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Abstract
Gastroenteropancreatic neuroendocrine tumors (GEP-NET) are classified according to tumor grade. Ki-67 and mitotic count are
the two determinants of this classification. Therefore, Ki-67 scoring becomes very important in classifying the patients accurately.
Eye-balling, counting of cells through the microscope, automated image analysis systems, and manual counting of printed image
are the four major scoring methods in use. The aim of this study is to show the agreement between monitor-image method (MIM)
and printout-image method (PIM) of Ki-67 scoring. In our study, 120 GEP-NETs from 85 patients diagnosed between January
2005 and July 2017 were evaluated. Thirty-seven cases with either polypectomy or resection material were selected. Seven
different scoring methods using either a monitor-image or a printout-image were applied for Ki-67 scoring. They are as follows:
whole-PIM, 1/9-PIM, whole-MIM, 1/4-MIM, 1/6-MIM, 1/9-MIM, and 1/12-MIM. In the comparison of Ki-67 scoring methods,
intraclass correlation coefficients ranging from 0.951 to 0.999 were found. The Bland-Altman analysis showed near-perfect
agreement between whole-MIM and whole-PIM as well as 1/9-MIM and 1/9-PIM. The level of agreements among the other
methods were sufficient too, but there was a relative decrease in the level of agreement as the area of counting becomes smaller.
The average application time decreased from 373.7 to 41.7 s gradually as the scoring area becomes smaller. Our study shows that
there is a remarkable agreement between the MIM and PIM used in Ki-67 scoring.
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Introduction

Gastroenteropancreatic neuroendocrine neoplasms (GEP-
NEN) represent a heterogeneous group of tumors arising from
the neuroendocrine cells of the gastrointestinal tract and pan-
creas [1]. Although all GEP-NENs are defined as malignant,
their prognosis is widely variable [1]. Taking this prognostic
diversity into account, a neuroendocrine neoplasm classifica-
tion has been established which is based on both the differen-
tiation and the proliferation rates of the tumors [1–4].
Accordingly, poorly differentiated lesions are diagnosed as
neuroendocrine carcinoma and well-differentiated neuroendo-
crine tumors are categorized into three grades by their mitotic
rates and Ki-67 scores [1–3]. Grade 1 tumors display a mitotic

rate of < 2 per 2 mm2 or a Ki-67 score of < 3%; grade 2 tumors
have a mitotic rate of 2–20 per 2 mm2 or a Ki-67 score of 3–
20%, and the tumors with mitotic rates or Ki-67 values above
these upper thresholds are called grade 3 [1, 2, 5].

Ki-67 is an immunohistochemical marker expressed by the
proliferating cells during the S, G2, or M phases of the cell
cycle [1]. World Health Organization (WHO) classifications
of neuroendocrine neoplasms, standard reporting protocols of
College of American Pathologists (CAP), and European
Neuroendocrine Tumor Society (ENETS) describe Ki-67 as
an independent prognostic parameter and a major determinant
of the tumor grade [1–5]. Therefore, the standardization of Ki-
67 staining and scoring procedures becomes essential to ob-
tain more accurate and significant results.

In Ki-67 scoring, at least 500–2000 cells must be counted
and if the total number of cells is less than 500, this must be
specified in the report [1, 5]. In addition, approaches like
synaptophysin/Ki-67 double-staining may be helpful in elim-
inating false-positive signals [6].

Several Ki-67 scoring methods have been proposed and eye-
balling, counting of cells through the microscope, automated
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image analysis systems, and manual counting of printed images
represent the four major scoring methods in use today [7, 8].
Automated systems are expensive and user-dependent methods
that are not widely accessible [9]. The once-accepted eye-balling
technique is not suggested anymore due to its inadequacy in
tumor grading, especially for low-grade tumors [8, 10, 11].
Manual counting of printed images of tumor hot spots is current-
ly the most recommended Ki-67 scoring method [7]. Although
this method is quite practical and allows more accurate results, it
has not been preferred enough by the practitioners due to its long
application time [7, 11, 12]. A recent modification called Bthe
acetate grid method^ has significantly shortened the application
period [12]. This modification involves a gridded acetate sheet
placed on the A4-printed hot spot image and an estimated total
cell number that is obtained by multiplying the total cell count of
the most cellular grid zone with the total number of zones [12].
Thus, Ki-67 scoring by manual counting becomes less time-
consuming without a significant decrease in accuracy [12]. It is
also mentioned that both gridding and manual counting can be
done by using a computer instead of a print-out [12]. However, to
date, there is no published article considering this subject.

The aim of this study is to show that monitor-images and
camera software can be used in Ki-67 scoring as well as cam-
era captured/printed out images. In addition, Ki-67 scores will
be calculated by using grids with different partition coeffi-
cients in order to investigate the possible effects of gridding
on the ultimate Ki-67 score. Consequently, an alternative
method of Ki-67 scoring which uses gridded monitor-images
and does not require any printer or paper, will be documented
for the first time.

Material and Methods

Case Selection

A retrospective review of GEP-NENs at University of Health
Sciences Sisli Hamidiye Etfal Education and Research Center,
Istanbul, Turkey was carried out. One hundred twenty tumors
from 85 patients diagnosed between January 2005 and
July 2017 were evaluated. After the exclusion of biopsy-
only specimens, neuroendocrine carcinomas and appendiceal
neuroendocrine tumors, 37 cases with resection/polypectomy
material (23 stomach, 6 ileum, 5 pancreas, 2 colorectum, 1
distal biliary tract) were included. Appendiceal neuroendo-
crine neoplasms were excluded due to the highly inflamed
background that could interfere with staining and scoring.

Ki-67 Scoring

Ki-67 slides (clone MIB-1, 1/100, Dako, Carpinteria, CA)
were examined by using a DS-Fi2 camera and DS-L3 camera
control unit-assisted Nikon Eclipse Ni-U microscope. Tumor

components with the highest staining (hot spots) were identi-
fied at × 100 and counted at × 400 magnification. The image
on the monitor of the control unit was a rectangle with an area
of 0.073 mm2 (0.234 mm× 0.310 mm). This area is smaller
than the actual circular image encountered by the naked eye at
the same magnification (0.238 mm2). The monitor-image was
divided into nine equally sized rectangular fields by inserting
the calculated measures into Bthe grid mode^ of the control
unit and captured to print out later. After the counting of all Ki-
67 positive and negative cells on the whole image by whole
monitor-image method (W-MIM), the field with the highest
cellularity on the 1/9 divided image was determined. The cell
count of this field was then multiplied by 9 to have an esti-
mated number of total cellularity (1/9-MIM). Similarly, this
procedure was repeated to divide the monitor image into 4, 6,
and 12 equally sized fields and to define the estimated total
cell numbers for each approach (1/4, 1/6, and 1/12-MIMs,
respectively) (Fig. 1).

The previously captured images of 1/9 grid mode were
printed on A4 paper. In whole printout-image method (W-
PIM), all positive and negative cells were counted manually
by using a pen to mark each cell in order to prevent double-
counting. The field with the highest cellularity was deter-
mined to calculate the estimated total cell number again
(1/9-PIM). All counts were performed by the same person
(FMD) in a case-blinded fashion.

An extra hot spot was defined and evaluated if the total cell
count was lower than 500 cells in the first one. A single hot
spot was sufficient to reach this threshold in 24 cases, whereas
a second one was included in the remaining 13 cases.

At the end of the cell counting process, the total cell num-
bers with seven different counting models were reached and a
unique Ki-67 score was calculated for each case by each mo-
dality (Table 1). The values obtained were rounded to the
nearest two decimal places. In each case, the time spent for
each method was measured by a chronometer and recorded in
seconds.

Statistical Analysis

Statistical analysis was carried out by using the Statistical
Package for Social Sciences software version 15.0 (SPSS;
Chicago, IL, USA). Values were submitted asmean ± standard
deviation. The level of agreement among the Ki-67 scoring
methods was tested by the intraclass correlation coefficient
(ICC) and the Bland-Altman plot [13, 14]. McGraw and
Wong’s Btwo-way mixed effects, absolute agreement, single
rater/measurement^ form of ICC was used [13]. Counting
durations of scoring methods were compared using the paired
t test. P values lower than < 0.05 were considered statistically
significant.
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Results

A group of 37 GEP-NEN cases meeting the criteria described
above were included in the study. The mean age was 54.2 ±
13.2 years. Nineteen (51.4%) of the cases were female and 18
(48.6%) were male. In 24 cases (64.9%), the lowest threshold
value (500 cells) set for the Ki-67 count was exceeded by
counting only one hot spot, whereas a second hot spot had
to be counted in 13 cases (35.1%). Thirty-one cases (83.8%)
were grade 1, five cases were grade 2, and only one case was
grade 3.1

Ki-67 scores of the 37 cases were calculated in seven dis-
tinct scoring models. The real and the estimated total cell
count averages were 755.8 and 992.6 by the W-PIM and 1/
9-PIM respectively. The mean Ki-67 scores calculated by the
W-PIM and 1/9-PIM were 1.96 and 1.50%. Starting from the
W-MIM, the average total cell numbers obtainedwith 1/4, 1/6,
1/9, and 1/12-MIMs were 715.2, 796.5, 871.8, 947.0, and
1033.6 respectively. Accordingly, the mean Ki-67 scores were
1.99%, 1.82%, 1.68%, 1.53%, and 1.44% in the same order
(Table 2). There was an increasing trend in the total cell counts
as the area to be counted became smaller. Since there is an
inverse relationship between the total cell count and the Ki-67
score,2 this resulted in a proportional decrease in the Ki-67
scores (Fig. 2).

In all the PIMs and MIMs, the average time spent on the
Ki-67 scoring was reduced as the area to be counted narrowed.
As expected, the average counting time was gradually reduced
from 373.7 to 53.6 s for the PIMs and from 357.9 to 41.7 s for
the MIMs (Table 2). The difference of the time spent was
statistically significant for each comparison when the image
partitioning coefficients of the comparative methods were dif-
ferent from each other (p < 0.001).

The kappa values and the confidence intervals of ICCs
displayed a high to near-perfect agreement between any PIM
orMIM in terms of Ki-67 scores in general. More specifically,
the high to near-perfect agreement found between the previ-
ously validated W-PIM and 1/9-PIM (0.956 (0.883–0.981))
and the almost perfect agreement found between the W-
MIM and W-PIM were notable (0.999 (0.999–1000))
(Table 3).

Bland-Altman plots were drawn to compare the results of
the scoring methods based on the mean values and the differ-
ences of the Ki-67 scores for each case. In the plots ofW-PIM/

1 Considering the Ki-67 values obtained by W-PIM
2 The total cell count being the denominator in the calculation

Fig. 1 Samples of monitor-
images of a single GEP-NEN case
used to calculate Ki-67 scores;
1/4, 1/6, 1/9, 1/12 grid modes
(grid lines are in red)

Table 1 Ki-67 scoring methods

Printout-image methods Monitor-image methods

Whole-image counting Whole-image counting

1/9—image counting 1/4—image counting

1/6—image counting

1/9—image counting

1/12—image counting
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W-MIM and 1/9-PIM/1/9-MIM, the mean of differences
(bias) were 0.03 and 0.02 and the limits of agreement values
were from 0.25 to − 0.19 and from 0.26 to − 0.22 respectively.
Accordingly, 97 and 95% of the cases were located among the
limits of agreement (Fig. 3–4). In plots where W-MIM is
compared with 1/4, 1/6, 1/9, and 1/12-MIMs, the means of
differences (bias) were 0.17, 0.31, 0.5, and 0.6 respectively.
The limits of agreement values were from 0.66 to − 0.31, from
1.19 to − 0.57, from 1.8 to 0.9 and from 2.0 to 0.9 in the same
order. The plots ofW-MIM/1/9-MIM andW-MIM/1/12-MIM
showed a proportional error as well.

Discussion

Gastroenteropancreatic neuroendocrine neoplasms represent a
heterogenous group of tumors featuring a high prognostic
variance [1]. In GEP-NEN classification systems, tumor dif-
ferentiation, mitotic rate, and Ki-67 score constitute the three
decisive parameters [1, 2, 4]. Therefore, a standardized Ki-67
scoring is of paramount importance to classify and grade these
tumors accurately [9].

A number of studies discussing Ki-67 scoring methods
have been done in recent years, especially after the spotlight-
ing of Ki-67 in the WHO 2010 classification for gastrointes-
tinal neuroendocrine tumors [1]. Eye-balling, counting of cells
seen through the microscope by naked eye, counting by auto-
mated image analysis systems, and manual counting of cam-
era captured/printed images are the four major scoring
methods in use [7, 8]. Although automated counting systems
are promising and preferred by some, these are expensive and
not yet widespread [8]. Softwares for this purpose need careful
calibration and further work for standardization [5]. Manual
counting using printed images stands out to be optimal in
terms of both practicality and accuracy and specified as the
primarily recommended technique in general [5, 7, 12].
Nevertheless, pathologists have been reluctant to use this
method due to the long application time, printer requirement
and the commitment of performers to the conventional Beye-
balling^ technique [7, 11, 12]. However, Bthe acetate grid
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Table 3 Intraclass correlation coefficients of Ki-67 scoring methods

ICC (95% CI)

W-MIM vs. W-PIM 0.999 (0.999–1000)

1/4-MIM vs. W-MIM 0.996 (0.984–0.999)

1/6-MIM vs. W-MIM 0.985 (0.945–0.994)

1/9-MIM vs. W-MIM 0.962 (0.875–0.984)

1/12-MIM vs. W-MIM 0.954 (0.820–0.982)

1/9-PIM vs. W-PIM 0.956 (0.883–0.981)

1/4-MIM vs. W-PIM 0.995 (0.988–0.998)

1/6-MIM vs. W-PIM 0.982 (0.956–0.992)

1/9-MIM vs. W-PIM 0.958 (0.892–0,981)

1/9-MIM vs. 1/9-PIM 0.999 (0.998–0.999)

1/12-MIM vs. W-PIM 0.951 (0.852–0.979)

Wwhole, PIM printout-image method,MIMmonitor-image method, ICC
intraclass correlation coefficient, CI confidence interval

Table 2 The mean values of total cell counts, Ki-67 scores and time
spent for all Ki-67 scoring methods

Total cell count (n) Ki-67 (%) Time (s)

W-PIM 755.8 ± 182.9 1.96 ± 3.40 373.7 ± 93.1

1/9-PIM 992.6 ± 261.4 1.50 ± 2.62 53.6 ± 14.1

W-MIM 715.2 ± 161.7 1.99 ± 3.31 357.9 ± 80.1

1/4-MIM 796.5 ± 177.0 1.82 ± 3.16 105.9 ± 22.9

1/6-MIM 871.8 ± 201.4 1.68 ± 2.89 74.6 ± 18.5

1/9-MIM 947.0 ± 229.9 1.53 ± 2.64 53.2 ± 14.2

1/12-MIM 1033.6 ± 261.8 1.44 ± 2.61 41.7 ± 9.8

W whole, PIM printout-image method, MIM monitor-image method

20 Endocr Pathol (2019) 30:17–23



method^ proposed by Ozturk Sari et al. is a promising tech-
nical modification to make it preferable by shortening the
application time [12]. Some previous reports considering this
method have already mentioned that a computer screen may
replace the printed image, but only in theory [7, 10, 12]. The
present study becomes the first documentation of the monitor-
assisted Ki-67 scoring method in the literature. In our study, a
total of seven distinct Ki-67 scoring methods derived from the
printed and monitor-image techniques were applied, and con-
sequently, it has been shown that monitor images provide
almost the same results as those of the printed images.
Therefore, we concluded that using a monitor image in Ki-
67 scoring is as preferable as using a printed image. In

addition, the partition coefficients used to divide the image
were compared with each other both in terms of time con-
sumed and the agreement of the results to observe the effects
of the gridding on the ultimate Ki-67 scores.

Increased partition coefficients yielded increasingly higher
total cell counts. This is probably due to the fact that smaller
areas are prone to represent compact hypercellular areas. In
other words, cell intensity becomes higher. Considering this
implication and the existing inverse relationship between the
Ki-67 score and the total cell number, one can predict the
inevitable decrease in Ki-67 scores as the counting area nar-
rows. The level of consequent variations in the Ki-67 score
will be decisive for the accuracy of the technique. Statistical
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methods like ICC and Bland-Altman plots were therefore
needed to analyze these circumstances [13, 14].

The Ki-67 scoring methods in our study were highly cor-
related in terms of ICC values. There was a high-to-perfect
agreement between the previously recommended W-PIM and
1/9-PIM (ICC = 0.956 (0.883–0.981)). The ICC values
showed a perfect agreement in the comparisons of both W-
PIM/W-MIM and 1/9-PIM/1/9-MIM as well (ICCs = 0.999
(0.999–1000) and 0.999 (0.998–0.999) respectively). So, the
ICC values revealed a near-perfect agreement between the
techniques used in the study of Ozturk Sari et al. and the
MIMs that we proposed.

The Bland-Altman plot comparing the W-PIM and W-MIM
showed a mean of differences (bias) of 0.03 and the agreement
limits of 0.25 and − 0.19. Ninety-seven percent (97%) of the cases
were in between the limits. Analyzing these statistical findings
requires a clinical-based approach to show whether there is an
agreement between the methods or the differences of the Ki-67
scores constitute a problem in clinical practice. In other words,
Bland-Altman plot does not provide us the exact statistical values
unlike ICCs;we instead interpret the clinicalmeaning of the results
for the subject test.Ameandifference of 0.03% in theKi-67 scores
implies that the disparities between the results of the two tech-
niques are almost insignificant clinically. The second parameter
we take is the limits of agreement which depict the range of var-
iation that will be encounteredwhenwe use onemethod instead of
the other. In the current Bland-Altman plot, the Ki-67 scores may
become 0.25% higher or 0.19% lower when two methods are
preferred interchangeably. At this point, it depends on the interpre-
tation of the practicing pathologist again whether this variability
will cause a problem in terms of the significance of the test. The
last major determinant of the agreement is the distribution of the
differences. The plots in which 95% or more of the cases are
located in between the lower and upper limits of agreement, indi-
cate a high level of agreement. In our study, all cases except one
were among the limits (~97%) and that case had an extremely high
Ki-67 score (20.12%) compared to the others. After all, it can be
concluded that theW-PIMandW-MIMshowanear-perfect agree-
ment and the monitor image may be preferred as an alternative to
the printed image in Ki-67 scoring.

Similarly, there was a high level of agreement between the
scores rendered by the 1/9-PIM and 1/9-MIM. In their Bland-
Altman plots, the mean of differences (bias) was 0.02 and the
limits of agreement were 0.26 and − 0.22. Approximately,
95% of the cases were in the range of agreement. Therefore,
the 1/9 gridding we have proposed as the equivalent of Ozturk
Sari’s new acetate grid method is shown to be applicable by
using a monitor image as well [10].

Both the mean of differences (bias) and the limits of agree-
ment tended to increase as the partition coefficients changed from
1/4 to 1/12 gradually. This implies that the level of agreement
will decrease as we try to shorten counting times, regardless of
the percentage of the cases staying between the limits of

agreement. In order to prevent any clinically unwanted outcome,
it is more important to know both the advantages and the disad-
vantages of each selected gridding option rather than to try to
choose the best.

Another observation that may be useful for the practicing
pathologist is the gradual increase of the mean Ki-67 scores from
1/12 to whole-image count. For example, a practitioner who
selects 1/12 gridding technique and has a score of just over the
threshold value (e.g., 3.1%) should know that the score would
have been higher if it was scored with either 1/9 or 1/4 gridding
techniques. However, this will not lead to any change in the
tumor grade. In such a case, it may not be logical to reconsider
the other scoring methods that take longer and are less practical.
On the other hand, if the Ki-67 score is calculated by one of the
1/4, 1/6, 1/9, or 1/12 scoring methods and it falls short of
reaching a threshold value by a small margin (e.g., 2.9%), the
whole-image count should be carried out to ensure accuracy.

Conclusions

In our study, PIMs and MIMs for Ki-67 scoring were com-
pared. Compatible Ki-67 scores were obtained both by the
comparisons of whole image and 1/9 gridded versions of
PIM and MIM. Accordingly, it has been shown that the Ki-
67 scoring can be performed by using a monitor as well.
However, it may provide more effective results to make these
comparisons in larger series where the normal distribution of
the data can be controlled. In addition, it is necessary to show
the reproducibility of the MIMs by measuring the intra- and
interobserver variability to validate the technique completely.

Using a grid makes the cell counting process significantly
less time-consuming and more practical, but it is also shown
that the smaller the count area, the lower the level of agree-
ment becomes. Nevertheless, anymethod described above can
be preferred under certain conditions for certain tumors. It is
crucial for the pathologist to have a thorough understanding of
the subtle effects each scoring method will have on the final
Ki-67 score. All the methods described and compared herein
need to be weighed and assessed for each case, just like any
other diagnostic/prognostic test available to the pathologist.
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