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Abstract—T he major advances being made in the understanding of the biology of
human lymphoid malignancies have shown these to be a heterogenous group of
tumours with respect to a variety of biological markers. The cell proliferative rate,
an important determinant of tumor aggressiveness and response to therapy, is one
of the biological phenomena currently being investigated in the lymphoid
malignancies, particularly in the non-Hodgkin’s lymphomas. In this paper we
describe the techniques used in the analysis of cell proliferation in the lymphoid
malignancies, and review the patterns of cell proliferation found in the various
types of these tumours and the clinical relevance of these findings. We indicate that
differences in cell proliferative rate are an important determinant of the response of
non-Hodghkin’s lymphomas to current therapeutic modalities and may explain the
paradox that a significant number of reputed unfavorable tumors are now curable.
Finally, we suggest that inherent differences in the proliferative rate of the
neoplastic cell(s) of the so-called favorable histological types of non-Hodgkin’s
lymphomas may determine histologic progression as well as therapeutic

Tesponsiveness.

INTRODUCTION

IN THE past decade, major advances have been
made in our understanding of the pathogenesis
and pathology of lymphoid malignancies,
particularly of the non-Hodgkin’s lymphomas
[1, 2]. The advances have been associated with the
development of a number of classifications of the
non-Hodgkin’s lymphomas, and several schemes
are currently in use [3]. Despite the overall
clinical value of the various classifications,
uncertainties such as the reproducibility of
histopathologic diagnoses and the heterogeneity
in biological behavior of tumors of the same
subgroup have led to the proposal of other
prognostic parameters. These have included subtle
histological features, tumor size, clinical stage,
specific organ involvement, immunologic markers,
serum lactate dehydrogenase and plasma glycosyl
transferase activities [3-9]. However, the clinical
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relevance of the majority of these parameters
remains to be clearly established. Furthermore, a
paradox is evident when recent results of the
treatment of non-Hodgkin’s lymphomas are
considered, as the clinically aggressive large-cell
lymphomas have been found to be highly
responsive to therapy, with a significant number
of apparent cures, while complete remission is
unusual for histological types associated with an
indolent clinical course [2].

Cell proliferative rate is thought to be an
important determinant of the response of tumors
to therapy [10, 11]. Rapidly growing tumors are
associated with an aggressive clinical course but
sensitive to therapy, while slowly-growing
tumors generally have an indolent clinical course
and are less responsive to therapy[11]. Assessment
of cell proliferation in the lymphoid malig-
nancies has largely been based upon tumor
doubling times [11], and histological criteria such
as cell size and the presence of mitotic figures
f12-14]. Recently, a number of different probes of
cell proliferation, including (i) thymidine radio-
labeling of deoxyribonucleic acid, (i) flow
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cytometric analysis of cell size and deoxyribo-
nucleic acid profile and (iii) enzyme markers, have
been applied to the analysis of cell proliferation in
these diseases.

In this review, the data obtained from these
studies will be examined and, where appropriate,
related to current pathologic and immunologic
observations of the lymphoid malignancies,
particularly the non-Hodgkin's lymphomas. In
addition, emphasis will be given to the implica-
tions these new insights may have for the design of
therapeutic regimes for these diseases.

THYMIDINE RADIOLABELING OF
DEOXYRIBONUCLEIC ACID

The incorporation of radiolabels [**C]- and
[*H]-thymidine into deoxyribonucleic acid
during the S-phase (deoxyribonucleic acid
synthesis) of the cell cycle has been widely used as
a marker of cell proliferation [10]. Early studies of
cell proliferation in non-Hodgkin’s lymphomas
used autoradiography to measure this parameter
in single-cell suspensions and showed con-
siderable variation in the percentage (range
5.4-48.0) of radiolabeled cells (labeling index),
but clinicopathologic correlates were not evident
[15, 16].

Using either autoradiography or liquid scintil-
lation counting to measure the radiolabeling of
deoxyribonucleic acid, several recent studies have
confirmed the initial observation that the
proliferative rate of non-Hodgkin’s lymphomas
varies considerably [17-25]. In addition, these
studies have also detailed differences in thymidine
radiolabeling between the categories of current
histologic classifications, thus enabling clinico-
pathologic correlations to be made. Histological
types of non-Hodgkin’s lymphoma known to be of
high-grade malignancy consistently showed a
range of high uptakes of thymidine [17-24], with
the highest values being found for Burkitt’s tumor
(17,18, 20,21,24]. By contrast, there was hetero-
geneity in the radiolabeling of tumors included in
the category of low-grade malignancy, with values
ranging from low (labeling index less than 4%) to
high levels [18, 19, 21-24]. The clinical relevance of
differences in the thymidine radiolabeling of non-
Hodgkin’s lymphomas was emphasized by one
study which showed that within the established
prognostic groups of nodular and diffuse
histology, an inverse relationship exists between
labeling index and survival [23]. Furthermore, this
finding was not significantly related to other
prognostic factors such as the pathological stage or
the absence or presence of systemic symptoms. Of
particular interest was that this independent
prognostic capability of the labeling index
included tumor types of reputedly favorable

prognosis, with high values being associated with a
significant decrease in survival. In a study of the
cell kinetics of bone marrow blasts [25] from
childhood lymphoid malignancies, the labeling
index was found to have clinicopathological
relevances. The marked variability in the labeling
index (range 0.9-60.0%) related to immunologic
markers of cell origin, with neoplastic cells of B cell
origin having the highest proliferative rate (mean
labeling index 42%), while non-T, non-B acute
lymphoblastic leukemia blast cells had the lowest
labeling index (mean 4.8%). The mean labeling
index of T leukemic blasts was intermediate
(11.6%). These findings correlate with the known
clinical behavior of the various immunologic
tumor types as B cell tumors have the worst
prognosis of the childhood lymphoid malig-
nancies, while in contrast, non-T, non-B acute
lymphoblastic leukemia has the longest survival
and T cell tumors have an intermediate prognosis
[25]. These data suggest that in childhood
lymphoid malignancies neoplastic cell kinetic
findings are of prognostic relevance.

Similar findings to these from childhood
lymphoid malignancies have been recorded for
adult acute lymphoblastic leukemia [26]. Bone
marrow leukemic blast cells exhibit a wide range
of labeling indices (2-52%), with B cell tumors
having the highest proliferative rate and non-T,
non-B cells the lowest. The mean proliferative
rate of T leukemic blasts was just above that of
non-T, non-B cells. Furthermore, the labeling
index has been found to be an important
determinant of the response to chemotherapy,
with lymphoblasts having a high labeling index
(greater than 9%) responding more favorably to
chemotherapy than those with low values [26, 27].
However, paradoxically, those with low labeling
indices have a longer period of remission [27],
suggesting that current antileukemic regimes are
inadequate for more rapidly proliferating
lymphoblasts.

The prognostic value of the labeling index in
non-Hodgkin’s lymphomas have been amplified
by the recent findings in chronic lymphocytic
leukemia and multiple myeloma of a close
relationship between the labeling index of the
neoplastic cells and prognosis, with increased
thymidine radiolabeling being an independent
marker of reduced survival [28-30].

FLOW CYTOMETRIC ANALYSIS OF CELL
SIZE AND DEOXYRIBONUCLEIC ACID
CONTENT

Measurement of cell volume by the Coulter
volume method and flow cytometric analysis of
cell deoxyribonucleic acid content have been used
in several recent studies of cell proliferation in
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single-cell suspensions derived from non-
Hodgkin’s lymphomas [24, 31-36].

Cell size is thought to reflect the proliferative
state of lymphocytes [33] and is a major
determinant of the various categories of current
classifications of non-Hodgkin’s lymphomas
[37,38]. In keeping with cytological features,
Coulter volume studies have found in the main
low cell volumes (<250 um®) for tumors of
favorable histological type and generally elevated
values for non-Hodgkin's lymphomas of un-
favorable type [24,31]. However, within the
various types of unfavorable tumors considerable
heterogeneity was found in the modal Coulter
volume values which was most prominent
amongst the diffuse large-cell lymphomas [24].
These data suggest that cell volume determina-
tion may have clinical value, particularly in
identifying the subtypes of diffuse large-cell
lymphomas, which are known to have different
clinical patterns [39, 40].

Flow cytometric analysis of cellular deoxy-
ribonucleic acid content have produced results
consistent with those of Coulter volume studies,
with tumors of favorable prognosis generally
containing a small proportion of proliferating
cells while those of unfavorable prognosis possess
a larger fraction of cells in S-phase, but with a
wide range of individual values in both groups
[31-34].

In one study [33] concurrent flow cytometric
analysis of Coulter volume and cell deoxyri-
bonucleic acid content supported a direct
relationship between cell size and proliferative
rate for non-Hodgkin’s lymphomas of B lym-
phocyte origin, and amongst kinetically different
subpopulations of the same tumor. Burkitt’s
tumor diverged from this correlation, as although
several studies have shown the cells of this tumor
to have the highest proliferative rate [17, 18, 20,
21, 24], mean G1 Coulter volumes were found to
be less than more slowly proliferating large-cell
lymphomas [33]. Other biological factors also
appear to influence cell size in T cell lymphomas,
as although a relationship between cell size and
proliferative rate was found within individual
tumor samples, a direct correlation was absent for
this group of lymphomas [33].

The potential clinical value of deoxyribo-
nucleic acid histograms produced by flow
cytometry has been emphasized by a study which
correlated the proliferative rate of non-Hodgkin’s
lymphoma cells with clinicopathologic findings
and response to treatment [34]. Advanced non-
Hodgkin’s lymphomas of unfavorable prognosis
with 5% or more cells synthesizing deoxyri-
bonucleic acid showed a significantly greater
number of complete responses to chemotherapy

than similar tumors with a lower fraction of
proliferating cells. However, complete responses
obtained in the latter group were more durable,
which may reflect in part the regime of
chemotherapy used. This study could not
adequately assess the prognostic relevance of
proliferative activity in the favorable tumors.

In three recent studies [33, 35, 36] flow cyto-
metric analysis of cell deoxyribonucleic acid has
demonstrated aneuploidy in almost 50% of large
cell lymphomas of B cell type, and in a
significantly lesser percentage of T cell lympho-
mas and favorable histological types. Aneuploid
cell populations were most commonly hyper-
diploid and wusuvally mixed with diploid
populations [33, 35,36]. Aneuploid cells ex-
hibited features associated with clinical aggres-
siveness in that they were larger than associated
diploid cells and had a higher proliferative rate
[33]. These data suggest that aneuploidy as
detected by flow cytometry may be a useful
biological marker of aggressive disease. Pre-
liminary clinical data is consistent with this
hypothesis as the median survival of patients with
non-Hodgkin’s lymphomas of unfavorable
histology exhibiting aneuploidy is markedly less
than similar tumours containing only diploid cell
populations [36].

Flow cytometric analysis of multiple myeloma
cells has also shown a correlation between
aneuploidyandaggressivedisease, but thisfinding
is not consistently associated with increased
thymidine radiolabeling [41, 42]. This suggests
that aneuploidy is a prognostic marker that is
independent of the proliferative rate of the
myeloma cells.

ENZYME MARKERS

Enzyme studies in lymphoid malignancies have
in the main been directed towards the cytochemical
identification of the origin of the neoplastic cell
{13]. A number of enzymes, including thymidine
kinase, dihydrofolate reductase, ribonucleotide
reductase, deoxyribonucleic acid polymerase,
adenosine deaminase and glycolytic enzymes such
as lactate dehydrogenase, are known to exhibit a
specific increase in activity during the S-phase of
the mammalian cell cycle [43, 44] and some recent
studies have exploited these subtle changes in
cellular biochemistry to analyse the proliferative
behavior of non-Hodgkin's lymphoma cells.

Thymidine kinase is the rate-limiting enzyme
for the incorporation of thymidine into cell
deoxyribonucleic acid and is thought to have an
importantregulatoryrolein cell proliferation[45].
Thymidine kinase is a particularly useful marker
of cell proliferation as the marked increase in
enzyme activity that occurs during cell deoxyri-
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bonucleic acid synthesis is due totheappearance of
an isoenzyme (TKl), which is readily dis-
tinguishable from the relatively constant TK2
activity [46].

Early studies of thymidine kinase activity in
lymphoproliferative diseases reported low enzyme
levels in normal lymphocytes and chronic
leukemic cells, while high enzyme activity was
found in lymphoblasts [47,48]. More recently,
determination of both total enzymeactivity and the
predominant isoenzyme type have demonstrated a
correlation between the profile of thymidine
kinase activity and the histopathology of non-
Hodgkin’s lymphomas [46]. In keeping with a
mature cytological appearance, normal lymphoid
cells, chronic lymphocytic leukemia cells and the
solid tissue counterpart, diffuse, well-differ-
entiated lymphocytic lymphoma, exhibited only
TK2 activity. Thymidine kinase TK1 was the pre-
dominant isoenzyme found in solid tumors com-
posed of less-differentiated cells and peripheral
blood lymphoblasts of the leukemic phase of non-
Hodgkin’s lymphomas. Moreover, there was a
stepwise increase in the mean TKI activity with
progressive degrees of morphological cellular
dedifferentiation expressed in the Rappaport
classification. Of major Interest was the
considerable variation found in the TK1 activity of
the tumors of each category of this scheme,
suggesting that this biochemical probe for
biological aggressiveness may apply not only for
histopathologic types but also for individual
patients within these categories. Support was
given to this concept by the recent finding that the
presence of peripheral blood plasma and/or
lymphocyte TKI activity isanindependent marker
of clinically aggressive non-Hodgkin’s lympho-
mas [49, 50].

Of the other enzymes, onlyadenosine deaminase
and lactate dehydrogenase activities have been
examined in any detail for the non-Hodgkin’s
lymphomas. The intracellular level of adenosine
deaminase is differentially elevated in T cell
lymphoid malignancies as opposed to those of B
cell origin [51, 52], a finding which in part may be
due to differences in cell proliferative rate [52].
Total serum lactate dehydrogenase activity has
been found to be an independent prognostic
marker in American Burkitt’s lymphoma, diffuse
histiocytic lymphoma and acute lymphoblastic
leukemia, with in general a serum enzyme activity
in excess of 400 IU/I associated with a poorer
prognosis [563-55]. However, the relationship of
these findings to cell proliferation is at present
unclear.

DISCUSSION

Using a number of different methods to analyse

cell proliferation, recent studies have shown a

corrélation between clinicopathology and the
proliferative rate of lymphoid malignancies.
Histological types of non-Hodgkin’s lympho-
mas composed of less-undifferentiated cells and
associated with a favorable prognosis were found
in the main to have a low proliferative rate.
Tumors composed of larger undifferentiated cells
exhibited almost wuniformly a high cell
proliferative rate, which is in keeping with the
associated clinical aggressiveness. However,
heterogeneity was found in the cell proliferative
rates of both the favorable and unfavorable
prognostic categories of non-Hodgkin's lympho-
mas. A significant number of elevated values
occurred in theformer category, whilea widerange
of individual proliferative rates was found in the
latter category. The clinical implications of high
proliferative rates in non-Hodgkin’s lymphomas
of reputedly favorable prognosis are unclear, but
some data suggest that this phenomenon may be
clinically relevant. Recently, a subtype of the
favorable tumor nodular poorly differentiated
lymphocytic lymphoma has been described which
differs from the classical clinicopathologic
features of this tumor by the less differentiated
appearance of the cells, a starry sky pattern, an
increased mitotic index and a tendency to evolve
into a diffuse pattern growth and an aggressive
leukemic phase [14]. These clinicopathologic
featuresare consistent withahigh cell proliferative
rate, indicating that cell kinetic studies would be a
value adjunct in the identification of this subtype.
More generally, studies of the cell proliferativerate
of tumors with a reputed favorable prognosis may
enable the early identification of these non-
Hodgkin’s lymphomas at risk of evolving to
unfavorable histologies or to have divergent
histologies at presentation. Both these phenomena
are thought to adversely alter the clinical course of
favorable-type non-Hodgkin’s lymphoma [56-58].
The range of proliferative rates found in tumors of
unfavorable prognosis was most marked in the
diffuse large-cell lymphomas, confirming the
known heterogeneity of this type [39, 40], but the
clinical significance of this interesting finding
remains tobedetermined. Limited dataisavailable
on the influence of individual tumor proliferative
rates on the response to therapy and survival in the
lymphoid malignancies. However, a recentreview
[11] of the relationship between the growth rates of
human tumors and responsiveness to therapy
suggests that the proliferativerate of the neoplastic
cell is a significant determinant of responsiveness
to therapy and curability. The review indicated
that while rapidly proliferating tumors are
clinically aggressive, they are more sensitive to
therapy and a significant proportion of durable
remissions can be achieved. In contrast, slowly
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growing tumors respond poorly to therapy and
responses are usually not sustained. These data
suggest that differences in neoplastic cell
proliferation could provide an explanation for
the paradox that while new therapeutic regimes
have obtained long-term disease-free survival in a
significant proportion of non-Hodgkin’s lym-
phomas of unfavorable histological type, tumors
of favorable histological type have a limited
response to these regimes and an indolent clinical
course [59, 60].

Other factors must also determine the response
and survival in lymphoproliferative disorders, as
intensive treatment of acute lymphoblastic
leukemia only confers marginal survival ad-
vantage when the blast cells have a high
proliferative rate [26]. Furthermore, in multiple
myeloma the presence of a more rapidly
proliferating clone of neoplastic cells confers
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resistance to a wide range of anticancer
agents [30, 41].

The future clinical role of cell kinetic studies in
the lymphoid malignancies remains to be
determined. However, it seems possible that the
fraction of proliferating neoplastic cells will be a
significant parameter in determining optimum
therapy for this heterogenous group of tumors. In
particular, the measurement of cell proliferative
rates in non-Hodgkin’s lymphomas may identify
subtypes within the so-called favorable and
unfavorable histological types that are likely to
respond to intensive chemotherapy regimes. This
would help ameliorate present controversies over
the treatment of the non-Hodgkin’s lymphomas.
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