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Abstract

Purpose of review—Chemotherapy remains the first line therapy for aggressive lymphomas.
However, 20-30% of patients with non-Hodgkin lymphoma (NHL) and 15% with Hodgkin
Lymphoma (HL) recur after initial therapy. We want to explore the role of high dose chemotherapy
(HDT) and autologous stem cell transplant (ASCT) for these patients.

Recent findings—There is some utility of upfront consolidation for high risk/high grade B cell
lymphoma, mantle cell lymphoma and T cell lymphoma but there is no role of similar intervention
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for HL. New conditioning regimens are being investigated which have demonstrated an improved
safety profile without compromising the myeloablative efficiency for relapsed or refractory HL.

Summary—Salvage chemotherapy followed by HDT and rescue autologous stem cell transplant
remains the standard of care for relapsed/refractory lymphoma. The role of novel agents to
improve disease-related parameters remains to be elucidated in frontline induction, disease
salvage, and high dose consolidation or in the maintenance setting.
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Introduction

In 2016, approximately over 80,000 cases of lymphoma were diagnosed in the United States
with just over 20,000 lymphoma related deaths during the same period [1]. Chemotherapy
remains the first line standard of care for aggressive lymphomas. Roughly 20-30% of
patients with non-Hodgkin lymphoma (NHL) will not be able to achieve a complete
remission (CR) with standard induction like R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone) [2]. For relapsed or refractory (R/R) NHL patients,
use of a salvage chemotherapy (ST) regimen and high dose chemotherapy (HDT)
consolidation with use of autologous stem cell transplant (ASCT) can be curative [3,4].
Evidence for the utility of HDT comes from a study by Philip et al. (1995) comparing ST to
HDT followed by ASCT in patients with high grade lymphoma of both B-cell and T-cell
subtypes. After a 5-year follow-up, overall survival (OS) was 53% in the HDT/ASCT group
compared to 32% in the ST group (P value = 0.038) [3]. Several investigators have looked at
the use of upfront ASCT consolidation in aggressive NHL [5,7]. In a study of
chemosensitive HL patients in their first relapse, by Schmitz et al. (2002) showed 55%
patients randomized to ASCT were disease free at 3-years compared to 34% of patients who
received aggressive conventional chemotherapy (CHT) alone but there was no difference in
OS [4]. Upfront consolidation was attempted in advanced HL [8,9] but without OS
advantage. For high-risk HD in the primary refractory setting, tandem transplant has been
evaluated with limited success [10].

The role of ASCT in T-cell lymphoma (TCL); however, is less defined due to lack of
sufficiently powered randomized controlled trials (RCTSs). In a prospective phase 11 study by
D’Amore et al. (2012), systemic peripheral T cell lymphoma (PTCL) patients were treated
with CHOEP-14 (CHOP with the addition of etoposide) or CHOP-14 (for patients older than
60). Patients consolidated with HDT/ASCT on intention to treat analysis showed a 5-year
OS of 51% [11]. Transplantation in first complete response (CR1) also appears to have
better progression free survival (PFS) and OS [12]. Ina T cell lymphoma study by
Beitinjaneh et al. (2015) patients received ASCT or allogeneic transplant (Allo-SCT) in
frontline setting and 76 patients received transplants after first relapse. The ASCT patients
received BEAM (carmustine, etoposide cytarabine, and melphalan) conditioning while the
allo-SCT patients received various conditioning regimens and found a higher 4-year OS and
PFS in patients who received stem cell transplant (SCT) (either autologous or allogeneic) in
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CR1. Patients with chemotherapy sensitive disease who achieved a CR with ASCT had an
84% 4-year survival compared to 44% with patients who had partial response (PR). There
are several trials that continue to evaluate the role of ASCT or allo-SCT [13,14] as well as
tandem transplantation [15] for aggressive lymphoma. In a study by Taverna and colleagues
(2016) relapse prevention strategies after ASCT consolidation were reviewed in great detail
[16]. In this brief review, we will focus on the current trends and evidence for the use of
HDC and ASCT for NHL, HL and PTCL.

A. B-Cell non-Hodgkin lymphoma

In 2016, 86% of all lymphoid malignancies diagnosed were expected to be B-cell NHL.
Diffuse large B-cell lymphoma (DLBCL) being the most common subtype [17]. Depending
on the specific subtype, survival rates vary from 5-year survival of 83%—-91% for patients
with marginal zone lymphoma down to 44%-48% for patient with Burkitt lymphoma [17].
While over 50% of patients with DLBCL can be cured with R-CHOP chemotherapy, another
30-40% can develop R/R disease [18]. Induction therapy for patients with DLBCL mainly is
R-CHOP [19]. A subset of patients with aggressive DLBCL (i.e. “double-hit” lymphomas,
dual expression of MYC and BCL2) may benefit from an alternative intensive regimen like
DA-EPOCH-R (dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide,
doxorubicin, and rituximab). In a study by Wilson et al. (2012), investigators compared R-
CHOP and DA-EPOCH-R in a phase 11 study and found DA-EPOCH-R compared favorably
with R-CHOP especially for the treatment of germinal center B-cells (GCB) DLBCL [20]. A
Phase 111 study (n=524) presented at 2016 American Society of Hematology (ASH) annual
meeting, comparing these regimens found no difference in event-free survival (EFS) or OS;
however, further molecular analysis among subtypes is still pending [21].

Role of Upfront high dose consolidation with ASCT for aggressive B Cell
lymphoma—Stiff and colleagues (2013) explored HDT/ASCT as consolidation therapy for
aggressive NHL patients (high-intermediate/high-risks defined by the age-adjusted
International Prognostic Index-aalPl, performance status 2 to 4, stage I11 or IV, and elevated
LDH) in a randomized phase I11 trial and did not find any benefits in OS albeit improvement
in PFS [22]. In a prospective study by Tarella et al. (2007) with 112 DLBCL patients with
aalPI score of 2 to 3 who received HDT/ASCT found over 80% of patients reached clinical
remission with a 4-year OS projected at 76% and EFS of 73% [23]. A phase Il study
performed by Vitolo et al. (2009) compared the addition of rituximab to HDT/ASCT to
those without rituximab in patients with untreated, IPI high-intermediate/high-risks DLBCL
and found 4-year OS were 80% and 54%, respectively [24]. Kim et al. (2016) published a
retrospective study to assess the effect of upfront ASCT in patients with advance-stage
DLBCL of different molecular classification (GCB versus non-GCB) and found significant
OS and PFS benefits within the ASCT group compared to the non-ASCT group [25]. In the
non-ASCT group, patients had poorer outcome in the non-GCB subtype while there were no
significant differences between the two subtypes in the ASCT group. The authors suggest
upfront ASCT consolidation may be superior for treatment of selected non-GCB subtype
high-risk lymphomas. Upfront HDT/ASCT for high risk DLBCL in CR1 may provide better
outcomes [26]. This is a rapidly evolving area and future research studies will help clarify
indications for frontline consolidation [27,28].
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Role of high dose chemotherapy consolidation with ASCT for relapse and
refractory Non-Hodgkin lymphoma—In patients with R/R DLBCL, the standard of
care is salvage chemotherapy followed by HDT/ASCT. The PARMA study a significant 5-
year OS benefit (53% vs. 32%, P = 0.038) in patients who were chemotherapy-sensitive and
received consolidation with ASCT compared to those without consolidation [3]. DHAP
(dexamethasone, high-dose cytarabine, and cisplatin) ST was used prior to consolidation.
Studies using various ST regimens such as R-DHAP (rituximab plus DHAP) [29], ICE
(ifosfamide, carboplatin, and etoposide) [30], R-ICE (rituximab plus ICE) [31], GDP
(gemcitabine, dexamethasone, and cisplatin) [32¢] and R-GEMOX (rituximab, gemcitabine,
and oxaliplatin) [33] were done in order to maximize response rate and potential gain in OS.
In the multicenter phase 111, CORAL study, R-ICE and R-DHAP were tested against each
other, and R-ICE failed to show superiority over R-DHAP. A follow up study using a subset
of the CORAL data by Thieblemont et al. (2011) showed cell-of-origin (COQ) influence
response to ST and specifically they found R-DHAP is superior to R-ICE in GCB subtype
DLBCL [34]. In a study by Crump et al. (2014), GDP was found to be non-inferior to
DHAP in terms of response and survival rates with less toxicity [32¢].

Conditioning regimen and its impact on outcome is an area of great interest [35].
Historically, BEAM (BCNU, etoposide, cytrabine, melphalan) regimen is commonly used in
USA. A study by Chen et al. (2015) with 4917 patients and their HDT regimens included
BEAM, CBV!%" (cyclophosphamide, carmustine less than 300 mg/m2, and etoposide),
CBVNigh (carmustine greater than 300 mg/m2), and Bu/Cy (busulfan and cyclophosphamide)
prior to ASCT [36¢]. In patients with DLBCL, CBVMid" had worse outcomes compared to
the other regimens and also had increase rates of toxicities such as Idiopathic pulmonary
syndrome (IPS). Another study combined a radioactive conjugate B-BEAM (iodine-131
tositumomab and BEAM) and compared it to R-BEAM (rituximab plus BEAM) and found a
similar 2-year PFS and OS in patients with chemotherapy-sensitive relapsed DLBCL [37]. A
meta-analysis by Auger-Quittet et al. (2014) looking at Z-BEAM (Zevalin (yttrium-90
ibritumomab tiuxetan)) showed a 2-year OS of 84.5% [38].

Role of upfront ASCT with HDT for Double and triple hit lymphoma—High-grade
B-cell lymphomas with MY C and BCL2 and/or BCL6 oncogene rearrangement (MYC/
8924, BCL2/18g21 and/or BCL6/3q 27 detected by FISH, or Cytogenetics) is termed
Double-hit (DT) or Triple-hit (TH) (for three rearrangements) lymphoma, and have poor
prognosis with R-CHOP induction (median OS 12 months or less). Role of intensive
induction such as R-CODOX-M/IVAC (rituximab, cyclophosphamide, vincristine,
doxorubicin, methotrexate/ifosfamide, etoposide cytarabine), R-Hyper CVAD/MA
(rituximab, cyclophosphamide, vincristine, doxorubicin, dexamethasone/methotrexate,
cytarabine) DA-EPOCH-R (Rituximab with dose-adjusted etoposide, prednisone,
vincristine, cyclophosphamide, and doxorubicin) and high dose consolidation was explored
in a retrospective study by Petrich et al. (2014). DA-EPOCH-R resulted in significantly
higher rates of CR and with respect to R-CHOP, intensive regimens showed significantly
improved PFS. Those patients who achieved CR to frontline therapy, median OS was similar
for observed vs consolidation SCT of any type (median OS not reached; P =.14) [39]. In a
study by Landsburg et al. (2016) patients who were not treated with intensive induction, they
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appear to benefit from high dose consolidative ASCT, while patients who receive intensive
induction did not show benefit from upfront consolidative ASCT [40].

Role of upfront ASCT with HDT for Mantle cell lymphoma (MCL)—Intensive
induction and upfront consolidation is routinely offered to patients with aggressive MCL.
Dreyling et al. (2005) reported data on prospective randomized study with advanced MCL
cohort and after induction with CHOP like regimen; patients received either HDC/ASCT or
received maintenance with interferon (IFN). Patients in the HDC/ASCT arm who got
chemotherapy based mobilization and total body irradiation (TBI) 12 Gray (Gy)/Cy
(cyclophosphamide) based pre-transplant conditioning experienced a significantly longer
PFS (median of 39 months vs. 17 months) [41]. A long-term follow-up of this study was
reported at ASH 2009 by Hoster, et al (2009) that included the Dreyling et al. (2005) trial
and two other trials studying Mantle cell patients. They evaluated 180 patients with MCL, 80
treated with R-CHOP, 78 with ASCT (56 received CHOP without ASCT, 46 CHOP with
ASCT, 44 R-CHOP without ASCT, 34 R-CHOP with ASCT). Of the patients analyzed 71%
were low risk, 22% were intermediate risk and 6% were high risk, median follow up
duration was 63 months. Median overall survival was 54 months with CHOP without ASCT,
66 months after R-CHOP without ASCT, 90 months after CHOP with ASCT, and median
OS was not reached in R-CHOP with ASCT with the hazard ratio for OS for rituximab was
0.7 (p = 0.14) and 0.63 for ASCT (p = 0.0379). They concluded that the addition of ASCT
and rituximab increased the response duration and overall survival [42]. Hermine et al.
(2016) randomized 500 MCL patients to R-CHOP vs R-CHOP alternate with R-DHAP and
showed better disease control in cytarabine containing induction group after six-year median
follow up. Unlike data on DH Lymphoma, R-CHOP based inferior induction response was
not neutralized by the use of upfront high dose consolidation with TBI/Cy based
consolidation [43]. Nordic Lymphoma Group MCL2 study updated results (2012) of upfront
intensive induction and ASCT using BEAM or BEAC (carmustine, etoposide, araC,
cylcophosphamide) regimen showed median EFS of 7.4 years but ongoing relapse were
reported beyond 5 years [44].

B. Hodgkin lymphoma (HL)

HL is a rare malignancy of B-lymphocytes and accounts for 0.5% of all malignancies.
According to 2016 projections, 8500 cases were diagnosed with HL in United States and
1120 were expected to die of disease [1]. Approximately 80% cases of newly diagnosed HL
are curable with combination chemotherapy ABVD (Doxorubicin, Bleomycin, Vinblastine,
Dacarbazine) followed by 20-30 Gy involved field radiation in selected subset of patients
[45]. Despite highly active frontline treatment, 5-10% of HL patients are primary refractory
or 10-30% HL patients relapse after achieving an initial CR [46].

Role of Upfront Consolidation in Hodgkin Lymphoma—In a study by Federico, M.
et al. (2003) [9], the role of HDT (BEAM and CVB) followed by ASCT vs. CHT (four
additional courses of the same CHT used in induction phase) as frontline therapy for
advance HL patient (according to Strauss-derived system) was evaluated [47] and found no
benefit of early intensification with HDT/ASCT. In a study by Carella, A.M. et al (2009)
[48], the results of extended follow up of above mentioned study showed 10-year OS were
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85% (95% CI,78-90) and 84% (95% ClI,77-89) for patients who underwent HDT-ASCT or
CHT respectively without significant difference (p=0.7). 10-year relapse free survival (RFS)
and failure free survival (FFS) were 88% (95% ClI, 81-95), 79% (95% CI, 72-85) vs. 89%
(95% ClI, 83-93), 75% (95% ClI, 67-82) for HDT/ASCT and CHT respectively (p=0.7-0.8).
Authors concluded that patients responding to initial CHT, the consolidation with HDT/
ASCT is not superior, most importantly findings confirm that consolidation therapy should
not be offered.

Salvage Chemotherapy (ST) for relapsed Hodgkin Lymphoma—ST followed by
HDT/ASCT has been the standard of care for R/R HL. Outcome of consolidation ASCT
depends on response to ST, assessed by 18F-fluorodeoxyglucose (FDG) PET/CT scan. Pre-
transplantation PET negativity is one of the strongest predictor of HDT/ASCT outcome [49].
Choice of optimal ST is unclear and is chosen on the bases of individual patient [50¢].
Salvage ICE has shown overall response rate (ORR) of 80% and CR of 50% [51]. Other
options for ST include DHAP and ESHAP (etoposide, methylprednisolone, high dose ara-C,
cisplatin) with comparable responses to ICE chemotherapy. GVD (gemcitabine, vinorelbine,
and doxorubicin) showed ORR of 70% with 19% CR [52]. IGEV (ifosfamide, prednisolone,
gemcitabine, and vinorelbine) demonstrated ORR 81.3% with 54% CR and 27.5% PR [53].

Two landmark RCTSs, the British National Lymphoma Investigation (BNLI) in 1993 [54] and
The joint German Hodgkin Study Group (GHSG)/European Group for Blood and Marrow
Transplantation (EMBT) HD-R1 trial in 2002 [4] compared the HDT (BEAM with 300
mg/m2 carmustine) followed by ASCT vs. CHT (mini-BEAM: 60 mg/m2 carmustine in
BLNI, Dexa-BEAM in HD-R1) and showed significant benefit of HDT/ASCT for EFS and
freedom from treatment failure (FFTF) however there was no significant OS benefit. In a
meta-analysis of above two trials by Rancea et al. (2013) [55] utilizing the median follow-up
of 34 and 83 months from BNLI and HD-R1 respectively, showed significant improvement
of PFS in patients who were treated with HDT/ASCT compared to CHT group (Hazard ratio
[HR] 0.55; 95% CI 0.35-0.86, P value = 0.009). However, data failed to show a statistically
significant difference for OS between HDT/ASCT and CHT (HR 0.67; 95% CI 0.41-1.07, P
=.1). There was a trend towards better OS but data was not sufficiently powered.

Role of conditioning chemotherapy consolidation with ASCT for relapsed
Hodgkin lymphoma—BEAM was adopted as conditioning regimen since HDT/ASCT
showed superiority over CHT in R/R setting [4,54]. Prior studies showed that higher doses
of BCNU increase risk of pulmonary toxicity as high as 35% [56,57]. In an effort to reduce
pulmonary toxicity, Arai et al. (2010) conducted a phase I/11 study of conditioning regimen
using gemcitabine along with vinorelbine (gemcitabine maximum tolerated dose 1250
mg/m2) [58]. The incidence of BCNU-related toxicity was 15% with this regimen (CI 9 to
24%). Two-year freedom from progression (FFP) and OS were 71% (CI 6 to 81%) and 83%
(CI1 75 to 91%) respectively. According to the center for international blood and marrow
transplant research (CIBMTR) large retrospective registry data of 4917 lymphoma patients
(HL = 1012, NHL = 3905), BEAM and CBYV continued to be two most commonly used
conditioning regimens before ASCT [36¢]. In that study, three-year PFS/OS were 62/79%,
60/73% and 57/68% for BEAM, CBV!W and CBVd" respectively. IPS incidence after one
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year of ASCT was 3% for BEAM/CBV!W and 6% for CBV9N. In a prospective study by
Musso et al. (2016), conditioning with FEAM (fotemustine substituted for BCNU,
etoposide, cytarabine, melphalan) for R/R HL [59] resulted in 2-year PFS of 73.8% (95%
Cl, .64-.81) and adjusted 2-year risk of progression of only 19.4% (95% Cl, .12—.27). There
was no reported pulmonary toxicity, hepatic/renal adverse events or secondary malignancies.

Role of Tandem ASCT for Relapsed Hodgkin Lymphoma—In H96 trial by
Morschhauser et al. (2008) [10], which looked at the risk adopted ST with single or tandem
ASCT for 245 R/R HL patients, randomized to poor risk group (n 150, intensified ST and
double ASCT) and intermediate risk group (n 95, standard ST and HDT/ASCT). Intent to
treat analysis showed 5-year freedom from second failure (FF2F) and OS rates of 46 and
57% in the high-risk group and 73 and 85% in the intermediate-risk group. Outcomes were
similar for primary refractory and poor-risk/relapsed HL. For patients with chemotherapy-
resistant disease, the 46% 5-year OS rate was achieved with tandem ASCT compares
favorably with the previously reported OS of 30%. In 2016, long-term follow-up analysis
was published and relatively favorable results were confirmed: 10-year FF2F and OS in the
high-risk patients were 40 and 47 %, respectively [60]. Tandem ASCT remains an option for
poor risk patients but more prospective studies need to look at this strategy with use of PET
CT imaging.

Role of antibody drug conjugate Brentuximab vedotin (BV) for Hodgkin
Lymphoma——Brentuximab vedotin, an antibody drug conjugate (ADC) directed against
CD30, approved for R/R HL, is also approved for use after ASCT as maintenance. In study
by Moskowitz et al. (2015) role of BV as a second line therapy was evaluated in PET
adopted sequential ST for R/R HL. ORR was 76% (PET negativity) either with BV alone or
followed by augmented ICE (aug-ICE). At 2 years, EFS was better after ASCT for patients
who achieved PET negativity compared to patients who remained PET positive prior to
ASCT [61]. In study by Chen et al. (2015), BV was used as second line agent prior to ASCT
(n 37, R/R HL) and showed ORR of 68% (13 CR, 12 PR), and 32 patients (86%) proceeded
to ASCT [62]. In AETHERA trial (2015), a cohort of 329 patients with R/R HL was
randomized to receive HDT/ASCT followed by maintenance BV treatment (n 165) or to
placebo group (n 164). BV significantly improved post-transplantation PFS (HR .57; 95%
Cl, .40 to .81; P =.001). Median PFS by independent review showed significant
improvement with BV treatment versus placebo (42.9 versus 24.1 months, P =.0013). Two-
year PFS rates were 63% versus 51%, respectively [63].

Role of Checkpoint inhibitors—Programmed death 1 (PD1) is an inhibitory regulator of
T-cell activation and function [64]. HRS cells express high levels of PD1 ligands (PD-L1
and PD-L2) which after engaging with PD-1 receptor on activated T-cell lead to decrease
function and survival of immune cells. Nivolumab and Pembrolizumab are checkpoint
inhibitors being studied extensively for the treatment of HL. In a phase I study of 23 heavily
pretreated HL patients who received Nivolumab at dose of 3 mg/kg every 2 weeks, 24 weeks
PFS was 86% and ORR was 87% (CR 17%, PR 70%, 95% CI = 66% to 97%) with median
follow up of 40 weeks [65]. In a Phase I study of Pembrolizumab for relapsed HL [66], ORR
of 53% was seen (CR 20%, PR 33%). Updated data of extended follow up of both agents
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was presented at the 2015 ASH meeting and approximately 50% responses were durable
[67,68]. A follow up multi-center Phase Il study (KEYNOTE-087) was presented at ASH
2016 in 210 patients with R/R disease that included 3 cohorts of patients with R/R disease
alone, relapsed after ASCT or relapsed after BV. They found that the ORR was greater than
65% in all three cohorts and over 20% of patients in all cohorts had a CR. OS data was not
provided for the study, however these data led to the approval of Pembrolizumab for HL in
the R/R setting [69]. Patient treated with Nivolumab enrolled in CheckMate study showed
ORR of 66% (PR 57.5%, CR 8.8%), with a six- month PFS of 77% [70]. The Keynote study
with Pembrolizumab randomized R/R HL to 2 cohorts and ORR was 70% (CR 20%, PR
50%) and 80% (CR 27%, PR 53%) for Cohort 1 and 2 respectively [71]. The response rate
with Nivolumab for HL patients who progressed after auto SCT and BV was replicated in
other trials as well [72,73].

C. Peripheral T-Cell Lymphoma (PTCL) and Natural Killer/T-Cell Lymphoma (NKTCL)

PTCL either arises from clonal proliferation of mature post-thymic T cells [74] or mature
skin resident T cells [75], nearly all PTCL will express a T-cell receptor (TCR). PTCLSs tend
to be aggressive lymphomas with very poor prognosis. PTCL-NOS or angioimmunoblastic
T-cell lymphoma (AITL) have the worst prognosis with 5-year OS of 32%. Anaplastic large-
cell lymphoma (ALCL), anaplastic lymphoma kinase (ALK) positive, demonstrated the best
5-year OS of 70%. ALCL, ALK negative, have an intermediate 5-year OS (49%). Reported
OS is 42% for Extranodal natural killer/T-cell lymphoma, nasal type (NK/TCL), 20% for
enteropathy-associated T-cell lymphoma (EATL), 14% for adult T-cell lymphocytic
leukemia (ATLL) and only 7% for hepatosplenic 6 T-cell lymphoma (y& HSTCL) [76].
Due to the rarity of the disease and the lack of RCTs, there is no consensus regarding first-
line therapy in PTCLs and NKTCL. Even with combination chemotherapy, 5-year OS is
poor and depend on the IPI score and type of TCL [77]. Given the poor outcome with CHT,
there has been a shift towards aggressive strategies such as ASCT or radiation therapy as
consolidation. There is no general consensus regarding the preferred induction
chemotherapy, usually CHOP or CHOEP like regimen is considered the standard of care in
front line treatment. A large retrospective study showed similar survival between the two
approaches with 3-year OS 62 % for CHOP therapy vs 56% for intensive therapy group. The
French GOELAMS group (2010) prospectively compared the VIP/ABVD regimen
(etoposide, ifosfamide, cisplatine/doxorubicin, bleomycin, vinblastine, dacarbazine) to
CHOP but found no difference in terms of EFS or OS [78]. The GELA group (2003) RCT
comparing standard CHOP to ACVBP (doxorubicine, cyclophosphamide, vindesine,
bleomycin, prednisone) in poor-prognosis aggressive (B- and T-cell) NHL showed ACVBP
to be superior to CHOP in older patients (60-70 years old) but failed to show any difference
in younger patients [79]. Seven high grade NHL studies by the German study group showed
that young good risk patients had improved 3-year EFS (71% vs. 50%) if etoposide was
added to CHOP [80]. Swedish Lymphoma Registry, which identified 252 patients with
enteropathy-associated T cell lymphoma or nodal PTCL other than ALK-positive ALCL,
also showed that addition of etoposide to CHOP was associated with superior response rates
and PFS but not OS [81]. CHOP or CHOEP therefore remains the standard first line therapy
outside the setting of a clinical trial.
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Role of Upfront Consolidation with ASCT for T Cell Lymphoma—~Poor outcomes
in certain subgroups of PTCL after CHT have led to the trend of consolidation with HDT/
ASCT [82-85¢]. In a study by Reimer et al. (2009), ASCT used as first line therapy in
patients with PTCL showed that estimated 3-year OS and PFS were 48% and 36%,
respectively. The estimated 3-year OS was 71% for patients who underwent HDT/ASCT
compared to 11% for patients who did not. Corradini and colleagues (2014) studied the role
of autologous or allogenic SCT as first line therapy in newly diagnosed PTCL patients after
intensified chemo-immunotherapy with CHOP and alemtuzumab showing that frontline
allogenic-SCT or ASCT was effective in prolonging disease free survival in patients <60
years of age. Guidelines for management of PTCL by British committee for standards in
Haematology (2011) recommend consideration for consolidation with HDT/ASCT (Grade
C). Prior to 2009, CHTSs were the only options for R/R PTCL, other than hematopoietic
transplants. However, chemotherapy only improves survival by about one month compared
with palliation [86]. Four additional drugs are now approved in the US to treat R/R PTCL
and these include pralatrexate, romidepsin, belinostat, and BV. Response rates with
pralatrexate, romidepsin, and belinostat range from 25 to 54% in mixed R/R PTCL
populations [87], while 86% of ALCL patients respond to BV [88]. Extranodal NK/T-cell
lymphoma, nasal type (ENKL) is associated with Epstein-Barr virus (EBV) and have poor
prognosis. Localized disease is treated with combination of chemotherapy and radiation
therapy and the asparaginase-containing SMILE (dexamethasone, methotrexate, ifosfamide,
L-asparaginase, and etoposide) regimen is recommended for induction with advanced or R/R
disease followed by ASCT or Allo-SCT [89,90].

Conclusion

The use of HDT with autologous rescue remains very important in the treatment of R/R
lymphoma. High dose consolidation advantage is seen in the form of longer EFS, PFS,
higher cure rates and OS [54]. Role of novel agents to improve disease related parameters
remains under vigorous testing either in the frontline induction, disease salvage, and high
dose consolidation or in maintenance setting. Some variation of commonly used BEAM
conditioning regimens were studied such as in Visani et al. (2011) phase /11 study looking at
BeEAM conditioning (Bendamustine, etoposide, cytarabine, melphalan) [91]. In study by
Ramzi et al. (2012) oral lomustine in place of bendamustine (CEAM conditioning) was used
[92]. High dose thiotepa, etoposide and carboplatin combination was also studied (2012) in
high risk lymphoma as a form of conditioning prior to ASCT and found an OS rate of 79.3%
with a 5-year survival of 77.6% [93]. The CORAL cohort was once again analyzed in 2016
by Van Den Neste et al. [94¢] and found 3 independent factors predictive of improved
outcomes (low to low-intermediate tertiary International Prognosis Index (tIPI) at relapse,
progression after more than 6 months from ASCT, and chemo-sensitivity to third-line
salvage). One salvage modality with ongoing interest is allo-SCT in patients who relapse
after ASCT, advantage of graft versus tumor (GvT) effect is undeniable but procedure has a
higher non-relapse mortality (NRM). Advances in understanding about disease biology, use
of molecular technology such as gene expression profiling (GEP) has enabled better
understanding and characterization of distinct molecular subtypes i.e. germinal center B-
cell-like (GCB), activated B cell (ABC).
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promising novel agents are on the horizon, the list includes but not limited to lenalidomide,
ibrutinib, bortezomib, CAR T-cells, ADC antibodies, Bi-Specific antibodies, Immune
checkpoint inhibitors like PD1, PD-L1, CTLA4 blocking antibodies and many more under
investigation. With the continuous refinement of targeted, personalized agents, it is
foreseeable that outcomes for patient with aggressive lymphoma will continue to improve.

Acknowledgments

This work was supported by grant P30 CA023074 from the National Cancer Institute, National Institutes of Health,
Bethesda, MD.

References

* Important
¢ \ery important

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 2016; 66(1):7-30.
[PubMed: 26742998]

2. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP chemotherapy
plus rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell lymphoma.
N Engl J Med. 2002; 346(4):235-42. [PubMed: 11807147]

3. Philip T, Guglielmi C, Hagenbeek A, Somers R, Van der Lelie H, Bron D, et al. Autologous bone
marrow transplantation as compared with salvage chemotherapy in relapses of chemotherapy-
sensitive non-Hodgkin’s lymphoma. N Engl J Med. 1995; 333(23):1540-5. [PubMed: 7477169]

4. Schmitz N, Pfistner B, Sextro M, Sieber M, Carella AM, Haenel M, et al. Aggressive conventional
chemotherapy compared with high-dose chemotherapy with autologous haemopoietic stem-cell
transplantation for relapsed chemosensitive Hodgkin’s disease: a randomised trial. Lancet. 2002;
359(9323):2065-71. [PubMed: 12086759]

5. Dahi PB, Tamari R, Devlin SM, Maloy M, Bhatt V, Scordo M, et al. Favorable outcomes in elderly
patients undergoing high-dose therapy and autologous stem cell transplantation for non-Hodgkin
lymphoma. Biol Blood Marrow Transplant. 2014; 20(12):2004-9. [PubMed: 25175794]

6. Fruchart C, Tilly H, Morschhauser F, Ghesquieres H, Bouteloup M, Ferme C, et al. Upfront
consolidation combining yttrium-90 ibritumomab tiuxetan and high-dose therapy with stem cell
transplantation in poor-risk patients with diffuse large B cell lymphoma. Biol Blood Marrow
Transplant. 2014; 20(12):1905-11. [PubMed: 25072780]

7. Schorb E, Finke J, Ferreri AJ, Ihorst G, Mikesch K, Kasenda B, et al. High-dose chemotherapy and
autologous stem cell transplant compared with conventional chemotherapy for consolidation in
newly diagnosed primary CNS lymphoma--a randomized phase I11 trial (MATRix). BMC Cancer.
2016; 16:282. [PubMed: 27098429]

8. Arakelyan N, Berthou C, Desablens B, de Guibert S, Delwail V, Moles MP, et al. Early versus late
intensification for patients with high-risk Hodgkin lymphoma-3 cycles of intensive chemotherapy
plus low-dose lymph node radiation therapy versus 4 cycles of combined doxorubicin, bleomycin,
vinblastine, and dacarbazine plus myeloablative chemotherapy with autologous stem cell
transplantation: five-year results of a randomized trial on behalf of the GOELAMS Group. Cancer.
2008; 113(12):3323-30. [PubMed: 18988286]

9. Federico M, Bellei M, Brice P, Brugiatelli M, Nagler A, Gisselbrecht C, et al. High-dose therapy
and autologous stem-cell transplantation versus conventional therapy for patients with advanced
Hodgkin’s lymphoma responding to front-line therapy. J Clin Oncol. 2003; 21(12):2320-5.
[PubMed: 12805333]

10. Morschhauser F, Brice P, Ferme C, Divine M, Salles G, Bouabdallah R, et al. Risk-adapted salvage
treatment with single or tandem autologous stem-cell transplantation for first relapse/refractory
Hodgkin’s lymphoma: results of the prospective multicenter H96 trial by the GELA/SFGM study
group. J Clin Oncol. 2008; 26(36):5980-7. [PubMed: 19018090]

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zahid et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Page 11

d’Amore F, Relander T, Lauritzsen GF, Jantunen E, Hagberg H, Anderson H, et al. Up-front
autologous stem-cell transplantation in peripheral T-cell lymphoma: NLG-T-01. J Clin Oncol.
2012; 30(25):3093-9. [PubMed: 22851556]

Beitinjaneh A, Saliba RM, Medeiros LJ, Turturro F, Rondon G, Korbling M, et al. Comparison of
survival in patients with T cell lymphoma after autologous and allogeneic stem cell transplantation
as a frontline strategy or in relapsed disease. Biol Blood Marrow Transplant. 2015; 21(5):855-9.
[PubMed: 25652691]

Columbia University. ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine
(US); 2000 Jan 14. Autologous and Allogeneic Transplant for Relapsed Lymphoma.

Yun S, Vincelette ND, Abraham I, Puvvada S, Anwer F. Outcome Comparison of Allogeneic
versus Autologous Stem Cell Transplantation in Transformed Low-Grade Lymphoid
Malignancies: A Systematic Review and Pooled Analysis of Comparative Studies. Acta Haematol.
2016; 136(4):244-55. [PubMed: 27802434]

Fred Hutchinson Cancer Research Center. ClinicalTrials.gov [Internet]. Bethesda (MD): National
Library of Medicine (US); 2000. Autologous Peripheral Blood Stem Cell Transplant Followed by
Donor Bone Marrow Transplant in Treatment Patients With High-Risk Hodgkin Lymphoma N-
HL, Multiple Myeloma, or Chronic Lymphocytic Leukemia. Available from [January 14, 2017]

Taverna JA, Yun S, Jonnadula J, Saleh A, Riaz 1B, Abraham I, et al. Role of Maintenance Therapy
after High-Dose Chemotherapy and Autologous Hematopoietic Cell Transplantation in Aggressive
Lymphomas: A Systematic Review. Biol Blood Marrow Transplant. 2016; 22(7):1182-96.
[PubMed: 26899562]

Teras LR, DeSantis CE, Cerhan JR, Morton LM, Jemal A, Flowers CR. 2016 US lymphoid
malignancy statistics by World Health Organization subtypes. CA Cancer J Clin. 2016

Camicia R, Winkler HC, Hassa PO. Novel drug targets for personalized precision medicine in
relapsed/refractory diffuse large B-cell lymphoma: a comprehensive review. Mol Cancer. 2015;
14:207. [PubMed: 26654227]

Coiffier B, Thieblemont C, Van Den Neste E, Lepeu G, Plantier I, Castaigne S, et al. Long-term
outcome of patients in the LNH-98.5 trial, the first randomized study comparing rituximab-CHOP
to standard CHOP chemotherapy in DLBCL patients: a study by the Groupe d’Etudes des
Lymphomes de I’Adulte. Blood. 2010; 116(12):2040-5. [PubMed: 20548096]

Wilson WH, Jung SH, Porcu P, Hurd D, Johnson J, Martin SE, et al. A Cancer and Leukemia
Group B multi-center study of DA-EPOCH-rituximab in untreated diffuse large B-cell lymphoma
with analysis of outcome by molecular subtype. Haematologica. 2012; 97(5):758-65. [PubMed:
22133772]

Phase 111 Randomized Study of R-CHOP Versus DA-EPOCH-R and Molecular Analysis of
Untreated Diffuse Large B-Cell Lymphoma: CALGB/Alliance 50303. ASH 58th Annual Meeting
& Exposition; December 3-6, 2016; San Diego, CA. 2016.

Stiff PJ, Unger JM, Cook JR, Constine LS, Couban S, Stewart DA, et al. Autologous
transplantation as consolidation for aggressive non-Hodgkin’s lymphoma. N Engl J Med. 2013;
369(18):1681-90. [PubMed: 24171516]

Tarella C, Zanni M, Di Nicola M, Patti C, Calvi R, Pescarollo A, et al. Prolonged survival in poor-
risk diffuse large B-cell lymphoma following front-line treatment with rituximab-supplemented,
early-intensified chemotherapy with multiple autologous hematopoietic stem cell support: a
multicenter study by GITIL (Gruppo Italiano Terapie Innovative nei Linfomi). Leukemia. 2007;
21(8):1802-11. [PubMed: 17554382]

Vitolo U, Chiappella A, Angelucci E, Rossi G, Liberati AM, Cabras MG, et al. Dose-dense and
high-dose chemotherapy plus rituximab with autologous stem cell transplantation for primary
treatment of diffuse large B-cell lymphoma with a poor prognosis: a phase Il multicenter study.
Haematologica. 2009; 94(9):1250-8. [PubMed: 19586937]

Kim YR, Kim SJ, Cheong JW, Yang DH, Lee H, Eom HS, et al. The different roles of molecular
classification according to upfront autologous stem cell transplantation in advanced-stage diffuse
large B cell lymphoma patients with elevated serum lactate dehydrogenase. Ann Hematol. 2016;
95(9):1491-501. [PubMed: 27324387]

Kaneko H, Tsutsumi Y, Fujino T, Kuwahara S, Ohshiro M, Iwai T, et al. Favorable Event Free-
Survival of High-Dose Chemotherapy Followed by Autologous Hematopoietic Stem Cell

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zahid et al.

Page 12

Transplantation for Higher Risk Diffuse Large B-Cell Lymphoma in First Complete Remission.
Hematol Rep. 2015; 7(2):5812. [PubMed: 26330999]

27. Chiappella A, Castellino A, Vitolo U. State-of-the-art Therapy for Advanced-stage Diffuse Large
B-cell Lymphoma. Hematol Oncol Clin North Am. 2016; 30(6):1147-62. [PubMed: 27888872]

28. lams W, Reddy NM. Consolidative autologous hematopoietic stem-cell transplantation in first
remission for non-Hodgkin lymphoma: current indications and future perspective. Ther Adv
Hematol. 2014; 5(5):153-67. [PubMed: 25324956]

29. Gisselbrecht C, Glass B, Mounier N, Singh Gill D, Linch DC, Trneny M, et al. Salvage regimens
with autologous transplantation for relapsed large B-cell lymphoma in the rituximab era. J Clin
Oncol. 2010; 28(27):4184-90. [PubMed: 20660832]

30. Zelenetz AD, Hamlin P, Kewalramani T, Yahalom J, Nimer S, Moskowitz CH. Ifosfamide,
carboplatin, etoposide (ICE)-based second-line chemotherapy for the management of relapsed and
refractory aggressive non-Hodgkin’s lymphoma. Ann Oncol. 2003; 14(Suppl 1):i5-10. [PubMed:
12736224]

31. Kewalramani T, Zelenetz AD, Nimer SD, Portlock C, Straus D, Noy A, et al. Rituximab and ICE
as second-line therapy before autologous stem cell transplantation for relapsed or primary
refractory diffuse large B-cell lymphoma. Blood. 2004; 103(10):3684-8. [PubMed: 14739217]

32+, Crump M, Kuruvilla J, Couban S, MacDonald DA, Kukreti V, Kouroukis CT, et al. Randomized

comparison of gemcitabine, dexamethasone, and cisplatin versus dexamethasone, cytarabine, and
cisplatin chemotherapy before autologous stem-cell transplantation for relapsed and refractory
aggressive lymphomas: NCIC-CTG LY.12. J Clin Oncol. 2014; 32(31):3490-6. This randomized
study including over 600 patients showed the salvage chemotherapy regimen GDP before ASCT
to be non-inferior and had less toxicities compared to the standard DHAP regimen for R/R
DLBCL. [PubMed: 25267740]

33. El Gnaoui T, Dupuis J, Belhadj K, Jais JP, Rahmouni A, Copie-Bergman C, et al. Rituximab,
gemcitabine and oxaliplatin: an effective salvage regimen for patients with relapsed or refractory
B-cell lymphoma not candidates for high-dose therapy. Ann Oncol. 2007; 18(8):1363-8. [PubMed:
17496309]

34. Thieblemont C, Briere J, Mounier N, Voelker HU, Cuccuini W, Hirchaud E, et al. The germinal
center/activated B-cell subclassification has a prognostic impact for response to salvage therapy in
relapsed/refractory diffuse large B-cell lymphoma: a bio-CORAL study. J Clin Oncol. 2011,
29(31):4079-87. [PubMed: 21947824]

35. Kondo E. Autologous Hematopoietic Stem Cell Transplantation for Diffuse Large B-Cell
Lymphoma. J Clin Exp Hematop. 2016; 56(2):100-8. [PubMed: 27980299]

36e. Chen YB, Lane AA, Logan BR, Zhu X, Akpek G, Aljurf MD, et al. Impact of conditioning
regimen on outcomes for patients with lymphoma undergoing high-dose therapy with autologous
hematopoietic cell transplantation. Biol Blood Marrow Transplant. 2015; 21(6):1046-53. Large
study including almost 5000 patients from the CIBMTR database found patients undergoing
HDT with ASCT who received high-dose CBV conditioning regimen had worse outcomes
compared to other regimens. [PubMed: 25687795]

37. Vose JM, Carter S, Burns LJ, Ayala E, Press OW, Moskowitz CH, et al. Phase 11l randomized study
of rituximab/carmustine, etoposide, cytarabine, and melphalan (BEAM) compared with iodine-131
tositumomab/BEAM with autologous hematopoietic cell transplantation for relapsed diffuse large
B-cell lymphoma: results from the BMT CTN 0401 trial. J Clin Oncol. 2013; 31(13):1662-8.
[PubMed: 23478060]

38. Auger-Quittet S, Duny Y, Daures JP, Quittet P. Outcomes after (90) Yttrium-ibritumomab tiuxetan-
BEAM in diffuse large B-cell lymphoma: a meta-analysis. Cancer Med. 2014; 3(4):927-38.
[PubMed: 24740968]

39. Petrich AM, Gandhi M, Jovanovic B, Castillo JJ, Rajguru S, Yang DT, et al. Impact of induction
regimen and stem cell transplantation on outcomes in double-hit lymphoma: a multicenter
retrospective analysis. Blood. 2014; 124(15):2354-61. [PubMed: 25161267]

40. Landsburg DJ, et al. Benefit of Consolidative Autologous Stem Cell Transplantation in First
Complete Remission for Patients with Double Hit Lymphoma Appears Dependent on Induction
Regimen Intensity. 2016:3455-3455.

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zahid et al.

Page 13

41. Dreyling M, Lenz G, Hoster E, Van Hoof A, Gisselbrecht C, Schmits R, et al. Early consolidation
by myeloablative radiochemotherapy followed by autologous stem cell transplantation in first
remission significantly prolongs progression-free survival in mantle-cell lymphoma: results of a
prospective randomized trial of the European MCL Network. Blood. 2005; 105(7):2677-84.
[PubMed: 15591112]

42. Hoster E, Metzner B, Forstpointner R, Pfreundschuh M, Trumper L, Hallek M, et al. Autologous
Stem Cell Transplantation and Addition of Rituximab Independently Prolong Response Duration
in Advanced Stage Mantle Cell Lymphoma. Blood. 2009; 114(22):362-3.

43. Hermine O, Hoster E, Walewski J, Bosly A, Stilgenbauer S, Thieblemont C, et al. Addition of
high-dose cytarabine to immunochemotherapy before autologous stem-cell transplantation in
patients aged 65 years or younger with mantle cell lymphoma (MCL Younger): a randomised,
open-label, phase 3 trial of the European Mantle Cell Lymphoma Network. Lancet. 2016;
388(10044):565-75. [PubMed: 27313086]

44. Geisler CH, Kolstad A, Laurell A, Jerkeman M, Raty R, Andersen NS, et al. Nordic MCL2 trial
update: six-year follow-up after intensive immunochemotherapy for untreated mantle cell
lymphoma followed by BEAM or BEAC + autologous stem-cell support: still very long survival
but late relapses do occur. Br J Haematol. 2012; 158(3):355-62. [PubMed: 22640180]

45. Connors JM. State-of-the-art therapeutics: Hodgkin’s lymphoma. J Clin Oncol. 2005; 23(26):
6400-8. [PubMed: 16155026]

46. Ansell SM. Hodgkin lymphoma: 2016 update on diagnosis, risk-stratification, and management.
Am J Hematol. 2016; 91(4):434-42. [PubMed: 27001163]

47. Strauss DJGJ, Myers J, Merke DP, Caravelli J, Chapman D, et al. Prognostic factors among 185
adults with newly diagnosed advanced Hodgkin’s disease treated with alternating potentially
noncross-resistant chemotherapy and intermediate-dose radiation therapy. J Clin Oncol. 1990;
8:1173-86. [PubMed: 1694235]

48. Carella AM, Bellei M, Brice P, Gisselbrecht C, Visani G, Colombat P, et al. High-dose therapy and
autologous stem cell transplantation versus conventional therapy for patients with advanced
Hodgkin’s lymphoma responding to front-line therapy: long-term results. Haematologica. 2009;
94(1):146-8. [PubMed: 19001284]

49. Moskowitz AJ, Yahalom J, Kewalramani T, Maragulia JC, Vanak JM, Zelenetz AD, et al.
Pretransplantation functional imaging predicts outcome following autologous stem cell
transplantation for relapsed and refractory Hodgkin lymphoma. Blood. 2010; 116(23):4934-7.
[PubMed: 20733154]

50+. von Tresckow B, Moskowitz CH. Treatment of relapsed and refractory Hodgkin Lymphoma.

Semin Hematol. 2016; 53(3):180-5. Comprehensive review of current advancement in Hodgkin
Lymphoma. [PubMed: 27496309]

51. Moskowitz CH, Nimer SD, Zelenetz AD, Trippett T, Hedrick EE, Filippa DA, et al. A 2-step
comprehensive high-dose chemoradiotherapy second-line program for relapsed and refractory
Hodgkin disease: analysis by intent to treat and development of a prognostic model. Blood. 2001;
97(3):616-23. [PubMed: 11157476]

52. Bartlett NL, Niedzwiecki D, Johnson JL, Friedberg JW, Johnson KB, van Besien K, et al.
Gemcitabine, vinorelbine, and pegylated liposomal doxorubicin (GVD), a salvage regimen in
relapsed Hodgkin’s lymphoma: CALGB 59804. Ann Oncol. 2007; 18(6):1071-9. [PubMed:
17426059]

53. Santoro A, Magagnoli M, Spina M, Pinotti G, Siracusano L, Michieli M, et al. Ifosfamide,
gemcitabine, and vinorelbine: a new induction regimen for refractory and relapsed Hodgkin’s
lymphoma. Haematologica. 2007; 92(1):35-41. [PubMed: 17229633]

54. Linch DC, Winfield D, Goldstone AH, Moir D, Hancock B, McMillan A, et al. Dose
intensification with autologous bone-marrow transplantation in relapsed and resistant Hodgkin’s
disease: results of a BNLI randomised trial. Lancet. 1993; 341(8852):1051-4. [PubMed: 8096958]

55. Rancea M, Monsef I, von Tresckow B, Engert A, Skoetz N. High-dose chemotherapy followed by
autologous stem cell transplantation for patients with relapsed/refractory Hodgkin lymphoma.
Cochrane Database Syst Rev. 2013; (6):CD009411. [PubMed: 23784872]

56. Reece DE, Nevill TJ, Sayegh A, Spinelli JJ, Brockington DA, Barnett MJ, et al. Regimen-related
toxicity and non-relapse mortality with high-dose cyclophosphamide, carmustine (BCNU) and

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zahid et al.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

69.

70.

71.

Page 14

etoposide (VP16-213) (CBV) and CBV plus cisplatin (CBVP) followed by autologous stem cell
transplantation in patients with Hodgkin’s disease. Bone Marrow Transplant. 1999; 23(11):1131-
8. [PubMed: 10382952]

Benekli M, Smiley SL, Younis T, Czuczman MS, Hernandez-llizaliturri F, Bambach B, et al.
Intensive conditioning regimen of etoposide (VP-16), cyclophosphamide and carmustine (VCB)
followed by autologous hematopoietic stem cell transplantation for relapsed and refractory
Hodgkin’s lymphoma. Bone Marrow Transplant. 2008; 41(7):613-9. [PubMed: 18071290]

Arai S, Letsinger R, Wong RM, Johnston LJ, Laport GG, Lowsky R, et al. Phase I/11 trial of GN-
BVC, a gemcitabine and vinorelbine-containing conditioning regimen for autologous
hematopoietic cell transplantation in recurrent and refractory hodgkin lymphoma. Biol Blood
Marrow Transplant. 2010; 16(8):1145-54. [PubMed: 20197102]

Musso M, Messina G, Di Renzo N, Di Carlo P, Vitolo U, Scalone R, et al. Improved outcome of
patients with relapsed/refractory Hodgkin lymphoma with a new fotemustine-based high-dose
chemotherapy regimen. Br J Haematol. 2016; 172(1):111-21. [PubMed: 26458240]

Sibon D, Morschhauser F, Resche-Rigon M, Ghez D, Dupuis J, Marcais A, et al. Single or tandem
autologous stem-cell transplantation for first-relapsed or refractory Hodgkin lymphoma: 10-year
follow-up of the prospective H96 trial by the LYSA/SFGM-TC study group. Haematologica. 2016;
101(4):474-81. [PubMed: 26721893]

Moskowitz AJ, Schoder H, Yahalom J, McCall SJ, Fox SY, Gerecitano J, et al. PET-adapted
sequential salvage therapy with brentuximab vedotin followed by augmented ifosamide,
carboplatin, and etoposide for patients with relapsed and refractory Hodgkin’s lymphoma: a non-
randomised, open-label, single-centre, phase 2 study. Lancet Oncol. 2015; 16(3):284-92.
[PubMed: 25683846]

Chen R, Palmer JM, Martin P, Tsai N, Kim Y, Chen BT, et al. Results of a Multicenter Phase |1
Trial of Brentuximab Vedotin as Second-Line Therapy before Autologous Transplantation in
Relapsed/Refractory Hodgkin Lymphoma. Biol Blood Marrow Transplant. 2015; 21(12):2136-40.
[PubMed: 26211987]

Moskowitz CH, Nademanee A, Masszi T, Agura E, Holowiecki J, Abidi MH, et al. Brentuximab
vedotin as consolidation therapy after autologous stem-cell transplantation in patients with
Hodgkin’s lymphoma at risk of relapse or progression (AETHERA): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet. 2015; 385(9980):1853-62. [PubMed: 25796459]

Ansell SM. Nivolumab in the Treatment of Hodgkin Lymphoma. Clin Cancer Res. 2016

Ansell SM, Lesokhin AM, Borrello I, Halwani A, Scott EC, Gutierrez M, et al. PD-1 blockade
with nivolumab in relapsed or refractory Hodgkin’s lymphoma. N Engl J Med. 2015; 372(4):311-
9. [PubMed: 25482239]

Moskowitz, Cea. PD-1 blockade with the monclonal antibody pembrolizu- mab in patients with
classical Hodgkin lymphoma after brentuximab vedotin failure. Preliminary results from a phase
1b study presented at the 56th meeting of the American Society for Hematology; December 2014;
San Franciso, CA.

Armand PTJ, et al. Nivolumab in Patients (Pts) with Relapsed or Refractory Classical Hodgkin
Lymphoma (R/R cHL): Clinical Outcomes from Extended Follow-up of a Phase 1 Study
(CA209-039). Blood. 2015; 126(23):583. [Oral and Poster Abstracts]).

Armand, PSM., Ribrag, V., et al. PD-1 blockade with pembrolizumab in patients with classical
Hodgkin lymphoma after brentuximab vedotin failure: Safety, efficacy, and biomarker assessment.
Preliminary results presented at the 57th meeting of the American Society for Hematology;
December 2015; Orlando, FL.

Moskowitz CH, Zinzani PL, Fanale MA, Armand P, Johnson NA, Radford JA, et al.
Pembrolizumab in Relapsed/Refractory Classical Hodgkin Lymphoma: Primary End Point
Analysis of the Phase 2 Keynote-087 Study. Blood. 2016; 128(22)

Checkmate 205: Nivolumab (nivo) in classical Hodgkin lymphoma (cHL) after autologous stem
cell transplant (ASCT) and brentuximab vedotin (BV)-A phase 2 study. Preliminary results
presented at the meeting of the American Society for Clinical Oncology; June 2016; Chicago, IL.
Chen RWZP, Fanale MA, et al. Pembrolizumab for relapsed/refractory classical Hodgkin
lymphoma (R/R cHL): phase 2 KEYNOTE-087 study. 2016 ASCO Annual Meeting J Clin Oncol.
2016; 34(suppl) abstr 7555.

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zahid et al.

Page 15

72. Younes A, Santoro A, Shipp M, Zinzani PL, Timmerman JM, Ansell S, et al. Nivolumab for
classical Hodgkin’s lymphoma after failure of both autologous stem-cell transplantation and
brentuximab vedotin: a multicentre, multicohort, single-arm phase 2 trial. Lancet Oncol. 2016;
17(9):1283-94. [PubMed: 27451390]

73. Hatake KKT, Fukuhara N, et al. Phase 11 study of nivolumab in Japanese patients with relapsed or
refractory Hodgkin lymphoma previously treated with brentuximab vedotin (ONO-4538-15): An
interim analysis. 2016 ASCO Annual Meeting J Clin Oncol. 2016; 34(suppl) abstr e19018.

74. Karlin L, Coiffier B. The changing landscape of peripheral T-cell lymphoma in the era of novel
therapies. Semin Hematol. 2014; 51(1):25-34. [PubMed: 24468313]

75. Dearden CE, Johnson R, Pettengell R, Devereux S, Cwynarski K, Whittaker S, et al. Guidelines for
the management of mature T-cell and NK-cell neoplasms (excluding cutaneous T-cell lymphoma).
Br J Haematol. 2011; 153(4):451-85. [PubMed: 21480860]

76. Vose J, Armitage J, Weisenburger D, International TCLP. International peripheral T-cell and natural
killer/T-cell lymphoma study: pathology findings and clinical outcomes. J Clin Oncol. 2008;
26(25):4124-30. [PubMed: 18626005]

77. Sonnen R, Schmidt WP, Muller-Hermelink HK, Schmitz N. The International Prognostic Index
determines the outcome of patients with nodal mature T-cell lymphomas. Br J Haematol. 2005;
129(3):366-72. [PubMed: 15842660]

78. Simon A, Peoch M, Casassus P, Deconinck E, Colombat P, Desablens B, et al. Upfront VIP-
reinforced-ABVD (VIP-rABVD) is not superior to CHOP/21 in newly diagnosed peripheral T cell
lymphoma. Results of the randomized phase 111 trial GOELAMS-LTP95. Br J Haematol. 2010;
151(2):159-66. [PubMed: 20738307]

79. Delmer A, et al. Intensified induction therapy with etoposide (VP16) and high-dose cytarabine
(Ara-C) in patients aged less than 60 years with peripheral T cell/NK lymphoma: preliminary
results of the phase Il GELA study LNH98T7. Proc Am Soc Clin Oncol. 2003

80. Schmitz N, Trumper L, Ziepert M, Nickelsen M, Ho AD, Metzner B, et al. Treatment and
prognosis of mature T-cell and NK-cell lymphoma: an analysis of patients with T-cell lymphoma
treated in studies of the German High-Grade Non-Hodgkin Lymphoma Study Group. Blood. 2010;
116(18):3418-25. [PubMed: 20660290]

81. Ellin F, Landstrom J, Jerkeman M, Relander T. Real-world data on prognostic factors and treatment
in peripheral T-cell lymphomas: a study from the Swedish Lymphoma Registry. Blood. 2014;
124(10):1570-7. [PubMed: 25006130]

82. Reimer P, Rudiger T, Geissinger E, Weissinger F, Nerl C, Schmitz N, et al. Autologous stem-cell
transplantation as first-line therapy in peripheral T-cell lymphomas: results of a prospective
multicenter study. J Clin Oncol. 2009; 27(1):106-13. [PubMed: 19029417]

83e. Corradini P, Vitolo U, Rambaldi A, Miceli R, Patriarca F, Gallamini A, et al. Intensified chemo-
immunotherapy with or without stem cell transplantation in newly diagnosed patients with
peripheral T-cell lymphoma. Leukemia. 2014; 28(9):1885-91. A prospective trial studying the
role of high dose chemo-immunotherapy with and without stem cell transplant in T cell
Lymphoma. [PubMed: 24662801]

84. Choi I, Tanosaki R, Uike N, Utsunomiya A, Tomonaga M, Harada M, et al. Long-term outcomes
after hematopoietic SCT for adult T-cell leukemia/lymphoma: results of prospective trials. Bone
Marrow Transplant. 2011; 46(1):116-8. [PubMed: 20400987]

85. Parovichnikova EN, Kuz’mina LA, Mendeleeva LP, Kliasova GA, Troitskaia V'V, Sokolov AN, et
al. Autologous hematopoietic stem cell transplantation as late high-dose consolidation in adult
patients with T-cell lymphoblastic leukemias: Results of a Russian multicenter study. Ter Arkh.
2015; 87(7):15-25.

86. Zinzani PL, Bonthapally V, Huebner D, Lutes R, Chi A, Pileri S. Panoptic clinical review of the
current and future treatment of relapsed/refractory T-cell lymphomas: Peripheral T-cell
lymphomas. Crit Rev Oncol Hematol. 2016; 99:214-27. [PubMed: 26811013]

87. Malik SM, Liu K, Qiang X, Sridhara R, Tang S, McGuinn WD Jr, et al. Folotyn (pralatrexate
injection) for the treatment of patients with relapsed or refractory peripheral T-cell lymphoma:
U.S. Food and Drug Administration drug approval summary. Clin Cancer Res. 2010; 16(20):4921—
7. [PubMed: 20739433]

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 June 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zahid et al.

88.

89.

90.

91.

92.

93.

Page 16

A phase 2 study of brentuximab vedotin in patients with relapsed or refractory CD30-positive non-
Hodgkin lymphomas: interim results in patients with DLBCL and other B-cell lymphomas. Clin
Adv Hematol Oncol. 2014; 12(2 Suppl 6):3-4.

Makita STK. Clinical Features and Current Optimal Management of Natural Killer/T-Cell
Lymphoma. Hematology/Oncology Clinics of North America. 2017 Jan 30.

Yun S, Taverna JA, Puvvada SD, Anwer F. NK/T-cell non-Hodgkin’s lymphoma with secondary
haemophagocytic lymphohistiocytosis treated with matched unrelated donor allogeneic stem cell
transplant. BMJ Case Rep. 2014; 2014

Visani G, Malerba L, Stefani PM, Capria S, Galieni P, Gaudio F, et al. BeEAM (bendamustine,
etoposide, cytarabine, melphalan) before autologous stem cell transplantation is safe and effective
for resistant/relapsed lymphoma patients. Blood. 2011; 118(12):3419-25. [PubMed: 21816830]
Ramzi M, Mohamadian M, Vojdani R, Dehghani M, Nourani H, Zakerinia M, et al. Autologous
noncryopreserved hematopoietic stem cell transplant with CEAM as a modified conditioning
regimen in patients with Hodgkin lymphoma: a single-center experience with a new protocol. Exp
Clin Transplant. 2012; 10(2):163-7. [PubMed: 22432762]

Falzetti F, Di lanni M, Ballanti S, lodice G, Reale A, Minelli O, et al. High-dose thiotepa,
etoposide and carboplatin as conditioning regimen for autologous stem cell transplantation in
patients with high-risk non-Hodgkin lymphoma. Clin Exp Med. 2012; 12(3):165-71. [PubMed:
21928053]

94e. Van Den Neste E, Schmitz N, Mounier N, Gill D, Linch D, Trneny M, et al. Outcomes of diffuse

large B-cell lymphoma patients relapsing after autologous stem cell transplantation: an analysis
of patients included in the CORAL study. Bone Marrow Transplant. 2016 Three independent
factors (low to low-intermediate tIPI at relapse, progression > 6 months from ASCT, and
chemosensitivities) predictive of improved outcomes were found using the famous CORAL
cohort data for patient relasped after autologous stem cell transplantation.

Curr Hematol Malig Rep. Author manuscript; available in PMC 2018 June 01.



	Abstract
	Introduction
	A. B-Cell non-Hodgkin lymphoma
	Role of Upfront high dose consolidation with ASCT for aggressive B Cell lymphoma
	Role of high dose chemotherapy consolidation with ASCT for relapse and refractory Non-Hodgkin lymphoma
	Role of upfront ASCT with HDT for Double and triple hit lymphoma
	Role of upfront ASCT with HDT for Mantle cell lymphoma (MCL)

	B. Hodgkin lymphoma (HL)
	Role of Upfront Consolidation in Hodgkin Lymphoma
	Salvage Chemotherapy (ST) for relapsed Hodgkin Lymphoma
	Role of conditioning chemotherapy consolidation with ASCT for relapsed Hodgkin lymphoma
	Role of Tandem ASCT for Relapsed Hodgkin Lymphoma
	Role of antibody drug conjugate Brentuximab vedotin (BV) for Hodgkin Lymphoma
	Role of Checkpoint inhibitors

	C. Peripheral T-Cell Lymphoma (PTCL) and Natural Killer/T-Cell Lymphoma (NKTCL)
	Role of Upfront Consolidation with ASCT for T Cell Lymphoma


	Conclusion
	References

