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Fig2 Distribution of mean and 75th percentile of
nuclear area, as determined for each case and subtype
of non-Hodgkin’s lymphoma. (Mean SEM ).

non-cleaved cells in diffuse and follicular large cell
lymphomas was discerned.

Large non-cleaved cells contain one to multiple
nucleoli, often varying in size, and nucleolar data
would be expected to reflect this large cell component.
This was confirmed by analysing the results for the
nucleolar features: nucleolar area, nucleolar: nuclear
ratio, and the number of nucleoli in each nucleus.
Lymphomas with increasing proportions of large non-
cleaved cells showed nucleolar distributions that were
more skewed in favour of larger nucleoli, with increas-
ing numbers of nucleoli in each nucleus. This showed
anincreased standard deviation and a less pronounced
peak, reflecting the wide range of nucleolar size
identified. Only selected variables, however, were
significant (table 2).

The mean and 75th percentile of nucleolar area is
shown in fig 5. A case of FM lymphoma was typified
by increased nucleolar measurements and these were
in the upper range of those obtained for DL + FL
lymphomas. Furthermore, this case was characterised
by increased nuclear measurements, including the
mean and 75th percentile of nuclear area (fig 2) and
comprised a greater proportion of large cells (fig 1).
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As with nuclear area, fewer differences were noted
between FSC and FM lymphomas with respect to
nucleolar data. The shape of the distribution,
however, as described by skewness and kurtosis, was
significantly different. Follicular mixed cell lym-
phomas were characterised by nucleolar distributions
that were more positively skewed in favour of larger
nucleoli and with a more pronounced peak, suggesting
a greater incidence of both small and large nucleoli.

Differentiation of subtypes was also achieved with
measurements of cytoplasmic area and results were
similar to those obtained for nuclear area. Differences
between groups were again related to the varying
proportions of small and large cells. Nuclear: cyto-
plasmic ratio was unhelpful in classifying subtypes,
but the standard deviation of this feature separated
FSC and FM lymphomas, as large cells with more
abundant cytoplasm are a feature of FM lymphomas.

Discussion

The results of our study confirm that morphometryisa
useful adjunct in categorising follicular lymphomas,
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Fig3 Standard deviation of nuclear area calculated for each
case, grouped according to subtype. (Mean SEM ).
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Use of morphometry to diagnose follicular non-Hodgkin’s lymphomas
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Fig4 Distribution of proportion of cell types, as determined
by nuclear area and shape data for each case and subtype.
(Mean SEM ).

although more differences were noted between FSC
compared with DL + FL and between FM compared
with DL + FL than between FSC and FM subtypes.
Differences between groups were related to the varying
proportions of large cells within each subtype, and
quantitative data derived for nuclear, nucleolar, and
cytoplasmic features substantiate these findings.
Quantitation of the large cell component is important
as recent cell kinetic studies suggest that the propor-
tion of these cells may determine responsiveness to
chemotherapy, with subsequent prolonged disease
free survival.*'¢"

The distribution of nuclear area measurements for
cases in our study was similar to that obtained by
Dardick et al,® who concluded that on the basis of
morphological criteria follicular lymphomas represent
a continuum of one disease process, with nodular
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mixed cell lymphomas occupying an intermediate
position. Considerable overlap between groups was
discerned. Additional quantitative data can be
derived, however, from nuclear area measurements
and the lymphoid population can be separated into
small and large cells by using the nuclear dimensions
of tissue macrophages, which provides more meaning-
ful information than pooled mean data. Using the
percentage of large cells as a criterion, two cases each
of FSC, FM, and DL + FL lymphoma were incorrec-
tly classified.

We agree with Dardick er af that case to case
evaluation of follicular centre cell lymphoma is impor-
tant and that this approach allows the pathologist to
identify the borderline cases. Moreover, the threshold
values chosen for separation of subtypes may be
refined in further studies which relate quantitative cell
data to clinical variables including survival.

Nuclear shape data derived in this study were not
directly comparable with the findings of previous
investigations as we used a new shape descriptor for
the quantitation of nuclear shape. The shape index (C-
C) is specific for invaginations where the nuclear
contour exhibits an abrupt deviation, as seen with
cleaved profiles, and is less influenced by the overall
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Fig5 Distribution of mean and 75th percentile of nucleolar
area, as determined for each case and subtype of non-
Hodgkin’s lymphoma. (Mean SEM ).
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shape of a nucleus as is the case with conventional
shape indices such as the NCI."

Computer algorithms were devised to partition cells
into distinct categories on the basis of nuclear size, and
shape and information regarding the proportion of
small cleaved, large cleaved, and large non-cleaved
cells was derived. These morphological terms were
originally proposed in the classification of Lukes and
Collins"® and recently incorporated in the Working
Formulation.! As with nuclear area data we con-
sidered this approach to provide more useful informa-
tion than pooled data.

Analysis of the proportion of cell types within each
subtype (fig4) provided some interesting observations.
There was a trend towards fewer numbers of small
cleaved cells in diffuse and follicular large cell lym-
phomas with follicular small cleaved cell comprising
the highest percentage of this cell type. About 10% of
cells in this subtype possessed nuclear invaginations,
which met the criteria for classification as cleaved
profiles. It must be emphasised that only nuclear
invaginations, where intervening cytoplasm was dis-
cerned, were traced; unacceptable inter- and intra-
observer reproducibility was associated with digitising
linear grooves or infoldings of the nuclear membrane.

The proportion of small cleaved cells has been
shown to be underestimated on histological sections of
patients with follicular small cleaved cell lymphomas.
On the basis of computer modelling studies, the 4-5%
of cells classified as cleaved on sections actually
represent 25-30% of the cell population.® Qur value of
10% small cleaved cells is slightly higher than the 4-
5% calculated by Dardick, as the cytocentrifuge
technique tends to accentuate subtle variations in
nuclear shape,” and tangentially sectioned profiles
would be expected to display less morphological detail
than cells flattened on to a glass slide.”” This value is
still not an accurate representation of the small cell
component.

The proportion of large non-cleaved cells differed
significantly between subtypes with an expected trend
towards greater numbers of these cells in diffuse and
follicular large cell lymphomas. Likewise, a similar
trend was noted for large cleaved cells, although these
cells comprised a smaller percentage of the large cell
population. No significant difference in the proportion
of these cells was discerned.

Small non-cleaved cells were not analysed in this
study as tumours composed predominantly of this cell
type almost invariably present as a diffuse pattern.
Follicular lymphomas of this cell type have been
described.! The nuclear dimensions of these cells
approximate to that of a tissue macrophage, and
further studies are required to formulate appropriate
computer algorithms to differentiate these cells from
the large non-cleaved population. Quantitative data
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relating to mean nucleolar area, number of nucleoli
per nucleus, and location of nucleoli within a nucleus
may be of value in making this distinction. Further-
more, the upper and lower confidence limits, derived
from the nuclear area of tissue macrophages, could be
selected as threshold values to define the size range for
this cell.

The importance of nucleolar data as a prognostic
indicator is unclear, although nucleoli are identified in
those cells which have been known to have an adverse
influence on survival. Nucleolar area distributions
(table 2, fig 5) show features similar to those obtained
for nuclear area with follicular small cleaved cell
lymphomas, characterised by fewer and smaller
nucleoli, ranging to greater numbers of larger nucleoli
in the diffuse and follicular large cell subtype. Whether
the case of nodular mixed cell lymphoma, typified by a
greater percentage of large cells with more prominent
nucleoli, follows a more unfavourable clinical course
will need to be determined in follow up clinicopatho-
logical studies.

Manual counting of cell types in follicular centre cell
lymphomas forms the basis of the standard and
modified Berard methods, and this more objective
assessment of the percentages of each cell type has
been found to be of value in classifying these lym-
phomas.®” None the less a certain degree of subjective
interpretation is associated with these methods,
including the distinction between small and large cells
and the classification of cells on the basis of nuclear
shape.

Morphometry is an objective and reproducible
method that may be of value to the pathologist in
classifying this disease entity. Moreover, the technique
provides quantitative data which may predict clinical
outcome, may select those patients who require more
aggressive treatment, and may allow for more meanin-
gful comparisons of the results of clinicopathological
trials between centres.

We thank Ms Erica Fairbanks for preparation of the
illustrations.

References

1 National Cancer Institute Sponsored study of classification on
non-Hodgkin’s lymphoma: summary and description of a
working formulation for clinical usage. The non-Hodgkin’s
pathologic classification project. Cancer 1982;49:2112-35.

2 Gaynor ER, Ultmann JE. Non-Hodgkin’s lymphoma: man-
agement strategies. N Engl J Med 1984;6:1506-8.

3 Longo DL, Young RC, Hubbard SM, et al. Prolonged initial
remission in patients with nodular mixed lymphoma. Ann Intern
Med 1984;100:651-6.

4 Glick JH, Barnes JM, Ezdinli EZ, Berard CW, Orlow EL, Bennett
JM. Nodular mixed lymphoma: results of a randomized trial
failing to confirm prolonged disease-free survival with COPP
chemotherapy. Blood 1981;58:920-5.

5 Metter GE, Nathwani BN, Burke JS, et al. Morphological


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 11, 2012 - Published by group.bmj.com

Use of morphometry to diagnose follicular non-Hodgkin’s lymphomas

subclassification of follicular lymphoma: variability of diag-
nosis among hematopathologists, a collaborative study between
the Repository Center and Pathology Panel for Lymphoma and
Clinical Studies. J Clin Oncol 1985;3:25-38.

6 Mann RB, Berard CW. Criteria for the cytologic subclassification
of follicular lymphomas: a proposed alternative method.
Hematol Oncol 1983;1:187-92.

7 Nathwani BN, Metter GE, Miller TP. What should be the
morphologic criteria for the subdivision of follicular lym-
phomas? Blood 1986;68:837—45.

8 Dardick I, Cardwell DR. Follicular center cell lymphoma:
morphologic data relating to observor reproducibility. Cancer
1986;58:2477-84.

9 Rappaport H. Tumours of the hemopoietic system. Atlas of
tumour pathology, section 3, fascicle 8. Washington, DC: US
Armed Forces Institute of Pathology, 1966:91-206.

10 Stevens MW, Fazzalari NL, Crisp DJ. Lymph node cellular
morphology: comparative study of imprints and cytocentrifuge
smears. J Clin Pathol 1987;40:751-5.

11 Tsubaki J, Jimbo G. A proposed ftw characterization of particle
shape and its application. Powder Technology 1979;22:161-9.

12 Stevens MW, Fazzalari NL, Crisp DJ. Quantitation of nuclear
shape in non-Hodgkin’s lymphoma: alternate shape descrip-
tors. Analyt Quant Cytol Histopathol (in press).

13 Lennert K. Malignant lymphomas other than Hodgkin’s disease:
histology, cytology, ultrastructure, immunology. Berlin,
Springer-Verlag, 1978:33-71.

377 -

14 Warnke RA, Kim H, Fuks Z, Dorfman RF. The co-existence of
nodular and diffuse patterns in nodular non-Hodgkin’s
lymphomas. Significance and clinicopathologic correlations.
Cancer 1977,40:1229-33.

15 Snedecor GW, Cochran WG. Statistical methods. 6th ed. Ames,
USA: The Iowa State University Press, 1967:258-96.

16 Hansen H, Koziner B, Clarkson B. Marker and kinetic studies in
the non-Hodgkin’s lymphomas. Am J Med 1981;71:107-23.

17 Hellman S, Reinke U, Batnick L, Mauch P. Functional organiza-
tion of the hematopoietic stem cell compartment: implications
for cancer and its therapy. J Clin Oncol 1983;1:277-84.

18 Lukes RJ, Collins RD. Immunologic characterization of human
malignant lymphomas. Cancer 1974;34:1488-503.

19 Ball PJ, Van der Valk P, Kurver PHJ, Lindeman J, Meijer CJLM.
Large cell lymphoma II. Differential diagnosis of centroblastic
and B-immunoblastic subtypes by morphometry on cytologic
preparations. Cancer 1985;55:486-92.

20 Haroske G, Ehlers U, Ehlers HM, Kunze KD. Cytomorphometric
characterization of NHL (non-Hodgkin’s) of low and high
grade malignancy. Archiv fur Geschwulstforschung 1984;54:
41-51.

Requests for reprints to: Mr M W Stevens, Division of Tissue
Pathology, Institute of Medical and Veterinary Science, PO
Box 14, Rundle St, Adelaide, South Australia 5000.


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 11, 2012 - Published by group.bmj.com

CP Use of morphometry in

J cytological preparations for
diagnosing follicular
non-Hodgkin's lymphomas.

M W Stevens, K S Crowley, N L Fazzalari, et al.

J Clin Pathol 1988 41: 370-377
doi: 10.1136/jcp.41.4.370

Updated information and services can be found at:
http://jicp.bmj.com/content/41/4/370

These include:

Email alerting  Receive free email alerts when new articles cite this
service article. Sign up in the box at the top right corner of the
online article.

Notes

To request permissions go to:
http://[group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:

http://group.bmj.com/subscribe/


http://jcp.bmj.com/content/41/4/370
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jcp.bmj.com/
http://group.bmj.com/

