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Introduction

The impact of graft composition and donor cell dose on allogeneic hematopoietic
stem cell transplantation outcomes has been extensively studied in myeloablative
conditioning transplantation, and CD34+ cell dose is often utilized as the product-
related variable of choice for outcomes analysis. Given that a cell-based graft-ver-
sus-tumor effect is the central therapeutic mechanism in reduced-intensity condi-
tioning (RIC) transplantation, product-related variables may have an even more sig-

Mobilized peripheral blood is the most common graft source for
allogeneic hematopoietic stem cell transplantation following
reduced-intensity conditioning. In assessing the effect of donor

cell dose and graft composition on major transplant outcomes in the
reduced-intensity setting, prior studies focused primarily on CD34+ cell dose
and reported conflicting results, especially in relation to survival end-points.
While the impact of total nucleated cell dose has been less frequently eval-
uated, available studies suggest higher total nucleated cell dose is associated
with improved survival outcomes in the reduced-intensity setting. In order
to further explore the relationship between CD34+ cell dose and total nucle-
ated cell dose on reduced-intensity transplant outcomes, we analyzed the
effect of donor graft dose and composition on outcomes of 705 patients
with hematologic malignancies who underwent reduced-intensity peripher-
al blood stem cell transplantation at the Dana Farber Cancer Institute from
2000 to 2010. By multivariable analysis we found that higher total nucleated
cell dose (top quartile; ≥10.8 x 1010 cells) was associated with improved over-
all survival [HR 0.69 (0.54-0.88), P=0.0028] and progression-free survival
[HR 0.68 (0.54-0.85), P=0.0006]. Higher total nucleated cell dose was inde-
pendently associated with decreased relapse [HR 0.66 (0.51-0.85), P=0.0012]
and increased incidence of chronic graft-versus-host disease [HR 1.4 (1.12-
1.77), P=0.0032]. In contrast, higher doses of CD34+ cells (top quartile; ≥10.9
x 106/kg) had no significant effect on graft-versus-host disease or survival
outcomes.  These data suggest total nucleated cell dose is a more relevant
prognostic variable for reduced-intensity transplant outcomes than the
more commonly studied CD34+ cell dose.
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nificant impact on transplant outcomes in the RIC setting.
However, relatively few studies have reported on product-
related outcome data in RIC transplants. These studies
have primarily focused on CD34+ cell dose, most reporting
that higher CD34+ cell doses are associated with more
rapid engraftment with a variable effect on the incidence
of graft-versus-host disease (GVHD) and survival out-
comes.1-5 Gomez-Almaguer and colleagues reported on
138 recipients of RIC hematopoietic stem cell transplants,
showing that higher CD34+ doses correlated with
improved overall survival.6 A CIBMTR registry analysis of
1054 RIC hematopoietic stem cell transplant recipients
found that lower CD34+ doses correlated with increased
transplant-related mortality and decreased overall sur-
vival.7 In contrast, Remberger and colleagues reported that
higher CD34+ doses were actually associated with higher
relapse rates and lower overall survival.8 Relative to CD34+
cell dose, total nucleated cell (TNC) dose has been less fre-
quently studied. However, in the limited number of stud-
ies that have examined TNC, a trend toward improved
survival outcomes with higher TNC dose, independently
of CD34+ dose, has been found.9,10 The current study
examines the impact of both TNC and CD34+ cell dose on
major transplant outcomes in a cohort of 705 consecutive
patients undergoing RIC allogeneic peripheral blood
hematopoietic stem cell transplantation.

Methods

We analyzed data from 705 consecutive patients with hemato-
logic malignancies undergoing RIC utilizing granulocyte colony-
stimulating factor-mobilized donor peripheral blood mononuclear

cells as a graft source. Patients who underwent either in vivo T-cell
depletion with antithymocyte globulin or ex-vivo T-cell depletion
were excluded from the study. All patients had at least 3 years of
follow-up after their transplant. All patients provided consent to
the use of protected health data for research, as approved by a
common institutional review board of the Dana-Farber/Harvard
Cancer Center.

Definitions and end-points
Neutrophil engraftment was defined as the first day of an

absolute neutrophil count >500/mL on three consecutive measure-
ments. Platelet recovery was defined as the first day of two con-
secutive measurements of >20,000/mL (unsupported). Acute and
chronic GVHD were graded by consensus grading criteria and
their cumulative incidence was calculated through day +200 after
hematopoietic stem cell transplantation. Chronic GVHD was
defined clinically by treating physicians utilizing standard criteria
ultimately supplanted by NIH Consensus Conference recommen-
dations.11 Relapse was defined as disease recurrence documented
by morphological, histological or radiographic means. Treatment-
related mortality was defined as death while in continuous remis-
sion. Progression-free survival was defined as the time from trans-
plantation to relapse or death from any cause, and overall survival
was defined as the time from transplantation to death from any
cause.

Statistical methods
For each cell type of interest, cell dose level was classified into

groups using quartile cutoffs (Table 1). The Spearman coefficient
for TNC versus CD34+ cells was 0.25 (0.18-0.32) (Figure 1). The
effects of cell doses on categorical or continuous outcomes were
tested using the Fisher exact test or Wilcoxon rank-sum test.
Progression-free survival and overall survival were estimated using

Table 1. Quartile summaries.
Q1, Q2, Q3, Q4, 

median (range) median (range) median (range) median (range)

TNC (1010) 5.66 (2.21, 6.79) 7.74 (6.81, 8.74) 9.71 (8.75, 10.89) 12.7 (10.9, 22.31)
TNC/kg (108) 6.81 (2.43, 8.39) 9.56 (8.42, 10.78) 12.23 (10.81, 13.96) 16.41 (13.99, 33.94)
CD34+ (108) 3.44 (0.97, 4.41) 5.34 (4.43, 6.3) 7.45 (6.31, 8.73) 11.31 (8.76, 35.57)
CD34+/kg (106) 4.07 (0.83, 5.4) 6.56 (5.41, 7.83) 9.24 (7.84, 10.81) 14.26 (10.82, 47.67)
CD3+ (1010) 1.32 (0.16, 1.72) 2.05 (1.72, 2.38) 2.76 (2.39, 3.26) 3.94 (3.27, 8.3)
CD3+/kg (108) 1.58 (0.29, 2.09) 2.52 (2.09, 2.96) 3.52 (2.97, 4.1) 5.02 (4.1, 15.77)

Figure 1. Scatter plot of TNC vs. CD34+ cell dose with
Spearman coefficient of 0.25 (0.18-0.32).



the Kaplan-Meier method. Patients alive without a relapse were
censored at the date of last contact. Log-rank tests were used to
compare progression-free survival and overall survival between
groups and Cox proportional hazards regression models were
used to study the effects of cell doses on the survival outcomes
while adjusting for other risk factors. Time to GVHD onset was
analyzed using early relapse and death without GVHD as compet-
ing risks. Time to relapse and time to non-relapse mortality were
analyzed using each other as competing risks. In competing risk
settings, Gray methods were used to compare between groups
and competing risk regressions were used to test the significance
of cell dose effects adjusting for other covariates. Other factors
adjusted for in the regression setting included patients’ age,
donors’ age, GVHD prophylaxis, patient-donor sex-match status,
and the disease risk index.12 Analyses were conducted on total

numbers of CD34+, nucleated (TNC), CD3+, CD4+, and CD8+

donor cells infused as well as cell number per kg of recipient body
weight. Outcomes are reported with regard to CD34+ cell dose per
kg of actual body weight or total TNC dose, as these have been
routine reporting metrics in prior analyses for these graft-associat-
ed variables. An exploratory analysis was also performed for total
CD34+ dose as well as TNC/kg.

Results

Patients
The patients’ characteristics are listed in Table 2. The

vast majority of patients (99%) received RIC with busul-
fan and fludarabine (IV busulfan total dose of 3.2 or 6.4

Table 2. Patients’ characteristics by quartiles of TNC and CD34/kg.
TNC CD34/kg

Q1 Q2 Q3 Q4 P value Q1 Q2 Q3 Q4 P value

Age , years(median, range) 55.5(20, 72) 57 (20, 69) 57 (19, 73) 59 (18, 74) 0.22 57(20, 72) 58(19, 72) 57(18, 74) 56(19, 73) 0.64
Age N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
< 50 52 (30) 40 (23) 46 (26) 34 (19) 0.14 43 (24) 36 (20) 45 (26) 48 (27) 0.48
≥50 124 (70) 136 (77) 130 (74) 142 (81) 133 (76) 141 (80) 131 (74) 128 (73)
Patients’ sex 0.00001
Male 87 (49) 100 (57) 118 (67) 129 (73) 117 (66) 111 (63) 110 (63) 97 (55) 0.00023
Female 89 (51) 76 (43) 58 (33) 47 (27) 59 (34) 66 (37) 66 (38) 79 (45)
Patient-donor sex 0.00006 0.0000013
Male/male 45 (26) 63 (36) 71 (40) 80 (45) 63 (36) 55 (31) 70 (40) 71 (40)
Female/male 47 (27) 36 (20) 40 (23) 28 (16) 22 (13) 29 (16) 41 (23) 59 (34)
Male/female 42 (24) 37 (21) 47 (27) 49 (28) 54 (31) 56 (32) 40 (23) 26 (15)
Female/female 42 (24) 40 (23) 18 (10) 19 (11) 37 (21) 37 (21) 25 (14) 20 (11)
Diagnosis 0.89 0.43
AML 48 (27) 46 (26) 56 (32) 51 (29) 46 (26) 43 (24) 66 (38) 46 (26)
ALL 6 (3) 8 (5) 6 (3) 4 (2) 3 (2) 8 (5) 7 (4) 6 (3)
CML 6 (3) 3 (2) 7 (4) 6 (3) 5 (3) 6 (3) 4 (2) 7 (4)
MDS, MPD, MDS/MPD 27 (16) 30 (18) 28 (16) 32 (18) 35 (20) 30 (17) 18 (10) 35 (20)
CLL/SLL/PLL 28 (16) 32 (18) 30 (17) 22 (13) 29 (16) 32 (18) 27 (15) 24 (14)
NHL 37 (21) 33 (19) 34 (19) 34 (19) 35 (20) 35 (20) 37 (21) 31 (18)
HL 13 (7) 13 (7) 7 (4) 16 (9) 11 (6) 12 (7) 9 (5) 17 (10)
MM/PCD 9 (5) 10 (6) 8 (5) 8 (5) 10 (6) 10 (6) 7 (4) 8 (5)
Anemia/RCD 2 (1) 1 (1) 0 (0) 1 (1) 2 (1) 0 (0) 0 (0) 2 (1)
Patients’ CMV status 0.37 0.46
Negative 77 (44) 90 (51) 81 (46) 92 (52) 90 (51) 87 (49) 79 (45) 84 (48)
Positive 95 (54) 85 (48) 93 (53) 80 (45) 83 (47) 87 (49) 95 (54) 89 (51)
Acute GVHD prophylaxis 0.78 0.35
Tacrolimus +sirolimus 131 (74) 129 (73) 127 (72) 136 (77) 125 (71) 130 (73) 131 (74) 138 (78)
Tacrolimus - sirolimus 42 (24) 43 (24) 47 (27) 39 (22) 48 (27) 44 (25) 45 (26) 34 (19)
Type of donor 0.021 0.076
Matched related 79 (45) 64 (36) 52 (30) 78 (44) 75 (43) 78 (44) 67 (38) 53 (30)
Matched unrelated 86 (49) 102 (58) 103 (59) 82 (47) 83 (47) 88 (50) 95 (54) 108 (61)
Mismatched related 2 (1) 1 (1) 1 (1) 0 (0) 0 (0) 0 (0) 1 (1) 3 (2)
Mismatched unrelated 9 (5) 9 (5) 20 (11) 16 (9) 18 (10) 11 (6) 13 (7) 12 (7)
Risk status 0.99 0.086
Low risk 43 (24) 37 (21) 44 (25) 40 (23) 44 (25) 48 (27) 33 (19) 39 (22)
Intermediate risk 89 (51) 90 (51) 86 (49) 84 (48) 92 (52) 86 (49) 99 (56) 73 (41)
High risk 39 (22) 44 (25) 41 (23) 46 (26) 37 (21) 38 (21) 38 (22) 57 (32)
Very high risk 5 (3) 5 (3) 5 (3) 6 (3) 3 (2) 5 (3) 6 (3) 7 (4)
Donor age, years 41.5 (19, 67) 39.5(13, 67) 38(17, 66) 43(12, 73) 0.022 41(12, 67) 43(17, 71) 40(16, 73) 37(17, 67) 0.038
median (range)

AML: acute myeloid leukemia; ALL: acute lymphocytic leukemia; CML: chronic myeloid leukemia; MDS: myelodysplastic syndrome; MPD: myeloproliferative disease; CLL: chronic lymphocytic
leukemia; SLL: small lymphocytic leukemia; PLL: prolymphocytic leukemia; NHL: non-Hodgkin lymphoma; HL: Hodgkin lymphoma; MM: multiple myeloma; PCD: plasma cell dyscrasia; RCD:
refractory cytopenia with dysplasia; CMV: cytomegalovirus.
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mg/kg; IV fludarabine total dose of 120 mg/m2). GVHD
prophylaxis was mostly tacrolimus based, with or with-
out sirolimus (74% versus 24%, respectively). The median
age of the patients was 57 years (range, 18-74 years).
Sixty-two percent of the patients were male. Acute
myeloid leukemia was the most common diagnosis
(29%). The patients’ disease risk status was categorized as
low (23%), intermediate (50%), high (24%) or very high
(3%) based on the disease risk index described by Armand
et al.12 Transplants were categorized as matched (8/8 high-
resolution HLA-A, B, C and DRB1-matched) with their
respective recipients; matched related donor (39%),
matched unrelated donor (53%), or mismatched (7/8 high-
resolution HLA-A, B, C and DRB1-matched); mismatched
related donor (1%), mismatched unrelated donor (8%).  
During the first year, all patients received acyclovir as

prophylaxis against herpes simplex virus/varicella zoster
virus infections, and sulfamethoxazole/trimethoprim or
atovaquone as prophylaxis against Pneumocystis jirovecii
pneumonia. Patients were monitored for cytomegalovirus
reactivation during the first 100 days after transplantation,
and pre-emptive therapy with valganciclovir was given if
viral reactivation occurred. Granulocyte colony-stimulat-
ing factor was routinely used in most patients to accelerate
engraftment.

Engraftment
TNC dose did not influence the onset or durability of

engraftment. In contrast, as expected, time to neutrophil

engraftment was significantly shorter for the highest quar-
tile of CD34+ cells infused/kg  compared with the lower
three quartiles combined in a competing risk regression
(P=0.0004). This analysis censored subjects who did not
have a nadir absolute neutrophil count below 500/mL.

Graft-versus-host disease
Neither TNC nor CD34+ cell dose affected grades II-IV

acute GVHD. However, there was a significant association
between TNC dose and the development of chronic
GVHD. The 1-year cumulative incidence of chronic
GVHD across the four TNC dose quartiles (Q1-Q4) were
37%, 44%, 47%, and 52%, respectively (P=0.017). In a
regression model evaluating the quartiles, Q1 was associ-
ated with decreased risk [hazard ratio (HR)=0.80,
P=0.0004] versus Q4. Dichotomized regression analysis
was performed by collapsing the top three quartiles and
comparing them to Q1. In this dichotomized analysis, Q1
was associated with a decreased risk of chronic GVHD
versus Q2+Q3+Q4 (HR=0.71, P=0.0063)  (Figure 2). There
was no association between CD34+ cell dose and chronic
GVHD.

Relapse
The 3-year cumulative incidence of relapse across the

four TNC dose groups (Q1-Q4) was 54%, 60%, 54%, and
42%, respectively (P=0.017). In a regression model evalu-
ating the quartiles, each of the first three quartiles was
associated with increased risk of relapse compared to Q4

P.S. Martin et al.
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Figure 2. Regression analyses of TNC dose.
Dichotomized regression analysis of the top three
quartiles (collapsed) vs. quartile one, showing
increased cumulative risk of chronic GVHD at 1 year
with higher TNC dose (HR=0.71, P=0.0063).

Figure 3. Regression analyses of TNC dose. (A)
Dichotomized regression analysis of the first three
quartiles (collapsed) vs. quartile four, showing
decreased risk of 3-year cumulative relapse with higher
TNC dose (HR=0.66, P=0.0012). (B) Dichotomized
regression analysis of the first three quartiles (col-
lapsed) vs. quartile four, showing no significant effect
of TNC dose on 3-year cumulative incidence of non-
relapse mortality (NRM) (P=0.43).
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(HR=1.41, 1.63, and 1.53; P=0.029, 0.0013, and 0.0068,
respectively). In a dichotomized regression analysis per-
formed by collapsing Q1, Q2 and Q3, Q4 was associated
with decreased risk of relapse when compared with
Q1+Q2+Q3 (HR=0.66, P=0.0012) (Figure 3A). After
adjusting for chronic GVHD as a time-dependent covari-
ate in a Cox model, high TNC dose (Q4 versus
Q1+Q2+Q3) was still significantly associated with better
progression-free survival (P<0.0001) and lower relapse rate
(P<0.0001). 
CD34+ cell dose did not affect relapse rates. The 3-year

cumulative incidence of relapse across the four CD34+/kg
dose groups (Q1-Q4) was 48%, 51%, 51%, and 59%,
respectively (P=0.20). In dichotomized regression analysis
of CD34+ cell dose, no significant effect was found by col-
lapsing Q1, Q2 and Q3 and comparing with Q4 (P=0.15),
or by collapsing Q2+Q3+Q4 and comparing with Q1
(P=0.13).

Non-relapse mortality
There was no association between TNC dose (Figure

3B) or CD34+ cell infusion numbers and the 3-year cumu-
lative incidence of non-relapse mortality. 

Progression-free and overall survival
The 3-year progression-free survival across the four

TNC dose groups (Q1-Q4) was 37%, 32%, 32%, and
46%, respectively (P=0.029), and the 3-year overall sur-
vival was 48%, 49%, 40%, and 58% (P=0.050). In a
regression model evaluating the quartiles, each of the first
three quartiles was associated with worse progression-
free survival compared with Q4 (HR=1.32, 1.48, and 1.64;
P=0.046, 0.0034, and 0.0002, respectively), as well as
worse overall survival (HR=1.42, 1.31, and 1.62; P=0.020,
0.069, and 0.0009, respectively). In a dichotomized analy-
sis by collapsing Q1, Q2 and Q3, Q4 was associated with
better overall survival and progression-free survival
(HR=0.69 and 0.68; P=0.0028 and 0.00067, respectively)
(Figure 4A,B). CD34+ cell counts bore no association with
3-year progression-free or overall survival.

Graft T-lymphocyte composition
In an effort to elucidate which components of the graft

could account for the significant impact of TNC on chron-
ic GVHD, relapse, progression-free survival, and overall

survival, we performed an exploratory analysis on a sub-
set of patients in whom the CD3+ (n=445), CD4+ (n=443)
and CD8+ (n=444) fractions of the graft were reliably enu-
merated. No association between CD3+, CD4+ or CD8+
cell count and these outcomes was identified, either
because the analysis was underpowered to demonstrate a
significant difference or because other specific cellular
components rather than total CD3+, CD4+ or CD8+ cell
count influence these outcomes.  

Total CD34+ cell dose and total nucleated cells 
per kilogram
Exploratory analysis was performed for total CD34+

dose as well as TNC/kg, demonstrating no significant
association between either total CD34+ dose or TNC/kg
and the aforementioned transplant outcomes. 

Discussion

The majority of studies analyzing the impact of graft
composition on major transplant outcomes in RIC HSCT
have focused on the influence of CD34+ cell dose, report-
ing mixed results with regard to survival outcomes,
engraftment and incidence of GVHD. In their study of 86
patients who underwent RIC allogeneic HSCT, Perez-
Simon and colleagues reported an increased incidence of
chronic GVHD and decreased relapse rates with increased
CD34+/kg (depending on disease state at transplant), but
no significant effect on overall survival or event-free sur-
vival.1 Pulsipher and colleagues reported on 160 patients
undergoing RIC allogeneic HSCT, describing faster
engraftment, reduced transplant-related mortality and bet-
ter 3-year overall survival in the cohort that received a
high CD34+ cell dose (>4.5x106 cells/kg) without there
being any associated increase in the incidence of acute or
chronic GVHD.4 In an analysis of 1054 RIC transplant
recipients reported to the CIBMTR from 2002 to 2011,
Torlen and colleagues determined that low CD34+ cell
dose (<4x106 CD34+ cells/kg) was associated with
increased non-relapse mortality and inferior overall sur-
vival.7 In a recent analysis, Remberger and colleagues
reported inferior outcomes for patients receiving fewer
than 2.5x106 CD34+ cells/kg, but also poorer survival due
to increased relapse rates in patients receiving over 11x106

Figure 4. Dichotomized regression analyses of TNC
dose. (A) Dichotomized regression analysis of first
three quartiles (collapsed) vs. quartile four, showing
improved 3-year progression-free survival (PFS) with
higher TNC dose (HR=0.68, P=0.00067). (B)
Dichotomized regression analysis of first three quar-
tiles (collapsed) vs. quartile four, showing improved 3-
year overall survival (OS) with higher TNC dose
(HR=0.69, P=0.0028).
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CD34+ cells/kg, albeit in pooled analyses of both myeloab-
lative conditioning and RIC transplant patients.8 These
examples typify the myriad of published analyses that
have, thus far, failed to demonstrate reproducible, consen-
sus data regarding the effect of CD34+ cell dose on com-
mon RIC transplant outcomes.1-5,13-18
In contrast to CD34+ cell dose, there have been only a

limited number of studies that report on the effect of TNC
dose on RIC transplant outcomes. Baron and colleagues
analyzed graft composition data from 125 RIC patients,
showing a non-significant, but appreciable trend
(HR=0.08, P=0.06) toward improved overall survival, as
well as progression-free survival, with higher TNC dose.9
In their study of 253 patients with acute myeloid leukemia
undergoing RIC transplantation, Gorin and colleagues
found that CD34+/kg cell dose had no effect on either
GVHD or overall survival, but that increased TNC dose
was independently associated with more chronic GVHD
as well as improved overall survival.10 In the aforemen-
tioned study by Remberger and colleagues, TNC dose
showed no correlation with survival outcomes, relapse
rates, engraftment or GVHD. As discussed for the CD34+
cell dose, albeit with the caveat of far fewer published
data, the impact of TNC dose on RIC transplant outcomes
remains undefined.
To our knowledge, our current single institution study

of 705 RIC patients is the largest to date to anlayze the
effects product-related variables on transplant outcomes in
the RIC setting. We found improved survival data (overall
survival and progression-free survival) with higher TNC
dose, whereas CD34+ cell dose (total and per kg) did not
have a significant effect on these critical outcomes. Based
on recent studies demonstrating an association between
RIC transplant survival outcomes and absolute lympho-
cyte count recovery19 as well as donor chimerism,20 we
analyzed the effect of TNC dose on these additional prog-
nostic indicators, but failed to demonstrate any significant
association. Nevertheless, our findings support prior
reports9,10 indicating that TNC dose is potentially a more
relevant product-related variable than CD34+ cell dose
with regard to RIC transplant outcomes. It is unlikely that
the top quartile of TNC enumerated in our cohort
(>10.9x1010 cells) represents the ideal cell target across
transplant center collection facilities despite its association
with lower relapses rates and improved survival. Rather,
our experience may suggest that “more is better” when it
comes to TNC. An improved survival benefit with higher
TNC doses should influence those current RIC transplant
protocols that cap the TNC infusion dose. Importantly,
our analysis showed no significant association between

TNC and CD34+ cell dose (Spearman correlation coeffi-
cient of 0.24), further demonstrating the mutual exclusivi-
ty of these product-related parameters. 
It remains unclear whether there is an identifiable cell

subset within the TNC population that drives this
observed survival benefit (e.g. dendritic cells, antigen-pre-
senting cells, natural killer cells, T-regulatory cells, T-effec-
tor cells), or if such benefit is engendered by a pleiotropic
effect of the immunomodulatory milieu that accompanies
larger TNC doses. Various studies analyzing graft T-cell
composition have not convincingly demonstrated any par-
ticular cellular component as reproducibly having either
deleterious or beneficial effects on transplant outcomes.21-
24 In their study of 63 RIC transplant patients, Cao and col-
leagues reported improved freedom from progression,
overall survival and attainment of full donor T-cell
chimerism with higher CD8+ cell doses, with no correla-
tion between CD8+ dose and GVHD and no significant
effect of CD3+ or CD4+ subsets on any of these out-
comes.21 In contrast, Mohty and colleagues22 reported
increased acute GVHD with higher CD8+ doses in their
analysis of 57 RIC transplant patients and Collins and col-
leagues23 reported no significant effect of CD3+, CD4+ or
CD8+ lymphocyte subsets on overall survival in their
review including 70 RIC transplant patients. Reshef and
colleagues reported on T-cell subset data in 200 RIC trans-
plant patients, describing improved survival and reduced
relapse rates with increased CD8+ cells, with no significant
effect of CD3+, CD4+ or CD34+ subsets on these outcomes
(of note, TNC dose was not reported in this study).24
While our subset analysis of CD3+, CD4+ and CD8+ cell
doses in approximately 445 RIC transplant patients  failed
to demonstrate any significant association between these
T-lymphocyte subsets and our observed transplant out-
comes, these studies both suggest that the CD34-negative
fraction of the graft is most critical to transplant outcomes
after RIC. These findings support more comprehensive
analysis of graft subset populations as a compelling direc-
tion for future research. Such an analysis could potentially
elucidate a cell subset (or synergistic groups of cell subsets)
within the TNC population that most directly confers a
survival benefit, allowing for the future possibility of
improving RIC transplant outcomes through directed graft
manipulation. 
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