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A quantitative study of the size of benign and
malignant lymphoid follicles
J CROCKER, EL JONES, RC CURRAN
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SUMMARY The mean areas of lymphoid follicles have been determined in 20 specimens of malig-
nant follicular (centrocytic-centroblastic) lymphoma, 15 specimens of reactive follicular hyper-
plasia and 10 palatine tonsils. In all of the benign specimens and whenever possible for those
showing malignancy, the areas of both the whole follicles (including the "mantle" zones) and of
the follicle centres were measured; this procedure was facilitated by means of the Reichert-Jung
(Kontron) MOP-AMO3 image-analyser. Reactive lymph nodes were found to have larger mean
follicle areas than centrocytic-centroblastic lymphomas; the areas of reactive follicles also show
greater variation than do those of their malignant counterparts. In addition, the "mantle" zone is
usually absent from malignant follicles but may account for up to 65 5% of the mean total follicle
size in reactive lymph nodes and tonsils.

A recurrent problem presented to the diagnostic his-
topathologist lies in making the distinction between
florid reactive follicular hyperplasia (RFE) and fol-
licular (usually centrocytic-centroblastic) lymphoma
(FL). In the past, numerous features have been
proposed as criteria to aid this distinction'-4 but
there have been few, if any, objective quantitative
studies. As the differentiation between RFH and FL
is of great clinical importance, a study of follicle size
in the two conditions has been undertaken, using an
"interactive" image-analyser, the Reichert-Jung
(Kontron) MOP-AM03. In addition, the mean form
factor (FF) of benign and malignant follicles has
been determined, as a measure of shape.

Material and methods

PATIENTS AND TISSUES
Fifteen reactive lymph nodes (from the same
number of patients) were studied. These were
removed from patients with either serologically or
microbiologically-proven infective disease or
rheumatoid arthritis or were nodes draining epithel-
ial malignant neoplasms (Table 1). Ten palatine
tonsils were also studied. A further 20 lymph nodes
showing follicular (centrocytic-centroblastic)
lymphoma were studied (Table 2.) To ensure that
the latter were genuinely malignant, cases were
chosen which had either shown relentless
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dissemination and/or death of the patient or were
solid neoplastic lesions from nonlymphoid sites
(such as the stomach).
The tissues were cut into 2 mm thick slices, fixed

for 24-48 h in 10% formol saline and were then
routinely processed to paraffin wax. Sections were
cut at 4 ,um thickness, stained with Harris'
haematoxylin and eosin (HE), dehydrated, cleared
and mounted in balsam.

MEASUREMENT PROCEDURE
The use of the MOP-AMO3 has previously been
described.5- The microprocessor was programmed
to measure, on one channel, follicle area in class
steps of 80 000 ,um2 with a lower limit of 7500 Am2.
Follicle FPF78 was measured on another channel in
class steps of 0.05 units with a lower limit of 0 1 unit.
For each specimen at least 50 randomly-selected fol-
licles were outlined on the graphic tablet and the
data were processed and printed by the analyser.
For all of the specimens, the whole follicle size was
measured. Where possible, the follicle centre was
also separately measured for each follicle, thus
excluding the "mantle zone" of small lymphocytes
(Fig. 1).
Once the data were thus acquired, probability

curves689 were plotted, in an attempt to demon-
strate separate populations of follicles, by virtue of
their area or FF. In addition, the variation in follicle
size and FF was assessed by determining the stan-
dard error of mean (SEM) for these.
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1056 Crocker, Jones, Curran

Table 1 Follicle area and shape in reactive lymph nodes and tonsils with follicular hyperplasia

Diagnosis or serologicallyl Age Sex Site Mean area of Mean area of Mean % of Mean form factor
clinically demonstrable (yr) whole follicle follicle centre follicle occupied
infecive agent (pim2) (nm2) by follcle Whoe Follide

centre follide centre

Infectious mononucleosis 16 M Cervical 495 400 320 937 64-8 0 8 0-8
Yerinia 21 M Mesentenc 317 192 177 078 55-8 0-8 0-7
Toxoplasmosis 18 M Cervical 229 696 102 312 44-5 0-8 0-8

18 M Cervical 504 916 174 142 34-5 0-8 0-7
21 F Cervical 380 484 190 365 50-0 0 9 0-8

Cat-scratch agent 11 M Cervical 421 433 211 032 50-1 0-8 0-8
Draining carcmoma of colon 54 F Mesenteric 210 937 103 422 49-0 0-8 0-8

59 F Mesenteric 362 019 177 921 49-1 08 0-7
72 M Mesenteric 433 911 246 622 56-8 09 0-8

Draining carcinoma of breast 47 F Axfary 209 400 123 428 58-9 0-8 0-8
52 F Axiflary 328 894 159 211 48-4 0-9 0-8
63 F Axiflary 499 994 227 001 45-4 0-9 0-9

Daining carcinoma oflarynx 54 M Cervical 422 766 237 221 56-1 0-8 0-8

Rheumatoid arthritis 55 M Cervical 367 716 239 456 65-1 0-8 0-8
59 M Cervical 192 199 92 199 47-8 0-8 0-7

Palatine tonsils 13 M - 321 210 192 433 59-9 0-8 0-8
15 F - 396 046 199 400 50-3 0-7 0-8
15 M - 442 019 301 965 68-3 0-8 0-8
16 F - 275 554 182 055 66-1 0-7 0-8
16 F - 321 326 178 509 55-6 0-8 0-8
18 M - 415 538 226 490 54-5 0-7 0-8
18 F - 411 926 239 945 58-2 0-8 0-9
22 F - 360 495 197 210 54-7 0-8 0.9
23 F - 403 366 228 850 56-7 0-8 0-8

Table 2 Follicle area and shape in follicular centrocytic-centroblastic lymphomas

Case Age Sex Survival (from Mean area of Mean area of Mean % offollicle Mean form factor
(yr) time of whole follicle follicle centre occupied by follicle

treatment) (p,n2) (nm2) centre Whole Follicle
follicle centre

Yr Months

1 64 F 0 5 101 777 - - 0-8 -
2 38 M 3 3 130 806 - - 0-8 -
3 ? M 6 8 152 441 - - 0-9 -
4 ? M 5 5 128 662 - - 0-8 -
5 51 M 0 11 141009 - - 0-8 -
6 53 F 7 5 122 406 - - 0-8 -
7 43 M 8 4 139 917 136 220 97-4 0-8 0-8
8 42 M 2 3 109 553 - - 0-8 -
9 60 M 1 7 113 228 - - 0-8 -
10 33 F 8 1 153 914 - - 0-9 -
11 ? F 1 5 171 113 - - 0-8 -
12 50 F 0 2 107 224 - - 0-9 -
13 ? F 11 10 148 526 141 099 95 0-8 0-9
14 66 F D 97 283 - - 0-9 -
15 42 M D 111041 - - 0-8 -
16 66 F D 115 059 - - 0-8 -
17 41 F D 140 587 130 981 93-2 0-9 0-8
18 34 F D 123 750 - - 0-8 -
19 73 F G 73 891 - - 0-8 -
20 65 M G 133359 - - 09 -

D = disseminate disease; G = gastric lymphoma

Results

In all specimens, follicles were readily demarcated
and outlined on the graphic tablet. The follicle
centre was clearly distinguished from an outer
"mantle" zone of small lymphocytes in all of the
sections of RFH and tonsils; in contrast, distinguish-
able "mantle" zones were observed and measurable
in only three of the 20 specimens of FL.

Tables 1 and 2 show the mean values for follicle
area and FF for each specimen. In the case of RFH
and tonsils both the follicle centre and total follicle
measurements are given; these are applicable to
only three of the cases of FL. The outer "mantle"
zone may account for up to 65*5% of the whole
follicle area in benign specimens but in the three
malignant lymphomas, the outer zone only accounts
for up to 6*8% of the whole follicle.
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Fig. 1 A reactive follicle showing the outer, "mantle" zone
(M) and inner germinal centre (G). In the measurement
procedure the outline ofM + G was taken as that of the
whole follicle. The outline ofG alone represents the follicle
centre measurements. The "mantle" zone is usually absent
in malignant follicles. Haematoxylin and eosin x 270.

Fig. 2 shows the mean area of follicle centres and
whole follicles plotted graphically. The specimens of
RFH and tonsil are composed of much larger folli-
cles than those of FL; thus, as shown in Table 5, the
overall mean follicular area (whole follicles) for
RFH is 358 464 p.m2, for tonsils is 364 524 but for
FL is only 125 776. The mean area for FL is
significantly (p < 0.001) smaller than that for RFH
or tonsils. The follicle centres also tend to be larger
in RFH and tonsils than in FL (although such a
measurement was possible, as described above, in
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only three of the latter group). The mean follicular
form factor for all groups is 0-8.

Fig. 3 and Tables 3 and 4 show the standard error
of mean (SEM) for each of the three groups (RFH,
tonsils and FL) of specimens. There is less variation
of area of follicles in FL than in RFH and tonsils, the
mean SEM in these being 9693, 33 982 and 36 541
p.m2 respectively.
The mean SEM for FL is significantly less (p <

0.001) than RFH (Table 6). The same is true for the
follicle centres.
The mean SEM of follicular FF values is also

significantly (p < 0.001) lower in FL than in RFH
and tonsils (Table 6), being 0-023, 0.028 and 0027
respectively for whole follicles and 0-024, 0-027 and
0-027 for follicle centres (Table 6).

Cumulative probability plots for the area data all
show unbroken linearity, implying a continuous
population of follicles by virtue of area. Fig. 4 shows
the probability plots for follicle area in RFH and
tonsils; Fig. 5 shows plots for the specimens of FL.
The latter are "shifted to the left" compared to the
former. Similar, unbroken lines were obtained with
the FF data for all specimens, implying continuity of
the follicle populations by virtue of this parameter.

Discussion

The histological differentiation between reactive fol-
licular hyperplasia (RFH) and follicular lymphoma
(FL) can prove most difficult, yet is of course of
great prognostic importance. Accordingly, several
authors have proposed guidelines or criteria to aid
the pathologist in making this distinction.'-4 Fea-
tures such as nodal architecture, follicle distribution,
follicle size and shape, follicle outlining, pleomorph-
ism of follicular cells, mitotic frequency, reactive

Centre
FL

Whole

Centre
Tonsils

Whole

Centre
RFH

Whote

Fig. 2 Scatter ofmean values for
follicle area for specimens ofRFH,
palatine tonsils and FL. Values for
follicle centre size and whole
follicle size for each specimen are
linked by lines. For FL, only three
specimens have consistently
recognisable mantle zones,
allowing distinct measurements of
whole follicle and follicle centre
size.

400 500 (x 1000)

1057

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.36.9.1055 on 1 S

eptem
ber 1983. D

ow
nloaded from

 

http://jcp.bmj.com/


1058 Crocker, Jones, Curran

Table 3 Standard errors ofmean offollicle area and shape in reactive lymph node and tonsils with follicular hyperplasia

Diagnosis or serologicallyl Standard error of mean of Standard error of mean of Standard error of mean of
clinically demonstrable area of whole follicle area offollicle centre form factor
infective agent (,n2) (Wnm2)

Whole Follicle
follicle centre

Infectious mononucleosis 55 428 39 000 0-026 0-026
Yersinia 34 110 19 822 0-027 0-026
Toxoplasmosis 13 476 7 355 0-027 0-026

47 256 15 984 0-03 0-029
29 108 16 457 0-026 0-024

Cat-scratch agent 36 225 19 104 0-031 0-027
Draining carcinoma of colon 18 977 21 825 0-03 0-03

38 420 19 928 0-026 0-024
38 250 21 456 0-027 0-026

Draining carcinoma of breast 21 233 13 964 0-024 0-026
34 008 16 275 0-031 0-03
46 211 19 255 0-027 0-027

Draining carcinoma of larynx 44 742 20 257 0-03 0-029

Rheumatoid arthritis 37 147 19 429 0-03 0-027
15 143 10 268 0-029 0-029

Palatine tonsils 32 466 18 991 0-026 0-027
40 286 20 258 0-026 0-026
42 910 27 643 0-029 0-027
26 555 16 433 0-029 0-029
32 486 18 910 0-024 0-026
47 632 26 441 0-027 0-03
39 166 18 405 0-029 0-029
34 989 17 661 0-03 0-029
39 105 27 191 0-027 0-024
29 811 18 426 0-026 0-026

Table 4 Standard errors ofmean offollicle area and shape in centrocytic-centroblastic lymphomas

Case Standard error of mean of area of Standard error of mean of area of Standard error of mean ofform factor
whole follicle (Am2) follicle centre (lim2)

Whole follicle Follicle centre

1 7350 - 0-023 -

2 7206 - 0-022 -

3 9576 - 0-024 -

4 11110 - 0-022 -

5 8415 - 0-024 -

6 9634 - 0-023 -

7 10 556 8753 0-024 0-024
8 8447 - 0-023 -

9 9578 - 0-025 -

10 10 114 - 0-023 -

11 7218 - 0-024 -

12 8917 - 0-024 -

13 11 965 10 844 0-023 0-023
14 8560 - 0-024 -

15 9511 0-023
16 12 331 - 0-024 -

17 16 488 14 962 0-024 0-024
18 7995 - 0-023 -

19 8339 0-021
20 10 543 0-023

Table 5 Mean values ofmeasurements for all specimens examined

Group Mean of mean areas of whole Mean of mean areas offollicle Mean of mean FF
follicles (Mm2) centres (um2)

Whole follicle Follicle centre

RFH 358 464 185 490 0-8 0-8
Tonsils 364 524 211 928 0-8 0-8
FL 125 776 136 100 0-8 (0-8)
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A quantitative study of the size ofbenign and malignant lymphoid follicles

Table 6 Mean values ofSEMs for all specimens examined

Group Mean ofSEMs of whole follicle Mean ofSEMs offollicle centre Mean ofSEMs offollicle FF
areas (piM2) areas (pn 2)

Whole follicle Follicle centre

RFH 33 982 18 692 0028 0-027
Tonsils 36 541 21 036 0-027 0-027
FL 9693 11 520 0-023 0-024
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Fig. 4 Cumulative probability plots ofmean follicular area
for the specimens ofRFH and tonsils.
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Fig. 3 Scatter ofstandard error of
mean (SEM) ofareas of whole
follicles and follicle centres for
RFH, tonsils and FL.
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Fig. 5 Cumulative probability plots ofmean follicular area
for the specimens ofFL.
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macrophage population and the cellular components
of the interfollicular areas were included in part or
whole in these studies. However, problems in diag-
nosis remain, despite ancillary techniques (which
may themselves yield uncertain results) such as cell
surface marker studies and immunofluorescence and
immunoperoxidase methods. In addition, for many
histopathologists such techniques are impractical or
not available.

Several quantitative and morphometric studies of
lymph nodes and lymphomas are now recorded in
the literature; most of these have made use of auto-
matic or semi-automatic image-analysers6-8 10-15 to
study cell numbers, nuclear sizes and shapes. How-
ever, larger morphological features are relatively
neglected and the current study has been under-
taken in an attempt to examine lymphoid follicle
size and shape objectively. We have shown that
specimens of FL are composed of significantly smal-
ler follicles than are those of RFH; the very large,
irregular size of some reactive follicles has previ-
ously been observed4 subjectively. There is some
overlap of follicle sizes between the specimens of
RFH and FL but a further observation aids their
differentiation, namely the presence or size of the
small lymphocyte "mantle" zone. In 17 of the 20
specimens of FL no "mantle" zone was present and
in the remaining three specimens accounted for only
up to 6-8% of the mean follicle area. In distinction, a
well-defined conspicuous "mantle" zone was
observed in all of the cases of RFH (including ton-
sils) and accounted for up to 65-5% of the total
mean follicle area. Thus, the presence of a promi-
nent "mantle" zone may be an important indicator
of RFH and the zonal pattern of follicles has previ-
ously been taken as significant in the diagnosis of
reactive follicles.3 16 Palatine tonsillar reactive fol-
licles similarly have a zonal structure.'920

Variability of area is a more striking feature of the
follicles in RFH specimens than in those of FL, as
has been shown by plotting the SEM of the area
measurements. This supports previously recorded
impressions,4 although in one study,3 follicle size
variability was not felt to be a useful distinguishing
feature. However, when size (or shape) variability is
being assessed subjectively, care should be taken, as
it is possible that large (or very irregular) follicles
may have such a striking appearance that a false
impression of their frequency could result. Of
course, in the present study, many "optically-lost
caps" and non-equatorial cuts must be present, as a
section thickness of approximately 4 gm is so small
compared with the diameter of a lymphoid follicle.
However, the purpose of the measurements is
merely to be comparative between the specimens of
RFH and FL, rather than to afford absolute meas-

Crocker, Jones, Curran

urement data. Indeed, techniques such as those of
Giger and Riedwyl"' assume a normal size distribu-
tion and spherical shape of the measured objects;
neither of these criteria is fulfilled by area distribu-
tion or shapes of lymphoid follicles (especially in
RFH). The Saltykov method,'8 although allowing
for non-parametric distribution, still assumes that
the measured objects possess the same shape.
The value of form factor as a means of describing

the shape of a structure has previously been
described.78 Perfectly circular objects have an FF
value of 1-0 and those of irregular or elongate shape
possess FF values deviating from 1*0 to 0*1. The
follicular mean FF of all of the specimens varies but
little; however there is evidently much more varia-
tion of follicular FF (as demonstrated by the SEM)
in the specimens of RFH than in those of FL. Thus,
shape variability is of potential value as a means of
distinguishing benign and malignant follicular lym-
phoid tissues.
The probability curve plots for both follicular area

and FF in RFH and FL have in common a linearity
with unbroken plots; this implies that, on the basis
of these two measured properties, the follicles form
continuous populations in both groups of specimens.
This is in distinction to nuclear area values in non-
Hodgkin lymphomas, where discontinuous probabil-
ity plots have been previously shown.6

Previous attempts to differentiate reactive lymph
nodes from low-grade lymphoma have been disap-
pointing. Little or no distinction between such
specimens was obtained, despite quantitative
methodology using the MOP-AMO3, in studies of
nuclear area and diameter,7 macrophage content'0
or reactive macrophage shape.8 It appears, there-
fore, that the measurement of follicle area is a most
useful diagnostic adjunct, enabling, generally, the
differentiation between follicular hyperplasia and
low-grade (centrocytic-centroblastic) non-
Hodgkin's lymphomas. In addition, the presence of
an outer, "mantle" zone around the follicles
strongly suggests that they are reactive; where such
"mantle" zones are present, they generally account
for only a small proportion of the total malignant
follicle area. It is of interest that in one study the size
of this outer zone of small lymphocytes was found to
be of prognostic significance in FL.2'

Care has been taken in this study to ensure that,
as far as possible, the aetiological agent or stimulus
was recognised for the hyperplastic nodes. Similarly,
clinical evidence for malignancy has been used in the
selection of the specimens of lymphoma. This selec-
tion process is important, since clinical evidence of
malignancy was felt to be the essential criterion of
lymphoma; that is, in preference to the use of his-
topathological features alone, the latter possibly
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resulting in a tautological study.

The authors are grateful to Miss Angela Wright for
typing the manuscript and to Mr AA Cooper for
photographic assistance.
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