
Background to CsA Monitoring

CsA is referred to as a "critical dosage drug", implying that it
is most important to individualise the CsA dosage schedule
for each patient to optimise pharmacological response (ie.
inhibit rejection and avert toxicity). CsA also has a narrow
therapeutic index, implying that there is not a large difference
between the blood CsA concentrations required for 

therapeutic benefit and those associated with adverse effects;
so there is only a narrow window available for 
treatment. We achieve dosage individualisation by measuring
the CsA concentration in blood and adjusting the dosage for
each recipient to meet target CsA concentrations associated
with desirable clinical outcomes. Various ranges are used
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Abstract

Despite the routine application of therapeutic drug monitoring of cyclosporin (CsA) for two decades, there remain significant
analytical issues. In addition, new developments have arisen in the delivery of this laboratory service as well as alternative 
clinical strategies for delivering optimal benefit to organ transplant recipients.

Sample collection strategies are evolving away from the traditional pre-dose/trough (C0) sample in favour of estimates of the
absorption phase in the first 4-6 hours after the oral dose of CsA. This is based on the recognition of the relatively poor 
relationship between C0 and CsA exposure indices, such as area under the blood CsA concentration versus time curve (AUC),
especially in the first few hours after the dose. By collecting serial blood samples over this limited period (4hr after the dose)
and estimating the AUC0-4, one can gain insight into how well CsA has been absorbed for each transplant recipient, and 
individualise CsA dosage. However, a recent survey of Australasian CsA laboratories revealed that such AUC0-4 sampling 
strategies in the early post-dose period were poorly accepted in clinics across Australasia. The alternative that has proven to be
more clinically acceptable is the use of a single sample 2-hours after the dose (C2). The C2 concentration has been 
demonstrated (particularly in kidney and liver transplant recipients) as correlating well with AUC0-4, allowing it to be used as a
surrogate index of CsA absorption and exposure.

The laboratory survey also showed several areas of concern in the analytical sphere. The major one is that the majority of 
laboratories employ the two immunoassays that deliver the least specific result on C0 samples within the range of monoclonal
methods, leading to high variability and clinically significant errors with patient samples. Laboratories have also adopted a
range of dilution protocols for the significantly higher C2 concentrations, and this has proved a source of significant error. In
addition, around 30% of laboratories were not involved in a proficiency-testing program. Thus there is clear opportunity to do
much better analytically.

Hence, there remain significant challenges ahead to deliver better quality CsA assay services and dosage individualisation to
further improve outcomes for the organ transplant recipients that we care for. (Clin Biochem Rev 2003; 24: 33-46.)



depending on such factors as the organ transplant type, the
length of time after grafting and the drug combination. 

In this way we can accommodate, at least partially, the 
generally poor and variable rate and extent of absorption
(bioavailability) of CsA both inter- and intra-patient. On
average, only about 40% of CsA in the oral dose survives the
barriers to absorption and first-pass metabolism, in 
the gut-wall and liver to reach the systemic 
circulation, from where it reaches the tissues to exert its
actions.1-3 Perhaps a better term for CsA would be "critical
concentration drug", as the dosage schedule is typically
adjusted up or down so as to attain the desired target blood
CsA concentration, in the light of the patient's clinical
indices. This variability with the dosage/concentration 
relationship of CsA is shared with other immunosuppressant
drugs currently used in organ transplantation, including
tacrolimus, sirolimus and mycophenolic acid, as well as
newer drugs currently in clinical trials, (eg. FTY-720 and
everolimus) as recently reviewed.4-6

CsA was introduced into clinical use for transplantation in
Australia in the early 1980s and has been routinely monitored
in clinical laboratories since that time. Initially the
immunoassays available were rather crude by current 
standards. For example, the charcoal-separation polyclonal
RIAs provided by the pharmaceutical manufacturer had 
minimal ability to distinguish the active parent CsA from
some 30 CsA-metabolites that may be inactive or, in the case
of AM1 and AM9, have up to 14-16% of parent CsA
activity.7-9 As the diagnostic companies became involved in
CsA measurement, we gradually obtained assays that were
more or less able to distinguish parent CsA with less 
interference from its metabolites (more on this below).
Metabolite AM1 poses the greatest concern, as it is present in
the greatest concentration in patient samples, even exceeding
parent CsA.10

Trough (C0) Monitoring

As is common practice with most therapeutic drug 
monitoring, the standard sample that was recommended
through the first 15 years and in the various early 
international and Australian guidelines was the C0 sample
drawn into an EDTA collection tube. The whole-blood CsA
concentration was then measured following lysis and 
precipitation of the blood cells.11-18 The recent Australasian
CsA survey indicated that the use of the recommended EDTA
collection tubes and whole-blood assays were universally
adopted in this region.19 Such universal usage is not the case
internationally, where a minority of laboratories use plasma
and/or heparinised-samples for CsA determination. EDTA-
whole blood was used for the following reasons:

(a) there was a significant temperature-dependent 
equilibrium between plasma and red blood cells such
that each 1oC reduction in the temperature that 
plasma was separated from the cellular fraction
caused a 14 μg/L reduction in plasma CsA
concentration, making it difficult to obtain 
representative plasma CsA concentrations that
reflected in vivo circulating concentrations (ie. at
37oC),

(b) most (>95%) of the CsA in whole-blood resides
inside blood cells making it difficult to attain assay
sensitivity for the very low concentrations in plasma, 20

and 
(c) heparin anti-coagulated blood showed variable

results due to the presence of micro-clots causing
significant inconsistencies in the fraction sampled
for assay in the laboratory.

Along this 20-year journey there were "voices in the 
wilderness" suggesting that C0 blood samples were less than
optimal as an index of CsA exposure for dosage 
individualisation, and that we should be reviewing this
choice.18,21-24 In more recent years, this appears to be coming
to fruition, as several alternative approaches have been 
proposed for CsA clinical management. Much of the impetus
for this has come from centres across Canada.25-40

AUC Strategies

If we presume that the 12hr dose-interval CsA concentration
profile, and the area under the blood CsA concentration 
versus time curve, attained by drawing serial blood samples
across this dosing interval (AUC0-12), provides the best index
of CsA exposure, then we can consider where most of the
variability within and between patients resides. Whilst there
have been strategies to use the entire dosing interval to 
optimise dosage, it was observed that the greatest variability
occurred in the absorption phase in the initial 4-6hr after the
CsA dose in both adult and paediatric transplant recipients,
including with CsA formulations with improved absorption
properties, such as the micro-emulsion formulation, Neoral®

(Novartis Pharmaceuticals, Basel, Switzerland).21,41,42 In most
studies, it was noted that the traditional C0 sample provided
limited or poor correlations with either the full AUC0-12, or the
part where the most variability resides, AUC0-4. There are
many examples of these relationships in the literature, 
particularly in renal and liver transplant recipients, but less in
heart/lung or bone marrow transplantation.28,32,43-49 Depending
on the CsA assay methodology adopted (discussed below),
coefficients of determination (r2) for C0 with AUC0-4 were
generally of the order <0.1 to 0.6. This rather unreliable 
relationship suggested other factors could impact on the use
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of C0 concentration as an index of CsA exposure and that C0
may provide a sub-optimal guide to dosage individualisation
for patients.

One clinical monitoring option proposed was to quantify this
variable AUC0-4 period. This was achieved by drawing a small
number of accurately-timed blood samples (typically 2-3) in
this period after the CsA dose, and then applying algorithms
derived from the relevant transplant population to estimate
the AUC0-4. This was called the "limited sampling strategy
AUC" (AUClss), or "absorption profiling".18,26,27,36,44,50-52 Data
from Canadian centres demonstrated that maintaining the
CsA AUC0-4 between 4400 and 5500 μg.h/L delivered the 
lowest risk of rejection and minimised risk of adverse
effects.28,36 Again, there are many examples in the literature of
AUC0-4 approaches and these have been reviewed.53,54

However, as our Australasian CsA-lab survey in year 2000
has demonstrated, only one of forty-one laboratories 
responding to this survey was receiving AUC samples.19 Thus
this approach has not been well accepted in our 
transplantation wards/clinics, presumably because it was too
hard to implement (including the practical difficulty of 
drawing several well-timed blood samples), and/or possibly
the AUC0-4 concept was too foreign to transplant physicians
and surgeons. 

Choice of Sample

The next measuring milestone evolved from AUC0-4. This
was to seek an alternative single sample that, unlike C0, did
correlate well with AUC0-4. Although other sample times 
following the dose have been suggested, the C2 sample has
been most widely applied (and marketed by the Neoral®

manufacturer, Novartis Pharmaceuticals, Basel, Switzerland)
as showing the best correlation with AUC0-4.24,30 For example,
one study reported coefficients of determination (r2) between
each of C0, C1, C2, C3, C4, and AUC0-4, of 0.42, 0.75, 0.90,
0.85 and 0.61, respectively.30 Thus the C2 concentration was
selected simply because it showed the best relationship with
AUC0-4 among those times points tested. Most clinical studies
have been performed in kidney and liver transplant 
recipients, and have shown r2 values between C2 and AUC0-4

ranging from approximately 0.80 to 0.93. Our study in renal
patients showed a r2 of 0.85 and 0.87 respectively in patients
taking CsA with and without diltiazem, a CsA-sparing
agent.47 This will be further discussed below.

Whilst some authors have referred to the C2 sample as the
'peak' or Cmax concentration, it is probably inappropriate to
link such terms with C2.

55,56
Even with the more 

predictable Neoral® formulation, the CsA absorption profile
is quite variable and so the actual peak concentration may

frequently occur before or well after two hours for many 
reasons.41, 42 Rather, it is important to simply think of C2 as an
index, or surrogate marker, of AUC0-4 which is in turn a 
marker of CsA absorption.

Pharmacodynamics of C2 Monitoring

The pharmacokinetic arguments which favour the use of
AUC0-4 or C2 strategies are not the entire story, as there are
also relationships at the tissue level where CsA exerts its
action (ie. pharmacodynamics). It has been shown in vitro
that CsA inhibition of calcineurin in activated T-cells (and
hence inhibition of the immunological response to reject the
transplanted organ) is directly related to CsA concentration,
that this inhibition is reversible and that the maximum 
inhibition occurred in parallel to the CsA concentration at
around 2hr after the dose.57,58 Thus, if "adequate" CsA
concentrations are not achieved following CsA administration,
then effective calcineurin inhibition may not follow, which
has potential implications for graft rejection. Many of the
recent studies have empirically evaluated the target CsA
concentrations that need to be attained to optimise 
immunosuppression by averting rejection episodes, but not
so high as to predispose the organ recipient to increased risk
of acute adverse effects from CsA (including nephrotoxicity, 
hypertension, opportunistic infections, etc). With such a 
narrow therapeutic index, perhaps this conundrum may not
be entirely soluble, and a relative risk/benefit rationale may
need to be applied for calcineurin-inhibitor drugs like CsA.

Further arguments and recommendations favouring C2 
monitoring are reviewed elsewhere, including the recent 
consensus papers from the CONCERT group, and our
Australasian group, as well as other reviews and 
recommendations.5,33,38-40,48,59-63 They have all supported the use
of C2 strategies as a more useful tool than C0 for CsA
monitoring. However, like many issues regarding CsA over
the years, there is also a (minority) counter argument, 
including one extensive review that concluded: "C0 is 
currently the standard method of monitoring CsA therapy
and there is no evidence demonstrating the superiority of any
other method of monitoring CsA over C0 in terms of patient
outcomes".54 Another lung transplant study concluded: 
"monitoring either the C2 or C6 concentration did not give a
better indication of response to CsA therapy in patients with
lung transplants compared with C0".64

The decision whether to change to C2, or not, will typically
be made by the transplant physicians and surgeons, and CsA
laboratories need to be prepared to receive blood specimens
based on a variety of sampling strategies for several more
years until this is resolved. One of the key guides to these
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future directions could be the results of current international
prospective clinical trials in kidney [MO2ART (Monitoring
Of 2-hours Absorption in Renal Transplantation)] and liver
[LIS2T (Liver International Study of 2-hour Neoral versus
Tacrolimus-C0)] transplant recipients involving 30 centres in
10 countries. The target C2 concentrations being tested in
these trials are shown in Table 1. 

Table 1. Target C2 CsA concentrations evaluated in
MO2ART (renal) and LIS2T (hepatic) prospective, 
randomised, parallel-group, open-label international 
clinical trials.34

* patients are divided 1:1 at 90 days post-transplantation in
these 2 groups with different C2 targets.

Preliminary data from MO2ART in the first 277 patients
enrolled indicated that those with immediate graft function
(n=182) had a 9.7% incidence of biopsy-proven acute 
rejection (BPAR) 3-months after grafting, compared with
16.5% in those with delayed graft function (n=91, time to
graft function was unknown in 4 patients).65 These data 
compared very favourably with other studies that explored
C0 monitoring and/or lower CsA exposure. For example, the
BPAR incidence was 45% in 55 de novo renal transplant
recipients followed for 3 months where AUC0-4 was <4400
μg.h/L, and 58% in 38 de novo renal transplants with C2 con-
centrations below 1500 μg/L (compared with 0% of those
>1500 μg/L).29,50 In this MO2ART interim report, 60% of
immediate graft function patients had achieved the CsA C2
target concentration (1700 μg/L ±20%) by day 5, compared
with only 20.2% of the delayed function group.65 The safety
profile was considered comparable to that of a 'standard'
transplant population, including no evidence of such CsA
adverse effects as nephrotoxicity (median creatinine
132μmol/L, although the delayed function group took longer
to recover their serum creatinine levels), and hypertension
(mean±SD of 136±17mmHg systolic, 82±10mmHg diastolic).

CsA Assays
Whilst CsA can be measured using chromatographic
approaches [HPLC/UV or LCMS(MS)], these have proved
unpopular internationally, with <5% of laboratories in the
International CsA Proficiency Testing Program (www.bioan-
alytics.co.uk) employing them. In Australasia, HPLC is used
by only one laboratory which also has the largest CsA
service in the region. The vast majority of laboratories use
one of the commercial CsA immunoassays (Figure 1 and
Table 2).19

Figure 1. Shows the distribution of methods used in 
laboratories across Australasia in year 2000 in filled columns,
as reported in a survey19 where 41 of 44 laboratories (93%)
responded. The unfilled columns are shown for comparison
from 431 laboratories reporting to the International
Proficiency CsA Testing Scheme at this same time
(December 2000) (www.bioanalytics.co.uk) . This figure was
adapted19 and reproduced with permission of Lippincott
Williams & Wilkins, publishers of the journal Therapeutic
Drug Monitoring.

When developing immunoassays, the particular challenge to
diagnostic manufacturers has been to develop antibodies that
were selective for parent CsA, without significant cross-
reactivity with CsA-metabolites which are inactive, or 
relatively so. Metabolites AM1 and AM9 have around 14-
16% of the biological activity of parent CsA.7,8,66 Arguably,
the area of greatest concern from the clinical perspective is
the ability of these immunoassays to determine the 
concentration of the pharmacologically active parent CsA,
without clinically significant cross-reactivity from CsA-
metabolites causing a variable bias in the result generated.
For, without a clear guide as to the active parent CsA
concentration, dosage individualisation for the organ 
transplant recipient must be far from optimal. So if an 
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interfering CsA-metabolite is present in significant 
concentrations in patient samples, then it poses a major
source of potential bias in a given method. This explains at
least one problem with the mFPIA® methods (discussed 
further below) as they do have greater cross-reactivity with
AM1 than other methods tested.67 This CsA-metabolite has
been shown to be present in significant concentrations in
patient samples, even exceeding parent CsA.10 This issue of
CsA immunoassays is so significant that some authors have
expressed concern about the ability of several immunoassays
to meet acceptable standards at all.68

In one study, using C0 samples from kidney and liver 
transplant recipients (n=145), the performance characteristics
of immunoassays, including most of those currently 
available, were compared with a specific HPLC method.67

The least specific of those tested were the mFPIA® assays on

the TDx® and the AxSYM® analysers (Abbott Diagnostics
Division, Abbott Park, Illinois, USA). Thus, these methods
are not accurate despite having the best precision of those
tested. As shown in Table 2, these two mFPIA® assays were
rated in that study as having a mean bias (range) of 57% (20
to 174%) and 29% (2 to 130), respectively. The other
immunoassays tested showed the following mean biases
(range): EMIT® (Dade Behring, Cupertino, California, USA)
12% (-7% to 53%), CEDIA® (Microgenics, Pleasanton,
California, USA) 18% (-3% to 81%). It should be noted that
an improved CEDIA Plus® method has subsequently become
available from Microgenics that compares more favourably
with EMIT® and Cyclotrac® mRIA (Diasorin, Stillwater,
Minnesota, USA). Perhaps not surprisingly, the higher the
mean bias for a method, the greater the range of variability
observed. Steimer concluded that: "because assay bias 
cannot be predicted in individual samples, substantially
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Table 2. Shows the frequency (%) of CsA assay methods used in an Australasian survey19, compared with the International CsA
Proficiency Testing Program†, and the CAP Program††, as related to the assay bias compared with a specific HPLC method 67.

§    as described by Steimer 67

*    total of 106% reflects that some labs had changed methods during year 2000 and so counted twice.
†    International Cyclosporin Proficiency Testing program, Analytical Services International, London, 

www. bioanalytics.co.uk.
††  Data both published10 and by personal communication from Dr Steven Soldin, Washington DC, USA.

The Steimer paper 67 described the original Cedia® method as having a bias of 18%; however, 
the current version, Cedia Plus®, compares more favourably with EMIT® and Cyclotrac® mRIA.



erratic CsA dosing can result. The specificity of CsA assays
for parent CsA remains a major concern".67

As also shown in Table 2, another very recent study from
over 600 laboratories in the College of American
Pathologists' (CAP) Proficiency Testing program has shown
that the dominant method among participants in that 
largely North American program was this problematic
mFPIA/TDx® method (>80% of participating 
laboratories).10 This study suggested that the mFPIA® also
appears to have a calibration problem, in addition to the
metabolite cross-reactivity problem discussed above and
demonstrated again in this study, as CsA-spiked samples
(with no metabolites present) showed varying method-
related biases. This study showed that, when referenced to
mean LCMS data from several centres, results from HPLC
laboratories were approximately 8-15% higher; EMIT® and
Cyclotrac® mRIA 0-12% higher; mFPIA® (TDx®/AxSYM®)
22-28% higher; and pFPIA® (TDx®) 50-68% higher. These
authors concluded that "there is a significant lack of 
specificity with the most commonly used immunoassays (viz,
mFPIA®) for the measurement of CsA, which could 
significantly affect the correct interpretation of the patient's
drug levels and lead to less than optimal outcome"; and, 
perhaps optimistically, that "the results of this study will 
better enable laboratory directors to understand CsA testing
and the shortcomings of their particular assay."

These two studies are consistent with others in the literature,
including at least two early Australian studies, and this bias
(at least with the mFPIA®/TDx® method) has been known for
more than a decade.69,70 Ironically, however, one can also
appreciate that there would be minimal incentive for this
manufacturer to invest to improve their product when they
enjoy such a significant market share, especially with >80%
of the lucrative North American market. The
mFPIA®/AxSYM® method that uses the same antibody as the
mFPIA®/TDx® method (personal communication from
Abbott Diagnostic Division) appears to have only partially
resolved the bias. This limited improvement is reported by
the manufacturer to be due to a change in the blood sample
preparation.60,67,71 While data for this method has been 
questioned, it still has a clinically significant bias.60,67,71

Obviously, given the large variability associated with the bias
of various methods, it is also inappropriate to adopt 
"correction factors" to normalise immunoassay mean bias to
a chromatographic method, either in relation to the assay
result, or in proposing alternative method-related target 
concentration ranges. One cannot simply apply constant
'fudge factors' to correct for CsA method discrepancies.

Consistent with a warning given not to presume that the CsA-
metabolite fraction was constant across the CsA dosing 
interval (which obviously influences assay performance 
criteria), it has been recently suggested that the ratio of 
interfering CsA-metabolites compared with parent CsA at C2
appears to be much less than at C0.72 Two independent 
studies have demonstrated this using LCMSMS as the 
reference method.4,73 One of these, currently only available in
abstract form, suggested that the fraction of the major 
interfering CsA-metabolite (AM1) at C2 was about one sixth
that at C0.73 The implication is that even the less specific
mFPIA® immunoassays compared more favourably with
LCMSMS at C2 and so provided a more reliable index of 
circulating active CsA than they do with C0 samples. One
might well speculate whether this improved assay 
performance with C2 samples has also contributed to the
apparent improvement in clinical outcomes observed in
transplant patients as a direct result of more accurate patient
CsA dosage individualisation, in addition to the 
pharmacodynamic issues of calcineurin inhibition 
relationships discussed above.57,58 However, given that most
centres are measuring combinations of C0 and C2 samples,
there is still a clear imperative to use more specific assays.19

This observation has implications for AUC0-4 monitoring 
protocols, as the CsA-metabolite fraction would change from
one time point to the next, and so the application of the 
various algorithms could also be method dependent. It would
be highly desirable to see additional published data on this
feature.

Laboratory Surveys

If laboratories had appropriate method selection criteria, and
chose from the range of superior methods available, then
there should not be a problem. However, the Australasian
survey showed that 54% of the Australasian laboratories that
responded (being 41 of 44 laboratories surveyed) were
indeed using these two least selective mFPIA® assays (on
TDx® and AxSYM® analysers) in year 2000 (Figure 1 and
Table 1).19 Data from the International CsA Proficiency
Testing Program (www.bioanalytics.co.uk), suggest that the
Australasian situation with these two methods was 
comparable to the 431 mostly European CsA-laboratories in
that Program at that time (Figure 1 and Table 1). Indeed these
figures are still comparable (www.bioanalytics.co.uk), as
22.6 and 19.4% of centres were using the TDx® or AxSYM®

mFPIA® methods respectively in December 2002 (Figure 2).
This suggests that approximately half the laboratories in this
PT-Program are not selecting their CsA method based on
specificity for the intended analyte, (ie. parent CsA), which
remains a major concern.
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Interestingly, the Australasian survey also showed that only
71% of the laboratories in this region participated in this
International CsA Proficiency Testing (PT) program from
London (www.bioanalytics.co.uk).19 The other 29% were not
participating in PT programs at all.

Accreditation

The above data pose several questions, including, how 
regulatory authorities, such as FDA, approved such biased
methods and why laboratory accreditation authorities aren't
more insistent on requiring better method selection protocols 

and participation in PT-Programs. In relation to the latter
issue, recent communication with the Australian accrediting
authority (National Association of Testing Authorities/ 
jointly with the Royal College of Pathologists of Australia,
NATA/RCPA) has confirmed that they only require 
participation in a PT program where this program is available
within Australia that they can assess and (preferably) 
accredit. Some might see this as a particular weakness 
requiring urgent attention. There is a need to recognise
'acceptable' international PT programs, possibly by 
undertaking memoranda of understanding with international
accrediting authorities. 
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Figure 2. Shows the results (as box-and-whisker plots) from one sample (225A) distributed in December 2002 from the
International CsA Proficiency Testing Scheme where the CsA concentration exceeded the calibration range for most CsA
immunoassay methods. The weighed-in concentration was 1800 μg/L (dashed vertical line). This illustrates the diversity of
results returned from the 403 laboratories, regardless of assay method, and highlights the issues with performing accurate 
dilutions as recommended48 and discussed in the text. The line across the box represents the median, the lower and upper 
concentrations of the box represent the first and third quartile (25th and 75th percentile) respectively; and the lines extending
beyond the box (the whiskers) represent the regions that are 1.5 times the interquartile range above and below the third and first
quartiles.

This (unpublished) data is publicly available on the International CsA Proficiency Testing Scheme web-site 
(www.bioanalytics.co.uk).



The second accreditation issue is that of the "expert peer
review" system intrinsic to such NATA/RCPA accreditation.
One can easily envisage a scenario where the technical 
assessors reviewing a general biochemistry laboratory that
performs CsA testing may have limited expertise in 
pharmacological testing (such as with immunosuppressant
drugs), possibly no more than the staff of the laboratory, and
so not be in a strong position to comment on the laboratory's
method selection criteria, or lack of PT program 
participation. Hence accreditation may be granted with no
requirement or recommendation for improvement given.

Some centres (both public and privately operated), perhaps
driven by cost pressures, operate by offering what may be the
minimal service that would "survive" an accreditation 
assessment, rather than what may be most scientifically/
clinically appropriate or valid in terms of patient outcomes.
Obviously, poor pathology testing can result in poor clinical
outcomes and so cost-cutting in pathology may result in 
significant and possibly greater cost increases in other areas,
including; increased number and length of hospital 
admissions while drug dosages are optimised (possibly on
arduous clinical grounds, due to the sub-optimal CsA
concentration data reported), treatment of acute rejection
episodes that may have been avoidable, increases in other
morbidity and possibly loss of precious transplanted organs
or even death. Although it is particularly difficult to prove
such relationships in this complex area, the reader will 
understand the sentiments expressed.

Assay Dilution Protocols

The introduction of C2 monitoring over the past 5 years has
also exposed other issues within clinical laboratories. Most of
the commercial immunoassays have calibration ranges that
were designed for the lower CsA concentrations associated
with C0 monitoring. However, measuring the now frequent
number of higher concentrations expected in the hours after
the CsA dose, as with AUClss or C2 monitoring strategies,
coupled with new clinical strategies of aiming for greater
CsA exposure overall in the early post-transplant period, has
meant that measured CsA concentrations now often exceed
the upper calibration limit for some immunoassays, requiring
the laboratory to perform a dilution. The data from the
International CsA Proficiency Testing Program has 
repeatedly demonstrated that laboratories are generally not
performing nearly well enough when dilutions are required.
Even when laboratories were sent an unblinded sample with
the stated concentration of 2000 μg/L, the data reported back
varied from around 1000 to 3800 μg/L.72 This problem has
been demonstrated again with a sample circulated in
December 2002 (specimen 225A, www.bioanalytics.co.uk),

with widely varying data being reported regardless of assay
method (Figure 2).

The Australasian laboratory survey asked laboratories about
their dilution protocol.19 Clearly many laboratories had 
introduced alternative protocols to those recommended by
their respective reagent manufacturer. One can easily accept
that this has led to a loss of assay control for many 
laboratories and is the basis of much of the error seen. For
this reason the revised Australasian CsA monitoring guide-
lines have reproduced and recommended the (presumably)
validated dilution method provided by the manufacturers.48

However, one CsA reagent package insert had an error in the
multiplication factor following the recommended dilution!74

Manufacturers are adapting their methods to accommodate
such higher concentrations. For example, the CEDIA Plus®

method is currently configured to give two calibration ranges
to accommodate "low" (25 to 450 μg/L) or "high" (450 to
2000 μg/L) concentrations. Notwithstanding this, the latter
method did not perform better in the December 2002 
proficiency testing program sample discussed above 
(specimen 225A, www.bioanalytics.co.uk) (Figure 2), 
possibly suggesting that some laboratories are not using both
calibration ranges and may be still diluting the sample and
assaying against the low range. Alternatively, other 
problems may exist. This is currently being surveyed by this
PT-Program and so explanatory data will follow. Other 
manufacturers are also developing alternative strategies to
avert the need for manual dilutions. Hence, in the future the
laboratory should rarely need to perform a dilution regardless
of the method used.

CsA-Sparing Agents

The intentional use of metabolic inhibitors such as diltiazem
and/or ketoconazole to reduce CsA dosage (and hence cost of
this expensive drug) is practiced in over 50% of Australian
renal transplant recipients and other transplant groups 
including heart and lung.75-81 This CsA-sparing agent usage
has the potential to distort CsA-metabolite patterns as 
illustrated in a preliminary study based on the quantitative
difference between a specific and non-specific mRIA giving
an index of CsA-metabolites.82-84 A recent report has 
suggested that correlation between C2 and AUC0-5 had
improved as more potent CsA-sparing agents such as 
diltiazem and ketoconazole were included with CsA.81 Whilst
the reason for this is not clear, it is consistent with a 
sequential reduction in the CYP3A and/or P-gp barriers to
CsA absorption.1-3 More research is needed in this area.

The use of diltiazem as a CsA-sparing agent has been 
criticised as use of a pharmaceutical for a non-therapeutic
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purpose, (ie. economic reason, apart from possibly some 
clinical benefit in averting CsA-induced hypertension).
However, a recent report from the extensive ANZDATA
Registry has indicated that there was a significant 
(approximately 5%) improvement in graft and patient 
survival at 5 years in the 57% of patients who also received
diltiazem treatment out of the 3,913 kidney recipients
reviewed.78 This strongly suggests that here may well be 
therapeutic benefits in addition to the CsA-sparing agent
usage. Whilst this fraction (5%) may not seem very large, it
is this long-term graft survival that poses some of the 
greatest challenges for transplantation medicine, despite all
the drug developments in recent years. The precise 
mechanism(s) by which diltiazem improves long-term graft
survival is not fully understood, but they may potentially
include improvement in perfusion of the transplanted kidney
by protecting from the vaso-constrictive (hypertensive) 
properties of CsA.85

Consensus Documents

Given the complexity of the issues discussed herein, a team
representing each Australian State and New Zealand (so as to
also reflect regional issues) was assembled to develop a
revised CsA consensus monitoring guideline document.48

Laboratories less versed in these matters could simply adopt
these guidelines which were distributed to all known
Australasian CsA laboratories.48 If adopted, they will 
hopefully improve the quality of CsA assay delivery and are
commended to the reader. These guidelines include core 
recommendations such as:

Laboratories should review their method selection
criteria as a matter of urgency,

Laboratory reports should clearly state the sample
type (C0, C2, other),

Systems should be in place to confirm that C2 
samples are drawn within the recommended ±10min
of 2hr post-dose time point and comment on reports
where this target is not achieved,4

Clinicians should be provided access to complex 
target range data, clearly too complicated to print on
a laboratory report,

Laboratories should use only validated dilution 
protocols, preferably those recommended by the
manufacturer,

Laboratory reports should indicate the CsA assay
method used in generating the result, and state its
bias.67

Generic Formulations

For all of this 20 year history of CsA usage in Australia, the
choice of CsA formulation has been simplified by there being
only one product available. The only exceptions were 
transition periods following the introduction of "improved"
formulations, the most recent example of which followed the
change from Sandimmum® to Neoral® (both Novartis
Pharmaceuticals, Basel, Switzerland).64,86,87 However, this 
situation is about to change with the approval on May 1,
2002, by the Australian Federal Government's Therapeutic
Goods Administration (TGA, Canberra, ACT, Australia) of
the first generic CsA formulation in this country, 
a hydrocolloidal dispersion, Cysporin® (Hexal
Pharmaceuticals, Germany, distributed by Mayne Pharma,
Melbourne, Australia). 

The issue with such alternatives is whether they can be
directly substituted for the established product or not. The
TGA rules for generic substitution are consistent with 
international guidelines, including the European Agency for
the Evaluation of Medicinal Products, Committee for the
Proprietary Medicinal Products, Note for Guidance on the
Investigation of Bioavailability and Bioequivalence
(www.emea.eu.int/pdfs/human/ewp/140198en.pdf) and the
FDA equivalent (www.fda.gov/cder/guidance/index.htm).
Simplistically, this requires the generic product to be 
bioequivalent to the established product. This is accepted if
the 90% confidence interval for relative bioavailability (both
in rate and extent of absorption) of the two products (generic
and reference) lies between 80% and 125% in healthy 
volunteers. One can argue that this approach may be overly
simplistic in many situations, including the complexities of
organ transplantation. Should there be bioequivalence testing
in patients who may have complicated absorption issues,
such as liver transplant recipients and cystic fibrosis patients
with a transplant, before two immunosuppressants are
accepted as 'bioequivalent'? This matter is considered in
greater detail elsewhere, and there are few published data to
guide.88-90 Suffice to say that caution needs be exercised when
considering such changes and it should not be presumed that
2 CsA formulations are necessarily readily interchangeable,
even if 'approved' by regulatory authorities. Any switch
should be followed by careful blood CsA
concentration monitoring (ie. at a new steady-state a few
days after the change, and subsequently confirmed, including
as clinically indicated) to ensure that the patient is not 
disadvantaged.

Service Quality versus Costs

Some years ago, a general survey of therapeutic drug testing
laboratories in Australasia was undertaken to identify
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changes that occurred through the early 1990's, a period of
great change in many clinical laboratories and centres.91 This
survey demonstrated what we would now presume to be
'common knowledge'; that there had been a significant shift
away from therapeutic drug assays being performed in 
'specialised laboratories', such as clinical pharmacology 
laboratories, or in biochemistry laboratories under the 
guidance of senior scientific or medical staff with specialised
knowledge in pharmacology, toward more generic routine
high volume service laboratories which were "cost 
competitive", with services concentrated onto fewer 
analysers. This survey showed that this change typically
included significant professional job shedding, especially at
more senior scientific levels, in favour of staff with lower
skills (and therefore salary). As a direct result, method 
decisions may no longer be made by appropriately skilled
medical pathologists or senior medical scientists with the
patient's interest foremost. One even hears of centres that
have abrogated such core professional responsibility to
accountants or business managers. Thus, in many cases, 
clinical laboratories have tended to become a "number 
factory" generating data at the lowest cost and highest speed,
without opportunity (or even desire in some cases) for result 
interpretation. As a result, the quality of the data generated
and their clinical value have suffered.

One might ask whether the difficult experience described
above for the provision of quality CsA assays illustrates the
end result of such laboratory cost-cutting agenda. Are 
transplant physicians and surgeons now also required to
exercise professional responsibility over the pathology 
testing that they request and only send their specimens to 
laboratories that can provide data that are most useful for
their patients, rather than acting on the reasonable 
assumption, as in the past, that the laboratory would have the
expertise and the will to provide the best quality data 
available? Anecdotally, the author recently asked transplant
physicians/surgeons in a specialised audience whether they
knew what method was used to assay their CsA samples. The
indication was that less than 5% knew, suggesting that the
majority still believe that their local laboratory is providing
data based on well considered methods. Perhaps this faith is
currently misplaced, and physicians and surgeons need to
"vote with their feet" by directing their samples to 
laboratories using appropriate methods. In this way they may
focus their laboratory's attention on the scientific quality of
the assays they provide, albeit for commercial reasons.

Further international consensus guidelines will be reported
for CsA in the near future from the joint Working Party of the
International Federation of Clinical Chemists (IFCC), and the
International Association of Therapeutic Drug Monitoring &

Clinical Toxicology (IATDMCT). An interim report is 
available, which will be followed by further guidelines for
the other major immunosuppressant drugs.92

Conclusion
As data shown here have demonstrated, CsA monitoring
strategies are undergoing a major review at this time. CsA
measurements are not done nearly well enough on an 
international scale, especially in North America. Many 
laboratories are not meeting achievable quality goals for CsA
measurement because of poor method selection, 
inappropriate work practices and a failure to participate in
appropriate quality assurance programs. There is a need to
review our strategies in order to deliver a quality service that
could easily be the best in the World. Do our organ transplant
recipients deserve any less?
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