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Abstract: Very little information is available concerning the pharmacokinetic behaviour and monitoring of cyclosporin A 
(CsA) during pregnancy, notably after liver transplant. Monitoring of blood levels of CsA is considered to be one of the 
best tools for evaluation of the efficacy of immunosuppressant treatment. The aim of this study was to bring together new 
information concerning pregnant women receiving immunosuppressant treatment with CsA and, in view of the special 
pathophysiological status of such patients, to compare pharmacokinetic profiles of changes in blood levels of CsA and of 
the combination of CsA plus metabolites. Specific (CsA-S kit) and a new non-specific (CsA-NS kit) assays of CsA were 
carried out in five hospitalized pregnant patients who had received liver transplants between the 6th and the 41st weeks of 
amenorrhea. The results of five cases investigated lead to the following conclusions: (1) The pharmacokinetic behaviour 
of native CsA in the pregnant woman between the 6th and 41st weeks of amenorrhea suggests no systemic accumulation 
nor any radical need for changes in dosage schedule as compared with a non-pregnant patient. (2) Monitoring based upon 
simultaneous use of the CsA-NS and CsA-S kits may be a source of analytical bias and hence confusion for the physician. 
(3) Determination of an experimental CsA-NS/CsA-S accumulation ratio (based upon analysis of single concentrations or 
processing of AUCs) is of interest only if specific assays involve not only CsA itself but also its principal metabolites. (4) 
Monitoring based upon single measurements of residual CsA levels only, is necessary and adequate. Furthermore, such 
an approach is less costly. (5) The new CsA-S kit suggested by Abbott Laboratories provides satisfactory results and is 
well suited to real time monitoring, which is needed by the physician in hospital practice. Obviously, the majority of these 
remarks are also valid at times other than during pregnancy. 
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Introduction 

Very little information is available concerning 
the pharmacokinetic behaviour and monitoring 
of cyclosporin A (CsA) during pregnancy, 
notably after liver transplant. At any event, 
physicians attempt to adjust the immuno- 
suppressant dosage schedule on the basis of 
data relative to gestational age, the type of 
transplant and the individual susceptibility of 
patients. In two earlier studies devoted to liver 
transplantation during pregnancy, the authors 
reported the existence of transplacental pene- 
tration of CsA during the third trimester as 
well as an accumulation of CsA in products of 
conception during the first trimester [l, 21. 

Monitoring of blood levels of CsA is now 
considered to be one of the best tools for 
evaluation of the efficacy of immunosuppress- 

ant treatment. It enables reduction in the 
incidence of iatrogenic effects specifically 
related to CsA while at the same time main- 
taining an acceptable level of immuno- 
suppression [3-51. Thus monitoring whole 
blood has been recommended rather than 
serum, provided that a specific method is used, 
capable of exclusively quantifying CsA and not 
its metabolites [3-51. Analytical techniques 
used involved either high-performance liquid 
chromatography (HPLC) or radioimmuno- 
assay (RIA) [6, 71. Although very effective, 
these methods are laborious and are relatively 
unsuitable for routine analysis. Several RIA 
tests using specific monoclonal antibodies, the 
crossover reactivity of which with metabolites 
of CsA is very slight, are currently available on 
the market or are in the process of develop- 
ment [8-lo]. Several years ago, Abbott 
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Laboratories marketed an automated assay 
technique using immunoanalysis by fluor- 
escence polarization (FPIA = fluorescence 
polarization immunoassay) with a TDx@ multi- 
parametric analyser. The antibody used is in 
fact non-specific (CsA-NS kit) and, as will be 
seen, has considerable crossover reactivity with 
the prinicipal metabolites of CsA [9]. Re- 
cently., a selective antibody of native CsA has 
been developed by Abbott Laboratories (CsA- 
S kit) [lo]. Whether concerning specific radio- 
immunoassay or the specific determination of 
CsA by FPIA, correlation with measurements 
by HPLC is now excellent [lo]. It is clear that 
the value of specific assay methods is to take 
into account only the native compound which 
contains the maximum immunosuppressant 
activity. 

The aim of this study was to bring together 

new information concerning pregnant women 
receiving immunosuppressant treatment with 
CsA and, in view of the special pathophysio- 
logical status of such patients, to compare 
pharmacokinetic profiles of changes in blood 
levels of CsA and of the combination of CsA 
plus metabolites. In all cases, studies involved 
patients with a stable metabolic status. Specific 
(CsA-S kit) and non-specific (CsA-NS kit) 
assays of CsA were carried out in five hospital- 
ized pregnant patients between the 6th and the 
41st weeks of amenorrhea. 

Experimental 

Patients 
Five pregnant women (W,-W,) having re- 

ceived an orthotopic liver transplant were in- 
cluded in this study. Pregnancy occurred 22 

(W,), 21 (W,), 13 (WJ, 23 (W,) and 13 (WJ 
months, respectively, after surgery. Patients 
W,, Wz and W, were hospitalized at term while 
patient W3 was hospitalized after 6 weeks of 
amenorrhea in order to undergo a termination 
of her pregnancy. This pregnancy has been 
confirmed by ultrasonography. Patient W4 had 
abdominal pain without obvious signs of in- 
fection nor of the premature onset of labour. 
Patients gave their written and informed 
consent for a series of peripheral blood 
samples to be drawn for study of the profile of 
pharmacokinetic changes involving CsA and its 
principal metabolites. During pregnancy, 
immunosuppression was obtained using the 
following therapeutic combination: CsA, 
prednisone and azathioprine administered 

orally. Table 1 shows morphometric and 
laboratory data (mean + standard error of 
mean), clinical history and characteristics of 
the immunosuppressant treatment of the five 
patients at the time of the study. 

Experimental and analytical procedure 
During the period of hospitalization, labora- 

tory and in particular clinical chemistry para- 
meters were monitored every 2 days [ASTRA 
8@ analyser (Beckman, Gagny, France) and 
COBAS@ analyser (Roche Neuilly, France)]. 

Blood samples were drawn by a cannula at 
times during two successive oral adminis- 
trations of CsA. The first sample was obtained 
immediately before the next dose of CsA in 
order to determine the blood level. Because of 
dosage schedules specific to each patient (two 
or three doses per day), subsequent blood 
samples were drawn at times 1, 2, 3, 4, 6 and 
8 h after oral administration of Sandimmum@ 
in Wa, W4 and W,. In patients W, and WZ, an 
additional sample was drawn 12 h after 
administration. CsA levels were measured 
using a TDx” multiparametric analyser (Abbott 
Laboratories, North Chicago, IL, USA) by 
both the specific and the non-specific tech- 
niques [ll, 131. Samples were analysed 
immediately. Limits of detection for the two 
assay techniques were 25 t.t.g 1-l and 50 Fg 1-l 
for the CsA-S kit and the CsA-NS kit, 
respectively. 

In the case of the CsA-NS kit, crossover 
reactivity (%) of the principal metabolites (M) 
withCsAis38.9, 34.1, 105.0,70.4and87.4for 
M-l (AM-9) M-8, M-17 (AM-l), M-21 (AM- 
4N) and M-18, respectively [ll, 141. There is 
negligible crossover reactivity (<l-2%) 
between other metabolites of CsA and the 
parent compound. With the CsA-S kit, cross- 
over reactivity of the principal metabolites with 
CsA is 15.3, 5.3, 8.2 and 3.7 for M-l (AM-9), 
M-8, M-17 (AM-l) and M-21 (AM-4N), 
respectively (there is no crossover reactivity 
with M-18) [13]. 

Kinetic evaluation 
Pharmacokinetic analysis involved an in- 

dependent compartmental model method. The 
area under the curve of concentrations 
(AU&,) was determined by the trapezoidal 
rule method between time ‘t = 0’ (first sample) 
and time ‘7” of the last sample. An exper- 
imental accumulation ratio (Rex& was 
routinely calculated between (AUCo_r) CsA- 
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NS and AUCO_T CsA-S in order to identify 
relative proportions of CsA and of its principal 
metabolites. The mean residence time (MRT; 
h) was calculated using the formula suggested 
by Yamaoka et al. [15]. Total clearance (CL/F, 
ml mini’ kg-‘) was calculated using the 
formula CL/F = dose/AUC,,_., an expression 
in which F (%) represents the oral bioavail- 
ability of the drug. Finally, C,,, and Cmin were 
determined experimentally. 

Results and Discussion 

Acceptability of immunosuppressant treat- 

ment remained excellent and no episode of 
rejection or of worsening of liver function were 
seen during the time of pregnancy. Figure 1 
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nrne (h) 
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shows for each patient comparative changes in 
blood levels of CsA and metabolites (CsA-NS) 
and CsA (CsA-S) in relation to time. At the 
plateau, fluctuations in levels of CsA-S and of 
CsA-NS were slight. In W, , W2, W4 and W,, 
CsA-NS levels were invariably higher than 
CsA-S levels. The opposite applied in patient 
Ws. It is important to note that in this last 
woman concentrations of drug were invariably 
greater than those in other patients. Table 2 
shows individual pharmacokinetic data of the 
patients. In W,, Wz, W4 and Ws, AUC_r 
were similar regardless of the treatment 
regimen, this giving an Rexp of 1.27 or more. In 

contrast, Rexp was less than 1 in patient Ws. As 
a result, by first analysis MRT and the CL/F of 
CsA appeared to be decreased in this patient. 

Patient W2 

27- 
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Figure 1 
Comparison of maternal profiles of CsA-NS (0) and CsA-S (0) plasma levels at plateau over time after oral 
administration for each patient (r~ = 5). 
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All patients had well controlled immuno- 
suppressant treatment and fluctuations in CsA 
levels remained slight. Among recommen- 
dations contained in Consensus Reports on 
CsA monitoring, emphasis is placed upon the 
value of specific measurement as well as of the 
need to make measurements using whole blood 
[3-61. It is impossible to determine the specific 
concentration of CsA in plasma when only a 
non-specific measurement made in whole 
blood is available. Generally speaking, no 
reliable extrapolation is possible from a single 
measurement. It is for this reason that it was 
attempted to examine the kinetic profiles of 
CsA and of CsA plus metabolites over a 
dosage interval. Information provided by 
measurement of native CsA and of the CsA 
plus metabolites group may be analysed on the 
basis of the following features: 

l The specific assay method, recently 
suggested by Abbott Laboratories, is the first 
specific automated technique for CsA. Like all 
techniques specific to native CsA, it is of value 
in that metabolite M-17 (AMI) is often found 
in larger amounts than CsA in the blood of 
treated patients [13]. However, if any particu- 
lar metabolite is considered as having clinical 
activity and/or a significant toxic potential, it 
might be considered appropriate to carry out a 
specific assay for that metabolite. In practice, it 
is difficult and probably of no value to under- 
take pharmacokinetic studies of this type. CsA 
being exclusivcely metabolized by the liver and 
its total clearance being represented by hepatic 
clearance, the degree of its metabolism is 
known to be subject to multifactorial in- 
fluences, in particular in transplant patients. 

l Certain published results will be in favour 
of simultaneous determination of CsA and of 
the CsA plus metabolites group. It is accepted 
that the existence of crossover reactivity be- 
tween CsA and its principal metabolites raises 
no particular problem when the CsA-NS/CsA- 
S ratio of concentraitons or AUC remains 
relatively constant (of the order of 1.25). This 
has been shown in particular in renal transplant 
patients and was indeed what was found in four 
of our own cases [14]. It has also been shown 
following heart or liver transplant, that during 
the immediate post-transplant period blood 
levels of metabolites of CsA are often higher 
if assay is by FPIA rather than by HPLC 

]6, 91. 
l Patient W3 had an Rexp of less than 1, 

indicating that circulating levels of CsA-S were 

constantly higher than those’of CsA-NS. Such 
a result is illogical and led to uninterpretable 
MRT and CL/F values in this patient. As has 
already been mentioned above, the polyclonal 
antibody used in the CsA-NS kit has a high 
level of crossover reactivity with the principal 
metabolites of CsA [9]. This result is probably 
not indicative of graft dysfunction but, possibly 
due to an analytical artefact, e.g. a blood 
component interfering with metabolites bind- 
ing to antibody. 

It must be pointed out that the five patients 
of the study are always followed in our centre. 
At the present time, their immunosuppressant 
treatments are similar to those they had during 
the study. In all cases no accumulation of CsA 
is noted and the tolerability is excellent. Thus, 
it was verified that patient W3 is always 
presenting the special analytical profile 
described above although her therapeutic 
schedule remains unchanged. 

The five cases reported lead to the following 
conclusions: (1) The pharmacokinetic be- 
haviour of native CsA in the pregnant woman 
between the 6th and 41st weeks of amenorrhea 
suggests no systemic accumulation nor any 
radical need for changes in dosage schedule as 
compared with a non-pregnant patient 
(obviously the impact of CsA and of its 
metabolites on foetal development still 
remains to be defined). (2) Monitoring based 
upon simultaneous use of the CsA-NS and 
CsA-S kits may be a source of analytical bias 
and hence confusion for the physician leading 
to unnecessary modifications of treatment 
which is in fact well controlled. (3) Deter- 
mination of an experimental CsA-NS/CsA-S 
accumulation ratio (based upon analysis of 
single concentrations or processing of AUCs) 
is of interest only if specific assays involve not 
only CsA itself but also its principal meta- 
bolites (thus in practice by HPLC). (4) 
Monitoring based upon single measurements 
of residual CsA levels only, is necessary and 
adequate. Furthermore, such an approach is 
less costly. (5) The new CsA-S kit suggested by 
Abbott Laboratories provides satisfactory 
results and is well suited to real time monitor- 
ing, which is needed by the physician in 
hospital practice. Obviously, the majority of 
these remarks are also valid at times other than 
during pregnancy. 

In summary, it is emphasized that overall 
review of clinical, laboratory and pharmaco- 
logical data is essential before envisaging any 



48 PHILIPPE BOURGET et al. 

change whatsoever in the immunosuppressant 
treatment regimen. 
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