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UFIAEKRMBEBMEY N E (diffuse

large B-cell lymphoma : DLBCL) % % A 3k
Hodgkin Y ¥ 73} (non-Hodgkin's lymphoma :
NHL) D30~ 40%% 5028 b HEEIHVES
) SERET, 8t SAMEVTRIC O RET
5 ROIBBEEICELETIHNBHIIHLETDH
D, BER, TIRMAE, B BR2LCSTCILH
SRS ICREL D 2. WRI OB, FRMmICHK
B BERP RV,

Z L DHERBRICHERTIEBHZY V36
TALESEREE LTRET 22, R5F—Y vy
EITZZETHORELS . FEESE NHL
DREFEWLRETH Y, RUREL BERER
ExBENHTT A 2 LIC o THREISPETE

ARETHS.

a. U/ Eikte

REHERECZH ERIEETHS. Y e
B2 LIk - CIEERBE AR L, RERE
R EUREABRELT). b¥T7u—
4 X M) —-2HEWHBEERERT, 36
BT 24T

—#R? DLBCL |Z i3 i8fatk Y v B Iz sa 2
t(14:18) (q32:q21) 2%, ¥ 7-30% Tix BCL6 &
BFVBHFEETH IQTEERZDONS. MBER
B LTlR-®IZS-IgF ik C-Ig*, CD19°,
CD20*, CD22*, CD79a* T 5. —EDEHF T
CD5 %> CD10 3Bt £ %2 b, CD5 BHEEIFER
Bltxhz.
b. IRERIRER

Ann Arbor REISEMNE VLN, BERH
RRET 2000, EESWE LTS XS,

BE - RS - BEE CT, EHHEILERE 2-
fluoro-2-deoxy-p-glucose-positron emission
tomography (FDG-PET) #1795. 2007 2%
BINLEET7—-27vay THERETIZ,
DLBCL DOiEriRMAZEr & LT FDG-PET %217
I T AL EEIRTEY, POoBRENRAE
KRPERVWRELAE STV S,

FOMICEHEER - ARV ETHD. BHE
HoBWICE, BRENRGAZAVIRES O
U VEHEESUCHRERR Y -4 B, BLIUFE
fEroy bEsvavEAVERBESRH S
bETT).
c. FEETF

International Prognostic Index (IPI) i, dox-
orubicin # &L H—HRLL LOBRLERE TH
# I N7 aggressive lymphoma @ F# B F®AT
WKETWTREENARDRENE NHL O F#
FHEFNVTHD. IPI THW LIS FHRETIE,
OF# (61 ML), @m¥% LDH (E® LE#%
HBZ5), OB (Ann Arbor I3 X U'IVE),
OHFNFEHCr»FTUELE), BIUG
performance status (PS) 2Ll L), O 5EFT
H 5B 5200 FHETFE M\ T aggressive
lymphoma % 4 Y A Z ¥ V—F 2583 5. T4
bLELTIFRRAFOEN0 I 221042
low risk, 2 % low-intermediate risk, 3 % high-
intermediate risk, 4 ¥ 7212 5 % high risk £ 3 5.

7, EMNHMEBHEOL) 2EHEEZNEL
L2ZVERME~NDOELE 2 ZE L T age-
adjusted IPI A EE S L=, T hix, OQmiE
LDH (E¥ LB%2®822), OQBKERY (IBX
UNVH), BXU®PS ML), #320FER
FEBOTIPILRBIC4L ) A2 TV —TIZHE
THLDOTHAB. BUTITFRAEFORN DS
& % low risk, 1 % low-intermediate risk, 2 %
high-intermediate risk, 3 % high risk & § 5.
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age-adjusted IPI iz R ERDERMD 60 RELT
CBREINS L) EFEERITTEL, 61RU
EeBEEh 2 L) rEmE R L LIBERER
BRIV ERTRETH 5.

PL2BERBEMACERT 256 BRRHI
BIUIBOAELRSE7:D IPI TOBERRFEHAX S
(I/0 vs I/V) BREEZR-Z2\V. FRRICEH
SRER 2 B LZERFEHE VI L 2 5 20 &R
BRTH5 ChbzZERLT OEKRBHEIE
Q@f# 61 ELLL, ®PS2HE @miELDH®

MED4ODFHRARRFICETTRHLT 2
stage-modified IPI M@E 3N T\ 5.

#BAB35 X512, DLBCL 243 2 EEEERE
i rituximab $fH cyclophosphamide, doxorubicin,
vincristine, prednisolone (R-CHOP) ¥ T 5.
R-CHOP Tig#® s 7-: DLBCL & & & L 7-%F
ErLRBENLFETFHET VL LT revised
IPL 55 5. ZHiZIPI TOTFEETFEO % very
good, 1B XU 2% good, 3~5%poor &5 5
FEFHETNVTHAS. very good, good, poor
EROLEEHELEFRZITNETN 9%, 80%,
53%, 4EEFRIENLETHL 94%, 79%, 5% T
Y FHEBIMLAFTEELE 72, DX FITR-IPI
iZ R-CHOP Tl &7z DLBCL O F#ETHlE
FVELTERLEZLNDY, IPLICEE&#:D
EHREIPCOVTRELIIRHAPVPLETH S.
d. [EESEEE - SHHEXE DT

CHOPERELZ ED LT Y IH A 7Y >
REZEFCHBRILERERRTIHESD L
0, BEIC LI I -2 a0 MREEZ 1T .
BEF£74 VA (HBY) ¥+ 7 - BEEREE
T, bR BERET IO - T HBV BEHLIC &
DIFROHE, BERRERETLIZILVHSL
B, WBIEEIC HBs #UJR, HBs #iff, HBc Hifkix
ERTIH. AMMORE OEELCFEREICLI-T
BRI B L YRR REOFMEITS.
IiE Ca, REBIZLEBSLETHS.

DLBCL (233 2 ¥ EYIAEE: I rituximab FF
B cyclophosphamide, doxorubicin, vincristine,
prednisolone (R-CHOP) EETH 5.
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rituximab X BMIEREHRETH 5 CD20 %218
WeTarTIA-LIFATEFCDANE 7
o—FVHAETHY, BMRY BN LT
Bwik®EDHRE LA T, rituximab X £
complement-dependent cytotoxicity (CDC, %
AR HMAE S E/EMH) % antibody-dependent
cell-mediated cytotoxicity (ADCC, ¥k
HMBEEIER) o I X o T CD20 B
HEEZEETS. COEFPCRERSZAETT
RIN—V A BETHILOFOEEREE SN
5. rituximab i3@F OLERER L RUWEFER
ISAEHE L 2WV=HIZ, R-CHOP @ & J icfb%
BEANOBMBESTETH 5.

DLBCL 23§ % R-CHOP & A2 IS
AEBOABEBRRABIBT SN, RENE
BWge L LT3, GELA #°MifT L7 RinREimE
DLBCL 2% & L7, 3BT L2479 R-CHOP
(R-CHOP-21) & CHOP-21 DT ¥ 24L& T
RE)H D, ZORBTES <Y FEFE (event-
free survival : EFS), €43 (overall survival :
0S), 242 =%% (complete response : CR) ¥
AT ¢ R-CHOP-21 #¢ CHOP-21 icE - 7Y, %
Dz d R-CHOP & A2 R HBORERS
% Y, HEAE T R-CHOP-21 %5 DLBCL 2% ¥
LHIREMERE S5,

a. PREHRI DLBCL

BRACIERFH I BB UEREEZAL
HWIEMNHEYT 2. 1 OOREE L LTHRER
WEAMNUWEELBBBEDLBCL o L Tid, R-
CHOP-21 % 3 I — X L RS~ DB ER
(involved-field radiotherapy :IFRT) DB FIEE.
¥ 7:13 R-CHOP-21 % 6 ~8 2 —247%. HH
EROIRE TITBEREERIC X 2 R EEE L ES
WEESEEL 2525 Z0L S ITHEHRBRED
EEESHFHEL 25 REQEHF I R-CHOP
% 6~8 a—AHATT 5.

stage-modified IPI T 1 2 EOFHARET
255 2EEE DLBCL 1234 5 R-CHOP G
+ IFRT (rituximab & 4 H#5) OERHERE
BB 4 ELEEEE 2%, 4 EEEBETH
i288%75 o7z (FE v 2 ATEH).
b. E&{TEi DLBCL

RFE (BEXEERE RN BERRE I




PE/S4 DLBCL I23$9 3 R-CHOP DEFRiE:
BREE DLBCLIC¥ 9 2 R-CHOPEZ D X
FEHERIIZLL, ruxkimab BRICHIT54E
MABIIREILECEZSD. KEIZHUVT stage-
i modified IPI T 1 DLALE®D risk facior ZET3E
BRI DLBCL 62 flZxd&IZL T, R-CHOP X
3 + IFRT (rituximab |3 4 BlI%S) DOREFKE Il 18
HBIWTEINL". 4E245881292%, 4
EREEEEEST 88U EFDABRRBIIRT
2ok, EREUEBEBLEEHEYCEEHBEOTE

ESNTLD. ZF/f-Miller 5ICLB CHOP X 3 +
IFRT DREEE? CHAEMICHBTEE, £5F
DUREMRISELERNE 0,

Z M=, BEBER DLBCL (C3x39 3 CHOP x 3
+ IFRT A\ rituximab DEMM RIS LEBBEE
HTHDTEEMIEREINTINS,

1) Persky DO, et al : Phase II study of rituximab plus three
cycles of CHOP and involved-field radiotherapy for
patients with limited-stage aggressive B-cell lymphoma:
Southwest Oncology Group study 0014. J Clin Oncol 26 :
2258-2263, 2008

2) Miller TP, et al : Chemotherapy alone compared
with chemotherapy plus radiotherapy for localized
intermediate- and high-grade non-Hodgkin's lymphoma.

EABHONT, BRIGRTIBERNER |-

N Engl ] Med 339 : 21-26, 1998

v

O'I, V#) DLBCL I2%f L T i R-CHOP-21 %
EEQI-AWIT T 2. EERHEREEETH
DLBCL i2 %3 % R-CHOP-21 0 & 85 & T3,
5 FELEFFEII 8%, 5 FEHELFE G 54%
755722,

FHABRRF2H$ 2 WFEETH DLBCL =3¢
LTRECENBERBEEARERLEEEDCE
RAHERTTF— BN OPRENTVWEY, B
REATHEENBEL LTHAELILEEw
A TERRBCORIISLETH 3.

c. BRDLBCL

MEREBCLIIZLEBROEEERY
DLBCL Izt L Tit, #BILEERELENL 7255
BIREABLERENS—BRE S WD, E5B

 BPIHT 5 3IBLERE & LTI cyclophos-
. phamide, high-dose cytarabine, dexamethasone,
. etoposide, rituximab (CHASER) &% ¥ %47
Y BAERUEORRIE LN BEICREE
ENBEMBREAARLERELT). BHE
L5 KB HEES A %2 v 3B & i3 rituximab,
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R-CHOP-21 #ii% ;
YwEH 1E375 mg/m?  SEERE day
1
h4 kUL 183 mg/body sSEEEE day
3
I EFYy 1ET750 mg/m* mEEZ
day 3
FPEYPL> 1EIB0 mg/m? mEsEE day
<
Fravy 1H 1.4 mg/m? (BX 2 mg/day)
BE day 3 _
TRz 100 mg/body 1B 1E #HR&
HNEE day3~7
Bz 3EIEITRYBT.
w4 L CD20 E 2 2 u—-F bR T
HY, EHEMEACDERHL TV L EM
BEE< -7 - RECABEBFOREC LT
BRETL B5LboTREBERT VLAY R
BETFHTADI, BE WM N
200mg) 2T, LAP3I> (10mg) 3T 2R
T4, VY yHE5HEERCEOPERAA, 7
X CHOP D 1~ 2 HHOWTFRTE T v,
TV FZ v 6 RMETIZ4A0 mg/m® CRE
15,

dexamethasone, etoposide, ifosfamide, carbopla-
tin (R-DeVIC) H|ERLZ21TH. B, E®WL
[EEFRERITID U TRAREEZAM T 5.
d. R-CHOP DEEEBRETONIR
1) —RNISEEEIE

#E rituximab $5FICIE, B8, BEEL B,
B, &S BE B BiRCo@mEHEEk
(infusion reaction) DHBBEEVF /=0, ABE
THRT 5. BiE (BREEELRiexy Iy
) Zf7o729 2 THEREZ 25 mL/hr THH
L, 18R # 100 mL/hr, 2 &% 200 mL/hr
FTIBEIEEAL VA VRER L2
BETA F2HEEHHSSIE 100 mL/hr 226
B L, 18HE#% 200 mL/hr L5 5.

infusion reaction ¥, MMEHICKEDEEMAL
BdHBH (25000/ul BL) BE, BEZEDBE,

CDREE, MBREEZET IBECTRABRENR

{, METHEPLEREIEERZ LOERLERZ R
TEENHB. TF745FV—ER HEE
DEE (BEBRZRIVE, MEE SWMTREEER
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B OLOGEE L2ME LEEYsv I RY)
TOREFADREYDH A -OEENVETH .

E M FHER O R T I EBMR R EICTERT
5Ll TEEREERR 2 S THE1D
5. BYYUNETIRY YFREY U NER
Burkitt V) Y NELR EEEEEY Y NETEZY
2Fve &b, DLBCL THEEENS
BICRBEEFLETHS. BEERBEICE-TER
BRmiE, =Y VERIE EH VYT amE RF
HTIF—VZ, BHYTLAMERZE-L, B
BRELHMBEALIFIERIENE. FOFHE
LT #WETRELXRREL, ERBF MY TAL
Lo TROT VA V{LERD, allopurinol 2% 5
LTERBIER FHT5 2 EORNEKEIT).

cyclophosphamide 12 X % H i1 ¥4 & Bt 46 O F B
WCREB LR LI TRERZEET 5.

vincristine IZ & 2 K HERE (MESIR F
B EELY) WARKERICELS D, B
HRBEROFEICOVWTERL (XLYXERHEE
DERICAEHER 2V, FF rOPFidd LAt
e, FEOLUAOHESCETERLY),
grade 2 DHBEEETIZ50% ICHEE L, grade 3
PETIIPIET 5.
2) BEFXRF+UT

BEFkY 4 VR (HBV) ¥xV7DBRET
rituximab + 2 50 4 N4 O£ FLERE AT
BEIC13 HBV BEEMALIC & ) IFEOHE, BIER
FOWEND BT, ¥EHIC HBs HUK, HBc
Pk, HBsHHEDA S ) —= v 72479

HBs ?E%ﬁ%fliﬂﬂﬁﬁﬁlﬁ«: HIL b
DI Z, LI A IWAE (entecavir %2 BT F
Uy) #%53 5. HBs#EKEETH-TH,
HBc #ift £ 7213 HBs i b B 6113 HBV BiEHE
feNnA YAz &N, FESE - FROMAICKTT
L CTHBV-DNA OEMAER b5 7-%, HBV-
DNA R EFRIANVAT—H—%FE=F—1L,
EEEATEDT BRI TANVAEEZRST
3. EFLEREIRT LAEANF»OEEL
BETOHBV BEHILOVAZ 3y, {LER

ERTHRI2RITE=Z I UV IEFZET LW,
3) B - RETHE

CHOP T dayl0 ~ 15 ﬁ‘Eﬂﬂﬁ‘iﬁ&‘ Rk
BAOVEIBENIBITHL. BREFH, BHH
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R-CHOP @ dose mtensiﬁcat:on( R~-CHOP-14)

RAYTlEFRARSHEDLBCLZTREL
Trituximab B LT 2B Z £ 1247 5 CHOP-
14 (R-CHOP-14) & rituximab & 68 L 74
CHOP-14 mib&EE (RICOVER-60) H'fTh
nr=". CHOP-141'6 %7380 —2, &
Utrituximab $tA&» YW E-I3ELDOEE 4 BDS

| VILEBEBTHD. COERTIIBEHSE
DLBCLICW L TIE6 I—RMR-CHOP-14 A*
FERARTHD SN

L, RE2EIZEICTOR-CHOP-14 &
3iBI&IC1F5 R-CHOP-21 DB ERNEE
EFHRTHY, R-CHOP-14 A" EERVARER
SNESHRINSORBREFODEN HD.

1) Pfreundschuh M, et al : Six versus eight cycles of bi-
weekly CHOP-14 with or without rituximab in elderly
patients with aggressive CD20+ B-cell lymphomas : a
randomised controlled trial (RICOVER-60). Lancet Oncol
9 :105-116, 2008

.

O REZMEARRICEFICHBLTSBL. #
IR B DOFS (febrile neutropenia : FN) £
12 G-CSF#&5 %4795 %%, ASCOW A FF4 ~iC
RENLZIIKC, SRUEOEEHE, £H5RE
(performance status:PS) FE, FN &EE® 1,
EXE BHBRBCIANBRURPEELRHEE
BREOBALZEYTIEG-CSF2—kFRHELT
BE5 5. #FOIED Preumocystis jirovecii fidk
FRiD725 STEE 37 %) OFBARZTI
e. &£EER

R-CHOP ARkt LTiITbNBH L
ALV, BEFHE (Fke, I8, AZ
ATDIAZERRY) IoWTEETS. I
REBEEIC2ZDICHEE (7958 b)) ORREYE
BT I9 bbb Loy - HETHLLE
b, ERIEMTRTIER S HRKEES
TAHLHICEET .

X @
1) Coiffier B, et al : CHOP chemotherapy plus rituxima
compared with CHOP alone in elderly patients Wi i
diffuse large-B-cell lymphoma. N Engl ] Med 345
235-242, 2002 .

2) Feugier P, et al : Long-term results of the R- CHO
study in the treatment of elderly patients with diffus

- large B-cell lymphoma : a study by the Groupe ¢ ¢
Etude des Lymphomes de 'Adulte. ] Clin Oncol 23
4117-4126, 2005




Leukemia & Lymphoma, May 2010; 51(5): 813-821 informa

healthcare

ORIGINAL ARTICLE: CLINICAL

Pretreatment total serum protein is a significant prognostic factor for
the outcome of patients with peripheral T/natural killer-cell lymphomas
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Abstract

Peripheral T- and NK-cell lymphomas (PT/NKCLs) are relatively rare, and few studies have validated the International
Prognostic Index (IPT) for PT/NKCLs in prospective clinical trials. Histopathological specimens from 136 patients, enrolled
in six prospective multicenter trials of doxorubicin-containing regimens, with PT/NKCLs were reviewed by six
hematopathologists following the WHO classification. This combined analysis demonstrated that the IPI was not predictive
of prognosis for patients with PT/NKCLs as previously shown by GELA. In a univariate analysis, low total serum protein
(TP) and albumin levels, gastrointestinal tract involvement, and histologic subtype (extranodal NK/T-cell lymphoma, nasal
type, and peripheral T-cell lymphoma, unspecified) were significantly associated with reduced survival. In a multivariate
analysis, TP (p=0.004) and histologic subtype (p=0.024) remained significant. We discuss the need to establish the
importance and meaning of TP and to develop new strategies for patients with PT/NKCLs allowing for TP, especially with
worse histologic subtypes.
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Introduction

Peripheral T-cell lymphomas (PTCLs) are relatively
rare neoplasms and not equally distributed geographi-
cally throughout the world. For instance, PTCLs
account for 10% of all non-Hodgkin lymphomas in
Western countries [1], but 23% in Japan [2]. Advances
in immunophenotyping and molecular genetics have
defined several distinct entities of PT'CLs that were not
identified by the Working Formulation (WF) classifi-
cation [3]). The third editon of the World Health
Organization (WHO) classification system [4] specifies
16 major subtypes of T- and natural killer (NK)-cell
lymphomas with characteristic morphologic and im-
munophenotypic features and clinical manifestations.
Although this classification allows different subgroups
of patients with T-cell lymphoma to be identified, it
does not inform on patient outcome.

The International Prognostic Index (IPI) [5],
which was originally constructed for all aggressive
lymphomas and is the most widely used index
worldwide, has also been reported to predict the
prognosis of patients with PTCLs [6-8]. However,
the IPI has not been validated for patients with
PTCLs who are enrolled in multicenter prospective
clinical trials incorporating central pathology review
by several pathologists using the WHO classification
[4]. Among adult aggressive lymphomas, the T-cell
phenotype is associated with a poor prognosis [9-12],
except for anaplastic large cell lymphoma (ALCL)
[1,8,12]. However, only a few studies have examined
prognostic factors or models for PTCLs. A study
conducted by the Intergruppo Italiano Linfomi
demonstrated that the Prognosis Index for peripheral
T-cell lymphoma, unspecified (PTCL-U) (PIT) can
be used to predict the survival of PTCL-U [13].

A retrospective analysis of the prognosis of peripheral
T- and NK-cell lymphomas (PT/NKCLs) based on
retrospective clinical reviews is somewhat cumbersome,
primarily due to the heterogeneity of treatment regi-
mens. For this reason, we undertook a combined
analysis of multicenter prospective trials conducted by
the Japan Clinical Oncology Group — Lymphoma Study
Group JCOG-LSG) during the 1990s with the main
endpoint of developing a practical and reproducible
method to predict the precise prognosis for patients with
PT/NKCLs, as did the Groupe d’Etude des Lym-
phomes de I’Adulte (GELA), in which patients were
treated following the LNH87 or LNH93 protocol [14].

Materials and methods
Patient selection

This study, JCOGO0108A, analyzed 1141 patients
enrolled in the following six JCOG-LSG multicenter
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clinical trials for advanced adult aggressive lympho-
mas according to the WF classification [3] in those
days, which were conducted consecutively in the
1990s: JCOG9002, 9203, 9505, 9506, 9508, and
9809. Patients with mycosis fungoides, Sézary
syndrome, adult T-cell leukemia/lymphoma
(ATLL), and precursor T-lymphoblastic leukemia/
lymphoma (T-ALIL/LBL) were excluded from all of
the studies. Detailed descriptions of the patient
eligibility criteria for these six trials were previously
described [15-19]. All of the protocols described
above, including the informed consent document,
were approved by both the JCOG Protocol Review
Committee and the institutional review board of each
institution. The first edition of JCOGO0108A was
written on 27 June 2001 and approved by the JCOG
Protocol Review Committee on 31 October 2001.

Treatment

All patients were enrolled in multicenter prospective
studies and treated with doxorubicin (DXR)-contain-
ing second- or third-generation multdrug combina-
tion chemotherapies [15,16], or cyclophosphamide
(CPA), DXR, vincristine (VCR), and prednisolone
(PSL) (CHOP)-like regimens [17-19]. JCOG9002,
9203, and 9809 were clinical trials for patients with
all IPI [15,16,19], while JCOG9505 and 9506 were
those for high-intermediate/high-risk [17,18], and
JCOG9508 was a trial for low-intermediate/low-risk
of IPI [18].

Histopathological and immunohistochemical analyses by
central review

An expert panel of six hematopathologists (Kiyoshi
Mukai, Shigeo Nakamura, Koichi Ohshima, Masa-
hiro Kikuchi, Yoshihiro Matsuno, and Tadashi
Yoshino) and two clinicians (Tomomitsu Hotta
and Masanori Shimoyama) reviewed the histo-
pathologic diagnosis for 1023 of the 1141 patients
enrolled in the six studies. The panel was provided
with essential clinical data, including the age and
gender of each patent, biopsy site, anatomic
disease distribution, and anti-human T-cell leuke-
mia virus type 1 antibody status. A consensus
diagnosis was reached following histological review
of each biopsy specimen in accordance with the
third edition of the WHO classification system [4],
including 136 patients diagnosed with PT/NKCLs.
Immunohistochemistry using formalin-fixed paraf-
fin-embedded sections and a panel of antibodies
(see ‘Appendix. Supporting Information’) was
used. T/NK-cell lineage was assigned only when
the neoplastic lymphoid cells expressed at least one
of the T/NK-cell antigens, such as CD3, CD45R0O,



or CD56, and did not stain for the examined B-
cell antigens (CD20 or CD79a).

ALCL was diagnosed for cases with a typical
anaplastic morphology or sinus involvement, and a
non-T/non-B or a T-cell phenotype, which was
identified only by immunohistochemistry, and strong,
uniform CD30 expression. For pathological diagnosis
of extranodal NK/T-cell lymphoma, nasal type
(NKTCL), patient samples were examined by Ep-
stein—Barr virus-encoded small RNA-1 i situ hybridi-
zation (EBER-ISH). Southern blotting for the T-cell
receptor gene rearrangement was not performed.

Prognostic factors

Eighteen clinical, biochemical, and radiologic para-
meters were analyzed to evaluate their capacity to
predict patient outcome. These prognostic factors
and risk groups, as defined by the IPI [5], were
subjected to univariate analysis. Then, significant
variables were included in a Cox multivariate
analysis.

Except for the following incomplete data sets,
complete data sets were available for all 136 patients
with PT/NKCLs, which were diagnosed by central
pathological review using data on all prognostic
variables as well as overall survival (OS): seven
patients did not have accurate pretreatment serum
lactate dehydrogenase (LDH) levels, mainly because
of a lack of information on the upper limit of the
normal range for each institution at that time; one
patient was not accurately staged and evaluable for
performance status (PS); three patients were not
evaluable precisely for the presence of B symptoms;
and five, six, four, and four patients did not have
pretreatment total serum protein (TP), albumin
(Alb), and aspartate transaminase (AST) levels, and
hemoglobin (Hb) levels determined, respectively.

Statistical analysis

Multiple statistical analyses were performed by a
statistician (Kenichi Yoshimura) in the JCOG Darta
Center. Comparisons between patient groups were
analyzed using a x2 test for categorical variables. The
OS was calculated using the date of enrollment in
each study until the date of death or last follow-up for
living patients, and OS curves were estimated using
the Kaplan-Meier method. The log-rank test was
used to assess the significance of unadjusted differ-
ences in OS for each prognostic factor. Prognostic
factors with p < 0.3 by univariate analysis were
included in a multivariate analysis. The multivariate
analysis was performed by the Cox proportional
hazards model to identify subsets of independent
prognostic factors for OS. Two-sided ¢ tests were
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used to calculate all p-values and p < 0.05 was
considered statistically significant. All statistical
analyses were performed using SAS, version 9.1.3
(SAS Institute, Inc., Cary, NC).

Results

Major clinical characteristics and prognosts of PT/
NKCLs compared to diffuse large B-cell lymphoma

The major clinical and biologic characteristics of PT/
NKCLs and diffuse large B-cell lymphoma
(DLBCL) are summarized in Table 1. The statisti-
cally significant characteristics for PT/NKCLs were
advanced stage, two or more extranodal sites, poorer
PS, and presence of B symptoms. When 127 patients
with PT/NKCLs with complete data sets available for
the IPI were grouped by risk factors, PT/NKCLs
showed a higher grade than those with DLBCL
(Table I).

The 5-year OS of patients with PT/NKCLs was
46% (95% confidence interval [CI], 38-54%), which
was significantly inferior to the 58% 5-year OS (95%
CI, 54-62%) of patients with DLBCL. The IPI
separated the patients with DLBCL into four risk
groups with distinct survival outcomes (data not
shown). On the other hand, the OS of patients with
PT/NKCLs in the high-risk group was not less than
that of patients in either the high-intermediate- or
low-intermediate-risk groups (Figure 1), indicating
that the IPI model does not fit well for patients with
PT/NKCLs.

Table I. Comparison of clinical and biologic characteristics
between patients with diffuse large B-cell lymphoma and
peripheral T- and NK-cell lymphomas.

T- and
NK-cell
DLBCL lymphomas
(n=642) (n=136)
Parameter (%) (%) p-Value
Sex (male/female) 60/40 67/33 0.13
Age (<60/>60) 59/41 70/30 0.02
Ann Arbor stage 38/62 19/81 <0.001
I+ VI 4-1IV)
Extranodal sites (<1/>2) 79/21 70/30 0.03
ECOGPS (0+1/>2) 84/16 70/30 <0.001
LDH (<N/>N) 47/53 41/59 0.24
B symptoms (no/yes) 75/25 47/53 <0.001
IPI (L/LIVHI/H) 38/31/20/11  27/33/22/18 0.04

DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Co-
operative Oncology Group; PS, performance status; LDH, lactate
dehydrogenase; N, normal; IPI, International Prognostic Index; L,
low risk; LI, low-intermediate risk; HI, high-intermediate risk; H,
high risk.
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Histologic subtypes and OS according to PT/INKCL
subtypes

There were 53 padents with PTCL-U, 46 with
angioimmunoblastic T-cell lymphoma (AITL), 18
with ALCL, 17 with NKTCL, one with subcutaneous
panniculitis-like T-cell lymphoma (SCPTCL), and
one with enteropathy-type T-cell lymphoma (ETCL).
A Kaplan-Meier analysis showed that patients
diagnosed with PTCL-U and NKTCL had signifi-
cantly inferior survival curves than patients with ALCL
and AITL (Figure 2). The 5-year OS of patients with
ALCL, ATTL, NKTCL, and PTCL-U was 61% (95%
ClI, 35-79%), 55% (95% CI, 39-68%), 41% (95% CI,
19-63%), and 38% (95% CI, 25-51%), respectively.

Prognostic parameters for OS in patients with PT/
NKCLs

The clinical characteristics of the 136 patients with
PT/NKCLs examined using a univariate analysis and

1.0 1 P<0.001 —— L n=34 (27%)

E ------ Ll n =42 (33%)
Z . — — HI n=28 (22%)
s 0849 % — H n=23(18%)
o
&
® 0.6
g o
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Figure 1. OS according to the IPI. Patients with T- and NK-cell
lymphomas (n= 127) with complete data sets available for the IPI.
L, low risk; LI, low-intermediate risk; HI, high-intermediate risk;
H, high risk.

—— ALCL (n=18)(13%)
------ AITL  (n =46)(34%)
— — NKTCL (n = 17)(13%)
—— PTCL-U (n = 53)(39%)
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Figure 2. OS according to WHO histologic subtype (n=134).
ALCL, anaplastic large cell lymphoma; AITL, angioimmunoblas-

tic T-cell lymphoma; NKTCL, extranodal NK/T-cell lymphoma,
nasal type; PTCL-U, peripheral T-cell lymphoma, unspecified.
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their cut-off values are listed in Table II. The
following clinical parameters were significantly asso-
ciated with reduced survival in a univariate analysis:
pretreatment serum TP levels, gastrointestinal (GI)
tract involvement, histologic subtype, and pretreat-
ment serum Alb levels (Table III). None of the
parameters used in the IPI were prognostically
significant.

Eight variables reached the cut-off value of p < 0.3
in a univariate analysis (Table III) and were subse-
quently evaluated in a multivariate analysis. Conse-
quently, only pretreatment TP levels (hazard ratio
[HR], 2.21; 95% CI, 1.28-3.83; p=0.004) and the
histologic subtype (HR, 1.73; 95% CI, 1.08-2.77;
p=0.024) remained significant. Pretreatment serum

TP levels, with a cut-off value of 6.3 g/dL, which was

determined by the lower limit value of the normal
range, clearly separated patients with PT/NKCLs into
two groups with different outcomes (Figure 3).

Comparison of clinical and biologic characteristics among
histologic subtypes

The distribution of Ann Arbor stage, PS, LDH, and
IPI was unbalanced among histologic subtypes
(Table IV). However, the ratio of low serum TP
level, which remained significant by the multivariate
analysis, was not statistically different among the
histologic subtypes, in addition to two or more
extranodal sites, BM, and GI tract involvement
(Table IV). Padents with NKTCL more frequently
had a localized disease and an ambulatory PS
(ECOG PS of 0 or 1 was 100%), and less frequently
had B symptoms compared with other histologic
subtypes. Patients with ALCL, AITL, and PTCL-U
had a more advanced disease and lower PS (26—
39%), and more than half of them had B symptoms.
Seventy percent or more of the ALCL and NKTCL
patients were classified as the low/low-intermediate-
risk group according to the IPI scoring, while 58% of
the AITL patients were in the high-intermediate
(HI)/high (H)-risk group, and the proportion of the
HI/H-risk group of the patients with PTCL-U was
intermediate between that of the HI/H-risk group of
patients with ALCL/NKTCL and AITL (Table IV).

Discussion

Both serum TP and Alb levels were prognostic
factors in a univariate analysis, but only TP remained
significant in a multivariate analysis. Among the
prognostic studies to date, only one report found that
TP was significant in a multivariate analysis in PT/
NKCLs [20]. TP and Alb levels may reflect patient
exhaustion resulting from severe constitutional
symptoms, or the patient’s inability to tolerate



Table II. Clinical and biologic characteristics of 136 patients with
peripheral T- and NK-cell lymphomas.

No. of patients

Characteristic and with available No. of
cut-off value data padents %
Sex 136

Male 91 67

Female 45 33
Age (years) 136

<60 95 70

>60 41 30
Ann Arbor CS 135

LI 26 19

oL, Iv 109 81
Dimensions of largest tumor 131

<5cm 88 67

>5cm, <10 cm 29 22

>10 cm 14 11
Extranodal sites 132

0,1 93 70

>2 39 30
BM involvement 135

No 106 79

Yes 29 21
GI tract involvement 135

No 118 87

Yes 17 13
Liver involvement 135

No 115 85

Yes 20 15
Spleen involvement 135

No 107 79

Yes . 28 21
Other involvement 135

No 77 57

Yes 58 43
ECOGPS 135

0,1 95 70

>2 40 30
B symptoms 133

Absent 62 47

Present 71 53
LDH 129

Normal range 53 41

Higher than normal 76 59
TP (g/dL) 131

>6.3 101 77

<6.3* 30 23
Alb (g/dL) 130

>3.7 62 48

<3.7% 68 52
AST (U/L) 132

<40 112 85

>40 20 15
Hb (g/dL) 132

>10.0 114 86

<10.0 18 14

(continued)
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Table II. (Continued).

No. of patients

Characteristic and with available No. of

cut-off value data patients %

Histologic subtype 136
AITL 46 34
AILCL 18 13
SCPTCL 1 1
NKTCL 17 13
PTCL-U 53 39
ETCL 1 1

*The lower limit value of the normal range.

CS, clinical stage; BM, bone marrow; GI, gastrointestinal; ECOG,
Eastern Cooperative Oncology Group; PS, performance status;
LDH, lactate dehydrogenase; TP, total protein; Alb, albumin;
AST, aspartate transaminase; Hb, hemoglobin; AITL, angioim-
munoblastic T-cell lymphoma; ALCL, anaplastic large cell
lymphoma; SCPTCL, subcutaneous panniculitis-like T-cell lym-
phoma; NKTCL, extranodal NK/T-cell lymphoma, nasal type;
PTCL-U, peripheral T-cell lymphoma, unspecified; ETCL,
enteropathy-type T-cell lymphoma.

Table III. Clinicopathological parameters influencing survival of
patients with peripheral T- and NK-cell lymphomas in a univariate
analysis.

Hazard
Parameter Cut-off value ratio p-Value
TP* (g/dL) <6.3" 239  0.0003
GI tract involvement* Yes 1.81 0.049
Histologic subtype* NKTCL + PTCL- 1.71 0.015
U+ETCL

Alb* (g/dL) <3.7 1.68  0.021
Extranodal sites* >1 site 1.46 0.11
Hemoglobin* (g/dL) <10.0 1.39 0.28

B symptoms* Present 1.35 0.17
ECOG PS* >1 1.31 0.24
Ann Arbor stage >2 1.26 0.42
Age >60 1.22 0.38
LDH >1 x normal 1.22 0.37
BM involvement Yes 1.01 0.98

*These variables were used in a multivariate analysis.

*The lower limit value of the normal range.

TP, total protein; GI, gastrointestinal; NKTCL +PTCL-
U+ ETCL, extranodal NK/T-cell lymphoma, nasal type, periph-
eral T-cell lymphoma, unspecified, and enteropathy-type T-cell
lymphoma versus angioimmunoblastic T-cell lymphoma, anaplas-
tic large cell lymphoma, and subcutaneous panniculitis-like T-cell
lymphoma; Alb, albumin; ECOG PS, Eastern Cooperative
Oncology Group performance status; LDH, lactate dehydrogen-
ase; BM, bone marrow.

intensive chemotherapy. One of the potential reasons
why TP is superior to Alb as a prognostic factor is
that hypergammaglobulinemia might be a relevant
and favorable prognostic factor. Unfortunately, in
older trials, such as JCOG9002 and JCOG9203,
where half of patients with AITL were registered,
immunoglobulin levels were not monitored. Patients
with TP < 6.3 g/dL were found in 33, 17, 12, and
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25% of ALCL, AITL, NKTCL, and PTCL-U,
respectively (Table IV). The meaning of TP should
be confirmed for each histologic subtype in future
studies.

One reason for the conflicting results concerning
the histologic subtypes of PT/NKCLs between the
studies may be because disease prognosis differs
depending on the geographic distribution of the
various subtypes [22]. Another considerable reason
for the discrepant outcome between the histologic
subtypes is that one-third of patients with AITL
progress so rapidly that those with a poor perfor-
mance status (PS) are excluded from prospective
multicenter clinical trials. Patients with a PS of 3
were excluded in two of the clinical trials, JCOG9203
and JCOG9809, in the present study.

A recent report from GELA showed that neither
the IPI nor the PIT model predicted the survival of
patients with AITL [14]. The 5-year OS of patents
with AITL in our study population was superior to
that described in the GELA study (55% [95% CI,
39-68%) vs. 33% [95% CI, 2641%] [14]). One
possible explanation for this difference is that these

1.0 P=0.004

0.8 4

0.6 4 Steeolia_, TP26.3gldL (n=101)

N
A"'"uu.\u P

Overall Survival (probability)

0.4 4
0.2- TP < 6.3 g/dL (n = 30)
0 2 4 6 8 10

Time (years)

Figure 3. OS according to pretreatment total serum protein levels
(n=131).

studies used different treatments. Another explana-
tion is that the agreement level of the expert
hematopathologists with the consensus diagnosis for
some of the T-cell lymphoma subtypes was generally
poor [21,22], and different AITL diagnostic criteria
might have been used for the different study groups.

The majority of ALCL cases are positive for the
anaplastic large cell lymphoma kinase (ALK) protein,
but cases without ALK expression were also included
in this category. Unfortunately, the proportion of
Al K-negative cases, which usually have a poor
prognosis [23], could not be determined in this
study. The immunoreactivity to ALK was not
systematically assessed, because this distinction was
not included in the eligibility criteria in any of the
original clinical trials in this study.

The important prognostic factors, as well as
prognostic models, may differ according to the
treatment regimen. PT/NKCLs are relatively rare,
and are treated with various therapies according to
the disease state. A Taiwanese group revealed that
patients with PTCL who received only CPA, VCR,
and PSL as induction chemotherapy had a markedly
unfavorable outcome [24]). Therefore, a homoge-
neous population of patients who have received at
least anthracycline-containing regimens should be
analyzed when the prognostic factors of PTCL are
investigated. Our study was a combined analysis of
multicenter prospective clinical trials, as GELA was
previously [14]. The IPI was originally described for
patients with aggressive lymphomas treated with
DXR-containing combination chemotherapies, and
has been known to predict the survival of patients
with aggressive B-cell lymphomas, as shown in this
study and other studies, but not always for patients
with PT/NKCLs [21,25]). Moreover, previous re-
ports have shown that the IPI poorly predicts the
survival of padents with AITL [14], ALCL [26],
PTCL-U [26], or NKTCL [27].

Table IV. Comparison of clinical and biologic characteristics of patients with peripheral T- and NK-cell lymphomas according to histologic

subtype.

Parameter ALCL (n=18) (%) AITL (n=46) (%) NKTCL (n=17) (%) PTCL-U (n=53) (%) p-Value
Sex (male/female) 72/28 65/35 82/18 62/38 0.45
Age (<60/>60) 72/28 65/35 65/35 74/26 0.79
Ann Arbor stage (I+ IVIII+IV) 33/67 2/96 47/53 21/79 <0.001
Extranodal sites (<1/>2) 83/17 67/26 65/35 66/32 0.57
ECOG PS (0+ 1/>2) 61/39 59/39 100/0 74/26 0.01
LDH (<N/>N) 67/28 15/83 71/18 38/57 <0.001
B symptoms (no/yes) 44/56 35/63 71/29 45/51 0.10
IPI (WVLI/HIVH) 50/22/11/11 7/33/30/28 41/29/18/0 28/34/17/15 0.003
BM involvement (no/yes) 100/0 67/30 88/12 75/25 0.12
GI tract involvement (no/yes) 83/17 96/2 100/0 77/23 0.54
TP <6.3 (nofyes) 61/33 80/17 82/12 72/25 0.62

ALCL, anaplastic large cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma; NKTCL, extranodal NK/T-cell lymphoma, nasal
type; PTCL-U, peripheral T-cell lymphoma, unspecified.
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There are several potental reasons why the IPI
model did not retain its prognostic significance for
patients with PT/NKCLs in our study. The extent of
disease and presence of extranodal sites were no
longer significant prognostic factors, probably be-
cause PT/NKCLs per se are characterized by both the
presentation of disease in an advanced stage, III or IV
[10,12,13], and in two or more extranodal sites
(Table I) [12,13]. Moreover, DLBCL has different
characteristics from PT/NKCLs, which are more
frequently associated with a poor PS and B symp-
toms [10,12] (Table I). The IPI incorporates age,
LLDH, and the abovementioned factors, except for B
symptoms. Consequently, PT/NKCLs should have
different prognostic factors than those for DLBCL.

An early GELA study noted that the freedom-
from-relapse survival of patients with PTCL, unlike
patients with B-cell lymphoma, was not impacted by
either LDH or bone marrow (BM) involvement [10].
BM involvement, which is one of the risk factors
adopted in the PIT, was not a significant adverse
factor in our study including other histologic
subtypes besides PTCL-U. Although patients with
NKTCL had the property of a localized disease, 53%
of them had advanced diseases, and 12% of them had
BM involvement in this study (Table IV). Instead of
BM involvement, we found that GI involvement was
significantly associated with survival in a univariate
analysis. However, when we tried additional uni-
variate analysis excluding NKTCL and ETCL, this
was not significant, although the GI tract was not
involved in any patents with NKTCL, as shown in
Table IV, and there was a sole patient with ETCL.

New prognostic models have been proposed for
certain categories of PT/NKCLs, such as the PIT
model [13] and clinical-pathologic prognostic score
[28] for PTCL-U and a prognostic model for
NKTCL [29]. In addition, new molecular prognostic
markers such as CD15 [28], EBER-ISH [25,30],
cytotoxic T-cell phenotype [31,32], various chemo-
kine receptors [33,34], Ki-67 [28], and the prolifera-
tion-core signature [35] have been investigated for
PTCL-U. As for NKTCL, P19 [27], Ki-67 [36], and
FOXP3-positive regulatory T-cells [37] have been
proposed as predictors for clinical outcome.
Although biochemical data, f,-microglobulin com-
bined with the adjusted IPI, has been reported to
predict the outcome after autologous hematopoietic
stem cell transplant in relapsed/refractory PTCL
[38], we had no available data to analyze in four out
of the six clinical trials included in this study.
Allowing for or to validate these prognostic factors
with homogeneous treatment, histology-specific ther-
apy is warranted. As PT/NKCLs have variable
characteristics dependent on histologic subtype
(Table IV), patients with PT/NKCLs should not be
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studied as a whole, and studies in future should be
performed for each histologic subtype. However,
pretreatment serum low TP levels might be an
adverse prognostic factor independent of histologic
subtype, because its frequency was not different
among the histologic subtypes (Table IV). Therefore,
this prognostic factor should be noteworthy even
with regard to each histologic subtype.

In conclusion, TP is a significant prognostic factor
to predict the outcome of PT/NKCLs. A validation
study is required in order to establish the importance
and meaning of TP in patients with each histologic
subtype of PT/NKCLs. Further, the new therapeutic
strategies, including new agents and/or first-line
high-dose chemotherapy followed by autologous or
allogeneic hematopoietic stem cell transplant, should
be explored for patients with lower TP levels and/or
higher-risk histologic subtypes in the future.
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Appendix. Supporting information

Antibodies used for immunophenotyping.

Antigen Antibody Poly/Mono

CD20 126 M DAKO Glostrup, Denmark
CD3 PS1 M Novocastra Newcastle, UK
CD4 1F6 M Novocastra Newcastle, UK
CD5 4C7 M Novocastra Newcastle, UK
CD8 4B11 M Novocastra Newcastle, UK
CD10 56C6 M Novocastra Newecastle, UK
CD15 MMA M Becton Dickinson San Jose, CA, USA
CD21 1F8 M DAKO Glostrup, Denmark
CD23 1B12 M Novocastra Newcaste, UK
CD30 BerH2 M DAKO Glostrup, Denmark
CD45 LCA M DAKO Glostrup, Denmark
CD45R0O UCHLI1 M DAKO Glostrup, Denmark
CD56 NCC-LU-243 M Nihon Kayaku Tokyo, Japan
CD79%a CD79a M DAKO Glostrup, Denmark
CD246 AILK1 M DAKO Glostrup, Denmark
bcl-2 124 M DAKO Glostrup, Denmark
cyclin D1 SP4 M Nichirei Tokyo, Japan
MUM1 MUMIP M DAKO Glostrup, Denmark
Ki-67 MIB1 M DAKO Glostrup, Denmark
TdT ant-TdT P "DAKO Glostrup, Denmark

TdT, terminal deoxyribonucleotide transferase; M, monoclonal; P, polyclonal.
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Abstract The Japan Clinical Oncology Group conducted
two multicenter phase II trials in 200 patients with advanced
Hodgkin lymphoma (HL) in the 1990s. Among 181 patients
whose histopathological specimens were available and
reviewed by 6 hematopathologists, 167 (92.3%) were diag-
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nosed with HL. Five-year overall survival (OS) among these
167 patients was 88.3%, including 89.2% among nodular
sclerosis and 82.2% among mixed cellularity cases. Inter-
national prognostic score was not closely associated with
OS. Seven unfavorable prognostic factors for OS on uni-
variate analysis were male, B symptoms, clinical stage of ITI
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or IV, elevated serum LDH, elevated alkaline phosphatase,
elevated f2-microglobulin, and pathological subtype (mixed
cellularity and lymphocyte depletion). On multivariate
analysis, male [HR 3.30(95% CI 1.15-9.52,p = 0.027)] and
elevated serum LDH [HR 241 (95% CI 1.07-5.43,
p = 0.034)] were independent factors for OS. Based on these
prognostic factors, the 5-year OS was 95.7% in the low-risk
group (no adverse factor), 87.9% in the intermediate-risk
group (1 adverse factor) and 73.3% in the high-risk group (2
adverse factors). This simple prognostic model for HL
warrants further validation studies.

Keywords International prognostic score - Multicenter
phase II trial - Prognostic factor - Overall survival -
Male gender - LDH

1 Introduction

Most of the patients with advanced Hodgkin lymphoma
(HL) could be induced into complete remission (CR) with
state-of-the-art combination chemotherapy or chemo-
radiotherapy, and in patients with advanced HL who
relapsed after achieving CR, there are some therapeutic
options for curing the disease, including conventional sal-
vage chemotherapy and high-dose chemotherapy followed
by autologous stem-cell transplantation [1]. However, the
excellent outcomes in the initial treatments for HL. do not
necessarily result in excellent survival, because 20-30% of
patients with advanced HL are not cured of their disease,
and moreover, the treatments are associated with increased
risks of late toxicities such as secondary malignancies,
cardiopulmonary toxicities, and cerebrovascular diseases
[2-5]. It still seems to be necessary to identify the high-risk
group of the minority of patients with fatal outcome.
Many prognostic factors for failure-free survival have
been described in patients with advanced HL. These included
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age, sex, clinical stage, B symptoms, number of nodal sites,
laboratory data such as serum albumin, hemoglobin, white
cell count, lymphocyte count, etc. [6]. The intemnational
prognostic score (IPS) [7] was widely accepted as the
prognostic index in advanced HL. However, only 7% of the
patients had the worst adverse score of 5 or higher of IPS
which represents a very high risk, and was associated with
56% of the overall survival (OS) at 5 years. Thus, it was
concluded that a distinct group of patients at very high risk
could not be identified by the IPS [7].

Considering the various effective treatment options and
their late toxicities, it is important to identify the prognostic
factors for OS in patients with advanced HL. In particular,
this is relevant to the question of whether early high-dose
chemotherapy with autologous stem-cell transplantation
should be used as a consolidation therapy in patients with
responses to induction therapy, who are nevertheless con-
sidered to remain at high risk for relapse. To address the
ability to predict the prognosis of patients with advanced
HL, we analyzed patients with advanced HL enrolled in the
Japan Clinical Oncology Group-Lymphoma Study Group
(JCOG-LSQG) trials. The aims of this study were to validate
the IPS in terms of OS, to evaluate the OS according to
several prognostic factors including histological subtypes
of HL, and to find a better prognostic model for patients
with advanced HL, who were enrolled in JCOG-LSG trials
with state-of-the-art combination chemotherapy or chemo-
radiotherapy.

2 Patients and methods
2.1 Patients and treatments

The JCOG-LSG conducted two multicenter phase II trials
for advanced HL in the 1990s that tested the efficacy of the
ABVd regimen (JCOG9305) [8] and ABV regimen fol-
lowed by involved-field radiotherapy (IF-RT) (JCOG9705)
[9]. Major eligibility criteria were age between 15 and
69 years, and Eastern Cooperative Oncology Group
(ECOG) performance status of 0-3 in the two trials, and
clinical stage of II, IIT or IV in JCOG9305 and clinical
stage of IB, IIB, III, or IV or any stage with bulky lesion in
JCOGY705. Bulky lesion was defined as a mass of at least
10 cm (largest diameter) and a bulky mediastinum (ratio of
the mediastinum to the thorax of at least one-third at the
level of the largest diameter while the patient was stand-
ing). A total of 128 patients from 35 participating institutes
were enrolled in JCOG9305 between 1993 and 1997 to
assess the efficacy of the ABVd regimen, which consisted
of doxorubicin, bleomycin, vinblastine and a reduced dose
of dacarbazine of two-thirds (250 mg/mz) of that in the
original ABVD regimen. The reasons for modification of
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the original ABVD regimen in both JCOG studies were
that dacarbazine was highly emetic and it was not approved
for the treatment of HL in Japan at that time. In JCOG9705,
a total of 72 patients from 25 participating institutes were
enrolled between 1998 and 2000 to assess the efficacy of
the ABV regimen, in which the dose of doxorubicin was
increased to 120% of that in the original ABVD regimen
and dacarbazine was not utilized. Patients were evaluated
for response after 4 cycles of chemotherapy. All patients
received 2 additional cycles of chemotherapy. For those
with CR after 4 cycles, chemotherapy was finished after a
total of 6 cycles. Patients who were in CR or uncertain CR
(CRu) after 6 cycles were given 2 additional cycles of
chemotherapy. In patients with bulky lesions, IF-RT with
3040 Gy was added if patients entered into CR or CRu
after 4 or 6 cycles. Regardless of whether the lesion was
bulky or non-bulky, IF-RT was added if patients entered
into partial remission (PR) in JCOG9705.

CR was defined as the disappearance of all measurable
or assessable diseases and all signs and symptoms of the
disease lasting for at least 4 weeks. PR was defined as a
reduction of 50% or greater in the sum of the perpendicular
diameters of all measurable lesions and the appearance of
no new lesions for at least 4 weeks. CRu was defined as the
maintenance of PR for at least 3 months without any
treatment. Progressive disease was defined as an increase
of 25% in the size of any lesion or development of any new
lesions. Relapse was defined as an increase of 25% in the
size of any lesion or development of any new lesions in CR
or CRu patients. The details of the results of each clinical
study will be published elsewhere.

All of the protocols described above including the
informed consent document were approved by both the
JCOG Protocol Review Committee and the institutional
review board of each institution. The protocol of
JCOGO108A, an ancillary study with secondary use of the
data acquired by the above-mentioned JCOG studies, was
also approved by the JCOG Protocol Review Committee.

2.2 Consensus diagnosis

The procedure of reaching a consensus diagnosis of HL
according to the WHO classification has been described [10].
Briefly, 6 hematopathologists consisting of 4 panelist
pathologists and 2 consulting pathologists reviewed the
histopathological specimens independently. Immunohisto-
chemical studies were conducted on paraffin sections by
means of the avidin-biotin—peroxidase complex technique
and a panel of monoclonal antibodies including antibodies
against CD20 (L26; DakoCytomation, Glostrup, Den-
mark), CD3 (PS-1; Novocastra, Newcastle, UK), CD15
(MMA; Becton Dickinson, San Jose, CA, USA) and CD30
(BerH2; DakoCytomation, Glostrup, Denmark). All 6
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hematopathologists and 1 hematologist performed the cen-
tral pathologic review, in which the case report forms of the
patients were available for reference of clinical information.
A consensus diagnosis was established when agreement was
reached by three-fourths or greater majority of the 4 panelist
pathologists with no opposition from the 2 consulting
pathologists and the hematologist. The cases with discordant
pathological diagnosis were re-evaluated until agreement by
two-thirds or greater majority was reached among the 6
pathologists by means of reconciliation. Then, a consensus
diagnosis was made. The present study included patients in
two multicenter phase II trials for advanced HL who were
diagnosed with HL by central pathological review.

2.3 Statistical analysis

All statistical analyses were performed by a statistician
(K.Y.) at the JCOG Data Center. Patients with lymphocyte
depletion had been reported as having a worse prognosis
than those with other subtypes [11], but this subgroup
contained only 7 patients in this study. Therefore, patients
with lymphocyte depletion were grouped together with
patients with mixed cellularity who had also been shown to
have a worse prognosis [12]. OS was the endpoint of all
statistical analyses. OS was calculated from the date of
enrollment in respective study to the date of death from any
cause or to the date of last follow-up in living patients. OS
was estimated by the Kaplan-Meier method. The log-rank
test was used to assess the significance of unadjusted dif-
ferences in OS for each prognostic factor. Multivariate
analysis was performed by the Cox proportional hazards
model to identify subsets of prognostic factors for OS. All
p values were two-sided and p values less than 0.05 were
considered significant. There is no widely agreed approach
to building a multivariate prognostic model from a set of
candidate predictors [13, 14] and, in consideration of the
limitation of events in our study, the data were analyzed
from points of significancy and parsimony. A prognostic
model was established by fitting all variables that signifi-
cantly influenced OS in multivariate analysis, and the risk
groups were identified according to the established model.
For comparing OS between the risk groups, the overfitting-
corrected p values were derived by fivefold cross-valida-
tion. All statistical analyses were performed using SAS
release 9.1.3 (SAS Institute, Inc., Cary, NC).

3 Results

3.1 Histopathological distribution

Among the 200 patients from 41 participating institutes in
Japan who were enrolled in two multicenter phase II trials
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Table 1 Histopathological distribution of advanced HL among 167 Table 2 Patient characteristics (n = 167)
paticnts Number of
Number of patients (%) patients (%)
Nodular lymphocytic predominance 2(1.2) Sex
Nodular sclerosis 115 (68.9) Male 92 (55.1)
Lymphocyte-rich 3(1.8) Female 75 (44.9)
Mixed cellularity 34 (20.4) Age (years)
Lymphocyte depletion 74.2) >45 45 (26.9)
Unclassifiable 6 (3.6) <45 122 (73.1)
Performance status (0/1/2/3) 108/49/7/1
B symptoms
for advanced HL (128 in JCOG9305 and 72 in JCOG9705), Yes 76 (45.5)
histopathological specimens from 181 patients were No 89 (53.3)
available and reviewed, and a consensus diagnosis of HL  cjipical stage
was reached in 167 (92.3%) (107 in JCOG9305 and 60 in it 83 (49.7)
JCOGI705) according to the WHO classification. The m 49 (29.3)
remaining 14 patients were diagnosed with diffuse large B v 35 (21.0)
cell lymphoma (n=4), T cell-rich B cell lymphoma o N —
(r.z =4), anap}astic large cell lymphoma (n = 1), angi- Present 45 (26.9)
;ﬁﬁ?;:zbla;n;: T.c:lll ]ymPhorpa (n=1)or othe.r (n= fl). Absent 121 (72.5)
: pat ologic distribution of the 167 patients w1t'h Extranodal sites (0/1/22) 106/35/14
HL is shown in Table 1. Among the HLs, nodular sclerosis Sites of brgen in\;olvemem
(n = 115) comprised 68.9% of the whole HL and mixed Liver (yes) 11 66)
cellularity (n = 34; 20.4%) was the next most frequent ’
Subtype in Japan. ]};z:i :z:::ow (yes) :3 E:g;
3.2 Clinical characteristics Bi)steh]?rrn:);;st)natological o Sl
Data from these 167 patients with HL were analyzed. Their Herfmgk’bm (<103 gidl) 28 (1s8)
clinical characteristics are shown in Table 2. The median White blood cells (=15000/1h 25 (15.0)
age of the patients at diagnosis was 31 years (range 15— Lymphocytes <G00/l or <5 2002
69 years). There was a slight male predominance with Platelets (<100000/u1) 180.9
males comprising 55%. Seventy-six patients (45%) had B Albemin
symptoms and 49 patients (29%) had extranodal sites. <: Z :1 z: (:3';‘)
> (40.7)
3.3 OS according to histology and IPS S:lum :;EH w6355
eva (33.5)
The 5-year OS of the 167 patients was 88.3% (Fig. 1) Normal 110 (65.9)
(92.3% in JCOG9305 and 81.3% in JCOG9705). The  Alkaline phosphatase
median OS of patients with mixed cellularity was Elevated 74 (44.3)
7.5 years, and those of patients with other histological Normal 92 (55.1)
subtypes was longer than 7.5 years. The 5-year OS of  CRP
patients with the main histological subtypes was 89.2% in Elevated 128 (76.6)
nodular sclerosis and 82.2% in mixed cellularity. The Normal 29(17.9)
5-year OS among patients with IPS score of 0, 1, 2, 3,4, 0or  f2-Microglobulin
5+ 6 was 100% (15 patients), 95.5% (47), 87.5% (40), >2 mg/l 39 (23.3)
86.1% (38), 76.6% (22), or 60.0% (5), respectively <2 mg/l 72 (43.1)

(Fig. 2a). Therefore, we failed to identify very high-risk
patients by IPS in our study. The OS among patients
according to IPS score of 0-2 or 3 and higher is shown in

=75 -

Data on performance status, B symptoms, bulky mass, extranodal
sites, serum LDH, alkaline phosphatase, CRP or f2-microglobulin
were missing in 2, 2, 1, 12, 1, 1, 10 or 56 patients, respectively
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Fig. 1 Kaplan-Meier curves
for overall survival among all
patients with HL (n = 167)
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Fig. 2b. An IPS score of 3 or greater was not a significant
unfavorable prognostic factor for OS [HR 2.39 (95% CI
1.10-5.21, p = 0.03) by univariate analysis and HR 1.20
(95% CI 0.50-2.89, p = 0.68) by multivariate analysis
with adjustment of other covariates, which were significant
in univariate analysis] and thus, IPS was not closely
associated with OS. Therefore, we attempted to identify the
prognostic factors for OS in Japanese patients with
advanced HL by central pathological review.

3.4 Unfavorable prognostic factors
by multivariate analysis

Seven unfavorable prognostic factors for OS identified by
univariate analysis were male, elevated f2-microglobulin,
B symptoms, elevated serum LDH, elevated alkaline
phosphatase, clinical stage of III or IV and pathological
subtype (mixed cellularity and lymphocyte depletion)
(Table 3). Although data of f2-microglobulin were avail-
able in only 111 patients (66%), we performed multivariate
analysis including S2-microglobulin, but no significant
factor was detected. Then, the f2-microglobulin level was
excluded from the final multivariate analysis. Male [HR
3.30 (95% CI 1.15-9.52, p = 0.027)] and elevated serum
LDH [HR 2.41 (95% CI 1.07-5.43, p = 0.034)] were
significant unfavorable prognostic factors for OS on mul-
tivariate analysis (Table 4). Besides, male and elevated
serum LDH remained significant in the multivariate anal-
ysis including albumin (data not shown). Similarly, ele-
vated serum LDH remained significant in the multivariate
analysis including IPS (each 6 categories and 0-2 or 3-6)
after sex was excluded (data not shown).

The OS by sex and serum LDH among patients with HL
excluding those with unclassifiable histopathology is
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shown in Fig. 3a and b, respectively. The 5-year OS was
82.4% in males and 94.4% in females, and 82.4% in
patients with elevated serum LDH and 90.5% in patients
with normal serum LDH.

3.5 Risk group model

The two important prognostic factors identified by the
multivariate analysis, i.e., male and elevated serum LDH,
were combined in a prognostic index to create risk groups
with possible values of 0, 1 and 2 in order of worsening
prognosis. Hazard ratios of the final model were as follows:
male [HR 4.91 (95% CI 1.84-13.13, p = 0.002)] and ele-
vated serum LDH [HR 272 (95% CI 1.25-5.89,
p =001)]. The 5-year OS among patients with HL
excluding those with unclassified histopathology was
95.2% in the low-risk group (no adverse factor, n = 47),
87.9% in the intermediate-risk group (1 adverse factor,
n = 86) and 73.3% in the high-risk group (2 adverse fac-
tors, n = 27). Data on serum LDH were missing in 1
patient. The OS curves of the 3 risk groups are shown in
Fig. 4 (corrected p = 0.004 by fivefold cross-validation).

4 Discussion

It is recognized that there is an uneven geographical dis-
tribution of malignant lymphomas throughout the world.
Namely, the incidence of T cell lymphoma is relatively
high in Asia compared with Western countries. On the
contrary, the incidence of HL in Japan was reported to be
4.4% of malignant lymphomas and this is relatively low
compared with those in Western countries [11, 15, 16]. The
low incidence of HL in Japan limited the evaluation of the



