
Transfusion Support for Matched Sibling Allogeneic 
Hematopoietic Stem Cell Transplantation (1993-2010): Factors 
that Predict Intensity and Time to Transfusion Independence

Linda M. Griffith, MD,MHS,PhDa, Mark VanRaden, PhDb, A. John Barrett, MDc, Richard W. 
Childs, MDc, Daniel H. Fowler, MDd, Elizabeth M. Kang, MDe, John F. Tisdale, MDf, Harvey 
G. Klein, MDg, and David F. Stroncek, MDg

aDivision of Allergy, Immunology and Transplantation, National Institute of Allergy and Infectious 
Diseases, National Institutes of Health, Bethesda, MD

bBiostatistics Research Branch, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, MD

cHematology Branch, National Heart, Lung and Blood Institute, National Institutes of Health, 
Bethesda, MD

dExperimental Transplantation and Immunology Branch, National Cancer Institute, National 
Institutes of Health, Bethesda, MD

eLaboratory of Host Defenses, National Institute of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, MD

fMolecular and Clinical Hematology Branch, National Heart, Lung and Blood Institute, National 
Institutes of Health, Bethesda, MD

gDepartment of Transfusion Medicine, Clinical Center, National Institutes of Health, Bethesda, MD

Abstract

Background: Patients undergoing allogeneic hematopoietic stem cell transplant (HCT) require 

variable, often extensive transfusion support. Identification of factors that predict urgent, intensive, 

or special needs should improve management of these patients.

Study Design and Methods: This is a retrospective study of red blood cell (RBC) and platelet 

transfusion support provided for sequential matched sibling donor (MSD) allogeneic transplants 

conducted at the Clinical Center, NIH, from 1993-2010. Factors potentially important for 

predicting quantity of RBC and platelet transfusions, and time to transfusion independence 

through Day 200 post-HCT were evaluated.
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Results: Subjects (n=800) received 10,591 RBC and 10,199 platelet transfusions. Multivariable 

analysis demonstrated that need for RBC pretransplant, CD34+ dose, transplant year, diagnostic 

category, and ABO match were significantly independently associated with quantity of RBC 

transfusions Days 0-30. Only pretransplant need for RBC, CD34+ dose and transplant year had 

significance during Days 0-100. Similar analyses for quantity of platelet transfusions demonstrated 

that for both Days 0-30 and 0-100, significant factors were need for platelet support pretransplant, 

CD34+ dose, transplant year, and transplant regimen. Of note, long term, during Days 101-200, 

only CD34+ dose remained significant for quantity of RBC and of platelet transfusions. Analysis 

of time to transfusion independence demonstrated that patients with ABO major mismatches 

required longer to achieve freedom from RBC transfusion support compared to identical matches 

or those with minor mismatches.

Conclusion: Patient-specific factors including CD34+ dose and ABO match of the graft should 

be given particular consideration by transfusion services when planning support of patients 

receiving allogeneic HCT.
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Introduction

Hematopoietic stem cell transplant programs impose substantial and specialized challenges 

in clinical care1-6 and inventory management7-8 on blood banks and transfusion services. 

Patients undergoing hematopoietic stem cell transplantation (HCT) experience differing 

periods of prolonged cytopenia, necessitating close monitoring and often requiring intensive, 

urgent, or specialized transfusion support. Further, individual patients may present 

unexpected and complex hematologic complications arising from their primary disease, their 

transplant regimen, and/or graft-host interactions. For transfusion services to provide 

optimal care, prior knowledge of patient factors that might predict special needs or the 

requirement for prolonged component support post-transplant is desirable, to facilitate 

individualized care planning and acquisition of dedicated blood component inventories in 

advance of need.

We quantified red cell and platelet transfusion support, and the time course of these 

transfusions post-HCT, for a large group of human leukocyte antigen (HLA)-matched 

sibling donor (MSD) transplants performed at a single center. The relative importance of a 

few key baseline factors readily known to the transfusion medicine service, such as need for 

transfusions pre-transplant, the ABO match of the donor and recipient, the type of transplant 

regimen (myeloablative or nonmyeloablative), and the CD34+ stem cell dose, were 

analyzed. Patient-specific demographic and clinical factors including diagnosis, blood type, 

and disease stage were also studied.
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Materials and Methods

Protocol:

Study protocol 13-CC-N026 was reviewed and approved by the Institutional Review Board 

(IRB) of the National Heart, Lung and Blood Institute (NHLBI), Clinical Center, NIH. A 

waiver of written informed consent was approved for this retrospective natural history study.

Demographic and baseline data:

Databases of the Department of Transfusion Medicine (DTM) and the Medical Record 

Department, NIH Clinical Center were researched to identify a total of 800 sequential 

patients who received HLA MSD HCT on prospective clinical protocols at the Clinical 

Center, from 1993 through 2010 (Figure S1).9-22 Subject baseline demographics are 

provided in Table 1A for all patients, and by transplant regimen in Table S1. The primary 

treatment protocols are listed by Institute in Appendix S1. Demographic and baseline data 

for each subject including age, gender, diagnosis, weight, subject ABO type, donor ABO 

type, category of transplant preparative regimen, date of graft infusion and CD34+ 

hematopoietic stem cell dose were obtained. For subject diagnoses and the categories used 

for this analysis, see Table S3. Transplant preparative regimen was specified by the subject’s 

primary transplant protocol (Table S4). Need, if any, for transfusion of RBC or platelets 

during Days −10 through −1 immediately preceding graft infusion was assessed as “none” 

(no transfusions) vs. “any” (1 or more transfusions). Patient-donor ABO match was recorded 

as: identical, major mismatched (recipient isohemagglutinins vs. ABO type of the donor), 

bidirectional mismatched, or minor mismatched (donor isohemagglutinins vs. ABO type of 

the recipient). Three CD34+ dose categories were designated, for use in the investigation of 

importance of CD34+ dose for red cell or platelet usage: “Small Dose” (≤2.0 ×106/kg), 

“Medium Dose” (>2.0 – 6.0 × 106/kg), and “Large Dose” (>6.0 × 106/kg). Categories 

designated for transplant year consisted of: 1993–2000, 2000–2005, and 2006–2010.

Transfusion practices:

Standard transfusion practices were followed, to maintain target hemoglobin / hematocrit 

values and platelet counts.1-6 We note that transfusion medicine guidelines for patient 

hemoglobin (Hb) and platelet counts evolved during 1993 – 2010, the period of this study. 

For example, NIH Clinical Center studies written during 1993 and 1994 (Protocols 93-

H-0212, 94-H-0092, and 94-H-0182 in Appendix S1) recommended maintaining Hb > 9.0 

g/dl, while a later study from 2000 (Protocol 00-C-0119) specified Hb > 8.0 g/dl. The 

protocol for sickle cell disease (SCD) (Protocol 03-DK-170) recommended a Hb level of 

9-10 g/dl. Most studies deferred to standard practice of the DTM, NIH Clinical Center, 

which since the early 2000’s has been that while allogeneic HCT patients with Hb > 9.0 g/dl 

do not require transfusion, those with Hb < 7.0 g/dl may benefit.6 In the case of ABO 

mismatched transplants, blood components were selected with the goal of reducing 

preventable complications.23-27 Since patients with minor ABO mismatches are at risk for 

immune mediated hemolysis, Hb > 9.0 g/dl was maintained for these individuals during and 

immediately following the period of engraftment and recovery of blood cell counts.6,26 RBC 

were transfused in quantities of 1 or 2 units, or more if clinically indicated. Platelet count 
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targets of 10,000/μl were maintained for subjects who were stable, and >40,000/μl for those 

with overt hemorrhage.6 Platelets were transfused as single apheresis donor collections.

Time dependent post-transplant data:

Red cell and platelet component transfusion data was acquired for each subject from 

databases of the DTM. The DTM records included transfusions provided for each subject 

while inpatient at the Clinical Center, NIH, and while seen for day care as an outpatient of 

the Clinical Center. For each individual component, calculation of day of infusion with 

respect to the day of graft infusion, designated as Day 0, was made. Patients became 

unavailable for analysis upon: 1) death; or 2) censored due to a second transplant (Figure 1A 

and Table 1B). Patient medical records at the Clinical Center, NIH, were searched for 

occurrences of any second transplant events and/or death, for each subject.

Quantity of transfusion support:

RBC and platelets transfused were summed for each patient for each of the intervals 0-30, 

0-100, and 101-200 days post-transplant (Table 2). RBC were counted as units; platelets 

were counted as single apheresis collections (equivalent to a pool of 6 units of random donor 

platelets). The time intervals were selected for clinical relevance; by convention 

“immediate” complications due to the transplant regimen are generally seen by Day 30, and 

most complications attributable to the transplant are seen by Day 100. The interval 101-200 

days post-HCT includes long-term follow-up.

Time to transfusion independence:

Time to “red cell transfusion independence”, defined as the day of last transfusion preceding 

≥ 30 days during which no transfusion of red cells was needed, was determined for each 

subject. The same interval was designated for platelets, for convenience. The definition of ≥ 

30 days was used, as an adult patient unable to produce red cells and totally dependent on 

transfusion will require about one unit of red cells per week.

Statistical analyses:

Descriptive analyses of baseline data and quantity of transfusions post-HCT included mean 

and standard deviation for the number of RBC and of platelet transfusions per patient, for 

groups of interest. Univariate statistical significance of the association between each baseline 

variable and transfusion quantity was assessed by ANOVA (Table 2). Linear regression 

models were built stepwise to determine which baseline predictors were jointly significant in 

their association with RBC transfusion support as well as with platelet transfusion support 

for each time interval (Table 3). Analysis of every estimated effect was in comparison to a 

reference group we defined as: having standard risk hematologic malignancy, needing no 

transfusions pre-HCT, receiving a PBSC myeloablative stem cell transplant regimen and a 

large CD34+ dose, ABO identical with respect to recipient-donor, for a transplant procedure 

performed during 2006-2010.

Time to transfusion independence was analyzed by Kaplan-Meier methods. Cox 

proportional hazards regression analysis was used to study the relative importance of 

baseline variables and covariates related to independence of transfusion support (Table 4).
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Since subgroup analyses on the many baseline variables of interest could lead to spurious 

findings, an alpha = 0.01 instead of 0.05 was used as a cutoff for statistical significance.

All analyses were performed using SAS E-Guide Version 5.1 for Windows or original SAS 

programs developed for this study, using SAS Version 9.3 (SAS Institute, Cary, NC).

Results

MSD Allogeneic HCT at the Clinical Center, NIH (1993-2010)

From 1993-2010, 800 matched sibling transplants were performed continuously, with more 

cases per year for the years 1999-2005 than before or since (Figure S1A). For 2006 through 

2010, the most recent years examined, about 40 matched sibling allogeneic hematopoietic 

stem cell transplants were performed per year.

The initial transplant preparative regimens were fully myeloablative (Figure S1C and Table 

S4). Procedures are indicated as “Bone Marrow Myeloablative” in Figure S1C when grafts 

were collected by aspiration of donor bone marrow,9-11 and “PBSC Myeloablative” for those 

collected by apheresis of donor peripheral blood CD34+ stem cells after mobilization using 

growth factors.12-14 Regimens were similar for these two groups, with the difference being 

in the method of graft collection. Myeloablative transplants, either “Bone Marrow 

Myeloablative” or “PBSC Myeloablative” in Figure S1C, were performed continuously at 

the Clinical Center from 1993 through 2010.

More recent nonmyeloablative procedures (Figure S1C and Table S4) utilized lower doses of 

chemotherapy and/or radiotherapy, and some included components that were lymphoablative 

preferentially, to facilitate donor engraftment with fewer regimen-related toxicities. Grafts 

were collected by apheresis of donor peripheral blood CD34+ stem cells, after mobilization 

using growth factors.15-19 Nonmyeloablative regimens are indicated as “PBSC 

Nonmyeloablative” procedures in Figure S1C. While most of the group of 292 

nonmyeloablative transplants (see Table 1) received regimens containing fludarabine and 

cyclophosphamide, we note that a cohort of 22 transplants performed for SCD (Protocol 03-

DK-0170, see Appendix S1) received conditioning that included alemtuzumab and TBI (see 

Table S4). During 1999, there were more nonmyeloablative than myeloablative transplants 

performed at the Clinical Center (Figure S1C). By 2000, nonmyeloablative transplants were 

about half of all procedures, and from 2001 through 2010, they were about one-third to 

somewhat less than one-third of all procedures.

The regimen labeled “TLD + PBSC Nonmyeloablative” in Figure S1C was a modified 

nonmyeloablative approach, in which patients with malignancies were pre-treated with 

chemotherapy and T cell-depleting agents to achieve targeted lymphocyte depletion (TLD)20 

prior to receiving a reduced intensity preparative regimen (Table S4); grafts were collected 

by apheresis of donor peripheral blood, after mobilization of CD34+ stem cells.20-22 The 

numbers and relative proportions of “TLD + PBSC Nonmyeloablative” procedures 

performed at the Clinical Center were reasonably consistent, during 2000 - 2010.
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Demographic and Baseline Clinical and Laboratory Data (Table 1A)

Age, Sex and Weight: The distributions of subject age (mean 41.6 years) and weight 

(mean 71.6 kg) were distributed normally (data not shown); female subjects were 41% 

(n=330) while males were 59% (n=470).

Diagnostic Category: The categories (see Table S3) of “Standard Risk Hematologic 

Malignancy” (n=212), “Intermediate Risk Hematologic Malignancy” (n=241) and “Solid 

Tumor” (n=169) each had about 150 or more subjects enrolled, whereas the categories 

“High Risk Hematologic Malignancy” (n=80) and “Benign Heme / Non-Malignant 

Hematologic Disorder” (n=98) were less well represented.

The distribution of diseases studied at the Clinical Center in any given year was necessarily 

dependent upon the clinical trials open and recruiting subjects. Thus, while we classified the 

indications for HCT by risk, we note the distribution of cases at the levels of risk was not 

necessarily consistent from year to year. For example, while transplants done 1998 and 

earlier were predominantly for leukemia, indications during subsequent years included 

lymphomas and solid tumors, as well as non-malignant indications.

Preparative Regimen: Subject enrollment was reasonably evenly distributed among the 

regimens (see Table S4) “PBSC Myeloablative” (220 subjects), “PBSC Nonmyeloablative” 

(292 subjects) and “TLD + PBSC Nonmyeloablative” (226 subjects) preparative regimens, 

with relatively fewer enrolled on the early “Bone Marrow Myeloablative” protocols (62 

subjects).

Pre-transplant transfusions: A substantial proportion of the subjects required pre-

transplant transfusions on Days −10 through −1; among the study population 44.4% received 

RBC, 22.0% received platelets, and 46.4% received one or both components. This is 

consistent with these patients having a variety of diagnoses, in more than one diagnostic 

category (see Table S3). We note that only 12.3% of all diagnoses were a “Non-Malignant 

Hematologic Disorder” (see Table S3) including, for example, aplastic anemia, in which 

patients are RBC transfusion dependent, severe congenital anemias such as SCD, and 

primary immune deficiency diseases. Patients with SCD constituted 2.8% of all diagnoses. 

SCD patients with SS hemoglobin received exchange transfusion prior to Day −7 when their 

preparative regimen was started, if needed to reduce hemoglobin S levels to 30% or less.19

CD34+ Dose: Mean CD34+ dose, for n = 780 subjects with known dose, was 6.79 +/

− 3.69 × 106/kg (95% confidence interval 6.53 – 7.05 × 106/kg according to the t-
distribution). The distribution of subjects with known CD34+ dose into the CD34+ dose 

categories was similar for “LargeDose” and “MediumDose”, with 405 subjects and 322 

subjects respectively; fewer individuals (53 subjects) received the “SmallDose”.

ABO for Recipient and Donor: Among the 800 recipient-donor pairs, most were ABO 

identical (553; 69.1%), while smaller numbers of patients with major (114; 14.3%), 

bidirectional (29; 3.6%) and minor (104; 13%) mismatches were transplanted.
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Year of Transplant: Transplants were reasonably equally distributed over the three time 

periods, 1993-2000, 2001-2005, and 2006-2010.

RBC and Platelet Transfusion Events Throughout 200 Days Follow-Up

Survival and Availability for Transfusion: By Day 101, 705 (88%) of 800 subjects 

remained available for transfusion, and by Day 200, 623 (78%) remained available (Figure 

1A and Table 1B). Patients became unavailable for further transfusions upon 1) death, or 2) 

inclusion of any further transfusion history was censored at the date of a second transplant.

Sum of RBC and Platelet Transfusion Events: Of 800 subjects, 706 received RBC or 

platelets during follow-up through 200 days post-HCT (Table 1B). For all subjects, RBC 

transfusion support included 8,345 units during days 0-100, and 2,246 units during days 

101-200, for a total of 10,590 RBC transfusion events (Table S2). Similarly, there were 

10,199 platelet transfusion events.

Quantity of RBC Transfusions During Intervals: Univariate analyses indicated that 

CD34+ stem cell dose, need for RBC transfusion pre-transplant (during the interval Day −10 

to Day −1), ABO match of the donor vs. recipient, diagnostic category, transplant regimen, 

and transplant year were all significantly associated with quantity of RBC transfusions for 

Day 0-30 (p≤0.01). For Day 0-100, all of these factors, except ABO match, remained 

significant. Regarding the importance of transplant year, we acknowledge that evolution of 

transfusion practice guidelines may be contributory, as described above. Importantly, for the 

interval Day 101-200, CD34+ dose was the only factor that remained significant (p = 0.008) 

(Table 2).

Multivariable analyses (Table 3A) identified factors that were independently associated with 

quantity of RBC transfusions during 0-30 days post-HCT, namely, need for RBC 

pretransplant, CD34+ dose, year of transplant, diagnostic category, and ABO match. During 

0-100 days post-HCT only need for RBC pretransplant, CD34+ dose and year of transplant 

were significant.

Quantity of Platelet Transfusions During Intervals: Univariate analyses indicated 

that CD34+ stem cell dose, need for platelet transfusion pre-transplant (during the interval 

Day −10 to Day −1), diagnostic category, transplant regimen, and year of transplant were 

significantly associated with quantity of platelet transfusion support for both Day 0-30 and 

Day 0-100 at the level of p = .01 or less. As noted, regarding the importance of transplant 

year, we acknowledge that evolution of transfusion practice guidelines may be contributory. 

Again, importantly, for the interval Day 101-200, CD34+ dose was the only factor that 

remained significant (p = 0.005) (Table 2).

Multivariable analyses (Table 3B) for quantity of platelet transfusions demonstrated that 

during both the 0-30 days and 0-100 days post-HCT intervals, significant factors were need 

for platelet support pretransplant, CD34+ dose, year of transplant, and transplant regimen. 

Since need for platelet transfusion support declined rapidly during the first 10 days post-

HCT (Figure 1C), with very few transfusion events during Days 31-100, it is reasonable that 

Griffith et al. Page 7

Transfusion. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



factors identified as important for platelet transfusion during 0-30 days were also important 

for the longer time interval 0-100 days.

Time to RBC Transfusion Independence: Fully 25% of patients became RBC 

transfusion independent by Day 5, 50% by Day 15 and 75% by Day 44 (Figure 1B). Time 

course for RBC transfusion independence was compared for factors including need for RBC 

transfusion prior to Day 0 (Figure 2A), CD34+ dose (Figure 2B), and year of transplant 

(Figure 2C). The ABO type of the recipient as compared to the donor was associated with 

time to RBC transfusion independence (Figure 3A), with major mismatches requiring a 

significantly longer time to achieve freedom from RBC transfusion support, as compared to 

identical or minor mismatches. For patients transplanted using a nonmyeloablative regimen, 

those with major mismatches required 1-2 months longer to achieve RBC transfusion 

independence (Figure 3B).

Multivariable analysis (Table 4A) demonstrated that RBC transfusions prior to Day 0, 

CD34+ dose category, and ABO mismatch were significant for time to RBC transfusion 

independence.

Time to Platelet Transfusion Independence: For platelet support, 25% of subjects 

were transfusion independent at Day 0, 50% become independent by Day 9 and 75% at Day 

14 (Figure 1C). The time course to achieve independence was very short for most subjects. 

Overall, this was a more rapid time course than described above for RBC. Multivariable 

analysis (Table 4B) identified the factors that were independently significant for time to 

platelet transfusion independence: need for platelet transfusions pre-transplant, diagnostic 

category, transplant regimen, and the year of the transplant.

Discussion

This report describes the substantial and sustained RBC and platelet transfusion support 

provided for MSD allogeneic HCT transplants for Phase I/II clinical trials conducted 1993 – 

2010 at a single center. While several reports28-39 (Table S5) have examined one or more of 

the factors that we studied, we have been able to undertake a series of analyses to determine 

the relative importance of these variables. We include transplants performed continuously 

over many years, a variety of transplant practices, a substantial number of subjects, and 

extended follow-up. We have employed two independent and complementary approaches to 

analysis: quantitation of the number of transfusions needed during intervals of interest post-

HCT, and determination of time to transfusion independence.

This study confirms the widely-accepted experience that ABO incompatibility is a potential 

complication in allogeneic HCT.40-42 We provide evidence that ABO mismatch is a 

relatively important variable, even after controlling for the other factors among those 

examined.

Multivariable analysis of factors important for quantity of RBC transfusions during Days 

0-30 demonstrates the potential importance of major or minor mismatches as compared to 

identical grafts, with its p-value of 0.014 being near our 0.01 cut-off for significance. 
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Further, for all subjects, multivariable analysis of time to RBC transfusion independence 

clearly demonstrates the importance of major mismatches compared to ABO minor 

mismatches or identical transplants (p = 0.001). RBC major mismatches required about 10 

days longer to reach independence overall (Logrank p = 0.005); we also note that the effect 

appears exaggerated in the setting of nonmyeloablative conditioning, where ABO 

mismatches required 1-2 months longer to achieve transfusion independence (Logrank p = 

0.004). This and other studies emphasize the need for the transfusion medicine service to 

carefully assess pre-HCT and monitor closely all such patients post-HCT.23-27

We provide evidence for the importance of CD34+ dose on the quantity and time course of 

transfusion support post-HCT. A broad range of CD34+ doses were available for analysis. 

Although the more historic cases in our dataset were bone marrow transplants, and 

laboratory methods for determination of CD34+ stem cell content were in development in 

the early 1990’s,43,44 CD34+ stem cell doses were determined for grafts continuously using 

contemporary methods at our center. As described here, it is especially noteworthy that 

beyond 100 days post-HCT, the only factor of importance for quantity of RBC and platelets 

transfused, among those we examined, was the CD34+ dose. Multiple factors were 

important for quantity of RBC and platelet transfusion support during the first 30 days post-

HCT; those that retained importance through 100 days post-HCT included the CD34+ stem 

cell dose of the graft received, the need for transfusions during the 10 days preceding the 

day of graft infusion, and the transplant year.

These data confirm that “small” CD34+ doses (<2 × 106/kg) were independently associated 

with seriously compromised marrow recovery, as judged by need for increased RBC and 

platelet transfusion, and prolonged time to RBC transfusion independence.

Somewhat unexpectedly, we demonstrate that pre-HCT transfusion is an important predictor 

of both quantity of components needed post-HCT, and time to independence of transfusion 

support. This group included some diagnoses such as aplastic anemia with transfusion 

dependence due to inability to produce autologous red blood cells. Additionally, many 

patients in this study received extensive prior chemotherapy or radiation treatment for 

malignancy, which may have compromised the stem cell “niche” (see Figure 2.2, Barrett et 

al).45 The stem cell “niche” may be important for engraftment and recovery of 

hematopoietic activity after HCT.46-49 We observed that independence of platelet transfusion 

support was attained more rapidly, as compared to independence of RBC transfusions. 

Perhaps this is related to differences in the growth conditions permissive for lineage 

committed megakaryocyte progenitors and production of mature platelets, as compared to 

erythroid progenitors and development of fully differentiated RBC.

This cohort was comprised solely of HLA-matched sibling donors and we have focused our 

analysis on the relative importance of key baseline variables readily available to the 

transfusion medicine service. We have not examined the impact of acute GVHD incidence, 

its prophylaxis or treatment as a factor for transfusion support. For a series of NHLBI 

myeloablative transplants (excluding chronic leukemias) that included the cases evaluated in 

this study of transfusion support, acute GVHD grade II-IV was reported to be 42%, while 

grade III-IV was 14%.14
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Contemporary HCT practice utilizes hematopoietic stem cells from HLA matched and 

mismatched donors and cord blood units as well as partially matched related donors (e.g. 

haploidentical). These sources may have greater major or minor histoincompatibility and 

greater potential for GVHD as compared to MSD. Acute GVHD occurring 100 or more days 

post-HCT may increase the need for transfusion for those individuals with involvement of 

the mucosa of the gastrointestinal tract. Other post-HCT complications such has 

autoimmune hemolytic anemia or immune thrombocytopenia may also contribute to the 

need for transfusion support. These are subjects for future analyses.

In conclusion, in this retrospective study, we describe several clinical factors associated with 

quantity of RBC and platelet transfusion support, and / or time to transfusion independence 

after MSD allogeneic HCT. Low doses of CD34+ stem cells and ABO mismatch of the 

graft, and a requirement for transfusion support pre-HCT due to marrow damage caused by 

disease or by chemotherapy used for treatment of the primary disease, are associated with 

impaired recovery of hematopoiesis post-transplant. This information should help to identify 

patients likely to have unusual or potentially urgent transfusion needs post-HCT, and plan 

prospectively for best patient care and maintenance of component inventory. We hope this 

report will assist with the management of such patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. RBC and Platelet Transfusion Independence, All Patients.
Panel A: Survival and Availability for Transfusion. By Day 101, 705 (88%) of n=800 

subjects remained available for transfusion, and by Day 200, 623 (78%) remained available. 

Patients became unavailable for analysis upon: 1) death; or 2) censored due to a second 

transplant.

Panel B: RBC Transfusion Independence. About 25% of subjects attained RBC 

transfusion independence at Day 5, 50% at Day 15 and 75% at Day 44.
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Panel C: Platelet Transfusion Independence. About 25% of subjects were platelet transfusion 

independent at Day 0, 50% at Day 9 and 75% at Day 14.

Data for Panels B and C are displayed on a modified Kaplan-Meier plot in which transfusion 

independence, defined as the day of last transfusion preceding 30 days during which no 

transfusion is needed, is the criterion for removing an individual from the graph. Earlier 

removal of a patient represents more rapid attainment of independence, and is thus more 

favorable. For patients who attained independence, if subsequent transfusions were needed, 

the interval until the next transfusion was >30 days.
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Figure 2. RBC Transfusion Independence, Importance of Factors.
Panel A: RBC Pre-Transplant. Compare those who received ≥ 1 RBC transfusion during 

days −10 through −1, vs. those who did not require transfusion. Those who received RBC 

pretransplant required more time before attaining RBC transfusion independence. (Logrank 

p < .0001).

Panel B: CD34 Dose. Compare Small Dose < 2 × 106/kg, vs. Medium Dose 2-6 × 106/kg, 

vs. Large Dose > 6 × 106/kg. Patients who received higher CD34+ doses became RBC 

transfusion independent sooner. (Logrank test for trend: p < .0001).

Griffith et al. Page 16

Transfusion. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Panel C: Time Period of Transplant, Years. Compare transplants with Day 0 during 

1993-2000 vs. 2001-2005 vs. 2006-2010. Patients who received the more recent transplants 

became RBC transfusion independent sooner. (Logrank test for trend: p < .003).

Data are displayed on a modified Kaplan-Meier plot in which RBC transfusion 

independence is defined as in Figure 1.
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Figure 3. RBC Transfusion Independence, ABO Recipient—Donor Match.
Panel A: All Patients, All Regimens. Subjects who were an ABO major or bidirectional 

mismatch with their donor required longer to achieve independence of red cell transfusion, 

on average, as compared to ABO identical or minor mismatched transplants. (Logrank p = 

0.005).

Panel B: PBSC Nonmyeloablative Regimen. For patients who received a PBSC 

nonmyeloablative transplant regimen, those who were an ABO major or bidirectional 

mismatch with their donor required 1 – 2 months longer to achieve independence of red cell 

transfusion, on average, as compared to ABO identical or minor mismatched transplants. 

(Logrank p = 0.004).

Data are displayed on a modified Kaplan-Meier plot in which RBC transfusion 

independence is defined as in Figure 1.
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TABLE 1

BASELINE AND TIME-DEPENDENT DATA

A) BASELINE DEMOGRAPHIC, CLINICAL AND LABORATORY DATA

Subjects enrolled*

Number n = 800

Age, years

Mean +/− SD 41.6 +/− 14.4

Range 4 yr - 72 yr

Gender, n (% of enrolled)

Female 330 (41)

Male 470 (59)

Weight, kg

Mean +/− SD 71.6 +/− 16.7

Stem cell dose, CD34+ × 106/kg (Day 0)*

Mean +/− SD 6.8 +/− 3.7

Missing, frequency n = 20

Stem cell dose category, CD34+ × 106/kg (Day 0), n (% of enrolled)*

≤ 2.00 53 (7)

> 2.00 - 6.00 322 (41)

> 6.00 405 (52)

Missing, frequency 20 (3)

Received transfusion pre-HCT, n (% of enrolled)

Any RBC, Days −10 through −1 355 (44)

Any platelets, Days −10 through −1 176 (22)

Any RBC and/or platelets, Days −10 through −1 371 (46)

ABO match, n (% of enrolled)

Identical 553 (69)

Major mismatch 114 (14)

Bidirectional mismatch 29 (4)

Minor mismatch 104 (13)

Diagnostic category, n (% of enrolled)

Hematologic malignancy, standard risk 212 (27)

Hematologic malignancy, intermediate risk 241 (30)

Hematologic malignancy, high risk 80 (10)

Benign hematologic disorder 98 (12)

Solid tumor 169 (21)

Transplant regimen category, n (% of enrolled)

Bone marrow myeloablative 62 (8)

PBSC myeloablative 220 (28)

PBSC nonmyeloablative 292 (37)

TLD + PBSC nonmyeloablative 226 (28)

Time period, years, n (% of enrolled)
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1993 - 2000 270 (34)

2001 - 2005 309 (39)

2006 - 2010 221 (28)

B) TIME-DEPENDENT CLINICAL AND LABORATORY DATA

Received transfusion post-HCT, n (% of enrolled)

Any RBC, within 200 days 513 (64)

Any platelets, within 200 days 596 (75)

Any RBC or platelets, within 200 days 706 (88)

Death post-HCT, n (% of enrolled)

Within 30 days 15 (2)

Within 60 days 45 (6)

Within 100 days 87 (11)

Within 200 days 162 (20)

Survival & availability for transfusion post-HCT, n (% of enrolled)**

At Day 0 800 (100)

At Day 101 705 (88)

At Day 200 623 (78)

*
n=780 subjects had complete data, n=20 subjects lacked CD34 stem cell dose.

**
Patients became unavailable upon 1) death, or 2) censored due to second transplant.
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TABLE 2

CUMULATIVE RBC AND PLATELET TRANSFUSION EVENTS, BY INTERVAL, WITH UNIVARIATE 

ANALYSES OF IMPORTANCE OF BASELINE VARIABLES*

RBC TRANSFUSED PER SUBJECT,
mean +/− SD

PLATELETS TRANSFUSED PER SUBJECT,
mean +/− SD

BASELINE VARIABLE INTERVAL, DAYS POST-TRANSPLANT INTERVAL, DAYS POST-TRANSPLANT

Day
0-30
(n = 800)

Day
0-100
(n = 800)

Day
101-200
(n = 705)

Day
0-30
(n = 800)

Day
0-100
(n = 800)

Day
101-200
(n = 705)

Stem cell dose category, CD34+ × 106/kg

≤ 2.00 12.9 +/− 6.5 24.7 +/− 12.9 6.8 +/− 9.5 19.2 +/− 12.1 33.6 +/− 26.5 7.5 +/− 13.8

> 2.00 - 6.00 5.5 +/− 6.0 10.8 +/− 13.8 3.6 +/− 7.9 6.6 +/− 9.9 11.0 +/− 20.0 3.5 +/− 9.9

> 6.00 4.6 +/− 4.6 8.6 +/− 10.6 2.7 +/− 7.1 4.3 +/− 6.1 6.8 +/− 12.6 2.3 +/− 8.5

Significance, CD34+ dose: ANOVA p 
value < .0001 <.0001 0.008 < .0001 <.0001 0.005

RBC pre-HCT transfusion, Days −10 
through −1

No RBC 3.6 +/− 4.2 7.1 +/− 10.0 2.7 +/− 7.6 NA NA NA

Any RBC 7.8 +/− 6.4 14.6 +/− 14.3 3.9 +/− 7.2 NA NA NA

Significance, RBC pre-HCT: ANOVA p 
value < .0001 <.0001 0.04 NA NA NA

Platelets pre-HCT transfusion, Days −10 
through −1

No platelets NA NA NA 4.5 +/− 7.2 7.8 +/− 16.2 2.8 +/− 9.1

Any platelets NA NA NA 11.9 +/− 11.9 18.7 +/− 21.9 3.5 +/− 10.4

Significance, platelets pre-HCT: ANOVA 
p value NA NA NA < .0001 < .0001 0.04

ABO match

Identical 5.0 +/− 5.3 9.6 +/−12.0 3.2 +/− 7.9 5.8 +/− 8.7 9.5 +/− 16.5 3.1 +/− 9.8

Major mismatch 6.2 +/− 6.0 12.9 +/− 13.2 3.4 +/− 5.8 7.3 +/− 9.3 11.2 +/− 18.9 2.7 +/− 7.0

Bidirectional mismatch 6.0 +/−7.7 9.7 +/−14.1 2.9 +/−7.1 5.3 +/−10.1 8.0 +/−19.2 1.4 +/−5.7

Minor mismatch 6.9 +/−6.3 12.5 +/−14.9 3.0 +/−7.2 7.3 +/−10.0 13.5 +/−24.6 2.7 +/−10.2

Significance, ABO match: ANOVA p 
value 0.009 0.024 0.98 0.22 0.16 0.77

Diagnostic category

Hematologic malignancy, standard risk 5.4 +/− 5.6 10.4 +/− 12.9 3.4 +/− 8.1 7.2 +/− 8.2 11.9 +/− 19.4 3.8 +/− 10.7

Hematologic malignancy, intermediate risk 6.5 +/− 6.5 10.9 +/− 13.8 3.1 +/− 7.0 6.3 +/− 9.2 10.6 +/− 19.4 2.8 +/− 9.1

Hematologic malignancy, high risk 8.4 +/− 6.3 16.0 +/− 14.4 5.3 +/− 10.1 11.6 +/− 12.4 19.0 +/− 23.4 4.3 +/− 10.8

Benign hematologic disorder 3.8 +/− 4.0 7.3 +/− 8.6 1.9 +/− 5.6 5.4 +/− 9.9 7.7 +/− 14.9 1.9 +/− 9.3

Solid tumor 3.7 +/− 4.0 9.0 +/− 11.0 3.0 +/− 7.1 2.6 +/− 4.6 4.7 +/− 9.9 2.1 +/− 7.0

Significance, diagnostic category: ANOVA 
p value < .0001 < .0001 0.1 < .0001 < .0001 0.28

Transplant regimen category

Bone marrow myeloablative 12.6 +/− 6.5 23.8 +/− 13.6 5.8 +/− 8.9 9.0 +/− 13.3 32.4 +/− 27.0 6.5 +/− 13.0

PBSC myeloablative 5.0 +/− 4.4 9.0 +/− 11.6 3.4 +/− 8.0 6.9 +/− 7.0 10.6 +/− 17.4 3.4 +/− 9.5

PBSC nonmyeloablative 4.1 +/− 4.8 8.9 +/− 11.5 2.7 +/− 6.5 3.3 +/− 6.3 5.8 +/− 13.1 2.0 +/− 7.7
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RBC TRANSFUSED PER SUBJECT,
mean +/− SD

PLATELETS TRANSFUSED PER SUBJECT,
mean +/− SD

BASELINE VARIABLE INTERVAL, DAYS POST-TRANSPLANT INTERVAL, DAYS POST-TRANSPLANT

Day
0-30
(n = 800)

Day
0-100
(n = 800)

Day
101-200
(n = 705)

Day
0-30
(n = 800)

Day
0-100
(n = 800)

Day
101-200
(n = 705)

TLD + PBSC nonmyeloablative 5.7 +/− 6.0 10.1 +/− 12.8 3.1 +/− 7.8 5.7 +/− 9.2 9.3 +/− 17.2 3.0 +/− 10.3

Significance, regimen category: ANOVA p 
value < .0001 < .0001 0.11 < .0001 < .0001 0.03

Time period, years

1993 - 2000 7.6 +/− 6.6 14.1 +/− 13.9 4.2 +/− 8.3 8.7 +/− 10.7 14.3 +/− 21.2 3.3 +/− 9.0

2001 - 2005 5.1 +/− 5.4 10.0 +/− 13.3 3.0 +/− 7.5 6.2 +/− 8.7 10.4 +/− 18.6 3.5 +/− 10.8

2006 - 2010 3.4 +/− 3.7 6.5 +/− 8.2 2.3 +/− 6.4 3.1 +/− 5.6 4.8 +/− 10.5 1.8 +/− 7.4

Significance, year of transplant: ANOVA p 
value < .0001 < .0001 0.03 < .0001 < .0001 0.1

Notes:

*
All n=800 subjects were considered available for the intervals 0-30 days, and 0-100 days. For the interval 101-200 days, the subset included those 

who completed at least one day in the interval. Patients became unavailable due to death, or censoring because of a second transplant.
Analysis of variance for patient age, or gender, or weight revealed no significance for RBC or platelets transfused.
Abbreviations: NA: not applicable / not analyzed
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TABLE 3

FINAL MODELS FROM STEPWISE SELECTION OF MULTIVARIABLE LINEAR REGRESSION 

ANALYSIS

Interval Variable Reference Group
Effect
Estimate*

Standard
Error F Value* p*

A) RBC TRANSFUSION SUPPORT MODEL

0-30 Days Intercept* NA 1.28 0.50 6 0.0111

RBC in 10 Days Prior None 4.04 0.37 117 < .0001

CD34+ Dose Category 29 < .0001

 Medium Large 0.84 0.36 5 0.02

 Small Large 5.83 0.77 57 < .0001

Diagnostic Category 9 < .0001

 Intermediate risk heme Standard risk heme 0.50 0.48 1 0.3

 High risk heme Standard risk heme 0.23 0.65 0 0.72

 Benign Standard risk heme −2.52 0.65 15 0.0001

 Solid tumor Standard risk heme −1.35 0.51 7 0.008

ABO Match 4 0.014

 Minor mismatch Identical 1.30 0.52 6 0.012

 Bidirectional mismatch Identical 0.36 0.94 0 0.7

 Major mismatch Identical 1.22 0.50 6 0.015

Time Period 22 < .0001

 2001-2005 2006-2010 1.91 0.44 19 < .0001

 1993-2000 2006-2010 3.04 0.47 42 < .0001

0-100 Days Intercept* NA 1.93 0.97 4 0.05

RBC in 10 Days Prior None 7.16 0.83 74 < .0001

CD34+ Dose Category 27 < .0001

 Medium Large 2.71 0.86 10 0.002

 Small Large 13.01 1.80 52 < .0001

Time Period 14 < .0001

 2001-2005 2006-2010 4.16 1.03 16 < .0001

 1993-2000 2006-2010 5.58 1.10 26 < .0001

B) PLATELET TRANSFUSION SUPPORT MODEL

0-30 Days Intercept* NA 2.52 0.79 10.3 0.0014

Platelets in 10 Days Prior None 6.73 0.66 104 < .0001

CD34+ Dose Category 5.4 0.0048

 Medium Large 1.29 0.58 5 0.026

 Small Large 6.60 2.33 8 0.0048

Regimen Category 13.6 < .0001

 Bone marrow myeloablative PBSC myeloablative 5.39 2.21 6 0.0149

 PBSC nonmyeloablative PBSC myeloablative −3.50 0.70 25.1 < .0001

 TLD + PBSC nonmyeloablative PBSC myeloablative −0.54 0.75 0.5 0.4679

Time Period 13.1 < .0001
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Interval Variable Reference Group
Effect
Estimate*

Standard
Error F Value* p*

 2001-2005 2006-2010 3.27 0.68 23.3 < .0001

 1993-2000 2006-2010 3.06 0.76 16.1 < .0001

0-100 Days Intercept* NA 3.12 1.71 3.4 0.07

Platelets in 10 Days Prior None 9.81 1.44 46.8 < .0001

CD34+ Dose Category 6.4 0.002

 Medium Large 2.99 1.26 5.6 0.018

 Small Large 15.79 5.06 9.7 0.002

Regimen Category 5.1 0.002

 Bone marrow myeloablative PBSC myeloablative 7.54 4.80 2.5 0.12

 PBSC nonmyeloablative PBSC myeloablative −4.45 1.52 8.6 0.004

 TLD + PBSC nonmyeloablative PBSC myeloablative −0.30 1.62 0 0.85

Time Period 8.6 0.0002

 2001-2005 2006-2010 6.01 1.48 16.6 < .0001

 1993-2000 2006-2010 4.76 1.66 8.2 0.0042

Panel A: For the RBC model, R-square = 0.329 for 0-30 days; R-square = 0.198 for 0-100 days.

Panel B: For the platelet model, R-square = 0.324 for 0-30 days; R-square = 0.217 for 0-100 days.

*
Notes and Definitions:

Categories listed in the “Variable” column are compared to the category listed in the “Reference Group” column.
R-square: The percentage of the total variance among responses (i.e. RBC usage or platelet usage) that is explained by the model.
Intercept: The mean value of the outcome among subjects for whom all variables in the model have the reference value.
Effect Estimate: The difference in the estimated mean associated with that variable or category, vs the reference group, while simultaneously 
accounting for effects of other factors in the model.
F Value: The F value measures the degree of evidence that the independent variable improves model fit. F is larger for more improvement of fit. p: 
The p-value for overall significance of each variable in the model is shown in bold. Non-bolded p-values are interpreted differently; they only help 
assess relative effects among different categories of the same variable (smaller suggests a stronger difference).
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TABLE 4

FINAL MODELS FROM MULTIVARIABLE PROPORTIONAL HAZARDS REGRESSION ANALYSIS

Variable* Reference Group*
Parameter
Estimate

Standard
Error

Chi
Square P*

Hazard
Ratio* 95% CI

A) RBC TRANSFUSION INDEPENDENCE MODEL

RBC in 10 Days Prior None −0.62 0.08 58.70 < .0001 0.54 0.46, 0.63

CD34+ Dose Category 79.50 < .0001

 Medium Large −0.22 0.09 6.50 0.01 0.80 0.68, 0.95

 Small Large −1.15 0.13 79.40 < .0001 0.32 0.25, 0.41

ABO Match 16.30 0.001

 Major mismatch Identical −0.46 0.12 15.60 < .0001 0.63 0.50, 0.79

 Bidirectional mismatch Identical 0.02 0.15 0.00 0.91 1.02 0.76, 1.37

 Minor mismatch Identical −0.14 0.14 1.00 0.31 0.87 0.67, 1.14

B) PLATELET TRANSFUSION INDEPENDENCE MODEL

Platelets in 10 Days Prior None −0.63 0.10 40.00 <.0001 0.53 0.44, 0.65

Diagnostic Category 18.40 <.0001

 Intermediate risk heme Standard risk heme −0.10 0.13 0.60 0.44 0.90 0.70, 1.17

 High risk heme Standard risk heme −0.11 0.15 0.50 0.48 0.90 0.66, 1.21

 Benign Standard risk heme −0.34 0.20 2.80 0.09 0.71 0.48, 1.06

 Solid tumor Standard risk heme 0.27 0.17 2.50 0.11 1.31 0.94, 1.83

Regimen Category 56.30 < .0001

 Bone marrow myeloablative PBSC myeloablative −0.88 0.14 37.70 < .0001 0.41 0.31, 0.55

 PBSC nonmyeloablative PBSC myeloablative 0.54 0.15 12.60 0.0004 1.72 1.28, 2.32

 TLD + PBSC nonmyeloablative PBSC myeloablative 0.27 0.13 4.40 0.04 1.32 1.02, 1.70

Time Period 23.60 < .0001

 2001-2005 2006-2010 −0.43 0.10 20.60 < .0001 0.65 0.54, 0.78

 1993-2000 2006-2010 −0.40 0.10 14.80 0.0001 0.67 0.55, 0.82

*
Notes and Definitions:

Categories listed in the “Variable” column are compared to the category listed in the “Reference Group” column.
P: The P value for overall significance of each variable in the model is shown in bold. Non-bolded P values are interpreted differently; they only 
help assess relative effects among different categories of the same variable (smaller suggests a stronger difference).
Hazard Ratio: The hazard ratio characterizes the ratio in instantaneous chance of becoming independent relative to those in the reference group; 
values greater than 1 reflect faster attainment of transfusion independence.
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