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Histopathological and
Immunohistochemical Features of

32 Cases of Splenic B-Cell
Lymphoma and Leukemia

AABBSS  TTRRAACCTT    OObb  jjeecc  ttii  vvee::  Leukemias and non-Hodgkin lymphomas commonly involve the spleen or
originate primarily in the spleen and then spread to other sites. MMaatteerriiaall  aanndd  MMeetthhooddss::  In this retro-
spective study, we examined the histopathological and immunohistochemical characteristics of 32
cases of primary or secondary splenic B-cell lymphoma and leukemia, in which the diagnosis was es-
tablished according to the World Health Organization (WHO) classification. The immunohisto-
chemical panel included ALK-1, BCL-2, BCL-6, CD3, CD5, CD10, CD20, CD21, CD23, CD30, CD43,
cyclin D1, Ki-67, and TRAP. RReessuullttss::  There was no other nodal or extranodal disease involvement in
the majority of patients diagnosed with lymphoma at the time of presentation, while cases of leukemia
had undergone splenectomy for palliative purposes. The diagnoses were as follows: 11 cases of hairy
cell leukemia (HCL, 34.4%), 8 cases of splenic marginal zone lymphoma (SMZL, 25%), 8 cases of dif-
fuse large B-cell lymphoma (DLBCL, 25%) including 1 T-cell-rich B-cell lymphoma (TCRBCL), 4
cases of mantle cell lymphoma (MCL, 12.5%), and 1 prolymphocytic leukemia (PLL, 3.1%). CCoonncclluu--
ssiioonn::  Overall assessment of spleen, liver, bone marrow, and lymph node examinations and a detailed
correlation of the histopathological and immunohistochemical features with the clinical findings are
very helpful and usually lead to the final diagnosis in most cases of primary or secondary splenic B-
cell lymphoma and leukemia.

KKeeyy  WWoorrddss::  Lympho ma, non-Hodg kin; sple nic ne op lasms; le u ke mi a, B-cell

ÖÖZZEETT    AAmmaaçç::  Lösemi ve non-Hodkgin lenfomalar sıklıkla dalağı tutar ya da primer olarak dalak
kökenli başlayıp daha sonra diğer alanlara yayılım yaparlar. GGeerreeçç  vvee  YYöönntteemmlleerr:: Bu retrospek-
tif çalışmada, Dünya Sağlık Örgütü (DSÖ) sınıflama sistemi temel alınarak, primer ya da sekon-
der 32 splenik B-hücreli lenfoma ve lösemi olgusunun histopatolojik ve immünohistokimyasal
özellikleri araştırılmıştır. Tüm olgulara, ALK-1, BCL-2, BCL-6, CD3, CD5, CD10, CD20, CD21,
CD23, CD30, CD43, cyclin D1, Ki-67 ve TRAP dahil olacak şekilde immünohistokimyasal panel
uygulanmıştır. BBuullgguullaarr::  Bu makale yazıldığı sırada (2004), splenik primer ya da sekonder lenfoma
tanısı alan hastaların büyük bir kısmında, klinik ya da patolojik incelemeler sonucunda nodal ya
da ekstranodal hastalık yayılımı veya tutulumu saptanmamıştır. Bu önemli bulgu, bu olgulara
palyatif amaçlarla splenektomi operasyonu yapıldığını göstermektedir. TTaannııllaarr::  32 (%100) olgu-
nun 11 (%34.4)’i saçlı hücreli lösemi, 8 (%25)’i splenik marjinal zon lenfoması, bir adet T-hüc-
reden zengin B-hücreli lenfoma da dahil olacak şekilde 8 (%25)’i diffüz büyük hücreli lenfoma,
4 (%12.5)’ü mantle hücreli lenfoma ve 1 (%3.1)’i prolenfositik lösemi olarak tanımlanmıştır.
SSoonnuuçç::  Primer ya da sekonder splenik B-hücreli lenfoma veya lösemi tanısında dalak, karaciğer,
kemik iliği ve lenf düğümünün birlikte değerlendirilmesi ve klinik bulgularla immünohistokim-
yasal-histopatolojik bulguların birbiriyle ilişkilendirilmesi, tanıyı koymaya çok yardımcı olur ve
son tanıya ulaşmamızı sağlar.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Len fo ma, non -Hod kin; sple nik ne op laz ma lar; lö se mi, B-hüc re 
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ORİJİNAL ARAŞTIRMA   

e u ke mi as and non-Hodg kin lympho mas (NHL) com monly in vol ve
the sple en se con da rily as a part of a ge ne ra li zed di se a se or ori gi na te
pri ma rily in the sple en, then spre ad to ot her si tes.1-3 Pri mary sple nic



lympho ma re fers to a sub set of NHL in which the
di se a se is tho ught to be gin in the sple en or the bulk
of di se a se is con cen tra ted in the sple en with ad di -
ti o nal in vol ve ment of sple nic hi lar lymph no des,
ref lec ting the am bi gu ity of the term “pri mary sple -
nic lympho ma ”.4 One of the re a sons for the in fre -
qu ent oc cur ren ce of pri mary ma lig nant lympho ma
of the sple en is be ca u se the re are no symptoms un -
til the de ve lop ment of dis se mi na ted di se a se. The
sple en is in vol ved in 35% of ca ses with dis se mi na -
ted NHL and is the do mi nant si te at pre sen ta ti on
in only 1%.5,6 His to lo gi cal and im mu no his toc he -
mi cal stu di es did not re ve al any dif fe ren ces bet we -
en pri mary ma lig nant lympho ma of the sple en and
dis se mi na ted ma lig nant lympho mas with sple nic
in vol ve ment with re gard to morp ho lo gic fe a tu res,
im mu nop he noty pe, host cell in fil tra tes, or pro li fe -
ra ti on ac ti vity.4

Se ve ral B-cell lympho mas and le u ke mic chro -
nic lymphop ro li fe ra ti ve di sor ders, inc lu ding pro-
lym phocy tic le u ke mi a (PLL), ha iry cell le u ke mi a
(HCL), sple nic mar gi nal zo ne lympho ma (SMZL),
lymphop las macy tic lympho ma (LPL), Wal dens -
trom’s mac rog lo bu ne mi a, B-chro nic lymphocy tic
le u ke mi a (B-CLL), mant le cell lympho ma (MCL),
fol li cu lar lympho ma (FL), and dif fu se lar ge B-cell
lympho ma (DLBCL) may ma ni fest with only sple -
no me galy at pre sen ta ti on.7-12 The dif fe ren ti al di ag -
no sis of sple nic lympho mas may be dif fi cult,
es pe ci ally in ca ses with pro mi nent sple no me galy
only, wit ho ut ad di ti o nal di ag nos tic yi eld of the
lymph no de or bo ne mar row bi op si es.3 The re are
only a few stu di es in the li te ra tu re, exa mi ning the
sple en as a di ag nos tic spe ci men and fe wer which
ha ve com pa red the fin dings in dif fe rent subt ypes
of sple nic lympho mas.3,13,14

In this ret ros pec ti ve study, we exa mi ned the
morp ho lo gic and im mu no his toc he mi cal cha rac -
te ris tics of 32 ca ses of pri mary or se con dary sple -
nic B-cell le u ke mi as/lympho mas pre sen ting with
sple no me galy in the ab sen ce of lympha de no -
pathy, in which a de fi ni ti ve di ag no sis and subc -
las si fi ca ti on was es tab lis hed ac cor ding to the
re cent World He alth Or ga ni za ti on (WHO) clas si-
fi ca ti on.15

MA TE RI ALS AND MET HODS

PA TI ENTS AND TIS SU ES

All tis su e sec ti ons and cor res pon ding pat ho logy re-
ports of pa ti ents who un der went sple nec tomy be-
t we en Ja nu ary 1990 and De cem ber 2004 and we re
di ag no sed with sple nic in vol ve ment of le u ke mi -
a/lympho ma we re rec ru i ted. Ca ses with una va i lab -
le or ina de qu a te di ag nos tic ma te ri al for re vi ew
we re not inc lu ded. Af ter the re vi ew, 12 ca ses, 4
with a di ag no sis of T-cell lympho ma and 8 with
Hodg kin lympho ma, we re exc lu ded from the
study. The re ma i ning 32 ca ses di ag no sed with pri-
mary or se con dary sple nic B-cell le u ke mi a/lym-
pho ma con se cu ti vely we re the fo cus of the study. 

Mul tip le sli des of sple nic tis su e we re eva lu a ted
for the pre sen ce and pat tern of the red and/or whi -
te pulp in fil tra ti on, morp ho lo gic cha rac te ris tics of
the ne op las tic cell po pu la ti on and ac com pan ying
be nign cells, pre sen ce or ab sen ce of he morr ha ge,
pse u do si nu ses, in farcts, “mar gi nal zo ne” pat tern, fol-
li cu lar co lo ni za ti on, re si du al ger mi nal cen ters, ex-
tra cel lu lar hya li ne de po sits, scle ro sis, and nec ro sis.

In each ca se, the sig ni fi cant mac ros co pic fin d-
ings such as sple nic we ight, si ze, and gross ap pe a -
ran ce of in fil tra tes we re re cor ded from the ori gi nal
fi les. He ma toxy lin-eo sin (H&E) sli des we re exa mi -
ned blin ded, wit ho ut any know led ge of ini ti al di ag -
no sis and cli ni cal in for ma ti on. Bo ne mar row, lymph
no des, li ver, and/or bi op si es from ot her tis su es we -
re analy zed in de pen dently, when ava i lab le.

IM MU NO HIS TOC HE MI CAL STA I NING 

The rep re sen ta ti ve for ma lin-fi xed, pa raf fin-em -
bed ded tis su e blocks we re se lec ted, re cut, and 5-
μm thick se ri al sec ti ons we re sub jec ted to an
im mu no his toc he mi cal study with a lar ge pa nel of
mo noc lo nal an ti bo di es which we re lis ted on Tab le
1. Pa raf fin sec ti ons we re de pa raf fi ni zed ac cor ding
to stan dard pro ce du res, rehy dra ted, and the en do -
ge no us pe ro xi da se ac ti vity was bloc ked by in cu ba -
ti on in 3% hydro gen pe ro xi de/met ha nol for 5
mi nu tes. For an ti gen ret ri e val, the sec ti ons we re
he a ted in a pres su re co o ker in 0.1 mM ED TA (pH
8.0) so lu ti on for 2.5 mi nu tes. The sec ti ons we re
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then tre a ted with bloc king so lu ti on, fol lo wed by
in cu ba ti on with mo noc lo nal pri mary an ti bo di es for
30 mi nu tes at ro om tem pe ra tu re. Im mu no his toc -
he mi cal sta i ning was per for med by Da ko En Vi si -
onTM kit (Da ko, Den mark). Di a mi no ben zi di ne
(DAB, Da ko, Den mark) in the pre sen ce of hydro -
gen pe ro xi de was used as the chro mo gen and Gill’s
he ma toxy lin for co un ters ta i ning. Po si ti ve con trol
tis su e sec ti ons we re run in pa ral lel with each batch.
The lympho id mar kers had in ter nal con trols sta i -
ned on all sec ti ons, ex cept for ALK1 and TRAP.
Pri mary an ti bo di es we re omit ted in ne ga ti ve con-
trols and we re rep la ced by no nim mu ne se rum.

SCO RING AND STA TIS TI CAL ANALY SIS

The eva lu a ti on of im mu no his toc he mi cal sta i ning
was per for med by two pat ho lo gists (F.K.D. and
M.H.). High mag ni fi ca ti on fi elds of tu mors we re
cho sen for eva lu a ti on of Ki-67, co un ting up to 500
cells, exc lu ding small T-cells and ot her non ne op -
las tic cells. All ca ses inc lu ded in the study we re
clas si fi ed ac cor ding to the cur rently ac cep ted cri te-
ri a of the WHO clas si fi ca ti on.15 The re sults and re l-
e vant in for ma ti on, ob ta i ned at the ti me of ini ti al
di ag no sis, we re com pa red with tho se at the fi nal
di ag no ses. 

The SPSS soft wa re pac ka ge for Win dows
(ver si on 11.5, SPSS, Chi ca go, IL) was used for all
sta tis ti cal analy ses. The va lu es of me an ± SD we -

re analy zed.  The Krus kal-Wal lis test was per for -
med to com pa re the Ki-67 in dex in the gro ups of
the fi nal di ag no sis. One ca se di ag no sed with T-
cell-rich B-cell lympho ma (TCRBCL) was inc lu -
ded in the DLBCL gro up, for the pur po se of
sta tis ti cal analy sis. Kap pa (κ) analy sis was used to
me a su re the cor re la ti on bet we en the ini ti al and
fi nal di ag no ses. 

RE SULTS
PA TI ENT CHA RAC TE RIS TICS

Thirty-two ca ses of sple nic B-cell le u ke mi -
a/lympho ma we re eli gib le for eva lu a ti on and cha -
rac te ris tics of the pa ti ents we re pre sen ted on Tab le
2. The re we re 19 (59.4%) fe ma le and 13 (40.6%)
ma le pa ti ents with a ma le-to-fe ma le ra ti o of 1.5:1
aged 32-80 ye ars (me di an, 58 ye ars). Af ter eva lu a -
ti on of the morp ho lo gi cal and im mu no his toc he mi -
cal fe a tu res of the ca ses, the fi nal di ag no ses re ac hed
we re as fol lows: 11 (34.4%) HCL, 8 (25%) SMZL, 8
(25%) DLBCL inc lu ding 1 TCRBCL, 4 (12.5%)
MCL, and 1 (3.1%) PLL. Twenty ca ses of B-cell
lympho ma (SMZL, DLBCL, TCRBCL, and MCL)
we re all ca ses pre sen ting with sple nic in vol ve ment,
wit ho ut any ot her no dal or ex tra no dal di se a se in-
vol ve ment by com pu ted to mog raphy (CT) scan or
physi cal exa mi na ti on at the ti me of di ag no sis. For-
mer ca ses mostly di ag no sed as HCL and one chal-
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TABLE 1: List of antibodies used in the immunohistochemical study.

Antibody Clone Species Company Code Dilution

ALK-1 ALK1 Mouse DAKO M7195 1:25

BCL-2 Bcl-2/100/DS Mouse Novocastra NCL-L-Bcl2 1:60

BCL-6 PG-B6p Mouse DAKO M7211 1:10

CD3 PS1 Mouse Novocastra NCL-L-CD3-PS1 1:150

CD5 4C7 Mouse NeoMarkers MS-393-S 1:40

CD10 56C6 Mouse Novocastra NCL-L-CD10-270 1:100

CD20 L26 Mouse Novocastra NCL-L-CD20-L.26 1:150

CD21 2G9 Mouse Novocastra NCL-CD21-2G9 1:10

CD23 1B12 Mouse Novocastra NCL-L-CD23-1B12 1:30

CD30 Ber-H2 Mouse DAKO M0751 1:30

CD43 DF-T1 Mouse DAKO M0786 1:40

Cyclin D1 SP4 Rabbit NeoMarkers RM-9104-S 1:100

Ki-67 MIB-1 Mouse DAKO M7248 1:150

TRAP 26E5 Mouse Novocastra NCL-TRAP 1:50
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len ging ca se of PLL we re al so inc lu ded to dis cuss
the dif fe ren ti al di ag nos tic fe a tu res of le u ke mic in-
vol ve ment of sple en. Sple nec tomy was ne ces sary
for di ag nos tic pur po ses in all ca ses of lympho ma,
whi le ca ses pre sen ting with le u ke mi a had un der -
go ne sple nec tomy mostly for the ra pe u tic/pal li a ti -
ve pur po ses. 

GROSS TU MOR CHA RAC TE RIS TICS

Pa raf fin-em bed ded tis su e blocks we re sent for con-
sul ta ti on in 8 ca ses wit ho ut any des crip ti on of the
gross fe a tu res, so mac ros co pic fin dings we re re por -
ted for 24 ca ses. The sple nic we ight ran ged from
261 to 4230 g (me an 1494 ± 892.96). For each sub-
t ype of le u ke mi a/lympho ma, the we ight ran ges
we re as fol lows: HCL, 261 to 3000 g; SMZL, 1030 to
4230 g; DLBCL, 637 to 2850 g; MCL, 1100 to 2300
g; and the PLL ca se 957 g. Gross exa mi na ti on re ve -
a led a pre do mi nant dif fu se in fil tra ti on of the red
pulp in 12 ca ses (HCL, 11/11; DLBCL 1/8). The re-
ma i ning ca ses with a pre do mi nant whi te pulp in fil-
tra ti on pre sen ted a mac ro no du lar pat tern in 3 ca ses
(DLBCL, 3/8), mic ro no du lar pat tern in 13 ca ses
(SMZL, 7/8; MCL, 4/4; TCRBCL, 1/1; PLL, 1/1), and
a com bi ned mac ro- and mic ro no du lar pat tern in 4
ca ses (DLBCL, 3/8; SMZL, 1/8). 

MORP HO LO GICAL AND IM MU NO HIS TOC HE MI CAL 
FIN DINGS OF VA RI O US HIS TO PAT HO LO GI CAL TYPES

Ha iry cell le u ke mi a

Ele ven of 32 ca ses we re di ag no sed with HCL, in-
vol ving pre do mi nantly the red pulp of the sple en.

The red pulp in fil tra ti on was dif fu se in all ex cept
one with dif fu se and no du lar in vol ve ment (Fi gu re
1A). He morr ha ge and pse u do si nu ses (blo od la kes
sur ro un ded by ha iry cells) we re iden ti fi ed in 9 ca -
ses (Fi gu re 1B). Ne op las tic cells we re small and mo -
no morp hic (Fi gu re 1C). Two ca ses pre sen ted with
in farcts. Mar gi nal zo ne dif fe ren ti a ti on or fol li cu lar
co lo ni za ti on we re ab sent in all, ex tra cel lu lar hya li -
ne was se en in one ca se, and scle ro sis in anot her
one. Re si du al ger mi nal cen ters we re pre sent in
only two ca ses. 

The ne op las tic cells in all ca ses we re CD20 and
TRAP-po si ti ve, and all ca ses we re ne ga ti ve for
CD3, CD5, CD23, CD30, and CD43 (Tab le 3). The
ne op las tic cells we re CD10-po si ti ve in two ca ses
and CD21-po si ti ve in one. Cyclin D1 de mons tra -

Kaçar Döğer ve ark. Tıbbi Patoloji

HCL SMZL DLBCL MCL PLL Total

Diagnoses (n= 11) (n= 8) (n= 8) (n= 4) (n= 1) (n= 32)

Age mean ± SD (years) 58.91 ± 13.49 57.40 ± 15.14 57.00 ± 7.66 57.75 ± 12.31 63.00 58.19 ± 11.64 

Sex (male:female) 6:5 1:7 4:4 2:2 0:1 13:19

Splenic weight mean ± SD (g) 1262.90 ± 761.24 1761.86 ± 1140.49 1528.60 ± 913.77 1700 ± 848.52 957 1  1494.25 ± 892.96

Accessory spleen (+/-/NA) 0/1/10 2/1/5 2/0/6 0/0/4 0/1/0 4/3/25

Splenic hilar LN (+/-/NA) 1/1/9 4/2/2 3/2/3 3/1/0 0/1/0 11/7/14

Distant LN (+/-/NA) 0/0/11 0/0/8 1/0/7 0/0/4 0/1/0 1/1/30

Bone marrow (+/-/NA) 7/1/3 2/1/5 4/1/3 2/0/2 1/0/0 16/3/13

Other organs (+/-/NA) 1/2/8 0/0/8 3/2/3 2/0/2 0/0/1 6/4/22

TABLE 2: Age, sex, splenic weight, and involvement of accessory spleen, lymph nodes, bone marrow and/or other 
extranodal sites in patients of splenic B-cell leukemia/lymphoma.

Abbr. HCL: ha iry cell le u ke mi a, SMZL: sple nic mar gi nal zo ne lympho ma, DLBCL: dif fu se lar ge B-cell lympho ma, MCL: mant le cell lympho ma, PLL: prolym phocy tic le u ke mi a, LN: lymph

no des, NA: ma te ri al not ava i lab le for his to pat ho lo gic exa mi na ti on. 

FIGURE 1: Hairy cell leukemia infiltrating the spleen. A, Diffuse infiltration of
the red pulp (H&E, x4). B, Blood lakes lined by neoplastic cells (H&E, x10).
C, Small neoplastic cells with clear cytoplasms (H&E, x40).



ted a we ak and fo cal nuc le ar re ac ti vity in one ca se.
Bcl-2 was po si ti ve in all ex cept two ca ses. Ki-67
pro li fe ra ti on in dex ran ged bet we en 0 and 3 (me an
1.67 ± 1.12).

Ac ces sory sple en was pre sent in one ca se, but
wit ho ut in vol ve ment. Sple nic hi lar lymph no des
we re ava i lab le in two ca ses and one was in vol ved.
Bo ne mar row bi opsy was ava i lab le in 8 ca ses and 7
had ne op las tic in fil tra te. Thre e ca ses had un der go -
ne li ver bi op si es and 1 had he pa tic in vol ve ment. 

Sple nic mar gi nal zo ne lympho ma

Eight ca ses we re clas si fi ed as SMZL, all but one
pre sen ting with a pre do mi nant whi te pulp ex pan -
si on (mic ro no du lar in fil tra ti on) and one with ac-
com pan ying mac ro no du lar in fil tra ti on (Fi gu re 2A).
On mic ros co pic eva lu a ti on, mar gi nal zo ne dif fe -
ren ti a ti on was ob ser ved in all ex cept the lat ter (Fi -
gu re 2B and 2C). Re si du al ger mi nal cen ters we re
pre sent wit hin the no du lar in fil tra ti ons in 4 ca ses
and co lo ni za ti on of fol lic les was se en in 3. Ac com -
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Case Diagnosis CD20 CD3 CD5 CD10 CD21 CD23 CD43 cylin D1 TRAP bcl-2 bcl-6 CD30 %Ki-67

1 HCL + - - - - - - - + + - - 1

2 HCL + - - - + - - - + + - - 3

3 HCL + - - + - - - - + + - - 3

4 HCL + - - - - - - - + + - - 2

5 HCL + - - - - - - + + + - - 1

6 HCL + - - - - - - - + + - - 0

7 HCL + - - + - - - - + + - - 1

8 HCL + - - - - - - - + - - - 3

9 HCL + - - - - - - - + + - - 1

10 HCL + - - - - - - - + + - - 2

11 HCL + - - - - - - - + - - - 1

12 SMZL + - - - - - - - - + + - 2

13 SMZL + - - - - + - - + + + - 5

14 SMZL + - - - - - - - + + - - 5

15 SMZL + - - - - - - - - + - - 4

16 SMZL + - - - - - - - - + - - 15

17 SMZL + - - - - - - - - + + - 1

18 SMZL + - - - - - - - - + + - 0

19 SMZL + - - - - - - - - + - - 7

20 DLBCL + - - - - - - - - + - + 40

21 DLBCL + - - - - - - - - - + - 40

22 DLBCL + - - - - - - - - + + + 1

23 DLBCL + - - - - - - - - + + + 65

24 DLBCL + - - - - - - - - + - + 1

25 DLBCL + - - - - - - - - - - - 0

26 DLBCL + - - - - - - - - - - - 52

27 TCRBCL + - - - + - - - - - - - 1

28 MCL + - + - - - + + + + - - 8

29 MCL + - + - - - - + - + - - 12

30 MCL + - + - - - + + + + - - 10

31 MCL + - - - - - + + - + - - 20

32 PLL + - + - - - + - + + - - 5

TABLE 3: The results of the immunohistochemical staining.

Abbr. HCL: hairy cell leukemia, SMZL: splenic marginal zone lymphoma, DLBCL: diffuse large B-cell lymphoma, MCL: mantle cell lymphoma, PLL: prolymphocytic leukemia. 



pan ying red pulp in fil tra ti on was iden ti fi ed in all
ca ses for ming nu me ro us small no du les and cords
wit hin si nu so ids, and in one ca se, the red pulp in-
vol ve ment was pre do mi nant with a mi xed dif fu se
and no du lar pat tern. Ex tra cel lu lar hya li ne de po sits
we re pre sent in all but one, usu ally wit hin the cen-
ters of mic ro no du les. Oc ca si o nal epit he li o id his ti -
ocy tes we re pro mi nent in 4 ca ses, in the ab sen ce of
a dis tinct gra nu lo ma for ma ti on. Only 1 ca se had a
lar ge num ber of plas ma cells. Scle ro sis was pre sent
in 2 ca ses. The re was he morr ha ge in 3 ca ses, with
pse u do si nu ses in 1 of tho se. Pro li fe ra ti on cen ters,
in farcts and nec ro sis we re ab sent. 

In all ca ses, the ne op las tic cells we re CD20 and
bcl-2-po si ti ve and ne ga ti ve for CD3, CD5, CD10,
CD21, CD30, CD43, and cyclin D1 (Tab le 3). Bcl-6
was po si ti ve in half of the ca ses. Two ca ses we re
po si ti ve with TRAP, and 1 of tho se was CD23-po -
si ti ve. Im mu nos ta i ning of re si du al ger mi nal cen-
ters with CD21 re ve a led that ger mi nal cen ters we re
pre ser ved in all ca ses, alt ho ugh not ap pa rent on
H&E sta i ned sec ti ons. Ki-67 pro li fe ra ti on in dex
ran ge was 0-15 (me an 6.40 ± 5.46). 

Thre e ca ses had ac ces sory sple ens re mo ved
and 2 har bo red ne op las tic in fil tra tes. Sple nic hi lar
lymph no des we re ava i lab le in 6 ca ses and 4 we re
in vol ved. Bo ne mar row bi op si es we re ava i lab le in
3 ca ses and 2 we re in fil tra ted. One of the se ca ses
pre sen ted cir cu la ting vil lo us lymphocy tes in pe rip -
he ral blo od. 

Dif fu se lar ge B-cell lympho ma 

Se ven ca ses we re clas si fi ed as DLBCL and one as
mic ro no du lar TCRBCL. The ma in tu mor mass was
in the whi te pulp in 7 ca ses, inc lu ding the TCRBCL
ca se. The whi te pulp in fil tra ti on pre sen ted with a
mac ro no du lar pat tern in 3 ca ses, mac ro- and mic -
ro no du lar pat tern in anot her thre e, and only mic -
ro no du lar in one, the TCRBCL (Fi gu re 3A and 3B).
A no du lar ne op las tic in fil tra te was se en in the red
pulp in all, and in one ca se, the red pulp in fil tra ti -
on was pre do mi nant, dif fu se and no du lar in pat-
tern. Ne op las tic cells we re poly morp hic in all ca ses,
ran ging from small to lar ge cells in thre e and we re
com po sed of only lar ge cells in the re ma i ning. The -
re was he morr ha ge in 5 ca ses and 3 of tho se had

sple nic in farcts. The re we re no pse u do si nu ses, mar-
gi nal zo ne dif fe ren ti a ti on, fol li cu lar co lo ni za ti on,
re si du al ger mi nal cen ters, and ex tra cel lu lar hya li -
ne. Scle ro sis was pre sent in 6 ca ses and was se ve re
in 2.

In all ca ses the ne op las tic cells we re CD20-po -
si ti ve and CD3, CD5, CD10, CD23, CD43, cyclin
D1, and TRAP-ne ga ti ve (Figure 3C, 3D, Tab le 3).
The re was one TCRBCL ca se po si ti ve for CD21 and
ne ga ti ve for CD30, bcl-2 and bcl-6. Fo ur ca ses co-
ex pres sed CD30 and bcl-2. Bcl-6 was po si ti ve in 3
ca ses. Two ca ses co ex pres sed CD30, bcl-2 and bcl-
6. Ki-67 pro li fe ra ti on in dex ran ged bet we en 0 and
65 (me an 29.40 ± 27.86).

Ac ces sory sple en exis ted in 2 ca ses; both we re
in fil tra ted. Fo ur ca ses had hi lar lymph no des re mo -
ved and 2 we re in fil tra ted. Bo ne mar row bi opsy
was ava i lab le in 4 ca ses and 3 had ne op las tic in fil -
tra tes. Thre e of 5 ca ses with li ver bi op si es per for -
med had he pa tic in vol ve ment. One ca se had
in vol ve ment of the co lon re sec ted with the sple en.
The ca se with TCRBCL pre sen ted hi lar lymph no -
de, bo ne mar row, and a pe rip he ral lymph no de in-
vol ve ment, both of the lat ter bi op si ed af ter
sple nec tomy for sta ging pur po ses. 

Mant le cell lympho ma 

Fo ur ca ses of MCL in vol ving the sple en, all cha rac-
te ri zed by an ex pan si on of the whi te pulp, we re
stu di ed. Mi ni mal in fil tra ti on of the red pulp was
iden ti fi ed in the form of small no du les. The ne op -
las tic in fil tra ti on was com po sed of mo no morp hic
small lymphocy tes with scant cytop lasm. The nu-
c le i of the cells sho wed a co ar se chro ma tin pat tern
and ir re gu lar nuc le ar con to urs. Nuc le o li we re not
dis tinct. He morr ha ge, in farcts, and nec ro sis we re
pre sent in one ca se. Two ca ses pre sen ted with mar-
gi nal zo ne dif fe ren ti a ti on, one with fol li cu lar co -
lo ni za ti on, a few small re si du al ger mi nal cen ters,
and ex tra cel lu lar hya li ne. 

In all ca ses the ne op las tic cells we re po si ti ve
with CD20, cyclin D1, and bcl-2 but ne ga ti ve for
CD3, CD10, CD21, CD23, bcl-6, and CD30 (Tab le
3). No sta i ning of ne op las tic cells was ob ser ved
with CD5 in 1 ca se and CD43 in anot her one. In te -
res tingly, TRAP was po si ti ve in the 2 ca ses sho wing
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co ex pres si on of CD5 and CD43. Ki-67 pro li fe ra ti on
in dex ran ge was 8-20 (me an 12.67 ± 6.43). 

Ac ces sory sple ens did not exist in any 1 of the
spe ci mens, but hi lar lymph no des we re pre sent in
all 4, with in vol ve ment in 3. Bo ne mar row and li -
ver bi op si es we re ava i lab le in 2 of the se lat ter ca ses
and we re both in vol ved. In 1 of the se lat ter ca ses,
the di ag no sis was ve ri fi ed by en dos co pic bi opsy of
the rec tum. 

Prolym phocy tic le u ke mi a

Only 1 ca se of PLL with ex pan si on of the whi te
pulp was inc lu ded in the study (Fi gu re 4A). A no -
du lar and dif fu se in fil tra ti on of the red pulp was al -
so pre sent. The ne op las tic cells we re poly morp hic,
pri ma rily lar ge cells with ro und, ve si cu lar nuc le i
and cen trally lo ca ted dis tinct nuc le o li (prolym -
phocy tes) ad mi xed with small ma tu re lymphocy -
tes (Fi gu re 4B). This ca se was the only one
de mons tra ting he mop ha gocy to sis in ne op las tic
cells. The re was mi ni mal he morr ha ge, but no pro-
li fe ra ti on cen ters, pse u do si nu ses, in farcts, “mar gi -
nal zo ne ” pat tern, fol li cu lar co lo ni za ti on, re si du al
ger mi nal cen ters, ex tra cel lu lar hya li ne de po sits,
scle ro sis, and nec ro sis. 

CD20, CD5, CD43, and bcl-2 we re po si ti ve on
im mu no his toc he mi cal sta i ning (Tab le 3); CD23
was ab sent. Ot her lympho id mar kers inc lu ded in

the study (CD3, CD10, CD21, cyclin D1, bcl-6,
CD30) we re ne ga ti ve in ne op las tic cells, ex cept for
TRAP (Fi gu re 4C). Ki-67 pro li fe ra ti on in dex was
low (5%). 

This ca se pre sen ted with a high lymphocy te
co unt, ane mi a, throm bocy to pe ni a, and sple no me -
galy and was di ag no sed with B-cell prolym -
phocy tic le u ke mi a. Be ca u se so me pa ti ents with
B-cell prolym phocy tic le u ke mi a pre sen ting with
mas si ve sple no me galy may be ef fec ti vely pal li a -
ted with sple nec tomy, this ca se, on the rapy with
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FI GU RE 4: B-prolym phocy tic le u ke mi a in fil tra ting the sple en. A, Dif fu se in fil -
tra ti on of the whi te pulp (H&E, x4). B, Prolym phocy tes with ro und, ve si cu lar
nuc le i and cen trally lo ca ted dis tinct nuc le o li (H&E, x100). C, TRAP po si ti vity
of ne op las tic cells (im mu no pe ro xi da se, DAB, x40).

FI GU RE 2: Sple nic mar gi nal zo ne lympho ma. A, A pre do mi nant whi te pulp
ex pan si on with ac com pan ying red pulp in fil tra ti on for ming nu me ro us small
no du les (H&E, x4). B, Mar gi nal zo ne dif fe ren ti a ti on (H&E, x10). C, Ne op las -
tic cells ex pan ding the mar gi nal zo ne and in fil tra ting the red pulp (H&E, x40). 

FI GU RE 3: T-cell-rich B-cell lympho ma in fil tra ting the sple en. A, The mic ro -
no du lar pat tern of whi te pulp in fil tra ti on (H&E, x4). B, Scat te red lar ge ne op -
las tic cells sur ro un ded by small re ac ti ve lymphocy tes (H&E, x40). C, CD20
sta i ning of ne op las tic B-cells (im mu no pe ro xi da se, DAB, x40). D, CD3-po si ti -
ve re ac ti ve small T-cells sur ro un ding the ne op las tic lar ge cells (im mu no pe -
ro xi da se, DAB, x40).



flu da ra bi ne for over a ye ar, had un der go ne sple -
nec tomy. 

DIS CUS SI ON
In the cur rent study, we app li ed a pa nel of mo noc -
lo nal an ti bo di es re ac ti ve with im mu no his toc he mi -
cal tech ni qu es on for ma lin-fi xed, pa raf fin-
em bed ded tis su e sec ti ons and over vi e wed the dif-
fe ren ti al di ag nos tic fe a tu res of sple nic B-cell lym-
pho ma and le u ke mi a. Twenty pa ti ents with B-cell
lympho ma, who had un der go ne sple nec tomy for
sple no me galy or sple nic mass le si ons, had no evi -
den ce of lympha de no pathy or ot her ex tra no dal di s-
e a se by cli ni cal exa mi na ti on at pre sen ta ti on. Sin ce
sple nic lympho mas pre sent a wi de va ri ety of mor-
p ho lo gi es, pre vi o us stu di es ha ve pro du ced conf lic -
ting re sults, such as so me in tro du cing low-gra de
lympho mas, not ot her wi se spe ci fi ed or MCL, whe -
re as ot hers fa vo ring small lymphocy tic lympho ma,
SMZL or DLBCL as the most com mon his to pat ho -
lo gi cal subt ypes.6,16-19 In this se ri es, the most com-
mon type of sple nic in vol ve ment by B-cell
lympho ma was SMZL, fol lo wed by DLBCL. Dif fe -
ren ti al di ag no sis may be dif fi cult in so me ca ses and
a de ta i led im mu no his toc he mi cal study is a si ne qu -
a non for a de fi ni te di ag no sis ac cor ding to the
WHO cri te ri a.15

The re cent des crip ti on of SMZL, a dis tinct B-
cell lympho ma with cha rac te ris tic cli ni cal, his to -
lo gi cal, and im mu no lo gic fe a tu res, ha ve awa ke ned
wi de in te rest in sple nic lympho mas.8,20-23 SMZL is a
morp ho lo gi cally well-de fi ned en tity com po sed of
pre do mi nantly small to me di um si zed lymphocy -
tes, cha rac te ri zed by mar gi nal zo ne dif fe ren ti a ti on,
fol li cu lar co lo ni za ti on, plas macy tic dif fe ren ti a ti on,
and a dis tinc ti ve im mu nop he noty pe: CD20+, bcl-
2+, CD43–, CD5–, CD10–, CD23–, bcl-6–, and cyclin
D1– (3, 5, 9, 10, 15, 20-23). In this study, mar gi nal
zo ne dif fe ren ti a ti on and ex tra cel lu lar hya li ne was
no ted in the ma jo rity of ca ses (7/8, 87.50%) whi le
plas macy tic dif fe ren ti a ti on was iden ti fi ed in only
1 ca se. Thus, we be li e ve that mar gi nal zo ne dif fe -
ren ti a ti on and ex tra cel lu lar hya li ne are the two
most im por tant his to pat ho lo gi cal cri te ri a for the
di ag no sis of SMZL. Ho we ver, TRAP was po si ti ve
in 2 ca ses of SMZL in the pre sent study, qu es ti o -

ning the re li a bi lity of this mar ker for the di ag no sis
of HCL. Among low-gra de lympho id ne op lasms
va ri o us di sor ders are con si de red in the dif fe ren ti al
di ag no sis of SMZL.21 Most in vol ve the whi te pulp
in a si mi lar pat tern on low-po wer exa mi na ti on, ex-
cept HCL in fil tra ting the red pulp.3,20 The most dif-
fi cult sce na ri o is dis tin gu is hing SMZL from
fol li cu lar lympho ma with mar gi nal zo ne dif fe ren -
ti a ti on.9 The dif fe ren ce in bcl-2 sta i ning pat terns,
ma inly the ho mo ge ne o us sta i ning of fol lic les in fol-
li cu lar lympho ma and the co lo ni za ti on pat tern of
SMZL, was re por ted to be help ful in this dif fe ren -
ti al di ag no sis, and this fe a tu re was iden ti fi ed in 3
SMZL ca ses, pre sen ting with wi des pre ad fol li cu lar
co lo ni za ti on.20

All the ca ses of HCL in the pre sent study had
cha rac te ris tic morp ho lo gi cal ap pe a ran ce in the
sple en and bo ne mar row bi op si es. The in vol ve ment
of the red pulp was in con trast to the whi te pulp
in fil tra ti on disp la yed by ot her low-gra de B-cell
lympho mas and was the most use ful his to pat ho lo -
gi cal fin ding on low-po wer eva lu a ti on. In ad di ti -
on, blo od la kes, a very dis tin gu is hing fe a tu re of this
tu mor, we re pre sent in all HCL ca ses. Im mu no his -
toc he mi cal sta i ning of TRAP, a clas si cal, simp le,
sen si ti ve and qu i te spe ci fic met hod for de tec ti on of
HCL cells, was ex pres sed in all ca ses, but one pre-
sen ted very we ak re ac ti vity.24 As men ti o ned abo ve,
TRAP po si ti vity was iden ti fi ed in 2 ca ses of SMZL,
2 ca ses of mant le cell lympho ma, and 1 ca se of B-
cell PLL. Alt ho ugh im mu no his toc he mi cal sta i ning
of TRAP was sug ges ted to be an ex tre mely sen si ti -
ve mar ker of HCL with a spe ci fi city of 98.27%,
TRAP po si ti vity has be en re por ted in se ve ral lym-
pho id ma lig nan ci es, inc lu ding B-cell CLL, B-cell
PLL, T-cell CLL, and SMZL.12,21,24,25 Thus, TRAP
sta i ning do es not al ways le ad to a di rect di ag no sis
of HCL and one sho uld be very ca u ti o us when in-
ter pre ting a po si ti ve sta i ning with TRAP, if a dif fu -
se red pulp in fil tra ti on and blo od la kes are not
iden ti fi ed in a gi ven ca se. Ot her wi se, typi cal HCL
ca ses might ma ni fest with im mu nop he noty pic
aber ra ti ons from the cha rac te ris tic pat tern; in the
pre vi o usly pub lis hed re ports, CD10 ex pres si on was
the most com mon va ri a ti on, pre sen ted in 25% of
ca ses in one lar ge se ri es, al so no ted in 2 ca ses of the
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pre sent se ri es.12,26,27 Flow cyto met ric ex pres si on of
CD103 might be the so le iden tif ying fe a tu re on dif-
fe ren ti al work-up of the ca ses with aber rant fe a tu -
res.

The re are a few se ri es of sple nic DLBCL in the
li te ra tu re, re por ting that low-gra de lymphop ro li -
fe ra ti ve di sor ders may ra rely un der go lar ge cell
trans for ma ti on.10,11,28 Ho we ver, no ne of the 8 ca ses
of DLBCL in the pre sent study had a cli ni cal his-
tory of prog res si on from a low-gra de di se a se. The -
re was 1 ca se with dif fu se sple nic in vol ve ment,
which ap pa rently ori gi na ted from the red pulp, rat -
her than the whi te pulp. The re are so me re ports of
DLBCL that pri ma rily in vol ve the sple nic red pulp
in a dif fu se pat tern.28-31 In tho se ca ses, the dif fe -
ren ti al di ag no sis in vol ves gra de 3 fol li cu lar lym-
pho ma, which co uld be exc lu ded by the lack of
fol li cu lar pat tern, ab sen ce of fol li cu lar den dri tic
cells on CD21 sta i ning, and lack of CD10 ex pres si -
on. So me ra re ca ses are re por ted to ha ve a mic ro -
no du lar pat tern with a TCRBCL com po si ti on and 1
of the ca ses in the pre sent se ri es rep re sen ted this
en tity.11,32,33 As well known, TCRBCL is a uni qu e
morp ho lo gic va ri ant of DLBCL that con sists of a
small pro por ti on of lar ge ne op las tic B-cells wit hin
a pro mi nent com po nent of re ac ti ve T-cells and/or
his ti ocy tes.31-34

Da ta from the li te ra tu re con cer ning the his to -
logy of MCL in the sple en are very few and over-
lap ping fe a tu res exist to a cer ta in ex tent.6,7 MCL
ca ses ha ve a pre do mi nantly whi te pulp in vol ve -
ment li ke ot her small B-cell-lympho mas. Im mu -
no his toc he mistry is very help ful in re ac hing the
de fi ni te di ag no sis of MCL. In this study, all ca ses
of MCL co ex pres sed cyclin D1 and CD5, ex cept for
one cyclin D1+, CD5– ca se. The ab sen ce of CD5 ex-
pres si on has be en re por ted in abo ut 20% of
MCLs.6

It has re cently be en sug ges ted that B-PLL har-
bo ring t(11;14)(q13;q32) pre sents with yo un ger
age, ma le pre do mi nan ce, and ex tra no dal in vol ve -
ment com pa red to tho se pa ti ents wit ho ut t(11;14)
with an in fil tra ti on of cells re semb ling prolym -
phocy tes or cells of MCL, and thus may rep re sent
a sple no me ga lic form of MCL evol ving with le u ka -
e mi a.34 The only 1 ca se of B-PLL in this se ri es was

CD20+, CD5+, CD43+, TRAP+, bcl-2+, CD23–, CD10–,
CD21–, and cyclin D1–. This ca se had fe a tu res re-
semb ling tho se of the blas to id form of MCL, but
the exa mi na ti on of the in fil tra ti on in the bo ne mar-
row bi opsy and the low Ki-67 sco re, to get her with
cyclin D1 ne ga ti vity re ve a led the di ag no sis of B-
PLL. Be ca u se the cir cu la ting cells may re semb le
prolym phocy tes in ha iry cell va ri ant, the li ke li ho -
od of ha iry cell va ri ant, which usu ally lacks the
typi cal ha iry cell an ti gens such as CD25, CD103
and TRAP, was al so con si de red in the dif fe ren ti al
di ag no sis of this chal len ging ca se. Ho we ver, the ex-
a mi na ti on of the bo ne mar row as pi ra te and bi opsy
re ve a led fe a tu res typi cal of PLL and the sple nic
whi te pulp pre do mi nant in fil tra ti on con sis ting ma -
inly of cells with fe a tu res of prolym phocy tes con-
fir med the di ag no sis.

Ge ne rally, wi des pre ad dis se mi na ti on with in-
vol ve ment of the hi lar lymph no de, li ver and bo ne
mar row is a fre qu ently en co un te red fe a tu re of B-
cell lymphop ro li fe ra ti ve di se a ses of the sple en. In
the cur rent study, 17 ca ses had hi lar lymph no des
re mo ved and 11 had ne op las tic in fil tra tes (65%).
So me ti mes his to pat ho lo gi cal eva lu a ti on of hi lar
lymph no de is very use ful in re ac hing a fi nal di ag -
no sis. The re fo re, hi lar lymph no des sho uld al ways
be lo o ked for on gross hand ling of sple nec tomy
spe ci mens. Eigh te en ca ses had bo ne mar row bi op -
si es per for med and 15 had ne op las tic in fil tra tes
(83%). Six ca ses had ac ces sory sple en re mo ved and
4 had ne op las tic in fil tra tes (67%). Twel ve ca ses had
li ver bi op si es per for med and 6 had ne op las tic in fil -
tra tes (50%). 

In this study, no sig ni fi cant dif fe ren ce was ob-
ser ved in the Ki-67 in dex bet we en the gro ups in-
ves ti ga ted (x2=8.602, p= 0.072). The cor re la ti on
bet we en the ini ti al and fi nal di ag no ses we re strong
for the ca ses of HCL (K=1.000, p=0.000), SMZL
(K=0.833, p=0.00), DLBCL (K=0.818, p=0.00), and
PLL (K=1.000, p=0.000), but not for MCL (K=0.368,
p=0.07).

This study re ve a led that sple nic B-cell lym-
phop ro li fe ra ti ve di se a ses we re a he te ro ge ne o -
us gro up of B-cell le u ke mi a/lympho mas with va -
ri o us over lap ping fe a tu res, which of ten led to 
dif fi cul ti es in dif fe ren ti al di ag no sis. In the prob-
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le ma tic ca ses with mas si ve in vol ve ment of the
sple en, but no evi den ce of lympha de no pathy by
CT scan or physi cal exa mi na ti on, a de ta i led ove -
rall as sess ment and cor re la ti on of the his to pat ho -
lo gi cal and im mu no his toc he mi cal fe a tu res of the
sple en, ac ces sory sple en, hi lar lymph no des, bo ne

mar row and li ver bi op si es are most help ful and
usu ally le ad to fi nal di ag no sis in most ca ses.
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