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Follicular lymphoma is a rare lymphoid
malignancy in pediatric patients and conse-
guently remains poorly characterized, par-
ticularly with respect to its immunopheno-
type and molecular pathogenesis. A total of
23 pediatric patients with follicular lym-
phoma were identified, with a median age of
11 years and a male-to-female ratio of 2.3:1.
Of the 19 patients for whom presenting
clinical features were available, 15 patients
had stage |, 1 had stage Il, and 3 had stage IlI
or IV disease. All tumors had a follicular
architecture, and 74% of cases had grade 2
or 3 histologic features. All patients ex-
pressed CD20 and bcl-6, and 80% were

positive for CD10. Bcl-2 expression was
detected in only 5 of 16 cases. Consistent
with this finding,  bcl-2 gene rearrangements
were detected in only 2 of 16 cases by
polymerase chain reaction. These patients
were treated primarily with cyclophospha-
mide, doxorubicin, vincristine, and pred-
nisone—based chemotherapy; 4 patients also
received involved-field irradiation. Of the 13
patients with available clinical follow-up, all
but 2 achieved durable clinical remission.
Importantly, all 4 patients with tumors dif-
fusely positive for bcl-2 either presented
with stage III/IV disease or had disease re-
fractory to therapy, whereas patients with

bcl-2-negative tumors uniformly had stage |
disease, achieved complete remission, and
experienced no relapses. These findings
indicate that, in contrast to adult follicular

lymphomas, dysregulated bcl-2 expression
does not play a significant pathogenetic role

in most pediatric follicular lymphomas. How-

ever, bcl-2 expression in pediatric follicular

lymphoma identifies a subset of patients in

whom disease is often disseminated at clini-
cal presentation and is more refractory to
combination chemotherapy. (Blood. 2002;
99:1959-1964)
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Introduction

Lymphomas in children are typically aggressive malignancies, suchressieved from the surgical pathology and consultation files at St Jude
lymphoblastic lymphoma, Burkitt lymphoma, and diffuse large B-ceffhildren’s Research Hospital (Memphis, TN), Carolinas Medical Center
lymphomat Follicular lymphoma is quite rare in children, in contrast tdCharlotte, NC), and the Hammersmith Hospital NHS Trust (London,
the adult population. In several series, follicular lymphoma compriséited Kingdom). The morphologic features of some of the cases have been
approximately 1% to 2% of all cases of pediatric lymphoRfaBew previously reported® The tissue was fixed in either B5 or 10% neutral

reports of follicular lymphoma of childhood have included detailefuffered formalin, embedded in paraffin, and processed routinely. Then,
immunophenotypic and molecular findings. Analyses of a "mitez&pum—thlck sections were prepared and stained with hematoxylin and eosin
used for immunohistochemistry as described below. The histopathology

number of cases suggest that pediatric follicular lymphoma may have

. . 99 p y. P Y of all cases was reviewed by one of the authors (R.B.L.). Cases were
histopathologic features that differ from those typically observed In g o Heri
follicular lymphoma in adult&2 Additionally, nearly all cases analyzedevaluated and graded according to World Health Organization crieria.

. ’ P . This study was approved by the St Jude Children’s Research Hospital

to date_ lack expression of bcl-2. Thus_, pgdlatnc folllcula_r Iymphom;-;lstitutional review board.

may differ from its adult counterpart in its pathogenesis. Follicular

lymphoma in adults typically pursues an indolent yet progressive

clinical course; however, the biologic behavior of pediatric folliculatmmunohistochemistry

Iymphoma ha§ “Qt beerll well defined. Therefore, we Investlgateq a Il’j‘mﬁwnoperoxidase staining was performed on paraffin sections of formalin-
S?”es of pe‘_j'atr'c follicular Iymp_homas to better characterize tlﬁ_?ed tissue. Briefly, sections were used for immunoperoxidase analysis
histopathologic, immunophenotypic, and molecular features of thifer heating for 1 hour at 60°C, deparaffinization, and rehydration.
uncommon childhood malignancy. Following antigen retrieval, immunohistochemistry was then performed by
means of an avidin-biotin peroxidase complex technique on an automated
immunostaining module (Ventana, Tucson, AZ). The antibodies and
dilutions employed were as follows: CD20, clone L-26, prediluted (Ven-
tana); CD3, 1:50 dilution (DAKO, Carpenteria, CA); CD43, clone DF-T1,
1:25 dilution (DAKO); CD10, clone 56C6, 1:50 (Vector Laboratories,
Burlingame, CA); bcl-2, clone 124, 1:10 dilution (DAKO); bcl-6, clone
Biopsy material from cases of pediatric follicular lymphoma, with or withPG-B6p, 1:10 dilution (DAKO); and, CD21, clone 1F8, 1:25
out a diffuse component, in patients younger than 18 years of age wdikition (DAKO).
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Materials and methods

Biopsy material from lymphoma patients
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Polymerase chain reaction to detect  bcl-2 gene rearrangements remaining 23 cases are summarized in Table 1. The mean and

DNAwas extracted from paraffin-embedded tissue as descitralymer ~ M€dian ages at presentation were 10.5 and 11 years, respgctlvely;
ase chain reaction (PCR) for n-ras was first performed to confirm tife patient who was included in the study had disseminated
integrity of the extracted DNA (primers! A\CCTGTAGAGGTTAATATC lymphadenopathy of at least 3 years’ duration prior to her diagnosis
CGCAAATGACT-3; 5'-AGGAATTCTTACAGAAAACAAGTGGT  at age 20. Males were more commonly affected than females, with
TATA-3'). To detect bcl-2 translocations occurring within the majop male-to-female ratio of 2.3:1. Disease stage at presentation was
breakpoint region, PCR was performed with primers for the mbQAG- available for 19 patients. Strikingly, 15 of 19 (79%) patients

TTGCTTTACGTGGCCTG-3) and immunoglobulin § (5'-ACC- . . )
TGAGGAGACGGTGACC-3). The PCR was performed under thefolloW_presented with isolated lymphadenopathy and stage | disease; the

ing conditions: 95°C for 5 minutes (1 cycle); 94°C for 30 seconds ar(@rr.lainder.of the patients consist_ed of _1 patient With_ stage Il, 2
58.3°C for 1 minute (45 cycles); and 72°C for 3 minutes (1 cycle). PCRatients with stage Ill, and 1 patient with stage IV disease. The
products were resolved on a 2% agarose gel containing ethidium bromitjgmphomas were nodal or tonsillar in all but 2 patients. There was
To confirm the specificity of the amplified products, the gels were blotted iparked predilection for involvement of head and neck sites,
nylon membranes (GeneScreen) (NEN, Boston, MA), probed with gariicularly the tonsil, with 13 of 16 (81%) stage | or Il patients

32p—end labeled oligonucleotide internal to the mbr primésTBTCAA- havi : : : -
aving disease in the head and neck region. The 2 visceral tumors
CACAGACCCACCCAGA-3), and detected by phosphorimaging (Molecu- g9 g

lar Dynamics, Sunnyvale, CA). PCR was independently performed twiggvollved kidney a”?' testlcglar epididymis. Cl!nlcal follow-up was
for each patient to confirm the results, and identical results were obtained®itained on 13 patients, with mean and median follow-ups of 11.4
both assays for every patient. and 9.1 years, respectively. Most patients were treated on a

cyclophosphamide, doxorubicin, vincristine, and prednisone—
based chemotherapy regimen; 4 patients also received involved-
field irradiation. All but 1 patient (patient 11; Table 1) achieved
complete clinical remission. This patient presented with stage Il
Clinical features disease, had a poor response to therapy, and eventually succumbed

. . ! fo his disease nearly 8 years after initial diagnosis. One patient has
The surgical pathology and consultation files were searched fs

Results

. S . 1€d % veloped multiple recurrences (patient 5; Table 1); he underwent
cases of malignant lymphoma occurring in children that manifeste

at least a partial follicular growth pattern. A total of 30 cases Werseem cell transplantation and has not experienced disease recur-
identified. Upon review, 7 of these cases were excluded from tHigce o date.

study either because (1) they represented high-grade lymphomasiopathology

arising primarily in the small bowel, that manifested a follicular

growth pattern only focally and that were therefore thought t most cases, there was complete or near-total effacement of the
represent colonization of pre-existing germinal centers by neoplddal architecture by a nodular proliferation of malignant cells.
tic cells (6 casesy4 or (2) neither the slides nor tissue blocksWell-formed mantle zones were generally absent. In several cases,

were available for analysis (1 case). The clinical features of tilee nodules were quite expansive and irregular and were coalescent

Table 1. Clinical features of pediatric patients with follicular lymphoma

Age at Involved Disease Tumor
Patient presentation Sex sites stage grade Clinical follow-up
1 13 F T NA 3 NA
2 4 M Hn NA 1 NA
3 8 M T | 1 NED
4 11 F C | 3 NA
5 13 M T | 3 MR; NED after PBSCT
6 17 F E \Y 1 NA
7 4 M T | 3 NED
8 14 M | | 2 NED
9 15 M T | 2 NED
10 17 M C | 3 NED
11 17 M I, C 1] 1 DOD
12 20 F Al 1l 1 NA
13 7 M T NA 3 NA
14 12 M C | 2 NA
15 14 F Hn | 2 NA
16 M E | 3 NED
17 5 M | | 2 NED
18 3 M Hn | 2 NED
19 F T | 2 NED
20 10 M Hn | 2 NED
21 13 M C NA 1 NA
22 5 F T,C 1l 3 NA
23 11 M He | 3 NED

T indicates tonsil; NA, not available; Hn, other head and neck nodal site; NED, no evidence of disease; C, cervical lymph node; MR, multiple relapses; PBSCT, peripheral
blood stem cell transplant; E, extranodal (kidney, 1 case; epididymis, 1 case); |, inguinal lymph node; DOD, dead of disease; A, axillary lymph node; He, other head and neck
extranodal site.
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Figure 1. Histopathological features of pediatric fol-
licular lymphoma. (A) Low-grade tumor with large,
focally coalescent nodular architecture. (B) Higher-power
magnification of a case with predominantly intermediate-
grade cytologic features. A grade 3 diffuse component
was focally present in the tumor. (C) One case with floral
variant morphology was composed predominantly of
centroblasts, some of which had cleaved-cell morphol-
ogy. (D) High-grade tumor with brisk mitotic rate and
frequent apoptotic cells. Original magnification A, X 10;
B-D, X 400. All images were stained with hematoxylin
and eosin.

in some areas (Figure 1A). One case showed the “floral” growth confirm the specificity of the amplified products. The quality of
patternt®16 Cytologically, most tumors contained an admixture ofhe extracted DNA was first assessed by performing control PCR
centroblasts with prominent nucleoli and variably abundant cytoeactions foras; amplifiable DNA was obtained for 16 cases. The
plasm together with a variable component of centrocytic cells thiacl-2 PCR results are shown in Figure 3 and summarized in Table
contained irregular, clefted nuclei; condensed chromatin; and sc@nthe lane numbers in the figure correspond to the case numbers in
cytoplasm (Figure 1B-C). Centroblasts with irregular nuclei, i€fables 1 and 2. Two of 16 cases were positive liol-2 gene
large cleaved cells, were predominant in some cases. Overall, 7d8arrangements (Figure 3). The case shown in lane 12 had only a
of the tumors were of intermediate or high histologic grade (Tablgeakly detectable bcl-2 signal; however, the quality of DNA
1). In some cases, the mitotic rate was quite high and frequenittained in this case was suboptimal, as indicated by the weak
apoptotic cells were present (Figure 1D). Geographic necrosis wagnal obtained from the ras PCR (data not shown). Both of the
not a prominent feature of any of the tumors. Occasional tumdpsl-2 PCR-positive cases also expressed bcl-2 protein as deter-
contained admixed tingible-body macrophages, imparting a “stamyined by immunohistochemistry (Table 2).
sky” appearance to the neoplasm.

Table 2. Immunophenotypic and molecular characteristics of pediatric

Immunohistochemistry follicular lymphoma
Paraffin-embedded tissue was available on 17 cases for immunolaise _ b2 o2+ FDC
tochemical analysis. The results of immunophenotyping studies af¢*  ©b20  CD43  CD10  bck6  IHC ~ PCR present
summarized in Table 2; the case numbers are identical with thet + + + + - - Y
patient numbers in Table 1. The neoplastic cells were strongly2 + - - + - - Y
positive for CD20 in all cases (Figure 2A). Nearly all tumors were 3 + - - + - - Y
positive for bcl-6 in most cells (Figure 2B). CD10 was expressed in* * - nEoRE - Y
12 of 15 (80%) cases, and CD43 was positive in 4 of 17 (24%)° * - ND * * * Y
tumors. Immunostaining for CD21 revealed prominent, expande i ; i i J: B NYD
networks of follicular dendritic cells in all tumors, further support- ¢ N - N _ B ND
ing the follicular nature of the malignant cells (Figure 2C). 4 " _ ND ND ND - ND
Immunostaining for bcl-2 revealed diffuse positivity in 4 of 16 19 ¥ 5 ¥ ¥ - - Y
(25%) cases (Figure 2D). One tumor showed expression of bcl-2 + - + + + + Y
focally within a subset of the neoplastic nodules (data not shown).2 + - + + + - Y
The remaining 11 cases did not express bcl-2. 13 + + + + - - Y
14 + - + + +F - Y
Molecular analysis of  bcl-2 gene rearrangements 15 + - + + - - v
None of the cases had frozen material available for Southern blég i _ 1 : _ _ :

analysis. Therefore, to detect the t(14;18) involving the major
breakpoint region of thbcl-2 gene, PCR was performed on DNA IHC indicates immunohistochemistry; PCR, polymerase chain reaction; FDC,

df i bedded ti - follicular dendritic cell; Y, yes; F, immunoreactivity for the marker being present only
extracted from paraffin-embedded tissue. The amplified produgiS,iy. np, not done or not interpretable.

were blotted and probed with a radiolabeled oligonucleotide probe *Case numbers are identical with the patient numbers used in Table 1.
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Figure 2. Immunophenotypic features of pediatric

follicular lymphoma. (A) Immunohistochemistry for
CD20 highlights the follicular architecture of this tumor.
(B) The neoplastic cells of nearly all cases were positive
for bcl-6. (C) Most of the cases manifested expanded
networks of follicular dendritic cells as highlighted in this
immunostain for CD21. (D) Immunostaining for bcl-2
reveals moderately intense expression of bcl-2 by neo-
plastic lymphoma cells within the nodules. Original magni-
fication A, X 10; B, X 200; C-D, X 100; insets, X 400.

The majority of these cases had typical histologic features of
Discussion follicular lymphoma. Involved lymph nodes generally showed
complete effacement of normal architecture. In contrast to follicu-
Follicular lymphoma is a rare lymphoid malignancy in childrentar lymphoma in adults, these pediatric tumors commonly had high
consequently, the pathogenesis and biologic behavior of tfiistologic grades, with only 24% of cases having grade 1 features.
uncommon entity are poorly understood. Here we present the figdthers have similarly shown that follicular lymphoma in the
analysis of a large series of pediatric follicular lymphoma thgtediatric setting tends to manifest high-grade histofgg\PAll of
includes morphologic, immunophenotypic, and molecular charaidte tumors expressed bcl-6 and most expressed CD10 as well;
terization. Additionally, we have long-term clinical follow-up on aimmunophenotypic features are compatible with a follicular center
significant number of patients to permit a more complete assess!l origin for these neoplasm%?° Interestingly, 24% of cases
ment of the clinical behavior of follicular lymphoma in thiswere positive for CD43, a marker infrequently expressed in
patient population. follicular lymphoma in adults. Immunostaining for CD21 demon-
In some recent reports of pediatric follicular lymphoma, thetrated expanded networks of follicular dendritic cells within the
majority of cases were extranodal with a striking propensity farodules of most tumors, including the extranodal cases, further
testicular involvement?17 In the current study and one other,supporting their follicular origin. Importantly, we found that bcl-2
however, the majority of patients had nodal- or tonsillar-basezkpression in pediatric follicular lymphoma is relatively infre-
disease, with a marked predilection for head and neck SMés. quent, in contrast to its adult counterpart.
encountered only 1 case of a paratesticular tumor. The reason forBecause fresh or frozen material was not available for any of the
this difference in clinical presentation between the various studieases in this study, we were unable to assess these tumors for clonal
is unclear but may be attributable to the small numbers of patiemtsmunoglobulin gene rearrangements by Southern analysis. At
included in some of the studies. diagnosis, however, 2 of the bcl-2—negative tumors were clonal as

-+ 123 45667 8 9 101112 1314 1516

Figure 3. PCR to detect t(14;18) at the mbr. PCR was
- performed as described in “Materials and methods” and
subsequently subjected to Southern analysis by means
‘ > of a radiolabeled internal oligonucleotide probe. — indi-
cates negative water control; +, positive control. Lanes 1
through 16 are pediatric follicular lymphoma cases. A
faint band was present in lane 11; this was confirmed on
longer exposure of the autoradiogram. The lane numbers
correspond directly to the patient and case numbers in
Tables 1 and 2.
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determined by either flow cytometry to assess immunoglobulmecurrent disease both had bcl-2—positive tumors. One of these patients
light chain restriction or PCR to detect immunoglobulin heavgventually succumbed to his disease, and the other patient developed
chain rearrangements (data not shown). Further, the neoplastigltiple relapses. This second patient ultimately underwent stem cell
nature of these tumors is supported by the fact that 9 of the ftansplantation and is now disease free, with limited posttransplantation
bcl-2—negative tumors had grade 2 or 3 histologic features. follow-up. In their analysis of 7 patients with pediatric follicular
Bcl-2 is a mitochondrial protein that plays a central role itymphoma, Atra et dlfound that 6 achieved clinical remission with
resistance to apoptosis.The bcl-2 gene was first identified by limited follow-up (median, 1.5 years). One patient in this study died of
virtue of its involvement in the t(14;18) reciprocal translocationlisease; however, it is not certain whether this patient's tumor was
with the immunoglobulin heavy chain locus that is characteristpositive for bcl-2. Taken together, the results of our study suggest that
cally present in the majority of follicular lymphomas in adi#$*  bcl-2 expression is less frequent in pediatric follicular lymphoma than in
Bcl-2 is physiologically expressed in certain lymphoid subsetis adult counterpart and that pediatric patients whose tumors lack bcl-2
including T cells and mantle B cells. However, germinal-center Bxpression appear to have limited-stage disease and excellent disease-
cells do not normally express bcl-2. Aberrant expression of bclize and overall survival when treated with multiagent chemotherapy.
by a centrocytic B cell, either as a result of the t(14;18) or through Our results suggest that in most instances follicular lymphoma
other mechanisms, is thought to play an important role in the pathogeimeehildren has a pathogenesis that is distinct from its counterpart in
sis of most cases of follicular lymphoma. The frequency of bclthe adult population. This is not altogether surprising given the
expression in follicular lymphoma does vary somewhat accordintjfferences in the clinical course of follicular lymphoma in these 2
to the histologic grad&:2”Most large studies have shown that 83%populations. Adults with follicular lymphoma most commonly
to 100% of grade 1 and 2 tumors and approximately 75% of gradg@sent with high-stage disease and an indolent yet progressive
tumors are bcl-2 positive by immunohistochemistry. clinical course that is refractory to current chemotherapeutic
There are limited data regarding the expression of bcl-2 #pproaches, including bone marrow transplantation. In contrast,
pediatric follicular lymphom&:° Finn et af recently reported the our findings and those of othé&have shown that follicular
immunophenotypic and molecular features of 4 cases of folliculgimphoma in pediatric patients usually presents with localized,
lymphoma, all of which were primary testicular tumors in youngow-stage disease that can be successfully treated with conven-
boys. They found that the tumors in their series were uniformiyonal multiagent chemotherapy regimens with durable remissions.
negative for bcl-2 protein expression by immunohistochemistry Finally, our results also have relevance for the surgical patholo-
and were negative for rearrangements of the bcl-2 locus. In gfst confronted with a lymph node biopsy from a child containing a
analysis of 7 pediatric follicular lymphoma patients, Atra et alnodular lymphoid proliferation. Bcl-2 expression is not diagnostic
found that 3 of 4 of cases investigated were negative for bclet any particular type of lymphont&:22 However, immunohisto
expression by immunohistochemistry. Case reports of testiculiemistry to detect bcl-2 is often helpful in evaluating difficult
follicular lymphomas in children have yielded similar findirfgS. ~ lymphoproliferative processes in which the differential diagnosis
In contrast to these studies, our analysis revealed that although legsudes follicular lymphoma and a florid follicular hyperplasia,
common than in its adult counterpart, bcl-2 expression is not infrgince reactive follicular center cells are negative for b&-2.We
quently seen in follicular lymphoma occurring in the pediatric popularow show that although bcl-2 expression is lacking in the majority
tion. Approximately 30% of cases were positive for bcl-2 as determinegl pediatric follicular lymphomas, its expression is of use in
by immunohistochemistry. Only 2 of these cases were also positive f#agnosing a malignant follicular lymphoma in up to 30% of these
the t(14;18) by PCR, suggesting that the aberrant bcl-2 expression eithges. The absence of its expression in the majority of these
was due to a t(14;18) involving the mcr (which would not be detected Ijediatric tumors suggests a fundamental difference in the molecu-

our PCR assay) or occurred through an alternative mechanism. Intenggtpathogenesis of pediatric and adult follicular lymphomas.
ingly, all 4 of the patients with bcl-2—positive tumors were 13 years of

age or older at the time of diagnosis. With the exception of a singl€ case,

all pediatric patients under 12 years of age with follicular lymphoma

have had tumors that were negative for b&il2Collectively, these Acknowledgments
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