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ABSTRACT

Aims: Lymphomas are heterogeneous hematologic malignancies for which autologous hematopoietic stem cell transplantation
(ASCT) remains an important therapeutic option in relapsed or refractory disease. In addition to patient- and disease-related
factors, graft-related parameters—particularly the infused CD34" cell dose—play a critical role in hematopoietic recovery after
ASCT. This study aimed to evaluate post-transplant engraftment and long-term survival outcomes in patients with Hodgkin
and non-Hodgkin lymphoma according to infused CD34" cell dose.

Methods: Demographic characteristics, primary diagnosis, infused CD34" cell dose, neutrophil and platelet engraftment times,
l-year mortality, and 5-year survival were retrospectively obtained from hospital electronic records. Patients were stratified
into two groups based on infused CD34" cell dose: 2-5x10°/kg and >5x10%kg. Engraftment times and survival outcomes were
compared between groups.

Results: A total of 165 patients were included (2-5x10%kg, n=67; >5x10%kg, n=98). Baseline characteristics, including age, sex,
and lymphoma subtype, were comparable between groups. Neutrophil and platelet engraftment times were significantly longer
in the 2-5x10%kg group than in the >5x10%kg group (p<0.001 for both). In the overall cohort, CD34" cell dose was negatively
correlated with engraftment times. However, no significant differences were observed in 1-year mortality or 5-year survival
between groups.

Conclusion: Adequate CD34" cell dosing is essential for rapid hematopoietic recovery after ASCT, whereas higher doses do not
appear to confer additional long-term survival benefit.
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INTRODUCTION

Lymphomas originate from cells that normally differentiate
into T lymphocytes or B lymphocytes. Hodgkin lymphoma
(HL) is a lymphoid neoplasm characterized by the presence
of Reed-Sternberg cells. Non-Hodgkin lymphoma
(NHL) comprises a heterogeneous group of hematologic
malignancies arising from B-cell or T-cell precursors,
mature B or T lymphocytes, or natural killer (NK) cells,
encompassing distinct histological subtypes. Diffuse large
B-cell lymphoma (DLBCL), the most common subtype of
NHL, is the most frequently diagnosed lymphoid malignancy
worldwide and accounts for approximately 30% of all
lymphomas."?

In the United States, an estimated 89,070 new cases of
lymphoma were diagnosed in 2025, with over 20,540
lymphoma-related deaths reported during the same
year.’ Lymphoma management involves chemotherapy,
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radiotherapy, combinations of chemoradiotherapy, and
autologous hematopoietic stem cell transplantation (ASCT).

Chemotherapy remains the standard first-line treatment for
both Hodgkin and NHLs. In patients with chemorefractory
lymphoma, ASCT is the preferred therapeutic modality, as it
has been shown to confer a progression-free survival (PFS)
benefit.**

ASCT is a classic treatment option for patients with
hematological malignancies.® Factors influencing the success
of ASCT, which is also applied in patients with Hodgkin and
NHL, have been identified.” Age, performance status, organ
dysfunction, central nervous system (CNS) involvement,
bone marrow involvement are known to affect ASCT
outcomes.®'* The dose of transplanted CD34" cells is also
known to influence clinical outcomes."
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High circulating CD34" cell counts are known to be
associated with shorter hospital stays, a reduced incidence
of febrile neutropenia, and shorter neutrophil and platelet
engraftment times.'>"* Previous studies in the literature have
demonstrated that higher circulating CD34 cell counts are
associated with improved overall survival (OS) in patients
undergoing ASCT."

The primary aim of our study is to contribute to the literature
by presenting the results of our Hodgkin and NHL patients
who underwent ASCT at our center, based on their CD34+
cell count.

METHODS

Following approval by the Inonii University Health Sciences
Scientific Researches Ethics Committee (Date: 16.11.2021,
Decision No: 2021/2687), patient data were retrospectively
collected. The study population consisted of patients who
underwent ASCT at the Inonii University Bone Marrow
Transplantation Unit. All consecutive lymphoma patients
undergoing ASCT during the study period were included. All
procedures were performed in accordance with the principles
of the Declaration of Helsinki.

Patients’ age, gender, primary disease, pre-transplant infused
CD34+ cell count, neutrophil and platelet engraftment
times, 1l-year mortality, and 5-year survival rates were
retrospectively obtained from the hospital automation system
and our records.

An infused CD34" cell dose of 22x106 cells/kg is generally
accepted as the minimum required threshold for ASCT. This
dose is considered adequate for successful engraftment and
timely hematopoietic recovery. In contrast, lower CD34" cell
doses are associated with delayed neutrophil and platelet
engraftment, greater transfusion needs, and longer hospital
stay.

All patients were mobilized using G-CSF-based protocols.
CD34(+) cell counts were measured by flow cytometry
according to institutional laboratory standards. Collected
cells were cryopreserved with 10% DMSO and stored at
—-80°C. Before infusion, the bags were rapidly thawed
in a 37°C water bath and reinfused on day 0 following
conditioning.

Neutrophil engraftment was defined as an absolute neutrophil
count >0.5x10%L for three consecutive days without
granulocyte colony-stimulating factor (G-CSF) support.
Platelet engraftment was defined as a platelet count >20x10°/L
for three consecutive days without platelet apheresis support.

Patients were divided into two groups based on CD34+ cell
count: 2-5x10%kg and >5x10%kg. Neutrophil and platelet
engraftment times, 1-year mortality, and 1-year survival rates
were compared between the groups.

Statistical Analysis

The data analyses were performed using IBM SPSS Statistics
for Windows, Version 25.0 (Statistical Package for the Social
Sciences, IBM Corp., Armonk, NY, USA). Descriptive
statistics were presented as number and percentage (n, %)
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for categorical variables, and as meantstandard deviation
(mean+SD) and median (minimum-maximum) for
continuous variables.

For comparisons between two groups, the Independent t-test
was used for parametric data, while categorical variables
were compared using the Pearson Chi-square test. Survival
outcomes among clinical groups were analyzed using the
Kaplan-Meier method. A p value <0.05 was considered
statistically significant.

Cox proportional hazards regression analysis was conducted
for OS, and binary logistic regression analysis was performed
for 1-year mortality. Variables considered in the multivariable
models included age, sex, lymphoma subtype (HL vs. NHL),
and CD34" cell dose group (2-5x10%kg vs. >5x10%/kg). Where
available, clinically relevant covariates were also evaluated.
Cox proportional hazards regression analysis to estimate the
effect of infused CD34" cell dose group on OS.

RESULTS

A total of 165 patients were included in the study.
Patients were stratified into two groups according to the
infused CD34" cell dose prior to hematopoietic stem cell
transplantation: 2-5 (n=67) and >5 (n=98). The mean age
of the study population was 46.00+15.78 years (mean+SD).
Table 1 presents a comparison of a total of 165 patients
stratified into two groups according to CD34" cell count: 2-5
(n=67) and >5 (n=98). One patient had unavailable follow-up
data for the 1-year mortality assessment and was therefore
excluded from this specific analysis.

The mean age was comparable between the groups, with
no statistically significant difference observed (p=0.386).
Similarly, no significant difference was found in terms of sex
distribution between the groups (p=0.520). There was also no
statistically significant difference between the CD34" groups
with respect to primary disease type (HL vs. NHL) (p=0.262).

In contrast, the neutrophil engraftment time was significantly
longer in the CD34" 2-5 group compared with the >5 group
(13.44+5.23 days vs. 10.64+2.14 days; p<0.001). Likewise,
platelet engraftment occurred later in the CD34% 2-5
group, and this difference was also statistically significant
(18.08+13.89 days vs. 11.81+4.28 days; p<0.001).

With regard to one-year survival, no statistically significant
difference was identified between the groups (p=0.693).
These findings suggest that a higher CD34" cell count may be
associated with a shorter hematopoietic engraftment time;
however, it does not appear to have a significant impact on
short-term survival.

The revised analyses demonstrated that although higher
infused CD34" cell dose was significantly associated with
faster neutrophil and platelet engraftment, it was not
identified as an independent predictor of OS or 1-year
mortality after adjustment for confounding factors.

According to the correlation analysis between CD34*
cell count and engraftment times presented in Table 2, a
statistically significant negative correlation was observed
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Table 1. Comparison of sociodemographic and clinical variables between

CD34" groups

Variables Total CD34 (+) cells CD34 (+) cells
(n=165) 2-5 (n=67) >5 (n=98)
Age
Mean+SD 46.00+15.78 47.29+14.52 45.12+16.60
. 0.386*
Median 47.0 (19-78)  49.0 (19-72) 43.0 (19-78)
(min-max)
Sex, n (%)
Female 52 (31.5) 23 (34.3) 29 (29.8)
0.520°
Male 113 (68.5) 44 (65.7) 69 (70.4)
Primary disease, n (%)
HL 55 (33.3) 19 (28.4) 36 (36.7)
0.262°
NHL 110 (66.7) 48 (71.6) 62 (63.3)
1-year mortality
No 86 (52.4) 34 (51.5) 52 (53.1)
0.846°
Yes 78 (47.6) 32 (48.5) 46 (46.9)
Neutrophil engraftment (days)
Mean+SD 11.72+3.88 13.44+5.23 10.64+2.14
. <0.001*
Median 11.0(80-30.0)  12.0 (8.0-30.0)  10.0 (8.0-25.0)
(min-max)
Platelet engraftment (day)
Mean+SD 14.21+9.68 18.08+13.89 11.81+4.28
. <0.001*
Median 120(60-930) 14.0 (6.0-93.0)  11.0 (6.0-30.0)
(min-max)
Survival (1 year)
Mean+SD 19.10+20.36 18.34+20.87 19.63+20.09
Median 104(013-8550) 13.8(0.73-83.87) 11.4(0.13-85.50)
(min-max)

SD: Standard deviation, Min: Minimum, Max: Maximum, HL: Hodgkin ly:

homa, NHL: Non-
a: Independent t-test, b: Pearson Chi-Square test, p<0.05 statisti

stically significant

Hodgkin lymphoma,

between CD34 level and neutrophil engraftment time in
the overall patient cohort (n=165) (r=-0.265; p=0.001).
Similarly, a significant negative correlation was identified
between CD34 level and platelet engraftment time (r=-0.250;
p=0.002). These findings indicate that increasing CD34" cell
counts are associated with shorter engraftment times.

Table 2. Relationship between CD34+ cells and engraftment

Total CD34 (+)2-5 CD34(+)>5
(n=165) (n=67) (n=98)
CD34 CD34 CD34
r -.265" -262" -.091
Neutrophil engraftman
p 0.001 0.045 0.383
r -.250" -.079 -.198
Platelet engraftman
p 0.002 0.553 0.054

Pearson correlation test

In subgroup analyses, a significant negative correlation
between CD34 and neutrophil engraftment time was also
observed in the CD34" 2-5 group (r=-0.262; p=0.045);
however, the association with platelet engraftment time was
not statistically significant (p=0.553). In the CD34* >5 group,
no statistically significant correlation was found between
CD34 level and either neutrophil or platelet engraftment
times (p=0.383 and p=0.054, respectively).

49

Sarici et al.

These results suggest that increases in CD34" cell count have a
pronounced impact on engraftment time particularly within
the lower CD34 range, whereas this relationship appears to
attenuate at higher CD34 levels.

When OS outcomes were evaluated according to CD34 level
in Table 3, the 2-year survival rate in the entire patient cohort
was 53.6%, the 5-year survival rate was 33.0%, and the median
survival time was 35.46 months (95% CI: 10.52-60.41). In the
CD34" 2-5 group, the 2-year and 5-year survival rates were
56.2% and 38.6%, respectively, with a median survival time of
50.30 months (95% CI: 11.86-88.73). In the CD34" >5 group,
the corresponding 2-year and 5-year survival rates were 52.1%
and 30.2%, respectively, and the median survival time was
calculated as 29.66 months (95% CI: 6.90-52.42) (Figure 1, 2).

Table 3. Patient OS comparisons

Variables 2year% 5year% Median, month (95% CI) P
General 53.6 33.0 35.46 (10.52-60.41)
CD34+ cells
2-5 56.2 38.6 50.30 (11.86-88.73)
0.791
>5 52.1 30.2 29.66 (6.90-52.42)

OS: Overall survival, CI: Confidence interval, Kaplan-Meier, Log-rank test, p<0.05 statistically

significant.
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Figure 1. The Kaplan-Meier curve illustrates OS in the study population
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Figure 2. Kaplan-Meier curves depicting OS of patients stratified into two
groups according to CD34" cell dose
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However, no statistically significant difference in OS was
observed between the groups (log-rank p=0.791). These
findings indicate that although numerical differences in
survival outcomes exist according to CD34 level, these
differences do not reach statistical significance.

The >5x10%kg group was not significantly associated with
OS compared with the 2-5x10%kg group (HR: 1.08, 95% CI:
0.68-1.72, p=0.749).

DISCUSSION

In this cohort of 165 patients stratified by infused CD34(+)
cell dose into 2-5 x10%kg and >5x10°kg groups, baseline
characteristics were comparable between groups. In
contrast, hematopoietic recovery was significantly delayed
in the CD34(+) 2-5x10%kg group, with longer neutrophil
engraftment and platelet engraftment times. One-year
survival did not differ between groups. Correlation analyses
in the entire cohort demonstrated significant negative
associations between CD34(+) cell dose and both neutrophil
and platelet engraftment times, indicating faster engraftment
with higher CD34(+) cell doses. Subgroup analyses showed
that this relationship persisted primarily in the lower
CD34(+) range: in the 2-5x10%kg group, CD34(+) dose
correlated negatively with neutrophil engraftment but not
with platelet engraftment, whereas no significant correlations
were observed in the >5x10%kg group.

OS analyses revealed no significant differences according to
CD34(+) cell dose. In the entire cohort, 2-year and 5-year OS
rates were 53.6% and 33.0%, respectively, with a median OS
of 35.46 months. In the CD34(+) 2-5x10°kg group, 2-year
and 5-year OS rates were 56.2% and 38.6%, with a median OS
of 50.30 months, while corresponding rates in the CD34(+)
>5x10% kg group were 52.1% and 30.2%, with a median OS of
29.66 months. Despite these numerical differences, OS did
not differ significantly between groups. The lack of an OS
benefit despite faster engraftment may be explained by the
fact that long-term survival after ASCT is mainly determined
by disease biology, remission status, relapse, and treatment-
related complications rather than engraftment speed alone.
The stronger association at lower CD34" doses likely reflects a
threshold effect: when the stem cell dose is near the minimum
required level, small increases may significantly shorten
engraftment time, whereas higher doses provide diminishing
benefit. Lymphomas differ in prior therapies, marrow reserve,
and prognosis. Analyzing them together may mask subgroup-
specific effects.

Collectively, these findings suggest that higher CD34(+) cell
doses are associated with faster hematopoietic engraftment—
particularly within the lower dose range—without conferring
a measurable survival advantage. Previous studies have
demonstrated that a CD34" cell dose of 22x10° cells/kg is
generally sufficient for successful engraftment and acceptable
recovery times, suggesting that targeting substantially higher
CD34" doses may not always provide additional clinical
benefit.”?

In the study by Balint et al.”” investigating patients with
HL and multiple myeloma (MM), multivariate analysis of
factors affecting survival demonstrated that a higher infused
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CD34" cell dose and better pre-ASCT performance status
were independently associated with superior post-transplant
event-free survival (EFS) and OS. In our study, OS analyses
revealed no significant differences according to CD34(+) cell
dose.

In the retrospective study by Hassan et al.,'® patients were
stratified into three groups according to the pre-transplant
infused CD34" cell dose (<5.0/>5.0x10%kg and <7.0/>7.0x10%/
kg). A statistically significant inverse association was reported
between platelet engraftment and pre-transplant CD34" cell
dose. Furthermore, multivariate analysis identified CD34"
cell dose (<7.0/27.0x10%kg; p=0.002) as an independent
predictor of platelet engraftment.

In the single-center retrospective study by Lutfi et al,” a
low infused CD34" cell dose (<3x10%kg; p=0.0012) and a
low pre-transplant platelet count (<150x10%pL; p=0.0027)
were reported to be significantly associated with delayed
engraftment. Avery et al.’® also reported that higher CD34*
cell counts were associated with increased rates of sustained
engraftment and more rapid neutrophil recovery. Similarly,
in our study, negative associations between CD34(+) cell
dose and both neutrophil and platelet engraftment times,
indicating faster engraftment with higher CD34(+) cell doses.

Yamaguchi et al.”” reported a multicenter retrospective
study including 144 patients with B-cell non-HL who
underwent ASCT. During a median follow-up of 930 days,
platelet engraftment was successfully achieved in 139
patients, with a median time to platelet engraftment of 19
days. In multivariate analysis, a low transplanted CD34*
cell dose (<2.0x10%kg) was independently associated with
a prolonged time to platelet engraftment following ASCT.
In the study by D’Rozario et al.,* no significant difference
in neutrophil engraftment was observed across different
viable CD34" cell counts (p=0.545). In contrast, a statistically
significant difference in platelet engraftment was reported
between patients receiving higher versus lower pre-infusion
viable CD34" cell doses (p<0.001). Our study also found a
negative correlation between CD34(+) cell dose and platelet
engraftment; this indicates faster adhesion at higher CD34(+)
cell doses.

In the retrospective study by Sarici et al.,*' patients with
NHL and HL were evaluated in three groups according to
the stem cell mobilization strategy applied prior to ASCT.
A statistically significant difference in CD34" cell counts
was observed among the groups (p<0.001); however, despite
differences in the number of collected CD34" cells, neutrophil
and platelet engraftment times were similar across the three
groups (p>0.05).

In the study by Fernandez-Sojo et al.,” univariate analysis
in the NHL cohort demonstrated that the post-thaw viable
CD34" cell count was significantly associated with OS. This
association remained statistically significant in multivariate
analysis, with the number of post-thaw viable CD34" cells per
kilogram retaining independent prognostic value. Infusion
of more than 2x10° post-thaw viable CD34* cells/kg was
associated with improved OS (p=0.0398). With respect to PES,
post-thaw viable CD34" cells/kg were significant in univariate
analysis. In multivariate analysis, the presence of more than
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2.3x10° post-thaw viable CD34" cells/kg was independently
associated with better PFS (p=0.0048).

Partanen et al.?® investigated the impact of low (<2.0x10%
kg) versus adequate (>2.0x10%kg) infused CD34" cell doses
on hematologic recovery, PFS, and OS in patients with
lymphoma. They reported that a low infused viable CD34" cell
dose was not associated with adverse PES or OS outcomes in
this patient population. Similarly, in our study, no statistically
significant difference in OS was observed between the groups
(log-rank p=0.791).

This study has several strengths. A relatively large real-world
cohort of 165 patients was included to evaluate the impact of
post-transplant CD34(+) cell dose. Another strength of our
study is that the outcomes were assessed in patients managed
at a single center and followed by the same clinicians,
ensuring a more consistent clinical approach. In addition,
the evaluation of both early outcomes and long-term survival
increases the clinical relevance of the findings.

Limitations

This study has several limitations. First, its retrospective,
single-center design limits causal inference and may
introduce selection bias, thereby reducing the generalizability
of the findings. Second, although the total cohort size was
reasonable, the number of patients within each CD34(+)
subgroup may have been insufficient to detect subtle
differences in long-term survival, potentially leading to type
IT error. Moreover, important clinical variables that could
influence engraftment kinetics and survival outcomes—
including disease status at transplantation, conditioning
intensity, graft source characteristics, supportive care
strategies, and post-transplant complications—were not
fully accounted for and may have confounded the observed
associations. The inability to assess CRP levels, febrile
neutropenia, and comorbidities are limitations of this study.
The use of categorical CD34(+) cut-off values, rather than
modeling cell dose as a continuous variable, may also have
reduced sensitivity to detect nonlinear or threshold effects.
Finally, the lack of detailed data on immune reconstitution
and graft cellular subsets limits insight into the biological
mechanisms underlying the relationship between CD34(+)
cell dose and hematopoietic recovery.

CONCLUSION

In this cohort of patients undergoing autologous stem cell
transplantation, higher infused CD34" cell doses were
associated with shorter neutrophil and platelet engraftment
times, indicating a relationship with more rapid hematopoietic
recovery. The inverse association between CD34" cell count
and engraftment duration was more apparent within the
lower CD34" range, while this relationship appeared to
attenuate at higher cell doses. In contrast, no statistically
significant differences in OS were observed between CD34*
groups, despite numerical variations in survival estimates.
Taken together, these findings suggest that achieving an
adequate CD34" cell dose may be important for early post-
transplant recovery, whereas increases beyond this range do
not appear to be associated with clear long-term survival
benefits.
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