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Abstract: Introduction: The objective of this study was to examine the prognostic value of Ki-67 expression in con-
version therapy for colorectal liver-confined metastases. Methods: We enrolled a total of 96 patients including 54
patients who received oxaliplatin- or irinotecan-based chemotherapy and curative hepatectomy for initially unresect-
able metastases (conversion group) and 42 patients with initially resectable liver metastases (straight hepatectomy
group). Ki-67 expression was examined in 96 resected specimens but excluded the 2 specimens that revealed no
residual cancer cells in conversion group. Results: Conversion therapy leads to greater survival that is equivalent to
that straight hepatectomy group. In conversion group, high Ki-67 expression (> 30%) levels were detectable in 33
patients (64%) after chemotherapy prior to conversion therapy. High Ki-67 expression was significantly associated
with shorter disease-free survival and worse overall survival (P < 0.01 in both), and was an independent worse
prognostic factor of disease-free survival and overall survival (hazard ratio [HR] and P-values were 5.608, 0.001
and 5.366, 0.04, respectively) in patients with conversion therapy. Interestingly, even in the patients with RECIST
PR (n = 32), high Ki-67 expression was significantly shorter disease-free survival compared to low Ki-67 expression
(P < 0.001). In contrast to conversion group, there was no significant difference in disease free survival and overall
survival between low (n = 14, 33%) and high (n = 28, 67%) Ki-67 expressions in patients with straight hepatectomy
(P=0.14 and 0.74, respectively). Conclusions: Residual Ki-67 expression is a useful biomarker for worse prognostic
outcomes after conversion therapy. High Ki-67 expression may be a biomarker of micrometastases containing ag-
gressive cancer cells.
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Introduction tasis from CRC [7, 8]. Highly effective chemo-

therapy regimens enable complete hepatic

Colorectal cancer (CRC) is the second most
common malignant neoplasia worldwide. Liver
metastasis, or stage IV cancer, is the most
common status of colorectal metastasis
patients. Approximately 50% of colon cancer
patients will be diagnosed with hepatic metas-
tases either at the time of initial presentation
or as a result of disease recurrence [1]. The
latest developments of irinotecan- or oxaliplat-
in-based systemic chemotherapies with or
without molecularly targeted agents have dra-
matically improved the tumor response rates
and prognostic outcomes in patients with liver
metastases from CRC [2-6]. However, surgical
resection remains the only potentially curative
therapeutic option for patients with liver metas-

resection for initially unresectable liver metas-
tasis from CRC, which is termed conversion
therapy. Conversion therapy after recent oxali-
platin- or irinotecan-based systemic chemo-
therapy with molecular targets for initially unre-
sectable liver metastasis has been achieved in
approximately 12-49% of patients [5, 9-11].
Thus, conversion therapy can produce favor-
able prognostic outcomes relative to patients
with unresectable CRC liver metastases.
Although conversion therapy is successful, dis-
ease relapse is high and occurs in approximate-
ly two-thirds of patients [1]. These findings
emphasize that most patients still harbor mini-
mal but biologically active micrometastases
after effective chemotherapy and conversion
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Figure 1. Comparison of prognostic outcomes among patients with initially resectable, conversion therapy for ini-
tially unresectable, and unresectable liver metastases. A. A flow chart of patients with initially resectable, conver-
sion therapy for initially unresectable, and unresectable liver metastases. B. A Kaplan-Meier survival analyses of the
overall survival in patients with initially resectable, conversion therapy for initially unresectable, and unresectable

liver metastases. The log-rank test was used.

therapy. Therefore, adjuvant systemic treat-
ment is recommended to improve life expec-
tancy [12]. However, many randomized clinical
trials of adjuvant chemotherapy after curative
hepatectomy for liver metastasis (Stage IV)
from CRC have failed to demonstrate any over-
all survival advantage [13-16]. In addition to
the need for more effective anticancer drugs,
these unfavorable results suggest that the tri-
als that were conducted included patients who
did not obtain survival benefits from adjuvant
treatment because they lacked biologically
active micrometastases. Thus, the identifica-
tion of patients with a high risk of disease
recurrence after conversion therapy might lead
to better selection of patients who would ben-
efit from adjuvant chemotherapy based on the
principles of personalized medicine [17, 18].

Ki-67 is a nuclear non-histone protein that has
been reported to identify high-grade tumors in
several cancers [19-22]. Based on previous
findings, we assessed whether Ki-67 expres-
sion levels in resected liver metastases from
patients undergoing conversion therapy pre-
dicted worse prognostic outcomes after con-
version therapy and explored the role of Ki-67
as a biomarker.

Patients and methods

The study was designed to retrospectively
assess the prognostic value of Ki-67 expres-
sion levels in patients with conversion therapy
after oxaliplatin- or irinotecan-based systemic
chemotherapy for liver-confined metastases
from CRC. Patients were enrolled in this study
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based on the following inclusion criteria: (1)
initially unresectable or marginally unresect-
able colorectal metastases confined to the
liver as assessed during radiological imaging
assessments; and (2) oxaliplatin- or irinotecan-
based systemic chemotherapy followed by
conversion therapy. The patients who received
systemic chemotherapy prior to conversion
therapy in the other institute were excluded
because of unclear judgment of initially re-
sectable or unresectable liver metastases.
Between January 2005 and March 2013, 261
consecutive patients had been treated for
colorectal liver metastases in the Department
of Gastroenterological Surgery, Kumamoto
University. Among them, 145 patients were
treated for liver-confined metastases (Figure
1A), of which 42 patients were eligible for cura-
tive hepatectomy (initially resectable cases) (a
mean follow-up of 43 months after surgery).
Two patients underwent local ablation therapy.
Treatment with best supportive care was cho-
sen for six patients. The remaining 95 patients
were treated with systemic chemotherapy.
Eighty-six of 95 patients were treated with
oxaliplatin- or irinotecan-based chemotherapy
with or without molecular targets. Among the
remaining 9 patients, seven were treated with
other regimens (hepatic arterial infusion in four
patients, an oral fluoropyrimidine [S-1] in one
patient, and S-1/leucovorin in two patients)
and the others (two patients) were excluded
from this study because of the systemic che-
motherapy in the other institute. Fifty-four
patients who had been successfully treated
with conversion therapy were eligible for the
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Table 1. Baseline characteristics of 54 patients who
received conversion therapy

Age median (range), yr 65 (35-83)
Male, n (%) 31 (58%)
Platelet count, median (range), 10%/uL 19.1 (6.5-37.5)
Total bilirubin, median (range) mg/dL 0.7 (0.3-1.3)
Serum albumin, median (range), g/L 3.9 (3.0-4.4)

Prothrombin activity, median (range), % 108 (54-137)
Serum CEA level, median (range), ng/mL 6.1 (1.0-172.6)
Size of largest tumor, median (range), mm  25.5 (5-160)

Tumor number, median (range) 2.5 (1-19)
Synchronous/Metachronous 34/19
Molecular targets (present), n (%) 27 (50%)
Chemotherapy cycles, median (range) 6 (2-38)
RECIST CR/PR/SD/PD 2/32/15/5

CEA, carcinoembryonic antigen; RECIST, response evaluation crite-
ria in solid tumors (version 1.1).

present study (conversion group). In twelve of
these 54 patients, elective local ablation thera-
py was simultaneously used for unresectable
liver metastases because of the small size and
deep location of the tumor during conversion
therapy [23]. The remaining 32 patients could
not achieve conversion therapy because of
ineffective chemotherapy (unresectable cases).
Most patients receiving conversion therapy
received adjuvant chemotherapy except the
patient who died postoperatively. After a mean
follow-up of 33 months after surgery, 38 of 54
patients with conversion therapy were alive (16
with no evidence of disease, 22 alive with dis-
ease recurrence), and 14 had died of disease
recurrence. Two patients died of other disease
within 1 year. The characteristics of these
patients are listed in Table 1. Two of the 54
patients revealed no detectable residual can-
cer cells by hematoxylin and eosin staining in
the resected liver specimens and therefore
were not eligible for Ki-67 staining. This study
was approved by the Human Ethics Review
Committee of the Graduate School of Medicine,
Kumamoto University (Kumamoto, Japan).
Written informed consent regarding the use of
biological specimens for investigational pur-
poses was obtained from all patients.

Immunohistochemical staining

The sample processing and immunohistochem-
ical procedures were performed as described
in a previous report [24]. Formalin-fixed, paraf-
fin-embedded blocks of colorectal liver metas-
tases were cut into 3-um sections. The sections
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were autoclave-pretreated in Histofine anti-
gen retrieval solution (pH 9) (Nichirei). The
endogenous tissue peroxidase activity was
blocked using 3% hydrogen peroxide, and
the sections were then incubated with dilut-
ed primary antibodies. A subsequent reac-
tion was performed with a biotin-free horse-
radish peroxidase enzyme-labeled polymer
from the Envision Plus detection system
(Dako Co.). A positive reaction was visual-
ized with the addition of diaminobenzidine
solution, which was followed by counter-
staining with Mayer’s hematoxylin. Primary
mouse monoclonal antibodies (mAbs)
against Ki-67 (1:100 dilution; Dako
Cytomation, Glostrup, Denmark) were used
for this study. Two investigators (N. Y. and T.
H.) independently scored all of the immuno-
histochemical staining results. Five random
visual high-power fields per lesion were
evaluated to determine the highest number of
Ki-67-positive nuclei. In cases with multiple
tumors, at least 2 or 3 tumors were chosen in
order of size to evaluate and determine Ki-67
expression levels. The samples were divided
into Ki-67-positive expression (> 30%) and
Ki-67-negative expression (< 30%) groups.

Statistical analyses

Statistical analyses were performed using a
commercial statistical software package (SPSS
for Windows, version 11.0; SPSS, Inc., Chicago,
IL) as previously [25]. Continuous values were
evaluated using the Mann-Whitney U-test.
Categorical variables were compared using the
x? test. Overall survival and disease-free sur-
vival were calculated using the Kaplan-Meier
method and were compared using a log-rank
test. Univariate and multivariate Cox regression
analyses were used to examine the relationship
between clinico-pathological factors at hepa-
tectomy and prognostic outcomes. A P-value of
less than 0.05 (two-tailed t-test) was consid-
ered statistically significant.

Results

Conversion therapy improved the prognostic
outcomes compared to patients with unresect-
able liver metastases, but high relapse still oc-
curred within 1 year after conversion therapy

The treatment with conversion therapy lead to
greater survival that was equivalent to patients
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Figure 2. Immunohistochemical staining of Ki-67 expression in residual colorectal liver metastases after chemo-
therapy and its prognostic outcomes. A. Hematoxylin-eosin staining (left) and high Ki-67 expression (right); B. He-
matoxylin-eosin staining (left) and low Ki-67 expression (right); (Scale bars, 100 um); C. A Kaplan-Meier survival
analysis of disease-free survival (left panel) and overall survival (right panel) between high and low Ki-67 expression
levels in patients with conversion therapy; D. A Kaplan-Meier survival analysis of disease-free survival (left panel)
and overall survival (right panel) between high and low Ki-67 expression levels in patients with straight hepatec-

tomy. The log-rank test was used.

Table 2. Comparison of clinical factors between low and high Ki-67
expression in patients with conversion therapy (n = 52)

proliferative activity and the
residual tumor size prior to

conversion therapy (Table 2).

) Low Ki-67 High Ki-67 . . .
Variables (n =19) (n = 33) P-value H-|gh.f-K|-6t|7 e)(pres.s,ior(:i W?;
significantly associated wi
Age 69(3578) 62(4583) 0.065 hiih corum CEA level (Table
Sex (male/female) 11/ 8 20/13 0.848 2). On the other hand, such
Synchronous/Metachronous 12/7 22/11 0.798 the correlation between Ki-
Molecular targets (present/absent) 7/12 19/14 0.150 67 expression and serum
Tumor size prior to hepatectomy (mm) 20 (3-160) 31 (11-85) 0.174 CEA level was not detec-
Tumor number prior to hepatectomy 2 (1-13) 3(1-19) 0.126 table in straight hepatecto-
CEA prior to hepatectomy (ng/mL) 4(1.3-22.4) 8(1-173) 0.004 my group (Supplemental
RECIST PR/SD or PD 15/4 17/16 00502  Jable 1). Furthermore, we

Variable data was expressed with median (range). CEA, carcinoembryonic antigen;
RECIST, response evaluation criteria in solid tumors (version 1.1).

diagnosed with initially resectable liver metas-
tases based on previous reports [26, 27]
(Figure 1B). The disease relapse rate in patients
with conversion therapy was higher, particularly
within 1 year after hepatectomy, than in
patients with initially resectable liver metasta-
ses [54% (29/54) vs. 36% (15/42), respective-
ly]. These findings suggested that residual
micrometastases in the remnant liver were
present after effective chemotherapy.

Assessment of cell proliferative activity in
residual cancer cells using Ki-67 immunostain-
ing and evaluation of its clinical significance

We performed immunohistochemical staining
for Ki-67 in the resected liver metastases to
assess cancer aggressiveness after systemic
chemotherapy. Of 52 patients who received
conversion therapy, high Ki-67 expression was
detectable in 33 patients (63.5%) (Figure 2A),
whereas low Ki-67 expression was detected in
19 patients (36.5%) (Figure 2B). The data indi-
cate that a majority of the residual tumors con-
tained high-grade cancer cells after effective
chemotherapy (Supplemental Figure 1). High
cell proliferative activity was observed in resid-
ual tumors with minimum sizes of 2 mm

(Supplemental Figure 2). Interestingly, there
was no significant association between the cell
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investigated the prognostic
implications of the biological
activity represented by Ki-67-
positive cancer cells. High
Ki-67 expression was significantly associated
with a shorter disease-free survival compared
to low Ki-67 expression (P < 0.001) (Figure 2C).
The high Ki-67 expression group displayed
more early disease recurrences within 1 year
after conversion therapy (25 of 33 patients)
than the low expression group (three of 19
patients) (76% vs. 16%). As for a recurrence
pattern in high and low Ki-67 expression
groups, an extra-hepatic recurrence was
detectable in 36% (10 of 28 recurrent patients)
and 43% (3 of 7 recurrent patients), respective-
ly. Additionally, the high Ki-67 expression
patients had significantly worse overall survival
than the low Ki-67 expression patients (P <
0.01) (Figure 2C). On the other hand, as a con-
trol, we examined the Ki-67 expression of
resected liver metastases also in 42 patients
without systemic chemotherapy (straight hepa-
tectomy group). Then, high Ki-67 expression
was detectable in 28 patients (66.7%), whereas
low Ki-67 expression was detected in 14
patients (33.3%). Interestingly, in contrast to
conversion group, there was no significant dif-
ference in disease free survival and overall sur-
vival between low and high Ki-67 expressions
in patients with straight hepatectomy (P = 0.14
and 0.74, respectively) (Figure 2D). By multi-
variate Cox regression analyses, high Ki-67
expression was significantly associated with
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Table 3. Prognostic analyses of clinicopathological
parameters in patients with conversion therapy for

colorectal liver-limited metastases (n = 52)

Parameters HR Exp (B) P-value
Disease free survival
Univariate analysis
Tumorsize >3 cm 1.882 0.975-3.632 0.060
Tumor number>3  1.525 0.789-2.945 0.209
CEA > 7 ng/mL 2.795 1.388-5.631 0.004
RECIST SD or PD 1.674 0.849-3.302 0.137
Ki-67 high 5.608 2.382-13.204 < 0.001
Multivariate analysis
Ki-67 high 5.608 2.382-13.204 < 0.001
Overall survival
Univariate analysis
Tumorsize >3 cm 1.825 0.656-5.081  0.249
Tumor number>3  1.471 0.546-3.964 0.446
CEA > 7 ng/mL 2.521 0.874-7.275 0.087
RECIST SD or PD 4.355 1.569-12.087 0.005
Ki-67 high 6.081 1.324-27.934  0.02
Multivariate analysis
RECIST SD or PD 4,299 1.402-12.755 0.01
Ki-67 high 5.366 1.084-26.570 0.04

Cox regression analyses were used. CEA, carcinoembryonic anti-
gen; RECIST, response evaluation criteria in solid tumors (version

1.1).

shorter disease-free survival [hazard ratio [HR]
5.608, 95% confidence interval (Cl) 2.484-
13.615] and worse overall survival (HR 5.366,
95% Cl 1.084-26.570) (Table 3). These results
indicate that the Ki-67 marker can indepen-
dently predict early recurrence and worse prog-
nostic outcome due to the presence of residual
micrometastases after conversion therapy. The
other potential prognostic factors (tumor size,
tumor number, CEA) did not predict early recur-
rence. Interestingly, even in the patients with
RECIST PR (n = 32), high Ki-67 expression was
significantly shorter disease-free survival (P <
0.001) (Supplemental Figure 3). These findings
suggest that the residual high-grade prolifera-
tive activity represented by Ki-67-positive cells
following systemic chemotherapy is a useful
biomarker for worse prognostic outcomes after
conversion therapy.

Discussion
In this study, conversion therapy provided sig-

nificantly improved prognostic outcomes com-
pared to patients with unresectable liver
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metastases in previous studies [26, 27].
One remaining concern is the high recur-
rence rate after conversion therapy. Ki-67
antigen is expressed during all active phas-
es of the cell cycle (G1, S, G2, and mitosis)
and has become a widely used to determine
the proliferative potential of a tumor [28].
Although the expression level of Ki-67 in
the colorectal liver metastases after che-
motherapy has been unknown until now, a
majority (63.5%) of the residual tumors
even after effective chemotherapy con-
tained biologically active cancer cells with
high Ki-67 expression levels in the present
study. Surprisingly, high-grade activity was
detected in residual tumors with minimum
sizes of 2 mm, and there was no significant
association between the cell proliferative
activity and the residual tumor size in the
presents study. Previously, elevated CEA
level after preoperative chemotherapy was
associated with the shorter disease-free
survival after hepatectomy in patients with
colorectal liver metastases [29]. In the
present study, high Ki-67 expression was
significantly associated with elevated CEA
level prior to hepatectomy, whereas such
the correlation was not detectable in
straight hepatectomy group. Furthermore,
we identified high Ki-67 expression as a
useful biomarker for high risk of early recur-
rence and death from disease, even after con-
version therapy. The high Ki-67 expression
group displayed remarkably early recurrence
within 1 year after conversion therapy com-
pared to the low expression group (76% vs.
16% at 1 year after conversion therapy). These
findings suggest that the high Ki-67 expression
in the resected specimens is a biomarker of
residual micrometastases containing aggres-
sive cancer cells after conversion therapy. The
use of adjuvant chemotherapy may be required
to abolish any residual micrometastases in the
remnant liver. This is the first study that pro-
vides the expression level of Ki-67 in the
colorectal liver metastases after chemotherapy
and its prognostic impact after conversion
therapy.

In contrast to the clinical impact of Ki-67
expression on prognostic outcomes after con-
version therapy (conversion group), Ki67
expression level in colorectal liver metastases
without systemic chemotherapy (straight hepa-
tectomy group) did not show any association

Am J Cancer Res 2015;5(3):1225-1233



Ki-67 in colorectal liver metastasis

with prognostic outcomes after hepatectomy in
the present study nevertheless the similar ratio
of high Ki-67 expression (63.5% in conversion
and 66.7% in straight hepatectomy). Jong et al.
[30] examined the Ki-67 expression level in 45
liver metastases without chemotherapy and
reported that low (less than 33%) and high
(33% to 100%) expression levels of Ki-67 were
detectable in 35% and 65%, respectively. Their
Ki-67 expression level in colorectal liver metas-
tases without chemotherapy was similar to our
results. Previous studies have reported con-
flicting results regarding the association
between Ki-67 expression status and progno-
sis in colorectal liver metastases without che-
motherapy (straight hepatectomy group) [30-
32]. While Petrowsky et al. [31] reported that
high Ki-67 expression had significantly shorter
median survival compared with those with low
scores and a high Ki-67 expression was an
independent negative prognostic factor by mul-
tivariate regression analysis in 41 patients with
colorectal liver metastases, Anjomshoaa et al.
[32] reported that slow proliferation represent-
ed by Ki-67 immunostaining was a biological
characteristic of liver metastases with the abil-
ity to metastasize in 27 liver metastasis. In the
present study, Ki-67 expression level in straight
hepatectomy group is not associated with prog-
nostic outcomes after hepatectomy, and this is
in agreement with another study [30]. Thus, a
clinical relevance of ki-67 expression in straight
hepatectomy group is still controversial. The
clinical value of Ki-67 expression in relation to
prognosis in colorectal liver metastases with-
out preoperative chemotherapy cannot yet be
applied in the clinical situation and should be
further investigated.

The first limitation was that this study was ret-
rospective study and its small sample size.
Second limitation was a validity of cut-off value
in Ki-67 expression. Although a clear cut-off
value for Ki-67 in liver metastases after chemo-
therapy has not been established, we could
successfully distinguish the patients with bet-
ter and worse prognoses after conversion ther-
apy, but not after straight hepatectomy, using a
cut-off value of 30%. A large and prospective
study is required to re-evaluate the validity of
Ki-67 as a prognostic factor and its cut-off
value in future.

In conclusion, Ki-67 expression is a useful bio-
marker for patients with high potential risk of
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early recurrence and death from disease after
conversion therapy for initially unresectable
liver metastases. The high Ki-67 expression
level in the resected specimens may be a bio-
marker of residual micrometastases containing
aggressive cancer cells, even after effective
chemotherapy.
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Supplemental Figure 1. Residual colorectal liver metastasis containing aggressive cancer cells even post-effective
systemic chemotherapy. A. Hematoxylin-eosin staining. B. Ki-67 stainin. Area within dot line reveals necrotic change
due to chemotherapy.

Supplemental Figure 2. Immunohistochemical staining of Ki-67 expression in the residual micro-metastasis after
chemotherapy. A. Hematoxylin-eosin staining. B. High Ki-67 expression (Scale bar, 1 mm).
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Supplemental Table 1. Comparison of clinico-pathological factors between low and high Ki-67 ex-
pression in straight hepatectomy group (n = 42)

Variables Low Ki-67 (n = 14) High Ki-67 (n = 28) P-value
Age 58 (34-71) 66 (25-85) 0.080
Sex (male/female) 8/6 21/7 0.238
Synchronous/Metachronous T/7 9/19 0.261
Tumor size prior to hepatectomy (mm) 22.5 (6-130) 32.5 (5-90) 0.198
Tumor number prior to hepatectomy 1(1-8) 2 (1-5) 0.535
CEA prior to hepatectomy (ng/mL) 6.4 (1.0-167) 8.9 (0.5-2061) 0.390

Variable data was expressed with median (range). CEA, carcinoembryonic antigen.
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Supplemental Figure 3. A Kaplan-Meier survival analysis of disease-free survival (left panel) and overall survival
(right panel) between high and low Ki-67 expression levels in patients with RECIST PR (n = 32). The log-rank test
was used.



