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Abstract
Purpose  Alemtuzumab is a humanized monoclonal antibody against CD52 which is predominantly present on T and B 
lymphocytes. Alemtuzumab has been used as part of conditioning regimens for prophylaxis against rejection and GVHD. 
While the mechanism of action is well understood, the pharmacokinetics of this drug in children needed to be studied in 
more detail especially in the setting of ex vivo T-cell-depleted hematopoietic cell transplantation (HCT).
Methods  Serum alemtuzumab levels were measured at various time points in 13 patients who underwent haploidentical 
HCT utilizing ex vivo donor T-cell depletion. Alemtuzumab was administered subcutaneously at a cumulative dose of 45 mg/
m2 from days − 13 to − 11. A one-compartmental model was used to fit the data using non-linear mixed effects modeling.
Results  We determined the median half-life to be 11 days. Alemtuzumab clearance increased with increasing baseline 
lymphocyte count (p = 0.008). Additionally, clearance increased with weight and age (p ≤ 0.035). AUC of alemtuzumab did 
not have any significant relationship with type of leukemia, overall survival, engraftment, immune reconstitution, mixed 
chimerism or GVHD, although the number of subjects in this pilot study was limited.
Conclusion  Absolute lymphocyte count and body weight affect alemtuzumab clearance. We also demonstrate feasibility of 
body-surface area-based dosing of alemtuzumab in pediatric HCT patients. Further studies are needed to evaluate the role of 
monitoring alemtuzumab serum concentrations to balance the prevention of graft rejection and GVHD with the promotion 
of rapid donor immune reconstitution.
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Introduction

Outcomes for children with acute leukemia have improved 
in recent decades, aided by advances in understanding the 
biology of leukemia, improved risk stratification, use of 
multiagent chemotherapy and superior supportive care [1, 
2]. Despite these advances, many patients continue to have 
high rates of relapse and correspondingly poor survival. 
These patients are ideal candidates for allogeneic hemat-
opoietic cell transplantation (HCT). While HLA-matched 
donor transplantation has been a well-established and well-
studied standard of care, many patients do not have an appro-
priate sibling donor and often also lack a matched unrelated 
donor. Haploidentical donor HCT is a viable option for 
these patients [3]. However, the presence of HLA mismatch 
can be associated with increased risk of donor graft rejec-
tion, graft versus host disease (GVHD), infections due to 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s0028​0-020-04160​-7) contains 
supplementary material, which is available to authorized users.

 *	 Brandon M. Triplett 
	 brandon.triplett@stjude.org

1	 Department of Hematology, St. Jude Children’s Research 
Hospital, Memphis, TN 38105, USA

2	 Department of Pharmaceutical Sciences, St. Jude Children’s 
Research Hospital, Memphis, TN 38105, USA

3	 Department of Bone Marrow Transplantation and Cell 
Therapy, St. Jude Children’s Research Hospital, MS 
1130, Room I3305, 262 Danny Thomas Place, Memphis, 
TN 38105, USA

http://orcid.org/0000-0002-1402-6549
http://crossmark.crossref.org/dialog/?doi=10.1007/s00280-020-04160-7&domain=pdf
https://doi.org/10.1007/s00280-020-04160-7


712	 Cancer Chemotherapy and Pharmacology (2020) 86:711–717

1 3

delayed immune reconstitution and regimen-related toxicity 
[3]. Various conditioning regimens and graft manipulation 
techniques are being utilized to improve outcomes after hap-
loidentical HCT [4, 5].

Alemtuzumab is a humanized monoclonal antibody 
targeted against human CD52, which is predominantly 
expressed on T and B cells with negligible expression in 
hematopoietic stem and progenitor cells [6]. Alemtuzumab 
has been used as part of conditioning regimen for HCT to 
prevent GVHD and graft rejection by depletion of T lym-
phocytes in vivo [7]. Increased exposure to alemtuzumab 
can result in prolonged T-cell suppression, reduced graft-
versus-leukemia (GVL) effect, delayed immune reconsti-
tution and increased risk of infections such as CMV [8], 
whereas decreased exposure to alemtuzumab is associated 
with increased risk of acute GVHD and graft rejection. Con-
sidering this, dosing alemtuzumab appropriately is of critical 
importance in achieving a balance between graft rejection, 
GVHD, and immune reconstitution.

Previous pharmacokinetic studies of alemtuzumab in 
adult CLL patients receiving fixed dose alemtuzumab 
showed variability between patients believed to be related 
to tumor burden and baseline absolute lymphocyte count 
(ALC) [9]. Studies in children undergoing HCT did not show 
any effect of ALC on clearance [10]. It is suggested that 
higher dosing used in HCT rapidly saturates all the avail-
able CD52 sites resulting in ALC not having a substantial 
effect on clearance. Additionally, the study population was 
very heterogenous in terms of their diagnosis and type of 
HCT employed. In this work, we describe the pharmacoki-
netics of body-surface area (BSA)-dosed alemtuzumab in 
children with leukemia undergoing ex vivo T-cell-depleted 
haploidentical hematopoietic transplantation in a single-
center study.

Patients and methods

Study design

Patients, younger than 21 years of age, with hematologi-
cal malignancy and undergoing haploidentical HCT using 
a reduced intensity conditioning (RIC) regimen with CD3-
depleted hematopoietic progenitor cell grafts between 
March 2011 and November 2012 were included in this study 
(NCT00566696). Patients were excluded if they had received 
a previous HCT. Patients received alemtuzumab as part of 
the conditioning regimen from days − 14 to − 11 using a 
body-surface area (BSA)-based dosing. Patients received a 
test dose of 2 mg on day − 14 followed by escalating doses 
of 10 mg/m2, 15 mg/m2 and 20 mg/m2 on days − 13, − 12 
and – 11, respectively. A total dosage of 45 mg/m2 was 
administered and eight post-regimen serum pharmacoki-
netic samples were obtained over the following 16 weeks as 
described in Fig. 1. Recipients received haploidentical donor 
grafts that underwent ex vivo T-cell depletion via immuno-
magnetic depletion of CD3 + cells using CliniMACS (Milte-
nyi Biotec, Germany) following conditioning with fludara-
bine (40 mg/m2/day; day − 9 to − 5), thiotepa (10 mg/kg 
divided into two doses; day − 4), melphalan (60 mg/m2/day; 
day − 3 and − 2) and rituximab (375 mg/m2; day − 1) [11]. 
Mycophenolate mofetil (MMF) was given for 60 days for 
post-HCT GVHD prophylaxis. The study was approved by 
IRB of St. Jude Children’s Research Hospital in accordance 
with federal regulations and the principles of the Helsinki 
Declaration. Patients were enrolled after informed consent 
was given by parent and/or patient.

Alemtuzumab administration and measurement:

All doses of alemtuzumab were administered subcutane-
ously except for five patients who received intravenous dos-
ing for their third and fourth doses. Serum concentrations 
were measured by enzyme linked-immunosorbent assay at 
the following timepoints: day − 10, day − 8, day − 3 before 
transplant, and then at weeks 1, 2, 4, 8 and 16 post-HCT. 

Fig. 1   Scheme of alemtuzumab 
administration as part of condi-
tioning and time points at which 
serum concentrations were 
checked to establish pharma-
cokinetic properties
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The lower limit of detection of alemtuzumab in this assay 
was 141 ng/mL.

Pharmacokinetic analysis

The pharmacokinetics were estimated with non-linear 
mixed effects modeling (Monolix version 5.1.0; Lixoft, 
Antony, France) using the stochastic approximation expec-
tation–maximization (SAEM) method. A one-compartment 
PK model with first-order subcutaneous absorption was used 
to describe the data. The PK parameters estimated included 
clearance (CL; mL/m2/day), volume of distribution (V; mL/
m2), the first-order absorption rate constant (ka; 1/day), and 
bioavailability (f). The inter-individual variability of the 
parameters was assumed to be log-normally distributed and 
a proportional residual error model was used with assumed 
normal distribution of the residuals. Concentrations below 
the lower limit of quantification (141 ng/mL) were treated 
as censored and the M3 method of handling these values 
was used as implemented in Monolix [12]. In addition, the 
individual posthoc parameter estimates [both the conditional 
mode and random samples from the conditional distribu-
tion (n = 10) per individual] were determined and used to 
estimate the area under the concentration–time curve (AUC; 
µg*day/mL) and half-life (t1/2; days). The relationships 
between PK parameters and covariates were described using 
the following model: θ = θBase*exp(β*covariate).

Statistical analysis

A covariate in the pharmacokinetic model was considered 
significant in the univariate analysis, if the addition of the 
covariate to the model reduced the objective function value 
at least 3.84 units (p < 0.05, based on the χ2 test for the dif-
ference in the − 2 log-likelihood between two hierarchical 
models that differ by 1 degree of freedom). Only univari-
ate analysis was considered due to the small sample size 
of the population. Continuous variables were expressed as 
median (range) and categorical variables were expressed as 
absolute units (percentage). Overall survival was determined 
by Kaplan–Meier method implemented in R (version 3.5).

Results

Patient characteristics

Thirteen patients with acute leukemia receiving their first 
HCT were enrolled. All patients received CD3-depleted 
grafts from haploidentical donors. Table 1 summarizes the 
characteristics of the 13 patients. All 13 patients received 
alemtuzumab test dose on day − 14 which they tolerated 
well and proceeded to receive rest of dosing as planned. 

Graft source was GCSF-mobilized peripheral blood in all 
cases with a median (range) CD34+ dose of 10.3 × 106 cells/
kg (5.6–48), and median (range) CD3+ dose of 0.024 × 106 
cell/kg (0.01–0.085).

Pharmacokinetics

The population pharmacokinetics of alemtuzumab are sum-
marized in Table S1 and quality of the model fit is shown in 
Fig. 2 and Figure S1. BSA-normalized dosing significantly 
improved the model fit (p = 8.7 × 10–7) and explained 15 and 
64% of the IIV on CL and V, respectively. Weight-based 
dosing was also evaluated and was not significantly different 
from BSA-based dosing. Therefore, all the remaining anal-
ysis used BSA-normalized pharmacokinetics. The median 
(range) posthoc estimated clearance and AUC were 255 
(211–600) mL/m2/day and 117.1 (28.1–165.4) µg*day/mL, 
respectively. The median estimated peritransplant serum 
concentration on day − 3 was 4.0 (10th–90th percentile: 
2.1–7.1) µg/mL. Ten of thirteen (77%) patients had detect-
able concentrations as late as week 4 post-HCT (6 weeks 

Table 1   Patient characteristics

Total number of patients 13
Median age, years (range) 15.5 (3–21)
Median weight, kg (range) 67.7 (15.2–110.9)
Median BSA, m2 (range) 1.8 (0.66–2.42)
Sex
 Female 5 (38.5%)
 Male 8 (61.5%)

Diagnoses
 ALL 8 (61.5%)
 AML 3 (23.1%)
 CML 1 (7.7%)
 Therapy-related MDS 1 (7.7%)

Median CD34+ cell dose, 10e6 cells/kg (range) 10.3 (5.6 -47.95)
Median neutrophil engraftment, days (range) 11 (8–12)
Median platelet engraftment, days (range) 15 (13–19)
Primary graft failure 1 (7.7%)
Secondary graft failure 1 (7.7%)
Relapse 3 (23.1%)
1-year OS 7 (53.8%)
aGVHD
 Grade I 0
 Grade II 2 (15.4%)
 Grade III 1 (7.7%)
 Grade IV 3 (23.1%)

cGVHD 2 (15.4%)
DLI administered 12 (92.3%)
Stem cell boost 3 (23.1%)
Median follow-up, years (range) 4.9 (0.1–8.9)
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after alemtuzumab infusion) and the median (range) half-life 
was 11 (4.3–12.9) days (Fig. 2). Clearance increased with 
age, weight, and serum creatinine (p ≤ 0.035) (Table S1, 
Fig. 3a–c). Conversely, AUC decreased with age, weight, 
and serum creatinine (p < 0.05). Since alemtuzumab is not 
renally excreted, serum creatinine levels should not have any 
direct effect on the pharmacokinetics of alemtuzumab. This 
was confirmed by the lack of an association between alem-
tuzumab clearance or AUC and glomerular filtration rate 
(GFR) as measured by technetium-99 m DTPA radioisotope 
or 24-h urine collection. Although we did not notice a sta-
tistically significant relationship between AUC and absolute 
lymphocyte count (ALC), clearance increased with increase 
in ALC (p = 0.008) (Table S1, Fig. 3d). Additionally, there 
was no statistically significant association between AUC 
and  type of leukemia, immune reconstitution,  survival, 
relapse, graft failure, incidence of mixed chimerism, acute 
or chronic GVHD.

Engraftment, GVHD, infections, and outcomes

Median time for neutrophil engraftment was 11 days (range 
8–12) and platelet engraftment was 15 days (range 13–19). 
Median time for absolute lymphocyte count to reach more 
than 1000/mm3 was 96 days (range 70–763). We did not 
find any association between time for ALC recovery and 
AUC or baseline ALC. One patient had primary graft failure, 
and another had secondary graft failure. Acute GVHD was 
observed in six, out of which four had grade III/IV acute 
GVHD. Two patients had chronic GVHD, with one each 

of limited and extensive chronic GVHD. All seven patients 
with acute and/or chronic GVHD had received prior donor 
lymphocyte infusion (DLI). Median (range) follow-up 
period was 4.9 years (0.1–8.9). Seven patients were alive 
1 year after transplant. Our cohort included three patients 
who relapsed in the first year. Overall survival (OS) for 
100 days was 84.6% (95% CI 51.2–95.9) and 1-year OS was 
53.8%, (95% CI 24.8–76) (Fig. 4). Twelve out of 13 patients 
received DLI for various reasons with the most common 
indication being mixed chimerism (n = 7 patients). DLIs 
were administered in 2–4 week intervals, with a dose range 
from 2.5–10 × 104 CD3+ cells/kg. The median duration from 
the last dose of alemtuzumab to the first DLI administra-
tion was 49.5 days (range 31–87) raising the possibility that 
CD52-expressing DLI could affect alemtuzumab pharma-
cokinetics. However, we did not note any significant rela-
tionship between time of DLI infusion and AUC (p = 0.47) 
or CL (p = 0.28).

Discussion

Our study demonstrates that dosing alemtuzumab by body-
surface area is a feasible approach resulting in consistent 
pharmacokinetics (Fig. 2). We report a statistically signifi-
cant relationship between alemtuzumab clearance and age, 
weight, serum creatinine, and ALC. We found no significant 
effect of sex or GFR on clearance. Although our pilot study 
is limited by small sample size, to our knowledge, this is 
the first pharmacokinetic study of alemtuzumab in pediatric 
patients undergoing ex vivo T-cell-depleted haploidentical 
transplantation. In this study, we primarily focused on the 
terminal pharmacokinetic parameters as we hypothesized 
that the serum levels after donor cell infusion had a higher 
clinical impact on HCT outcomes than early serum levels. 
The clinical importance of post-donor infusion pharmacoki-
netics has previously been noted with rabbit-derived antithy-
mocyte globulin (rATG) [13].

Monoclonal antibodies, such as alemtuzumab, are cleared 
by one of two mechanisms: a slower non-specific proteolytic 
pathway and a more-rapid target antigen-mediated clearance 
pathway. As suggested by previous studies demonstrating a 
significant effect of lymphocyte count on the pharmacokinet-
ics of alemtuzumab [9], target antigen-mediated clearance 
likely plays an important role in alemtuzumab clearance. 
Since the target antigen for alemtuzumab is present on white 
blood cells and lymphoid tissue, we hypothesized that a 
body-surface area would be more representative of lymphoid 
tissue content than body weight in pediatric patients. A pre-
vious study that used BSA-based dosing strategy (cumula-
tive dose of 52 mg/m2) for alemtuzumab in patients undergo-
ing matched unrelated donor HCT for non-malignant genetic 
diseases demonstrated that elevated clearance (i.e., lower 
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Fig. 2   Alemtuzumab concentration versus time and visual predictive 
check. The black dots represent the measured concentrations and the 
red squares represent censored data (plotted at the LLOQ). The solid 
black curve is the population predicted median curve and the grey 
shaded region represents the population predicted 10th–90th percen-
tile. The horizontal dotted line represents the lower limit of quantifi-
cation of the assay (141 ng/mL)
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exposure) was associated with graft rejection [14]. The 
importance of appropriate dosing was further highlighted 
by Marsh et al. who noted lower alemtuzumab concentra-
tions during peritransplant period is associated with higher 
incidence of acute GVHD, mixed chimerism and immune 
reconstitution [15].

Considering that we were depleting T cells ev vivo we 
rationalized that using a lower alemtuzumab dose (cumula-
tive dose of 45 mg/m2 plus a 2 mg test dose, as opposed 
to 52 mg/m2) [14, 16] using an intermediate schedule (day 
− 14 to − 10), as opposed to a proximal schedule, would 
be appropriate. We hypothesized that this would result in 
minimal effect on donor cells. However, our cohort had esti-
mated lympholytic concentrations (> 0.1 µg/mL) as late as 
6 weeks after infusion and a conspicuously high frequency 

of mixed chimerism necessitating DLI. Together, this sug-
gests we likely had a higher than required concentrations 
of alemtuzumab which, presumably, affected engraftment 
by killing alloreactive donor lymphocytes. However, we did 
not notice an association between alemtuzumab AUC and 
immune reconstitution. Future studies in T-cell-depleted 
HCTs should consider reducing the cumulative dose of 
alemtuzumab but keeping in mind that WBC count might 
have a larger impact on the pharmacokinetics as the dose is 
reduced [9, 10].

The median half-life of alemtuzumab in our study is 
estimated to be 11 days. The longer half-life estimated 
in this study compared to previously published values in 
CLL patients is likely because of the lower starting white 
blood cell count in our patients, the use of an ex  vivo 
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T-cell-depleted donor graft, and the multiple dosing scheme 
employed [9]. Additionally, by measuring serum concentra-
tions over days to weeks, instead of hours after infusion, 
(Fig. 1) we are capturing the terminal half-life—a more 
clinically relevant phase. The half-life determined in our 
study is more closer to the terminal half-life of 2–3 weeks 
determined in adult patients undergoing HCT [17].

Previous pharmacokinetics study on alemtuzumab 
has mostly been reported using adult data where patients 
received a wide range of dosing. Multiple dosing regimens 
have been used: 20 mg/day × 5 days, 0.2 mg/kg/day × 5 days, 
0.25 mg/kg × 2 days [7, 18–20]. One of the largest studies 
in pediatric population used data from 206 patients who 
received alemtuzumab in two different centers [10]. Most 
of these patients received a cumulative dose of 1 mg/kg 
given as 0.2 mg/kg/day × 5 days with some patients receiv-
ing a cumulative dose of 0.5 mg/kg. The study used a two-
compartment model and suggested body weight-based doses 
result in highly variable exposure. However, as demonstrated 
in our results, BSA normalization resulted in a better model 
fit compared to weight normalization, although the results 
were similar. This highlights the feasibility of BSA-based 
dosing for alemtuzumab consistent with general chemother-
apy dosing in pediatric cancer patients. Whether and how 
exposure affects transplant outcomes and survival needs to 
be investigated further, especially in haploidentical HCTs as 
the donor graft is invariably manipulated either ex vivo or 
in vivo. There is likely to be an important role for therapeu-
tic drug monitoring (TDM) especially in patients receiving 
both T-cell replete as well as T-cell-depleted grafts. TDM of 
rATG has been shown to be a feasible approach to balance 
graft failure and immune reconstitution [21, 22].

To summarize, BSA-based dosing of intermediate-
scheduled alemtuzumab is a feasible approach for pediatric 
patients undergoing ex vivo T-cell-depleted haploidentical 

hematopoietic cell transplantation and results in consistent 
serum concentration. Further studies are needed to deter-
mine if AUC and clearance affect transplant outcomes and if 
TDM of alemtuzumab can be utilized to achieve individual-
ized drug dosing.
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