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Summary. Since lymphomas of high and low malignancy have been differen- 
tiated by the Kid-classification, the cell kinetics of malignant lymphomas 
have become an interesting subject. In 20 non-Hodgkin's lymphomas we 
have determined the initial labelling index, the mitosis index, the proliferation 
rate and the durations of DNA-synthesis and mitosis. The kinetic variables 
have been estimated by using an in vitro-incubation of fresh biopsies and 
double-labelling with radioactive DNA-precursors. 

In 8 lymphomas of low malignancy we found an initial labelling index 
of 7.8%, a mitosis index of 0.3% and a potential turnout doubling time 
of 100.2 h for a cell production rate without regard to cell loss. On the 
other hand, lymphomas of high malignancy showed a labelling index of 
16.7%, a mitosis index of 0.7% and a potential tumour doubling time of 
40.5 h. All these values could be differentiated with high statistical confi- 
dence. DNA-synthesis time and mitosis time of both lymphoma groups 
did not show any significant differences. 

From these findings we obtained confirmation of the cyto-morphological 
principles used in classifying lymphomas. 

Key words: Non-Hodgkin 's  lymphomas - Cell kinetics - In-vitro labelling 
- Double labelling. 

Introduction 

The proliferation kinetics of malignant lymphomas have been paid little attention 
when compared with morphological, histochemical and immunological research. 
Not  until the investigations of Cooper et al. (1966), Cooper et al. (1968), Trepel 
and Schick (1976), Bremer and Fliedner (1979) and Murphy et al. (1979) was 
significant understanding of the growth behaviour of lymphomas obtained. 
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Knowledge of proliferation kinetics is not only of academic interest, but provides 
important  data in prognosis. 

The classification of malignant non-Hodgkin 's  lymphomas by the old Rappa-  
port system (1966), has been enlarged since well and poorly differentiated lym- 
phomas have been graded in groups of low and high malignancy (G6rard- 
Marchant  et al. 1974; Lennert et al. 1975) although kinetic data are missing. 
Clinical follow-up studies will reveal the usefulness and justification of the 
Kiel-classification. Initial reports are favorable (Musshoff et al. 1976; Brittinger 
et al. 1977; Meugb et al. 1978). These results p rompt  the question whether 
this classification mainly based on cyto-morphological criteria and immunologi- 
cal observations, does indeed imply differences in cell kinetics. 

In lymphomas of low malignancy reduced cell elimination seems to be mainly 
responsible for the steady growth of tumour  mass. Cell production does not 
necessarily have to be higher than in normal  or hyperplastic lymph nodes (Crad- 
dock and Nakai ,  1962; Bremer and Fliedner, 1979). On the other hand, in 
those highly malignant lymphomas comparable with experimental tumours or 
other rapidly growing human tumours,  the cell production rate is definitely 
increased. In addition to this the death rate of lymphoma cells is also increased 
but clearly remains below that of the cell growth rate (Bremer and Fliedner, 
1979). 

The published results on kinetics of malignant lymphomas are certainly 
not sufficient in number to make assessments since the spectrum of subtypes 
of these tumours has not been recorded as systematically as their histopathology. 
For  the time being, until an adequate number of each subtype of lymphomas 
are available, the data and findings of  20 lymphoma biopsies, 8 f rom low 
and 12 from high malignant tumours are presented here. We thus cover only 
a rather crude differentiation o f  two grades of malignancy. Preconditions of 
our kinetic research were a clear histo- and cytomorphological  diagnosis accord- 
ing to the Kiel-classification and restriction of investigations to untreated lym- 
phomas. 

Material and Methods 

Isotopes. (6-3H)-thymidine with specific activity of 5 Ci/mmol and (2-14C)-thymidine with specific 
activity of 50-60 mCi/mmol were used from Radiochemical Centre Amersham/England. 

Human Malignant Non-Hodgkin'~ Lymphomas. Only untreated lymphomas excised for primary 
diagnosis were used for examination. Most of them were part of an additional study within the 
"lymphoma study group", Hannover (Georgii et al. 1979). Patients bearing the lymphomas were 
admitted to the clinic for abdominal surgery (director: Prof. Dr. R. Pichlmayr) and to the oto-rhino- 
laryngological-clinic (director: Prof. Dr. Dr. E. Lehnhardt) at the Medical School, Hannover, be- 
tween June 1976 and May 1980. 

Among 72 biopsies from lymph node tumours there were 30 non-Hodgkin's lymphomas. Out 
of them 20 lymphomas were acceptable for autoradiographic evaluation. 10 tumours had insufficient 
labelling or consisted only of necrotic material, some had to be excluded from further investigation 
because of pretreatment of patients with cytostatics, made known after incubation. The lymphomas 
were examined histologically at our institute by conventional staining techniques for haematologic 
tumours, and by additional immunologic cell characterization and electron microscopy. These 
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examinations were performed with further parts of  the same lymph nodes which were used for cell 
kinetic preparations. 

In-Vitro Incubation. Specimens measuring 5 to I0 mm in diameter and 2 to 3 mm thickness were 
excised from the lymph node tumours in the operating room and cut into pieces of 1 mm in 
maximum diameter. For transport the material was kept in Eagle's Medium M 199 (Fa. Serva, 
Heidelberg) with constant temperature of 37 ~ C. Time elapse between excision and incubation 
was restricted to 10 rain. 

Incubation of tissue was performed in a shaking water bath under high pressure (2.2 arm) 
of carbogen gas with a constant temperature of 37 ~ C and shaking frequency of 120/min. The 
incubation apparatus was a modification of that used by Helpap and Stiens (1974). For details 
see Kienzle (1980). 

The tissue was incubated for the first hour with 2 gCi 14C-thymidine/4 ml Eagle's Medium. 
Thereafter it was carefully washed with fresh medium and then reincubated with 20 gCi 3H-thymi- 
dine/4 ml medium for another 2 h. After this procedure the tissue was again washed and fixed 
in buffered formalin for 48 h. 

The incubation method including double-labelling with radioisotopes was established in earlier 
experiments (Lang et at. 1980, in press) using 23 Polyoma-virus induced renal sarcomas of  rats for 
comparative in-vivo and in-vitro examinations. 

Histoautoradiography. After the usual histological preparation and embedding in paraplast the 
small tissue pieces were cut into 12 to 15 step sections which had a thickness of 3 to 4 g each 
and were mounted with an AR 10 stripping fihn (fa. Kodak, Stuttgart). Following a 21-day 
exposure the slides were developed, stained with an aqueous solution of Haemalaun and mounted 
with Cedax and commercial cover slips. 

Evaluation of Histoautoradiograms. Microscopic examination was done using 100-fold objective- 
magnification with oil-immersion and 10-fold ocular-magnification with an ocular grid (fa. Zeiss). 
Details of subtraction of non-specific back-ground labelling and counting procedure was described 
by Kienzle (1980). 1.000 cells per tumour were counted as a minimum by two observers, independent- 
ly. Within the lymphomas the following characteristics were registered: total number of lymphoid 
cells separated into small lymphocytes and blasts; cells labelled with 14C-thymidine together with 
or without 3H-thymidine; cells exclusively labelled with 3H-thymidine; mitoses. 

1. Labelling index (LI) : 

2. Mitotic index (MI): 

3. DNA-synthesis time (Ts): 

4. Duration of mitosis (TM) : 

5. Potential tumour doubling time (Tdpot): 

Explanation of abbreviations: 

N (14C) : 
N (3H) : 
N (total) : 
N ( M ) :  
PF: 
AT: 

Method of Calculating Kinetic Variables. From the results of cell counting the following variables 
were calculated (Pilgrim and Maurer i965): 

LI N (14C) 
N (total) 

MI= N(M) 
N (total) 

Ts N(14C)xAT 
NON) 

T,u_N(M) xAT  
N (3//) 

Tc N (total) x Ts 
Top~ PF N (14C) 

number of  ceils labelled with 14C-thymidine with or without 3H-thymidine 
number of cells labelled exclusively with 3H-thymidine 
all cells counted with or without label 
number of mitosis 
proliferative fraction 
time interval between 14C and 3H-labelling. 



400 W. Lang et al. 

Table 1.30 non-Hodgkin~ lymphomas were received for evaluation 
with double labelling in-vitro. 20 tumours had sufficient label, 
10 tumonrs showed too much necrosis or had insufficient label. 
Accurate histological diagnosis was made in different specimens 
of same lymph node tumours according to the Kiel-classification 

Histology of lymphomas Double labelling 

Evaluated Not evaluable 

Lymphocytic 3 1 
Immunocytic - 1 
Centrocytic 1 - 
Centroblastic/centrocytic 4 2 
Centroblastic 2 3 
Burkitt-type 2 1 
Lymphoblastic 4 1 
Immunoblastic 4 1 

Total 20 10 

Table 2. Kinetic parameters of the low malignant group of non-Hodgkin's lymphomas by evaluation 
of an in-vitro double labelling technique. 

Histological type Kinetic parameters of non-Hodgkin's lymphomas 
- low malignancy - 

LI14c MI T s TM Tdpo t 

(%) (%) (h) (h) (h) 

Lymphocytic 3.1" 0.1 7.0 0.2 227.4 
4.0 a 0.2 6.5 0.3 162.8 
5.4 a 0.2 5.7 0.2 106.2 

Centrocytic 7.2 ~ 0.3 5.8 0.2 81.4 

Centroblastic/centrocytic 9.7 0.4 4.5 0.2 46.2 
10.4 0.6 6.7 0.4 64.3 
11.5 0.5 5.8 0.3 50.2 
10.8 0.3 6.8 0.2 62.9 

a Over-all labelling index 

LI14c: Initial labelling index. In lymphocytic and centrocytic lymphomas an "over-all" index 
was given including all unlabelled small lymphocytes. In centroblastic-centrocytic lymphomas a 
" tumour"  index was evaluated regarding only lymphoblasts. MI: mitotic index. T~t: mitotic time. 
Ts: DNA-synthesis time. Tdpot : potential tumour doubling time 

R e s u l t s  

T h e  20 e v a l u a b l e  l y m p h o m a s  c o n s i s t e d  o f  t w o  g r o u p s ,  t h e  f i r s t  o n e  c o n t a i n i n g  

8 l y m p h o m a s  o f  l o w  m a l i g n a n c y  a n d  a s e c o n d  g r o u p  w i t h  12 h i g h l y  m a l i g n a n t  

t u m o u r s  f o l l o w i n g  t h e  K i d - c l a s s i f i c a t i o n  (see T a b l e  1). I n  T a b l e s  2 a n d  3 t h e  
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Table 3. Kinetic parameters of the high malignant group of non-Hodgkin's lymphomas by evaluation 
of an in-vitro double labelling technique 

Histological type Kinetic parameters of non-Hodgkin's lymphomas 
- low malignancy 

LI14 c MI T s T M Tdpot 

(%) (%) (h) (h) (h). 

Centroblastic 16.8 0.8 5.9 0.3 36.4 
14.1 1.0 6.0 0.5 42.7 

Burkitt-type 22.6 1.2 6.8 0.4 30.2 
20.8 0.7 8.8 0.3 42.2 

Lymphoblastic 19.3 0.5 6.5 0.3 34.4 
10.4 0.7 5.2 0.3 52.0 
17.6 0.7 6.7 0.3 40.0 
18.8 0.5 8.2 0.2 43.7 

Immunoblastic 15.1 0.7 5.9 0.3 39.1 
13.5 0.6 5.9 0.3 46.5 
13.3 0.5 5.6 0.2 44.5 
18.8 0.7 6.4 0.3 34.0 

LI14c: initial labelling index regarding only lymphoblasts excluding small lymphocytes. MI: mitotic 
index. TM: mitotic time. Ts: DNA-synthesis time. Tdpot: potential tumour doubling time 

results of the initial labelling index (14C-index), the mitotic index, the calculated 
DNA-synthesis time, the mitotic time and the potential tumour doubling time 
for the individual lymphomas separated into classes corresponding to the cyto- 
morphological diagnosis are given. For the lymphocytic and centrocytic lympho- 
mas the initial labelling index (3.1 to 7.2%) is given as an "over-all" index 
which means the labelled blast-cells in relation to the total number of lymphocyt- 
ic cells. For all other lymphomas the 14C-index (9.7 to 22.6%) means a "tumour 
cell index" regarding only the population of blasts. The mitotic index was 
found to be roughly 20% of the labelling index in most cases with an absolute 
range between 0.1 and 1.2%. The duration of DNA-synthesis showed no remark- 
able spread of values within the total number of lymphomas, ranging between 
4.5 and 8.2 h. The mitotic time amounted to 0.2 up to 0.5 h. For both DNA- 
synthesis time and the duration of mitosis no significant dependence was ob- 
served on the type of lymphoma. In Contrast, the duration of the potential 
tumour doubling time showed an obvious tendency towards prolongation in 
lymphomas with low labelling index. The total range was found between 227.4 
and 30.2 h. 

Table 4 shows the kinetic variables given as mean values for the 8 lymphomas 
of low malignancy and the 12 lymphomas of high malignancy. Within the 
first group the results were calculated additionally after excluding lymphocytic 
lymphomas with their extremely low proliferative activity. The mean value of the 
initial labelling index was 7.8% for the low-malignancy group, the mitotic index 
0.3%. The DNA-synthesis time was 6.1 h, the mitotic time 0.2 h. Assuming no 
cell loss the tumour doubling time amounted to 100.2 h for all 8 lymphomas and 
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Table 4. Mean values and standard deviations (sd) of kinetic parameters in 8 lymphomas of low 
malignancy and 12 lymphomas of high malignancy. First column in the low malignant group 
includes lymphocytic, centrocytic and centroblastic-centrocytic lymphomas. Second column excludes 
values of lymphocytic Iymphomas. The difference of values was statistically significant for initial 
labelling index (LI14c) , mitotic index (MI) and potential tumour doubling time (Td~o0 with a 
high confidence limit. DNA-synthesis time and duration of mitosis did not show a statistically 
significant difference 

Kinetic 
parameters 

Non-Hodgkin's lymphomas 

LOW malignancy High malignancy 
(N = 8) - Difference - (N= 12) 

LI14 c (%) mean 7.8 9.7 a significant 16.7 
(sd) (3.3) (1.8) P < 0.005 (3.54) 

MI (%) mean 0.3 0.3 a significant 0.7 
(sd) (0.16) (0.08) P < 0.005 (0.21) 

Ts (h) mean 6.1 5.9 ~ not significant 6.5 
(sd) (0.83) (0.92) (1.04) 

T~ (h) mean 0.2 0.2 a not significant 0.3 
(sd) (0.06) (0.07) (0.06) 

Tdpot (h) mean 100.2 61.0 a significant 40.5 
(sd) (63.8) (13.8) P < 0.025 (6.07) 

a Lymphomas of low malignancy without lymphocytic lymphomas 

61.0 h wi thout  lymphocyt ic  lymphomas.  On the other  hand,  the highly mal ignant  
lymphomas  had an initial labelling index of  16.7%, mitotic index of  0.7%, 
DNA-synthes is  time of  6.5 h and a mitot ic  time o f  0.3 h. The potential  t umour  
doubl ing time was 40.5 h. A statistical test showed highly significant differences 
between labelling index, mitotic index and doubl ing time of  bo th  groups. Even 
if lymphocyt ic  lymphomas  were separated the differences remained significant. 
There was no statistical difference between DNA-synthes i s  time and mitot ic  
time of  both groups o f  lymphomas.  

Discussion 

The intention of  our  studies on non-Hodgk in ' s  l ymphomas  was to explore 
whether suppor t  for the prognost ic  implications of  the Kiel-classification with 
its two main groups o f  low and high malignancy, could be found by compar ing  
their proliferation kinetics. Our  results seem to confirm this view: significant 
differences among  the main  variables of  cell proliferation could be seen between 
the two l y m p h o m a  groups. In contrast,  DNA-synthes i s  time and mitosis time 
did no t  differ significantly. This latter finding was in close agreement  with 
the constancy of  these cycle-phase times reported for many  tumours  growing 
at different growth rates (Steel 1977; Bremer and Fliedner 1979). 

A detailed interpretat ion of  the au toradiographic  findings and their kinetic 
indications which were obtained by the double-labelling method  will be given 
in a separate communica t ion  (Lang et al. 1980, in press). It will also be demon-  
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strated that the incubation method of biopsies yields reliable results, as shown 
by the comparison of in-vivo and in-vitro labelling in an experimental tumour 
used in our laboratory (Zobl et al. 1975; Lang et al. 1978). 

Ignoring the proliferative fraction of lymphoma cells, which may lie between 
50 and 100% in highly malignant lymphomas (Trepel 1972; Ivesen et al. 1974; 
Trepel and Schick 1976; Bremer and Fliedner 1979) an "over-all" generation 
time or potential tumour doubling time (Steel and Bensted 1965) was calculated 
from the values of labelling index and DNA-synthesis time. This means a cell 
production rate which may be regarded as an important kinetic variable for 
two reasons : 

1. It characterizes the degree of proliferation of a lymphoma which may, 
therefore, also reflect its malignancy in some respect. 

2. It allows the estimation of cell loss, if it is related to the actual tumour 
growth rate (as far as the increasing size of a lymphoma may be directly 
observed). 

The basic variable measured initially by most authors is the "initial" labelling 
index, which is equivalent to a pulse labelling index in-vivo (Hilscher and Maurer 
1962; Rajewski 1965; Helpap and Maurer 1969). These labelling indices are 
registered either as tumour- or over-all indices. With the exception of lymphocytic 
and purely centrocytic lymphomas the quoted values are usually tumour indices 
and relate to the population of blast-cells which are assumed to be the potentially 
proliferative cells (Craddock and Nakai 1962; Clarkson et  al. 1965; Gavosto 
et al. 1967; Saunders et al. 1967; Schiffer 1971; Bremer and Fliedner 1979) 
and disregards small lymphocytic cells. In highly differentiated lymphomas of 
lymphocytic or centrocytic type such a tumour labelling index relating only 
to the relatively small subpopulation of blasts might give a realistic idea of 
the proliferative rate of these blast-cells. However, it would not allow an estima- 
tion of the potential tumour doubling time of the 

In the relevant literature over-all indices for 
lymphomas are reported between 0.05 and 25% 
Peckham and Cooper 1970; Silvestrini et al. 1977; 

entire population. 
lymphocytic and centrocytic 
(Craddock and Nakai 1962; 
Silvestrini et al. 1978; Nishik- 

ori et al. 1978; Foadi et al. 1979) and our own results are within this range 
(3.1 to 5.4%). An explanation for the wide spread of values according to our 
observation may be that at least two of the four highly differentiated lymphomas 
showed a very irregular distribution of label, so we had to count very high 
cell numbers to get a valid over-all index. 

The indices are generally higher in the centroblastic-centrocytic lymphomas 
where the proportion of centroblasts seems to be decisive for the rate of prolifera- 
tion (Silvestrini et al. 1977; Silvestrini et al. 1978). Yet even for the centroblastic 
subpopulation the indices may lie between 5 and 27% (Peckham and Cooper 
1970). Nevertheless, an increased proliferation rate may be assumed for those 
centroblastic-centrocytic lymphomas in contrast with highly differentiated lym- 
phomas. This was also supported by a relatively high tumour labelling index 
(10 to 12%) in our 4 cases. 

The results in the group of high malignancy show a greater uniformity 
when the published data - including our own values are compared. This 
is understandable because the cell population under study consists almost exclu- 
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sively of blast-cells. Therefore, there are far fewer difficulties in the interpretation 
of autoradiograms. Our results agree very well with those of Klein et al. (1972) 
in lymphoblastic lymphomas, and those of Ivesen et al. (1974) in Burkitt-lympho- 
m a s .  

The statement that highly malignant lymphomas have, on average, a substan- 
tially shorter potential doubling-time (40 h) than lymphomas of low malignancy 
(100 h) is crucial. This difference stays significant even if the lymphocytic lym- 
phomas are excluded from calculation. 

Comparison of published data on kinetics of lymphomas demands a series 
of critical reflections on the subject. Varying histological classifications often 
hamper a clear determination of the lymphoproliferative disease under consider- 
ation. Often it is not specified whether the results include treated lymphomas, 
whose kinetics may change considerably in comparison with the untreated tu- 
rnouts (Saunders et al. 1967; Sheehy et al. 1975). The methodical conditions 
used to examine a lymphoma also have a decisive influence on its rate of 
proliferation. The growth kinetics of solid lymphomas cannot be compared 
easily with those of the cell cultures which were studied by Smith et al. (1970), 
Burk et al. (1978), Drewinko et al. (1978) and Drewinko et al. (1979). Moreover, 
it seems doubtful whether preparing a cell suspension from a biopsy before 
incubation with radionuclids (Cooper et al. 1968; Silvestrini et al. 1977; Silves- 
trini et al. 1978) will provide similar results to a direct incubation of fresh 
biopsy material. Experience with experimental turnouts definitely points to the 
fact that reliable in-vitro labelling is only obtained under strict observation 
of clearly defined conditions (Rajewski 1966; Lennartz et al. 1971; Klein et al. 
1972; Helpap and Stiens 1974). From this it is undestandable that a lower 
mitotic index was found after incubation of biopsy particles without hyperbaric 
oxygen pressure and temperature regulation, compared with tissue examined 
immediately after excision (Camplejohn and Aherne 1974). Extremely short 
incubation times (Cooper et al. 1968) might also influence the labelling index 
artificially. 

The observed differences of proliferation within the same type of lymphoma may 
be explained by several facts : 

1. Some lymphomas put into one group by cyto-morphological classification 
actually consist of different cell populations. This is especially true for immuno- 
cytomas (Silvestrini et al. 1977; Silvestrini et al. 1978) and centroblastic-centro- 
cytic lymphomas (Clarkson et al. 1965; Peckham and Cooper 1970; Nishikori 
et al. 1978). 

2. Growth rate seems to be dependent on tumour size. Therefore, bigger 
lymphomas show a lower labelling index than smaller ones (Drewinko et al. 
1974; Iversen et al. 1974; Sheehy et al. 1975). Here one may see an analogy 
with other solid human tumours whose growth rate declines with increasing 
tumour mass (Steel and Lamerton 1966). 

3. Proliferative activity of tumour cells and labelling index respectively may 
vary within the same lymphoma as in most other solid tumours (Klein et al. 
1972; Denekamp and Kallman 1973; Livingston et al. 1974). In recent years 
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this phenomenon  has been shown in renal carcinomas in man  (Rabes et al. 
1978). 

4. Often the labelling index is given as an over-all index in blastic lymphomas  
and thus does no t  only refer to the p roduc t ion  rate of  blasts but  also to the 
extent of  infiltration of  neoplastic cells within the lymph node (Cooper  et al. 
1968 ; Saunders et al. 1967). 

5. The labelling index is known to be dependent  on the localization of  
t umour  cells. The highest values have been found  by most  investigators within 
the lymph nodes or within the bone mar row (Clarkson et al. 1965; Drewinko 
and Alexanian 1977; Foad i  et al. 1968; Keiser et al. 1968; Mauer  and Fisher 
1962; M u r p h y  et al. 1979). 

Despite these limitations our  findings show clearly that  the differentiation 
of  lymphomas  into groups of  high and low mal ignancy can be achieved by 
a simple de t e rmina t ion  of  the initial labelling index. In this we completely 
agree with Silvestrini et al. (1977), Silvestrini et al. (1978) and Durie  et al. (1980). 

Arguments  against the diagnostic value of  the initial labelling index (Cooper  
et al. 1968) are based on the fact that  equally high indices occur in blast-cells 
of  normal  lymph nodes to those found  in mal ignant  lymphomas.  The blast- 
indices in normal  lymph nodes or in the spleen (Pabst and Reinecke 1980) 
may  even be higher than in blastic l y m p h o m a  cells. This only means that  
on grounds  o f  the labelling index alone, no  differentiation can be made  between 
hyperplasia  and malignancy.  F r o m  a kinetic point  o f  view the diagnosis of  
mal ignancy would  only be achievable with the knowledge of  cell loss or  rate 
of  elimination, in addit ion to the cell product ion  rate. 

An  increase in the number  o f  cases available for kinetic research and prospec- 
tive evaluat ion of  clinical fol low-up will decide the relevance o f  these prel iminary 
results. 
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