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lymphomas (12). This relationship was recently confirmed by
others who also found RNA content to be related to the Inter
national Working Formulation grade (13). In the present inves
tigation, we attempt to confirm these findings of a biological
basis for prognosis in non-Hodgkin's lymphomas through the
comprehensive evaluation of 50 patients within one histological
group.

We have studied the clinical and prognostic implications of
proliferative activity and DNA aneuploidy in patients with
DLCL. In contrast to previous studies of non-Hodgkin's lym
phomas, we have analyzed specimens that were previously fixed
and embedded in paraffin, using a technique similar to that
originally described (14). This has enabled us to more rapidly
evaluate the prognostic significance of our findings by studying
cases in which the complete clinical course is known.

MATERIALS AND METhODS

Pathological Material. All pathological specimensanalyzed in this
study werepreviously obtained during the routine diagnostic evaluation
of patients presenting to Northwestern Memorial Hospital. Tissues
were fixed in buffered 10% formalin and processed using standard
histological embedding techniques. Between January 1980 and May
1984, a total of 54 cases of DLCL were accrued, excluding specimens
obtained at the time of relapse and patients in whom DLCL evolved
from another lymphoid neoplasm. All cases were reviewed by our
reference pathologist (D. V.) and classified according to the Interna
tional Working Formulation (1); of note, casesof immunoblastic lym
phoma were excluded from this study. The number of mitoses per 10
high power microscopic fields was determined in each case.Four @im
sections of tissue adjacent to the material to be studied by FCM were
stained with hematoxylin and eosin and examined to ensure the pres
enceof lymphoma.

Sevenparaffin blocks containing follicular hyperplasia were studied
as controls; additionally, in two cases of DLCL and two cases of
follicular hyperplasia, tissue was obtained from both paraffin-embedded
blocks and from unfixed single cell suspensions (jreviously frozen at
â€”70Cin a solution of 5% dimethyl sulfoxide-250 mM sucrose-40mM
trisodium citrate). The unfixed cell suspension was thawed, stained
simultaneously with the deparaffinized material, and evaluated in the
sameFCM run.

TIssue Deparaffinization, Rehydration, and Dissociation. Paraffin
embeddedtissue was deparaffinized and dissociatedusing a previously
reported modification (15) ofthe method recently developed by Hedley
et al. (14). Briefly, three 30-zm sections of the paraffin block were cut
and deparaffinized with xylene. The tissue was rehydrated in stepwise
fashion with ethanol and washedthree times with distilled water. The
deparaffinized tissue was finely minced, suspended in 1 ml of 0.1%
pepsin solution, and incubated for 30 mm at 37'C. The pepsin prote
olysis was stopped by the addition of 0.1 ml of pepstatin A, and the
digested material was filtered through 37-tim nylon monofilament
mesh.HBSS-10 mM HEPES wasaddedto the filtrate to a fmal volume
of 15 ml. This mixture was centrifuged (all centrifugations are for 10
mm at 200 x g, 4'C) and the nuclear pellet was resuspendedin 2 ml of
10 mM HEPES-HBSS. Nuclear recovery from the paraffin-embedded
DLCL was assessed in 12 separate DLCL cases. The mean nuclear
recovery was 3.16 x i0@nuclei/g, with a range of 1.25 x 10@â€”7.04x
i0@nuclei/g of deparaffinized tissue.

ABSTRACF

Paraffin-embeddedsurgical biopsies from 50 patients with newly di
agnosed diffuse large cell lymphoma (DLCL) were examined for prolif
erative activity and DNA aneuploidy by flow cytometry. These results
werecorrelated with the clinical characteristicsof thesepatients and the
course of their disease. High proliferative activity, defmed as less than
80% of cells in G0 or G1, was found to be the single most important
pretreatment adverseprognostic factor in these patients. This relation
ship remained significant after correcting for poor performance status
and advancedAnn Arbor stage,the other factors found to be associated
with a shortened survival. DLCLs with high proliferative activity were
more probable to present with extranodal involvement than those with
lower proliferative activity. The mitotic count as determined by light
microscopy did not correlate with flow cytometry-defined proliferative
activity and may be a less accuratemethod for assessingthis important
biological characteristic in DLCL. DNA aneuploidywasdetectedin 62%
of casesbut did not appear to haveany prognostic significance.Biopsies
from patients who presentedwith lymphomatous bone marrow involve
ment, however, invariably demonstrated an aneuploid stemline. These
results suggestthat differencesin proliferative activity may bean impor
tant biological basis for the variable prognosis seen in DLCL.

INTRODUCFION

Although DLCL3 is classified as intermediate grade in the
International Working Formulation ofnon-Hodgkin's lympho
mas (1), it shows considerable diversity in its clinical course.
Complete remission and prolonged survival may be obtained
with aggressive multiagent therapy (2), but approximately one
half of all patients with DLCL are unresponsive to chemother
apy or relapse after an initial remission. Various histological,
immunological, and clinical characteristics have previously been
reported to affect prognosis (3â€”6);nonetheless, the course of
the disease in individual patients remains difficult to predict.

FCM can be used to rapidly assess cell proliferation and
identify the presence of aneuploid stemlines within tumor spec
imens. This technique has been applied to single cell suspen

sions of non-Hodgkin's lymphoma by several investigators (7â€”
11) to study the biological diversity of these neoplasms. Other
investigators have shown that the proliferative activity of non
Hodgkin's lymphomas as assessed by DNA content FCM cor
relates with the International Working Formulation grading of
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PLOIDY AND CELL PROLIFERATION IN DIFFUSE LYMPHOMAS

DNA Staining and Flow Cytometric Analysis. Following dissociation,
the nuclei were stained using DAPI (Boehringer Mannheim Biochem
icals, Indianapolis, IN) or P1 (Calbiochem-Behring, San Diego, CA).
For DAPI staining, dissociatednuclei were centrifuged and the nuclear
pellets resuspended in DAPI (5 @g/ml)in 10 mM HEPES-HBSS,
adjusted to a final concentration of 1â€”2x 10@nuclei/mi, and incubated
for 30 mm at room temperature.

P1 staining was performed as previously reported (16). The disso
ciated nuclei were resuspendedin a solution of 0.1% Triton X-100 in
phosphate buffered saline at a concentration of 1â€”2x 10@nuclei/ml
for 10 mm at 4C and then were centrifuged. The pellet was incubated
with RNase A (180 units/ml; Worthington Biochemicals, Freehold,
NJ) at a concentration of I x l0@ nuclei/mi for 20 mm at 37C. The
nuclei were then centrifuged and resuspendedin an equivalent volume
of a 50-@@g/mlsolution of P1 in phosphate buffered saline. All DAPI
or P1-stainedspecimenswere maintained in a light-shielded tube at 4C
for at least 1 h before FCM analysis.

The fluorescence of DAPI- and P1-stainedcells was monitored on
an EPICS V flow cytometer (Coulter Electronics, Inc., Hialeah, FL).
Immediately prior to FCM analysis, the cell suspensionswere filtered
through a 37-Mmnylon monofilament mesh filter. DAPI-stained cells
were excited using an argon ion laser at 351â€”365nm, 200 mW, and
fluorescencewas monitored through 360-nm interference and 475-nm
long-passfilters. P1-stainedcells wereexcited at 488 nm, 500 mW, and
fluorescencewas monitored through 515-nm interference and 515-nm
long-pass filters. Fluorescent microspheres were used to assessinstru
ment performance at the beginning of each run and as an external
fluorescence standard. A minimum of 2.5 x 10@cells were evaluated
from each specimen. The mean CV of the G@-G1population in each
sample for the entire study was 4.32, with a CV of 4.13 for those
samplesstained with DAPI and 6.27 for the four samplesstained with
P1. Analysis of the latter four specimens revealed higher quality DNA
staining (i.e., smaller CV ofG@-G1peak) than observedfollowing DAPI
staining.

Comparison of biopsy material fixed in formalin or mercuric chlo
ride/sodium acetate/formaldehyde demonstrated a consistently larger
Go-Gi CV in the mercuric chloride/sodium acetate/formaldehyde tis
sue; formalin-fixed tissue was therefore preferred for analysis. As pre
viously observed in deparaffinized tissues (17), there was considerable
variation in fluorescence intensity between samples, perhaps related to
differences in initial tissue fixation.

Cell Cycle and DNA Aneuploidy Analysis. DNA histogram display
and analysis was performed on a Terak 8600 minicomputer (Terak
Corporation, Scottsdale, AZ), with software developed by Salzman et
a!. (18) and extensively modified by Robinson and Leary of the Uni
versity ofRochester. Prior to cell cycle analysis, a background of cellular
debris which wasvisible in all histograms waseliminated by subtracting
the area under an exponential curve from the DNA distribution (19).
The â€œSimpleFitâ€•program of Dean as adapted to the Terak 8600 (20)
wasusedto estimate the distribution of cells within cell cyclecomport
ments. This software usesa second-orderpolynomial to mathematically
define the S-phase region of the cell cycle, with the remaining cells
assignedto G@-G,and G2-M regions. Cell proliferation in this investi
gation was expressed in terms of the percentage of Go-Gi cells. A
protocol which derives the percentageof Go-Gi for the entire sample
from the weighted averageof the percentageofGo-Gi for eachstemline
was applied uniformly to those sampleswith mixed diploid and aneu
ploid stemlines. For histograms which showed adjacent diploid and
aneuploid populations (seeFig. 1C), the total percentageofGo-Gi was
estimated by first quantitating the proportion oftotal cells in the lower
DNA population (approximately, channels85â€”98)by integration, then
performing standard cell cycleanalysis on the remaining cells (channels
95â€”220).The total percentage of Go-Gi was then quantitated by the
weighted averageof the lower DNA population (assumed to consist
exclusively of G@,-G1cells) and the Go-Gi percentageof the remaining
cells. Assessmentof the percentageof G@,-G,for each sample revealed
two populations lying aboveor below Go-Gi 80%. On this basis, low
proliferative activity was defined as the percentage of Go-Gi > 80%,
and high proliferative activity was defined as the percentageof Go-Gi
< 80% (see Fig. 2).

An aneuploid stemline was considered present only if two distinct
G@-G1populations were evident. The DNA index was calculated by
dividing the mean fluorescencechannel number of the higher (aneu
ploid) G@-G1peak by the mean channel number of the lower (diploid)
G@-G1peak.

Clinical Information. Patients were staged clinically in accordance
with the Ann Arbor system(21). In all but four patients, bone marrow
biopsieswere obtained. Clinical information describing the 50 patients
whose biopsy specimenswere suitable for DNA aneuploidy analysis is
presented in Table 1. Patients were treated with aggressive combination
therapy such as cyclophosphamide, vincristine, methotrexate, cytar
bine, and leucovorine (22) or bleomycin, Adriamycin, cyclophospha
mide, vincristine, and prednisone (23), radiation therapy, or palliative
therapy asclinically indicated. The presenceofcomplete remission was
establishedby clinical parameters.

All 50 patients are included in the analysis ofclinical features present
at the time ofdiagnosis. Forty patients treated with curative intent, i.e.,
with radiotherapy alone (n = 10) or radiotherapy plus chemotherapy
(a = 5) in the case ofStage I or II disease or with aggressivecombination
chemotherapy (n = 25), are included in the survival analysis. Patients
treated with combination chemotherapy received a mean 89% of the
planned dose for a mean of 5.6 cycles. The rate of complete response
was determined from those 36 patients who completed at least two
cyclesofchemotherapy or their prescribedcourse ofradiation therapy.

Statistical Analyses. Fisher's exact test (two tailed) was used for
analysis of 2 x 2 tables. Life tables were calculated by the product
moment (Kaplan-Meier) method and compared by the log-rank test.
Cox regressionwasusedfor life table analyseswith continuous variates
and for multivariate analyses.All calculations were performed using
the BMDP package on the Northwestern University Cancer Center
PDP 11/44 computer.

RESULTS

DNA Content Analysis. The presence or absence of DNA
aneuploidy could be determined in 50 of the 54 cases of DLCL
(see Fig. 1). There was extensive crush artifact and necrosis in
two of the remaining cases, and relatively few lymphoma cells
were present in the third case, a brain biopsy. In the final case,
there was poor resolution of the G@,-G1peak in multiple at
tempts at DNA staining. DNA aneuploidy was present in 31 of
the total 50 cases, and in 24 of the 40 patients analyzed for
survival. The DNA index of the aneuploid cases ranged from
1.06â€”2.32,with a median of 1.17. Two cases were tetraploid
and one was hypertetraploid. Cell cycle analysis could not be

Table1 Clinicalandhistologicaicharacteristicsin S0patientswithDLCL

No. (%)

Sex:
Male
Female

Age (yr)
Median
Range

Ann Arbor Stage

II
III
IV

Performancestatus
0-1
2â€”4

B symptoms
Bonemarrowinvolvement
Otherextranodalinvolvementpresent
Bulky(>10cmdiameter)disease
Histology

Largecleavedcell
Largenoncleaved
Mixedlargecleavedandnoncleavedcells

Extranodalspecimen

22 (44)
28(56)

62.9
13.1â€”95.9

12(24)
12(24)
8(16)

18 (36)

41(82)
9(18)

15(3l@
9 (20@

27 (57)â€•
8(16)â€•

36 (72)
12(24)
2 (4)

17(34)

a Status unknown for one patient (B symptoms), four patients (bone marrow
involvement), three patients (extranodal disease),and one patient (bulky disease).
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Table2 ResponsetochemotherapyOnly
thosepatientstreatedwith curativeintentandwhoreceivedat leasttwocomplete
cyclesofchemotherapyareincluded.P

ofdifferencesCRâ€•
No CR in CRratesPerformance

statusEastern
Cooperative Oncology 17 50.008Group

0â€”1Eastern
CooperativeOncology 04Group

2â€”4Other

extranodaldiseasePresent
6 70.034Absent

101Proliferative

activityLow(Go-G,>80%)
15 60.116High

(Go-G,@ 80%) 13a

CR, complete resolution ofall clinically apparent disease.

0
l0

PLOIDY AND CELL PROLIFERATION IN DIFFUSE LYMPHOMAS

analysis following the exclusion of specimens obtained from
patients not treated with curative intent. There was no signifi
cant relationship between the presence ofDNA aneuploidy, the
DNA index, or the fraction of aneuploid cells in a sample and
the proliferative activity.

There was no evidence of DNA aneuploidy in the nine
follicular hyperplasia specimens obtained from paraffin blocks
or previously frozen single cell suspensions. The DNA index
was the same when single cell suspensions and nuclei from
paraffin blocks were compared in the two cases (both aneuploid)
of DLCL where both types of material were available. Compar
ison of the proliferative activity of the single cell suspension
with their deparaffinized counterparts demonstrated a very
close agreement in the percentage of Go-Gi in each case. A
lower CV in the G0-G1 peak and less debris were consistently
observed in the fresh/frozen specimen than in the deparaffin
ized samples (data not shown).

Clinical Characteristics. An Eastern Cooperative Oncology
Group performance status of 0 or 1, i.e., fully ambulatory, and
the absence of extranodal (other than bone marrow) involve
ment were predictive ofa complete remission in patients treated
with curative intent using combination chemotherapy (P =
0.008 and 0.034, respectively; see Table 2). Ann Arbor clinical
stage, age, other clinical characteristics (the presence or absence
of â€œBâ€•symptoms, bulky disease, or marrow involvement), or
histological findings (cleaved versus noncleaved nuclei, or scie
rosis) did not significantly alter the chance of obtaining com
plete remission.

Among clinical parameters, survival was most strongly pre
dicted by the performance status, with a median survival of 39
mo for patients who were fully ambulatory and only 11 mo for
those at least partially bedridden (P = 0.003). Those with
limited disease (Ann Arbor Stage I or II) also had a median
survival of 39 mo, compared to a median survival of 14 mo for
those with Stage III or IV disease (P = 0.046). The 29 patients
whose tumors had cleaved nuclei had a slightly longer median
survival than those with noncleaved nuclei (45 versus 39 mo; P
= 0.056). The patients who presented with B symptoms had a

median survival of 16 versus 39 mo for those who did not, but
this difference failed to reach statistical significance (P = 0.097).
There was not a statistically significant relationship between
survival and age, marrow, or other extranodal involvement,
bulky disease, or the presence of sclerosis in the biopsy.

Correlation between Proliferative Activity and Clinical Char
acteristics. The proliferative activity of the lymphoma as deter
mined by DNA content FCM was the single most important
pretreatment predictor of survival in this population. Lympho
mas with high proliferative activity had a median survival of 7
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Fig. 1. DNA content distributions ofarchival surgical pathology diffuse large
celllymphomas.A,specimenlackingadiscernibleaneuploidstemlineandshowing
low proliferativeactivity;B, specimenlackinga discernibleaneuploidstemline
with high proliferativeactivity,C, specimencontainingeuploidand near-diploid
aneuploid subpopulations.
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Fig. 2. Frequencydistributionof proliferativeactivity (jercentageof Go-Gi
cells) in diffuse large cell lymphomas. 0, specimensobtained from patients not
treatedwith curativeintent.@ specimensobtainedfrom patientstreatedwith
curativeintent and includedin survivalanalysis.

performed in the first three cases described above and in two
additional cases. In one instance, a small near-tetraploid pop
ulation could not be separated from the diploid G2-M cells; and
in the other, the contribution of background debris to the DNA
histogram could not be estimated.

Fig. 2 illustrates FCM cell proliferation data for the DLCL
cases. The mean percentage of cells in Go-Gi phase was 85.9%
with a range of 51.5â€”98.3%.Forty cases had low proliferative
activity (G0-G1 > 80%) and nine had high proliferative activity;
33 and 6 cases, respectively, were included in the survival

3175

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2426839/cr0460063173.pdf by guest on 19 M

ay 2023



Table 3 BonemarrowinvolvementversusDNAaneuploidyDNA
contentanalysiswasperformedonly on surgicalbiopsyspecimens.Thebone

marrowbiopsyspecimensthemselveswerenotstudiedfor DNAaneuploidy.Biopsy

DNA contentanalysis
Marrow

involvement Aneuploid DiploidPPresent

9 0
Absent 19 18 0.0073

PLOIDY AND CELL PROLIFERATION IN DIFFUSE LYMPHOMAS

mo compared to 39 mo for those with low proliferative activity
(P < 0.001; see Fig. 3). The proliferative activity remained a
significant correlate ofsurvival after correcting for performance
status or Ann Arbor stage using Cox multivariate analysis or
when only older patients were analyzed. After correcting for
proliferative activity, however, performance status no longer
significantly influenced survival, and the correlation of survival
with Ann Arbor stage had only borderline significance (P =
0.099). Proliferative activity, in terms of the percentage of G0-
G cells, also correlated significantly with survival when exam
med as a continuous function (i.e., without subdividing patients
into two discrete groups of low and high proliferative activity),
P= 0.015.

Low proliferative activity tended to increase the chance for
complete remission in patients treated with aggressive chemo
therapy (see Table 2), but this relationship was not statistically
significant (P = 0.12).

High proliferative activity was related to extranodal (other
than bone marrow) involvement by the lymphoma: 7 of 8 high
proliferative activity tumors versus 18 of 37 low proliferative
activity cases had such extranodal involvement (P = 0.059).
The degree of proliferative activity in a specimen was not
related, however, to whether the specimen itself was nodal or
extranodal in origin. Large noncleaved cell lymphomas more
frequently had high proliferative activity than did large cleaved
cell lymphomas, but this relationship did not achieve signifi
cance (P = 0.18). Proliferative activity was not related to any
other feature examined, including age, stage, performance sta
tus, B symptoms, or the presence of sclerosis in the specimen.
Surprisingly, no relationship between the mitotic count deter
mined by light microscopy and the proliferative activity as
defined by DNA content FCM could be demonstrated.

Correlation between DNA Aneuploidy and Clinical Character
istics. Bone marrow involvement by the lymphoma was the only
clinical characteristic significantly related to the presence of
DNA aneuploidy. In all nine cases where marrow infiltration

was demonstrated, the primary lymphoma specimen contained
an aneuploid stemline (P = 0.007; see Table 3). Histological
features (cleaved versus noncleaved nuclei, presence of scle
rosis), age, stage, performance status, or the presence of B
symptoms, bulky disease, or extranodal (other than bone mar
row) disease were not significantly related to the presence of
DNA aneuploidy; furthermore, overall survival and the com

TIME (MONTHS)

Fig. 3. Survivalby proliferativeactivity.Proliferativeactivityis a significant
independentdeterminantofsurvival(P< 0.001)in diffuselargecell lymphoma.
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(P = 0.92).

TIME â€˜MONThS)

Survival by ploidy. Ploidy is a nonsignificant determinant of survival

plete remission rate was not influenced significantly by DNA
aneuploidy, as shown in Fig. 4.

DISCUSSION

In this study, paraffin-embedded tissue was used to examine
the relative prognostic significance of clinical, histological, and
DNA content variables in patients with DLCL. Proliferative
activity was found to be the single most important pretreatment
determinant of survival (see Fig. 3). This relationship persisted
even after correcting for other known prognostic factors such
as age, stage, or performance status. The fraction of cells with
G@,-G1DNA content also correlated well with survival when
examined as a continuous function (P = 0.01 5). A previous
study of 20 patients suggested a similar relationship between
proliferative activity and survival in transformed noncleaved B-
cell lymphomas, but this relationship was not statistically sig
nificant (9). Other investigators have recently reported that
high proliferative activity had an independent adverse effect on
survival in a group of 136 patients with various intermediate
and high grade lymphomas (13).

In the past, proliferative activity in solid tumors has been
estimated primarily by observing the frequency of mitotic fig
ures in the histological section. We found no correlation be
tween the mitotic count and proliferative activity as assessed by

DNA content FCM. The mitotic count did not have any prog
nostic significance in a previous investigation of DLCL (24).
Our finding of a striking relationship between FCM-defined
proliferative activity and survival suggests that, at least for
DLCL, FCM may provide a more useful estimate of biological
aggressiveness than light microscopy. The aggressive nature of
high proliferative activity lymphomas was also manifested by

50 their tendency to present with extranodal involvement.

Analysis of DNA histograms of paraffin-embedded tissue
requires a correction of cellular debris which otherwise would
cause overestimation of the percentage of cells in S phase (19)
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PLOIDY AND CELL PROLIFERATION IN DIFFUSE LYMPHOMAS

as well as a method to estimate the total cell cycle distribution
in mixed diploid-aneuploid populations. Currently available
probes unfortunately do not allow for the separation of aneu
ploid and diploid populations on the basis ofnuclear phenotypic
characteristics associated with the aneuploid DNA stemline.

The mean percentage of cells in G0-G1 in the present study
was 85.9%, which is in close agreement with previous reports
of 84.8% G0-G1 cells in 51 cases of DLCL (13), 13% S-phase
cells among large cleaved and immunoblastic lymphomas (25),
and 13.2% S-phase cells in DLCL (12); furthermore, we found
very similar proliferative activity when single cell suspensions
and paraffin-embedded tissues from the same biopsy were com
pared. These results indicate that the DNA analysis protocol
used in these studies permits accurate determination of cellular
proliferative activity in paraffin-embedded DLCL specimens.

DNA aneuploidy was not found to affect survival in DLCL
in this investigation (see Fig. 4). The presence of DNA aneu
ploidy has been reported to worsen the chance of attaining
complete remission in previously treated patients (13). Biopsies
obtained at relapse were excluded from our study because of
the worsened prognosis associated with these cases. We did not
find DNA aneuploidy to affect the chance ofachieving an initial
complete remission. Our results in DLCL contrast with pre
vious investigations of epithelial cancers, where DNA aneu
ploidy has been associated with a worsened survival (26â€”28)
and emphasize that the prognostic implications of aneuploidy
in cancer cannot be generalized.

DNA aneuploidy appears to be a necessary condition for the

development of bone marrow infiltration by DLCL, as seen in
Table 3. A quantitative change of at least 2â€”3chromosomes is
generally required for the detection of DNA aneuploidy using
current FCM instrumentation (29). This suggests that major

abnormalities in the malignant karyotype may be required to
adapt these lymphoid cells to the marrow microenvironment.

Using a conservative definition of aneuploidy, i.e., the pres
ence of 2 distinct G0-G1 populations, we observed DNA aneu
ploidy in 62% of the 50 DLCL specimens. This is quite similar
to the 61% frequency of DNA aneuploidy reported in 51 cases
of DLCL (13) and the range of 50â€”86%reported by others in
smaller numbers of large cell lymphoma specimens (9â€”12,25).

The clinical characteristics found to be important prognostic
factors in these patients with DLCL reflect the experience of
others who have reported advanced stage and B symptoms to
adversely affect survival (2, 3, 30, 31); similarly, the present
investigation suggests improved survival in large cleaved cell
relative to large noncleaved cell lymphomas, which is in agree
ment with some (4, 32), but not other previous reports (3, 5,
31, 33, 34).

In conclusion, proliferative activity as defined by DNA con
tent FCM appears to be an important pretreatment predictive
indicator of survival in DLCL. This observation must now be
confirmed in larger studies using nuclei obtained from archival
specimens where proliferative activity can be immediately cor
related with prognosis and from single cell suspensions obtained
at the time of diagnosis. Studies in which physical characteris
tics (7), RNA content (13), surface antigens (8), and nuclear
antigens (15) are quantified along with DNA content have and
will continue to provide valuable insight into the biology of
lymphomas.
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