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Summary The relationship of immunohistochemical indices of proliferating cell nuclear antigen (PCNA) and Ki-67 to local control and survival
rates for patients with oesophageal squamous cell carcinomas treated by definitive radiotherapy (RT) was investigated. Biopsy materials
before RT were obtained from 65 patients with oesophageal cancer. The median PCNA labelling index (LI) and the median Ki-67 LI were 52%
and 45% respectively. The PCNA LI was independent of known prognostic factors on local control for oesophageal cancer, although Ki-67 LI
correlated with several prognostic factors. In the univariate analysis, patients with the PCNA LI of < 52% or the Ki-67 LI of < 45% showed
significantly higher local recurrence rates than those with higher LIs (both P < 0.05). This difference in local control rate according to LIs was
prominent for the patients treated with conventional fractionation. In the multivariate analysis, T-stage (P = 0.0056) and PCNA LI
(P = 0.0332) were significant factors for local control in the final model using a stepwise regression procedure. In conclusion, PCNA LI and
Ki-67 LI were significantly correlated with local control probabilities in oesophageal squamous cell carcinomas treated by definitive RT.
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Repopulation of surviving clonogenic tumour cells during thedemonstrated that Tpot had no, or borderline, significance for local
course of fractionated radiotherapy (RT) is a critical factor incontrol (Begg et al, 1992, 1995; Bourhis et al, 1996).
determining tumour response and local control (Withers et al, Recently, immunohistochemical staining of proliferation-
1988; Trott, 1990). To overcome tumour cell repopulation, arelated antigens has been applied to the measurement of tumou
variety of accelerated schedules of RT with a shortened overafiroliferation. This simple method has become widely prevalent as
treatment time (OTT) were investigated. In our previous studies afiew antibodies for formalin-fixed human tumours have become
oesophageal squamous cell carcinomas, accelerated hyperfracti@ommercially available. This technique can be used with archival
ation (AHF) significantly improved local control and survival materials of the tumours, allowing retrospective studies to be
probabilities of stage Il and Ill oesophageal cancer, and fractiongerformed (Yu et al, 1992; Yu and Filipe, 1993). In addition,
tion schema (AHF vs conventional fractionation (CF)) was ammunohistochemical study is superior to BrdU labelling index
significant variable on local control in the multivariate analysis(LI) in that it is not necessary to administer any agent to patients.
(Nishimura et al, 1994, 1997). However, both acute and lat®otential prognostic values of proliferating cell nuclear antigen
toxicities were increased in patients treated with AHF. Thus, AHRKPCNA) and Ki-67 have been studied extensively for many
may not be feasible or beneficial for all patients with oesophageatmour types (Yu et al, 1992; Yu and Filipe, 1993). PCNA is a
carcinomas. It is important to select patients who would benefi86 kDa acidic nuclear protein and has been recognized as a histo
from AHF before the start of RT. logic marker for the G1/S phase in the cell cycle. Ki-67 is a
Potential doubling time (Tpot) measured by flow cytometry proliferation-associated nuclear antigen and is expressed in all
using bromodeoxyuridine (BrdU) or iododeoxyuridine (IdU) hascycling cells except for resting cells in the GO phase.
been regarded as a parameter of tumour cell proliferation. SeveralThe purpose of this study was to clarify the relationship of
clinical studies have been performed to reveal the relationshipnmunohistochemical indices of PCNA and Ki-67 to local control
between Tpot and local control or survival rates for patients treateahd survival in patients with oesophageal squamous cell carci-
by RT. However, the results of these studies have been variableomas treated by definitive RT. In addition, whether these
Some clinical studies indicated that the Tpot may be a predictor éfhmunohistochemical indices are useful in selecting a fractiona-
local control after RT in head and neck cancer (Awwad, 1992tion regimen was investigated.
Corvo et al, 1993, 1995; Zackrisson et al, 1997) and in uterine
cervical cancer (Tsang et al, 1995; Bolger et al, 1996), while OtherﬁlATERIALs AND METHODS

The formalin-fixed, paraffin-embedded sections of oesophageal

Received 14 January 1998 cancers were retrieved from the files of Kyoto University Hospital
Revised 8 July 1998 and its two affiliated hospitals, Shizuoka City Hospital and Kyoto
Accepted 6 January 1999 Katsura Hospital. Between 1979 and 1996, 65 patients were iden-
Correspondence to: Y Okuno tified who fulfilled the following criteria: (1) previously untreated
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squamous cell carcinomas of the oesophagus; (2) treated by defTable 1 Patients and tumour characteristics
itive RT; (3) biopsy materials before RT were available for
immunohistochemical analysis. There were 53 males and 1
females, with a median age of 68 years old (range 46—87). Stagisex (male/female) 53/12
was according to the International Union Against Cancer (UICC
classification (1987). There were 12 stage |, 13 stage I, 22 sta
Il and 18 stage IV oesophageal cancers. Details of the patier

No. of patients 65

Age (median) 46-87 (68)
Site

and tumour characteristics are shown in Table 1. The clinicopath Szg\gfal 12
logical parameters of all 65 patients were analysed in relation 1 middle 37
immunohistochemical results, although 18 stage IV patients wel Lower 1u
excluded from the analysis of local control and cause-specifivistology (differentiation)

survival. Generally speaking, patients with stage IV disease a Well 23
not candidates for definitive radiotherapy (RT), and their fields Moderate 34
and total doses of radiation are smaller than those for patients w 7% 8
stages I-Il. Therefore, patients with stage 1V are excluded frorTumour length

the analysis of local control and cause-specific survival. :SSCC: ;g

Stage (UICC, 1987)

Radiation therapy I 12
All of the patients were treated by definitive RT of more than 5¢ ::| ;2
Gy. The details of the radiation methods were described previous vV 18
(Nishimura et al, 1994). Briefly, AHF for oesophageal cancer war ¢jassification

started at Kyoto University Hospital and its affiliated hospitals in 1 12
1989. Thereafter, most untreated oesophageal cancers of stage 2 8
and Il were treated with AHF. Among the 65 patients in this 3 ;g
analysis, 18 patients were treated with AHF. Two differen o

schemes were used as twice-a-day (b.i.d.) protocols. Patients wi g'ass'f'ca“o“ -
treated with concomitant boosts using b.i.d. irradiation (1.8 ; 39
1.2 Gy plus 1.1-1.2 Gy) with fractionation interval of 5-6 h. In the 5
other b.i.d. protocol, a large radiation field encompassing the groy, .. «isication

clinical disease plus sufficient margin was irradiated b.i.d. at 5- ¢ ¢ 47
6-h intervals with the same fraction size of 1.5 Gy. At a total dos 1 18

of 39-45 Gy, the radiation field was reduced to the gross clinic:
disease and a boost was given to the total dose of 63—69 Gy.

All of the patients treated before 1989, and patients who refused
AHF after 1989, were treated with CF. Forty-seven patients wer
treated with CF. For these patients, external RT was given by dai
doses of 1.8-2.0 Gy to a total dose of 50-70 Gy. Patients wit@oncomitant chemotherapy was given to two patients in the AHF
slight to moderate residual tumours at the end of external RT weigroup, while two patients in the CF group received concomitant
selectively treated with intraluminal high-dose-rate brachytherapghemotherapy. Cisplatin (80—120 mg in total) plus 5-fluorouracil
(IBT). For these patients, IBT was given once a week following(5-FU) (4000 mg in total) were given during external RT for three
external RT. The reference point of dose calculation was at 5 miatients, and cisplatin alone (200 mg in total) was given to one
below the surface of the oesophageal mucosa. patient.

Forty-seven patients with disease in stages I-lll were divided
into two groups according to fractionation schemes. Thirty-tvvoEvalua,[ion of tumour response
patients were treated with CF, and the remaining 15 patients were
treated with AHF. All but one patient with stage | disease werdResponses of the primary tumour to irradiation were assessed by
treated with CF. For the CF group, external RT doses ranged froserial oesophagography, endoscopy and biopsies. Oesophagography
50 Gy to 70 Gy (mean 62 Gy), and 11 patients (34%) were treateghd/or endoscopy was performed every 3—4 months for asymptotic
with IBT following external RT. Mean RT dose for IBT was patients, and any clinically suspected tumour recurrence required
9.6 Gy by one to four fractions. The patients treated with AHFbiopsy and histopathological proof. Computerized tomography
received external RT doses of 63—-69 Gy (mean 66 Gy). Thre€CT) scans were obtained at 3- to 6-month intervals for most recent
patients were treated with IBT as boost therapy following AHF.patients, and those were used for evaluation of any recurrence of
External RT dose for the AHF group was significantly higher tharprimary tumours and regional lymph nodes. Local control was
that for the CF groupP(< 0.05). However, total RT dose (external defined as neither clinical nor pathological evidence of a primary
RT plus IBT) was not significantly different between the two tumour or lymph nodes recurrence in the initial field of RT.
groups. OTT for the external RT of the AHF group ranged from 27
to 49 days with a median of 35 days, while the median of OTT iqmmunohistochemical staining
the CF group was 52 days. Thus, the shortening of OTT by
approximately 2 weeks could be achieved by AHF. The differenc@ll specimens were formalin-fixed, paraffin-embedded sections
in OTT between the two groups was significaht( 0.003). obtained by endoscopic biopsies before RT. The sections were

E}hemotherapy
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PCNA and Ki-67 for eosophageal cancer 389

Table 2 PCNA labelling index (LI) and clinicopathologic parameters

PCNA LI
Mean * s.d. Median P-value
No. of patients 65
Sex
Male 53 50 = 13 52 NS
Female 12 48 = 13 50
Site
Cervical 5 46 + 15 44 NS
Thoracic 60 50 = 13 53
Histology (differentiation)
Well 23 51 =12 54 NS
Moderate 34 48 = 13 51
Poor 8 52 =13 53
Tumour length
<5cm 26 50 = 12 52 NS
>5cm 39 49 + 14 53
Stage (UICC, 1987)
| 12 54+ 7 56 NS
1-1v 53 49 + 14 52
T classification
1,2 20 50 + 12 53 NS
3,4 45 50 + 13 53
N classification
0 21 50 = 14 54 NS
1 39 49 + 12 52
X 5 54 = 10 55
M classification
0 48 49 + 13 52 NS
1 17 51 =12 53
s.d., standard deviation; NS, not significant.
Table 3 Ki-67 labelling index (LI) and clinicopathologic parameters
Ki-67 LI
Mean = s.d. Median P-value
No. of patients 65
Sex
Male 53 44 + 16 46 NS
Female 12 37 =17 33
Site
Cervical 5 26 =13 22 < 0.05
Thoracic 60 44 + 16 46
Histology (differentiation)
Well 23 42 =13 41 NS
Moderate 34 44 + 18 46
Poor 8 43 = 16 48
Tumour length
<5cm 26 48 = 14 49 < 0.05
>5cm 39 40 = 17 39
Stage (UICC, 1987)
| 12 49 + 9 49 < 0.05
-1V 53 42 =17 43
T classification
1,2 20 49 =11 49 < 0.05
3,4 45 40 = 18 40
N classification
0 21 44 + 16 46 NS
1 39 43 = 17 45
X 5 3611 32
M classification
0 48 42 = 17 46 NS
1 17 44 = 15 45

s.d., standard deviation; NS, not significant.
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Ki-67 LI =25.489 +0.352 x PCNA LI
R2=0.078, R= 0.279

due only to oesophageal cancer, while all other patients who died
of intercurrent diseases were counted as withdrawn alive.
Local control and survival were plotted using the Kaplan—Meier

P=0.0240
80_| . method with statistical significance assessed by the log-rank test.
' - Thex? test with Yates correction and Studenitest were used to
: 1 evaluate the differences in the distribution of pretreatment and
- 1. - treatment parameters.
o 607 . . = The Cox proportional hazards model was used to evaluate the
= i LT S "':'I.: '__,.- - significance of prognostic variables on local control. The Cox
E - _" e model was performed using Stat View, version 4.5 (Abacus
40 - et F Concepts, Inc., NC, USA). In the Cox model, 47 patients with
.L_.'i-""-'“ L] stages |-l were included in the analysis of the effect of covariates
R « on local control. The final model considers only those variables
) . o that were statistically significant at the 5% level in stepwise
20 . . regression.
a n L
n=65
o .. Lo e "'I . RESULTS
0 20 40 60 80
Staining of PCNA and Ki-67
PCNA LI (%)

Both PCNA and Ki-67 staining were identified in the nuclei of

Figure 1  Relationship between the PCNA LI and the Ki-67 LI. There was a

weak but significant correlation between them (R"2 = 0.078, P = 0.0240) both neoplastic and non-neoplastic cells. The nuclei of the basal

and parabasal cells were positive for the markers. In the cancer

stained by the labelled streptavidin biotin (LSAB) method using &€!!S: there were heterogeneous PCNA and Ki-67 staining. In well-
Dako LSAB kit (Dako, Carpinteria, CA, USA). Anti-PCNA mouse differentiated oesophageal cancers, this staining was noted more

monoclonal antibody, PC10 (Cat# NAO3, Oncogene Sciencé?ominantly in the periphery area of the tumour nest than in the
Cambridge, MA, USA) and anti-Ki-67 mouse monoclonal anti-central keratinizing area, while there was a more diffuse staining

body, MM1 (NCL—Ki67-MM1, Novocastra Laboratories, UK) [N Poorly differentiated cancers. _ _
were used as the primary antibodies. For retrieval of antigenicity, 'ne PCNA LI ranged from 20% to 72%, and its mean, median
microwave irradiation in 10 msodium citrate buffer at 500 W for and standard deviation (s.d.) were 50%, 52% and 13% respec-
15 min was given for PC10, and autoclave in the target retrievdVe!y: The relationship of the PCNA LI to clinicopathologic para-
solution (Dako, Carpinteria, CA, USA) at FZLfor 15 min was metgrs |s.sh0wn in Table 2. The PCNA.LI had no S|gn|f|c§1nt
processed for MM1. Endogenous peroxide activity was blocked€lationship to the age or sex of the patients, tumour location,
with 3% hydrogen peroxide at room temperature for 10 min. Aftedifferentiation, tumour length, stage and tumour, node and metas-
washing with phosphate-buffered saline (PBS), the sections wef@Sis (TNM) classification of the lesions. Thus, PCNA LI was
incubated with 10% normal swine serum in PBS for 30 min. Afteri"dependent of known prognostic factors on local control proba-

that, the sections were incubated with a 1:200 dilution of PC10 &tility for oesophageal cancers. _
room temperature for 60 min, or with a 1:100 dilution of MM1 1€ Ki-67 LI of the 65 patients ranged from 3% to 79%, and its

overnight at 4C. The primary antibodies were localized by sequenM€an, median and s.d. were 43%, 45% and 16% respectively. The
tial application of biotylinated anti-mouse IgG gout immunoglo- "éfationship of the Ki-67 LI to clinicopathologic parameters is
bins, streptavidin—peroxide conjugate (Dako, Carpinteria, CA:s,hown in Table 3._ The Ki-67 LI had no _'slgnlflcant relationship to
USA), and diaminobenzidine with 0.03% hydrogen peroxide. Thdhe Sex of the patients, tumour differentiation, and N- and M-clas-
sections were counterstained with haematoxylin and mountegification. However, the Ki-67 LI was significantly associated with

Control sections were prepared by performing immunohistochenftmour location, clinical stage and T classification. The Ki-67 LI
istry using non-immune mouseglobulin instead of the primary of the cervical oesophageal carcinomas was significantly lower
antibodies. than that of the thoracic lesionB € 0.05). The Ki-67 LI of the

patients with tumour lengths ef 5 cm were significantly higher
than that of the patients with tumour length& &fcm P < 0.05).

The Ki-67 LI of the patients with T1,2 or stage | disease were

All specimens from the 65 patients were reviewed by a pathologis§gificantly higher than that of the patients with T3,4 or stages
to confirm the diagnosis and the differentiation. PCNA and Ki-67)|_1v diseases (botl® < 0.05).

Lis were calculated as the percent of PCNA- and Ki-67-positive 14 evaluate the relationship between PCNA LI and Ki-67 LI

cancer cells by counting more than 1000 cancer cells of more thqRage Lis were plotted for each tumour (Figure 1). A weak but

three fields of a specimen or 400 magnification microscopy  gjgnificant correlation was observed between PCNA LI and Ki-67
without knowing any clinical information. Only strong nuclear |, (R"2 = 0.078,P = 0.024).

staining was regarded as positive, and weak nuclear or cyto-
plasmic staining was regarded as negative.

Quantitative analysis of immunostaining results

Local control and survival rates according to PCNA LI

Statistical methods For the 47 patients with stage I-lll disease, the relationship

Local control and cause-specific survival were calculated from th&etween the PCNA LI and local control or cause-specific survival
first date of external RT. Cause-specific survival considered deathiates was analysed. The patients were divided into two groups

British Journal of Cancer (1999) 80(3/4), 387-395 © Cancer Research Campaign 1999



Table 4 Tumour characteristics according to groups

PCNA and Ki-67 for eosophageal cancer 391

Groups Group A Difference Group B Group C Difference Group D
No. of patients 21 26 21 26
Histology (differentiation)

Well 8 NS 11 9 NS 10

Moderate 11 12 10 13

Poor 2 3 2 3
Tumour length 56*+29 NS 53+ 3.2 6.2 = 3.0 NS 49+29
Stage (UICC, 1987)

| 4 NS 8 2 NS 10

1, 11 17 18 19 16
T classification

1,2 8 NS 11 5 NS 14

3,4 13 15 16 12
N classification

1 10 NS 11 8 NS 13

0 9 12 9 12

X 2 3 4 1

Group A: patients with PCNA LI of less than 52%; Group B: patients with PCNA LI of more than or equal to 52%; Group C: patients with Ki-67 LI of less than
45%; Group D: patients with Ki-67 LI of more than or equal to 45% NS, not significant

80 = PCNA LI=52%

PCNA LI<52%

Lol conmod rane (%)
(o))
o
]

P<0.05

o
-
[N
w

Year

Figure 2

100 S

Survival rate (%)

90 +
80 <
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60 -
50 <
40
30 -
20 o
10 4

p
]

Do, PCNA LI>52%

ﬁJm,,,m;

hocoosessoseseesad,

PCNA LI<52%

(A) Local control probability and (B) cause-specific survival according to PCNA LI. Local control probability of the patients with PCNA LI of 2 52%

was significantly higher than that of the patients with PCNA LI of < 52% (P < 0.05). There was no significant difference in cause-specific survival between the

two groups

according to the median PCNA LI: group A was the PCNA LI of Local control and survival rates according to Ki-67 LI
less than 52%wn(= 21), and group B was the LI of more than or

equal to 52%{ = 26). There was no difference in the clinico- Similar analysis was performed for the Ki-67 LI. The 47 patients
pathologic parameters between groups A and B (Table 4). Figurewgith stage I-lll disease were divided into two groups: group C was

shows local control and cause-specific survival of stage I-llthe Ki-67 LI of less than 45%: (= 21) and group D was the LI

patients according to the PCNA LI. The 3-year local control rategnore than or equal to 45% € 26). There was no difference in the
for groups A and B were 24% and 56% respectively. The locatlinicopathologic parameters between groups C and D (Table 4).
control probability of group B was significantly higher than that of Figure 3 shows local control probability and cause-specific
group A (P < 0.05). The 3-year cause-specific survival rates forsurvival according to the Ki-67 LI. The 3-year local control proba-
groups A and B were 43% and 56% respectively. Although théilities for group C and group D were 21% and 51% respectively.
survival rate was better in group B than in group A, the differencd he local control probability of group D was significantly higher
than that of group CA< 0.05). The 3-year cause-specific survival

was not significant.

© Cancer Research Campaign 1999
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Figure 3  (A) Local control probability and (B) cause-specific survival according to Ki-67 LI. Local control probability of the patients with Ki-67 of LI = 45% was
significantly higher than that of the patients with Ki-67 LI of < 45% (P < 0.05). There was no significant difference in cause-specific survival between the two
groups

100 5-— CF PONA Li<52%  neis patients treated with CF, the patients with the high Ki-67 LI had
904 L‘i ——- CF.PCNA LI252%  n=17 significantly better local control probability than those with the
80 y AHF, PCNA LI<52% n=6 low Ki-67 LI (P < 0.05). F.or.t.he pat!ents treaFed with AHF,
7 . immmh 3 ~T T AHF,PCNA LI252% n=9 howevgr, there was no .S|gn|f|cant difference in local control
a o] ™= , L probability according to Ki-67 LI.
- | L |
E jz_ The multivariate analysis
E 30 peo0s The results of the multivariate analysis using the Cox proportional
20 hazards model are shown in Table 5. The prognostic factors which
10 - influenced local control significantly in the univariate analysis
0 : : : — — were as follows: tumour length<(5 cm vs=> 5cm; P < 0.05),
0 1 2 3 4 5 T-stage (T1,2 vs T3,4 < 0.005), N-stage (NO vs NP, < 0.02),
Year clinical stage (stage | vs stages IlI-IR; < 0.05), PCNA LI
Fioure 4 Relationshio bet ocal control brabability and the PCNA Ll (< 52% vs= 52%; P < 0.05), and Ki-67 LI € 45% vs= 45%
actording o fractionalion scheme. For the patients eated with conventional £ < 0.05). Because there was significant correlation between
fractionation (CF), the local control probability of the tumours with the LI of T-stage and length, or between clinical stage and length, only
2 52% were significantly higher than those with the LI of < 52% (P < 0.05). T-stage was included in the multivariate analysis among these
No significant difference was observed according to the PCNA LI for patients . .
treated with AHF prognostic factors. N-stage was excluded because N-stages of five

patients were unknown because of the lack of the pretreatment

] chest CT scan. Thus, the following four factors that may have
for group C and group D were 38% and 60% respectively. Thergontributed to local control were considered simultaneously in the

was no difference in the cause-specific survival between groups gitial mode of the Cox proportional hazards model. The variables
and D. included were T-stage (T1,2 vs T3,4), fractionation schedule (CF
vs AHF), PCNA LI € 52% vs= 52%) and Ki-67 LI € 45%
Vs> 45%). The significant factors in the initial model were T-stage
(P = 0.0054) and PCNA LIE = 0.0488). In the final model using
To assess the impact of the fractionation on local control, the stepwise regression procedure, T-st@ye 0.0056) and PCNA
patients were divided into two groups according to fractionatiorLl (P = 0.0332) were also significant factors for local control. As
schemes, and the relationship between the Lls and local contrab significant correlation was found between T-stage and PCNA
probabilities was analysed in each fractionation group. Figure 4| (Table 2), these two variables were independent prognostic
shows the relationship between local control probability and théactor for local control.
PCNA LI according to fractionation regimen. For the patients
treated with CF, the local control probability of the tumours with
high PCNA LI was significantly higher than that with low PCNA DISCUSSION
LI (P < 0.05), although there was no significant difference in localMeasurement of Tpot was used as a predictive value of local
control probability according to the PCNA LI for the patients control or survival in patients treated by RT and to select an appro-
treated with AHF. priate fractionation regimen in head and neck carcinoma (Begg et
Figure 5 shows the correlation between local control probabilityal, 1990, 1992; Awwad, 1992; Corvo et al, 1993, 1995; Zackrisson
and the Ki-67 LI according to the fractionation regimen. For theet al, 1997) and in uterine cervical cancer (Tsang et al, 1995;

Local control rate according to fractionation schemes

British Journal of Cancer (1999) 80(3/4), 387-395 © Cancer Research Campaign 1999



PCNA and Ki-67 for eosophageal cancer 393

Table 5 Results of multivariate analysis using Cox proportional hazard model: prognostic variables for local control

Variables Initial model Final model
(P-values) (stepwise regression)

Fractionation (AHF vs. CF) 0.3102

T stage (T1, 2 vs T3, 4) 0.0054 0.0056

PCNA LI (< 52% vs = 52%) 0.0488 0.0332

Ki-67 LI (< 45% vs = 45%) 0.3882

AHF, accelerated hyperfractionation; CF, conventional fractionation.

explanation is that Tpot and Lls of Ki-67 and PCNA represent

100 i = . . . ;
90+ gi E:g; t: : Zgiﬁz Z:ii different aspects of the tumour proliferation. Growth fraction and
R ot | mrm— AHF K67 LI <45%  1=6 ceI_I c_ycle t_ime are major independent tumour proliferation charac-
7 -"'"’i —— | === AHF,Ki-67 Ll 245%  n=9 teristics. Ki-67 and PCNA Lls reflect mainly growth fraction, while
0 N - Tpot reflects gross proliferation activity including both growth frac-
a i _ . ! . ;
a 60 : tion and cell cycle time. Good local control rate for the patients with
g s0 _F_FL._ L.,.__.m_‘ high PCNA LI or high Ki-67 LI treated by RT may be attributable to
5 401 e 1 L a high population of cycling cells. These cycling cells are generally
E 30 - p<005 more radiosensitive than quiescent cells (Rodriguez et al, 1988;
20 | Mendonca et al, 1989; Masunaga et al, 1991).
10 - AHF has been considered to be more effective for rapidly prolif-
o erating tumours. Therefore, initially we expected that local control
o o1ty g a5 probabilities of patients with high LIs was poor and AHF may be
Year more effective for tumours with high LIs than for those with low
LIs. However, the results obtained contradicted our hypothesis;
Figure 5 Relationship between local control probability and the Ki-67 LI local control probabilities of patients with low PCNA LI or low
according to fractionation scheme. For the patients treated with conventional Ki-67 LI were poor. Although initial local control rate within 6-12
fractionation (CF), the local control probability of the tumours the LI of > 45% . ; .
were significantly higher than those with the LI of < 45% (P < 0.05). No months of RT was higher in the AHF group than in the CF group
significant difference was observed according to the PCNA LI for patients for tumours with low LIs (Figures 4 and 5), AHF did not improve
treated with AHF the ultimate local control probability significantly for these

tumours. Although the number of patients analysed was too small

to draw any conclusions, AHF may not be effective for tumours
Bolger et al, 1996). In a preliminary analysis of the results of thevith low LIs or tumours with many quiescent cells. As the present
EORTC trial (Begg et al, 1990), patients with short Tpot tumoursstudy did not measure the speed of tumour proliferation or Tpot,
had poor local control if given CF. However, in a subsequenour results do not imply that AHF is not effective for tumour with
analysis, the difference in local control according to the Tpotapid proliferation.
was not significant (Begg et al, 1992; Begg, 1995). Recently, In the present study, both PCNA LI and Ki-67 LI had significant
Zackrisson et al demonstrated that Tpot and nodal status wecerrelation with local control probability (both < 0.05) in the
significant variables on local control in head and neck canceunivariate analysis, and PCNA LI was also significant for local
patients treated by conventional radiotherapy in the multivariateontrol in the multivariate analysis. In addition, PCNA LI is superior
analysis (Zackrisson et al, 1997). Thus, the results of clinicalo Ki-67 LI in that PCNA LI was independent of known prognostic
studies on Tpot are still controversial. factors on local control probability for oesophageal cancers (Table

PCNA LI and Ki-67 LI have been regarded as parameters a2). On the other hand, there was significant difference in Ki-67 LI

tumour proliferation. In most series of patients undergoing surgergccording to tumour length, clinical stage, and T classification
for oesophageal squamous cell carcinomas (Youssef et al, 1999able 3). Poor local control probability of the patients with low
Kinugasa et al, 1996; Lam et al, 1996), the groups with a higi-67 LI may be associated with a long tumour length and/or
PCNA or a high Ki-67 index showed lower survival rates. Foradvanced T stage (Table 4). Decrease of Ki-67 LI in long and/or
example, Lam et al (1996) analysed PCNA and Ki-67 LlIs for surgiadvanced tumours may be attributable to reduced prolifera-
cally resected oesophageal squamous cell carcinoma, and thiye activity and/or loss of Ki-67 antigen expression due to the
found that patients with Ki-67 LI of 30% had better survival rates worsening of the intratumoural environment in the advanced
than those with LI of> 30% in stage lll disease. On the other hand,tumours. It is natural that tumour proliferation is influenced by the
for patients treated mainly by RT, the tumours with high PCNA Llintratumoural environment. Proliferation is suppressed when either
or Ki-67 LI showed good local control in squamous cell carcinomasutrition or oxygen is lacking. For example, Porschen et al (1994)
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rate. This result may conflict with the results of Tpot studies. Oneells which were still in S, G2 or M phase as measured by flow
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