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Background/Aims: Data on dexamethasone, cytarabine, and cisplatin (DHAP)
as a mobilization regimen, compared to high-dose cyclophosphamide (HDC),
for up-front autologous stem cell transplantation (ASCT) in non-Hodgkin’s
lymphoma (NHL) is limited.

Methods: Consecutive patients with aggressive NHL treated with cyclophospha-
mide, doxorubicin, vincristine, and prednisone (CHOP) or rituximab-CHOP
who underwent chemomobilization using HDC or DHAP plus granulocyte-col-
ony stimulating factor (G-CSF) for up-front ASCT were enrolled from three
institutions between 2004 and 2014.

Results: Ninety-six patients (57 men) were included. Sixty-five patients (67.7%)
received HDC; and 31 (32.3%), DHAP. The total CD34+ cells mobilized were
significantly higher in patients receiving DHAP (16.1 vs. 6.1 x 10%/kg, p = 0.001).
More patients achieved successful mobilization with DHAP (CD34+ cells = 5.0
x 10%/kg) compared to HDC (87.1% vs. 61.5%, respectively; p = 0.011), particularly
within the first two sessions of apheresis (64.5% vs. 32.3%, respectively; p = 0.003).
Mobilization failure rate (CD34+ cells < 2.0 x 10°/kg) was significantly higher in
patients receiving HDC (20.0% vs. 3.2%, p = 0.032). On multivariate analysis, the
DHAP regimen (odds ratio, 4.12; 95% confidence interval, 1.12 to 15.17) was an
independent predictor of successful mobilization. During chemomobilization,
patients receiving HDC experienced more episodes of febrile neutropenia com-
pared to patients receiving DHAP (32.3% vs. 12.9%, p = 0.043).

Conclusions: The DHAP regimen was associated with a significantly higher
efficacy for stem cell mobilization and lower frequency of febrile neutropenia.
Therefore, DHAP plus G-CSF is an effective for mobilization in patients with
aggressive NHL who were candidates for up-front ASCT.

Keywords: Cyclophosphamide; Dexamethasone, cytarabine, and cisplatin; Mo-
bilization; Lymphoma, non-Hodgkin; Autologous stem cell transplantation
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INTRODUCTION

High-dose chemotherapy with autologous stem cell
transplantation (ASCT) remains an important treatment
option for patients with non-Hodgkin’s lymphoma
(NHL) [1-3). For successful ASCT, it is an essential first
step to collect a sufficient amount of mobilized periph-
eral blood stem cells (PBSCs) [4]. However, inadequate
PBSC mobilization may lead to treatment delay, poten-
tially rendering some patients ineligible for planned
ASCT [5,6]. In general, mobilization using chemothera-
py combined with regular granulocyte-colony stimulat-
ing factor (G-CSF) stimulation is known to be associated
with a higher mobilizing efficacy compared to G-CSF
alone at some addition of costs and toxicities [7-10]. One
of the common chemotherapeutic regimens for PBSC
mobilization includes high-dose cyclophosphamide
(HDC), with well-established efficacy of mobilization
in various diseases and situations [7-13]. In addition, the
dexamethasone, cytarabine, and cisplatin (DHAP) regi-
men has also been commonly used for chemomobiliza-
tion of patients with lymphoma, and it was shown to be
effective for PBSC mobilization [13-15]. However, these
studies included a substantial number of lymphoma
patients with relapsed or primary refractory diseases,
who were previously exposed to various chemothera-
py regimens [10]. These characteristics may greatly in-
fluence the comparison of the mobilizing efficacies of
these chemotherapy regimens. Therefore, it is necessary
to compare the mobilizing efficacy of these chemother-
apy regimens in patients who are responsive to cyclo-
phosphamide, doxorubicin, vincristine, and prednisone
(CHOP) or rituximab-CHOP (R-CHOP) chemotherapy
and candidates for up-front ASCT. However, until now,
no specific data comparing the mobilizing efficacy and
safety of the DHAP regimen with that of HDC as a che-
momobilizer has been reported in this group of patients.

Currently, NHL is a heterogeneous disease with vari-
able clinical behavior, response to therapy, and long-
term outcomes [16-18]. Although treatment outcomes of
aggressive NHL were remarkably improved in the recent
year, approximately 40% of patients with diffuse large
B-cell lymphoma (DLBCL) and 64% to 82% of patients
with peripheral T-cell lymphomas (PTCLs) will eventu-
ally experience treatment failure within 5 years [17,18].
The fundamental benefit of chemomobilization is not
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only to improve mobilization efficacy but also to reduce
graft contamination by malignant cells [19]. However,
for tumor control, cyclophosphamide plus G-CSF is not
theoretically preferred for mobilization in patients with
lymphoma after cyclophosphamide-containing front-
line chemotherapy such as CHOP or R-CHOP. The
DHAP regimen is a disease-specific protocol, with sig-
nificant anti-lymphoma activity [20,21]. Therefore, the
disease-specific DHAP regimen for chemomobilization
may provide additional tumor cytoreduction that could
be translated into better clinical outcomes in aggressive
NHL patients who undergo ASCT [19]. The aims of this
study were to compare the efficacy of PBSC mobilization
of the DHAP regimen with conventional HDC in com-
bination with G-CSF in patients with aggressive NHL
who were candidates for up-front ASCT, and to investi-
gate the effect of DHAP chemomobilization on overall
survival (OS).

METHODS

Patient cohort

We conducted a multicenter, retrospective cohort study
on patients who were diagnosed with aggressive NHL
and treated with CHOP or R-CHOP chemotherapy and
subsequent PBSC mobilization using HDC or DHAP
regimens for up-front ASCT in three South Korean ac-
ademic hospitals between January 2004 and December
2014. Diagnosis of all included patients was established
by tumor tissue biopsies obtained from the site of dis-
ease and reviewed by pathologist at each institution.
Because this study would investigate the impact of mo-
bilization regimen on OS as well as mobilization effi-
cacy, patients were eligible if the histologic types were
PTCL not otherwise specified, anaplastic lymphoma
kinase-negative anaplastic large cell lymphoma, angio-
immunoblastic T-cell lymphoma, and DLBCL with at
least a partial response to CHOP or R-CHOP chemo-
therapy. Patients with DLBCL were only eligible if they
were = 2 of age-adjusted International Prognostic Index
(aaIPI) or bulky disease at baseline. Patients with lym-
phoblastic, Burkitt’s, transformed, follicular (grade 3),
mantle-cell, and other histologic type lymphomas were
excluded from this analysis. We also excluded patients
who had been treated with chemotherapy other than
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CHOP or R-CHOP before PBSC mobilization to reduce
the confounding effects of prior chemotherapy on stem
cell mobilization, and had primary or secondary cen-
tral nervous system involvement at diagnosis. Baseline
staging procedures included medical history, physical
examination, complete blood counts, serum biochem-
istry with lactate dehydrogenase (LDH), computed to-
mography scanning of the chest, abdomen and pelvis,
and bone marrow (BM) trephination biopsy. The study
protocol was reviewed and approved by the Institutional
Review Board (IRB, CUH 2014-04-004) at each institu-
tion, and the IRBs granted a waiver of informed consent
because this study was a retrospective analysis that in-
volved no more than minimal risk for patients.

Autologous PBSC mobilization and collection

PBSC was mobilized with either HDC or DHAP regimen
plus G-CSF. The HDC was the intravenous administra-
tion of cyclophosphamide (4.0 g/m? on day 1), and the
DHAP regimen consisted of cisplatin (100 mg/m? on day
1), cytarabine (4.0 g/m? on day 2), and dexamethasone (40
mg on day 1 to 4), intravenously. G-CSF (10 pg/kg/day)
was subcutaneously administered the day after the com-
pletion of chemotherapy or development of neutropenia
(absolute neutrophil count < 1.0 x 103/pL), as appropriate,
until the final day of apheresis. After chemotherapy for
PBSC mobilization, the first day of apheresis was de-
termined by the monitoring of white blood cell (WBC)
count or peripheral blood CD34+ cell count, which was
initiated at the anticipated day of mobilization. In ad-
dition, we also included the hematopoietic progenitor
cell (HPC) count, which was a small population of im-
mature myeloid cells in the peripheral blood and could
be identified by Sysmex automated hematology analyzer
(Sysmex, Kobe, Japan), as a surrogate for time the initia-
tion of collection procedure, because the number of cir-
culating HPCs correlated with the yield of CD34+ cells
[22]. PBSC collection usually began on the day when the
peripheral blood CD34+ cells exceeded 10/pL or HPC
counts exceeded 5/pL. If peripheral blood CD34+ cell or
HPC counts could not be used to determine the first day
of apheresis, a WBC count of > 1.0 x 103/pL was usually
considered as the best time point to start apheresis. Each
apheresis procedure was performed according to each
institution’s protocol; however, most apheresis proce-
dures were performed for approximately 3 to 4 hours,
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processing 10 to 14 L of blood volume. The collected to-
tal CD34+ cell counts were determined by flow cytom-
etry from samples obtained before cryopreservation of
apheresis products. Once the apheresis session was ini-
tiated, it was repeated daily until a sufficient number of
CD34+ cells were collected.

For this analysis, we defined successful mobilization
when collected CD34+ cells > 5.0 x 10°/kg, and optimal
mobilization when collected CD34+ cells = 2.0 x 10°/kg,
whereas mobilization failure was defined by collected
CD34+ cells < 2.0 x 10%/kg.

High-dose chemotherapy with ASCT procedure

The conditioning chemotherapy used consisted of busul-
fan/cyclophosphamide/etoposide, busulfan/melphalan/
etoposide, and BCNU/etoposide/cytarabine/melphalan.
G-CSF was administered daily from 2 days after PBSC
reinfusion until absolute neutrophil counts reached 1.0
x 103/uL on 2 consecutive days. Supportive care such as
transfusion and infection prophylaxis was administered
during ASCT procedures in accordance with the institu-
tion’s policy.

Statistical analysis

The primary end-points were the total number of col-
lected CD34+ cells after chemomobilization, and OS.
Clinical variables, such as age, sex, histologic type, Ann
Arbor stage, presence of B symptoms, Eastern Coopera-
tive Oncology Group (ECOG) performance status, LDH,
bulky disease, aalPI, BM involvement, primary chemo-
therapeutic regimen, number of chemotherapy cycles
administered, disease status before PBSC mobilization,
chemomobilization regimen, radiotherapy status, and
information on the conditioning regimen were collect-
ed for analysis. Treatment response was assessed based
on the previously reported criteria [23]. Descriptive sta-
tistics were presented as frequencies and percentages
for categorical variables and as median and range for
continuous variables. The two groups were compared
according to chemomobilization regimen by Pearson
chi-square test or Fisher exact test for categorical vari-
ables, and the Mann-Whitney test for continuous vari-
ables. To determine the optimal cutoff level for WBC
counts at the first apheresis day on predicting success-
ful mobilization, receiver operating characteristic (ROC)
curve analysis was used. ROC curve analysis demon-
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strated that 1.785 x 103/uL had the best sensitivity (71.6%)
and specificity (73.4%) to predict successful mobilization
and the area under curve value was o.732. Multivariate
analysis was performed using logistic regression model
to find the prognostic factors associated with success-
ful mobilization. Variables with significance level < 0.10
in univariate analyses were selected and included in the
multivariate analysis, and the results were reported as
an odds ratio (OR) and 95% confidence interval (CI).
Neutrophil engraftment is defined as the first date of’
3 consecutive days with a neutrophil count = 0.5 x 103/
pL and platelet engraftment as the first date of 7 consec-
utive days of platelet count = 20 x 103/pL without plate-
let transfusion after PBSC reinfusion. Progression-free
survival (PFS) and OS were calculated from the date of
diagnosis until progression, death, or last follow-up, as
appropriate. Time to neutrophil/platelet engraftments,
PFS, and OS were estimated using the Kaplan-Meier
method, and the differences between two groups were
tested using a log-rank test. Cox proportional hazards
regression model was used for univariate and multivar-
iate comparison to find the prognostic factors for OS.
Infused CD34+ cell counts of 33.3 percentile (4.4 x 10/
kg) and 66.7 percentile (9.0 x 10%/kg) had been initially
regarded as cut-off points, but then 66.7 percentile (9.0
x 10°/kg) was finally selected as a cut-off for binary com-
parison. A two-sided p < 0.05 was considered statistically
significant. All data analyses were carried out using SPSS
software version 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Patient cohort and characteristics

Ninety-six patients who satisfied the eligibility criteria
were included in this analysis. The clinical characteris-
tics of the enrolled patients at time of diagnosis are de-
scribed in Table 1. Thirty-one patients received DHAP
regimen and 65 patients received HDC regimen as mo-
bilization chemotherapy. The most common histolog-
ic type was DLBCL (n = 52, 54.2%); most of them (n =
48) were initially treated with R-CHOP chemotherapy.
Forty-seven patients (49%) were Ann Arbor stage IV and
68 patients (70.8%) had elevated serum LDH level at the
time of diagnosis. Therefore, 63 patients (65.6%) had
high-intermediate or high aaIPI. Although the number
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of patients with extranodal disease was higher in HDC
group compared to the DHAP group, premobilization
characteristics were not significantly different between
two groups (Table 1).

Outcomes of PBSC mobilization and prognostic
factors for successful mobilization

Details of PBSC mobilization and collection according
to mobilization chemotherapy are summarized in Ta-
ble 2. The median number of total CD34+ cells collected
per patient was significantly higher in the DHAP group
than in the HDC group (16.1 x 10%/kg vs. 6.1 x 10%/kg, p
= 0.001). In addition, the DHAP group had significant-
ly higher number of CD34 + cells collected on apheresis
days 1 and 2 than the HDC group (median, 8.25 x 10%/
kg vs. 2.97 x 10%/kg, p = 0.011). Thus, more patients in
the DHAP group achieved successful mobilization com-
pared to the HDC group (87.1% vs. 61.5%, p = 0.011), par-
ticularly within first two sessions of apheresis (64.5%
vs. 32.3%, p = 0.003). The rate of mobilization failure was
lower in the DHAP group than in the HDC group (3.2%
vs. 20.0%, p = 0.032), and consequently further attempt
for chemomobilization was less frequent in the DHAP
group compared to the HDC group (9.7% vs. 33.8%, p =
0.012). Although there were no treatment-related mor-
tality and grade 4 infections during chemomobilization,
the HDC group experienced more episodes of febrile
neutropenia compared to the DHAP group (32.3% vs.
12.9%, p = 0.043) (Table 2).

In the univariate analysis, chemotherapy cycles ad-
ministered < 6 cycles, WBC counts at first apheresis
day > 1.785 x 103/uL, and DHAP regimen were signifi-
cant factors for successful mobilization (Table 3). No
baseline BM involvement and no previous radiotherapy
showed marginally significant trends for successful mo-
bilization (Table 3). However, based on the multivariate
analysis that included all these factors, no baseline BM
involvement (OR, 4.60; 95% CI, 1.20 to 17.61), no previ-
ous radiotherapy (OR, 11.78; 95% CI, 1.68 to 82.39), WBC
counts at first apheresis day > 1.785 x 103/uL (OR, 9.25;
95% CI, 2.89 to 29.58), and the DHAP regimen (OR, 4.12;
95% CI, 112 to 15.17) were independent predictors for
successful mobilization (Table 3).

ASCT outcomes and survival
Of the 96 patients underwent PBSC mobilization and
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Table 1. Clinical characteristics of 96 patients according to mobilization regimens
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Characteristic Total (n = 96) DHAP (n =31) HDC (n = 65) pvalue
Age, yr 475 (18-66) 49.0 (24-66) 47.0 (18-65) 0337
Sex 0.532
Male 57 (59-4) 17(54.8) 40 (61.5)
Female 39 (40.6) 14 (45.2) 25(38.5)
Histologic types 0.729
DLBCL 52 (54.2) 16 (51.6) 36 (55.4)
PTCL 44 (45.8) 15 (48.4) 29 (44.6)
PTCL-NOS 27 8 19
ALCL, ALK(-) 12 4
AITL 5 3 9
Ann Arbor stage 0342
I to III 49 (51.0) 18 (58.1) 31 (47.7)
v 47 (49.0 13 (41.9) 34 (52.
ECOG performance status ©0-934
0-1 84(87 27(87.1) 58 (87.7)
2—4 12 (12.5) 4(12.9) 8(123
B symptoms 0.934
Absent 66 (68.8) 27 (87.1) 58 (87.
Present 30 (31.3) 4(12.9) 8 (12.3)
LDH level 0.144
Normal 28(29.2) 6(19.4) 22(33.8)
Elevated 68 (70.8) 25 (80.6) 43 (66.2)
Bulky disease 0.941
No 78 (81.2) 25 (80.6) 53 (80.0)
Yes 18 (18.8) 6(19.4) 13 (20.0)
aalPI 0.447
Low to low-intermediate 33 (34.4) 9(29.0) 24 (36.9)
High-intermediate to high 63 (65.6) 22 (71.0) 41(63.1)
BM involvement 0.780
No 79 (82.3) 26 (83.9) 53 (81.5)
Yes 17 (17.7) 5(16.1) 12 (18.5)
No. of extranodal disease 1(0—4) 1(0-3) 2 (0—4) 0.007
Primary chemotherapy 0.275
R-CHOP 48 (50.0) 18 (58.1) 30 (46.2)
CHOP 48 (50.0) 13 (41.9) 35(53-8)
No. of cycles administered 6 (4-8) 6 (4-8) 6 (4-8) 0.101
Disease status before chemomobilization 0.380
CR 86 (89.6) 29(93.5) 57 (87.7)
PR 10 (10.4) 2(6.5) 8 (12.3)
Previous radiotherapy 0.645
No 88 (91.7) 29 (93.5) 59 (90.8)
Yes 8(8.3) 2(6.5) 6(9.2)

Values are presented as median (range) or number (%).
DHAP, dexamethasone, cytarabine, and cisplatin; HDC, high-dose cyclophosphamide; DLBCL, diffuse large B-cell lympho-
ma; PTCL, peripheral T-cell lymphoma; NOS, not otherwise specified; ALCL, anaplastic large cell lymphoma; ALK, anaplastic
lymphoma kinase; AITL, angioimmunoblastic T-cell lymphoma; ECOG, Eastern Cooperative Oncology Group; LDH, lactate
dehydrogenase; aalIPI, age-adjusted International Prognostic Index; BM, bone marrow; R, rituximab; CHOP, cyclophospha-

mide, doxorubicin, vincristine, and prednisone; CR, complete response; PR, partial response.
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Table 2. Outcomes of PBSC mobilization according to chemotherapy regimens

Variable Total (n = 96) DHAP (n =31) HDC (n = 65) pvalue
Days from chemotherapy to first apheresis 13 (10-19) 12 (10-15) 13 (11-19) <0.001
WBC counts at first apheresis day, x 103/pL 2.085(0.590—23.810) 3300 (0.590—23.810) 1.910 (0.830-13.420) 0.134
No. of apheresis 4(2—7) 4(3-7) 4(2—7) 0.128
Total CD34+ cells collected, x 10%/kg 10.4 (0.2-98.9) 16.1 (1.9-38.8) 6.1(0.2-98.9) 0.001
CD34+ cells collected at days 1-2, x 10%/kg 432 (0.09¢62.18) 8.25(0.30-18.91) 2.97 (0.09-62.18) 0.011
Successful mobilization, = 5 x 10°/kg 67(69.8) 27 (87.1) 40 (61.5) 0.011
Successful mobilization at day 1—2 41 (42.7) 20 (64.5) 21(32.3) 0.003
Optimal mobilization, = 2 x 10°/kg 82 (85.4) 30(96.8) 52 (80.0) 0.032
Mobilization failure, < 2 x 10°/kg 14 (14.6) 1(3.2) 13 (20.0) 0.032
Further attempt for chemomobilization 25 (26.0) 3(9.7) 22 (33.8) 0.012
Febrile neutropenia 25 (26.0) 4(12.9) 21(32.3) 0.043
Treatment-related mortality o o o -

Values are presented as median (range) or number (%).
PBSC, peripheral blood stem cell; DHAP, dexamethasone,
WBC, white blood cell.

collection, two patients did not proceed to up-front
ASCT Dbecause of failed mobilization in one patient
(HDC group) and patient’s refusal in one (DHAP group).
All 94 patients underwent up-front ASCT received bu-
sulfan-based conditioning chemotherapy (Table 4). Al-
though higher number of CD34+ cells were infused in
the DHAP group compared to the HDC group (8.4 x 10%/
kg vs. 6.0 x 10°/kg, p = 0.021) during ASCT procedures,
time to neutrophil engraftment (median, 11 days vs. 11
days, p = 0310) and platelet engraftment (median, 12 days
vs. 14 days, p = 0.876) were not different according to che-
momobilization regimen (Table 4).

With a median follow-up of 57.4 months (range, 9.1 to
143.4), the 5-year PFS rate was 66.2% (95% CI, 55.2 to 77.2)
and the 5-year OS rate was 72.9% (95% CI, 62.5 to 83.3).
In the DHAP group, the 5-year PFS and OS rates were
63.2% (95% CI, 44.4 to 82.0) and 74.0% (95% CI, 56.8 to
91.2), and the 5-year PFS and OS rates in the HDC group
were 67.6% (95% CI, 54.1 to 81.1) and 72.2% (95% CI, 59.3
to 85.1), respectively, which showed no significant dif-
ferences between the two groups (p > 0.05) (Fig. 1A and
1D). Because of the heterogeneous histologic types of
patients included in this study cohort, additional sub-
group analyses were performed separately based on
the histologic types. However, in both DLBCL (Fig. 1B
and 1E) and PTCL subgroups (Fig. 1C and 1F), the 5-year
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PFS (DLBCL, 59.1% vs. 57.5%, p = 0.878; PTCL, 64.0% Vvs.
74.3%, p = 0.611) and OS (DLBCL, 813% vs. 68.0%, p =
0.776; PTCL, 70.9% vs. 76.3%, p = 0.812) were not differ-
ent between the DHAP and the HDC groups. When we
compared the PFS and OS according to infused CD34+
cell dose, patients who received > 9.0 x 10°/kg showed
significantly better 5-year PFS (89.1% vs. 55.8%, p = 0.008)
and OS (90.8% vs. 65.4%, p = 0.009) than those with < 9.0
x 10%/kg (Fig. 2).

The results of the univariate and multivariate Cox
regression analyses for OS are shown in Table 5. The
univariate analysis suggested that Ann Arbor stage IV,
ECOG performance status = 2, elevated serum LDH lev-
el, high-intermediate/high aalPI risk, and infused CD34+
cell counts were potential prognostic indicators for OS.
However, multivariate analysis that included these fac-
tors revealed that only infused CD34+ cell counts > 9.0 x
10%/kg was an independent prognostic factor for better
OS (hazard ratio, 0.42; 95% CI, 0.20 to 0.87).

Among 10 patients with partial response before che-
momobilization, six patients (two in DHAP group and
four in HDC group) evaluated the response to mobili-
zation chemotherapy. Of these, responses were upgrad-
ed into complete response after chemomobilization in
each one patient from both DHAP and HDC groups.
However, because of too small fraction of these patients,

https://doi.org/10.3904/kjim.2016.163


www.kjim.org

Jeon SY, et al. DHAP chemomobilization for ASCT in NHL

Table 3. Prognostic factors for successful mobilization
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The rate of successful

Univariate analysis

Multivariate analysis®

Variable e mobilization, % (95% CI) OR (95% CI) p value OR (95% CI) p value
Age, yr

=48 48 70.8(49.1-99.0) 1

<48 48 68.8 (47.3-96.6) 0.91 (0.38-2.17) 0.824
Sex

Male 57 737 (53-1-99.6) 1

Female 39 64.1 (41.5-94.6) 0.64 (0.26-1.54) 0317
Histologic types

DLBCL 52 673 (46.9-93.6) 1

PTCL 44 72.7 (49.7-100.0) 1.30 (0.54-3.13) 0.565
Ann Arbor stage

I to III 49 73.5 (51.5-100.0) 1

v 47 66.0(44-8-93.6) 0.70 (0.29-1.68) 0.424
LDH level

Normal 28 71.4 (43.6-100.0) 1

Elevated 68 78.3 (57.6-100.0) 1.12 (0.42-2.94) 0.823
aalPI

Low to LI 48 69.7 (44.2-100.0) 1

HI to high 47 69.8 (50.7-93.8) 1.01 (0.40-2.52) 0.988
Baseline BM involvement

Yes 17 52.9 (24.2-100.0) 1 1

No 79 73.4 (55.7-94.9) 2.46 (0.84-7.20) 0.098 4.60 (1.20-17.61) 0.026
Disease status before chemo-mobilization

PR 10 50.0 (16.2-100.0) 1

CR 86 72.1(55.3-92.4) 2.58 (0.69—9.73) 0.161
Chemotherapy cycles

>6 25 52.0 (27.7-88.9) 1

<6 71 76.1(57.1-99.2) 2.93 (1.13-7.62) 0.027 NS NS
Previous radiotherapy

Yes 8 37.5 (7.7-10.0) 1

No 88 727 (56.0-92.9) 4-44(0.99—20.04)  0.052 11.78 (1.68-82.39)  0.013
WBC counts at first apheresis day

<1.785 x 103[uL 40 47.5(28.6—74.2) 1

>1.785 x 10°/uL 56 85.7(63.2-100.0) 6.63 (2.51-17.53) <0.001 9.25(2.89-29.58) <o0.001
Mobilization regimen

HDC 65 61.5(44.0-83.8) 1 1

DHAP 31 87.1(57.4-100.0) 4.22 (1.32-13.50) 0.015 412 (1.12-15.17) 0.033

CI, confidence interval; OR, odds ratio; DLBCL, diffuse large B-cell lymphoma; PTCL, peripheral T-cell lymphoma; LDH,
lactate dehydrogenase; aalPI, age-adjusted International Prognostic Index; LI, low-intermediate; HI, high-intermediate; BM,
bone marrow; PR, partial response; CR, complete response; NS, not significant; WBC, white blood cell; HDC, high-dose cyclo-

phosphamide; DHAP, dexamethasone, cytarabine, and cisplatin.

*Adjusted by baseline BM involvement, number of chemotherapy cycles, previous radiotherapy, total WBC counts at first
apheresis day, and mobilization regimen.
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Table 4. Outcomes of autologous stem cell transplantation
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Variable Total (n = 94) DHAP (n =30) HDC (n = 64) pvalue

Conditioning regimen 0.001
Busulfan/cyclophosphamide/etoposide 55 (58.5) 9 (30.0) 46 (71.9)
Busulfan/etoposide/cytarabine/melphalan 20 (21.3) 10 (33.3) 10 (15.6)
Busulfan/melphalan/etoposide 19 (20.2) 11 (36.) 8 (12.5)

Infused CD34+ cells, x 10%/kg 6.4 (1.7-50.5) 8.4 (2.1~29.0) 6.0 (1.7-50.5) 0.021

Time to neutrophil engraftment, day 11 (8—26) 11 (9—26) 11 (8—25) 0.310

Time to platelet engraftment, day 13 (7-60) 12 (8-60) 14 (7-43) 0.876

Treatment-related mortality 4(43) 1(3.3) 3(4.7) 1.000

Values are presented as number (%) or median (range).

DHAP, dexamethasone, cytarabine, and cisplatin; HDC, high-dose cyclophosphamide.
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Figure 1. Comparison of survival outcomes according to the mobilization chemotherapy regimen. In all patients included
in the study cohort, (A) progression-free survival (PFS) and (D) overall survival (OS) were not different between patients who
received dexamethasone, cytarabine, and cisplatin (DHAP) or high-dose cyclophosphamide (HDC). Furthermore, in the sub-
group analysis, the mobilization chemotherapy regimen, DHAP or HDC, did not significantly affect PFS and OS in patients
with diffuse large B-cell lymphoma (B: PFS; E, OS) or peripheral T-cell lymphoma (C: PFS; F: OS).

we couldn’t evaluate the additional cytoreductive effect
of DHAP regimen.

DISCUSSION

In this multicenter, retrospective cohort study involving
96 NHL patients, we investigated the effects of DHAP

1176  www.kjim.org

plus G-CSF as a mobilization regimen on efficacy of
PBSC mobilization, incidence of febrile neutropenia, and
PFS and OS, compared to HDC plus G-CSF in patients
with NHL, who were responsive to front-line CHOP or
R-CHOP chemotherapy. Our study demonstrated that
the DHAP regimen plus G-CSF was superior to HDC
plus G-CSF in terms of total collected CD34+ cell counts,
CD34+ cells collected on days 1 to 2, and successful mo-
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Figure 2. Survival outcomes according to infused CD34+ cell counts. Patients infused with CD34+ cells > 9.0 x 10°/kg produced
significantly longer (A) progression-free survival (PFS) and (B) overall survival (OS) compared to those with CD34+ cells < 9.0 x

10°/kg.

bilization. However, the disease-specific DHAP regimen
did not influence the PFS and OS in the present analy-
sis. The DHAP regimen was also associated with lower
rate of febrile neutropenia and mobilization failure than
the HDC regimen. Moreover, the DHAP regimen was
an independent predictor for successful mobilization.
Therefore, our results suggested that the DHAP regi-
men might be a suitable option for chemomobilization
in patients with aggressive NHL. However, the results of
the present study cannot be extrapolated to all settings
of PBSC mobilization in patients with NHL. The find-
ings observed in this study were slightly different from
the results of previous study. Pavone et al. [14] previously
reported that the DHAP regimen was as effective as, but
not superior to the HDC with regard to the outcomes
of mobilizing efficacy. We think that the discrepancy of’
the results between two studies may be mainly attribut-
ed to the differences in patient population. In the study
of Pavone et al. [14], they included significant proportion
of patients with primary refractory/relapsed disease and
prior exposure of DHAP regimen, whereas our study
only included patients with chemo-responsive disease,
who were treated with CHOP or R-CHOP regimens
and could be candidates for up-front ASCT. Notably, it
has been well known that PBSC mobilization efficacy
was greatly influenced by underlying disease status and
previous exposure to chemotherapeutic agents such as
platinum compounds [10,15,19,24]. Indeed, because of
negative effect of salvage chemotherapy and primary re-

https://doi.org/10.3904/kjim.2016.163

fractory/relapsed disease status on mobilization efficacy,
it is inadequate to compare the mobilizing efficacy of
chemomobilization regimens directly in these groups
of patients. In this sense, our study may provide the ev-
idence for the positive effect of the DHAP regimen on
mobilizing efficacy in patients with NHL for up-front
ASCT. Moreover, it has been generally considered that
chemomobilization could mobilize well in only patients
able to have a potential to mobilize well [4], because
previous data suggested that chemomobilization may
mobilize more stem cells than G-CSF alone but with
a similar rate of failure [7,9,12]. However, in this study,
the DHAP regimen had significantly lower rates of mo-
bilization failure than the HDC regimen. This finding
suggested that the DHAP regimen might save some pa-
tients who would experience mobilization failure if they
had received the HDC regimen. In addition, although
grade 4 infections were not observed in both groups, in-
cidence of febrile neutropenia was significantly higher
in the HDC group (32%), which was consistent with the
results of previous studies [13,25,26]. Therefore, consid-
ering the mobilizing efficacy and safety of the DHAP
regimen observed in this study, the DHAP regimen can
be considered as reference chemomobilization regimen
for up-front ASCT in patients with aggressive NHL.
Chemotherapy during PBSC mobilization may lead
to further tumor cytoreduction and in vivo purging of
mobilized tumor cells [19]. Furthermore, intensive che-
momobilization of PBSC in patients with NHL is more
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Table 5. Univariate and multivariate Cox proportional hazards regression analyses for OS

Univariate analysis Multivariate analysis
Variable
HR (95% CI) p value HR (95% CI) pvalue

Age, yr

<60 1

=60 1.77 (0.41~7.58) 0.443
Sex

Male 1

Female 0.83 (0.35-1.95) 0.661
Ann Arbor stage

I to ITI 1

v 2.20(0.98-4.93) 0.053 NS NS
B symptoms

Absent 1

Present 1.09 (0.46-2.54) 0.850
ECOG performance status

0-1 1

2—4 2.51 (0.54-11.63) 0.078 NS NS
LDH level

Normal 1

Elevated 2.47 (1.06—5.78) 0.086 NS NS
aalPI

Low to LI 1

HI to high 3.13 (1.39-7.13) 0.027 NS NS
BM involvement

No 1

Yes 1.83 (0.67-5.03) 0.239
Histologic type

DLBCL 1

PTCL 0.61 (0.27-1.38) 0.233
Disease status before mobilization

CR 1

PR 1.50 (0.44-5.09) 0.518
Mobilization regimen

DHAP 1

HDC 1.04 (0.45-2.38) 0.936
Infused CD34+ cells

<9.0x10%kg 1

>9.0x10°/kg 0.18 (0.08-0.42) 0.008 0.42 (0.20-0.87) 0.020

OS, overall survival; HR, hazards ratio; CI, confidence interval; NS, not significant; ECOG, Eastern Cooperative Oncology
Group; LDH, lactate dehydrogenase; aaIPI, age-adjusted International Prognostic Index; LI, low-intermediate; HI, high-in-
termediate; BM, bone marrow; DLBCL, diffuse large B-cell lymphoma; PTCL, peripheral T-cell lymphoma; CR, complete re-
sponse; PR, partial response; DHAP, dexamethasone, cytarabine, and cisplatin; HDC, high-dose cyclophosphamide.
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efficient than non-intensive mobilization [19,27]. Thus,
it was hypothesized that the disease-specific chemo-
therapeutic regimens used for PBSC collection might
not only facilitate PBSC mobilization but also have an
anti-tumor effect that can be translated into improved
survival outcomes. However, in the present study, dis-
ease-specific intensive DHAP regimen did not improve
the PFS and OS compared to the conventional HDC
regimen. This finding implied that anti-tumor effect of
the DHAP regimen for PBSC mobilization was minimal
or clinically irrelevant. Absolutely, our study included
only patients who were candidates for up-front ASCT,
and thus survival benefit from chemotherapy for mo-
bilization may be smaller than expected in the salvage
ASCT. Therefore, we cannot exclude the possibility that
the small number of patients included may affect these
results. Nevertheless, our findings suggest that anti-tu-
mor effects of mobilization chemotherapy do not need
to be preferentially considered for up-front ASCT.
Interestingly, our analysis demonstrated that higher
infused CD34+ cell count was an independent predictor
of better OS regardless of the chemomobilization regi-
mens used, which was in agreement with the findings of
previous reports [28-30]. Infusion of higher CD34+ cells
may lead to early engraft and possibly protect against
post-transplant infectious complications [31]. This may
be related to the survival benefit of higher dose CD34+
cell infusion. However, because the treatment-related
mortality was generally less than 5% in ASCT, it is un-
likely that the benefit of higher CD34+ cell infusion was
solely due to less infectious complications from early
engraftment. Instead, several previous reports suggest-
ed that infusion of higher CD34+ cells might be associ-
ated with early recovery of immunologic activity against
tumor cells, and consequent eradication of minimal re-
sidual disease, which leading to better clinical outcomes
[28-30,32]. Until now, it has not been known what the
exact immunologic mechanisms are and how higher
CD34+ cells work to eradicate the minimal residual dis-
ease. However, because higher CD34+ cell mobilization
and collection is the prerequisite for higher CD34+ cell
infusion, patients infused higher CD34+ cells may have
various favorable clinical factors for better PBSC mobi-
lization [30]. It has been well known that more health-
ier BM and better disease status before mobilization
were associated with higher CD34+ cell mobilization
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[10,15,19,24]. In the multivariate analysis for successful
chemomobilization in the present study, no baseline
BM involvement and no prior radiotherapy were also
independent factors for successful mobilization. Thus,
although we did not exactly know the relationship be-
tween higher CD34+ cell infusion and improved sur-
vival, these findings suggested that infusion of higher
CD34+ cells might act as a surrogate marker for better
clinical factors or other as-yet-known laboratory factors.
Furthermore, the optimal dose of CD34+ cells for im-
proved survival has not yet been defined. Therefore, the
influence of CD34+ cell dose on immunologic recovery
and meaningful OS improvement requires further in-
vestigation.

Our study has several limitations. First, the present
analysis is a retrospective study with a small number of
patients, so unexpected selection bias may exist. Second,
the results of preapheresis circulating peripheral blood
CD34+ cell counts, which was identified as a valuable
factor for predicting efficacy of PBSC mobilization [9,19),
was not included in the multivariate analysis, because
data was available for only 25 patients (26%). Third, mo-
bilization with G-CSF alone in patients with lymphoma
was not a routine policy in three institutions included
in this study because lymphoma had been traditionally
considered as difficult-to-mobilize disease [4,19]. More-
over, until now, plerixafor is not approved for up-front
mobilization or preemptive use in Korea. Therefore,
the effect of G-CSF alone or G-CSF plus plerixafor as
first-line mobilizer on efficacy of PBSC mobilization
was beyond the scope of the present analysis. However,
considering the fact that PBSC mobilization with G-CSF
alone was comparable to cyclophosphamide plus G-CSF
in NHL patients who were not heavily pretreated [10], we
believed that comparative studies between chemomobi-
lization plus G-CSF and G-CSF alone would be needed
in this group of patients. Nevertheless, our study is the
first to show that the DHAP regimen had better stem
cell mobilizing efficacy than the HDC regimen in pa-
tients with aggressive NHL, who were candidates for up-
front ASCT.

In conclusion, our study showed that the DHAP reg-
imen was associated with higher efficacy for PBSC mo-
bilization, in particular early days of apheresis, and less
frequent episodes of febrile neutropenia compared to
the HDC regimen. Although there were no clinically
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meaningful PFS and OS improvement in patients mobi-
lized with DHAP regimen, the DHAP regimen reduced
significant rates of mobilization failure. Therefore, the
results of this study may allow physicians to select a
chemomobilization regimen for up-front ASCT in pa-
tients with aggressive NHL. Furthermore, the relevance
of high CD34+ cell dose infusion should also be further
explored because new effective drugs were under devel-
opment for PBSC mobilization.

KEY MESSAGE

1. Limited data are available regarding the optimal
chemomobilization regimen for patients with
aggressive non-Hodgkin's lymphoma (NHL).

2. Compared to high-dose cyclophosphamide
chemomobilization, our results demonstrate
that the dexamethasone, cytarabine, and cis-
platin (DHAP) regimen has better mobilizing
efficacy and safety for up-front autologous stem
cell transplantation in patients with aggressive
NHL.
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