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Abstract
Several studies have shown that a higher lymphocyte count 3–4 weeks after allogeneic stem cell
transplantation (SCT) is associated with better transplant outcome. However the factors
determining early lymphocyte recovery are not defined. To further explore the relationship
between lymphocyte recovery and outcome we analyzed lymphocyte counts and other engraftment
parameters in 157 patients with leukemia (48 acute myeloid leukemia, 80 chronic myeloid
leukemia, and 29 acute lymphoblastic leukemia [ALL]) receiving T-cell depleted myeloablative
stem cell transplantation (SCT) from an HLA-identical sibling. In multivariate analysis the day 30
absolute lymphocyte count (LC30) above the median of 450/µl was associated with improved
survival (71±5 vs. 38±6%, p<0.0001), less relapse (21±5 vs. 44±7%, p=0.009), less non-relapse
mortality (9±3 vs. 36±6%, p<0.0001) and less acute GVHD (34±5 vs. 51±6%, p=0.025). The
beneficial effect of a higher LC30 influenced outcome in patients with both standard and high risk
disease but did not affect survival and relapse in ALL. We found that a higher LC30 correlated
with higher lymphocyte counts at all time points between 30–90 days post SCT and also with
more rapid neutrophil and platelet engraftment. These results indicate that LC30 is a surrogate for
robust engraftment and identifies an "at risk" population of patients after T-cell-depleted SCT.
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Introduction
Several studies have shown that early recovery of the lymphocyte count after allogeneic
stem cell transplantation (SCT) is associated with better survival, reduced relapse and lower
transplant related mortality1–5. A recent analysis found that a low absolute lymphocyte
count (=100/µl) was also associated with poor outcome following acute graft versus host
disease (aGVHD) 6. We previously reported improved transplant outcome for chronic
myelogenous leukemia (CML) in patients with high day 30 lymphocyte counts (LC30) after
T-cell-depleted myeloablative stem cell transplantation from an HLA-identical sibling 7.
Natural killer (NK) cells are the first lymphocytes to recover after peripheral blood stem cell
transplantation and play an important role in the innate host defenses. Niederwieser et al
showed in the early post-transplant period, the majority of peripheral blood lymphocytes
were NK cells 8, which can mediate cytotoxicity without prior sensitization and may be
responsible for early graft-versus-leukemia (GVL) effects 9; 10. We have earlier shown that
NK cells are the dominant population in the LC30 and that LC30 and NK30 were highly
correlated. Furthermore, higher levels of NK30 were associated with improved transplant
outcome in CML after SCT 7.

These findings suggested that the LC30 may serve as a surrogate for NK cell recovery.
However, the simplicity and reproducibility of LC30 measurement between transplant
centers encouraged us to investigate lymphocyte recovery further in a large diverse
population of transplant recipients to further explore the predictive value of LC30 and to
better elucidate the relationship of the LC30 with other measurements of engraftment at
various times post-transplant.

Here we show, in a cohort of 157 patients undergoing T cell depleted SCT, that LC30 was
correlated with standard engraftment parameters and was a powerful predictor of transplant
outcome in myeloid malignancies but not in acute lymphoblastic leukemia.

PATIENTS AND METHODS
Study group

One-hundred-sixty consecutive patients with leukemias received a T cell depleted SCT from
an HLA identical sibling in NHLBI institutional review board approved protocols. The study
populations included 80 CML patients previously reported 7. Written informed consent was
obtained according to principles outlined in the Declaration of Helsinki. Of these patients,
157 survived until day 30 and formed the study cohort.

Conditioning regimens and transplant approach
Transplant approach, details of cyclosporine (CSA) dosing schedule, post-transplant T-cell
add back, monitoring of minimal residual disease, chimerism, infection prophylaxis and
CMV monitoring were described previously 7; 11.Three transplant regimens were used: (1)
52 patients received 13.6 Gy total body irradiation (TBI), cyclophosphamide (Cy) 120mg/
kg, standard dose (SD) CSA (target levels 200–400 µg/l ; (2) 41 received TBI/Cy and low
dose (LD) CSA (target levels 100–200 µg/l) ; (3) 64 received 12.0 Gy TBI/Cy/fludarabine
(Flu) 125mg/m2 and LD CSA. All patients received a T cell depleted transplant (dose range
0.2 - 2.0×105 CD3+ cells/kg) with delayed donor-lymphocyte infusions 1–3 months after
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transplantation. The stem cell source was G-CSF mobilized peripheral blood for all patients,
except 28 in the first cohort who received bone marrow transplants.

Day 30 lymphocyte monitoring (LC30)
Of 160 patients transplanted 157 [48 acute myeloblastic leukemia (AML) or
myelodysplastic syndrome which had progressed to AML, 80 chronic myelogenous
leukemia (CML), and 29 acute lymphoblastic leukemia (ALL)] survived to day +30 post
transplant for LC30 evaluation from a routine blood count (in all cases obtained before any
post-transplant DLI). The three patients excluded from analysis died from CMV
pneumonitis day 15, acute respiratory distress syndrome day 23, and intracranial
hemorrhage day 28 post-transplantation. Their absolute lymphocyte count on day of death
was 140, 289 and 80/µl respectively.

Definitions
Patients with ALL and AML, in first complete remission and patients with CML in chronic
phase (CP) were considered to have standard risk (SR) disease. All other patients, including
those who underwent transplantation in CR2 or greater, those with primary refractory or
relapsed disease, and those with secondary AML were defined as having high risk (HR)
disease. Overall survival (OS) was calculated from the interval between the date of
transplantation and death, or last follow-up visit. Relapsed disease for AML and ALL was
definedby morphologic or cytogenetic evidence, either in peripheralblood or in bone
marrow. Relapsed disease for CML was defined by hematological or cytogenetic or
molecular evidence of recurrence. Non-relapse mortality (NRM) was defined as the time
from transplantation until death from infectious cause, graft failure, GVHD, or any other
cause unrelated to disease. Estimates for relapse, GVHD incidence and NRM were made
using cumulative incidence estimates. Engraftment was defined as absolute neutrophil count
of >500/µl, and unsupported platelet count of >20,000 for 3 consecutive days or detection of
donor DNA by PCR-short tandem repeat (STR).

Statistical methods
Summary statistics, such as proportions, means, standard deviations, 95% confidence
intervals, medians and ranges, were used to describe the patient characteristics, pretransplant
variables and post-transplant outcomes. Standard techniques in survival analysis, including
Kaplan-Meier estimates and the Cox Proportional Hazard Models, were used to estimate the
time-to-event distributions of OS, DFS/current LFS, relapse, GVHD and TRM. Statistical
associations between pre-transplant variables were investigated using correlation analysis,
including Pearson’s Correlation Coefficients and Spearman’s Rank Correlation Coefficients,
and multiple regression analysis. Statistical tests based on t-tests, chi-squared tests and F-
tests were used to evaluate the statistical significance of covariates in multiple regression
models or the Cox Proportional Hazard Models. Variables included in univariate analysis
were: age (continuous, < vs. = median), gender, donor-patient sex match (female to male vs.
others), disease risk (HR vs. SR), type of transplant (BMT vs PBSCT), CD34 dose
(continuous, < vs. = median), CD3 dose (0.2 vs. >0.2×105/kg CD3+ cells, LC30
(continuous, < vs. = median), and CSA dose (SD vs. LD). Analysis was performed with
LC30 taken as a continuous variable, < vs. = median for whole cohort and each disease
category with cohort median and disease specific median value of LC30. Multivariate
analysis was performed using the Cox models. Data analysis was performed using SPSS 14
for Windows (SPSS Inc., Chicago, IL) software.

Savani et al. Page 3

Biol Blood Marrow Transplant. Author manuscript; available in PMC 2012 August 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Patients

Cohort distribution and patient characteristics are shown in Table 1 and 2 respectively.

Validation of the LC30 as a representative measurement of early lymphocyte recovery
Median LC30 of cohort was 448/µl (<450 vs. >450 taken in a cut-off model for analysis),
range 0–3295 (AML 403/µl, range 31 – 2105; CML 287/µl, range 0–1498 and ALL 778/ µl,
range 265–3295) (Figure 1A). Figure 1B shows the absolute lymphocyte count on day 30
(LC30), 60 (LC60) and 90 (LC90) [above and below median] post-transplant among patients
who survive at least 90 days after SCT. Patients with LC30 above median had higher
lymphocyte counts on day 14 and retained correspondingly higher lymphocyte count on day
60 and 90 while patients with = median LC30 had lower counts on day 14 and slower
recovery on day 60 and 90 than the high LC30 subset. Since day 14 lymphocyte counts were
very low, we chose the LC30 as the earliest reliable measurement for subsequent analyses.
One hundred three patients received DLI between day 30–45 and 22 day 60. DLI had no
significant impact on LC60 and LC90 recovery compared to LC30 (p=0.38 for LC60 and
0.24 for LC90).

Transplant outcome and LC30
Engraftment—Two patients (1.3 %, one with CML and the other ALL) failed to engraft.
Both patients were rescued successfully after receiving a second graft. Their transplant
outcome in relation to LC30/NK30 was calculated from the second graft.

Median time to neutrophil and platelet engraftment was 16 days (range 11–39) and 18
(range 12–43). Patients with LC30 >450/µl had faster neutrophil engraftment (15.5 ± 0.2 vs.
18 ± 0.5 days for LC30 <450/µl; p<0.0001) and faster platelet engraftment (18 ± 0.4 vs. 22 ±
0.8 days for LC30 <450/µl; p<0.0001) (Figure 2). Single tandem repeat (STR) chimerism
was available in 55 patients. Median time to full donor lymphoid chimerism was 60 days
(range 14–798). There was no correlation between LC30 (either as a continuous or a
categorical variable) and time to full donor T cell chimerism (p=0.445).

Acute GVHD—Sixty three patients developed acute GVHD grade (II-IV) with a
cumulative incidence of 43 ± 4 % (Figure 3A). On univariate analysis, risk of acute GVHD
was associated with HR disease (57 vs. 26% for SR disease; p<0.001), and LC30 <450/µl
(p=0.025) (Figure 3A). There was no effect of stem cell source (BMT vs. PBSCT), disease
type, age, gender, CSA dose, CD34+ and CD3+ cell dose on incidence of acute GVHD.
Multivariate analysis showed that independent factors associated with more aGVHD were
HR disease (RR 3.0, 95% CI 1.7–5.0; p<0.0001) and LC30 <450/µl (RR 1.8, 95% CI 1.1–
2.9; p=0.027).

Chronic GVHD—Eighty one of 129 evaluable patients surviving more than 100 days
developed chronic GVHD [limited 58 (45%); extensive 23 (18%)] with a cumulative
incidence of 71 ± 5 % (Figure 3B). On univariate analysis, SR disease (71 vs. 53% for HR
disease; p=0.021), and LC30 >450/µl (p=0.01) were associated with increased risk of
chronic GVHD (Figure 3B). There was no effect of type of SCT (BMT vs. PBSCT), disease
type, age, gender, CSA dose, CD34+ and CD3+ cell dose on incidence of chronic GVHD.
Multivariate analysis showed LC30 >450/µl (RR 0.55, 95% CI 0.34–0.87; p=0.01) was
independently associated with an increased incidence of chronic GVHD.

NRM—Thirty-one of 157 (21%) patients died from non-relapse causes, with a cumulative
incidence of NRM of 22 ± 4 % (Figure 4A). Causes of death were: bacterial/fungal infection
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(3); viral infection (8); GVHD-related (8); acute respiratory distress syndrome/ idiopathic
pneumonitis (8); late graft failure (1); transfusion reaction (1); intracranial bleeding (1);
motor vehicle accident (1). Factors associated with a significant decreased risk of NRM
were LC30 >450/µl (p<0.0001), (Figure 4A); CD 34+ cell dose = median (10 vs. 30% for
CD34+ cell dose < median; p=0.002) and absence of grade II-IV acute GVHD (13 vs. 27%,
p=0.02). In multivariate analysis, acute GVHD (RR 2.3; 95% CI 1.1–4.9; p=0.024) and
LC30 <450/µl (RR 3.6; 95% CI 1.2–10.6; p=0.022) were independently associated with an
increased risk of NRM, (Figure 4B).

Relapse—Forty three patients relapsed with a cumulative incidence of 36 ± 5% (Figure
5A). Median time to relapse was 3.6 months (range 1–37). On univariate analysis, increased
risk of relapse was associated with PBSCT (majority CML patients) compared to BMT (31
vs 8%; p=0.009), patients with ALL (52% vs. 40% for AML and 11% for CML; p<0.0001),
HR disease (49 vs. 5% for SR disease; p<0.0001); absence of chronic GVHD (44 vs. 17%
for patients with chronic GVHD; p=0.001) and LC30 <450/µl (p=0.009), (Figure 5A). There
was no effect of age, gender, CSA dose, or CD34+ and CD3+ cell dose on incidence of
relapse. Multivariate analysis showed HR disease (RR 15.6; 95% CI 5.4–45.1; p<0.001),
LC30 <450/µl (RR 3.0; 95% CI 1.5–6.0; p=0.002) and absence of chronic GVHD (RR 0.32;
95% CI 0.16–0.65; p=0.001) to be independently associated with an increased risk of
relapse. Cumulative incidence of relapse in relation to disease risk status and LC30 is shown
in Figure 5B. Patients with SR disease who achieved an LC30 of = 450/µl had no relapse. In
contrast patients with HR disease who failed to achieve LC30 of >450/µl, experienced a
relapse rate of 77 ± 9%. Interestingly the impact of LC30 was only found in AML/MDS and
CML, but not in ALL (whether analyzed either by cohort median or the disease specific
median value of LC30 [Figure 5C]).

Survival—Currently 87 of 157 patients are alive and 83 are disease free (actuarial OS is
shown in Figure 6A). In univariate analysis, factors associated with improved survival were
SR risk disease (81 vs. 31% for HR disease; p<0.001), higher LC30 > 450/µl (p<0.001),
(Figure 1A), CD34+ cell dose above median of 5.0×106/kg (67 vs 44%; p=0.002), absence
of aGVHD (grade II-IV) (p=0.03) and development of chronic GVHD (79 vs 48%;
p<0.0001). There was no impact of type of SCT, age, gender, CD3+ cell and CSA dose on
survival.

Multivariate Cox regression analysis showed SR disease (RR 7.1, 95% CI 3.2–15.5;
p<0.0001), LC30 >450/µl (RR 2.7, 95% CI 1.03–5.1; p=0.047) and development of chronic
GVHD (RR 0.44, 95% CI 0.23–0.83; p=0.01) were independently associated with improved
survival.

Interestingly, patients with HR disease and those patients who failed to achieve an LC30 of
at least 450/µl had a very poor outcomes with an actuarial survival of only 15 ± 6%.
However the patients with SR disease and LC30 of >450/µl had an actuarial survival of 95 ±
3.5% (Figure 6B). In disease-specific analysis, there was no impact of LC30 on survival in
ALL compared to AML and CML (analyzed with both cohort median and disease specific
median value of LC30 [Figure 6C]).

Discussion
Our results highlight a powerful predictive effect of the day 30 post-transplant lymphocyte
count (LC30) on transplant outcome. When treated as a dichotomous variable (absolute
lymphocyte count above or below the median of 448/µl), the LC30 emerged as a unique, and
powerful factor for predicting survival, NRM, acute GVHD and relapse. The only other
factor significantly affecting outcomes in multivariate analysis were the well-established
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variables known to affect transplant outcome (disease status, and development of acute or
chronic GVHD). The differences in actuarial outcome were not only significant between
high and low LC30 sets but also associated with, notably a RR of 3.0 for lower relapse with
higher LC30. Beneficial effects of LC30 were not seen in ALL despite higher LC30
numbers in our study. These results should be interpreted with caution because of the small
sample size of the ALL group (n=29) with a preponderance of HR disease (n=26).

These data confirm other observations indicating the importance of lymphocyte recovery as
a prognostic factor for outcome after allogeneic stem cell transplantation 1–4; 12. The
measurement of lymphocyte count has practical significance because it identifies a group of
patients (notably HR patients with poor lymphocyte recovery) who might be suitable
candidates for early interventions or aggressive approaches to improve transplant outcome.
Other studies also show early lymphocyte recovey to be correlated with better outcome in
non-T-cell depleted transplants 1; 3; 12, particularly in myeloid leukemias. Early lymphocyte
recovery has also been shown to identify a patient subgroup at risk for increased NRM (from
infections and acute GVHD), and graft failure 4; 6; 7.

In this analysis we sought to validate the widely used choice of day 21–30 for measuring
lymphocyte count for predictive purposes post transplant. We showed that LC30 as a
dichotomous value above or below the median reliably identified patient groups with either
a relatively high or a relatively low lymphocyte count between day 14 to 90 post transplant.
Thus the measurement of LC30 reliably characterized lymphocyte recovery over the entire
first three months post-transplant. Furthermore, we found that patients with higher than
median LC30 were those who had a more rapid platelet and neutrophil recovery suggesting
that LC30 measurement is a surrogate for speed of donor engraftment (Figure 2).

Lymphocytes recovering in the first month post transplant consist of two major populations:
NK cells and CD3+ T cells. NK cells recover early after allogeneic SCT, generally about 3–
4 days earlier than granulocyte and monocytes 8; 13–15 but early recovery of NK cell
function does not occur in patients recovering from chemotherapy without stem cell
support 16. Our earlier analyses in a small CML patient cohort from this dataset indicated
that NK cell and total lymphocyte count on day 30 were strongly correlated 17. Our data
point to the transplanted CD34 cell as the origin of recovering NK cells, since all transplants
were selected for CD34 cells and depleted of lymphocytes using a cocktail of anti CD2,
CD6 and CD7 antibodies. This cocktail would largely eliminate mature CD2+ NK cells
from the graft. Furthermore, we found that CD34 dose and LC30 was positively correlated.
There is some data relating NK cell recovery to transplant outcome: Scholl et al 18 showed
that patients with better NK cell recovery had less severe acute GVHD. In our previous
report patients with CML had better leukemia control early post-transplant if they achieved
higher than median higher NK cell counts 7.

A role for donor CD3+ T cells in early lymphocyte recovery and subsequent clinical
outcome appeared to be a less likely explanation for our findings since donor T cell
percentage varied between 0–100% on day 14 or day 30 and chimerism did not correlate
with high or low LC30. In these T cell depleted SCT; T cell engraftment is characteristically
slow and variable. Interestingly, in an earlier analysis we did not find any benefit on
outcome for early complete donor lymphoid chimerism in a subset of 132 patients in this
series 11.

The observation that a GVL effect of LC30 was not found in ALL patients and the finding
that better NK recovery on D30 was predictive for less aGVHD bears a striking resemblance
to the findings of the Perugia transplant group in haploidentical T cell depleted transplants
who related NK KIR incompatibility (as a surrogate for donor-vsrecipient NK alloreactivity)
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with a survival benefit, less acute GVHD and a beneficial effect on relapse in myeloid but
not lymphoid malignancies 19. The relationship between NK alloreactivity and NK recovery
post-transplant is unclear but the similarity of the relationship between NK characteristics
and outcome in the Perugia series and our own HLA identical T cell depleted transplants
suggest that KIR expression might in some way affects the pace of NK recovery.

In conclusion, LC30, appears to be a surrogate for robust engraftment of all hematopoietic
lineages, including NK cells. Since the lymphocyte count is reliably and widely measured in
most transplant centers, and can tbe retrieved from retrospective transplant data, analyses of
large patient groups transplanted with different regimens to determine the general predictive
value of LC30 measurement should be possible. Such studies might define the types of
diseases and transplant approaches impacted most by the pattern of lymphocyte recovery
and lead to development of patient-specific strategies to improve outcome in those who fail
to achieve satisfactory lymphocyte counts in the first month post transplant.
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Figure 1.
A. LC30 distribution in AML, ALL and CML; B. comparison LC30, day 60 lymphocyte
(LC60) and day 90 lymphocyte (LC90) counts post-transplantation between group with
LC30 < and > 450/µl.
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Figure 2.
Time to A. neutrophil and B. platelet engraftment in patients with LC30 < vs >450/µl
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Figure 3.
Cumulative incidence of A. acute GVHD and B. chronic GVHD and incidence in patients
with LC30 above and below 450/µl
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Figure 4.
A. cumulative incidence of non-relapse mortality; B. LC30, disease risk (HR- high risk; SR-
standard risk) and NRM
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Figure 5.
A. cumulative incidence of relapse; B. LC30, disease risk (HR- high risk; SR- standard risk)
and relapse; C. LC30 and relapse in acute lymphoblastic leukemia (ALL)
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Figure 6.
A. Overall survival; B. LC30, disease risk (HR- high risk; SR- standard risk) and survival;
C. LC30 and survival in acute lymphoblastic leukemia (ALL)
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Table 2

Patient characteristics

Variables (n=157) Details

Age Median 34 years (range 10–56)

Gender Male 89 (57%); Female 68 (43%)

Disease distribution AML 48 (31%); ALL 29 (19%); CML 80 (50%)

Disease risk HR 80 (51%); SR 77 (49%)

AML- HR 27, SR 21; ALL- HR 26, SR 3; CML- HR
27, SR 53

CD34 cell dose (x106/kg)† Median 5 (range 0.78–15.9)

CSA dose* LD 105 (67%); SD 52 (33%)

CD3+ cell dose/kg with graft 0.2x105 64 (41%); >0.2x105 93 (59%)

Follow-up surviving patients Median 52 (range 12–146)

100 day TRM N=14 (9%)

LC30** Median 448/µl (range 0–3295)

AML-acute myeloid leukemia, ALL-acute lymphoblastic leukemia, CML-chronic, myeloid leukemia, HR-high risk and SR-standard risk for
relapse after SCT, TRM-transplant related mortality

†
CD34 cell dose and LC30 were significantly correlated (correlation coefficient 0.578, p < 0.0001)

*
SD-standard dose (200 – 400 mcg/L), LD-low dose (100 – 200 mcg/L)

**
HR and SR groups were equally balanced between LC30 > vs. < 450/µl (40 vs. 37 for SR and 38 vs. 42 for HR disease, p=0.346).
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