
A prognostic implication of Ki67 index in 
lung neuroendocrine neoplasms (NENs)

A. Kasajima1, 2, N. Oka3,4, B. Konukiewitz1, H. Suzuki4, A. Sakurada5, Y, Okada5, 
T. Kameya, Y. Ishikawa6, H. Sasano1, W. Weichert1,2, G. Klöppel1

1Department of Pathology, Technical University Munich, 2Member of the German Cancer Consortium (DKTK), Germany, 3Department of Pathology 
Tohoku University Graduate School of Medicine, Sendai, 4National Hospital Organization, Sendai Medical Center, Sendai, 5Department of Thoracic 
Surgery, Institute of Development, Aging and Cancer, Tohoku University Graduate School of Medicine, Sendai, 6Pathology Department, The Cancer 

Institute Hospital of JFCR, Tokyo, Japan

XXXII International Academy of Pathology Congress 2018, Amman, Jordan
15.10.2018



WHO2015 Classification of lung NENs
Diagnostistic criteria

WHO classification Tumours of the Lung, Pleura, Thymoma and Heart 4th Edition
International Agency for Research on Cancer, Lyon 2015 

Compensatory tool

Typical
carcinoid

: TC

Atypical
carcinoid

: AC

Large cell
neuroendocrine

carcinoma
: LCNEC

Small cell lung
carcinoima

: SCLC

Mitosis/2mm2 0-1 2-10 >10

Necrosis No Focal, if any Yes

Ki67 index Up to 5% Up to 20% 40-80% 50-100%

20‐40? 



WHO2017 Classification of pancreatic NENs (PanNENs)

Ki-67 index (%) Mitotic index (/2mm2)

Well-differentiated NEN (WD-NEN)

PanNET G1 < 3 < 2

PanNET G2 3 - 20 2 - 20

PanNET G3 > 20 > 20

Poorly differentiated NEN (PD-NEN)

PanNEC G3 > 20 > 20

Small cell type

Large cell type



Ki67 in lung NEN 
separates carcinoid from LCNEC/SCLC

distinguishes TC from AC

is useful in biopsy specimens with crush artefacts
Pelosi et al. Am J Surg Pathol. 2005
Lin et al. Am J Clin Pathol. 2003
Aslan et al. Am J Clin Pathol. 2005

Pelosi et al. Am J Surg Pathol. 2005
Righi et al. Endocr Relat Cancer. 2010

Li et al. Appl Immunohistochem Mol Morphol. 2011
Pelosi et al. Am J Surg Pathol. 2005
Righi et al. Endocr Relat Cancer. 2010

is prognostic
Costes et al. Hum Pathol. 1995
Grimaldi et al. Front Endocrinol. 2011
Rugge et al. Clin Cancer Res. 2008
Walts et al. Mod Pathol. 2012
Zabel et al. Virchows Arch. 2012 
Granberg et al. J Clin Endocrinol Metab. 2000
Rindi et al. Endocr Related Cancer 2014
Marchio et al. Virchows Arch. 2017

not prognostic
Ogarashi et al. Mod Pathol. 2004
Skov et al. J Thorac Oncol. 2010
Van Eden et al. Hum Pathol. 2002



Aims

 Clarify prognostic impact of Ki67 index

 Classification based on Ki67 index

in lung NENs



Methods

1. Review of surgically resected FFPE tissues of 244 Japanese patients. 

2. Clinical information and post-operative follow-up from 227 patients (93%).

3. Histological diagnosis reviewed by 6 pathologists using WHO 2015 

classification of lung. 



Methods

4. Ki67 index was independently assessed by 3 pathologists with a high inter-observer
concordance (p<0.0001, r>0.96) 



Results



Carcinoid NEC
TC AC LCNEC SCLC

N (%) 244
59 (24) 185 (76)

39 (16) 20 (8) 58 (24) 127 (52)

Ki67 index in lung NEN

1.7 (0.2-4.2) 1.6 (1.6-36) 77 (41-99) 74 (34-99)Mean (Range)

7 cases
Ki67>20%



Correlation of Ki67 index with clinicopathological factors
in lung carcinoids (TC and AC)

N Mean SD p-value

Age
<65 24 4.1 6.2

NS (0.08)
≥65 35 7.8 10.4

Sex
Male 25 7.3 10.3

NS
Female 34 5.6 8.0

Smoking 
indexa

<500 41 5.2 7.4
NS

≥500 17 9.1 12.1

pTb pT1 40 5.4 8.9
NS

pT2-4 17 6.0 7.0

pNc pN0 49 4.5 7.1
0.01

pN1-3 6 16.1 11.2

pStageb pStage I 48 4.2 7.1
0.02

pStage II-IV 9 12.7 10.1

WHO2015
TC 39 1.6 1

<0.0001
AC 20 15.4 11

Data not available in a1, b2, and c4 cases

Ki67 index is associated with pN, pStage and WHO 
classification in lung carcinoids



Correlation of Ki67 index with clinicopathological factors
in lung NECs (LCNEC and SCLC)

N Mean SD p-value

Agea <65 42 76 15
NS

≥65 124 74 15

Sexa Male 144 73 15
NS

Female 22 79 10

Smoking 
indexb

<500 19 71 17
NS

≥500 135 75 15

pTc pT1 82 74 15
NS

pT2-4 81 74 14

pNd pN0 100 75 15
NS

pN1-3 53 72 14

pStagee pStage I 85 76 15
NS

pStage II-IV 79 73 15

WHO2015f LCNEC 58 77 15
NS

SCLC 125 74 15

Data not available in a19, b31, c22, d32, e21, f2 cases

Ki67 index is not associated with
clinicopathological factors in lung NECs



Outcome of 59 patients with carcinoids

Diease-free survival (months)
N Event Mean p-value

Age
<65 24 1 61

0.03
≥65 35 9 97

Sex
Male 25 6 101

NS
Female 34 4 57

Smoking indexa <500 41 6 64
NS

≥500 17 4 104

pTb pT1 40 6 106
NS

pT2-4 17 3 27

pNc pN0 49 6 108
0.01

pN1-3 6 3 26

pStageb pStage I 46 5 109
0.02

pStage II-IV 11 4 27

WHO2015
TC 39 2 115

0.001
AC 20 8 76

Ki67 index
< 3% 36 1 69

0.0006
≥ 3% 23 9 85

Data not available in a1, b2, and c4 cases

Ki67 index, age, pN, pStage, and WHO classification
are associated with outcome in lung carcinoids



Where should we set the optimal cut-off value?

Ki67 <3%

Ki67 ≥3%

P =0.002

Ki67 <5%

Ki67 ≥5%
P =0.001

Ki67 <10%

Ki67 ≥10%
P =0.001

Ki67 <15%

Ki67 ≥15%P<0.001



Distribution of Ki67 index in carcinoids
Ki
67

 in
de

x
(%

)

61%

Disease related death

0%

Recurrence/metastasis

3%

15%

3%

10%

20% 27% 19%31%
11% 29%57%

20% 17%33%
19%45% 27%

25% 13%27%
14%63% 37%



Disease-free survival

Hazard Ratio 95% CI p-value

Age 1.08 per unit 0.9-1.2 NS

pN
pN0 1

0.1-3.1 NS
pN1-3 1.3

WHO
TC 1

1.1-17 NS
AC 1.03

Ki67 index
<3, 3-15, ≥15%

<3% 1
3-15% 7.9 0.4-211 NS
≥15% 186 4-13222 0.008
3-15% 1
≥15% 23 1.8-662 0.01

Outcome of 59 patients with carcinoids
Multivariate analysis

A three-tiered Ki67 index based classification is an 
independent prognostic factor in lung carcinoid patients



Ki67 <3%

Ki67 ≥3%

P=0.002

Ki67 <3%

Ki67 ≥15%

Ki67 3‐15%

TC

AC

P=0.0009



Conclusion

1. Ki67 index can overlap in lung carcinoids and NECs. 

2. Ki67 index is associated clinical behavior in carcinoids, but not in NECs

3. Ki67 is an independent prognostic factor in carcinoids

4. Three-tiered classification better stratifies patients outcome than conventional

WHO classification

5. Optimal cut-off values of Ki67 index in lung carcinoid are probably 3 and 15%. 
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