e n t  b a s e d  o n  s u p p o r t i n g  
d a t a .
ARK Voriconazole products contain ≤0.09% sodium azide. As a precaution, affected plumbing 
including instrumentation should be flushed adequately with water to mitigate the potential 
a c c u m u l a t i o n  o f  e x p l o s i v e  m e t a l  a z i d e s . N o  s p e c i a l  h a n d l i n g  i s  r e q u i r e d  r e g a r d i n g  o t h e r  a s s a y  
c o m p o n e n t s .

6 WARNINGS AND PRECAUTIONS
•  F o r  I n  V i t r o  D i a g n o s t i c  U s e . F o r  p r e s c r i p t i o n  u s e  o n l y .
•  R e a g e n t s              a n d                a r e  p r o v i d e d  a s  a  m a t c h e d  s e t  a n d  s h o u l d  n o t  b e  i n t e r c h a n g e d  

w i t h  r e a g e n t s  f r o m  d i f f e r e n t  l o t  n u m b e r s . 
•  Reagents contain ≤0.09% sodium azide.
•  T h e  a s s a y  s h o u l d  o n l y  b e  u s e d  i n  c o n j u n c t i o n  w i t h  i n f o r m a t i o n  a v a i l a b l e  f r o m  c l i n i c a l

e v a l u a t i o n s  a n d  o t h e r  d i a g n o s t i c  p r o c e d u r e s .

7 SPECIMEN COLLECTION AND PREPARATION FOR ANALYSIS
•  Serum is required. A steady state, trough (pre-dose) sample is generally accepted as most 

c o n s i s t e n t  f o r  t h e r a p e u t i c  d r u g  m o n i t o r i n g  o f  v o r i c o n a z o l e . T i m e  o f  b l o o d  d r a w  s i n c e  l a s t
d o s e  s h o u l d  b e  n o t e d .

CUSTOMER SERVICE

REF Product Description Quantity/Volume
5030-0001-01

1 X  28 m L

1 X  14 m L

ARK Voriconazole II Assay
Reagent             – Antibody/Substrate 
r a b b i t  p o l y c l o n a l  a n t i b o d i e s  t o  v o r i c o n a z o l e ,  
g l u c o s e - 6- p h o s p h a t e ,  n i c o t i n a m i d e  a d e n i n e  
d i n u c l e o t i d e ,  b o v i n e  s e r u m  a l b u m i n ,  s o d i u m  a z i d e ,  
a n d  s t a b i l i z e r s  

Reagent             – Enzyme
V o r i c o n a z o l e  l a b e l e d  w i t h  b a c t e r i a l  G 6P D H ,  b u f f e r ,  
b o v i n e  s e r u m  a l b u m i n ,  s o d i u m  a z i d e ,  a n d  s t a b i l i z e r s
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•  B l o o d  c o l l e c t i o n  m u s t  b e  p e r f o r m e d  w i t h  c o l l e c t i o n  t u b e s  c o m p a t i b l e  f o r  u s e  w i t h  t h e r a p e u t i c  
drug monitoring (TDM).

•  D o  n o t  i n d u c e  f o a m i n g  a n d  a v o i d  r e p e a t e d  f r e e z i n g  a n d  t h a w i n g  t o  p r e s e r v e  t h e  i n t e g r i t y  o f  
t h e  s p e c i m e n  f r o m  t h e  t i m e  i t  i s  c o l l e c t e d  u n t i l  t h e  t i m e  i t  i s  a s s a y e d . 

•  F i b r i n ,  r e d  b l o o d  c e l l s ,  a n d  o t h e r  p a r t i c u l a t e  m a t t e r  m a y  c a u s e  a n  e r r o n e o u s  r e s u l t . E n s u r e  
a d e q u a t e  c e n t r i f u g a t i o n .

•  Clarified specimens may be stored up to one week at 2 to 8°C. If testing will be delayed 
more than one week, specimens should be stored frozen (≤ -20°C) up to four weeks prior to 
b e i n g  t e s t e d . C a r e  s h o u l d  b e  t a k e n  t o  l i m i t  t h e  n u m b e r  o f  f r e e z e - t h a w  c y c l e s .

• +anGle all SaWienW sSecimens as iI WKey Zere SoWenWially inIecWioXs�

8 PROCEDURE
MaWerials 3roYiGeG
ARK Voriconazole II Assay –            5030-0001-01
MaWerials ReTXireG ± 3roYiGeG SeSaraWely
ARK Voriconazole II Calibrator –            5030-0002-01
Quality Controls – ARK Voriconazole II Control –            5030-0003-01
InsWrXmenWs
Reagents           and    may need to be transferred to analyzer-specific reagent containers 
p r i o r  t o  u s e . A v o i d  c r o s s - c o n t a m i n a t i o n  o f             a n d             .
Assay SeTXence
To run or calibrate the assay, see the instrument-specific operator’s manual and instrument-
specific application sheet.
CaliEraWion
Perform a full calibration (6-point) procedure using the ARK Voriconazole II Calibrators A, B, 
C ,  D ,  E ,  a n d  F ;  t e s t  c a l i b r a t o r s  i n  d u p l i c a t e . V e r i f y  t h e  c a l i b r a t i o n  c u r v e  w i t h  a t  l e a s t  t w o  l e v e l s  
of quality controls according to the established laboratory quality assurance plan. CAL A is the 
c a l i b r a t i o n  b l a n k . 
R e c a l i b r a t e  w h e n e v e r  a  n e w  l o t  o f  r e a g e n t s  i s  u s e d  o r  a s  i n d i c a t e d  b y  q u a l i t y  c o n t r o l  r e s u l t s  
(See Quality Control below). Acceptable quality control results are needed to validate a new 
c a l i b r a t i o n  c u r v e . I f  a  n e w  s e t  o f  r e a g e n t s  w i t h  t h e  s a m e  l o t  n u m b e r  i s  u s e d ,  v a l i d a t e  t h e  s y s t e m  
b y  a s s a y i n g  c o n t r o l s .
A  s t o r e d  c a l i b r a t i o n  c u r v e  w a s  e f f e c t i v e  u p  t o  a t  l e a s t  30 d a y s  b a s e d  o n  s u p p o r t i n g  d a t a .
4XaliWy ConWrol (4C)
Laboratories should establish QC procedures for the ARK Voriconazole II Assay. All quality 
control requirements and testing should be performed in conformance with local, state and/or 
f e d e r a l  r e g u l a t i o n s  o r  a c c r e d i t a t i o n  r e q u i r e m e n t s . E n s u r e  t h a t  t h e  q u a l i t y  c o n t r o l  r e s u l t s  m e e t  
t h e  a c c e p t a n c e  c r i t e r i a  b e f o r e  r e p o r t i n g  p a t i e n t  r e s u l t s .
Good laboratory practice suggests that at least two levels (low and high medical decision 
points) of quality control be tested each day patient samples are assayed and each time a 
c a l i b r a t i o n  i s  p e r f o r m e d . M o n i t o r  t h e  c o n t r o l  v a l u e s  f o r  a n y  t r e n d s  o r  s h i f t s . I f  a n y  t r e n d s  o r  s h i f t s  
are detected, or if the control does not recover within the specified range, review all operating 
p a r a m e t e r s  a c c o r d i n g  t o  y o u r  c l i n i c a l  l a b o r a t o r y  q u a l i t y  p r o c e d u r e s . C o n t a c t  C u s t o m e r  S e r v i c e  
f o r  f u r t h e r  a s s i s t a n c e .
ManXal 'ilXWion 3roWocol
The measurement range of the ARK Voriconazole II Assay is 0.5 – 14.0 μg/mL. Specimens 
containing voriconazole in higher concentrations (>14.0 μg/mL) are assayed by dilution of the 
specimen into the measurement range. Dilute the specimen with zero calibrator (CAL A). A 
f o u r - f o l d  d i l u t i o n  f a c t o r  i s  s u g g e s t e d . M u l t i p l y  t h e  a s s a y e d  r e s u l t  b y  t h e  d i l u t i o n  f a c t o r .
Manual Dilution Factor = (Volume of Specimen + Volume of CAL A)

V o l u m e  o f  S p e c i m e n  

9 RESULTS
Report result units as μg/mL or μmol/L. To convert results from μg/mL voriconazole to μmol/L 
voriconazole, multiply μg/mL by 2.863. The voriconazole value from this assay should be used 
in conjunction with other clinical information. Refer to the instrument specific operator’s manual 
f o r  a n y  r e s u l t  e r r o r  c o d e s .
A  t h e r a p e u t i c  r a n g e  f o r  v o r i c o n a z o l e  h a s  n o t  b e e n  w e l l  e s t a b l i s h e d . T h e  r e f e r e n c e  r a n g e  o f  
1.0 μg/mL to 5.5 μg/mL has been proposed.2 T h e  a s s a y  s h o u l d  o n l y  b e  u s e d  i n  c o n j u n c t i o n  
w i t h  i n f o r m a t i o n  a v a i l a b l e  f r o m  c l i n i c a l  e v a l u a t i o n s  a n d  o t h e r  d i a g n o s t i c  p r o c e d u r e s . ReIer Wo 
([SecWeG ValXes�

10 LIMITATIONS OF PROCEDURE
T h i s  a s s a y  i s  d e s i g n e d  f o r  u s e  w i t h  s e r u m ;  r e f e r  t o  t h e  s e c t i o n s  SSecimen CollecWion anG 
3reSaraWion Ior Analysis. I t  i s  g e n e r a l l y  g o o d  p r a c t i c e  t o  u s e  t h e  s a m e  m e t h o d  ( a s  w e l l  
as matrix) consistently for individual patient care due to the potential for method-to-method 
v a r i a b i l i t i e s . S e e  t h e  s e c t i o n  ([SecWeG ValXes  b e l o w .

Limit of  B lank  (LoB );  N  =  60
μ% � �.�4� 6' � Zhere 6'   0.00�
LLmLt oI 'eteFtLon �Lo'�� 1   �0 
Lo% � �.��� 6'� Zhere 6'   0.0�3
LLmLt oI 4uantLtatLon �Lo4�� 1   40
Lo4 ± � 6' ! Lo'
:Lth aFFeStabOe reFover\ anG OLnearLt\

0.003

0.04

0.�0

Criterion VRULFRQD]ROH CRQFHQWUDWLRQ (μg/mL)

E a c h  l a b o r a t o r y  i s  r e s p o n s i b l e  f o r  d e t e r m i n i n g  r e p o r t i n g  c r i t e r i a  f o r  v o r i c o n a z o l e  c o n c e n t r a t i o n s . 
The following suggestion from CLSI EP17-A2 may be appropriate:
Result ≤ LoB  report “not detected; concentration < LoD”
LoB < Result < LoQ  report “analyte detected; concentration < LoQ”
Result ≥ LoQ  report the result as measured
Summary of Mean Voriconazole and Precision for LoB/LoD/LoQ Samples: Human serum 
from 20 individuals (patients not treated with voriconazole) were tested once per day for 3 
days (N=60) for determination of reproducibility of the Blank. Human serum from patients 
t r e a t e d  w i t h  v o r i c o n a z o l e  w a s  p o o l e d  t o  o b t a i n  v o r i c o n a z o l e  l e v e l s  0.20,  0.30,  0.40,  0.50 a n d  
0.70 μg/mL as determined by LC-MS/MS. Twenty replicates of 0.20 μg/mL were tested per 
day for 3 days (N=60). Eight replicates were tested once per day for 5 days (N=40) for the 
r e m a i n i n g  v o r i c o n a z o l e - p o s i t i v e  l e v e l s . A l l  s a m p l e s  w e r e  t e s t e d  w i t h  3 d i f f e r e n t  l o t s  o f  t h e  A R K  
Voriconazole II Assay. The LoQ (0.5 μg/mL) was assured for each lot.

11 EXPECTED VALUES
A  t h e r a p e u t i c  r a n g e  f o r  v o r i c o n a z o l e  h a s  n o t  b e e n  w e l l  e s t a b l i s h e d . T h e  r e f e r e n c e  r a n g e  o f  1.0 
μg/mL to 5.5 μg/mL has been proposed.2 S t e a d y  s t a t e  c o n c e n t r a t i o n s  m a y  b e  a c h i e v e d  a f t e r  
5 t o  7 d a y s  o f  t r e a t m e n t . P r a c t i c e  g u i d e l i n e s 3- 5 s u p p o r t  T D M  a n d  c l i n i c a l  a p p l i c a t i o n  o f  T D M  
h a s  b e e n  r e c o m m e n d e d 6- 8 d u e  t o  t h e  h i g h  i n t e r - i n d i v i d u a l  a n d  i n t r a - i n d i v i d u a l  v a r i a t i o n  i n  t h e  
m e t a b o l i s m 9- 10 o f  v o r i c o n a z o l e ,  n o n - l i n e a r  p h a r m a c o k i n e t i c s  a n d  C Y P 2C 19 p o l y m o r p h i s m s .11- 12

V o r i c o n a z o l e  t r e a t m e n t  h a s  b e e n  u s e d  f o r  i n v a s i v e  f u n g a l  i n f e c t i o n  a n d  p r o p h y l a c t i c a l l y  i n  
t r a n s p l a n t  p a t i e n t s .13- 15 C o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  t h e  r e q u i r e m e n t s  f o r  p e d i a t r i c  u s e ,  
s i n c e  m e t a b o l i s m  i n  c h i l d r e n  m a y  b e  d i f f e r e n t  t h a n  f o r  a d u l t s .16- 18

V o r i c o n a z o l e  d r u g  c o n c e n t r a t i o n s  s h o u l d  n o t  b e  t h e  o n l y  m e a n s  o f  t h e r a p e u t i c  d r u g  
m a n a g e m e n t . T h e  a s s a y  s h o u l d  b e  u s e d  i n  c o n j u n c t i o n  w i t h  i n f o r m a t i o n  a v a i l a b l e  f r o m  c l i n i c a l  
e v a l u a t i o n s  a n d  o t h e r  d i a g n o s t i c  p r o c e d u r e s . C l i n i c i a n s  s h o u l d  c a r e f u l l y  m o n i t o r  p a t i e n t s  
d u r i n g  t h e r a p y  a n d  d o s a g e  a d j u s t m e n t s .

12 SPECIFIC PERFORMANCE CHARACTERISTICS
Each laboratory is responsible for verification of performance using instrument parameters 
e s t a b l i s h e d  f o r  t h e i r  a n a l y z e r . T h e  f o l l o w i n g  p e r f o r m a n c e  c h a r a c t e r i s t i c s  w e r e  o b t a i n e d  o n  t h e  
R o c h e  c o b a s ® c  501 S y s t e m .
SensiWiYiWy
Limit of Quantitation (LOQ)
The following characteristics were determined according to CLSI EP17-A2 for the ARK 
Voriconazole II Assay. Analyzer-specific performance may vary.

MeasXremenW Range
The measurement range of the ARK Voriconazole II Assay is 0.5 – 14.0 μg/mL. Specimens 
containing voriconazole in higher concentrations (>14.0 μg/mL) may be assayed by dilution 
o f  t h e  s p e c i m e n  i n t o  t h e  m e a s u r e m e n t  r a n g e  f o r  a  q u a n t i t a t i v e  r e s u l t  o r  o t h e r w i s e  r e p o r t e d  
a s  d e t e c t e d  a b o v e  t h e  m e a s u r e m e n t  r a n g e . R e f e r  t o  SecWion � 3roceGXre - ManXal 
'ilXWion 3roWocol. 

Lot 1
M ean

R M S S D
% C V
M ean

R M S S D
% C V

Lot 2

0.00 0.20 0.30 0.40 0.50

60 60 40 40 40

Level
(μg/mL)

N

0.00 0.20 0.30 0.41 0.49

M ean
R M S S D

% C V

0.00
0.001

N A
0.00
0.000

N A

0.00
0.002

N A

0.20
0.023
11.4
0.19

0.020
10.4
0.22

0.014
6.3

0.29
0.027

9.6
0.29
0.020

7.0

0.33
0.013

4.0

0.39
0.022

5.6
0.40
0.031

7.8

0.43
0.018

4.1

0.47
0.027

5.8
0.47
0.021

4.5

0.52
0.017

3.2

0.70

40

0.70

0.69
0.034

4.9
0.67
0.039

5.8

0.73
0.024

3.3
Lot 3

Lot Av erage



MeWKoG ComSarison
Method comparison studies were performed using CLSI Protocol EP9-A3 as a guideline. 
Results from the ARK Voriconazole II Assay were compared with results from LC-MS/
M S . P a s s i n g - B a b l o k  r e g r e s s i o n  a n a l y s i s  w a s  p e r f o r m e d  f o r  165 s e r u m  s p e c i m e n s  w i t h  
voriconazole concentrations by LC-MS/MS that ranged 0.5 μg/mL to 13.9 μg/mL. Passing-
B a b l o k 19 regression statistics are shown below (with 95% confidence limits).

InWerIering SXEsWances
Interference studies were conducted using CLSI Protocol EP7-A2 as a guideline. Clinically 
h i g h  c o n c e n t r a t i o n s  o f  t h e  f o l l o w i n g  p o t e n t i a l l y  i n t e r f e r i n g  s u b s t a n c e s  i n  s e r u m  w i t h  k n o w n  
levels of voriconazole (1.0 and 5.0 μg/mL) were evaluated. Each sample was assayed using 
t h e  A R K  V o r i c o n a z o l e  I I  A s s a y ,  a l o n g  w i t h  a  s e r u m  c o n t r o l  o f  v o r i c o n a z o l e . M e a s u r e m e n t  o f  
voriconazole resulted in ≤10% error in the presence of interfering substances at the levels 
t e s t e d .

Theoretical 
Concentration  

(μg/mL)

Mean Recovered 
Concentration  

(μg/mL)

Percent 
Recovery

0.5
1.2
3.0
6.0
9.0

12.0
15.0

0.45
1.19
3.05
5.86
8.74

11.44
15.75

90.0
99.2

101.7
97.7
97.1
95.3

105.0
M e a n  p e r c e n t  r e c o v e r y :  98.0

3recision
Precision was determined as described in CLSI Protocol EP5-A3. Tri-level controls and three 
s a m p l e s  o f  v o r i c o n a z o l e  i n  p o o l e d  h u m a n  s e r u m  w e r e  u s e d  i n  t h e  s t u d y . E a c h  l e v e l  w a s  
a s s a y e d  i n  q u a d r u p l i c a t e  t w i c e  a  d a y  f o r  20 d a y s . E a c h  o f  t h e  r u n s  p e r  d a y  w a s  s e p a r a t e d  b y  
a t  l e a s t  t w o  h o u r s . T h e  w i t h i n  r u n ,  b e t w e e n  d a y ,  t o t a l  S D ,  a n d  p e r c e n t  C V s  w e r e  c a l c u l a t e d . 
Results are shown below. Acceptance criteria: ≤10% total CV.

LC-MS/MS (μg/mL)

A
R

K
 V

or
ic

on
az

ol
e 

II 
A

ss
ay

 (μ
g/

m
L)

Slope 0.99

0.08

0.96

165

(0.96 to 1.03)

(0.04 to 0.17)

(0.94 to 0.97)

y-intercept 

Correlation Coefficient (r2)

Number of Samples 

0.0

2.0

4.0

6.0

8 .0

10.0

12.0

14.0

0.0 2.0 4.0 6.0 8 .0 10.0 12.0 14.0

AR K  Voriconazole I I  C ontrol

LO W
M I D

H I G H  

LO W
M I D

H I G H  

H u man S eru m 

Sample N
Mean  

(μg/mL)
Between RunWithin Run

Repeatability ReproducibilityBetween Day Total
SD CV (%) SD CV (%) SD CV (%)

160
160
160

1.03
4.91
9.39

0.030
0.124
0.242

2.9
2.5
2.6

0.022
0.101
0.207

2.1
2.1
2.2

0.051
0.209
0.426

4.9
4.3
4.5

160
160
160

1.02
5.03
9.80

0.029
0.149
0.286

2.8
3.0
2.9

SD CV (%)

0.047
0.194
0.394

4.6
3.9
4.2

0.043
0.182
0.334

4.2
3.6
3.4

0.024
0.111
0.221

2.4
2.2
2.3

0.047
0.217
0.407

4.6
4.3
4.2

0.00
0.43
1.02
2.05
4.21
5.8 9
8 .08
9.91

12.26
14.43
16.31
21.94

0.0
0.5
1.0
2.0
4.0
6.0
8 .0
10.0
12.0
14.0
16.0
20.0*

- 0.04
0.47
0.98
2.00
4.04
6.08
8 .13
10.17
12.21
14.25
16.29

N A

0.02
0.51
1.01
2.00
4.00
6.02
8 .06
10.11
12.18
14.28
16.39

N A

N A
0.04 μg/mL
0.03 μg/mL
0.00 μg/mL

- 1.0%
- 1.1%
- 0.9%
- 0.6%
- 0.2%
0.2%
0.6%
N A

Measured
Results 
(μg/mL)

1RmLQDO
(μg/mL)

1st Order
3UHGLFWHG
Results

�QG 2UGHU 
3UHGLFWHG
Results

 'LIIHUHQFH

*Above the measurement range

LineariWy
Linearity studies were performed as suggested in CLSI/NCCLS Protocol EP6-A. A 20.0 μg/mL 
v o r i c o n a z o l e  s e r u m  s a m p l e  w a s  p r e p a r e d  a n d  d i l u t i o n s  w e r e  m a d e  p r o p o r t i o n a l l y  w i t h  h u m a n  
serum negative for voriconazole. Linearity at specific dilutions was considered acceptable if the 
percent difference was ±10% between the predicted 1st and 2nd order regressed values, or ≤ 
0.2 μg/mL at concentrations ≤ 2.0 μg/mL. A linear relationship was demonstrated between 0.5 
and 16.0 μg/mL (y = 1.0209x – 0.0416).

Percentage Recovery  

Interfering 
Substance

 
Interferent 

Concentration
1.0 µg/mL 

Voriconazole
5.0 µg/mL 

Voriconazole

Albu min

B iliru bin -  conj u gated

B iliru bin -  u nconj u gated

C h olesterol

G amma- G lobu lin

H emoglobin

R h eu matoid  F actor

T rigly cerid es

U ric Acid

12 g/d L

70 mg/d L

70 mg/d L

617 mg/d L

12 g/d L

1000 mg/d L

1000 I U /mL

1000 mg/d L

30 mg/d L

104.5

99.4

103.4

95.8

106.3

103.0

103.5

107.2

105.5

98 .8

99.7

95.9

98 .3

97.9

93.5

100.1

99.2

96.2

RecoYery
A n a l y t i c a l  r e c o v e r y  w a s  a s s e s s e d  b y  a d d i n g  c o n c e n t r a t e d  v o r i c o n a z o l e  d r u g  i n t o  h u m a n  
s e r u m  n e g a t i v e  f o r  v o r i c o n a z o l e . A  s t o c k  c o n c e n t r a t e  o f  v o r i c o n a z o l e  i n  m e t h a n o l  w a s  a d d e d  
v o l u m e t r i c a l l y  t o  h u m a n  s e r u m  n e g a t i v e  f o r  v o r i c o n a z o l e ,  r e p r e s e n t i n g  d r u g  c o n c e n t r a t i o n s  
a c r o s s  t h e  a s s a y  r a n g e . S i x  r e p l i c a t e s  o f  e a c h  s a m p l e  w e r e  a s s a y e d . T h e  r e s u l t s  w e r e  
a v e r a g e d  a n d  c o m p a r e d  t o  t h e  t a r g e t  c o n c e n t r a t i o n  a n d  p e r c e n t  r e c o v e r y  c a l c u l a t e d .
% Recovery = 100 x Mean recovered concentration

T h e o r e t i c a l  c o n c e n t r a t i o n

S e r u m  w a s  c o l l e c t e d  f r o m  v o r i c o n a z o l e - t r e a t e d  p a t i e n t s  a n d  p o o l e d  t o  p r e p a r e  t h r e e  
c o n c e n t r a t i o n  l e v e l s . E a c h  l e v e l  w a s  a s s a y e d  i n  q u a d r u p l i c a t e  t w i c e  a  d a y  f o r  5 d a y s . E a c h  
o f  t h e  r u n s  p e r  d a y  w a s  s e p a r a t e d  b y  a t  l e a s t  t w o  h o u r s . T e s t i n g  w a s  p e r f o r m e d  b y  t h r e e  
independent lots of the ARK Voriconazole II Assay. Total precision ranged from 3.3 to 6.9 %CV 
a m o n g  a l l  l e v e l s  a n d  l o t s  t e s t e d .

Lot 1

LO W
M I D

H I G H  

LO W
M I D

H I G H  

Lot 2 

Sample N
Mean  

(μg/mL)
Between RunWithin Run

Repeatability ReproducibilityBetween Day Total
SD CV (%) SD CV (%) SD CV (%)

40
40
40

1.03
4.95

10.58

0.041
0.095
0.391

4.0
1.9
3.7

0.032
0.077
0.360

3.1
1.6
3.4

0.062
0.243
0.728

6.0
4.9
6.9

40
40
40

0.96
4.80

10.69

0.045
0.106
0.296

4.7
2.2
2.8

SD CV (%)

0.053
0.237
0.660

5.2
4.8
6.2

0.040
0.271
0.574

4.2
5.7
5.4

0.038
0.064
0.252

3.9
1.3
2.4

0.058
0.271
0.604

6.0
5.7
5.7

LO W
M I D

H I G H  

Lot 3 
40
40
40

0.99
4.76

10.50

0.018
0.085
0.321

1.8
1.8
3.1

0.030
0.186
0.625

3.1
3.9
6.0

0.011
0.060
0.299

1.1
1.3
2.8

0.033
0.186
0.677

3.3
3.9
6.5
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SSeci¿ciWy
Metabolism
V o r i c o n a z o l e  d i s p l a y s  h i g h l y  v a r i a b l e  n o n - l i n e a r  p h a r m a c o k i n e t i c s ,  w h i c h  a r e  p r i m a r i l y  d u e  
t o  p o l y m o r p h i c  C Y P 2C 19 m e t a b o l i s m . A f t e r  o r a l  a n d  i n t r a v e n o u s  a d m i n i s t r a t i o n  v o r i c o n a z o l e  
i s  e x t e n s i v e l y  m e t a b o l i z e d  t o  i n a c t i v e  m e t a b o l i t e s  i n c l u d i n g  N - o x i d e  v o r i c o n a z o l e ,  4- h y d r o x y -
v o r i c o n a z o l e  a n d  d i - h y d r o x y - v o r i c o n a z o l e . V o r i c o n a z o l e  a n d  i t s  m a j o r  m e t a b o l i t e ,  N - o x i d e  
v o r i c o n a z o l e ,  a r e  p r e s e n t  q u a n t i t a t i v e l y  i n  s e r u m 20,  w h i l e  h y d r o x y l a t e d  m e t a b o l i t e s  a r e  
e a s i l y  e x c r e t e d  i n t o  u r i n e . T h e  c o n c e n t r a t i o n  o f  N - o x i d e  m e t a b o l i t e  u s u a l l y  d o e s  n o t  e x c e e d  
concentration of the parent drug. Pharmacokinetics of voriconazole may be further influenced 
b y  o t h e r  d r u g  m e t a b o l i z i n g  e n z y m e s  a n d  a g e - b a s e d  d i f f e r e n c e s  i n  d r u g  m e t a b o l i s m .
Metabolite
T h e  c r o s s r e a c t i v i t y  o f  N-oxide voriconazole metabolite (5.0 μg/mL or 10.0 μg/mL) in the ARK 
Voriconazole II Assay was not clinically significant (≤ 3.0% crossreactivity) when tested in the 
absence (0.0 μg/mL) or presence of voriconazole (1.0 μg/mL or 5.0 μg/mL) in human serum.

13 REFERENCES

1. Prescribing information. 2011. VFEND. Pfizer Inc. New York, NY. http://www.pfizer.com/products/rx/
r x _ p r o d u c t _ v f e n d .j s p

2. Park, W.B. et al. 2012. The effect of therapeutic drug monitoring on safety and efficacy of voriconazole in 
invasive fungal infections: a randomized controlled trial. Clin Infect Dis 55:1080-1087.

3. Ashbee, H. R. et al. 2014. Therapeutic drug monitoring (TDM) of antifungal agents: Guidelines from the 
B r i t i s h  S o c i e t y  f o r  M e d i c a l  M y c o l o g y . J  A n t i m i c r o b  C h e m o t h e r  69:1162-1176.

4. Hamada, Y. et al. 2013. Practice guidelines for therapeutic drug monitoring of voriconazole: a consensus 
r e v i e w  o f  t h e  J a p a n e s e  S o c i e t y  o f  C h e m o t h e r a p y  a n d  t h e  J a p a n e s e  S o c i e t y  o f  T h e r a p e u t i c  D r u g  M o n i t o r -
i n g . J  I n f e c t  C h e m o t h e r  19:381-392.

5. Walsh, T.J. et al. 2008. Treatment of aspergillosis: Clinical practice guidelines of the Infectious Diseases 
S o c i e t y  o f  A m e r i c a . C l i n  I n f e c t  D i s  46:327-360.

6. B r u g g e m a n n ,  R . J . e t  a l . 2008. T h e r a p e u t i c  d r u g  m o n i t o r i n g  o f  v o r i c o n a z o l e . T h e r  D r u g  M o n i t  30:403-
411.

7. P a s c u a l ,  A . e t  a l . 2008. V o r i c o n a z o l e  t h e r a p e u t i c  d r u g  m o n i t o r i n g  i n  p a t i e n t s  w i t h  i n v a s i v e  m y c o s e s  
improves efficacy and safety outcomes. Clin Infect Dis 46:201-211.

8. Thompson, G. R. and J. S. Lewis. 2010. Pharmacology and clinical use of voriconazole. Expert Opin 
D r u g  M e t a b  T o x i c o l  6:83-94.

9. Hyland, R. 2003. Identification of the cytochrome P450 enzymes involved in the N-oxidation of voricon-
a z o l e . D r u g  M e t a b  D i s p o s  31:542-547.

10. M u r a y a m a ,  N . e t  a l . 2007. R o l e s  o f  C Y P 3A 4 a n d  2C 19 i n  m e t h y l  h y d r o x y l a t e d  a n d  N - o x i d i z e d  m e t a b o -
l i t e  f o r m a t i o n  f r o m  v o r i c o n a z o l e ,  a  n e w  a n t i - f u n g a l  a g e n t ,  i n  h u m a n  l i v e r  m i c r o s o m e s . B i o c h e m  P h a r m a c o l  
73:2020-2026.

11. W e i s s ,  J . e t  a l . 2009. C Y P 2C 19 g e n o t y p e  i s  a  m a j o r  f a c t o r  c o n t r i b u t i n g  t o  t h e  h i g h l y  v a r i a b l e  p h a r m a c o -
k i n e t i c s  o f  v o r i c o n a z o l e . J  C l i n  P h a r m a c o l  49:196-204.

12. Lee, S. et al. 2012. Effect of CYP2C19 Polymorphism on the pharamacokinetics of voriconazole after 
s i n g l e  a n d  m u l t i p l e  d o s e s  i n  h e a l t h y  v o l u n t e e r s . J  C l i n  P h a r m a c o l  52:195-203.

13. Trifilio, S. et al. 2005. Voriconazole therapeutic drug monitoring in allogeneic hematopoietic stem cell 
t r a n s p l a n t  r e c i p i e n t s . B o n e  M a r r o w  T r a n s p l a n t  35:509-513.

14. Trifilio, S. M. et al. 2009. Serial plasma voriconazole concentrations after allogeneic hematopoietic 
s t e m  c e l l  t r a n s p l a n t a t i o n . A n t i m i c r o b  A g e n t s  C h e m o t h e r  53:1793-1796.

15. M i t s a n i ,  D . e t  a l . 2012. P r o s p e c t i v e ,  o b s e r v a t i o n a l  s t u d y  o f  v o r i c o n a z o l e  t h e r a p e u t i c  d r u g  m o n i t o r i n g  
among lung transplant recipients receiving prophylaxis: Factors impacting levels of and associations 
between serum troughs, efficacy, and toxicity. Antimicrob Agents Chemother 56:2371-2377.

16. B a r t e l i n k ,  I . e t  a l . 2013. H i g h l y  v a r i a b l e  p l a s m a  c o n c e n t r a t i o n s  o f  v o r i c o n a z o l e  i n  p e d i a t r i c  s t e m  c e l l  
t r a n s p l a n t a t i o n  p a t i e n t s . A n t i m i c r o b  A g e n t s  C h e m o t h e r  57:235-240.

17. C h e n ,  J . e t  a l . 2012. T h e r a p e u t i c  d r u g  m o n i t o r i n g  o f  v o r i c o n a z o l e  i n  c h i l d r e n . T h e r  D r u g  M o n i t  34:77-
84.

18. K a n g ,  M . K . e t  a l . 2014. V o r i c o n a z o l e  t h e r a p e u t i c  d r u g  m o n i t o r i n g  i s  n e c e s s a r y  f o r  c h i l d r e n  w i t h  
i n v a s i v e  f u n g a l  i n f e c t i o n . K o r e a n  J  P e d i a t r  I n f  D i s  21:9-21.

19. B a b l o k ,  W . e t  a l . 1988. A  g e n e r a l  r e g r e s s i o n  p r o c e d u r e  f o r  m e t h o d  t r a n s f o r m a t i o n . A p p l i c a t i o n  o f  l i n e a r  
r e g r e s s i o n  p r o c e d u r e s  f o r  m e t h o d  c o m p a r i s o n  s t u d i e s  i n  c l i n i c a l  c h e m i s t r y . P a r t  I I I . J  C l i n  C h e m  C l i n  
B i o c h e m  26:783 – 790.

20. Geist, M. J. P. et al. 2013. Steady state pharmacokinetics and metabolism of voriconazole in patients. J 
A n t i m i c r o b  C h e m o t h e r  68:2592-2599.

14 TRADEMARKS
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Abacav ir
Acetaminop h en
Alp razolam
Amik acin
Amp h otericin
Amp renav ir
Atazanav ir
Atov aq u one
B end amu stine
B osu tinib
C ef ep ime
C ef tazid ime
C ip rof lox acin
C italop ram
C lonazep am
C od eine
C olistimeth ate sod iu m
C y closp orin A
D aru nav ir
D asatinib
E f av irenz
E mtricitabine
E ry th romy cin
F lu conazole
F osamp renav ir
G abap entin
G entamicin
I traconazole
Lamiv u d ine

Compound

30
200

5
100
100

30
30

100
30

100
500
500
100

10
10
10

100
40
30

100
30
30

200
30
30

100
100

20
30

Concentration
(µg/mL)

Lop inav ir
Lorazap am
M arav iroc
M erop enem
M eth otrex ate
M etronid azole
M icaf u ngin
M orp h ine
M y cop h enolic acid
N elf inav ir
N ev irap ine
O lanzap ine
Penicillin V
Pip eracillin
Posaconazole
Pred nisolone
R itonav ir
S irolimu s
S tav u d ine
T azobactam
T acrolimu s
T enof ov ir
T ip ranav ir
T obramy cin
T rimeth op rim
S u lf ameth ox azole
Vancomy cin
Vincristine
Z olp id em

Compound

30
10
10

500
100
200
300

10
40
30
30
10

100
500

20
200

30
10
30

100
10
30
30

100
50

400
250
100

30

Concentration
(µg/mL)

0.0
5.0

10.0

0.00
0.04
0.10

4.99
4.96
5.29

1.06
1.17
1.23

Voriconazole
Absent

(0.0 µg/mL)

Voriconazole
Present

(1.0 µg/mL)

Voriconazole
Present

(5.0 µg/mL)

Measured Voriconazole in Absence/Presence of Metabolite
(µg/mL)

N-oxide-VRZ
(µg/mL)

Crossreactivity
T h e  c o m p o u n d s  l i s t e d  b e l o w  d i d  n o t  i n t e r f e r e  w i t h  t h e  A R K  V o r i c o n a z o l e  I I  A s s a y  w h e n  t e s t e d  i n  
the absence (0.0 μg/mL) or presence of voriconazole (1.0 μg/mL and 5.0 μg/mL). Levels tested 
w e r e  a t  o r  a b o v e  m a x i m u m  p h y s i o l o g i c a l  o r  p h a r m a c o l o g i c a l  c o n c e n t r a t i o n s . V o r i c o n a z o l e  
c o n c e n t r a t i o n s  o f  s a m p l e s  c o n t a i n i n g  i n t e r f e r e n t  w e r e  c o m p a r e d  t o  t h e  v o r i c o n a z o l e  l e v e l  i n  a  
n o r m a l  s e r u m  c o n t r o l .




