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Abstract Nodular lymphocyte predominant Hodgkin lym-
phoma (NLPHL) is a distinct subtype of Hodgkin lymphoma.
We report our results of relapsed/refractory NLPHL patients
who received high-dose chemotherapy and autogenic stem
cell transplantation (HDC auto-SCT). Seventeen NLPHL pa-
tients received HDC auto-SCT (1996–2014): male 14 and
female 3, with median age at diagnosis of 22 years, at HDC
auto-SCT 28 years (15–58 years). At the time of relapse/pro-
gression, 13 (76 %) had NLPHL and 4 (24 %) had trans-
formed diffuse large B cell lymphoma. The reason for HDC

auto-SCT was refractory NLPHL in 12 patients and relapsed
in 5 patients. Salvage chemotherapy was etoposide, methyl-
prednisolone, cisplatinum, and Ara-C (ESHAP); eight pa-
tients also received rituximab with ESHAP. HDC was
carmustine, etoposide, cytarabine, and melphalan (BEAM).
Post-auto-SCT, complete remission was achieved in 14
(82 %), partial remission in 1 (6 %), and progressive disease
in 2 (12 %) patients. The median follow-up is 63 months from
auto-SCT (6–124 months). Of the nine patients who received
only ESHAP, four had post-auto-SCT events versus no event
in all eight patients who received rituximab+ESHAP.
Kaplan–Meier estimates of 5-year event-free survival for the
whole group is 76 %: rituximab+salvage (100 %) versus sal-
vage alone (56 %), P=0.041. Overall survival is 94 %: 100
versus 89 %, respectively, P=not significant (NS). Even in
refractory NLPHL patients, long-term disease-free survival
is possible after HDC auto-SCT. Post-auto-SCT relapse or
progression can still be managed with chemo/chemo+immu-
notherapy/radiation. These encouraging results of rituximab
in salvage setting should be explored further in a clinical trial
setting for this patient population.
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Introduction

Nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL) is a relatively uncommon disease that accounts
for about 5–6 % of all Hodgkin lymphoma (HL) cases.
NLPHL is a distinct subtype of HL with unique clinicopath-
ological, morphologic, and immunohistochemical features.
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The most characteristic histological feature of NLPHL is the
presence of atypical Blymphocyte-predominant cells^ (LP
cells) or Bpop-corn^ cells in a background of non-
neoplastic and reactive nodular small mature B lymphocytes.
These LP cells are CD20-positive, CD15-negative, and
CD30-negative [1–3]. Both Revised European-American
Lymphoma (REAL) classification and subsequently the
World Health Organization (WHO) classification recognized
NLPHL as a distinguished type of HL different from classi-
cal HL [1]. According to the WHO 2008 definition, at least
a partial nodular pattern is required for the diagnosis of
NLPHL. Patients are predominantly male and mostly in
the 30–50 years age group [4, 5]. Although long-term sur-
vival is better than in classical HL, frequent relapses are
common and progression/transformation to aggressive non-
Hodgkin lymphoma (NHL) is a concern [2, 3, 6–8]. Due to
the presence of CD20-positive cells, rituximab has been
tried for these patients at different disease statuses with var-
iable success [9, 10]. Due to the relatively small number of
cases, most of the information is gained from a small series
or subset analysis of larger HL reports. Furthermore, the role
of high-dose chemotherapy and autogenic stem cell trans-
plantation (HDC auto-SCT) in relapsed and refractory
NLPHL is not well reported due to paucity of data. We
present our results of patients with NLPHL who underwent
HDC auto-SCT with and without rituximab-containing sal-
vage chemotherapy.

Patients and methods

The Institutional Research Advisory Council approved this
retrospective study. The details of methodology were fully
explained in our previous report [11]. All HL patients with
relapsed or primary refractory NLPHL who underwent HDC
auto-SCT from 1996 to 2014were reviewed. All patients were
staged according to Ann Arbor/Cotswolds modification stag-
ing system. International Working Group response criteria
were used for response [12]. Refractory disease is defined as
partial response (PR), no response (NR), stable disease (SD),
progressive disease (PD), or relapsing within 3 months of
finishing the planned treatment [11]. Refractory relapse is de-
fined as any relapsed disease that did not respond to salvage
chemotherapy and required second line of salvage therapy.
Kaplan–Meier method was used for overall survival (OS)
and event-free survival (EFS) analysis from day 0 of auto-
SCT. Event is defined as post–HDC auto-SCT presence of
disease, relapse, progression, or death from any cause. All
cases were discussed and reviewed in the combined lympho-
ma conference (medical oncologist, radiation oncologist, radi-
ologist, and hematopathologist) and approved in the transplant
meeting for HDC auto-SCT.

Results

From 1996 to December 2014, 306 patients with relapsed/
refractory HL received HDC auto-SCT. Nineteen of those
patients had primary diagnosis of NLPHL (representing
6.2 % of total HL patients who underwent HDC auto-SCT).
Two patients are excluded from the analysis as they were
transplanted only a few weeks ago. All analysis is for 17
patients: male 14 (82 %) and female 3 (18 %). Median age
at diagnosis was 22 years (10–54 years) and at HDC auto-SCT
28 years (15–58 years). At initial presentation, patients were at
stages I/II/III/IV, 2:6:5:4 respectively. First-line chemotherapy
was administered in 16 patients (94 %), while only 1 patient
(6 %) had radiotherapy (XRT) alone. Primary treatment was
adriamycin, bleomycin, vinblastin, and dacarbazine (ABVD)
for 14 (82 %) patients. One patient received mechlorethamine
, vincristine, procarbazine, and prednisone (MOPP), and one
patient had rituximab+cyclophosphamide, adriamycin, vin-
cristine, and prednisone (CHOP) and so received XRT alone.
Three patients also had XRT after chemotherapy. Thirteen
patients (76 %) had tissue confirmation at relapse/
progression prior to salvage chemotherapy: 8/12 with refrac-
tory and 5/5 with relapsed disease had biopsy.

Six patients received >1 line of salvage chemotherapy.
Three patients with first relapse were not responding to first-
line salvage and required second-line salvage chemotherapy.
Two patients had disease refractory to both primary chemo-
therapy and first-line salvage and received second-line salvage
before HDC auto-SCT. One patient with frequent relapses
received HDC auto-SCT for third relapse. The reason for
HDC auto-SCT was primary refractory disease in ten, first
relapse in six (two of them had refractory relapse), and third
relapse in one patient. Overall, 12 patients had HDC auto-SCT
for refractory and 5 for relapsed disease.

At the time of relapse/progression, prior to starting salvage
chemotherapy and HDC auto-SCT, 13 (76 %) had NLPHL
and 4 (24 %) had transformed diffuse large B cell lymphoma
(DLBCL; 2 had DLBCL and 2 had T cell histiocytic rich B
cell lymphoma type). The reason for HDC auto-SCT was re-
fractory NLPHL in 12 patients: PD (4), PR (4), relapse within
3 months after initial chemotherapy (2), and refractory relapse
in 2 patients. Five patients had relapsed disease. Prior to sal-
vage chemotherapy, stages I/II/III/IV were 2:4:6:5 respective-
ly. Detailed patient’s characteristics are shown in Table 1.
With respect to the number of salvage regimens used before
auto-SCT, 11 patients had only one line of salvage chemother-
apy (primary chemotherapy therapy followed by salvage), 5
with two salvage chemotherapy (one primary and two lines of
salvage), and only 1 with three lines of salvage prior to HDC
auto-SCT. Etoposide, solumedrol, cisplatinum, and Ara-C
(ESHAP) as salvage chemotherapy was used in 16/17 pa-
tients: as first-line salvage in 11 (65 %), second-line in 0,
and third-line in 5 (29 %); median number of ESHAP cycles
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given were 3 (1 patient 14 years of age had pediatrics version/
doses of ESHAP). Eight patients also received rituximab with
ESHAP (one dose in one, three doses in five, and four doses in
two patients as rituximab+ESHAP).

Response to salvage chemotherapywas PR in seven patients
(41 %) and CR in ten patients (59 %). We observed 75 % CR
(6/8 patients) after salvage chemotherapy/prior to HDC in
patients who received rituximab+ESHAP as compared to
44 % (4/9 patients) with non-rituximab-based salvage chemo-
therapy. All patients had carmustine, etoposide, cytarabine, and
melphalan (BEAM) as conditioning regimen [11, 13]. Neutro-
phil (10 days, range 8–20 days) and platelet engraftment
(16 days, range 10–28 days) were the same as reported before
for 168 patients [13]. There was no treatment-related mortality,
any myelodysplasia/leukemia, or second cancer in this cohort
so far. Post-auto-SCT overall response was observed in 15 pa-
tients (88 %), CR or CR-unconfirmed in 14 (82 %), PR in
1 (6 %), and progressive disease in 2 (13 %). Six (38 %) pa-
tients had XRT post–HDC auto-SCT, for consolidation post-
CR in four patients, and one each for eradication of residual
disease and for palliation in a patient with rapid PD. Of the nine
patients who received ESHAP without rituximab, four of them
had post–HDC auto-SCT disease specific events (persistent
disease in one, relapsed in one, and PD in two patients) as
compared to no event in eight patients who received rituxi-
mab+ESHAP. Currently, 16 (94 %) patients are alive, 15 with
no evidence of disease, and only 1 with disease (on observation
for slowly progressive disease for 8 years). One patient with
transformed DLBCL had rapidly progressive disease post–
HDC auto-SCT and received only palliative XRT and died
shortly. One patient with persistent disease received XRT and
went into CR. One patient had slowly progressive disease for
the last 8 years and is on observation only. One patient who had
HDC in 2005 relapsed three times after HDC: at first relapse
received gemcitabine+rituximab and went into CR; at second
relapse received rituximab×8 doses and XRT and went into
CR; at third post–HDC relapse, he received rituximab+COPP,
went into CR and currently on maintenance rituximab. Median
follow-up is 63 months from auto-SCT (9 to 124 months),
rituximab+salvage with 65 months follow-up (9 to 121
months, except for one patient, all with >60 months of fol-
low-up), and salvage alone with 73 months (36 to 124months).
In our institution, routine use of fluorodeoxyglucose–positron
emission tomography (FDG-PET) after salvage chemotherapy
started in 2005. Ten out of 17 patients also had FDG-PET after
salvage chemotherapy; 2 patients had positive FDG-PET after
salvage and 1 of them had PD. Eight patients had negative
FDG-PET, and no disease-related event was observed in these
patients. Kaplan–Meier estimates of 5-year event-free survival
for the whole group is 76 % (rituximab+salvage vs salvage
alone is 100 vs 56 %, P=0.041) and overall survival is 94 %
(rituximab+salvage vs salvage alone is 100 vs 89 % respec-
tively, P=not significant (NS)).

Table 1 Patient’s characteristics at diagnosis and prior to salvage
chemotherapy and outcome after HDC auto-SCT

Characteristics at diagnosis

No. of patients Percentage

Gender

Male 14 82

Female 3 18

Median age (years (range)) 17 22 (10–54)

Stage:

I and II 8 47

III and IV 9 53

First-line treatment

Chemotherapy:

ABVD 14 82

MOPP 1 6

R-CHOP 1 6

Radiotherapy alone 1 6

Radiotherapy after chemotherapy 2 12

Number of salvage chemotherapy:

One line 11 65

Two lines 5 29

Three lines 1 6

Characteristics at relapse/progression/prior to salvage therapy

Age at auto-SCT

Median (range) 17 28 (15–58 years)

Histology at transplantation:

NLPHL 13 76

Transformed to TCRBCL 2 12

Transformed to BLBCL 2 12

Disease status:

Relapsed disease 5 29

Refractory disease 12 71

Stage:

I and II 6 35

III and IV 13 65

Extranodal involvement 5 29

Spleen involvement 8 47

Bulky disease 2 12

Mediastinal involvement 6 35

B symptoms 1 6

ESHAP as salvage 16 94

R-ESHAP 8 47

ESHAPa 9 53

Response to salvage

CR 10 59

PR 7 41

ABVD adriamycin, bleomycin, vinblastin, and dacarbazine, MOPP
mechlorethamine, vincristine, procarbazine, and prednisone, rituxi-
mab+CHOP cyclophosphamide, adriamycin, vincristine, and and pred-
nisone,DLBCL diffuse large B cell lymphoma, TCRBCLTcell histiocytic
rich B cell lymphoma, PR partial response, NR no response, SD stable
disease, PD progressive disease, CR complete remission, ESHAP
etoposide, solumedrol, cisplatinum, and Ara-C
aOne patient with IMVP-16 (ifasfamide, methotrexate, etoposide)
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Four patients had transformed DLBCL. Two of them had
relapsed disease, one had rituximab-based salvage, and both
are alive. Two patients had refractory disease; one patient had
rituximab-based salvage and is alive, and the other patient

rapidly progressed and died. Overall, three out of four trans-
formed patients are alive.

We also compared the outcome of NLPHL with our 272
relapsed/refractory HL and 143 aggressive non-Hodgkin

Table 2 Disease status after
HDC auto-SCT and event free
survival and overall survival
probability of various groups

Disease status after HDC auto-SCT

No. of patients Percentage

Complete remission after HDC 14 82

Partial remission after HDC 1 6

Progressive disease after HDC 2 12

Relapse after HDC 1 6

Radiation therapy after HDC 6 35

Event-free survival (%) Overall survival (%)

Whole group (17 NLPHL patients) 76 94

Salvage alone 56 89

Rituximab+salvage 100 100

Hodgkin lymphoma (272 patients) 56 67

Aggressive non-Hodgkin lymphoma (143 patients) 61 63

HDC auto-SCT high-dose chemotherapy and autologous stem cell transplantation

Fig. 1 Five-year Kaplan–Meier probability of a event-free survival and b
overall survival of different NLPHL patients groups. Five-year c event-
free survival and d overall survival of NLPHL, aggressive non-Hodgkin

lymphoma (143 patients), and Hodgkin lymphoma (272 patients)
transplanted from 1996 to 2013
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lymphoma who had HDC auto-SCT during the same time
period. Five-year disease-specific EFS was 76 versus 56 ver-
sus 61 % (P=0.52), and disease-specific OS was 94 vs 67 vs
63 % (P=0.07), respectively (Table 2 and Fig. 1). Despite the
small sample size, we can discern a clear trend favoring supe-
rior OS of NLPHL patients. The outcomes of patients with
NLPHL with a disease event after HDC auto-SCT (persistent
disease, relapse, progression) were significantly different as
compared to relapsed/refractory HL and aggressive non-
Hodgkin lymphoma. One out of 4 (25 %) NLPHL patients
died after an event as compared to the fact that 87/117 (75 %)
HL and 44/52 (85 %) with aggressive non-Hodgkin lympho-
ma patients died after having post–HDC auto-SCT persistent
disease, relapse, or progression (P=0.002). However, these
numbers are too small to make a concrete interpretation.

Discussion

HDC auto-SCT is a well-established treatment modality for
relapsed and refractory HL. The role of HDC auto-SCT in
relapsed and refractory NLPHL is not well reported due to
the small number of patients, making it difficult to conduct a
prospective trial or to even perform a retrospective analysis of
a large cohort of NLPHL patients who underwent HDC auto-
SCT. Limited studies have reported a selected number of
NLPHL cases alone or as a part of classical HL patients who
underwent HDC auto-SCT [14–18]. We are reporting our co-
hort of 17 patients, representing 5.55 % of all HLs
transplanted in our institution. Unlike other reports, where
many patients were heavily pretreated, most of our patients,
as shown in Table 1, are minimally pretreated and two thirds
after primary chemotherapy failure received salvage chemo-
therapy and HDC. Furthermore, only 35 % of the patients had
two ormore lines of salvage chemotherapy prior to HDC auto-
SCT. Despite these high risk characteristics, long-term overall
survival is extremely encouraging and only one patient had
died of disease. Rituximab was also used in eight patients
(from 2004 to 2014) with salvage, and we observed 75 %
CR after rituximab+salvage chemotherapy as compared to
44 % with non-rituximab-based salvage chemotherapy (P=
NS due to small sample size).

Jackson et al. [14] reported eight patients who received
HDC auto-SCT and only three (37.5 %) remained in CR after
a median follow-up of 39.2 months (range 28.6–138.5). Of
these three patients who are in CR, two patients received
rituximab-based salvage and their CR duration is 28 and
50months. They also reported encouraging result of rituximab
as second to sixth line without HDC auto-SCT in ten patients
of whom six are in CR. Karuturi et al. [15] reported a large
series of 26 patients and reported 5-year OS and EFS of 76 and
69 %, respectively. Eleven patients received rituximab in sal-
vage setting and nine in conditioning regimen before HDC.

Separate analysis of rituximab+salvage/conditioning is not
provided. Basioli et al. [16] reported 16 patients; 9 of them
had HDC auto-SCT after histological transformation. Patients
with histological transformation treated with and without
HDC auto-SCT had no significant difference in outcome
(most likely due to small sample size). They also reported
21 patients who received rituximab, 1 during first line, 13
during second, and 7 during third or later treatment. Separate
analysis of rituximab in any setting is not provided. Patients
with histological transformation at relapse had significantly
inferior outcome as compared to patients who had NLPHL
diagnosis at relapse (P=0.006). Bierman et al. [17] reported
19 patients who underwent HDC auto-SCT for relapsed and
refractory NHPHL from 1987 to 2002. He also compared their
outcome with 229 nodular sclerosis HLs during the same time
period. Five-year progression-free survival for NLPHL (40%)
was similar to that for nodular sclerosis HL patients (39 %).
Five-year OS was also similar, 56 versus 53 %, respectively.
Rituximab was not used in this study. Xing et al. reported
seven NLPHL patient cases that underwent HDC auto-SCT,
but details are not provided [18].

These reports, along with our data, highlight that for patients
with NLPHL, even with refractory disease or after multiple
relapses, long-term disease-free survival is possible after HDC
auto-SCT. Although only a limited number of patients received
rituximab, results are encouraging and rituximab has shown
promising results. These results should be interpreted with cau-
tion due to selection bias and very small sample size of most
reports. Integration of rituximab in salvage setting should be
explored further in this unique set of patient population. Post–
HDC auto-SCT relapse or progression can still be managed
with chemotherapy/chemotherapy+immunotherapy.
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