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Abstract

Lymphocyte and platelet recovery may influence outcomes of allo-SCT for treatment of AML. It

is not clear, however, if this impact is independent of patient and transplant characteristics. To

investigate this question, we evaluated the influence of pre- or post transplant factors on day + 30

absolute lymphocyte count (ALC) and the speed of platelet engraftment. We studied 106 AML

patients treated with fludarabine and melphalan reduced-intensity conditioning and allo-SCT.

Twenty nine percent of patients were in CR at the initiation of the conditioning, 39% had active

disease with circulating blasts and 32% had active disease without circulating blasts. The graft

source was peripheral blood from a matched sibling donor in 55% and BM from a matched

unrelated donor in 45%. Our data showed that the presence of circulating blasts before

transplantation is significantly correlated with low post-SCT day + 30 ALC and slow platelet

engraftment. This finding suggests that the impact of early ALC and platelet recovery on

transplant outcome may not be independent of disease status at transplantation.
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Introduction

In patients with AML, disease relapse and treatment related mortality are the major causes

of treatment failure after allo-SCT using reduced-intensity conditioning regimens.1

Improving leukemia-free survival in these patients depends, at least in part, on the
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identification of prognostic factors and biomarkers for treatment failure that would facilitate

risk stratification and development of more efficacious therapies.

Several reports have evaluated the prognostic value of two biomarkers of early post

transplant hematopoietic reconstitution, the absolute lymphocyte count (ALC) and/or

platelet recovery2-13 in various disease groups including AML. The presence of a low ALC

and/or low platelet count evaluated at different time points has been consistently reported to

be associated with poor outcomes. It is not clear, however, if this association is independent

of patient and transplant characteristics, especially if it is independent of disease status at

transplantation, which is the most significant prognostic factor in AML patients treated with

reduced-intensity conditioning and SCT.14,15

We sought to test this hypothesis by systematically evaluating the impact of pre- and post

transplantation factors, including graft composition, on post-SCT day + 30 ALC and on the

speed of platelet engraftment in a relatively homogeneous cohort of AML patients treated

uniformly at our institution with fludarabine and melphalan reduced-intensity conditioning

and allo-SCT.14,15 We limited the analysis to patients who were alive and in CR on post-

SCT day + 30, as these represent the group of patients in whom identification of biomarkers

to guide early interventions would be most relevant.

Materials and methods

Study population

All consecutive patients with AML treated at our institution with a fludarabine and

melphalan-based conditioning regimen and SCT between August 1996 and June 2006 were

included in the analysis (N = 181). Patients who underwent SCT before December 2003

were included in an earlier report14 (n = 122/181). All patients provided written informed

consent before being treated on protocols approved by the Institutional Review Board (IRB)

or were treated under the compassionate investigational drug mechanism, which was also

approved by the IRB. The IRB also granted approval to this retrospective analysis.

Conditioning regimen and GVHD prophylaxis

All patients had been prospectively accrued to one of four protocols involving the use of the

fludarabine and melphalan preparative regimen during the study period. Details of these

studies have been described previously.16,17 Antithymocyte globulin was given to 39% of

recipients of matched unrelated donor (MUD) transplants. GVHD prophylaxis consisted

mainly (in 93% of patients) of tacrolimus (adjusted to maintain blood levels of 5–15 ng per

100 ml during the first 100 days and then tapered, as clinically indicated) and MTX (5

mg/m2 i.v. on days 1, 3, 6 and 11 after transplantation). Ten recipients of MUD transplants

were also given pentostatin.

Stem cell procurement

Standard mobilization protocols and apheresis techniques were used for the procurement of

donor BM or G-CSF-primed PBSCs. BM from unrelated donors was obtained through the
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National Marrow Donor Program according to the applicable guidelines. All donors

provided written informed consent.

Supportive care

Infection prophylaxis consisted of levofloxacin, fluconazole and acyclovir or valacyclovir.

Filgrastim at a dose of 5 μg/kg was administered subcutaneously daily beginning on post-

SCT day + 7 and discontinued once the granulocyte count recovered to more than 1.5 ×

109/l and remained at this level for 3 consecutive days. After recovery of the neutrophil

count to more than 1.0 × 109/l, trimethoprim-sulfamethoxazole (given orally twice weekly)

or pentamidine (given intravenously every 3 weeks) was used for prophylaxis against

Pneumocystis carinii infection. CMV antigenemia surveillance consisted of twice weekly

screening, with preemptive use of ganciclovir or foscarnet in the event of positive assay

findings. Blood products were irradiated and filtered to remove leukocytes.

Definitions

Chimerism analysis was performed on post-SCT days + 30 and + 100 and every 3 months

thereafter. Engraftment was defined as the first of 3 consecutive days with an ANC >500 ×

106/l. Failure to engraft by day + 30 was considered primary graft failure. Mixed chimerism

was defined as the presence of any detectable (1% or greater) recipient DNA or cells in

addition to donor-derived DNA or cells. The day of platelet engraftment was defined as the

first of 7 consecutive days with a platelet count of >20 k/mm3, without platelet transfusion

support.

The CR before SCT was defined as a normocellular BM sample containing 100 × 109/l. The

same criteria were used to define CR after transplantation, except for the platelet count and

evidence of donor cell engraftment. Response to transplant was assessed on post-SCT day +

30 and every 4 months during the first 2 years. For patients with active disease before

transplantation, disease status was categorized based on the presence or absence of

circulating blasts. AML cytogenetic abnormalities were grouped according to the

Southwestern Oncology Group published criteria.18

Statistical methods

Patients who were alive and in CR on post-SCT day + 30 were considered eligible for this

study. We initially considered four biomarkers of hematopoietic reconstitution: time to ALC

recovery to 500 × 106/l, time to platelet engraftment, post-SCT day + 30 ALC and post-SCT

day + 30 platelet counts. Only two of these factors (post-SCT day + 30 ALC and the speed

of platelet engraftment) were considered for the final analyses because we found a high

correlation between the speed of platelet engraftment and the platelet count on post-SCT day

+ 30 onwards, and a lack of correlation between the speed of ALC recovery and post-SCT

day + 30 ALC. The cutoff points for the post-SCT day +30 ALC were selected based on

those reported in the literature8,11,12 and included <150 × 106/l, <200 × 106/l and <500 ×

106/l. We considered only an ALC of <500 × 106/l for the final analyses because of the

small number of patients in our patient population with an ALC of <200 = 106/l (14%). The

median time to platelet engraftment was used to define a slow platelet engraftment. The

impact of patient and transplant characteristics on post-SCT day + 30 ALC and on the speed
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of platelet engraftment was evaluated in univariate analyses and multivariate analyses (when

possible) using logistic regression methods. The pre-transplantation factors considered

included graft composition (numbers of CD3+, CD34+ and total nucleated cells infused),

disease status at transplantation (categorized as described above), karyotype, patient age

(categorized at the median of 55 years), patient sex, and the combination of donor and

patient sex, donor and patient CMV serostatus at the time of transplantation, melphalan dose

(100, 140 or 180 mg/m2), and the use of gemtuzumab (Mylotarg) or antithymocyte globulin

in the conditioning regimen. The post transplantation factors evaluated included the

occurrence of grades II–IV acute GVHD and CMV reactivation before day +30. These

events are referred to henceforth as early acute GVHD and early CMV reactivation,

respectively. Statistical significance was set at 0.05. Analysis was performed using STATA

2001 software (StataCorp, College Station, TX, USA).

Results

Study population

There were 181 patients treated with a fludarabine and melphalan-based conditioning during

the study period. Patient characteristics are listed in Table 1. Twenty-two of these patients

were excluded for the analysis because of early death (n = 11), primary graft failure (n = 3)

or failure to achieve CR by day + 30 (n = 8). We further restricted the study to the 125

patients who received a PBSC graft from a matched sibling donor (MSD) (n = 65) or a BM

graft from a MUD (n = 60) because of a lack of meaningful numbers in the other graft

categories (listed in Table 1). Donor chimerism was documented at the time of engraftment

in 94% (118/125) of these patients. Myeloid and T-cell chimerism was 100% donor in 97%

of patients for whom subset chimerism was available.

Nineteen patients were diagnosed with early grades II–IV acute GVHD (GVHD occurring

before post-SCT day + 30) and had a significantly lower ALC (median, 320 vs 640 × 106/l,

P = 0.005) and platelet count (median, 37 vs 67 k/mm3, P = 0.004) on post-SCT day + 30,

irrespective of the type of graft. Because of the small number of patients affected (n = 19) it

was not possible to adjust for the effect of early acute GVHD on hematopoietic recovery in a

multivariate analysis. Instead, we adjusted for this effect by excluding the 19 patients

diagnosed with early acute GVHD from further analyses.

Among the remaining 106 patients, the median day + 30 ALC was 640 × 106/l (range, 0–

3150 × 106/l). Lymphopenia (ALC <500 × 106/l) was noted in 37% (39/106) of patients.

Platelet engraftment occurred in 93/106 patients (88%) at a median of 18 days (range, 7–49

days) after transplantation. There was no difference in the proportion of patients who

successfully engrafted among the recipients of PBSC/MSD grafts (51/58, 88%) and

recipients of BM/MUD grafts (42/48, 87%). However, engraftment was faster in the former

group, occurring at a median of 15 days (range, 7–46 days) vs 21 days (range, 9–49 days) in

the latter group. The median platelet count on post-SCT day + 30 was 80 and 60 k/mm3 in

the two groups, respectively, and was highly correlated with the speed of platelet

engraftment, irrespective of the graft type (data not shown).
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Of note, the speed of platelet engraftment was also highly correlated with post-SCT day +

30 lymphopenia in that 72% of patients with ALC <500 × 106/l had a slow platelet

engraftment in contrast to 49% of those with higher ALC (P = 0.03).

Impact of pre- and post transplant factors on lymphocyte recovery

Results were comparable in recipients of PBSC/MSD grafts and BM/MUD grafts and are

presented in combination for both groups (Table 2).

Impact of patient and transplant characteristics on lymphocyte recovery—The

presence of circulating blasts (n = 31) at the time of transplantation and the development of

early CMV reactivation (n = 20) were the only significant correlates of day + 30

lymphopenia. In particular, the median day + 30 ALC was significantly lower in patients

who had active disease with circulating blasts (470 × 106/l), than those who had active

disease without blasts (700 × 106/l) or those who were in CR (760 × 106/l). Lymphopenia

was significantly more prevalent in patients with circulating blasts (55%) compared with

those without blasts (26%, odds ratio (OR) = 3.4, P = 0.02) or those who were in CR (32%,

OR = 2.5, P = 0.06). The difference between the latter two groups was not significant (OR =

0.7, P = 0.6). A diagnosis of early CMV reactivation was associated with a significantly

higher day +30 ALC (median 780 × 106 vs 590 × 106) and lymphopenia was less prevalent

in these patients (15%, OR = 0.2, P = 0.03) than in those without CMV reactivation (42%).

With regard to CMV serostatus, pairs in which the donor was seronegative and the patient

seropositive showed a trend toward a higher prevalence of day +30 lymphopenia (48%; OR

= 2.1, P = 0.08). There was also a trend toward a higher prevalence of lymphopenia in

patients older than 55 years (45 vs 28%, OR = 2.1, P = 0.08) and in patients who received

more than the median number of chemotherapy regimens before transplantation (47 vs 31%,

OR = 2.0, P = 0.09). The median number of regimens was one in PBSC/MSD graft

recipients and two regimens in BM/MUD graft recipients. The impact of pentostatin in

GVHD prophylaxis could not be evaluated because only 5 of the 106 patients received the

drug.

Disease status at transplantation, early CMV antigenemia, patient age, donor/patient CMV

serostatus and the number of previous chemotherapy regimens were considered in a

multivariate logistic model to determine their independent association with day +30

lymphopenia. Of these factors, only disease status and early CMV antigenemia remained

significant in the final model, with effects similar to those obtained in the univariate analysis

(Table 2).

Impact of graft composition on lymphocyte recovery—As expected, the numbers

of CD3+, CD34+ and total nucleated cells infused differed significantly according to the

type of graft. In PBSC/MSD graft recipients, the respective medians were 1.9 × 108/kg

(range 0.42–5.6), 4.6 × 106/kg (range 1.7–9.1) and 6.7 × 108/kg (range 2.0–22) vs 0.22 ×

108/kg (range 0.05–2.6), 3.6 × 106/kg (range 0.6–13) and 3.1 × 108/kg (range 0.7–17) in

BM/MUD graft recipients. We found no association between the numbers of CD3+, CD34+

or total nucleated cells infused and day +30 lymphopenia when evaluated as continuous

variables or when stratified into quartiles, irrespective of the graft type.
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Impact of pre- and post transplant factors on platelet engraftment

Results were comparable in recipients of PBSC/MSD grafts and BM/MUD grafts and are

presented in combination for both groups (Table 3).

Impact of patient and transplant characteristics on platelet engraftment—
Disease status at transplantation was the most significant correlate of the speed of platelet

engraftment, followed by patient CMV serostatus, use of low-dose melphalan treatment and

patient sex. Specifically, the speed of engraftment was significantly slower in patients with

circulating blasts at transplantation, 77% of whom recovered later than the median time to

engraftment (OR = 5.6, P = 0.002), compared with 60% of patients who had active disease

without blasts (OR = 2.5, P = 0.05) and 38% of those in CR (reference group). Although the

number of CMV-seronegative patients was relatively small in this series (n = 16), patient

CMV seropositivity was associated with a significantly slower platelet engraftment (OR =

4.8, P = 0.01). Similarly, platelet counts recovered more slowly in male patients than in

female patients (OR = 0.4, P = 0.04). This effect was mostly attributed to a faster recovery

when both the donor and patient were female (OR = 0.3, P = 0.04). Conditioning with low-

dose melphalan (100 mg/m2) was also associated with faster platelet recovery (OR = 0.3, P

= 0.03). The impact of pentostatin in GVHD prophylaxis could not be evaluated because

only 5 of the 106 patients received the drug.

Impact of graft composition on platelet engraftment—There was no significant

association between numbers of CD3+, CD34+ or total nucleated cells infused and the speed

of platelet engraftment when evaluated as continuous variables. However, a quartile analysis

stratified by graft type revealed a significant correlation between the CD34+ cell dose

infused and the speed of platelet engraftment in PBSC/MSD graft recipients but not

MUD/BM graft recipients. In the former group, patients who received a CD34+ cell dose

below the median (4.6 × 106/kg) showed a significantly slower engraftment than did those

who received a dose above this (P = 0.02). CD3+ and total nucleated cell dose did not

influence platelet engraftment, irrespective of graft type.

The pre- and post transplantation factors that were statistically significant or marginally

significant on univariate analysis (P ≤ 0.06) were considered for multivariate analysis.

However, such analysis was not possible, because of sample size limitation, given the large

number of significant correlates observed on univariate analysis. It is noteworthy to mention

that the impact of pre- and post transplant factors remained comparable when the 20 patients

who received the lowest dose of melphalan (100 mg/m2) were excluded from the analysis.

Discussion

Our data show a previously unreported significant correlation between disease status at

transplantation and hematopoietic reconstitution during the first month after allo-SCT. This

was reflected in a significantly lower post-SCT day + 30 ALC and slower platelet

engraftment in patients with active disease at the initiation of the conditioning regimen, and

especially those who had peripheral blood circulating blasts. A potential explanation for this

association is a persistent deleterious effect of the leukemia burden, and/or its treatment, on

Saliba et al. Page 6

Bone Marrow Transplant. Author manuscript; available in PMC 2014 May 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



the ability of the lymphoid and marrow microenvironments to support T cell and platelet

reconstitution after SCT.

Our finding of a strong impact for disease status on lymphocyte and platelet recovery calls

into question the independent prognostic value of post-SCT day + 30 ALC and platelet

recovery in AML patients. We could not assess this question in this study because of sample

size limitations. As suggested by previous reports,2-14 this may be difficult to achieve in

single-institution studies. Multi-institutional studies are warranted for this purpose, as they

would provide the statistical power needed for proper adjustment of confounding.

We found no correlation between the numbers of infused graft cells and early hematopoietic

reconstitution (except for an impact of CD34+ cell dose on the speed of platelet engraftment

in recipients of a PBSC/MSD graft). This suggests that host- and disease-related factors may

be a greater determinant of early hematopoietic reconstitution than the simple numbers of

adoptively transferred graft cells. It is noteworthy that on univariate analysis, the use of

PBSCs resulted in faster platelet engraftment, but did not impact post-SCT day +30 ALC.

The prevalence of day + 30 lymphopenia was not significantly different between recipients

of a BM/MUD and PBSC/MSD grafts. This is consistent with the notion that, in T-cell

replete grafts, expanding natural killer cells may constitute the majority of lymphocytes

early post-SCT, irrespective of the graft composition, as was reported recently in recipient of

BM or PBSC grafts19,20 as well as in recipients of umbilical cord blood transplants.21

Early CMV reactivation significantly increased post-SCT day +30 ALC in our study. This is

in agreement with the studies by Heining et al.19 and Dolstra et al.,22 both of which showed

that an expansion of CD3+ CD8+ cells occurs in the presence of CMV reactivation. It is

important to note, however, that the increased ALC may not necessarily correlate with

enhanced immune function, as we previously found that dysfunction of CMV-specific CD8+

T cells may underlie an increased risk of viral reactivation.23

We could not evaluate the impact of early CMV reactivation on the speed of platelet

engraftment because reactivation most frequently occurred after platelet engraftment in our

cohort. However, data from the study by Dominietto et al.4 support a potential negative

impact of CMV reactivation (or its treatment) on platelet recovery, in that day + 50

thrombocytopenia was more frequent in patients with high-level CMV antigenemia who

received allo-SCTs for various hematologic malignancies. It is noteworthy that CMV

seropositive patients had a significantly slower platelet recovery in our study. This may

provide an explanation for the poor survival consistently found to be associated with CMV

seropositivity. Our results highlight the need to adjust for early CMV reactivation in studies

evaluating the impact of hematopoietic reconstitution on transplantation outcome.

Confirming previous reports,2,4,6,10 we found that early grades II–IV acute GVHD is a

dominant factor affecting hematopoietic reconstitution. We have adjusted for this factor by

excluding patients who had developed early severe acute GVHD from analyses of correlates

of hematopoietic reconstitution. Because severe acute GVHD occurred after platelet

engraftment in most cases, we were not able to determine the correlation between acute

GVHD and speed of platelet recovery.
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In summary, our study highlights the fact that in the allogeneic setting hematopoietic

reconstitution is a complex process that is affected by a number of pre- and post transplant

factors, predominantly severe acute GVHD and the leukemia burden. The independent

prognostic value of biomarkers of hematopoietic reconstitution remains to be validated in

large cohort studies.

Acknowledgments

We acknowledge our patients and clinical staff, without whom this research would not have been possible. We have
no conflict of interest to disclose. This study was supported, in part, by grants to KVK from the National Institutes
of Health (RO1 CA109326) and the Leukemia and Lymphoma Society (Translational Research Program 6178-06).

References

1. Tallman MS, Gilliland DG, Rowe JM. Drug therapy for acute myeloid leukemia. Blood. 2005;
106:1154–1163. [PubMed: 15870183]

2. Bolwell B, Pohlman B, Sobecks R, Andresen S, Brown S, Rybicki L, et al. Prognostic importance of
the platelet count 100 days post allogeneic bone marrow transplant. Bone Marrow Transplant. 2004;
33:419–423. [PubMed: 14688814]

3. Chakrabarti S, Brown J, Guttridge M, Pamphilon DH, Lankester A, Marks DI. Early lymphocyte
recovery is an important determinant of outcome following allogeneic transplantation with CD34+
selected graft and limited T-cell addback. Bone Marrow Transplant. 2003; 32:23–30. [PubMed:
12815474]

4. Dominietto A, Raiola AM, van Lint MT, Lamparelli T, Gualandi F, Berisso G, et al. Factors
influencing haematological recovery after allogeneic haemopoietic stem cell transplants: graft-
versus-host disease, donor type, cytomegalovirus infections and cell dose. Br J Haematol. 2001;
112:219–227. [PubMed: 11167808]

5. Einsele H, Ehninger G, Steidle M, Fischer I, Bihler S, Gerneth F, et al. Lymphocytopenia as an
unfavorable prognostic factor in patients with cytomegalovirus infection after bone marrow
transplantation. Blood. 1993; 82:1672–1678. [PubMed: 8395913]

6. Kim DH, Kim JG, Sohn SK, Sung WJ, Suh JS, Lee KS, et al. Clinical impact of early absolute
lymphocyte count after allogeneic stem cell transplantation. Br J Haematol. 2004; 125:217–224.
691. [PubMed: 15059145]

7. Kim DH, Sohn SK, Jeon SB, Baek JH, Kim JG, Lee NY, et al. Prognostic significance of platelet
recovery pattern after allogeneic HLA-identical sibling transplantation and its association with
severe acute GVHD. Bone Marrow Transplant. 2006; 37:101–108. [PubMed: 16258533]

8. Kumar S, Chen MG, Gastineau DA, Gertz MA, Inwards DJ, Lacy MQ, et al. Effect of slow
lymphocyte recovery and type of graft-versus-host disease prophylaxis on relapse after allogeneic
bone marrow transplantation for acute myelogenous leukemia. Bone Marrow Transplant. 2001;
28:951–956. [PubMed: 11753550]

9. Kumar S, Chen MG, Gastineau DA, Gertz MA, Inwards DJ, Lacy MQ, et al. Lymphocyte recovery
after allogeneic bone marrow transplantation predicts risk of relapse in acute lymphoblastic
leukemia. Leukemia. 2003; 17:1865–1870. [PubMed: 12970788]

10. Nash RA, Gooley T, Davis C, Appelbaum FR. The Problem of Thrombocytopenia after
Hematopoietic Stem Cell Transplantation. Oncologist. 1996; 1:371–380. [PubMed: 10388019]

11. Pavletic ZS, Bishop MR, Tarantolo SR, Martin-Algarra S, Bierman PJ, Vose JM, et al.
Hematopoietic recovery after allogeneic blood stem-cell transplantation compared with bone
marrow transplantation in patients with hematologic malignancies. J Clin Oncol. 1997; 15:1608–
1616. [PubMed: 9193360]

12. Powles R, Singhal S, Treleaven J, Kulkarni S, Horton C, Mehta J. Identification of patients who
may benefit from prophylactic immunotherapy after bone marrow transplantation for acute
myeloid leukemia on the basis of lymphocyte recovery early after transplantation. Blood. 1998;
91:3481–3486. [PubMed: 9558408]

Saliba et al. Page 8

Bone Marrow Transplant. Author manuscript; available in PMC 2014 May 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



13. Savani BN, Rezvani K, Mielke S, Montero A, Kurlander R, Carter CS, et al. Factors associated
with early molecular remission after T cell-depleted allogeneic stem cell transplantation for
chronic myelogenous leukemia. Blood. 2006; 107:1688–1695. [PubMed: 16131570]

14. Oran B, Giralt S, Saliba R, Hosing C, Popat U, Khouri I, et al. Allogeneic hematopoietic stem cell
transplantation for the treatment of high-risk acute myelogenous leukemia and myelodysplastic
syndrome using reduced-intensity conditioning with fludarabine and melphalan. Biol Blood
Marrow Transplant. 2007; 13:454–462. [PubMed: 17382251]

15. Wong R, Giralt SA, Martin T, Couriel DR, Anagnostopoulos A, Hosing C, et al. Reduced-intensity
conditioning for unrelated donor hematopoietic stem cell transplantation as treatment for myeloid
malignancies in patients older than 55 years. Blood. 2003; 102:3052–3059. [PubMed: 12842990]

16. de Lima M, Anagnostopoulos A, Munsell M, Shahjahan M, Ueno N, Ippoliti C, et al. Nonablative
versus reduced-intensity conditioning regimens in the treatment of acute myeloid leukemia and
high-risk myelodysplastic syndrome: dose is relevant for long-term disease control after allogeneic
hematopoietic stem cell transplantation. Blood. 2004; 104:865–872. [PubMed: 15090449]

17. de Lima M, Champlin RE, Thall PF, Wang X, Martin TG III, Cook JD, et al. Phase I/II study of
gemtuzumab ozogamicin added to fludarabine, melphalan and allogeneic hematopoietic stem cell
transplantation for high-risk CD33 positive myeloid leukemias and myelodysplastic syndrome.
Leukemia. 2008; 22:258–264. [PubMed: 17989720]

18. de Witte T, Suciu S, Verhoef G, Labar B, Archimbaud E, Aul C, et al. Intensive chemotherapy
followed by allogeneic or autologous stem cell transplantation for patients with myelodysplastic
syndromes (MDSs) and acute myeloid leukemia following MDS. Blood. 2001; 98:2326–2331.
[PubMed: 11588026]

19. Heining C, Spyridonidis A, Bernhardt E, Schulte-Monting J, Behringer D, Grullich C, et al.
Lymphocyte reconstitution following allogeneic hematopoietic stem cell transplantation: a
retrospective study including 148 patients. Bone Marrow Transplant. 2007; 39:613–622. [PubMed:
17384658]

20. Storek J, Dawson MA, Storer B, Stevens-Ayers T, Maloney DG, Marr KA, et al. Immune
reconstitution after allogeneic marrow transplantation compared with blood stem cell
transplantation. Blood. 2001; 97:3380–3389. [PubMed: 11369627]

21. Komanduri KV, St John LS, de Lima M, McMannis J, Rosinski S, McNiece I, et al. Delayed
immune reconstitution after cord blood transplantation is characterized by impaired thymopoiesis
and late memory T-cell skewing. Blood. 2007; 110:4543–4551. [PubMed: 17671230]

22. Dolstra H, Van de Wiel-van Kemenade E, De Witte T, Preijers F. Clonal predominance of
cytomegalovirus-specific CD8+ cytotoxic T lymphocytes in bone marrow recipients. Bone
Marrow Transplant. 1996; 18:339–345. [PubMed: 8864444]

23. Ozdemir E, St John LS, Gillespie G, Rowland-Jones S, Champlin RE, Molldrem JJ, et al.
Cytomegalovirus reactivation following allogeneic stem cell transplantation is associated with the
presence of dysfunctional antigen-specific CD8+ T cells. Blood. 2002; 100:3690–3697. [PubMed:
12393402]

Saliba et al. Page 9

Bone Marrow Transplant. Author manuscript; available in PMC 2014 May 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Saliba et al. Page 10

Table 1

Patient characteristics

Median age, years (range) 55 (13–74)

Median number of previous
chemotherapy regimens (range)

2 (0–8)

No. of patients (%)

Patient sex

 Male/female 108/73 60/40

Source of stem cells

 PB 96 53

 BM 85 47

Donor type

 Matched related 92 51

 Matched unrelated 89 49

Donor type/source of stem cells

 Matched related/PB 77 42

 Matched related/BM 15 8

 Matched unrelated/PB 19 10

 Matched unrelated/BM 70 39

Disease status at transplantation

 CR 52 29

 Active disease without circulating blasts 71 39

 Active disease with circulating blasts 58 32

Karyotype risk group

 High 77 42

 Intermediate 95 52

 Low 5 3

 Undetermined 4 2

Conditioning regimen

 Fludarabine/melpahalan±ATG
a 164 91

 Fludarabine/melpahalan/mylotarg±ATG
a 17 9

GVHD prophylaxis

 Tacrolimus/MTX 168 93

 Tacrolimus/MTX/pentostatin
a 10 5

 Tacrolimus±other 2 1

 CYA/steroids 1 0.6

Response day +30 after transplantation
b

 CR 159 95

 Other 8 5

Abbreviations: ATG = antithymocyte globulin; PB = peripheral blood.

a
ATG and pentostatin were added only in recipients of a graft from a matched unrelated donor.
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b
Evaluated in 167/181 patients who were alive and engrafted on post transplant day +30
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Table 2

Correlates of day +30 lymphopenia (ALC less than 500 × 106/l) excluding patients with early grade II–IV

acute GVHD

No. of patients Median % Univariate analysis Multivariate analysis

N = 106 ALC Lymphopenic OR 95% CI P-value OR 95% CI P-value

Graft type

 Matched unrelated donor/BM 48 580 42 1.5 0.7–3.2 0.3 NA

 Matched sibling donor/PB 58 745 33 1.0 NA NA

Disease status at transplantation

 Active disease with circulating
blasts

31 470 55 1.0 NA

 Active disease without circulating
blasts

38 700 26 0.3 0.1–0.8 0.02 NA

 CR 37 760 32 0.4 0.1–1.1 0.06 NA

 Active disease with circulating
blasts vs all other

2.9 1.2–6.9 0.02 2.7 1.1–6.6 0.03

CMV reactivation before day +30

 Yes 20 780 15 0.2 0.1–0.9 0.03 0.3 0.1–0.96 0.04

 No 85 590 42 1.0 NA 1.0

Donor/patient CMV serostatus

 Non-reactive/non-reactive 10 890 30 1.0 NA NA

 Reactive/non-reactive 6 580 33 1.0 NA NA

 Reactive/reactive 48 735 29 1.0 NA NA

 Non-reactive/reactive 38 545 47 2.1 0.9–4.9 0.08 NA

Number of previous chemotherapy
regimens

 At least the median 38 560 47 2.0 0.9–4.6 0.09 NA

 Less than the median 68 670 31 1.0 NA NA

Age, years

 At least 55 56 570 45 2.1 0.9–4.7 0.08 NA

 Less than 55 50 705 28 1.0 NA NA

Patient sex

 Female 42 680 36 0.9 0.4–2.1 0.8 NA

 Male 64 630 37 1.0 NA NA

Donor/patient sex match

 M/M 38 640 34 0.8 0.2–2.7 0.7 NA

 F/F 15 690 40 1.0 NA NA

 M/F 27 670 33 0.7 0.2–2.8 0.7 NA

 F/M 25 580 44 1.2 0.3–4.3 0.8 NA

Karyotype risk group

 High 40 625 35 0.8 0.4–1.9 0.7 NA

 Intermediate 59 630 39 1.0 NA NA

 Low 4 705 25 NA NA NA

 Unknown 3 700 NA NA NA
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No. of patients Median % Univariate analysis Multivariate analysis

N = 106 ALC Lymphopenic OR 95% CI P-value OR 95% CI P-value

Dose of melphalan, mg/m2

 100 20 860 25 0.5 0.2–1.5 0.2 NA

 140/180 86 630 39 1.0 NA NA

Mylotarg

 Yes 10 750 40 1.2 0.3–4.4 0.8 NA

 No 96 640 36 1.0 NA NA

Use of ATG in conditioning
a

 Yes 18 570 44 1.2 0.4–3.9 0.8 NA

 No 30 580 40 1.0 NA NA

Time to ALC 500 × 106/l
b

 Less than the median 40 785 32 1.1 0.5–2.6 0.8 NA

 At least the median 66 670 30 1.0 NA NA

Abbreviations: ATG = antithymocyte globulin; CI = confidence interval; F = female; M = male; NA = not applicable; OR = odds ratio; PB =
peripheral blood.

Early acute GVHD refers to acute GVHD diagnosed before post transplant day +30.

Totals are less than 106 for some variables because of missing data.

a
Among recipients of a BM graft.

b
Evaluated among patients who reached an ALC of 500 × 106/l by post transplant day +30.
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Table 3

Correlates of the speed of platelet engraftment excluding patients with early grade II–IV acute GVHD

No. of patients Slow platelet engraftment Univariate analysis

N = 106 (%) OR 95% CI P-value

Disease status at transplantation

 Active disease with circulating blasts 31 77 5.6 1.9–16.4 0.002

 Active disease without circulating blasts 38 60 2.5 0.99–6.4 0.05

 CR 37 38 1.0 NA

Donor/patient CMV serostatus

 Non-reactive/non-reactive 10 30 NA

 Reactive/non-reactive 6 17 NA

 Reactive/reactive 48 69 NA

 Non-reactive/reactive 38 53 NA

 Patient R/vs all other 4.8 1.4–16.2 0.01

Number of previous chemotherapy regimens

 At least the median 38 68 2.0 0.9–4.7 0.09

 Less than the median 68 51 1.0 NA

Age, years

 At least 55 56 66 2.1 0.96–4.6 0.06

 Less than 55 50 48 1.0 NA

Patient sex

 Female 42 45 0.4 0.2–0.96 0.04

 Male 64 66 1.0 NA

Donor/patient sex match

 M/M 38 63 1.0 NA

 F/F 15 33 0.3 0.1–0.96 0.04

 M/F 27 52 1.0 NA

 F/M 25 72 1.0 NA

Karyotype risk group

 High 40 62 1.4 0.6–3.2 0.4

 Intermediate 59 54 1.0 NA

 Low 4 75

 Unknown 3 33

Dose of melphalan, mg/m2

 100 20 35 0.3 0.1–0.9 0.03

 140/180 86 63 1.0 NA

Mylotarg

 Yes 10 70 1.8 0.4–7.4 0.4

 No 96 56 1.0 NA

Use of ATG in conditioning
a

 Yes 18 61 1.2 0.4–3.9 0.8

 No 30 57 1.0 NA
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No. of patients Slow platelet engraftment Univariate analysis

N = 106 (%) OR 95% CI P-value

Post-SCT day +30 ALC

 Less than 500 × 106/l 39 72 2.6 1.1–6.1 0.03

 At least 500 × 106/l 67 49 1.0

Abbreviations: CI = confidence interval; F = female; M = male; MSD = matched sibling donor; MUD = matched unrelated donor; NA = not
applicable; OR = odds ratio; PB = peripheral blood; R = reactive.

Early acute GVHD refers to acute GVHD diagnosed before post transplant day +30.

Slow platelet engraftment is defined as occurring at or after post-SCT day + 15 in recipients of a MSD/PB graft, and at or after day +21 in
recipients of a BM/MUD graft.

Totals are less than 106 for some variables because of missing data.

a
Among recipients of a BM graft.
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