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ORIGINAL ARTICLE

Achievement of Target Cyclosporine Concentrations as
a Predictor of Severe Acute Graft Versus Host Disease in

Children Undergoing Hematopoietic Stem Cell
Transplantation and Receiving Cyclosporine and

Methotrexate Prophylaxis

Angela Punnett, MD, FRCPC,*†‡ Lillian Sung, MD, PhD, FRCPC,*†‡§

Victoria Price, MBChB, MMed (Paediatrics),¶ Prabodh Das, MBBS, MD (Paediatrics), FRCPA,†

Manuel Diezi, MD,† John Doyle, MD, FRCPC,*†§ and L. Lee Dupuis, MScPhm, FCSHP†‡k**

Abstract: This study evaluates our institution’s target trough

cyclosporine (CSA) concentrations as predictors of severe acute graft

versus host disease (aGvHD) in children receiving either matched

related or unrelated hematopoietic stem cell transplantation (HSCT).

The outcomes of 87 consecutive children who underwent allogeneic

HSCT and received CSA and methotrexate as prophylaxis against

aGvHD between October 1, 1999 and September 30, 2002 were

retrospectively evaluated. The proportion of time that each patient

maintained a whole blood CSA concentration within or above the

initial target range (105–155 ng/mL or 155–210 ng/mL) was calculated

for each of the following time periods: in each week after HSCT from

day 0 to +28; in the week preceding engraftment; and in the week

preceding the onset of aGvHD. Patients were prospectively evaluated

twice weekly for the presence and severity of aGvHD by senior

attending physicians. The relationship between potential predictors and

the development of severe aGvHD was examined using univariate

logistic regression. The main variables of interest were the proportion

of time that therapeutic or supratherapeutic CSA concentrations were

maintained; median CSA concentrations; the number of methotrexate

doses received; and the use of folinic acid rescue. Mean follow-up time

was 3.0 6 1.9 years among children who survived beyond day +100.

Three variables were significantly associated with the development of

severe aGvHD on univariate analysis: initial CSA target concentration

[odds ratio (OR), 0.24; P = 0.03], proportion of time the target CSA

concentration was achieved during the second week after transplant

(OR, 0.16; P = 0.02), and proportion of time the target CSA

concentration was achieved during the week before engraftment (OR,

0.22; P = 0.0489). Multivariable analysis demonstrated an inverse

relationship between the median CSA concentration during the week

before engraftment and the development of severe aGvHD (OR, 0.99;

P = 0.045). These results suggest that achievement of our CSA target

concentrations is important to aGvHD outcomes.

Key Words: hematopoietic stem cell transplantation, graft-versus-

host disease, prophylaxis, cyclosporine, methotrexate

(Ther Drug Monit 2007;29:750–757)

INTRODUCTION
Acute graft versus host disease (aGvHD) classically

presents as rash, diarrhea, and/or hepatitis within the first 100
days after allogeneic hematopoietic stem cell transplantation
(HSCT). It is the consequence of the genetic disparity between
the donor and host as well as the inflammatory reaction
produced within the host by the conditioning regimen. Severe
aGvHD continues to be a source of significant morbidity and
mortality in patients undergoing HSCT.1–4 The development of
mild aGvHD may paradoxically increase overall survival in
patients with leukemia because of a graft versus leukemia
(GvL) effect.5–7 The balance between allowing the occurrence
of mild aGvHD and preventing progression to severe aGvHD
is difficult to achieve and maintain in practice. Avoidance of
severe aGvHD remains a critical priority after HSCT.

Cyclosporine (CSA) in combination with methotrexate
(MTX) is frequently administered to both adult and pediatric
HSCT patients to prevent aGvHD.8–12 Despite administration
of aGvHD prophylaxis, 20% to 40% of recipients of
unmodified human leukocyte antigen (HLA)-identical marrow
grafts develop grade II to IV aGvHD.13 The risk increases
to 80% in patients receiving mismatched14 or unrelated
marrow.15 Although the development of aGvHD is multifac-
torial, failure of prophylaxis may be caused, at least in part, by
the achievement of subtherapeutic CSA exposure16,17 or
inadequate MTX dose intensity.17

Many institutions use trough CSA concentrations to
adjust CSA doses, with the intention of maximizing aGvHD
prophylaxis. Yet, a relationship between trough CSA
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concentrations and the incidence of aGvHD has not been
consistently demonstrated.16,18–32 Even among those studies
that identified a relationship between trough CSA concentra-
tion and aGvHD, the trough CSA concentrations reported to be
of significance vary widely. Substantive differences have been
observed between pediatric HSCT centers in their approach to
CSA dosing,8 and the usefulness of dose adjustment based on
trough concentrations continues to be controversial.33

The primary objective of this study was therefore to
evaluate our institution’s target trough CSA concentrations as
a predictor of severe aGvHD (grades III/IV) in children receiving
either matched related or unrelated HSCT. The contribution of
the MTX administration schedule to the development of severe
aGvHD was evaluated as a secondary objective.

METHODS

Patients
Approval for this retrospective study was granted by our

institution’s research ethics board. Patients who underwent
allogeneic HSCT and received CSA and MTX as the sole
intended prophylaxis against aGvHD between October 1, 1999
and September 30, 2002 were included. The conditioning
regimen was determined by patient diagnosis and previous
therapy. Intravenous (IV) immunoglobulin (Ig) was adminis-
tered either weekly, regardless of serum IgG concentration, or
as needed to ensure that the serum IgG concentrations were
above 5 g/L. Supportive care for management of fever;
cytomegalovirus (CMV), fungal, herpes simplex virus, and
Pneumocystis jiroveci prophylaxis; prevention of busulfan-
induced seizure; filgrastim support; and transfusion were
administered as per our institutional protocol. Specifically,
ganciclovir was administered during conditioning to patients
who were themselves CMV positive before transplant and after
engraftment had occurred to patients who were CMV positive
before transplant or who had received hematopoietic stem cells
from a CMV-positive donor.

Hematopoietic stem cells were infused on day 0.
Conditioning, consisting of total body irradiation (TBI) or
antineoplastic agents, was administered during the 7 to 10 days
before day 0. Patients who received conditioning regimens that
included busulfan received phenytoin beginning 8 hours
before the first busulfan dose and continuing for 24 hours after
the last busulfan dose. IV fluconazole was administered to all
patients from the start of conditioning and ended either at
engraftment or when amphotericin was initiated for persistent
fever or to treat a proven, probable, or possible fungal infection
as classified by the Invasive Fungal Infections Cooperative
Group of the European Organization for Research and Treat-
ment of Cancer and Mycoses Study Group of the National
Institute of Allergy and Infectious Disease.34 Filgrastim was
given starting on day +5 after transplant, with the exception of
patients undergoing transplant for myelodysplastic syndrome,
who did not receive filgrastim. Patients were transfused as
needed to maintain a hemoglobin concentration above 70 g/L.

GvHD Prophylaxis
CSA was administered every 12 hours at an initial

dose of 3 mg/kg/day IV beginning the morning of day –1.

Each dose was infused over 2 hours. Patients were converted
to the oral formulation of CSA when able to tolerate oral
medication. The oral dose of CSA (Neoral, Novartis
Pharmaceuticals Canada, Inc., Dorval, Quebec, Canada) was
calculated by multiplying the patient’s IV dose by 2.3 and
rounding to the nearest capsule size unless the oral liquid was
to be given. Oral doses were also administered every 12 hours.

CSA concentrations were determined in whole blood
by immunoassay (enzyme-multiplied immunoassay technique
2000 CSA specific assay, Syva Company, Cupertino, CA)
approximately three times per week for inpatients and either
once or twice weekly for outpatients. Blood samples were
taken either from a peripheral vein or from the lumen of the
central venous catheter that had not been used for admin-
istration of IV CSA.

Target trough CSA concentrations for HLA-matched
sibling transplants and mismatched sibling transplants were set
at 105 to 155 ng/mL and for all other types of transplants at
155 to 210 ng/mL. These target ranges correspond to 100 to
150 ng/mL and 150 to 200 ng/mL by high performance liquid
chromatography (HPLC) (unpublished data). Both IV and oral
CSA doses were adjusted as necessary to reach target con-
centrations. Target CSA concentrations were set at 210 ng/mL
for patients who developed aGvHD. Treating physicians were
aware of the CSA concentrations achieved by each patient.
Target CSA concentrations were decreased or CSA doses were
held in response to nephrotoxicity or to encourage a GvL
effect at the discretion of the treating physician. The reason for
target CSA concentration adjustment was noted. All CSA
concentrations obtained post-transplant were recorded for each
patient until day +100.

The proportion of time that each patient maintained
a whole blood CSA concentration within or above the initial
target range (105–155 ng/mL or 155–210 ng/mL) was
calculated for each of the following time periods: in each
week after HSCT from day 0 to +28; in the week preceding
engraftment; and in the week preceding the onset of aGvHD.
Achievement of a trough CSA concentration within the target
range on a certain day was assumed to indicate maintenance of
a trough CSA concentration within the target range from the
time of the previous CSA concentration to that day. Engraft-
ment was defined as the first of 2 consecutive days of absolute
neutrophil recovery to 0.5 3 109/L or greater. Median CSA
concentrations were calculated for each patient during the
weeks listed above.

MTX was administered IV at 10 mg/m2/dose once daily
on days +3, +6, +11, and +18. MTX doses were held or
patients received leucovorin rescue in response to liver dis-
ease or severe mucositis, according to treating physician
preference. The date of administration of each MTX dose and
leucovorin, if given, were recorded for each patient.

Grading of aGVHD
Patients were prospectively evaluated twice weekly

for the presence and severity of aGvHD by senior attend-
ing physicians and graded according to published clinical
criteria.35 For the purposes of this study, all charts were also
reviewed by a senior attending physician (JD), who retro-
spectively verified the presence and grade of aGvHD until
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day +100 without knowledge of the CSA concentration. The
primary outcome for this analysis was severe aGvHD, as
defined as grades III or IV aGVHD. Patients received no
immunosuppression therapy other than CSA and MTX unless
a clinical diagnosis of aGvHD grade II to IV was established.

Statistical Analysis
The relationship between potential predictors and the

development of severe aGvHD was examined using univariate
logistic regression. Effects are presented as odds ratios (ORs)
with their corresponding 95% confidence intervals (CIs). The
main variables of interest were pharmacologic factors: the
proportion of time that therapeutic or supratherapeutic CSA
concentrations were maintained; median CSA concentrations;
the number of MTX doses received; and the use of folinic
acid rescue.

Potential confounders included clinical factors such as
recipient age, donor type, degree of donor match, donor/
recipient CMV status, and conditioning regimen (TBI vs. non-
TBI). Insufficient data were available to assess the following
clinical factors: donor age, donor sex, donor/recipient sex
mismatch.

In consideration that the most important clinical con-
founder was the type of transplant (related vs. unrelated), all
the pharmacologic factors also were examined in a multiple
logistic regression analysis that was adjusted for type of
transplant. Further multiple regression analyses were not
performed because the sample size precluded the concurrent
examination of more than two variables.

Differences in time to engraftment between patient
subgroups were assessed using the Mann–Whitney U test. The
cumulative incidence of relapse and overall survival from time
of HSCT were described using the Kaplan–Meier method.36

All tests of significance were two sided, and statistical
significance was defined as P , 0.05. Statistical analyses were
performed using SAS-PC statistical software (version 9.1;
SAS Institute, Cary, NC).

RESULTS

Patients and Clinical Outcomes
Eighty-seven patients were transplanted during the study

period and received CSA and MTX for aGvHD prophylaxis.
The indications for HSCT included malignant hematologic
disease (n = 60), nonmalignant hematologic disease (n = 14),
inborn errors of metabolism (n = 11), and immunodeficiencies
(n = 2). Transplants were from matched sibling donors for
32 children, mismatched sibling donors for 2 children, par-
ent donors for 4 children, matched unrelated donors for
40 children, and mismatched unrelated donors for 9 children.
The stem cell source was unmanipulated bone marrow in
84 patients, peripheral blood in 2 patients, and cord blood in
1 patient. There were no T–cell-depleted transplants. Patient
and donor characteristics are given in Table 1.

Clinical outcomes are presented in Table 2. One patient
with acute myeloblastic leukemia died on day +44 before
engraftment. All others were engrafted. The median day
of engraftment was day +18 (mean, day +19.2; range, day
+11–+35). aGvHD was diagnosed in 60 (69%) children;

the median day of diagnosis was day +24 (mean, day +26;
range, day +10–+63). There were seven deaths before day +100,
including three patients with grade IV aGvHD. With a mean
follow-up of 3.0 6 1.9 years in children who survived beyond
day +100, the leukemia relapse rate was 26% 6 6%, and the
overall survival of the entire cohort was 52% 6 6% at 4 years.

GvHD Prophylaxis
There were 33 patients in the group with a target CSA

concentration of 105 to 155 ng/mL, including all but one

TABLE1. Demographic Data for 87 Children Undergoing
Hematopoietic Stem Cell Transplant

Parameter

Median age at transplant, yr (range) 7.8 (0.3–17.6)

Patient sex (male:female) 28:59

Underlying diagnosis

Malignant disease

ALL 33

AML 18

CML 1

MDS 5

Lymphoma 3

Nonmalignant disease

Severe aplastic anemia 4

Thalassemia 5

Metabolic disease 11

Immunodeficiency 2

HLH 4

Other 1

Donor type

Related transplants (extent of HLA match)* 38

Matched sibling donor (6/6 or 8/8) 32

Mismatched sibling donor (5/6) 2

Matched parent donor 1

Mismatched parent donor (5/6, 4/6) 2, 1

Unrelated transplants (extent of HLA match)* 49

Matched unrelated donor (6/6 or 8/8) 40

Mismatched unrelated donor (5/6, 7/8) 8, 1

CMV status

Donor+/recipient+ 13

Donor2/recipient+ 12

Donor+/recipient– 21

Donor+/recipient– 41

Conditioning regimen

Cyclophosphamide/TBI 54

Busulfan/cyclophosphamide 14

Busulfan/cyclophosphamide/TBI 9

Busulfan/cyclophosphamide/etoposide 3

Cyclophosphamide/antithymocyte globulin 2

Cyclophosphamide/antithymocyte globulin TBI 2

Other 3

ALL, acute lymphoblastic leukemia; AML, acute myeloblastic leukemia; CML,
chronic myelogenous leukemia; CMV, cytomegalovirus; HLH, hemophagocytic
lymphohistiocytosis; MDS, myelodysplastic syndrome; TBI, total body irradiation.

*Extent of human leukocyte antigen (HLA) match: number of HLA alleles a donor
has in common with recipient.
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matched sibling donor and the mismatched sibling donors.
There were 54 patients in the group with a target CSA con-
centration of 155 to 210 ng/mL, including all unrelated trans-
plants and parent transplants. In addition, the higher target
CSA concentration was chosen by the attending physician for
one child with severe aplastic anemia who received a matched
sibling transplant.

After HSCT, the target CSA range was decreased
because of nephrotoxicity in 17 patients, for GvL effect in
1 patient, and in response to graft failure in 1 other patient. The
CSA target range was increased in six patients who developed
aGvHD.

The majority of patients received all four scheduled
doses of MTX (71%; 62/87 patients). The most common rea-
sons for omission of MTX doses were mucositis or hep-
atotoxicity. The day +11 MTX dose was omitted in six
patients; the day +18 dose was not given to seven patients.
Both the day +11 and +18 doses were omitted in 11 cases, and
all but the day +3 MTX dose were omitted in 1 patient. There
was no significant difference in time to engraftment between
patients who received all four versus less than four doses of
MTX [median, day +18 (range, day +11–+35) vs. day +18
(range, day +14–+35), P = 0.7]. Folinic acid rescue was given
after at least one dose of MTX in 21 of 87 (24%) patients,
most commonly with the intention to prevent worsening of
mucositis.

Incidence of aGvHD
Grade II to IV aGvHD occurred in 52 (60%) and severe

aGvHD (grade III or IV) occurred in 19 (22%) patients
(Table 2). Severe aGvHD was confirmed by biopsy in 6 of 19
patients (2 skin and 4 gut biopsies). An additional two patients
with severe aGvHD had negative gut biopsies but received

treatment on clinical grounds. For sibling transplants (CSA
target of 105–155 ng/mL, n = 33), the incidence of grade II to
IV aGvHD and severe aGvHD was 39% and 9%, respectively.
The incidence of grade II to IV and severe aGvHD in matched
unrelated donors/other transplants (CSA target of 155–
210 ng/mL, n = 54) was 72% and 29%, respectively. The
incidence of severe aGvHD among recipients of transplants
for malignant disease and nonmalignant disease was 23% and
18.5%, respectively.

Univariate Analysis of Risk Factors for
Severe aGvHD

Table 3 lists the predictors of severe aGVHD on
univariate analysis. As expected, the type of transplant (unre-
lated vs. related) was significantly associated with severe
aGVHD (OR, 3.75; CI, 1.13–12.46; P = 0.0310). Three phar-
macologic variables were significantly associated with the
development of severe aGvHD: the initial CSA target
concentration (105–155 vs. 155–210 ng/mL) (OR, 0.24; CI,
0.06–0.89; P = 0.0332), the proportion of time the target CSA
concentration was achieved or exceeded during the second
week after transplant (OR, 0.16; CI, 0.04–0.75; P = 0.0198),
and the proportion of time the target CSA concentration was

TABLE. 2 Clinical Outcomes

Parameter

Engraftment

No. of patients engrafted 86/87

Mean day of engraftment (median, range) 19.2 (18, 11–35)

aGvHD by grade, no. of patients (%)

0 27 (31)

I 8 (9)

II 33 (38)

III 12 (14)

IV 7 (8)

Relapse rate,* no. of patients (%)

ALL 11/33 (33)

AML 2/18 (11)

CML 1 (100)

MDS 1/5 (20)

Survival, no. of patients (%)

To day +100 80 (92)

Beyond day +100* 53 (61)

aGvHD, acute graft versus host disease; ALL, acute lymphoblastic leukemia; AML,
acute myeloblastic leukemia; CML, chronic myelogenous leukemia; MDS, myelodys-
plastic syndrome.

*Mean length of follow-up, 3.0 6 1.9 years in survivors.

TABLE 3. Univariate Logistic Regression of Potential
Predictors of Severe Acute Graft Versus Host Disease

OR 95% CI P

Clinical variables

Age, yr 1.06 0.96–1.17 0.3

CMV pairs

Donor+/Recipient+ 2.92 0.66–12.81 0.4

Donor–/recipient+ 1.82 0.48–6.87 0.9

Donor+/recipient– 2.59 0.60–11.19 0.6

Donor–/recipient– Reference

Transplant type (unrelated vs. related) 3.75 1.13–12.46 0.0310

Extent of match (match vs. mis-match) 0.48 0.14–1.64 0.2

Conditioning regimen (TBI vs. non-TBI) 2.62 0.55–12.55 0.2

Pharmacologic variables

Initial CSA target (105–155 vs.
155–210 ng/mL) 0.24 0.06–0.89 0.0332

Proportion of time at or above target
CSA concentration

Day 0 to +6 1.02 0.24–4.29 1.0

Day +7 to +13 0.16 0.04–0.75 0.0198

Day +14 to +20 0.33 0.08–1.33 0.1

Day +21 to +27 1.94 0.43–8.80 0.4

Week before engraftment 0.22 0.05–0.99 0.0489

Week before aGvHD 1.62 0.37–7.03 0.5

Median trough CSA concentration

Day 0 to +6 0.997 0.985–1.010 0.7

Day +7 to +13 0.994 0.981–1.006 0.3

Week before engraftment 0.991 0.979–1.003 0.1

Receipt of MTX

All 4 doses received 0.840 0.279–2.531 0.8

Receipt of leucovorin 1.161 0.362–3.720 0.8

aGvHD, acute graft versus host disease; OR, odds ratio; CI, confidence interval;
CSA, cyclosporine; MTX, methotrexate; TBI, total body irradiation.
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achieved or exceeded during the week before engraftment
(OR, 0.22; CI, 0.05–0.99; P = 0.0489). Clinical risk factors
including recipient age, diagnosis, CMV status/disparity, con-
ditioning regimen, and receipt of TBI were not predictive of
severe aGvHD.

The univariate analysis was repeated for the recipients of
unrelated transplants only (n = 49), and the results of this
analysis are presented in Table 4. In this stratified analysis, the
only significant variables were the proportion of time the target
CSA concentration was achieved or exceeded during the
second week post-transplant (OR, 0.14; CI, 0.02–0.94; P =
0.0424) and the median CSA concentration during the week
before engraftment (OR, 0.98; CI, 0.97–1.0; P = 0.0409).

The receipt of four versus fewer than four doses of
MTX did not influence the development of severe aGvHD. In
addition, the total number of doses of MTX received did not
impact on aGvHD outcomes (data not shown). The receipt of
leucovorin versus no leucovorin did not influence aGvHD
outcomes in either the entire study cohort or the subset of
those who received unrelated transplants.

Multivariable Analysis of Risk Factors for
Severe aGVHD

As shown in Table 5, multivariable analysis adjusting for
type of transplant (related vs. unrelated) revealed a significant
inverse relationship between the median CSA concentration
during the week before engraftment and the development of
severe aGvHD (OR, 0.99; CI, 0.97–1.00; P = 0.0454). For
every 10 ng/mL increase in median CSA concentration during
the week before engraftment, the odds of severe aGVHD was
reduced by 13% (OR, 0.87; 95% CI, 0.76–0.99). A trend
toward a significant relationship between the proportion of
time the target CSA concentration was achieved or exceeded
from day +7 to +13 was also observed (OR, 0.23; CI, 0.05–
1.11; P = 0.07).

DISCUSSION
Our results suggest that an inverse relationship exists

between the development of severe aGvHD and the median
CSA concentration during the second week after transplant as
well as the proportion of time spent at or above our institution’s
target trough CSA concentrations [105–155 ng/mL (matched
related donors) or 155–210 ng/mL (matched unrelated
donors)] in the second week after transplant and in the week
before engraftment. Achievement of our CSA target con-
centrations is therefore likely to be important to aGvHD
outcomes, and attainment of therapeutic CSA concentrations
in the early days after transplantation may decrease the risk of
severe aGvHD. On the other hand, administration of a complete
(4 doses) versus less than complete course of MTX according
to our institutional practice for aGvHD prophylaxis did not
significantly influence aGvHD outcomes, nor did the use of
folinic acid rescue after MTX administration.

In a survey of HSCT centers, the initial daily IV CSA
dose reported ranged from 1 to 20 mg/kg. Fixed dosage studies
of CSA have demonstrated the importance of CSA dosage in

TABLE 4. Univariate Logistic Regression of Potential
Predictors of Severe Acute Graft Versus Host Disease in
Recipients of Matched Unrelated Donor Hematopoietic Stem
Cell Transplantation (n = 49)

OR 95% CI P

Clinical variables

Age, yr 1.03 0.92–1.15 0.6

CMV pairs

Donor+/recipient+ 8.50 1.13–63.87 0.1

Donor–/recipient+ 1.31 0.27–6.24 0.1

Donor+/recipient– 6.38 0.79–51.78 0.3

Donor–/recipient– Reference

Extent of match (match vs. mis-match) 0.59 0.14–2.5 0.4

Conditioning regimen (TBI vs. non-TBI) 1.87 0.19–18.27 0.6

Pharmacologic variables

Proportion of time at or above target
CSA concentration

Day 0 to +6 0.71 0.08–6.61 0.8

Day +7 to +13 0.14 0.02–0.94 0.0424

Day +14 to +20 0.49 0.10–2.54 0.4

Day +21 to +27 2.16 0.40–11.67 0.4

Week before engraftment 0.24 0.04–1.66 0.1

Week before aGvHD 2.09 0.38–11.59 0.4

Median trough CSA concentration

Day 0 to +6 1.00 0.98–1.01 0.5

Day +7 to +13 0.99 0.98–1.00 0.1

Week before engraftment 0.98 0.97–1.00 0.0409

Median CSA concentration

Day 0 to +6 1.00 0.98–1.01 0.5

Day +7 to +13 0.99 0.98–1.00 0.1

Week before engraftment 0.98 0.97–1.00 0.0409

Receipt of MTX

All 4 doses received 0.99 0.25–3.92 1.0

Receipt of leucovorin 0.81 0.18–3.62 0.8

aGvHD, acute graft versus host disease; OR, odds ratio; CI, confidence interval;
CSA, cyclosporine; MTX, methotrexate; TBI, total body irradiation.

TABLE 5. Multivariable Logistic Regression of Potential
Pharmacologic Predictors of Acute Graft Versus Host Disease
Adjusted for Type of Transplant (Related vs. Unrelated)

OR 95% CI P

Pharmacologic variables

Initial CSA target
(105–155 vs. 155–210 ng/mL) 0.40 0.03–4.84 0.5

Proportion of time at or above target
CSA concentration

Day 0 to +6 2.65 0.47–14.97 0.3

Day +7 to +13 0.23 0.05–1.11 0.07

Day +14 to +20 0.45 0.11–1.93 0.3

Day +21 to +27 2.49 0.53–11.72 0.2

Week before engraftment 0.26 0.05–1.28 0.1

Week before aGvHD 1.97 0.42–9.11 0.4

Median trough CSA concentration

Day 0 to +6 1.0 0.99–1.01 0.7

Day +7 to +13 0.99 0.98–1.00 0.1

Week before engraftment 0.99 0.97–1.00 0.0454

aGvHD, acute graft versus host disease; OR, odds ratio; CI, confidence interval;
CSA, cyclosporine; MTX, methotrexate; TBI, total body irradiation.
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preventing aGvHD in adults and children.1,37–41 Lower CSA
doses in the early period post-transplant resulted in a higher
incidence or greater severity of aGvHD compared with higher
doses of CSA. However, lower CSA doses were also asso-
ciated with a decreased incidence of leukemic relapse in these
studies, consistent with enhanced GvL effect. In all but
one study, no significant difference in overall survival was
observed between the two dosage groups, underscoring the
precarious balance between increased treatment-related mor-
tality and decreased risk of relapse associated with GvHD, at
least in those patients transplanted for leukemia.42

Although the findings are not consistent, the weight of
available evidence supports the existence of an inverse
relationship between the achievement of therapeutic CSA
concentrations and the development of aGvHD.16,18–26,43 The
actual therapeutic range, however, is highly controversial.
Discussion of the optimal therapeutic range is complicated by
the fact that different numeric values of CSA concentration are
generated depending on the matrix (plasma, serum, or whole
blood) and the assay used. Determination of CSA concen-
trations in whole blood by HPLC is the gold standard.44 As
well, the optimal therapeutic CSA range may be influenced by
the conditioning regimen administered or other agents given
for aGvHD prophylaxis (eg, MTX) or conditioning (eg,
antithymocyte globulin). Our findings are strengthened by the
fact that our patients all received a uniform aGvHD
prophylaxis regimen (CSA and MTX).

Our target CSA ranges have not changed since the use of
CSA for aGvHD prophylaxis was introduced to our program
over 20 years ago. We surmise that they were devised
to balance potential CSA-induced nephrotoxicity against the
potential morbidity and mortality of severe aGvHD while
attempting to preserve GvL activity for patients with leukemia.
The trough CSA concentrations noted by other investigators
to be clinically important range from greater than 85 ng/mL
(enzyme-multiplied immunoassay technique),32 greater than
200 to 300 ng/mL (HPLC)21–23 to greater than 200 to 400
ng/mL (polyclonal radioimmunoassay or fluorescence polar-
ization immunoassay).16,24–26,43 The target CSA concentration
range most widely accepted by centers affiliated with the
European Group for Blood and Marrow Transplant was 250 to
400 ng/mL, but reported target concentrations ranged from
100 to 1000 ng/mL.8 An approach that differentiated the target
trough CSA concentration by type of transplant (matched
related vs. matched unrelated donors) was not described. The
wide range of recommended target trough CSA concentrations
prompted the need to justify the choice of target concentrations
by our institution.

Our observation of the time sensitivity of achievement of
target trough CSA concentrations and aGvHD outcome has
also been noted by others16,18,19,21,23,24,32 and for tacrolimus.45

Several time periods after transplant have been described as
critically important for achievement of therapeutic CSA
concentrations to optimally prevent aGvHD. These include
the first, second, or third week after transplant,18,21,32,43 the
time of engraftment,23 and the week preceding the devel-
opment of aGvHD.16,24 For many patients, the week before
engraftment overlaps or is congruent with the second week
of transplant. The observation that the effectiveness of an

intervention aimed at preventing aGvHD may be time
sensitive is consistent with the model of GvHD pathogenesis
described by Hill and Ferrara.46 In this model, conditioning-
induced tissue damage, cytokine secretion, and the presence of
donor T cells initiate the sequence of events that leads to
aGvHD. CSA is known to interfere with interleukin-2 gene
transcription and inhibit proliferation of T cells.47 Thus,
biologically, its greatest effect is expected to occur early in the
sequence of events that leads to aGVHD.48

In both adult and pediatric solid organ transplant
patients, the CSA concentration 2 hours after its oral admin-
istration more closely correlates with its area under the con-
centration versus time curve, and thus to its therapeutic effect,
than the trough concentration.49–53 No information regarding
the relationship between CSA area under the concentration
versus time curve and the incidence of aGvHD exists; HSCT
clinicians only recently have begun discussions of parameters
other than trough CSA concentrations as possible correlates of
HSCT outcomes.54–57 Future prospective research will elab-
orate on the nature and extent of any such relationships.

We also examined the relationship between our insti-
tution’s short-course MTX regimen in combination with CSA
and aGvHD. Since the inception of our transplant program,
we have given MTX 10 mg/m2 on days +3, +6, +11, +18.
We were unable to demonstrate a difference in aGvHD
outcome whether the patient received the full four doses or less
than the full four doses of MTX. These findings are consistent
with the pediatric experience reported by Ringden et al,13 who
found no difference in the incidence of aGvHD in a large
cohort of children undergoing HLA-matched sibling donor
transplant for leukemia whether CSA was given alone or with
a short course of MTX.

There are theoretical concerns regarding the use of
folinic acid rescue after MTX administration, particularly as
related to potential decreased effectiveness of MTX for
aGvHD prophylaxis. Similar to the findings of others,58,59 our
study demonstrated that the receipt of folinic acid rescue after
MTX administration did not impact aGvHD outcomes.

Interpretation of our results is limited by a number of
factors. First, our cohort was a heterogeneous group both by
diagnosis and donor type. Although this represents real-world
experience, we may have not been able to identify significant
risk factors for aGvHD in specific groups. Second, we were
limited by the retrospective nature of the study and were
unable to examine other relevant clinical risk factors for
aGvHD, including donor age and sex, donor/recipient sex
mismatch, and ABO disparity because this information was
often unavailable.32,60 However, pharmacologic risk factors
may be more important than individual clinical risk factors,
particularly among children.32 Finally, the target CSA
concentrations were considered as stable between each data
point for the purposes of this study. Because CSA concen-
trations were determined frequently, we do not believe this
assumption significantly impacts our analysis.

CONCLUSION
Our study confirms the value of monitoring trough whole

blood CSA concentrations after transplant and individualizing
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doses so as to achieve our institution’s target concentrations.
Achievement of these targets early after transplant appears to
be important. Further research is necessary to develop CSA
dosage guidelines that quickly and reliably achieve these
targets in children. Prospective research is also required
to further elucidate and refine the pharmacologic aspects of
aGvHD prophylaxis. Similar to the work that has been
performed in solid organ transplant, identification of moni-
toring parameters that may correlate with CSA efficacy to
a greater extent than the trough CSA concentration may lead to
further improvements in GvHD control.
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