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SUMMARY Gastrointestinal stromal tumors (GISTs) are mesenchymal neoplasms found in
the gastrointestinal tract. The purpose of this study was to evaluate whether morphometric
measurements could complement tumor size and mitotic activity in risk evaluation. Nuclear
roundness and ellipse axis ratio were found to correlate with tumor size, mitotic activity,
nuclear atypia, and hemorrhage. Morphometric variables in 422 GISTs were significant for
overall survival in univariate analyses but did not retain independent significance in multi-
variate analyses incorporating mitotic count and tumor size. Traditional variables, together
with sex, location of primary tumor, and nuclear atypia, seem to be the best parameters for
prognostic evaluation. (J Histochem Cytochem 56:139–145, 2008)
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GASTROINTESTINAL STROMAL TUMORS (GISTs) are the most
common mesenchymal neoplasms arising in the diges-
tive tract (Miettinen et al. 1998; Steigen and Eide 2006).
Such tumors arise predominantly in the stomach (50%)
and small intestine (25%) but can be found throughout
the gastrointestinal tract. The age of patients with GISTs
range from young adults to older than 90 years of age,
but peak incidence is at z60 years of age. Most GISTs
express the protein kinase KIT, and its immunohisto-
chemical marker CD117 is important for making the
diagnosis (Miettinen and Lasota 2001; Fletcher et al.
2002) by excluding other soft tissue tumors such as
leiomyomas, leiomyosarcomas, schwannomas, and in-
flammatory polyps.

Accurate diagnosis and evaluation of malignant risk
is very important for the treatment of patients with
GISTs. Standard treatment for localized GISTs is com-
plete surgical resection. In more advanced disease, the
tumor might not be resectable, may be only partly re-
sectable, or be resectable only at the cost of significant

morbidity. In patients with tumors regarded as highly
malignant or recurrent, metastatic, and/or unresect-
able, the kinase inhibitor imatinib mesylate (Glivec) is
given, and this treatment has improved the outcome
for these patients (van Oosterom et al. 2001; Demetri
et al. 2002). The greater problem with GISTs is deter-
mining risk of malignancy and, by extension, the need
for aggressive surgical and potentially expensive medi-
cal intervention. GISTs with low malignant potential,
in contrast, can be marginally excised or simply moni-
tored for growth. Factors for calculation of malig-
nant risk in GISTs are controversial, but the most
accepted pathologic features are mitotic rate and tumor
size (Fletcher et al. 2002) Other factors such as ana-
tomic location, cellular atypia, and necrosis have been
shown to be independent prognostic factors (Miettinen
et al. 2005).

One way to overcome the potential problem as-
sociated with subjective histological assessments of
mitotic activity and nuclear atypia is to develop more
objective and reproducible analytical techniques to
quantify key histopathologic features. Digital image
analysis can provide an objective assessment of nu-
clear morphology to complement conventional histo-
pathology. Assessment of nuclear morphometry has
been used in several studies in breast cancer for predic-
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tion of recurrence (Hoque et al. 2001; Tan et al. 2001).
Recent studies have shown that there is a relationship
between morphometric measurements expressed as the
D-score (discriminate score) and the prognosis of endo-
metrial hyperplasia, (Ausems et al.1985; Baak et al.
2001). Partin et al. (1989) evaluated usefulness of nu-
clear morphology for prognostication in stage A2 pros-
tate cancer in 255 patients and found that an average
nuclear roundness factor provided more significant sepa-
ration of patient outcome than the Gleason score did.

Cunningham et al. (1993) predicted prognosis of
122 gastrointestinal smooth muscle tumors (SMTs)
based on clinical and histological evaluation, flow cy-
tometry, morphometry, and image cytometry. Immuno-
histochemical assays were used to ascertain that the
tumors were not from neurogenic derivation. From
our knowledge today, many of these tumors are likely
to have been GISTs (Steigen and Eide 2006). Using
morphometric techniques, they assessed 100 tumor
cell nuclei in each case. None of the morphometric
measurements (nuclear perimeter, nuclear area, nuclear
circularity, longest nuclear diameter, nuclear average
Feret diameter, and nuclear equivalent diameter) were
significant when analyzed using a univariate Cox pro-
portional hazard model.

The purpose of this study was to determine if mor-
phometric measurements could complement clinical,
macroscopic, and microscopic findings to predict the
biological behavior of GISTs. Morphometric calcula-
tions have been incorporated in evaluation of progno-
sis in other neoplasms and also on what was previously
known as gastrointestinal SMTs. Our diagnoses are
more precise today with the use of new antibodies
(particularly CD117). Image analysis technology has
also significantly improved. In this study, we use digi-
tal image morphometry to analyze a large series of
well-characterized GISTs with accessible clinical and
histologic information. We explore the correlation of
morphometric factors with clinical and morphologic
characteristics of the patients, and the potential prog-
nostic value of these morphometric factors in univari-
ate and in multivariate analyses including established
prognostic factors in GISTs.

Materials and Methods

Patients and Samples

The study material consisted of selected tissue blocks from
the archives of pathology departments throughout Norway.
Cases were selected by evaluating the records of the Cancer
Registry of Norway for mesenchymal tumors and poorly dif-
ferentiated carcinomas in the gastrointestinal tract over a
period of 30 years (1973–2002). A total of 3672 reports were
evaluated, and all reports with clear evidence of origin of
tumor not being mesenchymal were discarded (based on
the results of immunohistochemical staining and other meth-

ods reported at the time of primary diagnosis). A total of
1192 cases of candidate mesenchymal tumors were identi-
fied, and slides and blocks from all these cases were re-
quested. The material was located in all of the 20 pathology
departments in Norway. From two hospitals, we received no
material, which constituted 92 cases. In 231 cases, no blocks
were found or the blocks did not contain enough material
for further study. From the archives of the Department of
Pathology at the University Hospital of Northern Norway,
an additional 64 cases of possible mesenchymal tumors were
retrieved. New slides of the remaining 933 cases were made
and stained with hematoxylin and eosin (H&E) and histo-
logically reexamined by gastrointestinal (SES) and mesenchy-
mal tumor (TON) subspecialty pathologists. This excluded
an additional 159 cases from the study because they were al-
most certainly not mesenchymal tumors (based on the H&E
stain) but rather carcinomas or lymphomas. Seven hundred
seventy-four cases were evaluated as representing true mesen-
chymal tumors of the gastrointestinal tract, but for making
tissue microarrays (TMAs), another 68 cases lacked sufficient
material for the required duplicate core extractions (blocks
containing only small bite or core biopsies). The 706 remain-
ing cases were assembled into five TMAs. Only eight pa-
tients were treated with STI-571 (Glivec; Novartis, Basel,
Switzerland), because this cohort largely predates the use of
this drug. The Regional Committee for Medical Research
Ethics, Northern Norway, approved the study.

Construction of Tissue Microarrays

The slide with representative, viable tumor was selected from
each case and coupled to the corresponding formalin-fixed
paraffin-embedded block. Duplicate 0.6-mm cores were taken
from representative tumor tissue and inserted into a recipient
paraffin block to create a tissue microarray, using a Beecher
Instruments (Silver Spring, MD) MicroTissue Arrayer (Parker
et al. 2002). The completed recipient blocks were sectioned at
4 mm and transferred to silanized glass slides. A total of five
recipient blocks were made.

Histological Evaluation

The whole section slides that were used for selecting repre-
sentative TMA cores were used for histological evaluation of
morphologic characteristics. Mitotic figures were counted in
50 consecutive high-power fields (HPFs). Additional variables
recorded included the presence of spindled and/or epithelioid
cell morphology. Focal or diffuse atypia was defined accord-
ing to Miettinen et al. (2006). Other variables such as ne-
crosis, ulceration, and hemorrhage were also assessed.

Immunohistochemical Staining and Scoring

Sections from the arrays were stained with H&E to confirm
the presence of representative tumor in each core. Further sec-
tions were stained using a Ventana (Tucson, AZ) automated
immunohistochemical stainer according to manufacturer’s
guidelines. The antibody used for detecting KIT-positive
cases was c-KIT (polyclonal, dilution 1:200; Dako, Carpin-
teria, CA). The immunostaining was performed with an
avidin-biotin detection system. Diaminobenzidine hydro-
chloride solution with hydrogen peroxide (Ventana Gen II,
Dab basic) was the chromogen.
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Morphometric Scoring

Digital images of sections from the TMA stained with H&E
were used for morphometric analyses, captured using a
BLISS scanner (Bacus Laboratories; Lombard, IL). The slides
were scanned at 340 objective magnifications. A plug in for
the open source program ImageJ (http://rsb.info.nih.gov/ij/)
was created to combine the separate images stored by BLISS
scanner and form the individual images of the tissue cores
(http://rsb.info.nih.gov/ij/plugins/stitch-bliss.html). The re-
sulting pixel dimensions of the individual core images were
3760 3 3360. A separate Nuclear Stain Analyzer plug in
was created for assessment of morphometric parameters of
the tumor nuclei (Figure 1). The following characteristics/
dimensions of the nuclei were thereby quantified: area, inten-
sity, optical density, perimeter, width and height of bound-
ing rectangle, ellipsemajor andminor, ellipse ratio, ellipse angle,
circularity, Feret diameter, and roundness. In addition, number
of nuclei in each core was registered. The formula used for
roundness was 43 area/p 3 square(major axis). Ellipse major
and minor were the primary and secondary axes of best-fitting
ellipse, and the ratio between shortest and longest axis was
used to evaluate the ratio between the two (SL ratio).

All the images are publicly available at the companion
site: www.gpecimage.ubc.ca/tma/web/viewer.php. The site
was constructed at Genetic Pathology Evaluation Centre
(GPEC) (Vancouver, Canada) using a GPEC database and a
Java applet provided by Bacus Laboratories.

Clinical and Morphologic Factors

Clinical factors included sex, age at diagnosis, month and
year of diagnosis, and location of primary tumor. All these
variables were evaluated as prognostic factors in univari-
ate and multivariate analyses. There was no record of cause
of death.

Morphologic factors including size of tumor, number of
mitosis, spindle or epiteloid appearance of tumor (or both),
nuclear atypia (focal, diffuse, or none), ulceration, hemor-

rhage, coagulative or liquefying necrosis, and infiltration
into mucosa or muscle were all correlated with the morpho-
metric parameters listed above. They were all evaluated as
prognostic factors in univariate and multivariate analyses.

Statistics

Data were analyzed using SPSS (14.0; SPSS, Chicago, IL).
Variance components estimation was used to evaluate dif-
ference in number of nuclei between duplicate cores from
each case.

We first studied the associations between traditional mor-
phologic variables and morphometric measures and used
independent t-test or one-way ANOVA for comparison of
means and correlation coefficient to indicate the relation
among continuous variables. Finally, a multiple linear regres-
sion analysis was performed to single out independent as-
sociations. The further statistical analysis was built on the
following reasoning. Morphometric measurements are puta-
tive predictors of grade of malignancy, and thereby of sur-
vival, and might add to the predictive value of traditional
morphologic characteristics. We first established which mor-
phologic and morphometric variables were significantly as-
sociated with survival by univariate Cox regression. From a
multivariate Cox regression model with the morphologic
variables including all univariately significant variables, we
added the morphometric variables one by one to evaluate
their possible predictive ability. In the multivariate analysis,
categorical entities are represented as either dichotomous or
dummy variables. We did not apply any stepwise selections
in our analysis. Kaplan-Meier curves are used for illustra-
tive purpose.

Results

Four hundred forty-two cases from the TMAs stained
positive for CD117 and were regarded as definite GISTs.

Clinical and Morphologic Characteristics

There were 229 men and 213 women, with a mean age
of 64.5 and 65.5 years, respectively, at the time of
diagnosis. Four hundred twenty-two cases were within
the 30-year period of 1973–2002. Stratified into pe-
riods of 10 years (Table 1), there was a steady increase
in the number of cases with a significant increase in
the number of women (p50.032).

Location of the primary tumor was the stomach in
228 cases, small bowel in 152 cases, and other loca-
tions in 62 cases. One hundred thirty-six tumors were
,5 cm and 193 were .5 cm. In 113 cases, there was
no size reported. In 298 cases, the tumors had five
mitoses or less per 50 HPFs and 144 had more than
five mitoses. In 184 cases, hemorrhage was found,
in 42 cases, ulceration was found, and in 41 cases,
coagulative necrosis was found. Two hundred seventy-
two tumors lacked significant nuclear atypia, 117 were
regarded as having focal nuclear atypia, and 53 had
diffuse nuclear atypia. A total of 326 tumors were clas-
sified as predominantly spindle cell morphology, 41 asFigure 1 Core with outlined nuclei.
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predominantly epithelioid cells, and 75 as a combination
of both.

Morphometric Characteristics

Four hundred twenty-two of the 442 KIT-positive
GISTs had two cores available for morphometric stud-
ies. A total of 1,542,184 nuclei were measured, with
770,359 measured nuclei in core 1 and 771,825 mea-
sured in core 2 images, and a range between 529 and
11,207 nuclei were counted in each core. In a variance
component analysis, the variation caused by the two
cores was negligible.

The range of nuclear roundness was 0.2655–0.5113
(mean, 0.4061; SEM, 0.0020), the range of nuclear
SL ratio (shortest axis divided on longest axis) was
0.3028–0.6824 (mean, 0.5694; SEM, 0.0027), and the
range of the Feret diameter was 8.2421–25.0574 (mean,
10.1023; SEM, 0.0915). Table 2 shows the mean nu-
clear roundness, mean nuclear SL ratio, and mean num-
ber of nuclei by sex and in subgroups of the morphologic
variables. Age did not correlate with the morphometric
variables (data not shown).

Tumors with more than five mitoses per 50 HPFs
had significantly rounder nuclei and increased mean
nuclear SL ratio compared with tumors with fewer

mitoses (p,0.001 for both parameters). Nuclear round-
ness and nuclear SL ratio were also statistically signifi-
cant when comparing tumor size (.5 cm), focal nuclear
atypia, diffuse atypia, and hemorrhage. No association
was found in roundness or nuclear ratio with location
(gastric or small bowel tumors), coagulative necrosis, or
ulceration. There were no significant differences found
for number of nuclei or mean Feret diameter for any
of these variables. Variables such as area, intensity, opti-
cal density, perimeter, width and height of bounding
rectangle, ellipse angle, and circularity were not found
to be significant, and no further calculations with these
were made.

In multiple linear regression models with mean round-
ness and mean SL ratio as dependent variables, tumor
size (p50.002 and 0.006), mitoses (p,0.001 in both),
and hemorrhage (p50.003 and 0.001) were signifi-
cant. The model with nuclear roundness as the depen-
dent variable was the most significant.

Survival Analyses

Younger patients (,50 years of age) had the longest
median overall survival time (12 years), with a steady
decrease to 7.3 years for patients 51–60 years of age,
3.8 for patients 61–70 years of age, and 3.1 for pa-
tients 71–80 years of age (p,0.001). Median survival
time for men was 3.6 years and for women was
5.5 years, which is statistically significant (p50.027).
Patients with gastric tumors had an overall better sur-
vival than patients with tumors in the small bowel or
any other location (p,0.001).

Patients with tumors with less than five mitoses
per 50 HPFs had a median survival time of 6.5 years,
whereas those with more than five mitoses have a
median survival of 2.9 years (p,0.001). For size ,5

Table 2 Mean nuclear roundness and nuclear ratio in 422 patients with gastrointestinal stromal tumors, stratified by
pathological variables

N Roundness, mean Significance
Nuclear SL
ratio, mean Significance

Number
of nuclei Significance

Size 129 with 1–50 mm 0.391 ,0.001 0.551 ,0.001 3200 0.001
184 with .50 mm 0.413 0.579 3754

Mitoses 279 with 0–5 mitoses 0.396 ,0.001 0.558 ,0.001 3370 ,0.001
142 with .5 mitoses 0.427 0.592 4059

Focal nuclear atypia 261 with no atypia 0.398 0.001 0.562 0.017 3590 0.815
112 with focal atypia 0.415 0.577 3550

Diffuse nuclear atypia 261 with no atypia 0.398 ,0.001 0.562 ,0.001 3590 0.425
49 with diffuse atypia 0.427 0.593 3784

Hemorrhage 247 with no hemorrhage 0.401 0.003 0.562 0.001 3559 0.494
175 with hemorrhage 0.413 0.580 3662

Cell type 318 with spindle cells 0.403 0.001 0.564 ,0.001 3571 0.329
35 with epiteloid cells 0.430 0.605 3423
69 with spindle and epiteloid 0.408 0.577 3834

Sex 221 men 0.407 0.68 0.570 0.973 3718 0.100
201 women 0.405 0.569 3474

SL, shortest and longest axis.

Table 1 Occurrence of gastrointestinal stromal tumor cases by
calendar period and sex

Sex

Female Male Total

Diagnosis per 10 years 1973–1982 41 54 95
1983–1992 53 75 128
1993–2002 105 94 199

Total 199 223 422
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and .5 cm, the corresponding data were 7.4 and
3.4 years (p,0.001). Median survival time for tumor
without atypia was 5.4 years, focal nuclear atypia,
2.5 years, and diffuse nuclear atypia, 2.2 years (p,
0.001). For patients with no identified coagulative ne-
crosis, the median survival time was 4.4 years com-
pared with 3.8 years for those with coagulative necrosis
(p50.006). In patients with ulceration, hemorrhage,
and spindle or epithelioid cell types, there were no sig-
nificant differences in overall survival.

In a Cox univariate model, mean roundness (p,
0.001), mean SL ratio (p50.017), and number of nu-
clei (p50.043) were significant predictors of overall
survival, whereas Feret diameter was not (p50.94)
(Figure 2). When tumors were stratified according to
site, mean roundness was a significant predictor of over-
all survival both in the gastric (p50.032) and small in-
testinal GISTs (p50.047).

Mean roundness and nuclear SL ratio showed a
strong correlation (0.919), and therefore, only one of
these was used in multivariate Cox model calculations.
Mean roundness was arbitrarily chosen. The result of
the Cox proportional hazard analysis is presented in
Table 3. The age at diagnosis was divided into de-
cades, and the new values were used as continuous
variables. Location of primary tumor was divided into
three categories: site other than stomach or small bowl,
gastric location, or location in the small bowel, with
values of 0, 1, or 2, respectively. These were used as
categorical values. Size of tumor was likewise divided
into three categories with unknown size, size ,5 cm,
and size .5 cm and used as categorical values. Mean
roundness and number of nuclei were not indepen-
dently significant in a model including sex, age at diag-

nosis, location of primary tumor, size, mitoses, nuclear
atypia, coagulative necrosis, and hemorrhage.

Discussion

Number of mitoses and tumor size are currently re-
garded as the most helpful variables for evaluation
of malignancy of GISTs, and the results of our study
confirm their influence on overall survival in our series
of 442 cases from Norway. This supports the useful-
ness of the classification according to a consensus risk
group stratification system based on maximum tumor
size and mitotic count (Fletcher et al. 2002).

Many techniques have been proposed for accu-
rately predicting prognosis for GISTs. Chromosomal
aberrations with loss of chromosomes 9 and 1 have
been found to be quite specific for malignant GISTs
(Debiec-Rychter et al. 2001). Gain of chromosome 8
and loss of chromosomes 7 and 15 also indicated ma-
lignant GISTs. DNA ploidy has also been used to
objectively determine biological behavior and progno-
sis of solid neoplasias. In a study by Carrillo et al.
(1997), DNA aneuploidy and high proliferation index
(measured by MIB-I) correlated significantly with pa-
tient outcome. Also, Cunningham et al. (1993) found
aneuploidy to be a significant predictor of mortality
in an univariate model. These techniques are found to
be both labor intensive and expensive, and none were
proven to hold up in multivariate analyses, including
mitotic count.

Many pathologists now have their microscopes cou-
pled to high-technology digital cameras and computers.
This allows the investigator to capture digital images
that can aid in the diagnosis of the individual case.
Morphometric study has been regarded to be a time-
consuming and expensive method, but this is not neces-
sarily true. Measurement of different variables using
digital analyses could be a complimentary method in
the evaluation of tumor material without being biased
by the potentially subjective interpretation of the in-
dividual investigator. The malignancy risk of GISTs
could be calculated by the pathologist based on a sum-
mary of both traditional criteria and morphometry.
This in turn could help clinicians ensure that patients
receive the most appropriate treatment. Bearing this
in mind, such new techniques are important to vali-
date, preferably on large tumor series. A paper on nu-
clear morphometry on GISTs has been done on a small
series of samples (22 cases), and the data from this
preliminary study suggest value in computer-assisted
image analysis (Ozdamar et al. 2007).

When exploring the correlation of morphologic
characteristics to morphometric factors, tumor size,
number of mitoses, nuclear atypia, and hemorrhage
were all significant. In the study by Ozdamar et al.
(2007), necrosis and mitotic index were found to cor-

Figure 2 Survival of patients with median roundness less than and
more than 0.4061 (mean value).
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relate and not tumor size. The reason for the some-
what concurrent results might be the small sample size
in the latter study. This does, however, show the in-
terest and importance of such analysis in GISTs.

Our results on prognostic factors validate some pre-
viously reported data, but new variables should also be
considered. Size of tumor and number of mitoses are
regarded to be among the most reliable variables for
predicting prognosis (Fletcher et al. 2002), and this
was confirmed in our study. Nuclear roundness and
SL ratio were found to correlate very well with both
mitoses and tumors size. The more elongated nuclei
were found in the tumors with fewer mitoses and
smaller size. In this setting, it was interesting to test
if the morphometric characteristics would remain sig-
nificant for overall survival in a multivariate model,
exceeding and/or displacing mitotic count and size.
They failed, however, to do so. Indeed, mitotic count,
size, sex, patient age, anatomical location, and nuclear
atypia were the most powerful predictors of overall
survival in multivariate models, rendering morphomet-
ric parameters insignificant.

Women proved to have a more favorable overall
outcome than men in the series. Sex has not been found
to be of significance in population-based studies from
Sweden and Iceland (Nilsson et al. 2005; Tryggvason
et al. 2005), but in a study by DeMatteo et al. (2000),
male sex was a poor prognostic sign. The mean age
at the time of diagnosis was almost equal between the
sexes, and reasons other than age for longer survival
among the women in our study must be considered.
The location of the primary tumor has been found to
be of importance by others (Emory et al. 1999; Nilsson
et al. 2005) and is again confirmed in this study. Pa-
tients with gastric GISTs lived longer than patients
with small bowel tumors. Nuclear atypia, either focal
or diffuse, was found in this series to be an unfavor-
able morphologic variable, which has previously been
reported by some (Miettinen et al. 2005) but not by
others (Iesalnieks et al. 2005).

In this study, we tested nuclear morphometric char-
acteristics as potential independent variables for eval-

uating risk of malignancy in a large series of GISTs. In
univariate models, some of these factors show a prog-
nostic value for survival, but the significance is lost in
multivariate models because of the strong correlation
with mitoses and tumor size. Nuclei with less round
features and with a lower SL ratio correspond to spin-
dle cells, and those with rounder nuclei and higher SL
ratios correspond to epithelioid cells. Investigation of
predominant cell type, spindled or epithelioid, in GISTs
has been evaluated in our study and also by others,
without showing significance for overall survival
(Carrillo et al. 1997; Iesalnieks et al. 2005; Miettinen
et al. 2005).

Nuclear roundness and nuclear ratio are interest-
ing independent variables but should probably not
be considered important as prognostic variables at this
stage. Anatomical site of the primary tumor is now
being accepted as a variable to be considered in risk
stratification of primary GISTs (Hornick and Fletcher
2007). We suggest, however, that sex and nuclear
atypia should also be considered when risk of malig-
nancy in GISTs is evaluated. Further study of vari-
ables, which may provide information beyond that,
gleaned from number of mitoses, tumor size, and site,
is required in the prognostication of GISTs.
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