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Although rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) is the standard treatment
for patients with diffuse large B-cell lymphoma (DLBCL), ~30% to 50% of patients are not cured by this treatment,
depending on disease stage or prognostic index. Among patients for whom R-CHOP therapy fails, 20% suffer from primary
refractory disease (progress during or right after treatment) whereas 30% relapse after achieving complete remission (CR).
Currently, there is no good definition enabling us to identify these 2 groups upon diagnosis. Most of the refractory patients
exhibit double-hit lymphoma (MYC-BCL2 rearrangement) or double-protein-expression lymphoma (MYC-BCL2 hyper-
expression) which have a more aggressive clinical picture. New strategies are currently being explored to obtain better CR
rates and fewer relapses. Although young relapsing patients are treated with high-dose therapy followed by autologous
transplant, there is an unmet need for better salvage regimens in this setting. To prevent relapse, maintenance therapy with
immunomodulatory agents such as lenalidomide is currently undergoing investigation. New drugs will most likely be
introduced over the next few years and will probably be different for relapsing and refractory patients.

Learning Objectives

e To be able to determine at diagnosis which DLBCL patients
will likely experience treatment failure with R-CHOP

e To understand the mechanisms that underlie resistance to
standard treatments

e To be able to assess the new proposed drugs, along with their
efficacy for specific lymphoma populations such as those with
double-hit lymphoma or double-protein-expression lymphoma

e To learn more about potential solutions for refractory or re-
lapsing patients

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most common lym-
phoma, representing 25% of all lymphoproliferative disorders." Despite
its aggressive disease course, ~50% to 70% of patients may be cured by
current standard of care consisting of rituximab plus cyclophospha-
mide, doxorubicin, vincristine, and prednisone (R-CHOP) chemo-
therapy.” Nevertheless, R-CHOP is found to be inadequate in 30% to
40% of patients. For these patients, different processes may account for
their lack of response to R-CHOP. Death related to R-CHOP toxicities,
although it is a rare event in young patients, may be observed in 5% of
patients older than age 70 years. This treatment-related mortality is
usually associated with an absence of response. R-CHOP failures are
principally due to either primary refractoriness or relapse after reaching
a complete response (CR) (Figure 1). A few more patients (<5%) do
not achieve CR but only partial response (PR) with either persisting
lymphoma cells on biopsy or persisting active tumor volume on
positron emission tomography (PET) scan. These different settings are
related to different mechanisms of resistance to chemotherapy, re-
quiring appropriate solutions to increase the cure rates.

In this review, HIV-related lymphomas, posttransplant lymphomas,
central nervous system lymphomas, and transformed lymphomas will
not be covered, although comments pertaining to refractory and re-
lapsing lymphomas may be applied to these particular entities.

Refractoriness to R-CHOP

Although several mechanisms of resistance may account for re-
fractoriness to R-CHOP, the majority of DLBCL patients present
a double rearrangement of MYC and BCL2 genes called double-hit
lymphoma (DHL). Indeed, DHLs are defined as a chromosomal
breakpoint, affecting the MYC/8q24 locus in combination with another
recurrent breakpoint, usually BCL2 (t(14;18)(q32;q21)), although BCL6/
MYC-positive DHLs or BCL2/BCL6/MYC-positive triple-hit lympho-
mas (THLs) may also be observed. All studies that focused on DHLSs or
THLs concluded that the patients’ outcomes were poor, with R-CHOP
probably not being the best therapeutic option. These rearrangements can
be observed with fluorescence in situ hybridization (FISH) analysis.>*

Recently, immunohistochemistry has allowed patients with high
expression of MYC and BCL2 proteins to be identified, but no gene
rearrangements show up in FISH analyses. In addition, patients who
have double-protein expression lymphoma (DPL) exhibit a poorer
outcome compared with patients who do not have DHL or DPL,
although they have a slightly better outcome than DHL patients.>”
Because of the risk of poor outcome, screening for DHL by FISH
analysis (rearrangement) or DPL by immunohistochemistry (over-
expression) should be mandatory for every DLBCL patient.

In several studies, MYC rearrangement, hyperexpression without
BCL2 rearrangement, or BCL2 hyperexpression have been associ-
ated with poor outcome, whereas in other studies, the authors re-
ported that no difference was seen compared with patients without
MYC abnormality.%” Patients with MYC mutations may experience

Conflict-of-interest disclosure: B.C. is on the board of directors or an advisory committee for Celgene, Celltrion, MorphoSys, and Pfizer and has consulted for Gilead and

Novartis. C.S. declares no competing financial interests.
Off-label drug use: None disclosed.

366

American Society of Hematology
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Figure 1. Outcome of patients with DLBCL after R-CHOP chemotherapy.

either a better or poorer outcome, depending on the type of mutation.® difficulties of salvage.'' Furthermore, it has also been shown that
This may explain the contradictory reports found in the literature. DLBCL pathogenesis is strongly related to epigenetic perturbations
Patients with MYC overexpression, particularly the Myc-N118S variant, and that high epigenomic heterogeneity correlated with a higher relapse
have a better outcome than patients with other MYC mutations.® BCL2 rate and poor outcome.'? These observations open the pathway to
rearrangement alone is not associated with a poorer outcome. However, specific DNA methyltransferase and histone methyltransferase inhibitors

BCL2 hyperexpression alone does predict a shorter progression-free designed to erase aberrant epigenetic programming.'® Several studies
survival (PFS) and overall survival (OS) in DLBCL patients, this have investigated the genetic landscape of relapsing DLBCL patients
difference being more relevant in germinal center B-cell lymphoma and identified TP53, FOXO1, MLL3, CCND3, NFKBIZ, and STAT6 as
than activated B-cell lymphoma subtypes.’ top candidate genes for therapeutic resistance.'*

Several other exploratory studies have retrospectively investigated Patients with late relapse
multiple parameters that may be associated with low CR rates, shorter
event-free survival (EFS), shorter PFS, or shorter OS. Table 1 lists
clinical, radiologic, genetic, and antigenic parameters that have been
associated with outcome over the last 5 years. Most of the studies
included only a small number of patients, and although several studies
correlated their findings with prognostic indices or cell of origin, none
of them sought correlations between outcome and DHL, THL, or DPL.
subtypes. Therefore, their clinical usefulness and impact on the phy-
sician’s decision-making process regarding new treatment strategies in
DLBCL patients seems to be low. Neither the International Prognostic
Index nor its modified forms (eg, the Revised International Prognostic
Index) allow these refractory patients to be recognized. Given that cell
of origin has not been associated with either DHL or DPL, it does not
seem to be a useful parameter for recognizing these patients either.

Late-relapsing patients are characterized by a better response to
salvage chemotherapy along with longer PFS and OS than those with
refractory disease or early relapse.'> However, there is not a single
parameter at diagnosis or at the time of CR that would allow us to
recognize patients likely to relapse, nor are there any parameters
to help discriminate early from late relapses. Conversely, not all the
parameters described in Table 1 have been prospectively or retro-
spectively tested in relation to these different end points.

Strategies for refractory patients

At present, we are not able to identify patients who will ultimately
prove to be refractory before we initiate chemotherapy. Those patients
typically receive standard chemotherapy with R-CHOP. However,
given their poor prognosis, it may be better to focus on patients
presenting with DHL, THL, or DPL and attempt to improve their first-
line treatment regimen. Before initiating a randomized study, however,
we must identify the drugs that would likely lead to a good response in
refractory or relapsed patients. What is currently done for these patients
is shown in Figure 2.

Patients with early relapse

Early relapse is usually defined as relapse in the year after diagnosis
or the 6 months after the end of treatment. Although these patients
achieved CR with the planned treatment, they then experienced
quick progression, with lymphoma cells not responding to sub-
sequent treatment. In addition, these patients frequently present
with a central nervous system relapse, which is always associated New drugs and their association in refractory and relapsed
with poor outcome.' There is typically a clonal evolution among patients

lymphoma cells, with some heterogeneity of genes involved in Table 2 provides a listing of new drugs that have been tested in
lymphoma growth that might explain the chemorefractoriness and refractory or relapsing patients. Most of these drugs display low

Hematology 2016 367



*anfeA ayeidn

pazipsepuels ul aBueyd wnwixew **UANGQY ‘aikooydwA| Buresyyui-lown) ‘1 ‘ebeydoioew pajeroosse-iown) ‘N1 oy Jo Aijenb ‘o AydesBowoy uoissiwe uoipsod ‘ | 34 ‘g3 J010€} Jesjonu ‘gy- 4N LYNYOOIW ‘YN¥IW ‘uingojBounwiwi

‘B] ‘xepu| onsouboid [euoryeusaiu] ‘|d| ‘g | -uynajaul ‘g |-

90-g J8]ua0 [eulwlab ‘gHL) ‘snuia Leg-uielsd] ‘Ag3 ‘AydesBowoy pandwood ‘| 9 ‘uiejold aaoeal-)) ‘gD ‘esuodsai a1e|dwod ‘Yo ‘moltew auoq ‘NG ‘|90 g paleAloe ‘Ogy

'sieak g ise| ay} Buunp paysiignd saipnis jo Arewwns e syuasaldal s|qe} ay|

sosdejau
Aea Jaybiy
SO pue ones SO pue 0z0dOL pue ‘Aususbolsioy SO pue
96 S4d Jemoys ONV/OTV Mo g6 Sdd JeHoys 1d1SD YBIH 4] onwousBidy 6 Sdd Jeuoyg  uingojBosoiw-eg ybIH
suonelaqe
SO pue sIL SO pue Jaquinu Adoo SO pue uoissaidxe uoissaidxe
€6 S4d J8Hoyg @0 moq 6 Sdd J8Hoys 2708 Pue DAN 16 S4d 49buon g734/egd 06 S4dd JeHoyg JNVYd oyBiH
uroIgnJoxop o}
oles apfooydwiA| asuodsa. Jaybiy
SO pue SO pue uoissaidxe tuoissaidxa uoissaidxe
a8 S4d JeHoyg 88 S4dd JeHoyg 27108 Yo L8 vre-yiw ybiH 98 SO JeHoyg unaIns Yoy
adfjousyd
Juawieasald €1V1S SO pue uolenBaishp adAjouayd
g8 SO Jeuoyg 8SIOM 8 SO 4ebuo snoBAzowoH €8 S4d Jekoys femyred £641 8 SO Jeuoyg NOY-LIN
20Ua.1IN034
[BOO| paseaJoul
‘wo g< Jowny uoissaldxaiono uoissaidxs
18 10 ||| oBerg 14 SO JsHoys OAN 08 SO J8Hoys L-xaL yBiH 6. SO “ebuo ajelle /v vbLO
oles
YINBIMAB] uoissaidxe dg uoissaidxe uoissaidxe
22 S4d JeHoyg [euLIouqy LL SO J4eHoyg 63 1-yiw moT CL SO 48uoys 1837 YBH 9L SO JeuHoyg ¥Q-VIH moT
JUSWISA|OAUI
SO pue ng SO pue uoissaldxa [ons| SO pue uoissaudxs SO pue
Gl S4d Jeuoys 1uepioou0) ¥4 €L S4d Jeoys uiejoud-a|gnoQ [ S4d 4ebuo Bnjs ybiH L S43 Jeloyg sod 0£Q0
ewoydwi| suoneInw
SO pue 21008 ogv ELYND uoissaldxa uoissaidxa
0 S4d Jeuoys EeIxayoe) 69 ul SO Jakoyg pue gdJV-N.L 89 SO Jebuo] ZHZ3 YBH L9 SO Jeuoyg 24493 YBIH
uone|Ayrow
SO pue Kousroyep SWIN|OA Jowin} SO pue uoljeoo|sues} s4a Jajowoud SO pue
99 S43 Jeuoys Q uiweyp S99 SO Jeuoyg ologerew ybiH 9 S4dd JeHoyg auab B1-DAN €9 pue SO JeHoyg IMdva [42) S4dd JeHoyg 81-1] wnies yBIH
Id| st-mo|
(/6 ge>) Yum Apenoiped
%€S SO [9A9] Ulwngre uess 19 SO pue ‘2108 0
19 ‘%16 ‘'S4d A-g wniss mo 09 SO JeHoys uo eiuedooseg 6 S4dd Jeuoyg uoissaudxe yBIH 69 SO JeHoys $80| YENMAO 89 SO J8Hoys £ga0s wnuss ybiH
(anmsod-Ng ainjeuBis
o} Jejiis) pareIoosse-sso| ainjrey JOHO-Y
SO pue JUSWIBA|OAUI SO pue 1400y pue ‘uoissaidxa SO pue
LS Sdd Jsuoyg g U920 99 S4d JeHoyg %E€8> ""“ANSV ele) SO JeHoyg  uonsep [HOOY g GG -y yBiH €6 '8 S4d JeHoyg Ye-Is wnuses ybiH
BWO2IN0 Yum
saipn}s SO pue S4d pejeioosse jou ainjeubis
SO pue oL le u jou nq Kuapsod JaHoys pey saljjewiouge S43 pue uoljeAnoe SO pue
1S S43 Jsuoys T0XO YBH 05 ‘¥ 'Sdd JeHoys 13d wus| L saipnis Joyo OAWN pere|os| 14 SO 48Hoys £1V1S uab-|| Ly S4dd JeHoys %08< 9™
anIssaIBbe Aian Buieubis uoieoosues} g10g
inq (%9) ared SOAD pue NOr YHm pejeroosse
sisoubelp o) ‘uonehyrow Ylm pajeloosse 1 Aprenoiped
SO pue 1e 44O ubly pue S4d yum sisouBeip je vyedIn snid SO pue xas sew 09 ‘uoissaldxa
o S4d JeHoys pue elweuy 12 uoye|e1100 ybiH SIS0108U Jowin | 44 uoleINW £G4/ ey Sdd JeHoys pue abe Jop|O (44 Ul S4d Jekoys Y4OX0
ores asdejal 9%0g (arped
%G9 ‘SO 9%/ ‘Juswyeas} ewoydwA| SO pue uoissaidxe ssu-1ood wsiydiowAjod
84 ‘%0Y ‘S3d +8ad oy 0 pus e |3d € Hy-8iqno@ 6¢ Sdd JeHoysg 1yiv-d ybiH 8¢ 10§) SO Hoys O-VIH
dudIBRY  S43/S0/Sdd ouUdIRPRY  S43/S0/Sdd dualRRYy  S43/S0/Sdd dudIBRY  S43/S0/Sdd oUdIRPRY  S43/S0/Sdd
sivYyl10 Buibew)| sauaboouQ sfemyieq suabnuy

suawibal aI-dOHI-Y 10 dOHD-Y YuMm pajeal; sjuanjed 7Dg7Q Ul SWOOIN0 Y)IM PIJeIOOSSe sidjdweled | d|qe]

American Society of Hematology

368



pazipsepuels ul aBueyo wnwixew **“ANQY ‘a1hooydwA| Buireyui-iowns )1 ‘ebeydoioew pajeioosse-iowny ‘AL oy Jo Aljenb o0 {AydeiBowol uoissiwe uouysod ‘ | 34 ‘g3 J010.) Jesjonu ‘gy-4N (YNHOOIW ‘YNYIW

‘anfeA ayeidn
IIngojBounwwi

‘B ‘xapu| onsouBoid [euoreusalul ‘|d| ‘81 -uiynapieiul ‘g -] {[[99-g J81uad [euiwab ‘gL isnuia reg-uielsd3 ‘Ag3 ‘AydesBowoy paindwoo ‘ | 9 tuielold anijoeal-0) ‘YD ‘esuodsal ale|dwod ‘YD ‘moliew auog ‘NG {190 g pateAloe ‘Ogy
'steak g 1se| ay} Buunp paysiignd seipnis jo Arewwns e syusasaidal a|qe} ay|

SO pue uoissaidxe
€cl S43 Jeuoys 02cad Mo
asdejas Alea
paseasoul
€5 e-Is ubiH
sasdejas
paseasoul
sosdejes ‘ZIgM4AN
paseasoul pue Jig)dN se ael YO JayBiy
‘suoljeinw yons suoleinw SO pue ‘uoissaidxe
14 91VvIS vl 4N GGl S4d 4ebuo Y-44vg
osdejal
Ao 90870
-goo u 17 SO pue uoissaldxe
148 SO Jevoyg xas o[\ LiL SO 4ebuo €6d1 2dA1-pIm (o148 -HON poeseasou| 6L Sdd Jemoys 6500 YBIH
ainjie}
alel ain|re} 1o ysu yBiy
yBiy ‘edAjousb ‘eQg | -ylw pue uigjoud
8t SO Jeuoyg Aupigiowon LLL /O £6d1 LLL 95z L-yiw ybIH 9Ll SO Jeuoyg 17-Qds 48ybiH
alel
asdejas Jaybly
SO pue [oA9) uoissaidxa SO pue uoissaidxa ‘YNQ Jowny
Sl S4d JeHoyg dy0 YbiH 141} SO 48uoysg LdXO4 ekl S4dd 4eHoyg HidIH Mo Gl Buenony
uoissaiboid
Area paseasoul
SO pue ABojoydiow suore;nw tainjeuBis SO pue
Ll S43 Jeuoys olse|gqounwiwi oLl Sdd 4eHoyg 1o uoyajep ggd 601 VNY!W wnisg 801 S4dd JeHoyg uoissaudxe LATY
SO pue (s11#2 | €91a0) uoissaidxa SO pue uoissaldxe
0l Sdd 18Hoyg CIN peseatou| LOL SO JeHoys (1°€gdg)lep 901 SO JeHoys 1719 Mo (o] Sdd eHoyg ygg-diw Yoy
(s|le0 uoissaiBoud
,+8900) fes saybly
SVYL tadfjousb SO pue 1gd SO pue
0l SO Jebuo pasealou] €01 SO 48uoyg O9/OV IHTN col Sdd Jebuo -YNYour] ybiH 10l S4d JeHoyg 2YNLS YBIH
sasdejas
Ares sayBiy
!(1op0dsuel} uoissaidxe
(uossaidxe uiolgqnioxop) €1V1Sd/14d1S
SO pue 4383 ybuy) 91v2cO1s pue uoissaidxe
0oL S4d JeHoys enyisod-Ag3 66 jo ss07 86 SO Jemoys L4d LS YBIH L6 SO Jeuoyg 8LddD/d!g UBIH
dualeRRy  S43/S0/Sdd OUalRRY  S43/S0/Sdd duaIeRy  S43/S0/Sdd dualRdy  S43/S0/Sdd Oualeydy  S43/S0/Sdd
si1vY10 Buibew| sauaboouQ shemyied suabiuy

(panunuod) °| a|qe]

369

Hematology 2016



R-CHOP failure

Primary
refractoriness

Early
relapse

Late
relapse

\ <

Eligible for transplant

Salvage regimen:

- R-DHAP, R-ICE, R-ESHAP

- followed by autotransplant
- (and maintenance)

In the future:

- New salvage regimens
targeting refractoriness

- followed by autotransplant
- (and maintenance)

Not eligible for transplant

- Too old

- Not responding to salvage
- No stem cells at harvest

- Other severe diseases

Salvage regimen:
- R-DHAP, R-ICE, R-ESHAP
- followed by maintenance
- lenalidomide
- anti-PD-1 antibodies

In the future:
Salvage regimen
- R-DHAP, R-ICE, R-ESHAP
- followed by maintenance
- lenalidomide
- anti-PD-1

Figure 2. Suggested algorithm for therapy in patients for whom R-CHOP therapy failed.

activity and were mainly tested in relapsing but not in refractory
patients; none of the drugs were specifically evaluated in patients
with DHL or DPL. Table 3 provides an overview of the different
regimens that are associated with a novel agent. Most regimens have
been used for years and have been shown to result in an approxi-
mately 50% response, including a 30% CR rate, which is not much
better than the responses obtained with standard rituximab plus ifos-
famide, carboplatin and etoposide (R-ICE), rituximab plus dexameth-
asone, cytarabine, and cisplatin (R-DHAP), rituximab plus etoposide,
methylprednisolone, cytarabine, and cisplatin (R-ESHAP), or rituximab
plus gemcitabine, cisplatin, and methylprednisolone (R-GEM-P). Of all
these studies, one conducted by the Lymphoma Study Association
investigated the efficacy of 2 different regimens (R-DHAP and R-ICE)
followed by autologous transplant in responders, depending on their
MYC rearranged status.'® In that study, complex hits (DHL, THL, and
others) were observed in 75% of the patients representing 17% of the
entire patient population. The 4-year PFS and OS were significantly
lower in DLBCL patients with MYC rearrangement than in those
without, with rates of 18% vs 42% (P = .0322) and 29% vs 62%
(P = .0113), respectively. The chemotherapy regimen (R-DHAP or
R-ICE) had no impact on survival in either group.

A better regimen than R-CHORP for high-risk patients

Intensified R-CHOP. 1In general, refractory patients and relapsing
patients receive the same salvage treatment (R-DHAP, R-ICE, or

370

R-ESHAP followed by autologous transplant in responders), even when
they are refractory to standard therapy. Another strategy would be to fine-
tune the R-CHOP regimen. In a retrospective analysis, the MD Anderson
group examined a total of 129 DHL patients treated with R-CHOP,
dose-adjusted rituximab plus etoposide, prednisone, vincristine, cyclo-
phosphamide, and doxorubicin (DA-R-EPOCH), or rituximab plus
hyperfractionated cyclophosphamide, vincristine, doxorubicin, and
dexamethasone alternating with high-dose methotrexate-cytarabine
(R-hyperCVAD/MA) and found that patients receiving either DA-
R-EPOCH or R-hyperCVAD/MA experienced a better outcome. "'’
R-hyperCVAD/MA was significantly associated with higher CR
rates compared with R-CHOP, whereas DA-R-EPOCH resulted in
longer EFS than R-CHOP.!” The efficacy of these intensified or dose-
escalated regimens was corroborated in another study.]8 The results of
that study are waiting to be confirmed in a randomized, currently on-
going study (R-CHOP vs DA-R-EPOCH; NCT00118209). The studies
assessing the benefit of high-dose therapy plus autologous transplant in
first CR, however, showed no improvement over chemotherapy alone.'”

The only possibility for increasing cure rates is either to increase the
number of true CR patients or to implement maintenance treatment
in these CR patients. At least 1 randomized study has compared
R-CHOP to a more intensive regimen (rituximab plus doxorubi-
cin, cyclophosphamide, vindesine, bleomycin, and prednisone
[R-ACVBP]) in young patients with adverse prognostic parameters

American Society of Hematology
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(age-adjusted International Prognostic Index score of 1), showing
that, in spite of similar CR rates between the 2 arms, a significant
statistical difference in favor of the R-ACVBP regimen was found in
terms of EFS, disease-free progression, PFS, and 0S.2° Another
study confirmed that first-line dose-escalated immunochemotherapy
resulted in a significant PES advantage in DHL patients.'®

Associations with new agents at diagnosis. Given that in-
tensified regimens may not be appropriate for all patients and may be
associated with higher toxicity, a better strategy for treating high-risk
patients would be to use a regimen other than R-CHOP. Although
such a regimen has not yet been identified, some of the new drugs
may prove efficacious in this setting and may thus be incorporated
into new therapeutic regimens.

Because a large proportion of refractory patients have been shown to
have DHL or DPL, targeting MYC or BCL2 might be a solution.
Although there are very few studies conducted in DHL or DPL
patients, some responses may be drawn from studies targeting the
broader group of relapsed or refractory patients. The first-in-class
BCL2 inhibitor, navitoclax, which is an inhibitor of BCL2, BCLx,
and BCLw, was tested.?! However, the development of navitoclax
was postponed because of associated severe thrombocytopenia. In
contrast, venetoclax (ABT-199), another selective inhibitor of BCL2,
was not associated with thrombocytopenia.”* Several studies have
already demonstrated the clinical benefit of venetoclax in relapsing
chronic lymphocytic leukemia patients, whereas studies in patients
with DLBCL are still ongoing.”®

Several agents aimed at modulating MYC expression or activity are
presently undergoing clinical development. Mainly negative results
have been reported so far,>* but agents targeting epigenetic regions
could be a good option for reducing MYC expression. BET bro-
modomain inhibitors mitigate the effect of MYC overexpression by
preventing signal transduction.”> JQ1 inhibits the bromodomain
BRD4, but the compound has been tested only in preclinical models
so far.?® Other inhibitors are currently undergoing phase 1 evaluation
in refractory lymphoma patients (GSK525762 [NCT01943851],
CUDC-907 [NCT01742988], and CPI-0610 [NCT01949883]).

Other therapies targeting MYC-dependent cancer metabolism could
be used in DHL and DPL. Agents targeting glucose metabolism,
shown to be upregulated in cells overexpressing MYC, are being
developed. An example of this is AZD3965, a specific inhibitor of
the monocarboxylate transporter 1 (MCT1), which was shown in
mice to lead to lactate accumulation and lower cellular pH, and it
inhibits glycolysis and growth of lymphoma. AZD3965 is being
tested in a phase 1 trial (NCT01791595) involving patients with
DLBCL or other solid cancers.

Strategies for relapsing patients

Early relapses (in the year following treatment initiation) are asso-
ciated with the same dismal outcome as refractoriness, and thus these
patients should be treated by using the same strategy.'

At present, no standard regimen has been defined for relapsing
DLBCL patients.>” A good salvage regimen would be associated
with high CR rates (above 60%), which would allow a transplant to
have a higher success rate.”® To prolong PFS after salvage therapy,
maintenance therapy (described below) should be considered. When
using that strategy, ~60% of late-relapse patients survive longer than
5 years.

Hematology 2016

Patients relapse because they develop drug resistance by means of
different mechanisms, such as intrinsic genetic resistance associated
with recurrent translocations and specific gene abnormalities, treatment-
acquired resistance secondary to genetic and epigenetic instability,
emergence of drug-resistant subclones, and tumor microenvironment-
mediated drug resistance.?

Patients with PR

Patients who responded to R-CHOP without achieving CR because
of persisting lymphoma cells as shown on biopsy (bone marrow or
lymph nodes) or persisting positivity on PET scan at the end
of treatment may respond to a different drug regimen. Patients with
PR will likely progress and must be treated before the progression
occurs. Typically, patients are given one of the standard salvage
regimens (R-DHAP, R-ICE, or R-ESHAP) followed by autologous
transplant, if possible.

Patients not eligible for transplant

When patients are not eligible for either intensified R-CHOP
or autologous stem cell transplantation, there are no good salvage
options for this very difficult situation. One solution consists of using
a maintenance strategy after R-CHOP that is aimed to delay or
eliminate relapse. When new regimens are defined for younger
patients, they should also be tested for elderly patients.

In DLBCL patients, 6 drugs have been or are being tested in phase 3
trials for maintenance in CR or PR patients in an effort to prolong
remission—rituximab, enzastaurin, lenalidomide, everolimus, radi-
oimmunotherapy (°°Y-ibritumomab tiuxetan or '*'I-tositumomab),
and anti-PD-1 antibodies. Enzastaurin and everolimus after R-CHOP
failed to show any benefits.***' Rituximab has been investigated in
3 studies, 2 after autologous transplant and 1 as first-line treatment.
The differences in PFS or OS were not significant, but there was
a trend in favor of maintenance therapy.>>

20Y-ibritumomab tiuxetan has been used as consolidation alone after
R-CHOP or in combination with carmustine, etoposide, cytarabine,
and melphalan (Z-BEAM) before autologous transplant. One ran-
domized study has been published that compares carmustine,
etoposide, cytarabine, and melphalan (BEAM) and Z-BEAM and
reports a possible benefit in favor of Z-BEAM.** Another study using
311 tositumomab-BEAM in comparison with rituximab-BEAM did
not reveal any differences between the 2 arms.>* In a phase 2 study
with '*'I-tositumomab given as consolidation after R-CHOP, the CR
rate and PFS were not better than with R-CHOP alone in this patient
subset.>® In another phase 2 study with *°Y-ibritumomab tiuxetan
consolidation after R-CHOP, a longer PFS was observed than is
usually described (5-year PFS, 78%).%® In all of these studies, the
sample size was small, and none of the studies reported results for
especially aggressive lymphomas such as DHL.

Lenalidomide maintenance has been tested in a phase 2 study
in relapsing patients with DLBCL who achieved either CR or PR. In
that study, there was some conversion of PR to CR on PET scans, and
PFS proved to be longer than expected (1-year PES, 79%).%” A large
randomized study (REMARC) compared lenalidomide with placebo
in 650 elderly DLBCL patients in PR or CR. The final study will be
presented at an American Society of Hematology Annual Meeting
and Exposition, with the primary end point (increased median PFS)
achieved in the arm treated with lenalidomide compared with
placebo.
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Immune checkpoint inhibitors have proved to be efficacious in solid
tumors and relapsing Hodgkin lymphomas. These agents are currently
being tested in relapsing DLBCLs and other lymphomas.*® If they
appear to be efficacious in these settings, they should be tested as
maintenance consolidation in high-risk patients or relapsing patients.

Conclusion

At present, we have a definition for refractory patients but not for
relapsing patients. R-CHOP does not seem to be a good therapeutic
regimen for either DHL or DPL, but we do not have a better solution
at this time. Although new drugs that target MYC and BCL2 are
eagerly awaited, it will probably take several months or years before
a good regimen is identified. For relapsing patients, immunomod-
ulatory agents that are currently being used to maintain CR are a
strategy that may be applicable to both elderly and young patients.
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