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Abstract High-dose chemotherapy (HDT) followed by au-
tologous stem cell transplantation (ASCT) is considered
standard in the treatment of patients with relapsed or refrac-
tory aggressive peripheral T cell lymphoma (PTCL).
However, the optimal salvage regimen before ASCT has
not yet been established. We retrospectively analyzed 31
patients with relapsed or refractory aggressive PTCL after
anthracycline-based first-line chemotherapy who received
either DexaBEAM (dexamethasone, carmustine, etoposide,
cytarabine, and melphalan; n=16) or ICE (ifosfamide,
carboplatin, and etoposide; n=15) regimen as first salvage
chemotherapy followed by HDT/ASCT. The overall re-
sponse rate (OR) was significantly higher for patients treat-
ed with DexaBEAM (69 %; 95 % confidence interval 46.0—
91.5 %) as compared to the ICE group (20 %; 95 %
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confidence interval —0.2—-40.2 %; P=0.01), with higher
complete response (CR; 38 %; 95 % confidence interval
13.8-61.2 %; vs. 7 %; 95 % confidence interval —6.0-19.
6 %) as well as partial response (PR; 31 vs. 13 %) rate.
Changing regimen due to failure of first salvage therapy, 12
patients initially receiving ICE still achieved an OR of 58 %
(33 % CR, 25 % PR) with DexaBEAM as second salvage
therapy, whereas in three patients receiving ICE after
DexaBEAM failure, only one achieved an OR (1 PR).
Median progression-free survival was significantly higher
in the DexaBEAM group (6.4 vs. 2 months; P=0.01). Major
adverse event in both groups was myelosuppression with
higher but tolerable treatment-related toxicity for patients in
the DexaBEAM group. For all patients proceeding to
HDT/ASCT, a 3-year overall survival was 50 %. Together,
considering the limitations of the retrospective design of the
evaluation and the small sample size, our data suggest that
DexaBEAM salvage chemotherapy is superior to ICE for
patients with relapsed or refractory aggressive PTCL for
remission induction prior to autologous transplantation, with
higher but manageable treatment-related toxicity.

Keywords DexaBEAM -ICE - Peripheral Tcell lymphoma -
Salvage therapy

Introduction

Peripheral T cell lymphomas (PTCL) are a heterogeneous
group of aggressive lymphomas. The most common sub-

types of this entity are PTCL not otherwise specified (NOS),
angioimmunoblastic type (AITL), anaplastic large-cell
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lymphoma (ALCL), adult T cell leukemia/T cell lymphoma
as well as enteropathy-associated T cell lymphoma
(EATCL) [1-3]. In aggressive B cell lymphoma, during
the last decade, the addition of the anti-CD20 monoclonal
antibody rituximab to various chemotherapy regimens has
dramatically improved response rates as well as event-free
and overall survival [4-6] However, with the exception of
ALK+ ALCL, which has 40-50 % long-term survival after
anthracycline-based chemotherapy, prognosis of PTCL re-
mains poor with high rates of relapse or refractory disease
and a 5-year overall survival usually less than 30 % [7—10].
Due to the lack of sustained success with frontline chemo-
therapy regimens [3], the majority of PTCL patients will
experience progressive disease and require additional thera-
py. Since the value of high-dose chemotherapy (HDT) and
autologous stem cell transplantation (ASCT) in the first
initial remission is still controversial in these patients [7],
as with aggressive B cell NHL, a general approach to
refractory or relapsed PTCL is second-line salvage chemo-
therapy followed by HDT/ASCT [11-16]. Established sal-
vage regimens achieve overall response (OR) rates between
40 and 70 % in patients with PTCL, and response to salvage
therapy is a strong positive predictive factor prior to HDT
and ASCT [14, 17, 18]. For relapsed and refractory aggres-
sive B cell NHL, a large prospective randomized trial using
common salvage regimens has not shown any superiority
for any particular regimen [19]. Moreover, for PTCL, no
randomized trials or comparative data are available evaluat-
ing the relative efficacy of these salvage therapies before
HDT/ASCT. With only 10-15 % of all NHL patients, T cell
lymphoma is a rare disease, and case numbers in published
data are generally small. Consequently, the optimal salvage
therapy still needs to be determined for patients with refrac-
tory or relapsed PTCL. Therefore, efforts to identify the best
pretransplant salvage chemotherapy regimen, including
therapeutic activity, stem cell mobilizing potential, and
therapy-associated toxicity, represent challenging issues for
these patients. Here, we report on a single-institution retro-
spective analysis of a relatively small patient cohort com-
paring the effects of two established salvage therapy
regimens, DexaBEAM and ICE, followed by HDT/ASCT,
attempting to identify the parameters influencing the feasi-
bility, safety profile, and efficacy.

Patients and methods

From 1996 to 2009, a total of 35 patients with refractory or
relapsed PTCL after anthracycline-based first-line treatment
were referred consecutively to the Department of Medicine
A of the University Hospital of Muenster, Germany. Patients
received either DexaBEAM or ICE as first salvage chemo-
therapy followed by HDT and ASCT with curative intention.
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Each patient gave informed consent to the actual treatment
approach individually followed. The allocation of the pa-
tients to either DexaBEAM or ICE was by coincidence.
Patients were treated by one of two different attending
physician services within the same department according
to vacancy, of which one service favored DexaBEAM and
the other ICE, concerning the advantages versus disadvan-
tages of either regimen. All patients had histologically con-
firmed diagnosis of PTCL according to the WHO criteria
[20] and an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2. Staging evaluations at
relapse/refractory disease with thoracic and abdominal com-
puted tomography scans and bone marrow biopsy, a glo-
merular filtration rate of at least 60 ml/min, the absence of
hypoxemia as measured by capillary blood gas analysis, and
a transfer factor of at least 60 % of normal were prerequi-
sites for eligibility. Based on these criteria, 31 out of the 35
patients (89 %) with refractory or relapsed PTCL were
incorporated in the present evaluation; the remaining pa-
tients were excluded (e.g., due to severe sepsis at time of
relapse and/or ECOG >2). The individual International
Prognostic Index (IPI) was determined by the absence or
presence of respective risk factors [21, 22]. Details of pa-
tient characteristics, prior chemotherapy regimens, disease
status at diagnosis and at relapse, response rates after sal-
vage chemotherapy, stem cell harvesting, conditioning reg-
imen previous to ASCT, and follow-up were obtained.

ICE and DexaBEAM salvage regimens

DexaBEAM regimen [23] was given every 22-28 days
(depending on peripheral blood cell recovery time and gen-
eral performance) on an inpatient basis, for two to three
cycles. DexaBEAM consisted of 24 mg dexamethasone on
days 1 to 10, carmustine 60 mg/m? on day 2, etoposide
100 mg/m” on days 4 to 7, cytarabine 100 mg/m?> every
12 h on days 4 to 7, and melphalan 20 mg/m? on day 3. ICE
regimen [24] was given every 15-22 days (depending on
peripheral blood cell number recovery time and general
performance) on an inpatient basis as well, for two to three
cycles. ICE consisted of ifosfamide 5 g/m® on day 2,
carboplatin administered on day 2, and dosed to an area
under the curve of 5, and etoposide 100 mg/m? on days 1 to
3. Granulocyte colony-stimulating factor (G-CSF) was ad-
ministered from day 12 (DexaBEAM) or 7 (ICE) and until
absolute blood neutrophil counts exceeded 1,000/uL or if a
sufficient amount of CD34+ cells for stem cell harvest was
achieved for peripheral stem cell harvest. Supportive care
according to the center’s standard consisted of ciprofloxacin
2 %500 mg per os (p.o.) and amphotericin B suspension 4 x2 ml
p.o. daily during grade IV neutropenia, prophylactic blood
product support, with irradiation of blood products adminis-
tered during the stem cell mobilizing chemotherapy, antiemetic
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prophylaxis including SHT3 antagonists, adequate hydration
during chemotherapy, and 2-mercaptoethanesulfonate-Natrium
at least 140 % of the ifosfamide dose for hemorrhagic cystitis
prevention for patients receiving ICE. Hematological toxicity
and side effects related to chemotherapy were evaluated
according to WHO criteria.

Assessment of response and definition of endpoints

Response to therapy was assessed by conventional diagnos-
tic methods, including physical examination, computed to-
mography scans, and bone marrow biopsy if abnormal
before treatment. Positron emission tomography scanning
was available in some patients but not performed routinely
for all patients during the period of this study. Response was
assessed using the International Working Group criteria [25,
26]. Complete remission (CR) was defined by the disap-
pearance of all documented disease; unconfirmed CR (CRu)
was used when a residual mass was present without evidence
of active disease. Partial response (PR) was defined as a
>50 % volume reduction of measurable disease lasting
>1 month. Any response less than PR was considered stable
disease (SD); increase in size of lesion >50 %, occurrence of
new lesions, and/or progress of initial symptoms was labeled
as progressive disease (PD). OR included patients with CR,
CRu, and PR. Response was assessed after the second and, if
administered, the third cycle of salvage therapy and after
HDT/ASCT. Overall survival (OS) was counted from the first
day of salvage therapy until death of any course, with patients
censored at the last time point known to be alive. Progression-
free survival (PFS) was defined as the time interval from
initiation of first salvage therapy until disease progression or
death.

Number of cycles

Patients with CR or CRu after two cycles of salvage therapy
proceeded to HDT/ASCT, whereas patients with PR after
two cycles received a third cycle, and patients with SD or
PD received an alternative therapy. At least PR was required
as the best response to proceed to HDT/ASCT.

High-dose chemotherapy and autologous stem cell
transplantation

Mobilization and collection of peripheral blood stem cells
(PBSCs) were carried out using s.c. G-CSF administration
after the first course of salvage therapy if possible. In case of
bone marrow infiltration, stem cell mobilization was
performed after histologically confirmed clearance of the
lymphoma in the bone marrow. The minimum threshold of
PBSCs to proceed to ASCT was 2x10° CD34+ cells/kg
body weight. If response to first salvage regimen was less

than very good PR, patients were switched either from
DexaBEAM to ICE or vice versa, or to a different salvage
regimen. Patients who achieved at least PR after the second
salvage treatment were also referred to HDT as well. HDT
before ASCT consisted of BEAM (carmustine 300 mg/m?
on day 6, etoposide 100 mg/m” every 12 h on days 6 to 3,
cytarabine 200 mg/m? every 12 h on days 6 to 3, and
melphalan 140 mg/m> on day 2). PBSCs were reinfused
on day 0, at least 30 h after completion of BEAM
chemotherapy.

Statistical analysis

The primary endpoint taken for this evaluation was response
to salvage therapy (OR) after ICE and/or DexaBEAM treat-
ment prior to ASCT. Secondary endpoints were CR/CRu
rate, OS, and PFS, as well as toxicity of the two salvage
regimens. Data are presented as descriptive values and per-
centages or median values and ranges, when appropriate.
Comparisons of categorical variables were performed by
chi-square test and of continuous variables by Mann—
Whitney U test. Survival data were estimated by the
Kaplan—Meier method and compared using log rank test.
All variables showing a two-sided P value <0.05 were
considered as indicating statistically significant differences.
For data analysis, a computer-based statistical package
PASW Statistics 18.0 (IBM Corp.) was used.

Results
Characteristics of patients

Patient characteristics are listed in Table 1. Thirty-one patients
with relapsed or refractory PTCL after cyclophosphamide—
hydroxydaunorubicin—oncovin—prednisone (CHOP) or
CHOP-like first-line chemotherapy were treated with either
DexaBEAM (n=16; 8 females; median age 46 years; range
18-66) or ICE (n=15; 8 females; median age 40 years; range
17-59) salvage therapy. PTCL (NOS) was the most frequent
histological subtype in both groups (44 % of patients in the
DexaBEAM group and 40 % of patients in the ICE group).
The number of chemotherapy cycles administered was similar
in both groups with 16 patients receiving 38 cycles of
DexaBEAM and 15 patients receiving 28 cycles of ICE regimen
(P=0.16).

Response to treatment
OR, including CR, CRu, and PR, was achieved after first
salvage therapy by 69 % (95 % confidence interval 46.0-91.

5 %) of patients in the DexaBEAM group as compared to
20 % of patients in the ICE group (95 % confidence interval
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Table 1 Comparison of patients who received DexaBEAM or ICE salvage chemotherapy

Characteristic Treatment group P
DexaBEAM ICE
Number Percentage Number Percentage

No. of patients 16 15 -
Age at diagnosis, years 0.99
Median 46 40

Range 18-66 17-59

>60 3 19 0 0

Sex, male 8 50 7 47 -
PS 0-1 16 100 15 100 -
LDH > ULN 11 69 10 67 1.00
Stage 1.00
I-1I 4 25 3 20

-1v 12 75 12 80
Histological subtype 0.38
PTCL (NOS) 7 44 6 40

AITL 2 13 5 33

NKTCL 0 0 1 7

EATCL 1 6 1 7

ALCL 6 38 2 14

ALK+ 2 13 0 0

ALK—- 0 0 2 14

ALK status unknown 4 25 0 0
IPI 0.07
Low or low-intermediate 6 38 11 73

Intermediate or intermediate-high 10 63 4 27
Presence of “B” symptoms 9 56 8 53 1.00
BM involvement 5 31 3 20 0.69
Disease status at the moment of salvage therapy 0.47
Relapse after CR 4 25 8 53

PR 4 25 2 14

PD 8 50 5 33
Antitumor response

OR 11 69 3 20 0.011
OR <12 months 2 13 0 0 -
CR + CRu 6 38 1 7 -
PR 5 31 2 13 -
VGPR 1 6 - —
PD 5 31 12 80 -
Peripheral blood stem cell mobilization

Successful attempts 21/21 100 8/10 80 -
Median CD34+ cell count harvested (x 106/kg bw) 7.2 9.1 0.42

DexaBEAM dexamethasone, carmustine, etoposide, cytarabine, melphalan; /CE ifosfamide, cytarabine, etoposide; LDH lactate dehydrogenase;
ULN upper limit of normal; /P/ International Prognostic Index; BM bone marrow; OR overall response (CR and PR); CR complete response; CRu
unconfirmed CR; PR partial response; VGPR very good partial response; PD progressive disease; bw body weight

—0.2-40.2 %; P=0.01). Both CR (38 %; 95 % confidence = —6.0—19.6 %; P=0.08) and PR rates (31 vs. 13 %, P=0.39)
interval 13.8-61.2 %; vs. 7 %; 95 % confidence interval ~ were higher in patients treated with DexaBEAM as
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compared to the ICE regimen. One patient (6 %) achieved
very good partial response (VGPR) after DexaBEAM regi-
men. In contrast, SD and PD after first salvage therapy were
observed in 31 % in the DexaBEAM group and 80 % in the
ICE group (P=0.01). Among the patients with ALK+ ALCL
or ALCL with unknown ALK status representing a sub-
group with potentially more favorable prognosis in the
DexaBEAM group, three patients achieved OR (CR, one
patient; PR, two patients), whereas PD was observed in
three patients. Exclusion of patients with ALK+ ALCL
and ALCL with unknown ALK status did not change the
results. OR was achieved after first salvage therapy by 80 %
(95 % confidence interval 55.2—-104.8 %) of these patients in
the DexaBEAM group as compared to 20 % in the ICE
group (P=0.005). Again, both CR (50 %, 95 % confidence
interval 19.0-81.0, vs. 7 %; P=0.023) and PR rates (30 vs.
13 %, P=0.358) were higher in patients treated with
DexaBEAM as compared to the ICE regimen.

HDT with ASCT could be administered in 8 of 11 pa-
tients with response to DexaBEAM salvage therapy and in
all 3 patients with response to ICE salvage therapy. All 12
patients not responding to ICE salvage therapy were
switched to DexaBEAM third-line therapy. Interestingly,
59 % of these patients (n=7) achieved CR (33 %, n=4) or
PR (25 %, n=3), and six of these patients were then referred
to HDT/ASCT. In contrast, three patients with response
failure after DexaBEAM first salvage regimen were
switched to ICE third-line therapy. One of these patients
achieved PR, but HDT/ASCT could not be performed due to
reduced performance status, and the patient finally experi-
enced PD. The two other patients did not achieve any
measurable response after ICE third-line therapy and could
not be treated with HDT/ASCT.

Survival

Among all 16 patients treated with DexaBEAM as first
salvage regimen, median PFS from the start of salvage
therapy was 6.4 months (95 % confidence interval 8.6 to
32.3 months). Median PFS among all 15 patients treated
with ICE as first salvage regimen was significantly shorter
(2 months; 95 % confidence interval 0.03 to 15.8 months; P
=0.01) (Fig. la). Two-year PFS was 40 % in the
DexaBEAM group and 7 % in the ICE group (P=0.04).
OS was not significantly different between the two groups.
Median OS was 22.8 months in the DexaBEAM group
(95 % confidence interval 17.4 to 50.5 months) and 29.
8 months in the ICE group (95 % confidence interval 20.3
to 57.3 months; P=0.72) (Fig. 1b). Four-year OS was 33 %
in the DexaBEAM group and 43 % in the ICE group (P=0.
26). For all patients proceeding to ASCT, OS was not
different irrespective of first-line salvage therapy (data not
shown). Patients receiving HDT and ASCT had a median

relapse-free survival of 23.4 months and median OS of 37.
3 months. Three-year OS of all patients receiving
HDT/ASCT was 50 %.

Adverse events

Adverse events related to either DexaBEAM or ICE chemo-
therapy are listed in Table 2. The major adverse event after
both regimens was myelosuppression. One patient in the
DexaBEAM group died due to sepsis in CR after
HDT/ASCT. Toxicity was further increased for patients
receiving DexaBEAM third-line chemotherapy after ICE
salvage regimen, with longer duration of chemotherapy-
induced neutropenia, 100 % leukocytopenia, and thrombo-
cytopenia of WHO grade III/IV, 85 % anemia of WHO
grade III and IV, and increased occurrence of mucositis of
all WHO grades, most likely due to cumulative toxicity of
the different chemotherapy regimens (data not shown).
Altogether, adverse events after both salvage chemotherapy
regimens were manageable, even after third-line application,
and no treatment-related death occurred.

Discussion

PTCLs are often refractory to anthracyclines [3], and stan-
dard first-line chemotherapies can usually achieve long-term
survival of only 12—45 % [2]. Value of HDT and ASCT in
the first initial remission is still controversial in these pa-
tients [7, 16, 17, 27, 28]. Thus, in PTCL, two populations
are candidates for salvage treatment followed by HDT and
ASCT: patients who experience a relapse after achieving CR
and those who do not achieve CR after first-line therapy.
One large randomized trial comparing two established sal-
vage regimens in patients with relapsed or refractory aggres-
sive B cell lymphoma did not show any benefit for one or
the other regimen [19], and for relapsed or refractory PTCL,
no randomized trial or comparative analysis of any salvage
regimens has ever been reported previously. Thus, no data
are available which salvage regimen is preferable for these
patients in terms of efficacy and toxicity. Definite efficacy of
salvage therapy, however, is ultimately dependent on the
possibility to perform following HDT/ASCT. This option
in turn depends on the response rate and toxicity of the prior
salvage regimen chosen.

The present retrospective study analyzed the efficacy
and safety of two established salvage chemotherapy
regimens, DexaBEAM and ICE, prior to HDT and
ASCT, for aggressive relapsed or refractory PTCL in
two patient groups with allocation of the patient to
either regimen by coincidence. Notably, OR rate as well
as PFS in the DexaBEAM group were markedly supe-
rior compared to the ICE group. Our results do not
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strongest prognostic predictors for survival of patients
with relapsed or refractory aggressive B and T cell NHL
[14, 17, 18]. Our findings demonstrate the potential
benefit of patients with relapsed or refractory PTCL
treated with DexaBEAM salvage therapy prior to HDT
and ASCT versus patients treated with ICE salvage

Table 2 Comparison of adverse

events in patients who received Parameter Treatment group P
DexaBEAM or ICE salvage
chemotherapy DexaBEAM ICE
Number Percentage Number Percentage
No. of cycles 38 28 -
Leukocytopenia 0.08
WHO grade I + 11 1 3 4/25 16
WHO grade III + IV 37 98 21/25 84
Neutropenia <500/pL, median duration 4.9 3.9 0.03
(days/cycle)
Thrombocytopenia <0.001
WHO grade I + 11 - 9/24 37.5
WHO grade 1T + IV 37/37 100 1524 62.5
Anemia 0.28
WHO grade I + 11 23 60 18/24 75
WHO grade III + IV 15 40 6/24 25
RBC transfusions (median/cycle) 34 0.9 <0.001
Platelet transfusions (median/cycle) 2.7 0.7 <0.001
Fever in neutropenia 0.5
WHO grade I + 11 20/35 57 7 25
WHO grade III + IV 2/35 6 -
Nausea/emesis -
WHO grade [ + 11 2/36 6 8 28
Adverse events not listed were in WHO grade III + IV - -
the range of WHO grade <2. Diarrhea 0.5
ﬁ;‘?f;;fléﬁffﬁiiﬁgé’XWZ o WHO grade 1 + I1 1035 28 3 1
38; ICE, n=28). If data were not WHO grade Il + IV 2/35 6 -
available for all chemotherapy Mucositis 0.5
cycles applied, the number of WHO grade I + 11 2/36 6 2 7
evaluable cycles is indicated WHO grade III + IV 2136 6 3

RBC red blood cell
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therapy. However, our results should be considered with
caution since our data may have been influenced by the
substantial biases associated with patient allocation—this
is no prospective randomized comparison—and with
retrospective analysis of relatively small patient cohorts.
We still believe that our single-center data provide a
basis for future prospective studies of salvage chemo-
therapy regimens for relapsed or refractory PTCL.
Another potential caveat in our evaluation was the
higher incidence of patients with the potentially more
favorable entity ALCL, ALK+, and ALCL, ALK status
unknown, in the DexaBEAM group. Nevertheless, even
an exclusion of these patients did not influence the
superiority of DexaBEAM compared to ICE. The re-
sponse rate in the DexaBEAM group was also superior
to response rates to other salvage regimens for patients
with relapsed or refractory PTCL in previous reports
[29-31]. However, comparison with other studies is
difficult in most cases since most other studies included
both relapsed/refractory B and T cell lymphoma, and
numbers of PTCL patients in these studies are usually
very low.

Interestingly, of 12 patients with response failure to ICE
salvage regimen, seven patients (58 %) still responded to
DexaBEAM second salvage chemotherapy (four CR, three
PR), offering the chance of subsequent HDT and ASCT
treatment with potential cure of the disease. Thus,
DexaBEAM may still be a promising option even for
PTCL patients after failure of two chemotherapy regimens.
However, the facts that PFS is significantly better in patients
treated with DexaBEAM first salvage chemotherapy than
among those treated with ICE and that toxicity is further
increased in patients receiving DexaBEAM as second sal-
vage therapy suggests that the application of DexaBEAM as
first salvage regimen is preferable.

Adverse events were more severe in the DexaBEAM
group. However, all adverse events were manageable with
supportive therapies, and no treatment-related deaths after
salvage therapy occurred in any of the two groups.

In conclusion, taking the limitations of the retrospective
nature of the analysis and the small sample size into ac-
count, our data suggest that DexaBEAM is superior to ICE
as salvage chemotherapy for relapsed or refractory PTCL to
induce effective disease remission and to enable HDT and
ASCT. DexaBEAM may even be suitable as third-line che-
motherapy for these patients after failure of initial salvage
regimens but reduced toxicity when used as second-line
therapy seems to favor early application. However, before
a firm therapy recommendation can be made, further pro-
spective studies using larger patient cohorts and including
other salvage regimens, as well as new targeted therapies [1,
6, 32—-37] are required to establish optimal clinical strategies
for relapsed and refractory PTCL.
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