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Feature Articles

DNA Flow Cytometry of Non-Hodgkin’s
Lymphomas

J.C. Macartney and R.S. Camplejohn

BACKGROUND

Doks DNA flow cytometry have a role in the management of
non-Hodgkin’s lymphoma (NHL)? We have assessed the impact
of this technique on the classification, diagnosis and prognosis
of NHL and some of the reasons for conflicting results.

DNA flow cytometry allows the rapid measurement of cellular
DNA in terms of ploidy and proliferative activity (either S phase
fraction or S + G2M fraction). Since DNA is reduplicated
during the S phase, the proportion of cells in various phases of
the cell cycle can be measured and aneuploid populations can
be detected. Compared with other methods for assessing cell
proliferation, DNA flow cytometry has the advantages of speed
and representative sampling, the ability of combination with
cell marker studies, and the method is less labour intensive; all
this despite the high capital cost. Fresh or histologically pro-
cessed tissue can be sampled. The latter is particularly useful
since it allows retrospective analysis of large, well characterized
series of tumours. The major disadvantages are the dilutional
effect of non-tumour cells, unless simultaneous cell marker
measurements are made, and insensitivity if tumour cells are
present in small numbers (e.g. as in Hodgkin’s disease).

Early reports documented the flow cytometry characteristics
of NHL [1, 2]. Aneuploidy occurs in high and low grade NHL
but is more frequent in the former. Similarly, proliferative
activity is greater in high grade NHL but there is substantial
overlap between grades and histological subtypes. Given the
association with grade of NHL, it is hardly surprising that the
level of proliferative activity also correlates with the expected
clinical outcome. Several large series have now been reported:
fourteen concern a mixture of high and low grade NHL [3-16]
and six in which high grade NHL only are considered [17-22].

Most studies show a frequency of about 15% aneuploidy
(range 7-30%) in low grade NHL and 50% aneuploidy (30-80%)
in higher grades of malignancy. Outlying values are associated
with smaller, less representative numbers of cases. Aneuploidy
isencountered more frequently in B-cell NHL than in equivalent
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grades of T-cell NHL [7, 21, 23], with the exception of mycosis
fungoides. The series of Braylan et al. [6] is unique in that it
combined surface marker studies with DNA cytometry to
measure specifically the neoplastic cell population without the
dilutional effects of reactive lymphocytes, which accounts for
the higher rate of aneuploidy (80%) in that series. Although the
overall frequency of DNA aneuploidy is greater in high grade
NHL, there is heterogeneity within individual histopathological
subtypes and ploidy is of little value for detailed classification.
Besides isolated reports there is no convincing association
between stage and aneuploidy, with the possible exception of
extranodal gastric NHL [24].

PROGNOSIS

Ploidy status by itself has little or no effect on prognosis in
terms of either overall survival or artainment and duration of
remission. There are three reports only in which aneuploidy in
high grade NHL had an adverse effect on survival [8, 15, 19]
and one study found the opposite [20]. The prognostic effect
did not reach statistical significance in one of these series, in a
second it only applied to stage I/II tumours and numbers were
small. In none of these studies was the effect demonstrable after
multivariate analysis.

There are greater difficulties in assessing reports of proliferat-
ive activity in NHL. Not all investigators calculate proliferative
activity for aneuploid tumours, which may bias results since
aneuploid tumours may be more proliferative. Results are also
expressed in different ways, either S phase or S + G2M fraction
and as either means or medians. In addition two or three grades
may be used. Finally it should be remembered that S phase and
S + G2M fractions are indices not rates, and high values do not
necessarily equate to increased proliferation.

Table 1 lists the results for proliferative activity, excluding
small, less representative studies or those in which no mean
value was cited. Overall average S phase fractions were 3-4%
for low grade and about 12% for high grade NHL. Some reports
gave surprisingly high or low values suggesting that either the
case mix or measurement differed significantly from other series.
All investigators commented on the substantial scatter of results
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Table 1. Proliferative activity (%) and grade in NHL*

Grade

Ref. Method Low Intermediate High

4 S 2.3 (0.1-11) _— 6.5 (0.1-34)
5 S 2.2 (0.8) 12.1 (4.9) 22.6 (11.1)
9 S 4.8 —_ 11.5

10 S 1.0 (0.5-10) 4.0 (0.4-35) 27.0 (4.6-56)
14 S 12.0 (6.2) — 16.0 (7.1)
15 S 4.3 (0.6-14.9) — 11.7 (2-32)
16 S 4.4 (1.4-16.3) —_ 13.0 (3.9-35.2)
18 S — — 10.0 (3-46)
22 S — 12.5 9.0 (0.5-32)
8 S+ G2M 4.7 — 26.2

12 S+ G2M 15.7 — 24.24

17¢ S+ G2M —_ — 14.1 (1.7-48.5)
20t S+ G2M — -— 18.8%

22 S+ G2M — — 14.0 (2.51)

*Single figures in parentheses are S.D., otherwise range shown.
tCalculated from data on G0/G1.

both within and between grades and histological subtypes of
NHL. Although several workers have attempted to derive values
for proliferative activity that discriminate between grades of
NHL or between reactive hyperplasia and lymphoma [9, 25],
in general this has not been fruitful. The best results come from
Barlogie’s group [8] where a multiparameter approach was
adopted and grade correctly predicted in just over two-thirds of
cases. The relation between immunophenotyping and proliferat-

ive activity is confused. Some series found lower proliferative
activity in T-cell NHL [11, 21] but this was not so in other
reports [7, 23, 26]. There are no convincing reports of a direct
relation between proliferative activity and stage, symptoms or
tumour bulk.

Although the kinetic heterogeneity of NHL limits the use of
proliferative activity for diagnostic purposes, the same hetero-
geneity may make this measurement of prognostic value. Within
a single subtype of NHL those cases with highest proliferative
activity may be the most aggressive, which raises the possibility
that treatment can be selected to suit individual tumours, If
there is an effect on prognosis, we also need to know whether
this is independent of other prognostic variables and whether
the effect is stronger or weaker than these factors. In particular
the effect of grade must be accounted for, otherwise DNA flow
cytometry becomes little more than an expensive exercise in
tumour grading.

There are three studies that document a worse prognosis for
those cases with low grade follicular NHL with high proliferative
activity (S phase fraction above 5%), either in terms of overall
survival [16, 27] or increased likelihood of transformation to
high grade lymphoma [11]. In the most recent study B symptoms
and high proliferative activity were the strongest predictors of
survival after multivariate analysis [16].

The situation in high grade NHL is more complex (Table 2).
It should be noted that treatment schedules were not standard
in some series, follow-up times differed and different variables
were tested in multivariate analyses. Nevertheless, there is a
strong suggestion that high proliferative activity adversely affects
survival, at least in the short term, although the relation with
long-term survival may be smaller. The effects on remission
induction are not obvious.

Table 2. Prognosis and proliferative activity in high grade lymphomas*

Cut-off Prognostic
Ref. Method (%) end-point Comments
17 S+ G2M 20 Survival and Low proliferative activity most significant factor associated with long survival; no effect on
remission achievement of remission; univariate and multivariate analysis
18 S 19 Survival High proliferative activity most significant factor associated with poor survival; univariate
and multivariate analysis
19 S + GZM 10-18 Survival Intermediate proliferative activity associated with poor survival; univariate and multivariate
analysis
20 S + GIM 20 Survival and Low proliferative activity associated with longer survival and higher remission rate;
remission univariate analysis
21 S + G2M 22 Survival and Low proliferative activity associated with longer survival; no effect on remission induction;
remission univariate analysis
22 S and — Survival and Low proliferative activity associated with increased remission induction but no effect on
S+ G2M remission overall survival, univariate analysis; no prognostic effect of proliferative activity, multivariate
analysis
8 S + G2M 15 Survival and High proliferative activity associated with remission but shorter survival; univariate and
remission multivariate analysis
14 S 12 Survival No effect on overall survival; univariate analysis
15 S~ 16 Survival No effect on survival; univariate analysis
16 S 16 Survival Low proliferative activity associated with longer survival; univariate and multivariate

analysis

*17-20 report either wholly or in part on diffuse large cell lymphomas. 21 and 22 contained mixed high grade NHL. 8 and 14-16 were mixed high and

low grade NHL, but results in the table are for high grade NHL only.
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RECOMMENDATIONS

Given that more than one hundred articles on DNA flow
cytometry have been published and that details of about 2500
patients have been analysed, the lack of definitive conclusions,
particularly about the prognosis of high grade NHL, are disap-
pointing. The reasons lie in the large number of confounding
variables which make comparisons between studies difficult.
These can be loosely grouped into pathological, clinical and
technical factors.

Different histological classifications are used and there are
differences in the way subtypes are grouped for subsequent data
analysis. There is a high probability of lack of diagnostic
reproducibility in the histopathological classifications. Series
differ as to whether the effects of staging, tumour bulk and
other prognostic variables are taken into account. Patients are
not treated uniformly. The flow cytometric characteristics of
previously treated and newly diagnosed cases may differ. Mod-
ern therapy may have a major impact on prognosis and partly
nullify the effects of prognostic variables, as has occurred in
Hodgkin’s disease.

The methods of analysing cytometric data are not always
comparable. Criteria for diagnosing aneuploidy, whether or not
to measure proliferative activity in the presence of aneuploidy
and how to measure proliferative activity are variable. Even
when the same measurement is made, it should not be assumed
that commercially available sofiware gives similar results to
either other programs or to manual methods of analysis. The
overall quality of cytometry in different reports is variable, as
judged by the mean coefficient of variation for tracings. There
may be differences between the results obtained from paraffin-
embedded and fresh tissue, although in our hands this effect is
small. Finally the methods of data analysis and the end-points
for measuring prognosis are different; and series differ as to
whether or not to treat measurements of proliferative activity as
a continuous variable.

Overall, flow cytometric measurements of proliferative
activity do have a prognostic effect in NHL. Nearly all the
difficulties we have described above can be resolved and there is
an urgent need for further studies on carefully defined groups
of cases. The results of DNA flow cytometry might also be
usefully compared with measurements of Ki-67 and other pro-
liferative antigens. It would be an advance if all workers agreed
t0: (1) use the working formulation for lymphoma classification,
despite its shortcomings; (2) include immunophenotyping data
for working formulation categories that comprise disparate
biological entities; (3) analyse separately proliferative activity
for diploid and aneuploid tumours; (4) include data on other
accepted prognostic variables; (5) analyse the effects on both
overall survival and remission; (6) include details of treatment;
and (7) use both univariate and multivariate analysis. The
quickest way to produce results on adequate numbers of patients
would be for different centres to pool their results.
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