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Prognostic factors in atypical carcinoid tumors

Ahmet Bilgehan Sahin'®, Erdem Cubuk¢u’®, Adem Deligoniil>’®, Birol Ocak’®, Hiiseyin Melek‘®, Buket
Erkan2®, Burcu Caner?®, Ahmet Sami Bayram*®, Elif Ulker Akyildiz’@, Tiirkkan Evrensel?®

IDepartment of Medical Oncology, Usak Training and Research Hospital, Usak, Turkey, *Department of Medical Oncology, Bursa Uludag
University School of Medicine, Bursa, Turkey; *Department of Medical Oncology, Bursa Yiiksek Ihtisas Training and Research Hospital,
Bursa, Turkey; *Department of Thoracic Surgery, Bursa Uludag University School of Medicine, Bursa, Turkey, *Department of Pathology,
Bursa Uludag University School of Medicine, Bursa, Turkey

ABSTRACT

Objectives: Carcinoid tumors are rare neuroendocrine neoplasms of the lung. Although typical and atypical
carcinoids have different clinical courses, most studies in the literature evaluate them together. Therefore, we
aimed to investigate prognostic factors in patients with atypical carcinoids, excluding typical carcinoids.
Methods: We included 32 patients with atypical carcinoids according to WHO 2021 criteria admitted to Uludag
University Hospital. We retrospectively extracted the clinicopathological characteristics from electronic medical
records. The log-rank tests were used to determine the prognostic factors on survival.

Results: Median age was 57 (24-71) years. Pathological stages were as follows: stage I in 41%, II in 9%, III
in 34%, and IV in 16%. Median Ki-67 index was 11% (1-50). Median follow-up time was 46.2 (0.7-184.2)
months. 12-month and 48-month disease-free survival (DFS) rates were 92.3% and 79.2%, respectively. 12-
month and 48-month overall survival (OS) rates were 93.8% and 86.2, respectively. Receiver operating char-
acteristic curve analysis determined the Ki-67 cut-off as 12.5%. The log-rank test indicated that Ki-67 and
stage were statistically significant prognostic factors for DFS and OS. The patients with a Ki-67 index lower
than 12.5% had longer DFS and OS (p = 0.007 and p = 0.020, respectively).

Conclusions: The Ki-67 index and 8th TNM staging have prognostic value on DFS and OS in patients with
atypical carcinoids. Large-scale studies are needed to define the optimal cut-off value of Ki-67.

Keywords: Lung carcinoid, atypical carcinoid, ki-67 index, stage, survival

Carcinoid tumors are a component of a heteroge-
neous group of pulmonary neuroendocrine neo-
plasms [1]. Although twenty percent of
neuroendocrine tumors of all body sites are carcinoid
and their incidence is reported to be increasing, carci-
noid tumors constitute less than 2% of all lung malig-
nancies [2, 3]. The World Health Organization has
classified carcinoid tumors into two histological types

according to histopathological criteria: typical (well-
differentiated, low grade) and atypical carcinoid tu-
mors (well-differentiated, intermediate grade) [4].
Atypical carcinoid tumors constitute approximately
one-quarter of lung carcinoids [5].

Carcinoid tumors have better survival than other
neuroendocrine neoplasms of the lung, small-cell lung
cancer, and large-cell neuroendocrine carcinoma [6].
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Ki-67 index in atypical carcinoid tumor

Histological type is the most crucial factor in deter-
mining survival. In addendum to histological type,
many factors affecting the survival of carcinoid tu-
mors, such as stage, Ki-67 index, gender, tumor size,
lymph node metastasis, and treatment modalities, were
investigated [7-12]. In most of these studies, patients
with typical and atypical carcinoid tumors were eval-
uated together. However, the survival, recurrence sites,
and rates of typical and atypical carcinoid tumors were
reported to differ [13-16]. Therefore, in the present
study, we aimed to investigate the clinicopathological
factors affecting the survival of patients with atypical.

METHODS

We included the patients admitted to Bursa Uludag
University Hospital between January 2007 and De-
cember 2021 for atypical carcinoid tumors according
to the criteria determined in the WHO 2021 classifi-
cation of lung tumors [4]. We retrospectively reviewed
the electronic medical records and extracted the de-
mographic and clinical features of all the participants:
age, gender, imaging modalities, tumor side, tumor lo-
calization, clinical manifestation, clinical stage, treat-
ment modalities, site of recurrences, and areas of
metastasis. We obtained histopathological features
from the patients' pathology reports, including patho-
logical T and N stage, tumor size, lymphovascular in-
vasion, Ki-67 index, mitotic count, and necrosis. We
excluded patients younger than 18 and those with a
history of other sites' malignancy and incomplete clin-
icopathological data.

Ethical Statement
The study was per the 1964 Declaration of
Helsinki and approved by the clinical research ethics

committee of Bursa Uludag University Faculty of
Medicine (Approval number: 2020-19/19).

Statistical Analysis

We defined overall survival (OS) as the time from
diagnosis until death from any cause. Disease-free sur-
vival (DFS) was specified to the time from surgery
until disease recurrence, confirmed by histological ex-
amination or imaging modalities, or death for any rea-
son, whichever occurred first. The optimal cut-off
points for the Ki-67 index and tumor size were deter-

Table 1. Clinicopathological characteristics of
the patients

Data (n = 32)

Age (years) 57.0 (24.6-71.3)
Gender

Female 17 (53.1)

Male 15 (46.9)
Symptoms at diagnosis

Cough 15 (46.9)

Dyspnea 7(21.9)

Hemoptysis 3(9.4)

Carcinoid Syndrome 2 (6.3)

Absent (asymptomatic) 5 (15.6)
Imaging at diagnosis

Computed tomography 32 (100.0)

FDG PET/CT 21 (65.6)

Ga68-Dotatate PET/CT 9(28.1)
Tumor side

Right 18 (56.3)

Left 14 (43.7)
Localization

Central 18 (56.3)

Peripheral 14 (43.7)
Surgery

Lobectomy 21 (65.6)

Sublobar Resection 6 (18.8)

None 5 (15.6)
Stage at diagnosis

I 13 (40.6)

I 3(9.4)

I 11 (34.4)

v 5(15.6)
Tumor size (mm) 31 (5-75)
Ki-67 index (%) 11 (1-50)
Necrosis

Absent 19 (59.4)

Present 13 (40.6)
Mitosis

<2 8 (25.0)

2-10 24 (75.0)
(Neo)Adjuvant Therapy

Chemotherapy 11 (34.4)

Radiotherapy 6 (18.8)

Data are show as median (minimum-maximum or number
(percent). FDG PET/CT = fluorodeoxyglucose positron
emission tomography-computed tomography, Ga68-Dotatate
PET/CT = Gallium-68 Dotatate positron emission
tomography-computed tomography
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mined using receiver operating characteristic (ROC)
curve analysis, taking the DFS event as the endpoint
of interest. Statistical analyses were performed using
IBM SPSS version 28 software. Continuous and cate-
gorical variables were represented as median (mini-
mum-maximum) and frequency, respectively.
Kaplan—Meier analysis was operated for survival
rates. The log-rank tests were used to compare the pa-
tient groups. Statistical significance was indicated by
p - values less than 0.05.

RESULTS

Our study comprised thirty-two patients. Table 1 dis-
plays the clinicopathological characteristics of the pa-
tients included. The median age was 57.0 (24.6-71.3)
years. Nearly half of the patients had a cough at pres-
entation. Carcinoid syndrome was observed in only
two patients. All patients had computed tomography
(CT) scans during evaluation, and Ga68-Dotatate
positron emission tomography-computed tomography
(PET/CT) was performed in 28% of them at the initial
diagnosis. Eighteen patients had centrally located tu-
mors. Of the patients, 84% had nonmetastatic disease
at presentation. Pathological stages were as follows:
stage [ in 41%, II in 9%, III in 34%, and IV in 16%.
The median tumor size was 31 (5-75) mm, and the me-
dian Ki-67 index was 11% (1-50). Necrosis was pres-
ent in 41% of the patients. (Neo)Adjuvant
chemotherapy and radiotherapy were performed in
43% and 19%, respectively. All patients received a so-
matostatin analog and cytotoxic chemotherapy in the
metastatic stage.

In ROC curve analysis, the cut-off values for the
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Ki-67 index and tumor size were determined as >
12.5% (AUC:0.771, sensivity:100%, specificity:
75%), and > 34.5 mm (AUC:0.604, sensivity:71%,
specificity: 60%), respectively.

The median follow-up time was 46.2 (0.7-184.2)
months. 6 (8.3%) patients had recurrences, 83% rep-
resenting distant metastasis. 6 patients died, and five
deaths were attributed to the disease. 12-month, and
48-month DFS rates were 92.3%, and 79.2%, respec-
tively. 12-month and 48-month OS rates were 93.8%,
and 86.2, respectively. Fig. 1 demonstrates the Kaplan
Meier DFS (A) and OS (B) curves.

Table 2 represents the results of the log-rank test
analyses set for DFS and OS. The log-rank test re-
vealed that Ki-67 and stage were statistically signifi-
cant prognostic factors for DFS and OS. The patients
with a low Ki-67 index (< 12.5) had longer DFS and
OS (p=0.007 and p = 0.020, respectively). Figs. 2 and
3 show the Kaplan-Meier curves of DFS and OS ac-
cording to the Ki-67 index (A) and the pathological
stage (A).

DISCUSSION

In the current retrospective study, we analyzed the
prognostic factors impacting survival in patients with
atypical carcinoids, excluding typical carcinoids. We
observed that the Ki-67 index and stage were statisti-
cally significant factors in both DFS and OS in this
population.

Ki-67 is a non-histone DNA binding nucleolar
protein first identified in 1993 [17]. Ki-67 protein is a
component of the perichromosomal layer functioning
as a platform during nucleolar assembly [18]. The lev-
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Fig. 1. Kaplan Meier curves of disease-free survival (A) and overall survival (B) of all patients.
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Table 2. Results of the Log-rank test: factors affecting disease-free survival and overall survival

Factor Disease-free survival Overall survival

12-month  48-month  p value  12-month  48-month p value

(%) (%) (%) (%)
Age (years) 0.624
<65 91.3 76.2 0.289 96.4 87.5
> 65 100 100 75.0 75.0
Gender 0.589
Female 86.7 86.7 0.897 94.1 87.8
Male 90.9 72.7 93.3 84.8
Tumor side 0.343
Right 93.8 79.1 0.533 94.4 81.7
Left 90.0 80.0 92.9 92.9
Tumor localization 0.951
Central 91.7 83.3 0.851 88.9 82.5
Peripheral 92.9 73.1 100 92.3
Surgery 0.289
Sublobar resection 100 80.0 0.822 100 95.0
Lobectomy 90.0 79.3 100 100
Tumor Size 0.529
<34.5 mm 92.9 92.9 0.060 100 86.5
>34.5 mm 91.7 62.9 87.5 87.5
Ki-67 index 0.020
<12.5 100 100 0.007 100 100
>12.5 83.3 58.3 86.7 72.7
Necrosis 0.089
Absent 100 87.5 0.266 100 83.0
Present 86.7 72.2 89.5 77.1
Mitosis 0.262
<2 87.5 87.5 0.842 100 100
2-10 94.7 77.9 91.7 82.2
Pathological stage 0.007
I 100 90 0.034 100 100
II 100 100 100 100
111 80 58.3 100 90.0
v - - 60.0 30.0
(Neo)Adjuvant treatment 0.819
No 100 82.5 0.233 100 100
Yes 81.8 72.7 100 90.9
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Fig. 2. Kaplan Meier curves of disease-free survival according to the Ki-67 index (A) and stage (B).

els of Ki-67 were reported to increase from the late G1
phase to the S phase and peak at mitosis [19]; there-
fore, it is widely used as a proliferative marker. The
diagnostic, prognostic, and predictive values have
been extensively studied in neuroendocrine neoplasms
and other solid organ malignancies [14, 20-24].

Ki-67 is mandatory to grade gastroenteropancre-
atic neuroendocrine neoplasms [14, 25], but in lung
carcinoid tumors, necrosis and mitotic count are rec-
ommended to grade rather than the Ki-67 index [4].
The Ki-67 index is recommended as a complementary
tool to help to differentiate atypical carcinoids from
lung neuroendocrine carcinomas (small cell carcinoma
and large cell neuroendocrine carcinoma); a Ki-67
index below 30% is in favor of atypical carcinoids
rather than high-grade neuroendocrine carcinomas [4,
10, 26-28]. In complement to this diagnostic value,
studies on the prognostic value of Ki-67 level, partic-
ularly in lung carcinoid tumors, are increasing in the
literature [11, 26, 29].

In 2018, Kasajima et al. [26] reported an evalua-
tion of a multi-center retrospective study of 244 lung
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neuroendocrine neoplasms, of which 20 atypical car-
cinoids, and stated that patients with atypical carci-
noids with a Ki-67 > 20% had a worse prognosis
compared to those with pulmonary carcinoid with a
Ki-67 < %20, consistent with our findings. In 2020,
Dermavan et al. [11] conducted the results of a retro-
spective cohort of 176 pulmonary carcinoids (11 atyp-
ical carcinoids). They found that Ki-67 is an
independent prognostic factor in lung carcinoids, and
integrating the Ki-67 index to histological grade and
TNM staging is superior in predicting recurrence com-
pared to TNM alone. Recently, Centonze ef al. [29] re-
ported that Ki-67 has a substantial predictive value in
post-surgical recurrence in lung carcinoid tumors. Al-
though the Ki-67 cut-off values in the studies men-
tioned above were reported to be lower than our study
since atypical and typical carcinoids were assessed to-
gether, these studies also support our study's findings,
indicating the prognostic value of the Ki-67 index.
Although scientific evidence concerning the diag-
nostic and prognostic value of the Ki-67 index in car-
cinoid tumors has expanded recently, there are some
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Fig. 3. Kaplan Meier curves of overall survival according to the Ki-67 index (A) and stage (B).
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limitations regarding its clinical use: interobserver
variability, intratumoral heterogeneity, and interlabo-
ratory variability caused by various reasons such as
fixation and tissue processing [30-32]. In addition, a
substantial limitation is the lack of internationally ac-
cepted cut-off values in carcinoid tumors, in contrast
to gastroenteropancreatic neuroendocrine neoplasms.

Several limitations to using TNM staging in lung
carcinoids are reported [7, 13]. Although new staging
recommendations have been proposed by incorporat-
ing prognostic parameters such as histological grade
and ki-67, international guidelines recommend the 8"
TNM edition [14, 16]. TNM staging is the most note-
worthy prognostic parameter after histological grade
[14]. Numerous reports support the prognostic value
of TNM staging in the literature, consistent with our
results [33, 34].

Limitations

Our study has several limitations, such as its ret-
rospective design and limited number of patients due
to the rarity of the disease. In addition, a multivariate
analysis could not be performed due to the low num-
ber of cases and DFS events.

CONCLUSION

In conclusion, the Ki-67 index and 8th TNM staging
have prognostic value on DFS and OS in patients with
atypical carcinoids. Embodying Ki-67 into the TNM
staging system may improve its prognostic value.
Large-scale studies are needed to determine the opti-
mal cut-off value.

Authors’ Contribution

Study Conception: ABS, BO, EC; Study Design:
TE, EC, ABS; Supervision: TE, EC, HM, ASB; Fund-
ing: N/A; Materials: N/A; Data Collection and/or Pro-
cessing: BE, BC, BO, HM, EUA; Statistical Analysis
and/or Data Interpretation: ABS, ASB, AD; Literature
Review: BE, BC, BO, HM, EUA; Manuscript Prepa-
ration: ABS, BE, BC, AD and Critical Review: ASB,
TE, EUA, AD.

Conflict of interest
The authors disclosed no conflict of interest during
the preparation or publication of this manuscript.

Financing
The authors disclosed that they did not receive any
grant during conduction or writing of this study.

REFERENCES

1. Lung neuroendocrine (carcinoid) tumors: Epidemiology, risk
factors, classification, histology, diagnosis, and staging. UpTo-
Date. Available at: https://www.uptodate.com/contents/lung-neu-
roendocrine-carcinoid-tumors-epidemiology-risk-factors-classifi
cation-histology-diagnosis-and-staging. Accessed August 03,
2023.

2. Hauso O, Gustafsson BI, Kidd M, Waldum HL, Drozdov I,
Chan AK, et al. Neuroendocrine tumor epidemiology: contrasting
Norway and North America. Cancer 2008;113:2655-64.

3. Petursdottir A, Sigurdardottir J, Fridriksson BM, Johnsen A,
Isaksson HJ, Hardardottir H, et al. Pulmonary carcinoid tumours:
incidence, histology, and surgical outcome. A population-based
study. Gen Thorac Cardiovasc Surg 2020;68:523-9.

4. WHO Classification of Tumours Editorial Board. Thoracic Tu-
mours. 5th ed. Lyon; France: International Agency for Research
on Cancer; 2021.

5. Detterbeck FC. Management of carcinoid tumors. Ann Thorac
Surg 2010;89:998-1005.

6. Metovic J, Barella M, Harari S, Pattini L, Albini A, Sonzogni
A, et al. Clinical implications of lung neuroendocrine neoplasm
classification. Expert Rev Anticancer Ther 2021;21:377-87.
7.Yi C, Dai J, Song N, Wu C, Zhang L, Zhu Y, et al. Improve-
ment of pathological staging system for neuroendocrine tumors
of the lung. Ann Transl Med 2021;9:447.

8. He 'Y, Zhao F, Han Q, Zhou Y, Zhao S. Prognostic nomogram
for predicting long-term cancer-specific survival in patients with
lung carcinoid tumors. BMC Cancer 2021;21:141.

9. Chiappetta M, Sperduti I, Ciavarella LP, Leuzzi G, Bria E, Mu-
cilli F, et al. Prognostic score for survival with pulmonary carci-
noids: the importance of associating clinical with pathological
characteristics. Interact Cardiovasc Thorac Surg 2020;31:315-23.
10. Boland JM, Kroneman TN, Jenkins SM, Terra SBSP, Xie H,
Molina J, et al. Ki-67 Labeling index in pulmonary carcinoid tu-
mors: comparison between small biopsy and resection using
tumor tracing and hot spot methods. Arch Pathol Lab Med
2020;144: 982-90.

11. Dermawan JKT, Farver CF. The role of histologic grading
and Ki-67 index in predicting outcomes in pulmonary carcinoid
tumors. Am J Surg Pathol 2020;44:224-31.

12. Dong S, Liang J, Zhai W, Yu Z. Development and validation
of an individualized nomogram for predicting overall survival in
patients with typical lung carcinoid tumors. Am J Clin Oncol
2020;43:607-14.

13. Baudin E, Hayes AR, Scoazec JY, Filosso PL, Lim E, Kaltsas
G, et al. Unmet medical needs in pulmonary neuroendocrine (car-
cinoid) neoplasms. Neuroendocrinology 2019;108:7-17.

14. Neuroendocrine and Adrenal Tumors. Version1.2023. Na-
tional Comprehensive Cancer Network. Available at:
https://www.nccn.org/professionals/physician_gls/pdf/neuroen-

1199

The European Research Journal « Volume 9 « Issue 5 « September 2023



Eur Res J 2023;9(5):1194-1200

Sahin et al

docrine. pdf. Accessed August 08, 2023.

15. Lung neuroendocrine (carcinoid) tumors: Treatment and
prognosis. UpToDate. Available at:
https://www.uptodate.com/contents/lung-neuroendocrine-carci-
noid-tumors-treatment-and-prognosis. Accessed August 03,
2023.

16. Baudin E, Caplin M, Garcia-Carbonero R, Fazio N, Ferolla
P, Filosso PL, et al. Lung and thymic carcinoids: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann
Oncol 2021;32:439-51.

17. Gerdes J, Li L, Schlueter C, Duchrow M, Wohlenberg C, Ger-
lach C, et al. Immunobiochemical and molecular biologic char-
acterization of the cell proliferation-associated nuclear antigen
that is defined by monoclonal antibody Ki-67. Am J Pathol
1991;138:867-73.

18. Menon SS, Guruvayoorappan C, Sakthivel KM, Rasmi RR.
Ki-67 protein as a tumour proliferation marker. Clin Chim Acta
2019;491:39-45.

19. Jonat W, Arnold N. Is the Ki-67 labelling index ready for clin-
ical use? Ann Oncol 2011;22:500-2.

20. Sun X, Kaufman PD. Ki-67: more than a proliferation marker.
Chromosoma 2018;127:175-86.

21. Sakin A, Tambas M, Secmeler S, Can O, Arici S, Yasar N, et
al. Factors affecting survival in neuroendocrine tumors: a 15-year
single center experience. Asian Pac J Cancer Prev 2018;19:3597-
603.

22. Cubukcu E, Sahin AB, Oz Atalay F, Ocak B, Ozsen M,
Demiroz Abakay C, et al. The Ki-67 index and neutrophile-lym-
phocyte ratio are prognostic factors in patients with low-risk en-
dometrial cancer. Eur J Gynaecol Oncol 2021;42:775-81.

23. Sahin AB, Cubukcu E, Ocak B, Deligonul A, Oyucu Orhan
S, Tolunay S, et al. Low pan-immune-inflammation-value pre-
dicts better chemotherapy response and survival in breast cancer
patients treated with neoadjuvant chemotherapy. Sci Rep
2021;11:14662.

24. Seo SH, Kim KH, Oh SH, Choi Y, Ahn KJ, Lee JY, et al. Ki-
67 labeling index as a prognostic marker in advanced stomach

cancer. Ann Surg Treat Res 2019;96:27-33.

25. Pavel M, Oberg K, Falconi M, Krenning EP, Sundin A, Perren
A, et al. Gastroenteropancreatic neuroendocrine neoplasms:
ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol 2020;31:844-60.

26. Kasajima A, Konukiewitz B, Oka N, Suzuki H, Sakurada A,
Okada Y, et al. Clinicopathological profiling of lung carcinoids
with a Ki67 index > 20. Neuroendocrinology 2019;108:109-20.

27. Aslan DL, Gulbahce HE, Pambuccian SE, Manivel JC, Jes-
surun J. Ki-67 immunoreactivity in the differential diagnosis of
pulmonary neuroendocrine neoplasms in specimens with exten-
sive crush artifact. Am J Clin Pathol 2005;123:874-8.

28. La Rosa S. Diagnostic, prognostic, and predictive role of
Ki67 proliferative index in neuroendocrine and endocrine neo-
plasms: past, present, and future. Endocr Pathol 2023;34:79-97.

29. Centonze G, Maisonneuve P, Simbolo M, Lagano V, Grillo
F, Fabbri A, et al. Lung carcinoid tumours: histology and Ki-67,
the eternal rivalry. Histopathology 2023;82:324-39.

30. Swarts DR, van Suylen RJ, den Bakker MA, van Oosterhout
MEF, Thunnissen FB, Volante M, et al. Interobserver variability
for the WHO classification of pulmonary carcinoids. Am J Surg
Pathol 2014;38:1429-36.

31. Cree IA. From counting mitoses to Ki67 assessment: techni-
cal pitfalls in the new WHO classification of endocrine and neu-
roendocrine tumors. Endocr Pathol 2022;33:3-5.

32. Reccia I, Pai M, Kumar J, Spalding D, Frilling A. Tumour
heterogeneity and the consequent practical challenges in the man-
agement of gastroenteropancreatic neuroendocrine neoplasms.
Cancers (Basel) 2023;15:1861.

33. Sahin AB, Melek H, Ocak B, Oyucu Orhan S, Erkan B, Caner
B, et al. Platin based chemotherapy does not improve survival in
patients with non metastatic resected typical carcinoid tumors.
Mol Clin Oncol 2022;17:146.

34. Georgakopoulou VE, Zygouris E, Nikokiris C, Damaskos C,
Pierrakou A, Garmpis N, et al. Predictive indicators of survival
in patients with surgically resected lung carcinoid tumors at a
Greek Medical Center. Cureus 2020;12:¢10300

This is an open access article distributed under the terms of Creative Common
@ @ @ Attribution-NonCommercial-NoDerivatives 4.0 International License.
BY NC ND

The European Research Journal « Volume 9 « Issue 5 « September 2023

1200


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

