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Cytogenetic Profile of Lymphoma of Follicle Mantle Lineage:
Correlation With Clinicobiologic Features

By Antonio Cuneo, Renato Bigoni, Gian Matteo Rigolin, Maria Grazia Roberti, Antonella Bardi, Nadia Piva,
Raffaella Milani, Florencia Bullrich, Maria Luisa Veronese, Carlo Croce, Francoise Birg,
Hartmut Déhner, Anne Hagemeijer, and Gianluigi Castoldi

Conventional chromosome analysis (CCA) and interphase
fluorescence in situ hybridization (FISH) was performed in 42
patients with mantle-cell lymphoma (MCL), with BCL1 rear-
rangement. The t(11;14)(g13;g32) or 11 abnormalities were
detected by CCA in 34 cases, 20 of which had additional
aberrations. A normal karyotype was observed in 8 cases.
Probes detecting the chromosome aberrations that were
observed in at least 3 cases by CCA, ie, +12, 13q14 deletion,
and 17p deletion, were used for interphase FISH analysis.
FISH detected total or partial +12, 13q14 deletion and 17p- in
28.5%, 52.4%, and 26% of the cases, respectively. The pres-
ence of these anomalies was not a function of karyotype
complexity. Based on the results of CCA/FISH, three groups
of increasing karyotype complexity were recognized: group
1, including 11 patients without detectable aberrations in
addition to BCL1 rearrangement; group 2, including 14

including 17 patients with three or more additional anoma-
lies. Clinical parameters associated with shorter survival
were male sex (P = .006) and primary lymph-node involve-
ment compared with primary bone marrow involvement
(P = .015). Trisomy 12 was the only single cytogenetic
parameter predictive of a poor prognosis (P = .006) and the
best prognostic indicator was the derived measure of karyo-
type complexity (P < .0001), which maintained statistical
significance in multivariate analysis (P< .0001). We arrived
at the following conclusions: 13q14 deletion occurs at a high
incidence in MCL; 17p deletion and total/partial +12 are
relatively frequent events in MCL, the latter aberration being
associated with a shorter survival; and the degree of karyo-
type complexity has a strong impact on prognosis in this
neoplasia.
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patients with 1 to 2 additional anomalies; and group 3,

SING SENSITIVE MOLECULAR cytogenetic tech- number of cases studied and of the heterogeneity of patient
niques, the majority of cases of lymphoma of follicle population.

mantle lineage were shown to carry the 11;14 translocation  There is evidence that genetic lesions may help identify
and its molecular counterpart, consisting of the juxtaposition ofprognostically different subgroups of NHE?20 Thus, p53
the BCL1locus and the immunoglobulin heavy-chain locus on lesions were reproducibly associated with aggressive disease in
the derivative 14¢ chromosomé:” This disease, which was MCL?122and in B-cell CLLZ as was the case with chromo-
recognized as a distinct clinicopathological entity as early assome 17p deletiod%2425and aberrations of chromosomes 1, 6,
19828 accounts for 3% to 9% of all non-Hodgkin's lymphomas and 1£%26.27that were found to have prognostic significance in
(NHL) in western countrie8lt more frequently affects middle- several subtypes of NHL.
aged to elderly males, who usually have advanced disease In an attempt to better define the incidence and nature of
involving lymph nodes and spleen as well as extranodal sitesshromosome lesions in MCL and to disclose cytogenetic
especially the gastrointestinal (Gl) tract and the bone marrowpatterns having prognostic significance, we identified 42 pa-
(BM). Frequently, peripheral blood (PB) involvement also tients with BCL1 involvement and performed conventional
occurs, either during disease evolufivor at diagnosis, mimick-  cytogenetic analysis (CCA), that identified 13q14 deletion, 17p-
ing chronic lymphocytic leukemia (CLLY and trisomy 129 as the most frequently occurring aberrations in

Although a number of hematologic and biologic variables addition to the t(11;14)(q13;932). These chromosome lesions
were shown to have correlation with survival in MEE213  were subsequently investigated by the more-sensitive inter-
there is interstudy variability as to the prognostic significance ofphase fluorescence in situ hybridization (FISH) technique and
each of these variablég}!’ partially on account of the limited an analysis was performed of the correlation between these

chromosome lesions and salient hematologic parameters.
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University of Ferrara, Italy; Kimmel Cancer Center, Thomas Jefferson
University, Philadelphia, PA; Ruprecht-Karls-Universitat, Mediz- Patients and clinical parameters.Fifty-nine patients with non-
inische Klinik und Poliklinik V, Heidelberg, Germany; Institut de Hodgkin’s lymphoma (NHL) of follicle mantle lineage were diagnosed
Canceologie e d'Immunologie de Marseille, INSERM 119, Marseille, at the Institute of Hematology, University of Ferrara (Ferrara, ltaly),
France; and the Centre for Human Genetic, K.U.L., Leuven, Belgium. over a 10-year period. Histologic diagnosis was performed according to
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biopsy). (4) Mantle-cell immunophenotype in cases with leukemic which were also studied on PB samples), and on PB mononuclear cells
expression, ie, CD5/CD19 CD22", CD23", CD10", and bright  obtained by separation over a 1,077 mg/mL density gradient in 14 cases
expression of surface immunoglobulins (slg). Other forms of NHL, with prominent leukemic involvement. PB and lymph-node cell suspen-
CLL, and related disorders (ie, CLL/PL and prolymphocytic leukemia) sions containing greater than 90% CD5/CD1§mphocytes were
as well as other chronic (mature) B-cell lymphoproliferative disofers cultured for 24 to 72 hours, with and without the following mitogens:
were excluded from this analysis, irrespective of the presence of thphorbol miristate acetate (50 ng/mL), lipopolysaccaride from
t(11;14). Escherichia coli (100 mg/mL), and phytohemagglutinin M-form
Staging procedures included physical examination, a routine labora¢100 mg/mL). Whenever possible, 20 to 30 metaphases were studied
tory profile, a chest radiograph, and abdomen ultrasonography. Wheand karyotypes described according to the ISEN.
indicated, barium contrast radiography was performed. Computed Interphase cytogenetics.Interphase FISH studies were performed
tomography (CT) scan was performed for staging purposes in 32 casessing probes detecting BCL1 rearrangements and those chromosome
bone biopsy was performed in 34 cases (including 14 cases withesions that were found in at least three patients by CCA. These studies
primary BM involvement). BM aspiration was performed in all cases. were performed on cells taken from the same samples that were used for
PB involvement was studied by light microscopy examination of cytogenetic analysis.
smears stained by the May-Grunwald-Giemsa method and by immuno- BCL1 involvement was documented as previously repoHadsing
phenotyping using the following panel of commercially available the yeast-artificial-chromosome (YAC) probe 214D11, spanning a 390
monoclonal antibodies: anti CD2, CD3, CD5, CD19, CD22, CD23, kb region encompassing the major translocation cluster and the minor
CD10, and FMC?7. Double labeling with anti-CD5/CD19 was per- translocation clusters of thBCL1 locus at 11g135 The presence of
formed and the expression of slg was studied using rabbit antihumaghree signals in interphase cells (one deriving from the normal allele and
antibodies against the Ig heavy and light chains as previously retwo deriving from the spliBCL1 allele) was considered indicative of
ported3! BCL1 involvement. To prevent data misinterpretation due to the
Treatment was not homogeneous. Depending on age, stage, perfosresence of trisomy or monosomy 11, a chromosome 11-specific
mance status, and on the clinical course the following first-line centromeric probe (Oncor, Gaithersburg, MD), or the cosmid cCl11-
treatments were used: single-agent therapy (chlorambucil) in 10 casesos, |ocated at 11p15.5, which was obtained from the Japanese Cancer
and multiagent chemotherapy using cyclophosphamide, vincristine, angkesearch Resources Bahkere used as control probes. To document
prednisone, with (26 cases) or without (6 cases) an anthracycline.  the juxtaposition ofBCLY14q sequences, dual-color FISH was per-
Clinical records were surveyed for all cases and the parametergormed in those cases without cytogenetic evidence of the t(11;14),
outlined in Table 1 were collected. using theBCL1 probe and a 14q telomere probe, or the cos a2 IgH
CCA. Cytogenetic investigations were performed on lymph-node constant-region probe (prepared by H. Dohner, Ruprecht-Karls-
and/or PB samples obtained within 3 months of diagnosis in all patientsynjversitat, Medizinische Klinik und Poliklinik V, Heidelberg, Ger-
Single-cell suspensions were prepared, as previously deséfibéér  many) because deletions of 13q, 17p, and total or partial trisomy 12
collection of a portion of surgically removed lymph node (28 cases, 6 ofyere the most frequent abnormalities in addition to the 11;14 transloca-
tion, having been found in at least 3 cases. Probes for the detection of
these anomalies in interphase cells were used to increase the sensitivity
of our analysis. The 13q14 C21 cosmid, recognizing DNA sequences

Table 1. Clinical and Biological Parameters at Presentation
in 42 Patients With MCL and BCL1 Involvement

Median (Range)

between the Rb gene and the D13S25 matkewas isolated as
previously describe@ Simultaneous hybridization with a chromosome

Age yr 68 (40-88) 13-telomere probe (Oncor) was performed. The p53.3 cosmid recogniz-
Hb g/dL 12.5(7.8-15.0) ing p53 gene sequences at the 17p13 chromosome band was prepared
WBC X 109/L 8.5 (1.8-840) and distributed by H. Dlaner through F. Birg (Institut de Caitcdogie e
Platelet X 109/L 184 (10-677) d’Immunologie de Marseille, INSERM 119, Marseille, France) in the
LDH UL 440 (250-1200) context of the Biomed | programme, “E.U. concerted action for
Albumin g/dL 3.8(3.1-4.9) cytogenetic diagnosis of hematologic malignancies” (Project leader: A.

No. of cases/total

Hagemeijer, Centre for Human Genetic, K.U.L., Leuven, Belgium).

Simultaneous hybridization with a chromosome 17-centromeric probe
was performed (Oncor). A commercially available chromosome 12-
pericentromeric probe was used for the detection of total/partial trisomy
12 (Oncor).

Hybridization and signal screening.The hybridization protocol
was described in detail in previous studi€4To prevent false-positive
results due to inefficient hybridization, signal screening was performed
on slides with a high hybridization efficiency, having greater than 80%
interphase cells showing two signals with the control probe. The

Splenomegaly 19/42 (45.2%)
Male/female 29/13

LDH abnormal 18/41 (43.9%)
Advanced stage* 31/42 (73.8%)
B-symptoms 14/42 (33.3%)
BM involvementt 27142 (64.3%)
Leukemic expressiont 31/42 (73.8%)
Performance status (ECOG)

2:41; 32;32 Eii;zﬁg evaluation was performed on a fluorescence microscope (Nikon Italia,
’ Florence, Italy); 200 cells with well-delineated signals were observed
HIS_TOLOGY and images were captured with a charged-coupled camera device
D'ﬁuﬁe/nOdUIar_§ 26/2 (Genevision, Nikon Italia).
Classical/blastoid 3913 Five control slides obtained from non-neoplastic tissue were tested
*Stage Il or IV. with each probe. The cut off for the recognition ®€L1 involvement
tAssessed by bone biopsy in 34 cases and by BM aspirate in 8 and+12 was set at 5% interphase cells with 3 signals, whereas greater
cases. than 10% cells with 1 signal were required for the recognition of 13q14
tPositive cases defined by >10% CD5/CD19-positive cells in the deletion and 17p13 deletion.

Cytogenetic classification.To analyze the correlation of cytoge-
netic data and clinicobiologic findings, three cytogenetic groups were
identified based on the number of chromosome lesions as detected by

lymphocyte gate.
§The histologic architecture of lymphoma growth was assessed on
lymph node specimens and not on bone biopsy sections.
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CCA and interphase FISH. Group 1, including th@&@L 1rearranged  additional cases (percentage of cells with one signal 64% to
patients with a normal karyotype in at least 20 metaphases and thosg09s). Three patients had total/partial trisomy 12 at banding

patients with the (11;14) as the sole change. Group 2, including patientgna|ysis and nine additional patients were shown to carry extra
with 1 to 2 aberrations in addition to the t(11;1B@L1rearrangement, chromosome 12 material in 28% to 68% of the cells by

dG 3, defined by th i ith th . .
:Centsric;ugdditi oﬁ Lgeth ets(lltl,ijj patients with three or more aberraﬂ|tnterphase FISH. Three patients had deletion 17p at metaphase

Statistical analysis. Analysis of variance (ANOVA) with Bonfer- banding analysis; cytogenetically undetected 17p13 deletions in
roni correction for multiple comparisons was used in the analysis 0f38% to 88% interphase nuclei were observed in eight additional
continuous variables whereag test was applied for categorical Ccases. The frequency of these chromosome lesions in patients
variables. Patient survival was estimated by the Kaplan-Meier methodvith complex karyotype (ie, patients with three or more
from the date of diagnosis until death due to any cause or until the lasgberrations in addition to the 11;14 translocation) compared
patient follow-up. The survival curves were statistically compared by \ith patients with noncomplex karyotype was as follows: 8 of
the log-rank test. Because many statistical tests were undertaken in trf4 versus 14 of 28 for 13q14 deletioR & 0.662); 5 of 14

eva!ua_mon c.’f Prognosis, B valug of .02 was used as the Cmenon. for versus 7 of 28 for+-12 (P = .469) and 6 of 14 versus 5 of 28 for
statistical significance. Proportional hazards regression analysis wa;

used to identify the most significant independent prognostic variables%p' F= '082)'_ . )
on survival. P values less than .05 were considered statistically 1h€ composition of cytogenetic groups 1, 2, 3 was the
significant. following (see Table 2): using data obtained by CCA, 22

patients had the t(11;14) as the sole change or a normal
RESULTS karyotype in more than 20 metaphases (group 1), 6 patients had
Chromosome lesions: CCA and FISHAIl cases hacBCL1 ~ One to two additional chromosome changes (group 2) and 14
involvement in the area covered by the 390kb YAC probepatients had three or more additional aberrant events (group 3);
(Fig 1), resulting in the presence of three signals in 41% to 97%wvhen considering CCA plus interphase cytogenetic findings, 11
of the interphase cells (median value 73%). The t(11;14)(q13patients were found to have no detectable chromosome lesions
g32) was documented by chromosome banding in a total of 2én addition to the t(11;14BCL1 involvement (group 1), 14
cases, 15 of which had additional aberrations, rearrangemengatients had one to two additional aberrations (group 2) and 17
of 11q with complex karyotypes were observed in 5 patients andgpatients had three or more additional aberrations (group 3).
a normal karyotype was observed at diagnosis in 8 patients. Hematologic and clinical features.The salient hematologic
Results are detailed in Table 2. features at presentation are summarized in Table 1. Primary
Additional chromosome changes observed in three or moresites of disease involvement at presentation were the lymph-
cases were loss of chromosome material at 13q and 17p- ambde system in 28 cases, whereas the BM and PB (with or
total or partial trisomy 12. Monosomy 13 and structural 13g14without splenomegaly) were primarily involved in 14 patients.
aberrations were detected by CCA in six cases. FISH docuGlobally, extranodal involvement of the BM, spleen, gastrointes-
mented the presence of 13ql4 deletion in these cases arihal tract and Waldeyer’s ring occurred at presentation in 66%
disclosed cytogenetically undetected 13ql4 deletion in 16of the cases.
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Fig 1. BCL1 rearranged leukemic MCL with primary BM involvement. Note the heterogeneity of cell size and morphology with irregular
nuclear outline (left). A cell showing juxtaposition (arrowed) of BCL1 (green) to IgH (red) sequences is shown on the right.
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Table 2. Karyotypes and Interphase Cytogenetic Findings at Diagnosis in 42 Patients With BCL1 Translocation

FISH*
Case No. Karyotype [No. of metaphases] Sample 13gq— +12  17p-—
Group 1
19.30  46,XX[20] PB — — —
8.29 46,XX, t(11;14)(q13;932) [16] PB — — —
23.31  46,XX[20] PB — — —
28.32  46,XY [20] PB — — —
31.8 46,XX,t(11;14)(q13;932) [18] / 46, XX [2] LN — — —
35.20  46,XY, t(11;14)(q13;g32) [15] LN — — —
39.25  47,XX,t(11;14) (q13;932) [4] / 46 XX [18] LN — — —
33.16  46,XY, t(11;14)(q13;932) [19] LN — — —
37.23  46,XX,t(11;14)(q13;932), [20] LN — — —
41.37  46,XY, t(11;14)(q13;932) [4] / 46,XX [17] PB — — —
4240  46,XX, t(11;14)(q13;032) [19] PB — — —
Group 2
3.10 46,XY,t(11;14)(q13;932) [16] / 46,XY[2] LN — — 55%
7.19 47XY, +15, 1(11;14)(913;932) [13] LN 80% — —
9.34 46,XX, 1(11;14)(q13;932) [4] / 46, idem, del(13)(q14q21) [2] / 46,XX [12] PB 80% — —
12.42  46,XY [25] PB 64% — —
15.9 46,XY,t(11;14)(q13;932) [6] / 46,XY [18] LN 90% 58% —
17.13  46,XY,t(11;14)(q13;932) [4] / 46,XY [16] LN +PB 75% 38% —
18.22 46, XY, t1(11;14)(q13;932) [3] / 46, XY, [19] LN+ PB 68% 44% —
20.38  46,XY, t(11;14)(q13;q32) [6]/ 46,XY [18] PB 78% 28% —
21.26 46, XX, der(14)t(11;14)(913;q32) [2], 46, XX [17] LN +PB 70% — 75%
22.27 46,XX[22] LN 66% — 62%
24.41  46,XX[29] PB 90% — 45%
30.5T  46-48,XY, +3,t(11;14)(q13;932),add(12)(qg?) [20] LN — — —
6.18 46,XY [21] LN 74% — —
34.17  46-48XY, t(11;14)(913;932), +21 + mar [15] LN — — —
Group 3
1.3t 46-49,XY, del(2)(g?), der(3)(g?), +5,+der(11)(g?), +7,+12, del(17)(p1?2) inc [cp18] LN — — 75%
2.7t 38-45,X,—X,dup(3)(q21924),t(6;12)(923;912) t(11;X?) (q11;p?), del(11)(q1?3q2?1) [cp8] LN — — 65%
4.36 46-48,XY, add(1)(p?), del (10)(g?) t(11;14)(q13;932), del(17)(p12) +2 mar [cpl5] PB 7% 68% 59%
5.15 45-46XY, —3,del(3)(p21;p23),t(3;11)(q14;q11), t(4;17)(q21;921), t(8;17)(q12;p13), t(11;14)(q13;932), LN + PB  84% — —
—13 [cpl9]
10.35  46,XY, del(1)(p22p34), add(4)(p12), der(13)t(13;?)(q14;?), der(11)t(11;?) (q13;?) inc [10] PB 90% — —
11.39  47,XY, add(1)(p36), add(2)(p22), add(6)(923), t(11;14)(q13;932), del(13)(q12q14)+M[cpl5] PB 74% — —

13.11  44-47,XY,der(4)t(4;12)(g?;0913), t(11;14) (q13;932), +der(12)ins(12;13)(q13;q?13q?21), +mar [5] /47, LN +PB 80% 42% —
idem, add(17p) [6]

14.61  47,XY, +der(3)t(3;2)(q?;?),1(11;14)(q13;032)[6] LN 75% 55% @ —
16.11  46-75,XY, +3,1(11;14)(q13;932), +12 [20] LN 75% 38% @ —
252 46,XY [25] LN+PB 85% 40% 38%
26.41  44-46,XY, del(6)(q2?4), t(11;14)(q13;032), +der(13)t(3;13) (q12;034), +der(13)t(12;13)(q12;q34), LN 78% 45% 75%
del(17)(p11) [cp8]
2712 43-46,XY, —3,—7, t(11;14)(q13;q32), + 12 [12] /46,XY [4] LN 64% 55% 88%
2933 46,XX, add(10)(q22), t(11;14)(q13;g32) del(13)(q14q21) [9] / 46, idem, add(1)(p36) [6] PB 2% 30% 66%
32.14  46,XY,1(11;14)(q13;932) [8] / 45, idem, del(1) (p22;p32),inv(6)(p21;92?3), —15 [4] LN - - =
38.24 46, XY, idic (1)(q10), dup(3)(q25;027), del(11)(q?) [3]/ 47, idem, +14 [14] / 46XY [3] LN S —
36.21  46,XY, t(11;14)(q13;q32) [19] / 44, idem, —8,—9, del(11)(q13), add(13)(p13), add(17)(p13) [3] LN - - =
4028 47, XY,add(10)(p15), add(1)(q?),del(2)(p22), add(11)(g?) [15] LN S —

Abbreviations: BM, bone marrow, PB, peripheral blood; LN, lymph node.

*— indicates the absence of the chromosome lesion (% interphase with abnormal hybridization pattern below the cut-off point for positivity);
the percentage of interphase nuclei with deletion 13q14 or 17p13 (1 signal) and with +12 (3 signals) is shown in parentheses.

tPatients previously published.?

BM involvement usually consisted of interstitial or intertra- cell size and irregularities of nuclear outline (Fig 1); some small
becular infiltrates of small- to medium-sized lymphocytes, with lymphocytes indistinguishable from CLL cells and prolympho-
round-to-oval nuclei and nuclear indentations. Leukemic expreseyte-like cells were also present. All cases with leukemic
sion was found in 31 of 42 cases, having 10% to 98%expression were CD5/CD19 CD22t, FMC7+, CD23", and
CD5/C19 cells in the lymphocyte gate (absolute lymphocyte CD10™ and slg with a bright pattern of expression and surface
count ranging between 1 and 800 1(°/L, median 22.4X k/\ restriction.

10%/L). The morphology of these cells showed heterogeneity of Thirteen patients are alive at 12 to 79 months, with a median
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follow-up of 36 months, whereas 29 died at 2 to 86 months. The overall cytogenetic picture and the chromosome lesions

Median overall survival in this series was 40 and 34 months inthat were found in this series in additionB&L1involvement/

the less than 60 and greater than 60 year age groups, respe€i1;14)(q13;q32) improve our knowledge on the clinicobio-

tively. logic significance of cytogenetics in MCL, showing that
Survival. The correlation of clinical outcome and clinicobio-

logic parameters is summarized in Table 3, showing that male

sex and primary lymph-node involvement were predictive of a Table 3. Outcome According to Clinical and Biological Parameters

shorter survival, whereas age, LDH level, advanced stage at in 42 Patients With t(11;14): Uniparameter Analysis

presentation, serum albumin level, PB/BM involvement, PS, Median 95%

and splenomegaly were not. Trisomy 12 as detected by FISH No. — Survival - Confidence

g . ) . Variable Patients (Months) Interval P

was the only single cytogenetic parameter having prognostie

i ynifi H i~ i Age yr
significance (Fig 2), however the strongest prognostic indicator 13 2 va.d4 -
of shorter survival in univariate analysis was the degree of —60 29 e 29:52 :
karyotype complexity (Table 3 and Fig 3). Except for male sex, | .,
which was associated with complex karyotype, the distribution g 23 43 33-54 069
of other salient clinical and hematologic parameters did Not |creased 18 29 17-40
show any statistically significant correlation with cytogenetic sex
features, as summarized in Table 4. Few patients presented f 13 61 49-73 .006
blastic morphology or a nodular pattern of growth in lymph- m 29 31 21-42
node specimens (Table 1), precluding a meaningful analysis ofSplenomegaly
the correlation of these histologic parameters with cytogenetic Yes 1 33 21-45 184
patterns. no 23 47 33-61

The Cox regression model for survival showed that among" 2 "velvement

. ; S 2 no 11 33 20-45 71
the above-reported variables having prognostic significance in 31 47 3052
univariate analysis, only the measure of karyotype complexity sy involvement
as assessed by FISH and CCA maintained prognostic signifi- yes 27 47 3459 026
cance, with & < .0001 (4,7805 hazard ratio; 2.2884t09.9874, no 15 25 17-32
95% confidence limits). Primary site of involve-
ment
DISCUSSION lymph node 28 28 21-36 .015
A preliminary methodological problem in this study was Stzg/leismeen 1 > 4071
represented by the definition of the inclusion criteria, given 4 anced 21 24 25.43 107
the heterogeneity of clinicopathological manifestations of jnitial 1 54 33.75
MCL.%122137 Because lymphoma of follicle mantle lineage ps Ecoc)
have in common a specific genetic marker and the immunophe- o-1 36 42 28-56 121
notypic profile? we included patients with the t(11;1BL1 24 6 19 7-31
rearrangement and with cytoimmunologic features characteris-Serum albumin
tic of MCL. These biological markers of MCL were particularly =~ <49 29 4 30-55 45
important in distinguishing those cases presenting with primary =40 13 34 2141
. ; -7 +12 by FISH
BM and PB involvement from other leukemic NHL and chronic 1 2 13-30 006
B-cell disorders, which may present similar morphologic fea- 30 a7 36.59
tures. Inclusion criteria in this series accounted on the one hand 7, ,, r15
for the absence of cases with primary extranodal disease, all yeg 11 28 18-39 073
biopsy material from extranodal sites having been sent to the no 31 45 3357
pathologist for histologic diagnosis and, on the other hand, for13q by FISH
the relatively high number of cases with primary BM involve-  yes 22 30 22-38 .053
ment and leukemic expression. Other hematologic features in no 20 48 33-64
our patients (Tables 1 and 3) did not differ significantly as ¢CA
compared with those reported in recent stud?éd;515with 2L 64 50-78
frequent presentation in advanced stage (74% of the cases, ! 24 18-30 0001
. 14 12 8-16
compared with 77% to 91%), male sex preponderanceCCA + FISH
(2:1 compared with 1.6:1 up to 3:1), relatively old age (68 years, 11 86%  Not reached at 86
compared with 62 to 65 years) and short survival (34 months
and 40 months in the greater than 60 and less than 60 year age> 14 48 36-60 <.0001
groups, compared with 43 to 56 months median overall 3 17 15 9-21

survival). The histologic features, with a majority of cases Abbreviations: CCA, patients subdivided in group 1, 2, 3 based
presenting diffuse infiltration pattern and few cases displaying &olely on conventional cytogenetics; CCA + FISH, group 1, 2, and 3

predominantly blastic morphology, are in line with previous compiled using metaphase banding analysis and interphase cytoge-
observation$? netic data.
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12 (P .006). months

total/partial trisomy 12 and a derived measure of karyotypenormal karyotype in low-grade lymphomas is clinically impor-
complexity may have a correlation with survival. 13914 dele-tant, in that it reflects low mitotic activity of the neoplastic
tion, total or partial trisomy 12, and 17p13 deletion occurred at aclone, a feature that was associated with a favorable prognosis
relatively high frequency in this series and were not simply ain B-CLL*? and in follicle center cell lymphomas in which the
function of karyotype complexity, suggesting that these anomapercentage of normal metaphases in lymph-node samples was
lies are acquired early during the cytogenetic evolution of MCL. associated with a more favorable outcoth&! Our finding that

We found a relatively high incidence of normal karyotype patients with normal cytogenetics or with t(11;14)/BCL1 rear-
(19%) and isolated t(11;14) (33%) in newly diagno&@L 1" rangement as the only detectable change (group 1) fared better
MCL. These findings add to the data by Pittaluga ét awho than patients with additional chromosome changes represents,
described a 55% and 8% incidence of normal karyotype ando the best of our knowledge, the first demonstration that MCL
t(11;14) as the sole change, respectively, in 38 cases and withhay benefit of cytogenetic investigations for a more accurate
the data collected by Johansson etaljho presented a 19.8% assessment of prognosis.
incidence of isolated t(11;14) in 91 cases published in the Point 2 is better illustrated in our series by those patients
literature. FISH studie® however, showed that cytogenetic having a t(11;14) as the sole aberration by CCA, who were
findings in MCL are partially influenced by suboptimal culture shown to carry extra chromosome 12 material in 26% to 58% of
conditions and inadequate banding resolution, having thre¢he interphase cells (cases 15.9; 17.13; 18.22; 20.38; 29.33).
consequences: (1) detection of normal karyotypes due tdhe possibility that in some patients with complex karyotype
divisions occurring in residual normal lymphocytes; (2) detec-(cases 13.1; 14.6; 26.4), partial trisomy 12 was not recognized
tion of the primary chromosome change defining the stemlineat karyotyping due to the presence of marker chromosomes,
with failure to show additional anomalies present in the should be considered. It is noteworthy that in B-CLL, CCAwas
sidelines; and (3) impossibility to recognize subtle rearrange+eported to underestimate the incidencetdf2 compared with
ments, especially small deletions, occurring in the context ofinterphase cytogenetics, both in cases with normal karyotypes
abnormal karyotypes. Point 1 is illustrated in our study by eightand with complex rearrangements'* The acquisition of extra
BCL1 rearranged cases with apparently normal karyotypechromosome 12 material was detected much less frequently in
Though representing a laboratory artifact, the finding of afollicle center cell lymphoma and in marginal zone B-cell

1.
S
81 ---- 1'.;.'!1 """"""""""""""""""""""""""""""
3!
'..:!L L.
Br-------- e j
-lllh l
1 b U o
S : o CCAFISH
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D 27 [ TEARREREREEERE b -
e H 2 Fig 3. Survival according to
8 0.0 - — 1 the degree of karyotype com-
. = = = = lexi defined by CCA + FISH
0 20 40 60 80 100 e trotm 1 = 11 oot

analysis (group 1 = 11 patients;
group 2 = 14 patients; group 3 =
months 17 patients) (P < .0001).
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Table 4. Clinicopathologic Findings in Correlation With Cytogenetics in 42 MCL

+12 13— 17p— Cytogenetic Groups
Yes No Yes No Yes No 1 2 3
n=12 n=30 n=22 n=20 n=11 n=31 n=11 n=14 n=17
Male 11 18 17 12 6 23 4 10 15
Female 1 12 5 8 5 8 7 4 2
P = .045 P =.227 P =.226 P =.015
Stage
Advanced 10 21 17 14 9 22 6 11 14
Initial 2 9 5 6 2 9 5 3 3
P = .375 P = .592 P = .482 P=.232
PS0-1 11 25 19 17 9 27 11 12 13
PS 2-4 1 5 3 3 2 4 0 2 4
P = .486 P=.90 P = .667 P=.221
Splenomegaly
Yes 6 13 13 6 6 13 3 8 8
No 6 17 9 14 5 18 8 6 9
P = .695 P = .059 P = .470 P=.324
Albumin
<4.0 gr/dl 6 23 13 16 6 23 7 11 11
>4.0 gr/dl 5 7 9 4 5 8 4 3 6
P=.091 P=.143 P=.226 P = .639
BM involved 6 21 16 11 5 22 8 11 8
BM not involved 6 9 6 9 6 9 3 3 9
P =.222 P=.231 P=.129 P=.151
PB involved 9 22 17 14 7 24 8 9 14
PB not involved 3 8 5 6 4 7 3 5 3
P=.912 P = .592 P=.372 P=.521
Age <60 3 10 8 5 4 9 2 4 7
Age >60 9 20 14 15 7 22 9 10 10
P = .598 P=.426 P =.426 P =.426
LDH normal 6 17 11 12 4 19 8 8 7
LDH elevated 6 12 11 7 7 11 2 6 10
P = .613 P = .397 P=.123 P =.145
Extranodal disease
No 3 11 8 6 3 11 6 4 4
Yes 9 19 14 14 8 20 5 10 13
P = .469 P = .662 P=.142 P=.212

lymphoma in three studies using comparative genomic hybridloss of genetic material involving the 13gl4 region may
ization*-*6suggesting that this chromosome imbalance may beepresent an important step in the transformation of €D5
preferentially associated with CD3B-cell lymphoproliferative  B-cell neoplasias.
disorders. These considerations have practical implications, Whereas the 13g-anomaly carries a favorable prognostic
because total/partial trisomy 12 was the only single cytogenetisignificance in B-CLL, no statistically significant survival
parameter that was predictive of an adverse outcome in thiglifference was noted in our patients with and without 13q14
series, and point at the importance of FISH for the refinement ofleletion. A trend towards a shorter survival was observed
cytogenetic diagnosis in MCL. instead in 13g-patients, partially accounted for by the presence

Point 3 is illustrated by those cases having cytogeneticallyof additional aberrations in half of the cases. It is noteworthy
undetected 13q14 and 17p13 deletions. Our findings are reassuhat 13q14 deletions are found, albeit at a lower frequency, in a
ing with respect to the specificity of metaphase banding analysispectrum of lymphoid neoplasiés,including multiple my-
and show that the sensitivity of CCA in detecting loss of eloma, in which they have been associated with an inferior
chromosome material is unsatisfactory. prognosigo-st

The high incidence of 13914 deletions (52.3%) that was The 26.2% incidence of 17p13 deletion in this series is
found in this series is a relatively new finding, this anomaly comparable with the 18% incidence that was reported by Clodi
having been associated with 40% of B-CLL studied by molecu-et al®> who analyzed by interphase FISH 79 unselected NHL
lar cytogenetic$84347Interestingly, 13q14 deletion was found using a 17p13/p53 probe. No correlation was found in this study
to occur by FISH at a relatively high incidence in atypical CLL and in the analysis by Clodi et®8between deletion involving
carrying the 11;14 translocati#hand in a recent study on this region and survival; hence it is reasonable to assume that
MCL.“8 Because a 8.8% incidence of 13g14 deletion was foundd53 gene deletion per se does not have a major impact on
at our Institution in 91 samples of B-NHL excluding MCL and prognosis in NHL. As for the case with 13q14 deletions, the
small lymphocytic lymphoma (data not shown), we suggest thapossibility should be considered that more cases need to be
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