
Automated quantification of Ki-67 index associates with pathologic

Original Article
grade of pulmonary neuroendocrin
e tumors
Hai-Yue Wang, Zhong-Wu Li, Wei Sun, Xin Yang, Li-Xin Zhou, Xiao-Zheng Huang, Ling Jia, Dong-Mei Lin
Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education), Department of Pathology, Peking University Cancer Hospital & Institute,
Beijing 100142, China.

Abstract

tumor (pNET) categories is a step-wise process identified by the
Background: Classification of the pulmonary neuroendocrine
presence of necrosis and number of mitoses per 2mm2. In neuroendocrine tumor pathology, Ki-67was first described as a prognostic
factor in the pancreas and incorporated into the grading system of digestive tract neuroendocrine neoplasms in the 2010 WHO
classification. However, the significance of Ki-67 in pNETs was still a controversial issue. This study was to investigate the
potentially diagnostic value of Ki-67 in pNETs.
Methods:We retrieved 159 surgical specimens of pNETs, including 35 typical carcinoids (TCs), 2 atypical carcinoid (ACs), 28 large-
cell neuroendocrine carcinomas (LCNECs), 94 small-cell lung cancers (SCLCs). Manual conventional method (MCM) and
computer-assisted image analysis method (CIAM) were used to calculate the Ki-67 proliferative index. In CIAM, 6 equivalent fields
(500�500mm) at 10� magnification were manually annotated for digital image analysis.
Results: The Ki-67 index among the 4 groups with ranges of 0.38% to 12.66% for TC, 4.34% to 29.48% for AC, 30.67% to
93.74% for LCNEC, and 40.71% to 96.87% for SCLC. The cutoff value of Ki-67 index to distinguish low grade with high grade
was 30.07%. For the univariate survival analyses in pNETs, both the overall survival and progression-free survival correlated with
Ki-67 index. In addition, the Ki-67 index performed by CIAM was proved to be of great positive correlation with MCM.
Conclusions: Ki-67 index counted by CIAM is a reliable method and can be a useful adjunct to classify the low- and high-grade
NETs.
Keywords: Antigen Ki-67; Computer-assisted numerical analysis; Neuroendocrine tumor; Prognostic factor

Introduction samples, SCLC may be confused with TC sometimes.[4]
Thus, an urgent strategy was needed to resolve the present

Neuroendocrine tumors of lung account for 20% to 25%
of all invasive lung malignancies.[1] Small-cell lung cancer
(SCLC) is the most aggressive tumor of the malignant
neuroendocrine tumors, which represents the highest
incidence of 15% to 20%, followed by large-cell
neuroendocrine carcinoma (LCNEC) (3%), typical carci-
noid (TC) (1–2%), and atypical carcinoid (AC) tumors
(0.1–0.2%).[1] The distinction of these 4 different subtypes
is mainly based on morphologic features, mitotic index,
and presence or absence necrosis from 2015 WHO
classification of lung.[2] Accordingly, high-grade SCLC
and LCNEC are differentiated from intermediate-grade
AC and low-grade TC. However, there exist a gray zone
between AC and LCNEC which showed that high-grade
neuroendocrine carcinomas with carcinoid morphology,
but with mitotic figure>10/mm2.[3] Moreover, in biopsied
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situation.

Recently, there is much interest in evaluating proliferation
markers particularly Ki-67 in neuroendocrine tumors
arising from various sites to identify high-risk subsets that
maybehavemore aggressively. Several studies have showna
correlationbetweenhighKi-67 andpoorer prognosis.[5-8] In
neuroendocrine tumor pathology, Ki-67 was first clinically
investigated as a diagnostic factor in the pancreas.[9]

However, the value of Ki-67 in pulmonary neuroendocrine
tumors (pNETs) remained a debated problem.[10]

In SCLC, the proliferative index (PI) as evaluated by Ki-67
immunohistochemistry is >50%, and the averaging
≥80%. In LCNEC, the PI ranges from 40% to 80%. In
carcinoid tumors, low (<20%) Ki-67 labeling index
was confirmed.[4] Accordingly, the guideline of Ki-67
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proliferation rates are given for the first time in the fourth
edition of the WHO classification of tumors of the lungs

in 2mm2, usually with large areas of necrosis; showed
neuroendocrine morphology (nuclear palisading with

and CIAM
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for SCLC as 50% to 100%, for LCNEC 40% to 80%, for
AC up to 20% and for TC up to 5%.[11] However, the
utility of Ki-67 to discriminate TC from AC of predict
prognosis (with cutoff values ranging from 2.5% to 5.8%)
within individual carcinoid tumors categories is not
established.[12] In contrast, high Ki-67 score may help
distinguish SCLC and LCNEC from pulmonary carci-
noids, especially in small crushed biopsies,[4] while staining
for Ki-67 still not part of the diagnostic criteria.

Because it is impractical to count positive nuclear cells
manually for routine diagnostic purposes in calculating
Ki-67 index, and visual estimates are subjective and
dependent on observer experience. Computer-assisted
image analysis method (CIAM) is becoming increasingly
commonplace for the quantitation of biomarkers in
formalin-fixed, paraffin-embedded tissue. The use of image
analysis software to measure the nuclear staining index of
Ki-67 in lymphomas has been examined.[13] Meanwhile,
there exist studies which were focused on the measurement
of PI and found that automated Ki-67 counts were similar
to manual counts.[8]

The aim of this study was to evaluate the usefulness of
Ki-67 index as well as traditional parameters, such as
mitoses and necrosis for predicting prognosis in pNETs. In
addition, the objective of the study was to attempt to
separate the subtypes by using Ki-67 index and to develop
a systematic counting method for Ki-67 estimation in
pNETs and evaluate the accuracy of CIAM for calculating
Ki-67 index. We hypothesized that Ki-67 antigen might be
an important parameter for identifying high-risk subsets of
patients and might be a useful adjuvant index to classify
the pathologic grade in pNETs.

Methods
Study population

A search of electronic pathology database with the key
words “carcinoid,” “small-cell lung cancer,” and “large-
cell neuroendocrine carcinoma” of lung tumors. The
study included resection specimens of tumor with or
without lymph node dissection. A total of 159 cases (35
TCs, 2 ACs, 28 LCNECs, 94 SCLCs) originally
diagnosed as neuroendocrine tumors of lung at Peking
Cancer Hospital (Peking, China) from January 2010 to
December 2015 were enrolled in our research. Patients’
consents have been obtained from all the participants
before data collection.

Histologic and pathologic classification
52
All cases were reviewed by 2 experienced pathologists (ZW
Li and DM Lin) to confirm the diagnosis based on the
current WHO criteria for lung neuroendocrine tumors. TC
was defined as well-differentiated neuroendocrine tumor
with 0 to 1 mitoses per 2mm2 and without necrosis. AC
was classified as intermediate-grade neuroendocrine tumor
and distinguished by 2 to 10 mitoses per 2mm2 and/or
focal necrosis. LCNEC and SCLC had >10 mitotic figures
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nests, rosette-like, or ribbons of cells).

Immunohistochemistry
All the tumors showed immunohistochemical evidence of
neuroendocrine differentiation (diffuse staining for either
synaptophysin, chromogranin A, CD56, with or without
MAP2). Ki-67 was applied to calculate the proliferation
index. Immunohistochemical staining was performed
using an automated immunostainer (Link 48; Dako,
Carpinteria, CA, USA) for synaptophysin, CD56, and
Ki-67. Chromogranin A was performed on an autostainer
(BOND-MAX, LEICA; Leica Biosystems Newcastle Ltd.,
Newcastle, UK), whileMAP2was performed on a Ventana
BenchMark ULTRA autostainer (Ventana Medical Sys-
tems, Oro Valley, AZ, USA). The following neuroendo-
crine and proliferative immunohistochemical markers
were used: monoclonal mouse anti-human synaptophysin
(clone DAK-SYNAP; Dako, Glostrup, Denmark), mono-
clonal rabbit anti-human chromogranin A (clone EP38;
Zhongshan Golden Bridge Biotechnology, Beijing, China),
monoclonal mouse anti-human CD56 (Clone 123C3;
Dako), monoclonal mouse anti-human MAP2 (Clone
AP18; Zhongshan Golden Bridge Biotechnology), and
monoclonal mouse anti-human Ki-67 (clone MIB-1;
Dako). The tumor staging was obtained from the 8th
AJCC guideline.

Ki-67 PI by 2 methodologies: manual conventional method
Quantification of Ki-67 expression has been accomplished
on surgical resection specimens by manual conventional
method (MCM) and a nuclear quantitation algorithm
performed by CIAM, respectively. In the literature, the
term hot spot has been applied to indicate tumor areas with
the highest concentration of nuclear decoration for Ki-67.
CIAM was performed on a validated nuclear algorithm
(Aperio; Leica Biosystems, Buffalo Grove, IL, USA), where
slides were scanned at 20�magnification using the Aperio
Scanscope Console and the images were analyzed using
ImageScope Nuclear v9 algorithm software that reports
the total number of nuclei counted and the percentage of
positive cell nuclei. In our study, digital image analysis was
executed by manually annotating at least 6 representative
equivalent (500�500mm) non-necrotic tumor fields at
10� magnification which together contained at least total
2000 cells (or all tumor cells if<2000) in which automated
analysis was to be performed. Positive staining was defined
as faint nuclear positivity or greater (1+). Care was taken
to exclude fields containing substantial numbers of non-
tumor cells, such as endothelial cells and intratumoral
lymphocytes by visual review of the artificially selected
digital images and the corresponding hemotoxylin-and-
eosin-stained scanned slide.

The mitotic index

The mitotic activity was manually quantitated in the most
cellular areas on whole-slide images; eight 40� high power
fields were calibrated as 2 mm2. The mitotic index was
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performed according to the method recommended in the
8th edition of the AJCC Cancer Staging Manual:

Results
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enumerate mitoses in the most mitotically active area
(“hot spot”) and then extend mitotic index to adjacent
contiguous fields. If no mitotic activity is evident, random
representative tumor fields were chosen.

Statistical analysis

All statistical analyses were performed using SPSS 17.0
version statistical software (IBM Corporation, Armonk,
NY, USA). The relationship between Ki-67 index expres-
sion and clinicopathologic parameters was performed
using the Pearson Chi-squared and Fisher exact test. The
receiver operating characteristic (ROC) curve analysis and
Youden index were used to discriminate the appropriate
cutoff value for pNETs. Overall survival was calculated
from the date of pathologic diagnosis to time of death or
last follow-up, and progression-free survival was calculat-
ed from date of pathologic diagnosis to time of last clinical
evidence of recurrence, progression, or death. Overall
survival curves and significance of survival and progres-
sion-free survival distributions were generated using
Kaplan-Meier and Cox regression method. The correla-
tions between the 2 Ki-67 methodologies (MCM and
CIAM) were completed using the Pearson correlation
coefficient. The 2-sided P value<0.05 was considered
statistically significant, and r value>0.8 is considered as
strong correlation.
Table 1: Relationship between Ki-67 index expression and clinicopatho

Total Ki-67 � 30.0
Items N=159 n=37

Gender
Male 109 (68.6) 17 (45.9)
Female 50 (31.4) 20 (54.1)

Age
�59.5 years 78 (49.1) 27 (73.0)
>59.5 years 81 (50.9) 10 (27.0)

Tumor type
Low grade 37 (23.3) 37 (100.0)
High grade 122 (76.7) 0

Neoadjuvant therapy
Yes 9 (5.7) 0
No 150 (94.3) 37 (100.0)

Nodal metastasis
Yes 63 (43.2) 2 (5.7)
No 83 (56.8) 33 (94.3)

Clinical staging
Early stage (IA1–IIIA) 127 (88.2) 34 (100.0)
Advanced stage (IIIB) 17 (11.8) 0

Necrosis
Yes 74 (46.5) 2 (5.4)
No 85 (53.5) 35 (94.6)

Mitotic figure
�10 37 (23.3) 37 (100.0)
>10 122 (76.7) 0

Not known: not known for the metastasis or stage.
∗
P<0.05.
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Patient clinicopathologic characteristics

The clinical and pathologic features of 159 patients
diagnosed as pNETs are described in Tables 1 and 2. The
pathologic patterns including TC, AC, LCNEC, and SCLC
were represented. The median age was 59.5 years (range,
30–83). The cases included 109 males (68.6%) and 50
females (31.4%). A small minority (5.7%) had received
neoadjuvant chemotherapy before surgery while 150 cases
did not (see Table 3, which showed the characteristics of 9
patients who have received chemotherapy). The tumors
from the 159 patients were classified as early stage (n=
127, 88.2%) and advanced stage (n=17, 11.8%), which
contained IA1 8, IA2 22, IA3 22, IB 14, IIA 4, IIB 27, IIIA
30, and IIIB 17. Among the 159 patients, lymph node
metastasis was detected in 63 patients (43.2%). The
median mitotic and Ki-67 index for TC, AC, LCNEC, and
SCLC were 1 and 3.61%, 3.5 and 16.91%, 58 and
57.62%, 75 and 79.66%, respectively. The Ki-67 index by
MCM and CIAM among the 4 groups with ranges of 1%
to 15%, 0.38% to 12.66% for TC, 2% to 25%, 4.34% to
29.48% for AC, 30% to 85%, 30.67% to 93.74% for
LCNEC, and 35% to 90%, 40.71% to 96.87% for SCLC.
The mitotic index of the 4 groups with ranges of 0 to 1 for
TC, 1 to 6 for AC, 11 to 138 for LCNEC, and 26 to 146 for
SCLC. Approximately half of the 159 cases with tumor
necrosis (n=74, 46.5%). The majority of the tumors have
logic parameters, n (%).

7 Ki-67 > 30.07
n=122 P Not known

0.001
∗

92 (75.4)
30 (24.6)

0.003
∗

51 (41.8)
71 (58.2)

<0.001
∗

0
122 (100.0)

0.508
9 (7.4)

113 (92.6)
<0.001

∗
13 (8.2)

72 (59.0)
50 (41.0)

<0.001
∗

15 (9.4)
93 (84.5)
17 (15.5)

<0.001
∗

72 (59.0)
50 (41.0)

<0.001
∗

0
122 (100.0)
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no vascular invasion (n=129, 81.1%). The morphologic
and immunohistochemical characteristics of 4 tumor

CIAM for TC, AC, LCNEC, and SCLC are described in
detail in Table 2. The discrepancy of the results by 2

Table 2: Pathologic characteristics in the 4 subtypes.

All tumors TC AC LCNEC SCLC

Characteristics N=159 n=35 n=2 n=28 n=94

Median mitotic figure (/2 mm2)
Range

61
0–146

1
0–1

3.5
1–6

58
11–138

75
26–146

Median Ki-67 index (CIAM)
Range

69.15
0.38–96.87

3.61
0.38–12.66

16.91
4.34–29.48

57.62
30.67–93.74

79.66
40.71–96.87

Median Ki-67 index (MCM)
Range

70
1–90

2
1–15

13.5
2–25

50
30–85

75
35–90

Ki-67 (CIAM) grade, n (%)
�30.07% 39 (24.8) 37 (100.0) 2 (100.0) 0 0
>30.07% 118 (75.2) 0 0 29 (100.0) 89 (100.0)

Necrosis, n (%)
Absent 85 (53.5) 35 (100.0) 0 9 (32.1) 41 (43.6)
Present 74 (46.5) 0 2 (100.0) 19 (67.9) 53 (56.4)

Presence of LVI, n (%)
Absent 129 (81.1) 34 (97.1) 1 (50.0) 22 (78.6) 72 (76.6)
Present 30 (18.9) 1 (2.9) 1 (50.0) 6 (21.4) 22 (23.4)

AC: Atypical carcinoid; CIAM: Computer-assisted image analysis method; LCNEC: Large-cell neuroendocrine carcinoma;MCM:Manual conventional
method; SCLC: Small-cell lung cancer; TC: Typical carcinoid.

Table 3: Characteristics of the 9 patients who have received chemotherapy.

Patient no. Gender Age Tumor subtype Staging Ki-67 index (CIAM) Die (months) Progression (months) Follow time (months)

1 Male 53 SCLC T1bN1 (IIB) 79.30 No No 45
2 Male 54 SCLC T2bN0 (IIA) 93.43 No No 49
3 Male 64 SCLC T3N0 (IIB) 83.45 Yes (24) Yes (16.8) 24
4 Male 65 SCLC T1aN0 (IA1) 82.03 No No 40
5 Male 61 SCLC T1cN1 (IIB) 43.05 No Yes (16) 48
6 Male 62 SCLC T1bN2 (IIIA) 70.90 Yes (47) Yes (39) 47
7 Male 58 SCLC T1cN0 (IA3) 78.22 No No 34
8 Male 54 LCNEC T4N1 (IIIA) 49.04 Yes (20) Yes (20) 20
9 Male 57 SCLC T2aN0 (IB) 80.71 No No 53

CIAM: Computer-assisted image analysis method; LCNEC: Large-cell neuroendocrine carcinoma; SCLC: Small-cell lung cancer.
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subtypes of pNETs are shown in Figures 1–4.

Threshold for pNETs, and the relationship between Ki-67
index expression and clinicopathologic parameters

The ROC curve analysis and Youden index found that
30.07% of automated Ki-67 index be the adequate cutoff
for pNETs [Figure 5]. Correlations between Ki-67 index
expression and clinicopathologic parameters in pNETs are
described in detail in Table 1. The expression of Ki-67
index was significantly associated with male patients (P=
0.001), elderly patients (P=0.003), high histologic grade
(P<0.001), presence of nodal metastasis (P<0.001),
advanced clinical staging (P<0.001), higher mitotic figure
(P<0.001), and presence of necrosis (P<0.001), while no
significant association between Ki-67 index and prior
neoadjuvant therapy was observed (P=0.508).

Correlation and discrepancy between the 2 methodologies:
MCM and CIAM
54
We used both MCM and CIAM for counting Ki-67 index.
The median and ranges of Ki-67 index by MCM and

5

methodologies (MCM and CIAM) can be classified as 4
groups: �5%, from 6% to 10%, from 11% to 15%, and
greater than 15% (>15%). More than half (57.2%) of the
discrepancy between the two methods was within 5%
[Figure 6]. Moreover, along with the difference value
increased, the percentage of cases was decreased. In
addition, the calculating methods of Ki-67 by CIAM were
slightly higher than MCM in most cases (77.4%; 123/
159). The detailed data are shown in Table 4.

We found that there was a strong positive relationship
between these 2 counting methods (r=0.975, P=0.000)
[Table 5]. Moreover, a lineage relationship was described
by the Scatter Diagrammethod [Figure 7], which indicated
that the 2 methodologies showed no difference in
calculating Ki-67 index.

Association of Ki-67 expression with OS and PFS

First of all, we classified the tumor pathologic staging as 2
groups: early stage (IA1–IIIA) and advanced stage (IIIB)
pNETs. Meanwhile, we confirmed that the early stage
pNETs have an improved OS (P=0.000) and PFS
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(P=0.000) than advanced stage pNETs. Additionally, we
identified the SCLC has the worst prognosis than LCNEC

threshold of 30.07% also showed prognostic significance
[Figure 8]. As the traditional grading criterion of pNETs,

Chinese Medical Journal 2019;132(5) www.cmj.org
and low-grade NETs [Figure 8].

In the univariate survival analyses, Ki-67 index is increased
by 10% to carry out survival analysis. Then, we found that
the presence of low Ki-67 proliferation index proved to be
a better prognostic factor for OS and PFS. Moreover, the
Figure 1: (A) Typical carcinoid, with trabecular pattern with delicate intervening vascular
stroma, no mitoses or necrosis are identified; (B) Ki-67, showing 12.66% positivity by
computer image analysis and 15% positivity by manual counting in the hot spot; (C–E). TC
showed diffuse positive expression for CD56, synaptophysin, CgA and MAP2, respectively
(A: Hematoxylin-eosin staining; B–E: Immunohistochemistry staining. The original
magnification of A, B was 100�, magnification for remaining cases were 200�).

Figure 2: (A) One AC showed vascularized stroma and spotty necrosis in the peripheral tumor c
MCM; (C, D). AC was diffuse strong positive expression of CD56 and synaptophysin; (E) Another
counted as 29.48% by CIAM and 25% by MCM with weak to strong intensity; (G, H). The neuroen
and E: Hematoxylin-eosin staining; B–D and F–H: Immunohistochemistry staining. The original
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the higher mitotic index and presence of necrosis was
associated with poorer OS and PFS (figure not shown). In
addition, we analyzed the impact of chemotherapy on both
OS (P=0.676) and PFS (P=0.922), while no correlation
was observed between chemotherapy and survival status
[Figure 9]. Meanwhile, the survival analysis of the 9
patients who have received chemotherapy was also
performed. In this group, the cutoff value of Ki-67 index
was set as 74.56% by using the receiver operating
characteristic (ROC) curve analysis and Youden index
method. We found that a higher Ki-67 index was
correlated with better PFS (P=0.024), and had a trend
with improved OS (P=0.149) [Figure 9].

The Cox proportional hazards model was also performed;
since Ki-67 index and mitotic figure led to coefficients not
converged, age, gender, necrosis, the status of lymph node,
and clinical staging were included. Multivariate analysis
revealed that the early pathologic staging was an
independent prognostic factor for better OS (hazard ratio
[HR]=0.099; 95% confidence interval [CI], 0.040–0.247;
P=0.000) and PFS (HR=0.091; 95% CI, 0.016–0.508;
P=0.006).

Discussion

Among a variety of potential prognostic parameters
analyzed in numerous of studies, PI has consistently stood
out as having strong prognostic value, along with mitotic
index. Ki-67 antigen, which plays an essential role in the
control and timing of cell proliferation, has been
demonstrated as a reliable marker of PI and has been
applied in practice for more than 2 decades. Moreover,
Ki-67 index and mitotic count can divided pancreatic
neuroendocrine tumors (PanNETs) into 3 tiers (G1, G2,
and G3).[14] Therefore, Ki-67 antigen has become an
essential part of classification of PanNETs.[15] In
contrast, the guideline Ki-67 proliferation rates are given
lusters; (B) The Ki-67 index was evaluated as 4.34% positivity by CIAM and 2% positivity by
AC with kindly cell morphology, focal necrosis, and 6 mitosis per mm2; (F) Ki-67 index was
docrine marker of CgA and Synaptophysin were diffuse positive expression in cytoplasm (A
magnification of A, B and E, F was 100�, magnification for remaining cases were 200�).
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for the first time in the 4th edition of the WHO
classification of tumors of the lungs for SCLC as 50–

although reported ranges for TC are 2.30% to 4.15%
and for AC are 9.0% to 17.8%.[12] In addition, there is no

Figure 5: The ROC curve to identify the threshold for pNETs.

Figure 3: (A) Large cell neuroendocrine carcinoma with solid patterns, and the tumor cells
are large, abundant cytoplasma, prominent nucleoli, and necrosis was observed; (B) Ki-67
index, which was evaluated as 54.48% by CIAM and 40% by MCM; (C) LCNEC was positive
staining with the neuroendocrine markers of CD56; (D) Synaptophysin was diffuse positive
expression in the cytoplasm (A: Hematoxylin-eosin staining; B–D: Immunohistochemistry
staining. The original magnification of all cases were 200�).

Figure 4: (A) SCLC with rosettes growth pattern and high mitotic count, with malignant
small cells with scant cytoplasm and defined cell borders, fine granular nuclear chromatin,
absence or inconspicuous nucleoli, necrosis was not showed; (B) Ki-67, showing 64.92%
positivity by digital image analysis and 75% positivity by manual counting; (C) CD56 was
diffuse positive expression in membrane; (D) The neuoroendocrine marker of
Synaptophysin was weak to moderately positive in cytoplasm (A: Hematoxylin-eosin
staining; B–D: Immunohistochemistry staining. The original magnification of A, B was
100�, magnification for remaining cases were 200�).

Chinese Medical Journal 2019;132(5) www.cmj.org
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100%, for LCNEC 40–80%, for AC up to 20% and for
TC up to 5%.[11] However, the Ki-67 index has not yet
included for grading pNETs as in PanNETs. There is no
consensus in separating pulmonary TC from AC,

5

well-defined threshold to distinguish carcinoids from
SCLC or LCNEC, though a wide range of cutoff values
from 20% to 50% has been proposed. The average
values of Ki-67 by different authors are presented in

http://www.cmj.org


Table 6.[10,16-22] However, none of them have been
widely accepted as clinically application.

index ranged from 1 to 6. Though the wide range of Ki-67
index in AC indicated that no adequate cutoff value was

Figure 6: The detailed Ki-67 index of manual conventional method and computer-assisted image analysis method of all 159 pNETs.

Table 4: The 2 methodologies (MCM and CIAM) by calculating Ki-67
index, n (%). (%).

Ki-67 MCM vs.
Ki-67 CIAM Total MCM < CIAM MCM > CIAM

�5% 91 (57.2%) 65 (52.8%) 26 (72.2%)
6–10% 32 (20.1%) 29 (23.6%) 3 (8.3%)
11–15% 27 (17.0%) 22 (17.9%) 5 (13.9%)
>15% 9 (5.7%) 7 (5.7%) 2 (5.6%)

Total 159 (100%) 123 (100%) 36 (100%)

CIAM: Computer-assisted image analysis method; MCM: Manual
conventional method.

Table 5: The correlation between 3 Ki-67 index calculation methods.

Methods Mean value SD Pearson correlation P value

Ki-67 (MCM) 52.08 31.723 0.975
∗

0.000
Ki-67 (CIAM) 55.4923 32.75995
∗
Correlation is significant at the 0.01 level (2-tailed). CIAM: Computer-
assisted image analysis method; MCM: Manual conventional method.

Figure 7: This plot diagram illustrates a linear relationship between computer image
analysis and manual method for calculating Ki-67 index.

Chinese Medical Journal 2019;132(5) www.cmj.org
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In our study, the Ki-67 index overlapped among the
carcinoids, with ranges of 0.38% to 12.66% (median
value of 3.61%) for TC, 4.34% to 29.48% (median value
16.91%) for AC. Though only 2 cases confirmed as AC
were included in our study, and the results were with
extensive ranges (4.34–29.48%), the number was reason-
able in our overall cases with the percentage of 1.3%
(2/159).[1] Actually, before we confirm the histology type,
there exist 7 cases which was misdiagnosed as AC. After
carefully examined by 2 experienced subspeciality pro-
fessors, only 2 cases maintained former diagnosis (the
remaining 5 cases were corrected to LCNEC). The 2 cases
showed varying degrees of focal necrosis and the mitotic

5

existed, and the behavior between TC and AC is distinctive
in some extent, related research have demonstrated that
their pathogenesis mechanism was crossed and the
treatment strategies were similar.[23]

Additionally, AC and LCNEC may overlap to some extent
in morphology and prognosis. For LCNEC, the mitotic
figure >10 and <20 per 2 mm2, which was called LCNEC
in gray zone.[3,24] In our study, LCNEC in a total of 2 cases
withmitotic figure of>10 and<20, which is similar to that
of AC in cellular morphology. At this time, Ki-67 can be a
useful adjunct to distinguish the 2 types of tumor with the
threshold of Ki-67 to be 30.07%, which might be the most
important value in Ki-67 index. All of the 2 cases were
survived. Then we supposed that the LCNEC in the gray
zone, which may be reclassified as AC in the future.
Currently, although a few studies suggest the category of

http://www.cmj.org


G3 AC in the lung may exist,[3] these cases are not a
validated entity and not recognized in the 2015 WHO

observed,[23] the Ki-67 value of 30.07% can be an
indicator to separate low grade from high-grade pNETs.

Figure 8: The relationship between OS and PFS with clinical staging were performed by the univiarate analysis. The early stage pNETs showed (A) better OS (P=0.000) and (B) PFS (P=
0.000) with advanced cases. The Ki-67 index was classified as two groups by CAIM: �30.07% and >30.07%. SCLC and LCNEC presented with worse OS (C) and PFS (D) compared with
low grade NETs. The Ki-67 value �30.07% showed a (E) better OS (P=0.000) and (F) better PFS (P=0.000) than Ki-67 index >30.07%.

Chinese Medical Journal 2019;132(5) www.cmj.org
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classification.[25] Therefore, at present, more cases were
collected and multicenter research setting has been
established, including patients in which full data of
follow-up are available.

The Ki-67 index was also overlapped in the poorly
differentiated carcinomas, with ranges of 30.67% to
93.74% (median value of 57.62%) for LCNEC, and
35.71% to 96.87% (median value of 79.66%) for SCLC.
As the SCLC and LCNEC shared similar therapeutic
strategies, separation of the 2 subtypes was of limited
clinical impact. Although no appropriate threshold of
Ki-67 to separate AC from TC or LCNEC from SCLC was

5

In the diagnosis of SCLC, the differentiation of this tumor
from carcinoid tumors remains a challenge due to crush
artifacts and poor tissue preservation in small bronchial
biopsies.[26] At this time, careful evaluation of hematoxylin
and eosin sections was the most important tool for the
differential diagnosis. In addition, evaluation of tumor cell
proliferation by Ki-67 labeling index was also as the most
useful ancillary technique for the distinction.[4]

Inclusion of the Ki-67 index in WHO classification criteria
is prognostically effective[27] and is widely used as a
prognostic factor in a variety of tumors including breast,[5]

oropharyngeal squamous cell carcinoma,[28] hematolym-
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phoid,[6] and other malignancies.[7,29] In our study, we
take Ki-67 index of 30.07% as the cutoff value in pNETs,

Ki-67 index was not an independent prognostic value for
both OS and PFS, while the lower pathologic TNM staging

Figure 9: Univiarate analysis for the patients who have received chemotherapy before surgery. The survival curve showed that chemotherapy have no correlation with (A) OS (P=0.676) and
(B) PFS (P=0.922). In addition, we also performed the relationship between Ki-67 index and OS and PFS in the 9 patients treated with chemotherapy. A higher Ki-67 index had a trend with
(C) better OS (P=0.149) and correlated with (D) improved PFS (P=0.024).

Table 6: Average values of Ki-67 (%) by different authors.

Authors (Year) TC
TC vs.

AC cutoff AC
AC vs.

LCNEC cutoff LCNEC SCLC Method

Rekhtman (2010)[16] 1.5 (0–2.3) 7.7 (0–17) 46 (20–90) 64 (25–96) Not available
Skov et al (2010)[10] 1.81 4.0 25.56 41.75 Manual
Zheng et al (2013)[17] 3 (1–5) 7 (3–10) 60 87 Manual
Liu et al (2014)[18] 2.3 (0–6.7) 7 16.8 (9.9–25.7) 50 81.3 (63.2–91.9) Automated
Marchio et al (2017)[19] <4 (83)

∗
≥10 ≥10 (75)

∗
Manual

Fabbri et al (2017)[20] 3.6±1.7 8.4±5.2 20† 65.1±26.3 86.7±13.7 Manual
Swarts et al (2017)[21] 1.73 (0–25)

manual;
1.17 (0–16),
automated

5.54 (0–19)
manual;

3.29 (0–10),
automated

Manual and
automated

Garg et al (2018)[22] 2.6 (1–10) 7.5 19 (10–30) 32.5 42.5 (35–50) Manual
∗
The majority of cases (61.5%) belonged to the <4% Ki-67 range; 25.1% and 13.4% had a proliferation index of 4% to 9% and ≥10%, respectively.

The<4%Ki-67 subgroup was significantly enriched for TCs (83%, P<0.0001); ACs were more frequent in the subgroup showing Ki-67≥10% (75%,
P<0.0001). †A 20% cutoff distinguished TC and AC from LCNEC and SCLC with 100% specificity and sensitivity. AC: Atypical carcinoid; LCNEC:
Large-cell neuroendocrine carcinoma; SCLC: Small-cell lung cancer; TC: Typical carcinoid.
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which indicated that the cases with lower Ki-67 PI had
a better OS and PFS. However, in multivariate analysis,

5

was demonstrated to be an independent factor with
improved OS and PFS. In other words, adding Ki-67 index
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to conventional morphologic features does not increase the
prognostic prediction to morphologic criteria significantly,

Ki-67 is a feasible and potentially meaningful marker in
lung neuroendocrine tumors. This study might contribute

1. Travis WD. Advances in neuroendocrine lung tumors. Annals of
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which was consistent with previous researches.[21,30]

In addition, chemotherapy showed no correlation with
both OS and PFS. While in the group of 9 cases with
chemotherapy, a higher Ki-67 index was associated
with better PFS and had a trend with improved OS,
which indicate that higher Ki-67 index might associated
with tumor sensitivity. In this point, our study was
consistent with previous research.[31]

The adaptation of Ki-67 into daily practice has been
fraught with challenges related to the counting methodol-
ogy (manual and automated Ki-67 evaluation). In
PanNETs, the most accurate, reproducible, and practical
method for counting Ki-67 was the camera-captured
printed images of tumor hot spots, and had the highest
inter-observer agreement.[32] Warth et al[8] had reported
that the agreement of manual and automated Ki-67
evaluation was good and was further increased when more
than 1 participant evaluated a given case. In our study, the
2 methods (MCM and CIAM) of counting Ki-67 index
showed a positively lineage relationship and the discrep-
ancy of 2 methods in individual cases was limited within
5% inmore than half of the cases. However, it is important
to note that Ki-67 index calculated by CIAM was slightly
higher than that by MCM for most cases (77.4%), which
was inconsistent with the research written by Joseph
et al.[33] This can be illustrated by the MCMwas a method
using “eye balling,”which was fast but had poor reliability
and reproducibility. Moreover, the interpretation criterion
(especially for the positivity of 1+) was difficult to
understand, which made the cases with weak positive
usually to be neglected. In addition, pNETs may mix
together with lymphocytes, stromal, or endothelial cells,
which lead difficult to differentiate by using CIAM.[34,35]

Despite of these, Ki-67 staining still clearly outperforms
mitotic count with respect to inter-observer agreement in
pulmonary carcinoids, with the latter having an unaccept-
able low performance status.[8]

Our study has some limitations. First, this study was a
retrospective design with a relatively small sample size
drawn from a single institution; therefore, there might have
an inherent selection bias. Moreover, mature survival
information was limited as the follow-up duration in our
study was not long enough to fully evaluate 5-year survival
rates. Finally, the number of cases with AC and LCNEC in
gray zone were small, and insufficient data were not
enough to further explore the internal mechanism.

In this study, Ki-67 index was positively associated with
high mitotic figure, necrosis, high histologic grade,
presence of nodal metastasis, and advanced clinical
staging. Although there was no adequate cutoff value to
separate pulmonary AC from TC and no statistic
difference of Ki-67 index between LCNEC and SCLC,
the threshold of Ki-67 with 30.07% was demonstrated to
be a useful tool to discriminate the pathologic grade, and
had statistic significant values for OS and PFS. Moreover,
the 2 calculating methods (MCM and CIAM) of Ki-67
labeling index was of great consistent and CIAM
was proved to be a reliable method in our study. Therefore,

5

a reference data in the diagnostic criteria guidelines of low-
and high-grade NETs.
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