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Nucleolar organiser regions and survival in
patients with non-Hodgkin's lymphomas
classified by the working formulation

J Jakic-RazumovicL, D Tentor, M Petrovecki, I Radman

Abstract
Aims-To correlate the numbers of silver
staining nuclear organiser regions
(AgNORs) in non-Hodgkin's lymphoma
classified by the working formulation
with survival, the first complete remis-
sion, and the length ofremission.
Methods-Sixty one patients were
included in the study. Paraffin wax sec-
tions were stained using silver solution to
visualise nucleolar organiser regions.
The AgNORs were counted in 150 nuclei
of each specimen. Data were examined
using the Kruskal-Wallis test, multivari-
ate discriminant analysis, and Cox's
regression test. Curves were calculated
by the method ofKaplan and Meier.
Results-Most patients who were alive
had low grade lymphoma (p < 0-01). The
first complete remission was obtained
more frequently in the low and interme-
diate grade groups (p < 0.05). The
longest survival was found in the low
grade group (p < 0*001). The mean num-
ber of AgNORs differed significantly in
all three groups (p < 0-001). This was
also true for area of nuclei (p < 0.001)
and length of remission (p < 0.05). In a
multivariate analysis the numbers of
AgNORs were highly predictive for
survival, remission, and the length of
remission.
Conclusions-The numbers of AgNORs
correlated with survival, remission, and
the length of remission in patients with
non-Hodgkin's lymphoma.
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Since 1976 the working formulation for clini-
cal use of non-Hodgkin's lymphoma (NHL)
has offered a new compromise solution for
the multiplicity of non-Hodgkin's lymphoma
classifications, which differed in nomen-
clature and histological criteria, based on

morphological criteria and modem concepts
of T and B-lymphocyte systems.' 2 There are

numerous studies addressing the prognostic
value of many clinical characteristics in
patients with NHL, such as increasing age,
clinical stage, presence of B symptoms, etc.
Immunological, morphometric, cytogenetic,
and flow cytometric techniques have been
developed to serve as predictors of the
response to treatment and survival.2 10 Since
Crocker and Nar" and Crocker and Egan"2
described the diagnostic value of the costing

of nucleolar organiser regions (NORs) in tis-
sue sections using the one-step silver staining
technique, the prognostic value of this tech-
nique has been investigated in patients with
NHL.

Methods
Seventy pre-treatment paraffin wax embed-
ded biopsy specimens from 70 consecutive
patients treated and followed up for non-
Hodgkin's lymphoma (NHL) in the Zagreb
Clinical Hospital, Croatia, during 1980-1992
were studied. Nine patients were lost to fol-
low up because for these patients only data
about their first hospital stay were available.
Therefore, these patients were excluded from
the study. In fact, there was not sufficient
information, suggesting that survival data
were not available. Complete follow up histo-
ries were available for 61 patients (date of last
clinical examination or date of death).
Patients ranged in age from 13-74 years, with
a mean age of 52-5 years. Mean age in the
group of patients with low grade NHL was 55
(range 35-74) years, in the intermediate
grade group 50 (range 13-79) years, and in
the group with high grade NHL 52 (range
15-68) years. There were 44 men and 17
women. The follow up period ranged from 1
to 122 months (mean 46&3 months).
Lymphomas were classified according to the
working formulation system-low, intermedi-
ate, and high grade malignancy."3 All tumours
studied had B cell markers (CD 45RA;
Dakopatts, Copenhagen, Denmark) except
four which had T cell markers (CD 45RO;
Dakopatts). All patients included in this
study were treated in order of protocol
schema, after histological diagnosis had been
made. Patients with low grade NHL were
treated with ACOP (adriamycin, cyclo-
phosphamide, oncovin, prednisone), COP
(cyclophosphamide, oncovin, prednisone),
and Leukeran-Endoxan (chlorambucil-
cyclophosphamide) protocols because treat-
ment changed during the study years. Most
patients with intermediate grade NHL were
treated with ACOP protocol, as well as all
those with high grade NHL.

PREPARATIONS OF SPECIMENS FOR AgNORS
STAINING AND COUNTING
All sections were cut at 3 ,um thickness from
routinely processed paraffin wax blocks.
These were dewaxed in xylene and hydrated
through ethanol to deionised water. Two vol-
umes of a 50% (w/v) aqueous solution of
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AgNO3 were mixed with one volume of 2%
(w/v) gelatine in 1% (w/v) formic acid. The
staining solution was prepared immediately
before use, placed on the sections, and
allowed to react in the dark for 30 minutes at
room temperature. The slides were then
washed with deionised water, dehydrated to
xylene, and mounted in a synthetic medium.
No counterstain was used. The AgNORs
were counted in 150 nuclei of each specimen
using a x 100 oil-immersion lens as described
by Egan et al'4 and Howat et all5 with a stan-
dard interactive microprocessor computer
assisted image analysing system (Aristoplan,
Olympus, Japan, IBM compatible computer
and EMAS-software, Zagreb) and a graphic
monitor.
The data were studied on an IBM-PC

compatible computer by use of the Number
Cruncher Statistical System (NCSS,
Kaysville, Utah, USA). Survival was calcu-
lated from the start of treatment to the last
follow up date or death. The length of remis-
sion was defined as the interval between the
confirmed establishment of the first complete
remission (CR) and the date of documented
relapse. The clinicopathological relations of
the mean AgNORs number and other
variables were examined using the x2 test and
the non-parametric Kruskal-Wallis test.'6
Multivariate Cox's proportional hazard
regression model was performed as a forward
stepwise variable selection into the final
model equation, according to x2, greater than
or equal to 4.17 Multivariate discriminant
analysis was performed to examine factors
which independently predict the histological
grade of NHL and responder or non-respon-
der classes as a group variable. Forward step-
wise variable selection into the final equation
was used, according to p value of F ratio less
than or equal to 0-05.'8 Both methods can
analyse ordinal variables as well as nominal
(categorical) such as gender; clinical stage
(binary split of stages I + II and III + IV as

dummy variable); presence of B symptoms
(yes/no as dummy variable); and histological

type (grades coded as 1, 2, and 3). Regression
coefficients were calculated using the method
of Schmee and Hahn for fitting linear re-
gression model to censored data.'8 Actuarial
survival probability curves were calculated
according to the method of Kaplan and
Meier and compared by log-rank test.'8

Results
Table 1 shows general characteristics for the
whole series of 61 patients divided into the
three groups according to the working formu-
lation of NHL. There was no significant dif-
ference in sex distribution. Most patients who
were alive had low grade lymphoma while
most of those with high grade lymphoma
were dead (p < 0-01). We found no signifi-
cant associations with clinical stage, B symp-
toms, and relapse of disease. The length of
remission differed significantly (p < 005).
Most patients in the low and intermediate
grade groups had complete remission while
most of those in the high grade group had no
remission. Survival rate was longest in the
low grade and the shortest in the high grade
group (p < 0-001). Actuarial survival of all 61
patients is shown in figure 1. The survival
period differed significantly among the three
groups according to the working formulation
ofNHL (p < 0-01) (fig 2).

Nuclei of low grade lymphoma cells con-
tained AgNORs in the range 1-21-2-52
(mean 1 54); those of intermediate grade
1-72-4-15 (mean 2.92); while for those in the
high grade group the range was 3-81-5-22
(mean 4-57) AgNORs (fig 3) (table 1). The
mean number of AgNORs differed signifi-
cantly in all three groups (p < 0-0001) as well
as the area of nuclei (p < 0001).

Data in table 2 show a multivariate analysis
of clinical and histological variables with
respect to the histological type of tumour and
three clinical outcomes: actuarial survival;
achievement; and length of remission. A mul-
tivariate analysis was performed to examine
primary predictive factor(s) that indepen-

Table 1 Clinical and histologicalfeatures (with statisticalparameters and survival analysis) of 61 patients with NHL,
according to the workingformulation

Workingformulation

Variable Low (n = 21) Intermediate (n = 29) High (n = 11) p Value

Sex M/F (No %) 15/6 19/10 8/3 >0.05*
24-6/9 8 31-1/16-4 13-2/4-9

Alive/dead (No %) 16/5 13/16 2/9 (Not tested)
26 2/8-2 21-3/26-2 3-3/14-8

Cell immunotype B/T (No %) 20/1 29/0 9/2 >0.05*
32-8/1-6 47-6 14-8/3-2

Clinical stage I + II/III + IV (No %) 2/19 7/22 3/8 >0.05*
3-3/31-1 11-5/36-0 4-9/13-2

B symptoms A/B (No %) 14/7 19/10 5/6 >0.05*
23-0/11-5 31-1/16-4 8 2/9 8

First complete remission yes/no (No %) 16/5 19/10 4/7 <0.05*
26 2/8-2 31-1/16-4 6-6/11-5

Age in years (median) 56 50 52 >0 05t
Survival in months (median) 29 19 8 <0 001*
AgNORs (Mean SD) 1-54 (0-32) 2-92 (0-63) 4-57 (0 43) <0-000lt
Area of nuclei inpm2 (Mean SD) 17-01 (627) 21-47 (6-08) 26-21 (494) >0-001t
Relapse yes/no** (No %) 5/11 12/7 2/2 >0.05*

12-8/28-2 30-9/17-9 5-1/5-1
Length of remission in months (median)** 37-5 25 14 <0 05i

*Z2 test.
**The data show patients who achieved the first complete remission.
tKruskal-Wallis non-parametric test.
tLog-rank test.
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p < 0-01), as well as for the histological type
of NHL (F = 132-9, p < 0.001). Observed
effect of the number of AgNORs per nuclei to
overall survival and disease free survival
(length of remission) is shown in table 3 with
regression coefficients (b): b = - 24-91
(p < 0-001) for overall survival and
b = -2017 (p < 0-01) for disease free sur-
vival. Area of nuclei was associated slightly,
but was not significant with the achievement
of remission (table 2) (p = 0 054).

0 12 24 36 48 60 72 84 96 108 120 132

Months from diagnosis
Figure 1 Actuarial survival in 61 patients with NHL
(excluded data are noted). Survival probability after 10
years is 0-20 (95% confidence interval limits: 0 18, 0-23).

0 12 24 36 48 60 72 84 96 108 120 132
Months from diagnosis

Figure 2 Actuarial survival ofpatients according to the
workingformulation ofNHL continuous line-low grade
NHL (n = 21); dashed line-intermediate NHL (n =
29); dotted line-high grade NHL (n = 11). Survival
probabilities after 10years (with 95% confidence
intervals) are 0-36 (0 28, 0 45), 0 17 (0-12, 0-22), and
017 (0 09, 0-25), respectively.

1 2 3

Working formulation
Figure 3 Scatter plot of nucleolar organiser regions
(AgNORs) values by the workingformulation ofNHL
(1 = low grade (n = 21); 2 = intermediate (n = 29); and
3 = high grade (n = 11) NHL). Each pair ofdata
presented with a filled triangle (some data overlap). Mean
(1 96 SD) (95%Yq).

dently correlate with tumour grade and clini-
cal categories. Table 2 contains exact values
of F ratios from discriminant analysis and X2
results from proportional hazard regression,
together with exact values of designated prob-
ability, to confirm our findings.

Only the number of AgNORs per nuclei
proved to be highly predictive for all the
examined clinical categories (survival:
X2 = 292, p < 0001; remission: F = 13-4,
p = 0-001; length of remission: X2 = 6-8,

Discussion
The assessment of grading ofNHL tissue is a
complex but important procedure because
treatment and prognosis are dependent on it.
There have been attempts to facilitate grading
with different methods, such as enzyme histo-
chemistry, immunohistochemistry, mor-
phometry, electron microscopy, DNA flow
cytometry, and NOR enumeration in NHL
tumour cells. For some of these variables
grading has prognostic value. Crocker and
Nar" investigated the distribution of argy-
rophilic NOR sites in NHL and showed that
a clear distinction was observed between high
and low grade lymphomas according to the
Kiel classification of NHL. To test a relation
between ploidy and AgNOR number per cell,
Crocker et al9 performed a DNA flow cyto-
metric study on low and high grade NHL tis-
sue and showed that there was a high
correlation between the AgNOR count and
percentage of S phase cells and concluded
that AgNOR number reflected cell prolifera-
tion. This idea was supported by studies
which compared and correlated percentage of
cells reacting with Ki-67 proliferating cell
markers and number ofAgNORs per nuclei.20
Correlation between these investigated vari-
ables was remarkably good. Because the
AgNOR method is cheap, quick, and less
cumbersome than DNA flow cytometry and
does not require frozen sections for staining
with Ki-67 monoclonal antibody, it would be
of great interest to attempt a direct correla-
tion between clinical survival and AgNOR
count in patients with NHL. In this way this
method would be highly promising for patho-
logical and clinical use.

In this study we have assessed the clinico-
pathological correlation and the prognostic
relevance of AgNOR number in a group of
patients with NHL. The results listed in table
1 indicate that there was a significant differ-
ence between AgNOR number (fig 3), area of
nuclei, achievement of complete remission,
length of remission, and overall survival of
patients with NHL. The association between
AgNOR number and histological grade sug-
gests that the determination of AgNOR num-
ber provides information about the grade of
malignancy of NHL in the working formula-
tion grading system. Mean number of
AgNORs in high grade lymphomas was sig-
nificantly greater than those in the intermedi-
ate and low grade groups. In the study by
Crocker and Nar" a significantly different
distribution of mean number of AgNORs
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Table 2 Multivariate analysis of variables studies and their prognostic values

Histological type Remission Length of remission
(low, intermediate, CR and non-CR for patients
and high) (n = 61) Survival (n = 61) group (n = 61) achieved (n = 39)

Parameter F P x2 p F p x2 p Value

Sex (M/F) 2-3 0-113 1.1 0-299 0.0 0953 1-7 0-197
Age 0-2 0-818 0 3 0 597 0-1 0-817 0-1 0-799
AgNORs 132-9 <0-001* 29-2 <0-001* 13-4 0-001* 6-8 0.009*
Area of nuclei 0.0 0-983 0-2 0-629 3-9 0 054 0-4 0-523
Clinical stage (I-II/III-IV) 0 4 0-678 3 3 0-071 1.9 0-177 1-5 0-229
B symptoms (yes/no) 0-3 0-739 2 0 0-151 3-4 0-072 1-2 0 273
Histological type

(low/intermediate/high) 0-2 0-623 1-4 0-249 0o0 0-961
R2 0-821 0-432 0-190 0-196

F = F ratio from multivariate discriminant analysis; x2 = result from multivariate proportional hazard regression; p = probability
for obtaining that variable in the prognostic model (only p < 0-05 was considered significant*; R2 = the coefficient of multiple
determination for factors* which significantly describe the model. CR = complete remission.

between two groups of patients with NHL
according to the Kiel classification was found.
We showed that this method allows NHL tis-
sue to be differentiated into three groups of
malignancy according to the working formu-
lation. This study also showed that the three
groups ofNHL differed in the achievement of
the first complete remission (p < 005) (table
1) and that only numbers of AgNORs pre-
dicted the achievement of remission (p <
0O001) (table 2). In the group of high grade
NHL a high number of AgNORs was corre-
lated with a poor response to treatment
because only four patients achieved complete
remission (table 1). These data might be con-
fusing because one can expect that tumours
with a larger proliferative activity (measured
by AgNOR number) should be more sensitive
to cytotoxic drugs. Similar results were
reported by Cowan et a19 who showed that
patients with a high proliferative index (mea-
sured by flow cytometry as a percentage of
cells in S and G,M phase of cell cycle) had a
poor response to treatment. This could be the
result of rapid repopulation of neoplastic cells
between courses of chemotherapy and the
increased probability of "resistant" clones in
highly proliferative tumours. The authors
concluded that patients with high prolifera-
tive tumours would be candidates for more
intensive chemotherapy. We also found that
three groups of patients showed a difference
in the length of remission which was 33
months in the group of low grade NHL, 25
months in the intermediate grade group, and
14 months in the high grade group (p <
005). Multivariate analysis showed that only
AgNOR number was a prognostic variable for
the length of remission in the group of
patients who achieved the first complete
remission. It is clear that patients with the
lowest AgNOR number had the longest

Table 3 Influence ofAgNORs on overaUl survival and
disease free survival (length of remission)

AgNORs

b SE t(b =O) p Value

Overall survival -24-91 3-22 -7-73 <0-001
Disease free survival -20-17 5-19 -3-89 <0-01

b = estimated regression coefficient; SE = standard error, an
estimate of the precision of the regression coefficient;
t(b = 0) = t test value for testing hypothesis regression coeffi-
cient equals zero (hypothesis that AgNORs are independent
of survival); p = probability of obtaining hypothesis tested.

length of remission period, probably as a
result of very slow repopulation of neoplastic
cells because its proliferative activity was
low. The association between these two vari-
ables was significant by regression coefficient
(b = -20-17, p < 001) (table 3). There have
been no published reports describing the
mutual influence of different variables on the
length of remission in patients with NHL.
The survival related relevance of the histolog-
ical type of tumour is documented in figure 2.
In a multivariate analysis the mean AgNOR
number was obviously related to the survival
(table 2) (fig 2), with a high level of signifi-
cance (p < 0O001). The observed effect was
significant (b = -24'91, p < 0-001) (table 3).
Other investigated variables, such as sex, age,
area of nuclei, clinical stage, and presence of
B symptoms had no prognostic effects, even
when investigated in relation only to survival
and AgNOR number, using standard
univariate models (results not shown).
Unfortunately, we were not able to prove the
same result in each tumour grade group
according to the working fornulation because
the samples were too small for a multivariate
approach.

This was a retrospective study and the
patients did not receive uniform treatment
protocols. AgNOR count was a very impor-
tant and highly predictable factor of survival
when included in multivariate analysis with
other known prognostic factors. AgNOR
number also differed within the three histo-
logical groups, as well as being associated
with the length of remission and the response
to treatment.

This new prognostic variable-mean
AgNOR number per nuclei-should be
assessed in future clinical studies to establish
its clinical value, especially because it is sim-
ple, cheap, and available to every laboratory.
The technical assistance of Mrs Marija Rogina and Mrs
Marija Skalec is gratefully acknowledged.
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