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Abstract

Background: In the breast cancer, the decision whether to administer adjuvant therapy is increasingly influenced
by the Ki-67 proliferation index. In the present retrospective study, we investigated if this index could predict the
therapeutic response to radiation therapy in small cell lung cancer (SCLC).

Methods: Data from 19 SCLC patients who received thoracic radiation therapy were included. Clinical staging was
assessed using the TNM classification system (UICC, 2009; cstage IIA/IIB/IIIA/IIIB = 3/1/7/8). Ki-67 was detected using
immunostained tumour sections and the Ki-67 proliferation index was determined using e-Count software.
Radiation therapy was administered at total doses of 45–60 Gy. A total of 16 of the 19 patients received
chemotherapy.

Results: Patients were divided into two groups, one with a Ki-67 proliferation index ≥79.77% (group 1, 8 cases) and
the other with a Ki-67 proliferation index <79.77% (group 2, 11 cases). Following radiation therapy, a complete
response (CR) was observed in six cases from group 1 (75.0%) and three cases from group 2 (27.3%). The Ki-67
proliferation index was significantly correlated with the CR rate (P = 0.05), which was significantly higher in group 1
than in group 2 (P = 0.04). The median survival time was 516 days for all patients, and the survival rates did not
differ significantly between groups 1 and 2.

Conclusions: Our study is the first to evaluate the correlation between the Ki-67 proliferation index and SCLC
tumour response to radiation therapy. Our findings suggest that a high Ki-67 proliferation index might represent a
predictive factor for increased tumour radiosensitivity.
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Introduction
Ki-67 is a nuclear protein associated with cell prolifera-
tion and is expressed in the G1, S, G2 and M phases of
the cell cycle but not in the G0 phase [1]. Thus, this pro-
tein is used as a marker for the proliferation of various
tumour cells. Particularly in breast cancer, Ki-67 positiv-
ity is a marker for a high risk of recurrence and poor
survival [2], and immunostaining with Ki-67 antibody is
routinely used as a proliferation index. In the treatment
of breast cancer, Ki-67 is regarded as a predictive marker

for the efficacy of chemotherapy, and the decision to ad-
minister adjuvant chemotherapy is frequently deter-
mined on the basis of the Ki-67 proliferation index [3].
In lung cancer, several studies have reported that high

Ki-67 expression was an indicator of poor prognosis in
patients with non-small cell lung cancer (NSCLC) [4, 5].
However, few reports have evaluated Ki-67 expression in
patients with small cell lung cancer (SCLC). Moreover,
the most recent World Health Organization (WHO)
classification has adopted the Ki-67 proliferation index
for the diagnosis of SCLC, with numerical values of cell
proliferation used to diagnose this disease [6]. In the
present study, we investigated the association between
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the Ki-67 proliferation index and the therapeutic effects
of radiation therapy in SCLC.

Patients and methods
Table 1 lists the patient characteristics and the treatment
regimens administered.

Patients
This retrospective study included data from 19 patients
(15 males and 4 females) who were diagnosed as having
SCLC and received thoracic radiation therapy at our
hospital between February 2011 and August 2015.
The patient median age was 70 (range, 59–84)

years. Clinical staging was assessed according to the
TNM classification (UICC, 2009; cstage IIA/IIB/IIIA/
IIIB = 3/1/7/8).

Ki-67 proliferation index
SCLC tumour samples were collected prior to chemo-
therapy or radiation therapy. Among the 19 patients,
bronchoscopic biopsy specimens were collected from 16
patients and percutaneous lung biopsy specimens were
collected from 3 patients. Samples were stained with
haematoxylin and eosin and the Ki-67 antibody MIB-1
clone (DAKO, Glostrup, Denmark) was used to detect
Ki-67 expression. The Ki-67 proliferation index was de-
fined as the percentage of cells with positive nuclear Ki-

67 immunostaining in a section of confirmed carcinoma
using e-Count cell counting software (e-Path, Kanagawa,
Japan). Images of tumour sections mounted on glass
slides were converted to JPEG (Joint Photographic Ex-
perts Group) format, and cells with positive nuclear im-
munostaining for Ki-67 were counted based on pixel
colour intensity. Images were automatically segmented
into Ki-67-positive and Ki-67-negative areas according
to the pixel colour intensity cut-off point (Fig. 1).
The cell counting software automatically determines

the cut-off point from a histogram of brown density
(MIB-1 clone, visualized with DAB labelling) and blue
density (haematoxylin) in the nucleus. Tumour samples
were also microscopically reviewed by two pathologists
to verify the Ki-67-positive and Ki-67-negative scores
obtained by the software. The median number of
tumour cells was 420 (range, 91–1001) in each sample.

Thoracic radiation therapy
A linear accelerator was used for 10 MV X-ray irradi-
ation, and some lesions were irradiated with 4 MV X-
rays. In principle, multiportal irradiation was applied to
the anterior-posterior opposed fields to include at least
the primary tumour and metastatic lymph nodes, while
regional lymph nodes were included if necessary. All pa-
tients who received concurrent chemotherapy were irra-
diated at 1.5 Gy per fraction twice daily, to a total dose

Table 1 Patient characteristics

Patient
no.

Sex Age
(yrs)

cstage Ki-67
(%)

Radiation therapy Chemotherapy

Fraction dose Total dose Schedule Regimen

1 M 69 IIIB 79.77 1.5Gy/fr bid 45Gy Concurrent Etoposide + carboplatin

2 M 70 IIA 92.13 1.5Gy/fr bid 45Gy Neoadjuvant Etoposide + cisplatin

3 M 80 IIIB 75.87 1.5Gy/fr bid 45Gy Neoadjuvant Etoposide + carboplatin

4 F 69 IIA 66.41 2Gy/fr 50Gy None

5 M 68 IIIB 45.55 2Gy/fr 50Gy Neoadjuvant Etoposide + cisplatin

6 M 84 IIIB 74.84 2Gy/fr 60Gy None

7 M 72 IIIA 92.51 2Gy/fr 60Gy Neoadjuvant Etoposide + cisplatin

8 M 59 IIIA 74.81 1.5Gy/fr bid 45Gy Concurrent Etoposide + cisplatin

9 M 67 IIIA 99.21 1.5Gy/fr bid 45Gy Concurrent Etoposide + carboplatin

10 M 66 IIIA 95.74 1.5Gy/fr bid 45Gy Concurrent Etoposide + cisplatin

11 M 59 IIIB 89.2 1.5Gy/fr bid 45Gy Concurrent Etoposide + cisplatin

12 M 70 IIA 75.34 1.5Gy/fr bid 45Gy Concurrent Etoposide + cisplatin

13 M 81 IIB 72.79 3Gy/fr 45Gy None

14 F 74 IIIB 92.31 1.8Gy/fr 50.4Gy Concurrent Etoposide + cisplatin

15 F 78 IIIB 64.57 2Gy/fr 50Gy Neoadjuvant Etoposide + cisplatin

16 M 68 IIIB 78.02 2Gy/fr 50Gy Neoadjuvant Etoposide + cisplatin

17 M 69 IIIA 78.57 1.5Gy/fr bid 45Gy Concurrent Etoposide + cisplatin

18 M 73 IIIA 98.2 1.5Gy/fr bid 45Gy Concurrent Etoposide + cisplatin

19 F 74 IIIA 69.71 1.5Gy/fr bid 45Gy Neoadjuvant Etoposide + cisplatin

Abbreviations: M male, F female, bid twice daily, fr fraction

Ishibashi et al. Radiation Oncology  (2017) 12:16 Page 2 of 7



of 45 Gy. Patients irradiated with 2 Gy per fraction to a
total dose of 50 or 60 Gy were administered chemother-
apy as a neoadjuvant therapy or received radiation ther-
apy alone. In the single patient irradiated with 3 Gy per
fraction to a total dose of 45 Gy, the primary tumour
was accompanied by an additional non-contiguous
tumour nodule in the same pulmonary lobe, and both
the tumour and the nodule were irradiated.

Chemotherapy
A total of 16 of the 19 patients received chemotherapy,
which was administered as neoadjuvant therapy in seven
patients and as concurrent therapy in nine patients.
While 13 patients received a regimen consisting of eto-
poside and cisplatin, three patients with renal

dysfunction received a regimen consisting of etoposide
and carboplatin. Three patients who received radiation
therapy alone were at an advanced age or had dementia.

Response to radiation therapy
Tumour responses were assessed using computed tom-
ography (CT), performed after the last day of radiation
therapy or chemotherapy (median, 27 [range, 4 − 225]
days). Clinical responses were categorized as complete
or partial according to the Response Evaluation Criteria
in Solid Tumours (RECIST), version 1.1. A complete re-
sponse (CR) was defined as the disappearance of both
the primary tumour and metastatic lymph nodes.

Statistical methods
SPSS version 21.0 (IBM, Armonk NY, USA) was used for
statistical analysis. The therapeutic effects of radiation
therapy were analysed using stepwise logistic regression
with the following variables: Ki-67 proliferation index
(≥mean vs. <mean); age (<median vs. ≥median 70 years);
period from the first day of chemotherapy (the first day
of radiation therapy in patients who received radiation
therapy alone) to the last day of radiation therapy (<me-
dian vs. ≥median 39 days); frequency of radiation doses
(twice daily vs. once daily); and clinical staging (<IIIB vs.
IIIB). The frequency tables for the therapeutic effects of
radiation therapy and the Ki-67 proliferation index were
analysed using the χ2 test. The Kaplan-Meier method
was used to estimate the probability of overall survival
on the first day of chemotherapy or radiation therapy,
whichever came first. Mantel’s log-rank test was per-
formed to compare the differences in survival between
the subgroups of patients according to the indicated
variables.

Results
Ki-67 proliferation index
The Ki-67 proliferation index ranged from 45.55%–
99.21%, with a mean value of 79.77% (Table 1). Patients
were classified into two groups, one with a Ki-67 prolif-
eration index ≥79.77% (group 1, 8 cases) and the other
with a Ki-67 proliferation index <79.77% (group 2, 11
cases). Following radiation therapy, a CR was observed
in six cases from group 1 (75.0%) and three cases from
group 2 (27.3%) (Table 2). Stepwise logistic regression
analysis revealed that the Ki-67 proliferation index was
significantly correlated only with the CR rate (P = 0.05).
The χ2 test showed that the CR rate was significantly
higher in group 1 than in group 2 (P = 0.04). The median
survival was 516 days for all patients, and the survival
rates in groups 1 and 2 did not differ significantly (Fig. 2).
Significant differences were not observed in the other
variables.

Fig. 1 Histological examination of biopsy specimens from lung
tumours. a Photomicrograph of haematoxylin and eosin-stained
tumour section showing small cells with scant cytoplasm and
granular nuclear chromatin (objective lens magnification, ×40). b
Photomicrograph of tumour section immunostained for Ki-67
using the MIB-1 antibody clone, showing positive (green dots) or
negative (red dots) cells based on pixel colour intensity. Some
cells weakly stained brown were automatically assessed as not
positive by the cell counting software
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Discussion
The WHO Classification of Tumours of the Lung,
Pleura, Thymus and Heart (fourth edition; 2015) was the
first classification system to adopt the Ki-67 proliferation
index for the differentiation of neuroendocrine tumours.
This classification indicates that, based on previous stud-
ies involving biopsy samples or surgical specimens [7, 8],
the Ki-67 proliferation index in SCLC is typically >50%,
ranging from 50% to 100%; in addition, cell proliferation
is prominent in SCLC [6]. However, in the diagnosis of
SCLC, the differentiation of this tumour from carcinoid
tumours remains a challenge. Because the standard

treatment for SCLC is chemoradiotherapy, large tumour
samples are rarely obtained during surgery and the diag-
nosis is instead routinely made based on small tumour
samples obtained using bronchoscopy or other proce-
dures. As a result of limitations such as the presence of
crush artefacts and poor tissue preservation, the use of
cytoplasmic markers may lead to inaccurate diagnoses.
The nuclear marker Ki-67, which is well preserved in
samples with an extensive crush artefact, can effectively
differentiate SCLC from carcinoid tumours [7, 8]. A fur-
ther challenge associated with the diagnosis of lung tu-
mours is the potential tumour heterogeneity observed

Table 2 Ki-67 proliferation index and patient response to radiation therapy

Group 1 (Ki-67≥ 79.77%) Group 2 (Ki-67 < 79.77%)

Patient no. Ki-67 Response Patient no. Ki-67 Response

1 79.77 CR 3 75.87 CR

2 92.13 CR 4 66.41 CR

7 92.51 CR 5 45.55 PR

9 99.21 CR 6 74.84 PR

10 95.74 PR 8 74.81 CR

11 89.2 PR 12 75.34 PR

14 92.31 CR 13 72.79 PR

18 98.2 CR 15 64.57 PR

16 78.02 PR

17 78.57 PR

19 69.71 PR

CR rate 75.0% (p = 0.04a) CR rate 27.3%

Abbreviations: CR complete response, PR partial response
aχ2 test

Fig. 2 Overall survival curves plotted using the Kaplan-Meier method for patients assigned to the two groups. There was no significant difference
observed between the survival rate in groups 1 and 2
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between biopsy samples and surgical specimens. How-
ever, in NSCLC, high correlation has been reported be-
tween the expression of Ki-67 in biopsy samples and
surgical specimens [9]. An additional limitation associ-
ated with the Ki-67 proliferation index is the lack of
consistent counting methods, which has caused varia-
tions among pathologists in the index calculated [10].
Thus, to reduce these variations as much as possible in
the present study, we used e-Count, a cell counting soft-
ware program that counts cells with a nucleus that is
positive for Ki-67 immunostaining on the basis of pixel
colour intensity. Our study is the first to use e-Count (e-
Path, Kanagawa, Japan). A recent study has reported the
use of digital image analysis in Ki-67 immunostaining; in
this study, digital image processing software was used to
reduce variations in the Ki-67 proliferation index [11].
Regarding the association between the Ki-67 prolifera-

tion index and lung cancer, many studies on NSCLC (in-
cluding meta-analyses) have indicated that Ki-67
expression is a poor prognostic factor for survival [4, 5].
In contrast, only two studies to date have evaluated the
association between SCLC and the Ki-67 proliferation
index, one of which reported that the outcome was poor
in patients with biopsy samples yielding a Ki-67 prolifer-
ation index lower than the median [12]. Another study
has reported that there was no association between sur-
vival and the Ki-67 proliferation index in SCLC [13].
Thus, the significance of the Ki-67 proliferation index in
SCLC has been controversial. In NSCLC, the excision
repair cross-complementation group 1 (ERCC1) protein
is reported to be associated with resistance to platinum-
based chemotherapy. In SCLC, however, ERCC1 was not
related to survival or to chemoradiation therapy re-
sponse, and no association was observed between Ki-67
and ERCC1 [13]. In vitro, SCLC cell lines are sensitive
to radiation, and the dose-response curves for these cells
lack a shoulder. Furthermore, relatively low radiation
doses per fraction have been shown to be lethal to SCLC
cell lines [14]. On the basis of these radiobiological fea-
tures, it is known that twice-daily thoracic radiation
therapy improves overall survival when this therapy is
initiated with the first cycle of chemotherapy or less than
30 days after the start of the first cycle of chemotherapy
[15, 16]. Moreover, according to the “law of Bergonié
and Tribondeau” (1906), which established a link be-
tween cell proliferation and cellular radiosensitivity, cells
that more frequently undergo cell division are more sen-
sitive to radiation. Proliferating cells have been reported
to be more sensitive to radiation than quiescent cells in
vitro [17]. Ki-67 was originally obtained from monoclo-
nal antibodies to the nuclear antigen in Hodgkin and
Sternberg-Reed cells. The nuclear antigen detected by
Ki-67 is expressed in almost all human cell lines, but is
not expressed in normal human cells in the resting stage.

Ki-67 thus recognizes a nuclear antigen associated with
cell proliferation [1].
Thus, we expected that tumour cells would have a

higher rate of proliferation, more frequently undergo cell
division, and be more sensitive to radiation in patients
with a higher Ki-67 proliferation index before treatment;
when we compared the mean Ki-67 proliferation index
of the two groups (≥79.77% vs. <79.77%), tumour re-
sponses in terms of the CR rate were greater in the
group with a Ki-67 proliferation index equal to or higher
than the mean, as we expected. Few previous reports
have evaluated the association between the Ki-67 prolif-
eration index and tumour responses to radiation ther-
apy. A study on uterine cervical cancer demonstrated
that patients with a higher Ki-67 proliferation index at
the time of diagnosis showed a significantly better histo-
logical response to radiation therapy at a total dose of
30 Gy [18]. Another study on oral squamous cell carcin-
oma (OSCC) reported that the Ki-67 proliferation index
at the time of diagnosis had no significant correlation
with the response to radiation therapy; in contrast, the
reduction in the growth fraction (decrease in prolifera-
tion index) after radiation therapy at a total dose of
10 Gy was significantly correlated with the CR rate [19].
A study of OSCC after curative resection and postopera-
tive radiation therapy reported that low Ki-67 prolifera-
tion index tumours had a significantly shorter time to
recurrence than high proliferation index tumours [20].
This study concluded that tumours with a high Ki-67
proliferation index might respond better to radiation
therapy as a result of increased radiosensitivity. Two
studies on rectal cancer have reported results that were
contradictory: one showed that there was no correlation
between the Ki-67 proliferation index and the rate of re-
sponse to radiation therapy, while the other reported
that there was a good correlation between high Ki-67
proliferation index and improved response to radiation
therapy [21, 22]. Our study is the first to evaluate the
correlation between the Ki-67 proliferation index and
the rate of response to radiation therapy in SCLC. Our
findings suggest that a higher Ki-67 proliferation index
might represent a predictive factor for higher radiosensi-
tivity. Although we also examined whether the Ki-67
proliferation index was a prognostic factor in SCLC, as
observed for NSCLC in previous studies, no difference
in the survival rate was observed between groups 1 and
2. This may have been attributable to the fact that all
three patients who were unable to receive chemotherapy
were included in group 2 and had a Ki-67 proliferation
index that was lower than the mean; as mentioned, a
higher Ki-67 proliferation index might be associated
with a higher survival rate.
A challenge for future studies is the low number of

tumour cells in each sample. In the present study, the
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mean number of tumour cells was 420, which is lower
than the number required (≥500 cells) for the assess-
ment of Ki-67 in breast cancer, for example, according
to the Ki-67 proliferation index guidelines [23]. Given
that large SCLC samples are rarely obtained from sur-
gery, there is a need to develop a technique that consist-
ently obtains an adequate number of tumour cells, even
from small samples acquired using bronchoscopy or
other procedures. Further studies among SCLC patients
are needed to assess the significance of the Ki-67 prolif-
eration index in the treatment of SCLC.

Conclusions
To the best of our knowledge, our study is the first to
evaluate the correlation between Ki-67 proliferation
index and SCLC tumour response to radiation therapy.
Our findings suggest that a higher Ki-67 proliferation
index might represent a predictive factor for increased
tumour radiosensitivity.

Abbreviations
CR: Complete response; CT: Computed tomography; NSCLC: Non-small cell
lung cancer; OSCC: Oral squamous cell carcinoma; RECIST: Response
evaluation criteria in solid tumours; SCLC: Small cell lung cancer; WHO: World
Health Organization

Acknowledgements
Not applicable.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
Not applicable.

Authors’ contributions
NI treated the patients, analysed the patient data and was a major
contributor to writing the manuscript. TM, TA and MS treated the patients.
HN and SM performed the histological examination of the lung tumour
samples. All authors have read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was approved by the institutional review board of Nihon
University School of Medicine, and patient informed consent was obtained.

Author details
1Department of Radiology, Nihon University School of Medicine, 30-1
Oyaguchi Kami-cho, Itabashi-ku, Tokyo 173-8610, Japan. 2Department of
Pathology, Nihon University School of Medicine, Itabashi-ku, Tokyo 173-8610,
Japan.

Received: 22 September 2016 Accepted: 21 December 2016

References
1. Gerdes J, Schwab U, Lemke H, Stein H. Production of a mouse monoclonal

antibody reactive with a human nuclear antigen associated with cell
proliferation. Int J Cancer. 1983;15:13–20.

2. de Azambuja E, Cardoso F, de Castro Jr G, Colozza M, Mano MS, Durbecq V,
Sotiriou C, Larsimont D, Piccart-Gebhart MJ, Paesmans M. Ki-67 as
prognostic marker in early breast cancer: a meta-analysis of published
studies involving 12,155 patients. Br J Cancer. 2007;96:1504–13.

3. Goldhirsch A, Wood WC, Coates AS, Gelber RD, Thürlimann B, Senn HJ.
Strategies for subtypes–dealing with the diversity of breast cancer:
highlights of the St. Gallen International Expert Consensus on the Primary
Therapy of Early Breast Cancer 2011. Ann Oncol. 2011;22:1736–47.

4. Martin B, Paesmans M, Mascaux C, Berghmans T, Lothaire P, Meert AP, Lafitte
JJ, Sculier JP. Ki-67 expression and patients survival in lung cancer: systematic
review of the literature with meta-analysis. Br J Cancer. 2004;91:2018–25.

5. Ciancio N, Galasso MG, Campisi R, Bivona L, Migliore M, Di Maria GU.
Prognostic value of p53 and Ki67 expression in fiberoptic bronchial
biopsies of patients with non small cell lung cancer. Multidiscip Respir
Med. 2012;7:29.

6. Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG. WHO Classification
of tumors of the lung, pleura, thymus and heart. Lyon: IARC Press; 2015.

7. Pelosi G, Rindi G, Travis WD, Papotti M. Ki-67 antigen in lung
neuroendocrine tumors: unraveling a role in clinical practice. J Thorac
Oncol. 2014;9:273–84.

8. Pelosi G, Rodriguez J, Viale G, Rosai J. Typical and atypical pulmonary
carcinoid tumor overdiagnosed as small-cell carcinoma on biopsy
specimens: a major pitfall in the management of lung cancer patients. Am J
Surg Pathol. 2005;29:179–87.

9. Taillade L, Penault-Llorca F, Boulet T, Fouret P, Michiels S, Taranchon E,
Mountzios G, Validire P, Domont J, Girard P, Grunenwald D, Le Chevalier T,
Soria JC. Immunohistochemichal expression of biomarkers: a comparative
study between diagnostic bronchial biopsies and surgical specimens of
non-small-cell lung cancer. Ann Oncol. 2007;18:1043–50.

10. Niikura N, Sakatani T, Arima N, Ohi Y, Honma N, Kanomata N, Yoshida K,
Kadoya T, Tamaki K, Kumaki N, Iwamoto T, Sugie T, Moriya T. Assessment of
the Ki67 labeling index: a Japanese validation ring study. Breast Cancer.
2016;23:92–100.

11. Røge R, Riber-Hansen R, Nielsen S, Vyberg M. Proliferation assessment
in breast carcinomas using digital image analysis based on virtual
Ki67/cytokeratin double staining. Breast Cancer Res Treat. 2016 Jun 9.
[Epub ahead of print].

12. Kayser G, Gunzenhäuser I, Becker HD, Herth F, Kayser K. Proliferation rate of
small cell lung carcinoma. A cytomorphometric parameter with prognostic
significance. Pathologe. 2001;22:326–32.

13. Skov BG, Holm B, Erreboe A, Skov T, Mellemgaard A. ERCC1 and Ki67 in
small cell lung carcinoma and other neuroendocrine tumors of the lung:
distribution and impact on survival. J Thorac Oncol. 2010;5:453–9.

14. Carney DN, Mitchell JB, Kinsella TJ. In vitro radiation and chemotherapy
sensitivity of established cell lines of human small cell lung cancer and its
large cell morphological variants. Cancer Res. 1983;43:2806–11.

15. Turrisi 3rd AT, Kim K, Blum R, Sause WT, Livingston RB, Komaki R, Wagner H,
Aisner S, Johnson DH. Twice-daily compared with once-daily thoracic
radiotherapy in limited small-cell lung cancer treated concurrently with
cisplatin and etoposide. N Engl J Med. 1999;340:265–71.

16. De Ruysscher D, Pijls-Johannesma M, Vansteenkiste J, Kester A, Rutten I,
Lambin P. Systematic review and meta-analysis of randomised, controlled
trials of the timing of chest radiotherapy in patients with limited-stage,
small-cell lung cancer. Ann Oncol. 2006;17:543–52.

17. Mendonca MS, Rodriguez A, Alpen EL. Quiescence in 9 L cells and
correlation with radiosensitivity and PLD repair. Radiat Res. 1989;117:
433–47.

18. Nakano T, Oka K. Differential values of Ki-67 index and mitotic index of
proliferating cell population. An assessment of cell cycle and prognosis in
radiation therapy for cervical cancer. Cancer. 1993;72:2401–8.

19. Valente G, Orecchia R, Gandolfo S, Arnaudo M, Ragona R, Kerim S, Palestro
G. Can Ki67 immunostaining predict response to radiotherapy in oral
squamous cell carcinoma? J Clin Pathol. 1994;47:109–12.

20. Freudlsperger C, Freier K, Hoffmann J, Engel M. Ki-67 expression predicts
radiosensitivity in oral squamous cell carcinoma. Int J Oral Maxillofac Surg.
2012;41:965–9.

21. Suzuki T, Sadahiro S, Fukasawa M, Ishikawa K, Kamijo A, Yasuda S,
Makuuchi H, Ohizumi Y, Murayama C. Predictive factors of tumor
shrinkage and histological regression in patients who received
preoperative radiotherapy for rectal cancer. Jpn J Clin Oncol. 2004;34:
740–6.

Ishibashi et al. Radiation Oncology  (2017) 12:16 Page 6 of 7



22. Kikuchi M, Mikami T, Sato T, Tokuyama W, Araki K, Watanabe M, Saigenji K,
Okayasu I. High Ki67, Bax, and thymidylate synthase expression well
correlates with response to chemoradiation therapy in locally advanced
rectal cancers: proposal of a logistic model for prediction. Br J Cancer. 2009;
101:116–23.

23. Dowsett M, Nielsen TO, A'Hern R, Bartlett J, Coombes RC, Cuzick J, Ellis M,
Henry NL, Hugh JC, Lively T, McShane L, Paik S, Penault-Llorca F, Prudkin L,
Regan M, Salter J, Sotiriou C, Smith IE, Viale G, Zujewski JA, Hayes DF.
International Ki-67 in Breast Cancer Working Group. Assessment of Ki67 in
breast cancer: recommendations from the International Ki67 in Breast
Cancer working group. J Natl Cancer Inst. 2011;103:1656–164.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Ishibashi et al. Radiation Oncology  (2017) 12:16 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Patients
	Ki-67 proliferation index
	Thoracic radiation therapy
	Chemotherapy
	Response to radiation therapy
	Statistical methods

	Results
	Ki-67 proliferation index

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

