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Abstract

Lymphocyte homing receptors (HRs) defined by Hermes anti-
bodies (anti-CD44) and lymphocyte function associated anti-
gen-1 (LFA-1, CD1la/CD18) are involved in lymphocyte bind-
ing to endothelial cells of high endothelial venules (HEVs) at
sites where lymphocytes exit the blood. Their expression was
correlated to the clinical behavior of 245 non-Hodgkin's lym-
phomas followed up for the median of 87 mo after the diagno-
sis. Lymphomas that showed no or weak staining intensity for
HRs were more often of stage I (P = 0.005), disseminated less
frequently hematogenously (P = 0.003), and had more favor-
able prognosis than lymphomas with intensive staining for HRs
(P < 0.0001) despite that they were more often histologically of
high grade malignancy (P = 0.002). Expression of LFA-1 beta
chain (CD18) did not correlate significantly with stage or sur-
vival, but had prognostic value in a subgroup ofHR expression
negative lymphomas (P = 0.03). HR staining intensity was an
independent prognostic factor in a multivariate analysis. These
findings indicate that Hermes/CD44 molecule is associated to
the determination of the metastatic potential and prognosis of
non-Hodgkin's lymphomas. They also reveal a new entity
among non-Hodgkin's lymphomas, because lymphomas that
express low levels ofHR have favorable prognosis despite their
often highly malignant histological appearance. (J. Clin. In-
vest. 1991. 87:1835-1840.) Key words: lymphocyte migration/
traffic * metastasis * CD44 * LFA-1

Introduction

Most mature lymphocytes circulate continuously between the
blood and the lymphoid organs. Lymphocyte binding to spe-
cialized high endothelial venules (HEVs)' is a critical step when
lymphocytes leave the blood and enter the lymphatic organs
(1). This step is controlled by several molecules that work in
concert to establish stable contacts between the lymphocyte
and the endothelium. Such molecules, based on their function,
are called lymphocyte homing receptors (HRs). In human,
they include the LAM-I molecule (human equivalent for
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1. Abbreviations used in this paper: HEV, high endothelial venule; HR,
homing receptor; LFA-1, lymphocyte function-associated antigen-i;
SPF, S phase fraction; VLA-4, very late activation antigen-4.

mouse MEL-14), which mediates lymphocyte binding to pe-
ripheral lymph nodes (2, 3), and VLA-4, which has been de-
scribed to be involved in lymphocyte traffic to mucosal HEVs
(4). Lymphocyte Hermes/CD44 antigen is involved in lym-
phocyte binding to peripheral lymph node, mucosal, and (in-
flamed) synovial HEVs (5). LFA-1, a member of leukocyte
integrin family, and an important adhesion molecule in a vari-
ety of immune functions, strengthens lymphocyte binding to
HEVs in a non-organ-specific manner (6, 7).

Because the above-mentioned molecules are important in
the traffic of normal lymphocytes, they might also have an
essential role in dissemination of lymphoma. Recent experi-
mental evidence supports this hypothesis. In studies of Bar-
gatze et al. (8) the functional binding capacity of malignant
lymphocytes to HEVs determined dissemination of murine
lymphomas in vivo. In human studies, expression of CD44
antigen has been shown to correlate with the dissemination
status of diffuse large cell lymphoma at the time ofthe diagno-
sis, but the statistical significance has varied from a trend to
highly significant (9, 10). In our earlier study on 104 non-
Hodgkin's lymphomas, CD44/Hermes negative lymphomas
had more favorable prognosis than Hermes positive lympho-
mas, and they spread less often hematogenously (1 1).

In the present work, we have improved the CD44/Hermes
analysis by determining its expression both qualitatively (stain-
ing for CD44 absent, present, or borderline) and semiquantita-
tively in terms of staining intensity using tumor infiltrating T
lymphocytes as a control and evaluated the clinical significance
of CD44/Hermes HR expression in non-Hodgkin's lym-
phoma. In addition, we have studied the prognostic signifi-
cance ofCD 18, which on lymphoid cells, measures the expres-
sion of LFA- 1.

Methods

Patients. The hospital records of 389 adult patients diagnosed with
non-Hodgkin's lymphoma in southwestern Finland and referred for
treatment to the Department of Radiotherapy in Turku University
Central Hospital from 1970 to 1984 were reviewed. Representative
tissue was not available for review in 89 cases, in 32 cases the diagnosis
was considered to be chronic lymphocytic leukemia or some other
disease after a review, in 13 cases only an aspiration biopsy sample was
available, and in 10 cases staging examinations were not done leaving
245 patients with histologically diagnosed non-Hodgkin's lymphoma
in the series. The mean age at diagnosis was 59 yr (SD, 15 yr, range,
16-87 yr), and 133 (54%) were male. 75 (3 1%) patients had B symp-
toms, and 130 (53%) had extralymphatic disease at diagnosis.

82 patients had stage I, 48 stage II, 50 stage III, and 65 stage IV
disease at presentation (12). Staging included the clinical status, chest
x-ray, bone marrow biopsy, and/or aspiration biopsy. The abdomen
was investigated with various combinations of ultrasound, isotope
scans, bipedal lymphography, computed tomography, and laparot-
omy. Hematogenous spread oflymphoma was considered to be present
if the dissemination pattern oflymphoma either at diagnosis, at recur-
rence, or at autopsy could not be explained by simple lymphatic drain-
age, e.g., lymphoma metastasing from a parotid gland to ipsilateral
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neck nodes, or from inquinal to iliac nodes (present, n = 154; absent, n
= 87; not determined, n = 4).

The patients were followed-up for the median of 87 mo after the
diagnosis (range, 9-213 mo) or until death, 93% were followed up at
least for 5 yr or until death. 95 patients were considered to have died
from lymphoma during the follow-up based on clinical and/or autopsy
evidence, 32 from a well-established intercurrent disease, and in 13
cases the cause ofdeath could not be assessed with certainty. The crude
5-yr survival rate was 50%, and that corrected for intercurrent deaths
and deaths from an unestablished cause was 60%, in stage I, 89%.

Treatment was variable, but in localized cases it usually consisted of
involved field or extended field radiotherapy possibly combined with
combination chemotherapy, and in stages III and IV of combination
chemotherapy with or without irradiation. Radiotherapy to "involved
field" was given to 96 (39%) patients as first-line treatment, to 34 (14%)
to the "mantle" field, to 25 (10%) to the "inverted Y" field, and to 6
(2%) to their combination. 84 (34%) patients did not receive radiother-
apy as their first-line treatment. Irradiation dose was usually about 40
Gy given in 4-5 wk. Combination chemotherapy with a doxorubicin-
containing regimen was given to 41 (17%) patients as their initial treat-
ment, and with a nondoxorubicin-containing regimen to 104 (42%)
patients, 9 (4%) patients received single-agent chlorambucil therapy,
and 91 (37%) patients did not receive first-line chemotherapy. Only
"first-generation" regimens were used as first-line treatment, such as
COP (cyclophosphamide, vincristine, prednisone), CHOP (H = doxo-
rubicin), MOPP (mecloretamine, vincristine, procarbazine, predni-
sone), and BACOP (B = bleomycin, A = doxorubicin).

Histology andflow cytometry. Formalin-fixed and paraffin-embed-
ded tissue blocks were sectioned and stained with the Giemsa, hema-
toxylin and eosin, periodic acid-Schiff, methyl green and pyronin, and
van Gieson methods. The original diagnoses were independently re-
viewed by two pathologists. Subclassification of the tumors was done
according to the Working Formulation and Kiel classification. Hemato-
poietic origin of lymphomas was confirmed with a monoclonal anti-
body against human leukocyte common antigen (Dako, Copenhagen,
Denmark). Monoclonal antibody against chicken T cells (3G6) used as
serum-free culture supernatant served as a negative control antibody.
The bound primary antibodies were visualized using the avidin-biotin
complex technique (Vector Laboratories, Burlingame, CA) with 1,1-
diaminobenzidine as the chromogen. 68 lymphomas were low grade
malignant according to Working Formulation (33 small cell, lympho-
cytic; 18 small cleaved cell, follicular; 17 mixed cell, follicular), 77 of
intermediate malignancy (3 predominantly large, follicular; 27 small
cleaved cell, diffuse; 30 mixed cell, diffuse; 17 large cell, diffuse), 95 of
high grade malignancy (44 large cell, immunoblastic; 45 lymphoblas-
tic; 6 small noncleaved cell) and 5 belonged to the miscellaneous cate-
gory. 17 (25%) ofthe low grade, 30 (39%) ofthe intermediate grade, and
33 (35%) of the high grade malignant lymphomas, respectively, be-
longed to stage I; 12 (18%), 13 (17%), and 22 (23%) to stage II; 16 (24%),
16 (21%), and 18 (19%) to stage III; and 23 (34%), 18 (23%), and 22
(23%) to stage IV.

Flow cytometry was done with a FACStarO Flow Cytometer (Bec-
ton-Dickinson Immunocytometry Systems, Mountain View, CA)
from deparaffinized tissue as described in detail elsewhere (11). DNA
was stained with propidium iodide. S phase fraction (SPF) was calcu-
lated with the rectangular method (13).

Staining ofHRs and LFA-J. CD44/Hermes expression was deter-
mined using a monoclonal mouse antibody, Hermes-3, as serum-free
culture supernatant. Hermes-3 recognizes a common determinant of
CD44 class ofHRs mediating lymphocyte binding to peripheral lymph
node, mucosal, and synovial HEVs. The production and specificity of
this antibody have been described earlier (5).

Qualitative expression ofthe Hermes antigen was scored as - (nega-
tive), +/- (a definitive population of tumor cells positive), or + (the
majority or all tumor cells positive) without paying attention to the
intensity of the staining.

Quantitative expression of the Hermes antigen was scored as -/+
(negative or very weak staining oftumor cells), ++ (intermediate inten-

sity), or +++ (strong staining comparable to that oftumor infiltrating
lymphocytes). Intensity was scored independently by two readers (SJ
and PK). The vast majority of cases (84.6%) clearly belonged to one of
these groups, while 15.4% of samples represented so-called border line
cases (either between -/+ and ++ or between ++ and +++) that were
jointly reviewed and a consensus was sought. Quantification showed to
be reproducible, because 35 random cases was assessed blindly twice by
one reader (SJ), and the correlation coefficient between these two read-
ings was 0.89. A variable number of tumor infiltrating lymphocytes
was seen in all cases, and they were easily recognizable with the MT 1
antibody in B cell lymphomas (positive with MB2 antibody; MT I and
MB2 antibodies were from Clonab, Viereich, Germany). Because they
all stained intensely with Hermes-3, they served as a useful internal
staining standard for semiquantitative analysis.

A monoclonal mouse antibody (a generous gift from Prof. C.
Gahmberg, University ofHelsinki, 14) against the beta-subunit (CD 18)
of the CD 11/CD 18 adhesion protein complex was used to determine
the expression of LFA-l beta chain. Expression of LFA-l beta was
considered positive, if > 10% of tumor cells showed positive surface
staining. LFA- I determination was not done in 11 cases due to lack of
tissue. Anti-CD 1 8 and Hermes-3 give comparable staining patterns on
fresh frozen sections and paraffin-embedded tissue sections (1 1, 15).

Coding. The patients were provided with a numerical code, and
HR/LFA- I beta analyses, histologic classification, and S phase calcula-
tion were done without knowledge on survival information or other
clinical data. These determinations were also done without knowledge
on the results of the other analyses.

Statistical analyses. Survival analysis was done using a BMDP
computer program (BMDP Statistical Software, Department of Bio-
mathematics, University of California Press, Los Angeles, CA). Sur-
vival was estimated with the product-limit method, and comparison of
survival between groups was done using the generalized Wilcoxon test
(BMDP 1 L). Survival rate corrected for known intercurrent deaths was
used in statistical calculations. The relative importance of prognostic
factors was analyzed using Cox's proportional hazard model (BMDP
2L). Frequency tables were analyzed using the chi-square test or
Fisher's exact test. The SPF distributions ofdifferent groups were com-
pared using Kruskal-Wallis's analysis ofvariance and Mann-Whitney's
U-test. All P values are two-tailed.

Results

24 (10%) lymphomas were HR negative (HRexp-), 46 (19%)
borderline (HRexp+/-), and 175 (71%) positive (HRexp+).
When the lymphomas were scored for HR staining intensity,
77 (3 1%) lymphomas were either negative or very weakly posi-
tive with Hermes antibody (HRint-/+), 80 (33%) showed mod-
erate staining intensity (HRint++), and 88 (36%) were brightly
positive (HRint+++). 107 (46%) lymphomas were positive for
LFA-1 beta and 127 (54%) negative.

HRexp- and HRint-/+ lymphomas were more often of
Ann Arbor stage I (P = 0.005) and disseminated less often
hematogenously during the course ofthe disease (P = 0.02 and
0.003, respectively), although they were more often histologi-
cally high grade malignant (P = 0.02 and 0.002, respectively)
(Table I). HRexp- and HRint-/+ lymphomas were more of-
ten of the large cell diffuse, immunoblastic, or lymphoblastic
type than of any other subtype (P = 0.004 and 0.003, respec-
tively). HRexp- lymphomas also had a large mean SPF (P
= 0.0005) as compared to HRexp+/- and HRexp+ lympho-
mas, but HR intensity scoring did not show significant correla-
tion with the SPF (Table II). Neither HRexp nor HRint scoring
were significantly associated with sex, presence ofB symptoms
or extralymphatic lymphoma at the time of the diagnosis,
DNA ploidy, or DNA index, but HR negative lymphomas
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Table L Factors that Correlate Statistically Significantly with HR Expression and Intensity in 245 Non-Hodgkin's Lymphomas

HRexp HRint

Factor - +/- or + P value -/+ ++ or +++ P value

Stage I 11* (46)* 71 (32) 36 (47) 46 (27)
II-IV 13 (54) 150 (68) 0.18 41 (53) 122 (73) 0.005

Hematogenous spread
no 14 (58) 73 (34) 38 (49) 49 (30)
yes 10 (42) 144 (66) 0.02 39 (51) 115 (70) 0.003

Age
<35 yr 8 (33) 17 (8) 13 (17) 12 (7)
>35 yr 16 (67) 204 (92) 0.0009 64 (83) 156 (93) 0.02

Histological grade§
Kiel
low 7 (29) 118 (55) 28 (37) 97 (59)
high 17 (71) 98 (45) 0.02 47 (63) 68 (41) 0.002

W"I
low 5 (21) 63 (29) 15 (20) 53 (32)
interm. 6 (25) 71 (33) 23 (31) 54 (33)
high 13 (54) 82 (38) 0.30 37 (49) 58 (35) 0.07

* Number of patients. tPercentage of patients. Histological grade could be determined from 240 lymphomas. 1"If low and intermedi-
ate lymphomas are combined, the P value is 0.12 for HR expression and 0.04 for HR intensity scoring.

were more common in patients < 35 yr ofage at the time ofthe
diagnosis. LFA- 1 beta chain expression showed no association
with HRexp, HRint, or any of the factors mentioned above,
but 69% of LFA-1 beta- lymphomas disseminated hematoge-
nously during the course of the disease as compared with 58%
of LFA-1 beta+ lymphomas (P = 0.06).
HR staining intensity correlated well with survival (Fig. 1

A). If only HRexp+ lymphomas were included in the survival
analysis, HRint scoring still had considerable prognostic value
(Fig. 1 B). Histologically low grade, intermediate grade, and
high grade malignant lymphomas could be divided into differ-
ent prognostic subgroups by the HR intensity score (Fig. 2).

The survival advantage ofHRexp- or exp+/- lymphomas
as compared with HRexp+ lymphomas (P = 0.16), or that of
LFA-1 beta positive lymphomas as compared with LFA-1 beta
negative lymphomas (P = 0.12, Fig. 3) did not reach statistical
significance. However, LFA- 1 beta expression divided
HRexp- lymphomas into subgroups with different outcome

Table II. Association ofS Phase Fraction with Lymphocyte
Homing Receptor Expression and Intensity
in 230 Non-Hodgkin's Lymphomas

n Range Mean (95% CI) P value

HRexp
- 24 2.1-38.4 17.5 (12.9-22.0)
+/- 40 2.3-39.7 13.2 (10.5-15.9)
+ 166 1.4-41.0 9.8 (8.7-11.0) 0.0005 (- vs. +/- vs. +)

HRint
+ 69 2.0-39.7 12.9 (10.6-15.2)
++ 76 1.7-41.0 11.0 (9.1-12.9)
+++ 85 1.4-29.6 10.0 (8.5-11.6) 0.24 (+ vs. ++ vs. +++)

(Fig. 4). None of the seven HRexp- LFA-1 beta positive lym-
phomas disseminated hematogenously during the course ofthe
disease, whereas six of the 16 HRexp- LFA-1 beta negative
lymphomas disseminated (P = 0.008).

To find out the relative importance and independence of
the different prognostic factors, age at diagnosis (> 68 yr vs.
< 68 yr, the most effective cut-off level), gender, the presence
of B symptoms, presence of extralymphatic spread, WF grade
(high and intermediate grade vs. low grade), Kiel grade, SPF
(> 14% vs. < 14%, the most effective cut-off level), stage, and
HR intensity score were compared using Cox's stepwise pro-
portional hazard model. HR staining intensity was an indepen-
dent prognostic factor in a multivariate analysis (P < 0.001)
together with the clinical stage (P < 0.00 1), Working Formula-
tion histological grade (P < 0.001), gender (P= 0.004), size ofS
phase fraction (P = 0.01), and age at diagnosis (P = 0.01, Ta-
ble III).

Discussion

63% of the lymphomas with low staining intensity for HRs
(HRint-/+) were high grade malignant according to Kiel classi-
fication, and, yet, these lymphomas had favorable prognosis
(Figs. 1 and 2). Similarly, 71% oflymphomas with no HR ex-
pression (HRexp-) were histologically high grade malignant
and associated with a high S phase fraction (Table II), and
despite this their prognosis was not inferior to that ofHRexp+
lymphomas. These findings are at least partially explained by
their lower tendency to disseminate (Table I). Because lympho-
mas that stain weakly for HRs (HRint-/+) have favorable
prognosis despite their often highly malignant histological ap-
pearance, it is now possible to make a strong immunohistologi-
cal prognostic factor by combining histological classification
and HR staining intensity analysis. Ifthis is done in the present
series, the combination of Working Formulation grading and
HR staining intensity becomes the strongest prognostic vari-
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A 100 ination (P = 0.008) and prognosis (P = 0.03) in the small sub-
group of HRexp- lymphomas (Fig. 4). Although based on a

80 - HR 'Mt -/+ (n=77) small number of patients, this suggests that several molecules
74% may be involved in the process of lymphoma dissemination.
64% These probably also include LAM- 1 and VLA-4, which cannot

t 60 HRhint ++ (n=80) be analyzed from paraffin-embedded tissue. Involvement of
these other molecules may explain the dissemination of some

40HR-4+++5(n=88) HRexp- lymphomas. Furthermore, HRexp- lymphomas
may be heterogenous with respect to HRs, and presence ofonly

20
P<0.0001

0 A 100' 100% HR int -/+ (n=15)
0 10 20 30 40 50 60 9 92%

time In months 80-HR hit ++ (=26)
80% ~~~~~~71%

HR int +++ (n=27)

*t 60 pH~int++ 639b 20 - =0.022 0 _ HR int++ 5t
40~~~~~84

3 20 10 20 30 40 50 60
time In months

20 -
p = 0.0004

40 W *, , . , , , B 100

0 10 20 30 40 50 60 LH 4-(n = 23
timelIn months 80 HR hit -+(n=) 76

Figure 1. Survival corrected for intercurrent deaths of 245 patients 68%
with non-Hodgkin's lymphoma by staining intensity for CD44/ 60 - HR int ++ (n=26)
Hermes defined lymphocyte homing receptor (HRint score). (A) 4
Corrected survival of 175 patients with homing receptor positive 40 - 39%
lymphoma (HRexp+). Grouping is according to homing receptor
staining intensity (B). HR it +++ (n=28)

20 -

p 0.0003
able among stage II, III, and IV lymphomas in a multivariate 0 - . I . * . I. I

analysis (P = 0.001, data not shown). The decreased tendency o 10 20 30 40 50 60
to disseminate oflymphomas with low HR expression parallels time In months
the poor HEV binding capacity of immature lymphocytes in
the bone marrow and thymus, which express low levels of
CD44/Hermes antigen and do not recirculate in vivo (1, 16). 100
This also indicates that lymphomas that stain weakly for

76

CD44/Hermes functionally belong to the same group as 80 HRint-/+(n=37)
CD44/Hermes expression negative lymphomas, even if all cells

71% 68%
are positive. Therefore, the intensity scoring significantly im- 60
proves the prognostic value ofHR analysis. In our earlier work . HR int ++- (n=27)
(11), based mainly on qualitative HR analysis, lymphomas in
which the majority or all tumor cells were weakly CD44/ 039% 34%
Hermes positive were grouped together with HR positive lym- HR int +++ (n=31)
phomas. This does not seem to have been functionally rele- 20
vant. p= 0.06

Lymphocyte binding to endothelial cells is likely to be a 0 I . I . I. I . . I

complex interaction requiring several molecules to create 0 10 20 30 40 50 60
stable contacts between the lymphocyte and endothelial cell. time In months
LFA- 1 beta expression was not significantly associated with Figure 2. Effect of lymphocyte homing receptor staining intensity on
survival (Fig. 3), and it was only marginally associated with survival corrected for intercurrent deaths in 68 patients with low
hematogenous dissemination of lymphoma during the course grade (A), 77 with intermediate grade (B), and 95 with high grade (C)
ofthe disease (P = 0.06), but it could predict lymphoma dissem- non-Hodgkin's lymphoma.
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LFA-1 beta + (n=127)

65%
70%

55%
LFA-1 beta- (n=107)

p =0.12

80 -

60-
i

? 40 -

20 -

0-
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time In months

Figure 3. Survival corrected for intercurrent deaths by LFA-1 beta
expression in 234 patients with non-Hodgkin's lymphoma.

HRexp-ALPA-I beta + r-7

I1 60%

HRexp-ALFA-1 ea
47%

r=16

p = 0.03

0 1 0 20 30 40 50 60
time In months

Figure 4. Survival corrected for intercurrent deaths in 23 patients with
lymphocyte homing receptor expression negative (HRexp-) lym-

phoma by LFA- I beta chain expression.

a few positive lymphoma cells may result in dissemination.
Also mutations may result in phenotypical transformation
during the course of the disease (17).

CD44/Hermes, which is present on hematopoietic and
many nonhematopoietic cell types, may have a broad role as a

cell adhesion molecule (18). In addition to its involvement in
lymphocyte binding to HEVs in peripheral lymph nodes, mu-
cosa-associated lymphatic tissues, and inflamed synovium, it
may mediate lymphocyte adherence to endothelium in other
tissues as well. Recent findings ofOppenheimer-Marks and her
colleagues (19) support this idea, because they found that
CD44 is involved in mediating lymphocyte binding to IL-I
activated human umbilical vein endothelium. Moreover, lym-

phocyte CD44 can bind to extracellular matrix molecules such
as fibronectin and hyaluronate (20, 21, Jalkanen, S., and M.
Jalkanen, submitted for publication). The ability to bind extra-
cellular matrix molecules may be one of the determining fac-
tors in tumor invasion. Likewise, LFA- 1 and VLA-4 have other
functions in addition to endothelial cell binding. For example,
VLA-4 also mediates lymphocyte binding to fibronectin (22,
23). Involvement of LFA-1 in cell-matrix interactions has not
been reported, but it seems to be required in efficient invasion
of murine lymphoma to hepatocyte and fibroblast cultures,
and in vivo metastasis formation (24). Furthermore, LFA-1
mediates cell binding in many immune functions, and espe-

cially its adhesive function during T cell-mediated cell killing
may be biologically important. The immune system has been
reported to destroy more effectively high grade lymphomas
with high LFA- 1 expression than lymphomas that lack LFA- 1
(25), which may explain why HR expression negative but LFA-
1 positive lymphomas were associated with good prognosis
(Fig. 3). Due to these multifunctional properties ofthe homing-
associated molecules and their complex interactions in biologi-
cal progression of tumors, it is difficult to estimate all the con-

sequences caused by the lack or overexpression of these mole-
cules.

The possibility that more effective treatment oflymphomas
that stained weakly for HR (HRint-/+) could explain their
favorable outcome needs to be considered. However, there was
no difference in radiotherapy given between the HRint-/+,
HRint++, and HRint+++ lymphomas, 33 (43%), 30 (38%),
and 33 (38%) patients, respectively, were initially treated with
an "involved field", 21 (27%), 21 (26%), and 23 (26%) with an
extended field, and 23 (30%), 29 (36%), and 32 (36%) received
no radiotherapy (P = 0.90). Similarly, there was no significant
difference in chemotherapy given. 30 (39%), 25 (31 %), and 36
(41%) of patients with HRint-/+, HRint++, and HRint+++
lymphoma, respectively, did not receive chemotherapy as their
first-line treatment, whereas 28 (36%), 38 (48%), and 38 (43%)
patients were given a nondoxorubicin containing combina-

Table III. Results ofCox's Multivariate Analysis

Relative risk Step of factor
A6* SE (I) ,5/SE of death (es) P removal

Stage 0.61 0.10 6.13 1.84 (1.51-2.25) <0.001 I
Histological grade 0.55 0.15 3.73 1.73 (1.30-2.32) <0.001 2
HRint score 0.60 0.15 4.09 1.82 (1.36-2.44) <0.001 3
Sex 0.81 0.23 3.46 2.24 (1.43-3.35) 0.004 4
S phase fraction 0.72 0.25 2.93 2.05 (1.26-3.35) 0.01 5
Age at diagnosis 0.02 0.01 2.46 1.02 (1.00-1.04) 0.01 6
Kiel grade - NS*
Extralymphatic spread - NS
B symptoms - NS

* The /3 coefficient describes how each factor contributes to the hazard, and ,6/SE (standard error) describes their significance (=z value). The
relative risk of death (el) is given with 95% confidence intervals. * NS, not significant.
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tion, and 17 (22%), 13 (16%), and 11 (13%) patients, respec-
tively, received a doxorubicin containing regimen (P = 0.34).
In addition, 2, 4, and 3 patients, respectively, were first treated
with single-agent chlorambucil.

In conclusion, the results indicate that molecules involved
in normal lymphocyte recirculation may also be important in
migration of their malignant counterparts, and suggest that
lymphocyte HR determination is of value in the histological
evaluation ofnon-Hodgkin's lymphomas. CD44/Hermes anti-
gen analysis reveals a new entity among non-Hodgkin's lym-
phomas. HR expression negative lymphomas (HRexp-), and
lymphomas that do not stain intensely for HR (HRint-/+)
form a subgroup characterized by high histological grade and
large S phase fraction (HRexp- lymphomas), but decreased
tendency for dissemination and generally favorable prognosis.
Because high grade malignant lymphomas are often treated
with aggressive chemotherapy with toxicity that may be life-
threatening, identification ofa subgroup with less serious prog-
nosis and tendency to remain local may be of therapeutic im-
portance. Analysis of other lymphocyte homing-associated
molecules may further improve the assessment of prognosis
and migration oflymphoma cells to different anatomical sites.
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