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Chromosomal Abnormalities in Untreated Patients With Non-Hodgkin’s
Lymphoma: Associations With Histology, Clinical Characteristics,
and Treatment Outcome

By Harry C. Schouten, Warren G. Sanger, Dennis D. Weisenburger, Jarmes Anderson, and James O. Armitage
for the Nebraska Lymphoma Study Group

We describe the chromosomal abnormalities found in 104
previously untreated patients with non-Hodgkin's lym-
phoma (NHL) and the correlations of th abnormalities
with disease characteristics. The cytogenetic method used

5, or =.<o_<!=0=n of breakpoint 14g11-12. In a multivariate

th | abnormatities appeared to be
.:g.t-:nosn prognostic factors and correlated with sur-
vival more strongly than any traditional prognostic vari-

wes a 24- to 48-hour culture, d by G-bandi
Several signifi iati were di od. A 3‘

somy 3 was correlated with high-grade NHL. In the patients

able. Pati with s t(11:14)(q13;q32) had an elevated
lactate dehydrogenase {LDH). Skin infiltration was corre-
s involving

with an immunoblastic NHL, an abnormal chr no.
3 or 6 was found significantly more frequently. As previ-
ously described. a t{14:18) was significantly correlated
with a follicular growth pattern. Abnormalities on chromo-
some no. 17 were correlated with a diffuse histology and a
shorter survival. A shorter survival was also correlated
with a 45, 46, + 18, all sbnormalities on chromosome no.

ARLY IN this century, Boveri' hypothesized that all

cells of malignant tumors had karyotypic abnormali-
ties, and that any event leading to chromosomal abnormali-
ties would result in a malignant tumor. However, it took
many decades before the Philadelphia chromosome in chronic
myelogenous leukemia was Aouﬂ:c& ! Since then, cytoge-
:o:n abnurmalities have been found in several diseases,

luding acute leukemias,>* myelodysplastic syndromes,’

and non-Hodgkin's lymphomas (NHL).**

Several karyotypic abnormalities in NHL are associated
with a particular histology, localization of di or treat-
ment outcome.** However, many reports have included onty
small numbers of patients or patients analyzed at relapse.
We analyzed 104 patients with cytogenctic abnormalities in
newly diagnosed NHL that were treated according to Ne-
braska Lymphoma Study Group protocols. We describe the
cytogenetic abnormalities found in these patients and corre-
late them with histology, clinical characteristics, and re-
sponse to therapy.

MATERIALS AND METHODS
Patient Characteristics

Between October 1982 and April 1988, the lymph nodes or other
sites of disease of 123 patients with histologically confirmed and
previously untreated NHL were studied cytogenetically; in 10
patients the results were inconclusive, in 9 patients they were
normal, and abnormal in 104. All of the tissues examined were
involved by lymphoma. A piece of the same tissuc used for
cytogenetic analysis was studied for histology and B-cell and T-cell
markers, using an .53::0?31&3 technique. The Working
Formulation Classification was used.”® Staging 8:229.._ of a com-
plete history and physical ion, chest radi

correlated with B symptoms.
involving breakpoints 3q21-25
and 13G21-24 hsd more frequent bulky disease. The
correlations of certain clinicat findings with specific chromo-
somal abnormalities might help unveil the pathogenetic
mechanisms of NHL and tailor treatment regimens.

© 1990 by The American Society of Hemnatology.

The clinical characteristics of the patients with abnormal cytoge-
netic analysis are listed in Table 1. Similar data from the patients
with the normal chromosome studies are also listed in Table 1 for
comparison, The patients with the \ results were excluded
from analysis. The follow-up of the patients was I to 55 months
{median 16 months).

Treatment

Patients were treated according to protocols of the Nebraska
Lymphoma Study Group. Patients with pathologically confirmed
stage | discase were treated with radiation therapy until 1986, and
more recently with radiation after two or three cycles of chemother-
apy. The patients with stage 11, 1i1, and IV discase were all treated
i_:. n—_n:_o:_o:%« directly after the diagnusis was made. The
d of CAP-BOP (cyclophosphamide,
na_._n:.w.n_? anmnrsn.:n bleomycin, vincristine, and dexametha-
sone)™ for the intermediate- and high-grade malignant lymphomas,
or Ch1VP (chlorambucil 12 mg/m’ (maxima! dose 20 mg] adminis-
tered orally on days ! through S, vincristine | mg/m? intravenuusly
{IV] on day 1, and prednisonc 100 mg orally on days | through 5,
every 3 to 4 weeks) for the lymphomas of low-grade malignancy.

A complete remission (CR) was defincd as the absence of
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tomography scan of the abdomen, and bone marrow Eovmw The
patients were staged according to the Ann Arbor system.”’

In all patients, the tumor was studied at the time of primary
diagnosis. No selection criteria other than the availability of cytoge-
nctic data at the time of diagnosis and treatment according to
Nebraska Lymph Study Group pi Is were used. No patients
with a human immunodeficiency virus (HIV)-related lymphoma
were included.
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Table 1. Characteristics of Patients With Abnormal snd Normsl
Chromosome Studies

C &
Abnormai No. (%) Normal No. (%)

104 (92} 9 (8}

No. of patients

Age 15-90 {median, 86) 15-73 (median, 61)
Sex M/F 54/50 6/3
Follicutar NHL 27 (26) 2{22)
Diffuse NHL 74 (71) 707
Cytologic disgnosis 3
Low-grade NHL 19 (18) 21(22)
Intermediste-grade NHL 80 (48} 4 (44)
High-grade NHL. 32 (30 3(33)
Cytologic diagnosis 3
Stage
i 1Moy o
[} 21 (20} 3(33)
H 13 (13} 333
v 59 (67} 3(33)
B-call NHL 83 (80} 6(87)
T-cell NHL 12002) 3{33)
Non-B. non-T cell 11 o
8 symptoms 30 (29} 4 {44)
LDH alovated 45 (44) 6 166)
Buky disease 222 31{33)
Extra nodel disease 64 (62) 3(33)
Marrow infiltration 39 (38) 111

Skin infiltration 9 (8) 0

clinically demonstrable disease after the completion of the initial
therapy and restaging. Discase-free survival was defined as the time
period from CR until relapse, death, or time of last follow-up.

Cytogenetic Methods

The methods of culturing and processing of the lymph nodes are
described elsewhere.”® In short, after mechanically mincing the
tissue in RPMI 1640 (GIBCO, Grand Island, NY) including 20%
fetal bovine serum and antibiotics, the cell suspensions were incu-
bated a1 37.5°C and cuitured for 24 and 48 hours without the use of
mitogens. After the exposure to Colcemid (0.05 ug/ml) (GIBCO),
the pi ions were pended in 0.074 mol/L KCL for 10
minules ==s fixed with  3:1 mixture of methunol und glacial ncetic
acid. After repeating the fination process three :So_.. the slide
preparations were made, uged overnight at 60°C, -.ﬁ .u!.aoa with
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growth pattern, stage of discase, B symy lactate dehyd
(LDH), bulky discase, B/T-cell vrn:c.«va. extra nodal n.uawun
marrow involvement, skin infiltration, and response to therapy. The
chi-squared test, with the Yates correction when appropriate, was
used to assess significance levels from the analysis of two-way
tables.” The log-rank test was used to evaluate differences in the
distributions of times to event.”’ Statistically significant refers to
those comparisons that yielded a significance level of P < .01. A
multivariate analysis of survival using the proportional hazards
model of Cox was conducted to assess the independent prognostic

influence of the various patient characteristics on survival.? in an
"

mpt to p paticnt subgroups of differing prognosis, recur-
sive parti of the available patient popul was performed.
This process involves the parti of the popul into two

groups, initially based on that characteristic that produces sub-
groups most different in terms of their survival experience. This
process is then repeated on the subsets, producing a regression tree.

RESULTS

Relationships Between Chromosomal Abnormalities
and Histologic Type

Several monosomies, trisomies, and translocations occur-
ring in at least 5% of the paticnts were found (Table 2). A
monosomy 1, a —6, and a t(11;14)(q13;¢32) had no obvious
relation with a histologic type (Table 3). A trisomy 17
occurred more frequently in the intermediate-grade histolo-
gies. The trisomies of chromosome nos. 2, 12, 15, 19, 20, and
21, were not clearly associated with a particular histologic
type. A t(14;18) was observed in about 50% of patients with a
follicular and 20% of patients with diffuse lymphoma.

In the following histologic subgroups significant correla-
tions between chromosomal abnormalities and histology
.were observed.

,,,,, Immunoblastic NHL. Twelve of the 24 patients had an
abnormality of chromosome no. 3. This correlation is signifi-
cant (P = .01). Of these 12 patients, 8 had a trisomy 3 and 2
had a breakpoint involving 3¢421-25. Fourteen patients had
an gbnormal chromosome no. 6. This correlation was signifi-
cant (P = .005). Of these 14 patients, 4 had a trisomy 6,4 an
absiormality involving breakpoint 641 1-16, and 3 patients an
ubnormality locuted on 6421-24. The other patients with an
ubnbrinat chromosome no. 6 had a varicty of ubnormalities,

luding two paticnts with a - 6. Thirteen of the 24 patients

Wright's stain. All phuse plates were mi p tyzed
recorded, and photographed. An abnormal clone was num:& as .io
or more cells with the same structural abnormality or the same extra
chromosome, or the presence of three or more cells with the same
missing chromosome. 1f only one mitotic cell with an abnormal
karyotype was present, it was considered a malignant clone if there
was structural abnormality known to be associated with lymphoma
(ie, in two cases). Normal cells were considered to be present if a
single cytogenctically normal cell was seen. If these criteria were not
fulfilled, or less than five normal mitotic cells were present or the
results were too poor to analyze, the test was classified as inconclu-
sive and excluded from analysis. The karyotypes were designated

ding to the classification of the [ ional System for
Human Cytogenetic Nomenclature (ESCN 1985).2

Study Design and Statistical Methods

All chromosomal abnormalities occurring in more than 5% of the
patients were correlated with parameters as age, sex, histology,

with an :::E:oc_uv:o NHL had an abnormal chromosome
no. 18, 5 of whom had a t(14;18) and 9 patientsa + 18. A +5
(n=235), +6 (n=14), +9(n = 3), +11 (n = 8), and +22
(n = 5) occurred frequently in patients with immunoblastic
NHL.

Follicular histology. Seventeen of the 27 patients had an
abnormality involving breakpoint- 14932, 13 of whom were a
t(14;18). This was a significant correlation (P = .005).
However, it should be stressed that 10 patients had no
t(14;18) or a breakpoint detected at 14q32. A +7, +8,
and + 16 also occurred frequently in patients with a follicular
NHL.

Diffuse histology. Thirty-six of 74 patients had an abnor-
mal long arm of chromosome 14, in 25 patients involving
breakpoint 14432 and breakpoint 14q11-12 in S other
patients.

L B % o
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Table 2. Distribution of Defined Chromosomal Abnormalities Occurring in at Least Five Percent of the Patients
Over the Histologic Subgroups 5
Chromosomal ologe Type® Low-  Intermediste-  High
Abnormsiity A B C © E F G H 1 J  Foliculst Diffuss  Grade Grade Grade
Total 3 1 1 11 1 5 23 24 5 3 27 74 19 50 32
-1 5 o o 1 0 [+] 1 o 2 1 ¢} 1 4 1 1 3
+2 i 5 0o o o 2 o o o] 2 1 0 2 3 o 2 3
+3 16 1 [¢] 1 1 o o 3 8 1 (o] 3 13 3 4 9
+5 1 0o o o] 2 o o 2 5 1 o 3 8 1 4 6
+6 6 o o 4] 1 o 0 0 4 ] (1] 1 6 1 1 4
-8 5 o 0 o o ] 1 1 2 Q [} 1 4 1 2 2
+7 14 o 0 3 4 0o o0 3 4 o o ? 7 3 7 4
+8 1 o o 3 2 o o 2 3 o o 6 - 4 4 3
+9 -3 o 0 [¢] 1 o o 1 3 o 0 2 4 1 2 3
+11 % 0 o [ o o 3 8 0 o 5 1" 1 7 8
111:14){q13;q32) 5 o o 1 (o] 2 0 1 ] 1 0 1 : ‘a 1 3 1
+12 18 o o0 2 3 3 0 4 4 © O 7 1" 4 10 4
t{14:18) 27 [¢] 1 5 5 o 0 9 5 0 [o] 13 14 8 14 5
+18 Wid 5 o o o] 1 LU ] 1 2 ] o] 2 3 1 2 2
+ 16 6 o 0 o 1 0o o0 1 2 [s] o] 3 3 2 2 2
+17 7 o o o 1 o 0 4 2 o 0 1 6 1] 3 2
+18 20 1 1 1 1 o o 6 9 0o 0 4 16 4 7 9
+ 19 9 o o 0 2 o o 3 3 0o 0 4 5 1 5 3
+20 10 0 [¢] 1 2 0o 0 2 4 0o 0 4 6 2 4 L)
+21 9 0 o o 3 o o 2 3 0 o 4 5 1 5 3
+22 12 o o 1 3 o 1 1 5§ 0 0 5 7 2 5 5
: A, small type. B, follicular small cleaved cell type; C, follicular mixed cell type; D, follicular large cell type; £, diffuse small
cleavad cell type; F, diffuse mixed cell :\va. G, diffuse large cell type; H, i type; I, type; J, small cell type.
A g to g F lati
tFollicutar | B.C,O +
Correlation Between Chromosomal Abnormalities and
Disease Characteristics ,
Table 3. ’ Corr Chromosome no. I.  Breakpoints at .EN_.Nw (n=19)
Circumscript or € of Chi svvnu_.na to be significantly correlated with the absence of
Occurring in More Than Five Percent of the Patients and marrow 5<o_<o=_o.=_ (P = .005) (Tables 3 and 4).
Characteristics of Disease Chromosome no. 2. No specific breakpoints on this
pr— n—:.o:.:._wo_:o occurring in at least mﬁ cﬂ the mw:ﬁ:m were
Combmation Clinicat Correlation P Vaive recognized. However, all abnormalities involving the short
3 High-grade mphome o W:.E of mraacwo_.:n no. 2 (n = 5) were correlated with skin
16 Shorter madian survival .008 53_.—;:_0: (F=.00.
e Shorter median survival 007 Chromosome no. 3. Breakpoints 3421-29 (n - 6) were
WY 14)G13,032)  Eleveted LOH 01 correlnted with the presence of: .:.__Q discuse (£ — 005). A
w1418} Folliculer histology 008 trisomy of chromosome no. 3 (n = 16) was correlated with
+18 Shorter median survival 0008 high-grade histology (£ = .01). Twenty-two paticnts had a
Less fraquently extra nodal disesse* 005 diffuse histology and an abnormality involving chromosome
Al on 2p Skin infittration .01 no. 3. These patients had a lower frequency of stage 1V
Allonno. 3 immunoblastic NHL .01 disease (P = .01).
Less frequently stage IVt .01 ‘ N : . N : -
Alonne. 6 Chorter matine st 005 o Mn”“ﬂwwtﬁw::a. up. No specific cqomraﬂ:ﬂv occurring in
Atlon no. 6 Imuncblastic NHL jpost S of the patients were.recognized. Patients with a
All on 6q 8 symotoms <.001 +5(n=12) :wm_ a shorter median survival (6 v 36 months)
All on 14q Less frequently stage | o1 (P = .008), as did all patients (n = 16) with an abnormality
Less frequently involving this chromosome (P = .005).
Skin infiltration 01 Chromosome no. 6. Seven patients had a breakpoint
No skin infiltrationt 005 localized at area 6q11-16 and they had a higher incidence of
Al on no. 17 Diffuse histology .01 B symptoms (P < .001). Also, all patients with abnormalities
Shorter median survivai -0001 on 6q combined (n.= 15) had a higher incidence of B
Allon no. 18 Less frequently stage IV® 01 symptoms (P < .001). Patients with a +6 (n = 6) had a
*Only in the patients with an immunoblastic NHL. median survival of 8 months, versus 36 months (P = .007)

1Only in the patient:

s with a diffuse histology.

for all patients with a chromosomal abnormality.
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Table 4. y 8i Cor B
Breakpoints Occurring in More Than Five Percent of the Patients
and Characteristics of Disease

Chrucal Correlations P Value

Braskpoint {Cluster)
1921-26 No marrow involvement 005
3q21-25 Buky disease 005
6q11-16 B symptoms <.001
11913 Elevated LDH .01
11q23-24 8 cell .01
13q21-24 Buiky disease .001
14911-12 Shorter median survivat <.001
14q32 Follicutar histology 01
1821 Follicular histology .005

Chromosome no. 1. Abnormalities of breakpoint 11q13
were found in five paticnts, always as a partofat(11;14)(q13;
432). This abnormality was corrclated with a higher fre-
quency of LDH elevation (P == .01) without a correlation
with other parameters for tumor load. Five other patients
had a breakpoint at 11q23-24. This abnormality was related
with a B-cell phenotype (P = .01).

Chromosome no. 13.  Five patients had an abnormality
involving breakpoint 13q21-24. They were more likely to
have bulky disease (P = .001).

Chromosome no. 14 Five patients had a breakpoint
involving 14q11-12 and they had a significantly shorter
median survival (8 months v 36 months; P = .001). Only one
of these patients had a T-cel! phenotype. Forty-three patients
had a breakpoint at 14432. They were more likely to have a
folticular growth pattern (P = .01), but therc was no rela-
tion with survival or disease-free survival. Of these 43
paticnts with a breakpoint at 14932, 26 had a t(14;18) and
they were more likely 1o have a follicular growth pattern
(P = .005), but there was no correlation with survival or
disease-free survival. Fifty-four patients had an abnormality
in chromosome no. 14q. These patients were less likely to
have stage | disease (P = .01) or skin infiltration (P = .01).
In patients with a diffuse histology, the abnormalities on
chromosome 14q combined were correlated with the absence
of skin infiltration (P = .005). This correlation was not
present for breakpoints 14q11-12 or 14q32.

Chromosome no. 17.  No specific breakpoints involving
at least 5% of the patients were recognized. All patients with
an abnormal chr no. {7 combined (n = 20) had a
higher frequency of diffuse pathology (P = .01) and a
shorter median survival (7 months v 42 months, P < .0001)
compared with the patients without this abnormality.

Chromosome no. 18.  Twenty-six patients had a break-
point at 18921, ail as a part of a t(14;18). For correlations see
Chromusome no. 14 section. A trisomy I8 (n = 20) was
correlated with a shorter median survival of 6 months versus
41 months (£ = .008) for all other patients. The presence of
an abnormal chromosome no. 18 in patients with an im
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)
dbnormality was less than 5% or there was no significant
correlation with the tested disease characteristics.

Iportance of Normal Metaphases

In 58 patients only abnormal karyotypes were found, while
in 46 patients there was an admixture of normal cells. There
was no significant correlation between the presence or
absence of normal cells and histologic type. Also, there was
no difference in survival between the patients with only
abnormal karyotypes and those with an admixture of normal
karyotypes and those with only normal karyotypes. This was
also the case in subgroups as follicular, diffuse, low-grade, or
imermediate- and high-grade NHL.

Multivariate Anal, ysis

A multivariate analysis of survival using the proportional
hazards model of Cox was conducted to assess the indepen-
dent prognostic influence of the various patient characteris-
tics on survival. Four patient characteristics were signifi-
cantly associated with patient survival (ie, LDH >1.5 high
ndrmal; B symp s stage IV di and age greater than
70) (Table 5). After adjustment for these variables, neither
gender, bulky disease, or histology were significantly associ-
ated with survival. The abnormalities that were correlated
with survival (+5, +6, + 18, all on no. 5, all on no. 17, and
breakpoints 14¢ql11-12) were then analyzed to assess the
prognostic significance (Table 5). The presence of these
cylogenetic abnormalities is an indication of a significant
poorer survival (P = .0000007), even after adjusting for
other features of considerable prognostic importance. The
number of patients with any specific chromosomal abnormal-
ity was too small to allow for the assessment of the individual
cytogenetic abnormalities® prognostic significance.

Recursive Partitioning

Based on variables most prognostic far survival (presence
of B symptoms and LDH), the prognostic influence of the
presence of 1 of the 6 cytogenetic abnormalities correlated
with survival (+5, +6, + 18, all on no. 5, all on no. 17, and
breakpoints 14q11-12) was then assessed within each of the
three prognostic subgroups. The presence of 1 of these 6
chromosomal abnormalities was significantly associated with
sutvival in all three prognostic subgroups (Figs 1 through 3).

DISCUSSION

In 104 of 123 (84.6%) patients with proven and previously
untreated NHL, the karyotypes showed one or more abnor-
malities. This yield of abnormal metaphases is compara-

Table 6. Muttivariste Analysis of Prognostic Factors of
Importance for Survival

blastic NH1. was correlated with a lower frequency of slage
1V disease (P = 01). In the sume histologic subgroup, a
18 was corrcluted with a lower frequency of extra nodal
disease (P = .005).

For alt other chromosomes, the number of patients with an

e e —.

Charactaristics Relative Risk P vaive
" LDH > 1.5 tugh normat 2.40 01
., Baymptomas 2.87 .004
Stage IV 2.78 .008
Age 70 3.33 .0008
Chromosomat abnormalitias 5.49 0000007

CHROMQSOMAL ABNORMALITIES IN NHL

EHMHMHEBEPEIONN

1845

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2 ‘1

0.1 o

0.0 1. 1 1. 1 1 3

RARPFHEDPEHODY

Fig 1. The influence on survival for the presence
absence {————) of one of the chromosomal sbnormalities that
was correlated with survivel (ie. +86; +8; +18; breakpoints
14q11-12; ali abnormalities on chromosomes nos. 6 or 17) is
shown for thyifatients with B symptoms. This difference is
significant (P = ,004).

ble with previous studies.'"'*'* However, in contrast to
others,'*'*222 we did not find any difference for survival or
disease-free survival between patients that had only normal
karyotypes, only abnormal karyotypes, or a mixture. Also in
contrast with others," there was no difference in outcome
between patients with only abnormal karyotypes and patients
with an admixture of normal cells in the subgroup of the
follicular NHL.

Cytog ic findings in lymph might be helpful in
unveiling the pathogenesis of these disorders. Severa! of the
breakpoints we and others have found correlate with the
presence of known oncogenes. The fact that there are
breakpoints that correlate with disease characteristics, but
not with known oncogenes, could suggest the presence of
new, yet undiscovered, regulatory genes on these chromo-
somes. Also of potential importance are several correlations
with disease characteristics found for combinations of abnor-

KHHBEHWIPDORN

fig 2. The Influence on survival for the presence {---) or
absence { ~) of one of the chromosomal sbnormaliti
was correlsted with survival (i, +86: +6; +18; breakpoints
14q11-12; sl sbnor on ch nos. 8 or 17) is
shown for the patients with no B symptoms and low LOH. This
difference is significant (P == .0008).

correlated with survival {ie, +5: +8; +18; breskpoints
14g11-12; all ab on nos. 6 or 17} is
shown for the with no B and high LDH. This
difference is significant (P = .03).

malities involving arms or complete chromosomes, which
were not present for specific breakpoints. This suggests that
in larger series a significant correlation with disease parame-
ters for a more defined breakpoint might be found. Another
possibility is that structural changes on that chromosome
related with a particular disease phenomenon are not located
on the same place on the chromosome in every patient, or
that different changes on thal pasticular chromosome can
cause the same manifestation of the disease.

Several chromosomal abnormalities had a strong correla-
tion with disease characteristics (Table 3). A trisomy 3 was
significantly correlated with a high-grade histology. Yunis et
al’ found that a +3 wa$ almost exclusively present in
follicular large cell NHL; however, in our series, only 1 of 16
patients had this Lype and 8 had the immunoblastic type. The
Fifth Workshop'® found a +3 predominantly among diffuse
mixed lymphomas. In our series, 25% of the patients with a
+3 had this histologic subtype. Recently. a correlation
between dup 3p or a +3 with a good prognosis in farge cell
NHL was reported.” We did not observe a survival advan-
tage for these patients. Correlations between a trisomy of
chromosome nos. S, 6, 18, all abnormalities on no. 5, the
breakpoints 14q11-12, and shorter survival found in a multi-
variate analysis to be independent of the usual clinical
prognostic factors, have not been previously reported. Yunis
et al’ found an association for one of these abnormalitics
(+18) with the follicular large cell type. The correlations
between a t(11;14)(q13;q32) and also for breakpoint | 1q13
and elevated LDH was not suggested before and. in our
series, was not related with tumor load, as reflected by stage,
bulky disease, or B symptoms. Several investigators'® '
described a correlation between a t(8;14) and high-grade.
more specifically small leaved NHL. In our series, only
two paticnts had a t(8;14), but they both had a smali non-
cleaved NHL. [n contrast 10 Yunis et al,” patients with a dup
2pora +2and large cell NHE. had no signiticantly ditferent
treatment outcome compared with the other patients.

Analyzing the breakpoints of the chromosomes regardless
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of the cytogenctic abnormality, we found several significant
correlations (Table 4). Breakpoints 14q32 and i8q21 were
correlated with a follicular histology. The breakpoints 14q23-
24 were correlated with a B-cell phenotype. Bulky discase
was correlated with breakpoints 3q21-25 and 13¢21-24.
Also, B symptoms were correlated with breakpoints 6¢11-16.
Patients with breakpoints 1q21-25 were less likely to have
marrow involvement. Patients with breakpoints at 14¢11-12
had a poorer treatment result. Because of the location of the
« gene T-cell receptor on 14q11-13 and the poorer outcome
in patients with a T-cell lymphoma, this would not be of a
surprise; however, only | of the 5 patients with this break-
point had a T-cell NHL. In other studies, breakpoint
6421-25 was present in the majority of paticnts with large
celt histology'®'®; however, only in 33% of our patients with
large cell NHL. Also, this breakpoint was reported'to be
correlated with bone marrow involvement?'; however, this
could not be confirmed by our results. In a recent study,
several other correlations between chromosomai ubnormali-
ties and extranodal localizations of disease including sites of
relapse were described as 1p32-36 and marrow infiltration,
chromosome no. {4 abnormalities and spleen infiltration,
chromosome no. 9 and lung localization, or monosomy 11
and bone localizations.? These observations were not con-
firmed in this study, probably because the sites of relapse
were not included in our analysis.

in combining all abnormalities on one arm, or all: of the
abnormalities on one chromosome, we found several signifi-
cant correlations. Patients with an abnormal 2p had.more
skin involvement. All patients with an abnormal chromosome
no. 5 combined were found to have a shorter survival, as was
also detected for patients with a -+ 5. All patients with an
abnormal chromosome 6q combined had a significgnt corre-
lation with B symptoms, also found for breakpoints 6ql1-16.
The patients with abnormal chromosome no. (4 or 14q
combined showed a correlation with the absence of skin
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infiltration and, less frequently, stage I disease. This correla-
tion was not found for any specific abrormality involving
chromosome no. 14. Levine et al,'* Cabanillas et al,?* and our
study observed that patients with an abnormal chromosome
no. 17 less often reached a CR and had a shorter survival.
However, Cabanillas et al’s results were limited to the —17
and isochromosome 174.%* 1n addition, we found a correlation
with a diffuse histology. Both correlations were also found for
17p. In combining all abnormalities on the short arm of
chromosome no. 1, the Fifth Workshop'® found a significant
correlation with a T-cell phenotype. In our series, only 2 of 9
patients with this abnormality had a T-cell phenotype.

Interestingly, of the 27 patients with a follicular tym-
phoma, only 13 had a t(14;18) and 14 other paticnts with a
1(14;18) had a diffuse histology. Although there is a signifi-
cant correlation in our study between a 1(14;18) and follicu-
lar growth pattern, this correlation is reported to be very
strong for the patients with follicular smali-cieaved NH1.."*
in our study, only one patient had a follicular small-cleaved
NHL., which might explain the lower frequency than ex-
pected.

We were able to demonstrate several new correlations
between chromosome abnormalities and disease characteris-
tics. Also, we observed that the chromosomal abnormalities
that were correlated with survival were independent risk
factors in a multivariate analysis. This can be explained by
the large number of P.:o:-v m::.:na and the fact that the
analysis was done at diag g2 dary abnormal-
ities, induced by disease evolution or treatment. This is also a
possible explanation for the fact that we could not confirm all
the abnormalities found by others. Clearly, further studies
should be done. With the addition of molecular biologic
studies, these data might be of importance in explaining and
unveiling more of the pathobiology of malignant lymphoma.
Also, the prognostic factors related with survival might be of
help in designing new treatment strategies.
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