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Abstract

Aims: To evaluate the efficacy of reduction hepatectomy followed by transcatheter arterial chemoembolization (TACE) for advanced
T-Staged hepatocellular carcinomas (HCCs).

Methods: A retrospective analysis of 39 consecutive patients who underwent reduction hepatectomy followed by TACE for advanced
T-Staged HCCs was undertaken.

Results: Reduction hepatectomies, including 20 major ones, were performed. After a median interval of 30 days, the hepatectomies were
followed by TACE using farmorubicin. Actual overall 3-year survival after surgery was 32%. Indocyanine green R,s >15%, preoperative
AFP >2000 ng/ml, and tumour reduction rate <98% were predictive of decreased overall survival. When the three prognostic factors were
used in a scoring system, with one point assigned for each factor, the 3-year survival rates of patients with scores of 0, 1, 2, and 3 were 71%,
40%, 0%, and 0% respectively.

Conclusions: Reduction hepatectomy followed by TACE is effective in patients with advanced T-Staged HCCs who have none of the 3 poor
prognostic factors. Reduction surgery followed by TACE is one of the options for controlling advanced T-Staged HCCs in patients who are
not candidates for curative resection or TACE alone.

© 2007 Elsevier Ltd. All rights reserved.

Keywords: Hepatocellular carcinoma; Resection; Transcatheter arterial embolization; Transcatheter arterial ‘chemoembolization; Prognosis

Introduction is thought to be the first option for unresectable HCC,?
is sometimes ineffective for controlling such advanced

Multiple hepatocellular carcinomas (HCCs) with huge T-staged HCCs, since a large tumour burden or portal
tumours or tumour thrombi are associated with a poor prog- tumour thrombi can frequently coexist with the disease.”'?
nosis.' ~? No effective treatment for the disease has yet been Reduction surgery is a potential treatment for advanced
identified. Although surgical resection offers the best T-staged HCCs that cannot be treated by either curative re-
chance for long-term survival,®”® many of the patients section or TACE alone. Several studies have reported long-
are not candidates for curative resection due to underlying term survivors after reduction surgery.''~'® Previously, we
liver dysfunction or the extent of the tumour. Moreover, reported the results of reduction surgery followed by TACE
transcatheter arterial chemoembolization (TACE), which for treatment of advanced T-staged HCC patients with tu-

mours greater than 10 cm in size with preserved liver func-

* Corresponding author. Present address: Department of Hepatobiliary tion and residual tumour accounting for less than 10% of
and Pancreatic Surgery, National Cancer Center Hospital East, 6-5-1

. 17 .
Kashiwanoha, Kashiwa 277-8577, Chiba, Japan. Tel.: +81 471 331 111, the remnant liver. * However, the efficacy of this strategy
fax: +81 471 314 724. is still uncertain, since the optimal patient selection criteria
E-mail address: shiakaha@east.ncc.go.jp (S. Takahashi). for the strategy have not been determined.
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The aims of this study were to confirm the efficacy of
reduction surgery followed by TACE in the treatment of ad-
vanced T-staged HCC patients and to determine prognostic
factors that could be used to identify those patients who
would most benefit from reduction surgery. We focused
particularly on the effect of the tumour volume ratio (vol-
ume of all tumours/volume of the whole liver x 100%)
and the tumour reduction rate (volume of the resected
tumours/volume of all tumours x 100%) on survival.

Patients and methods
Patient population

Three hundred and eighty-two patients with T3ANOMO
HCC and 97 patients with TANOMO HCC were treated at
the National Cancer Center Hospital East between Novem-
ber 1993 and November 2003. Among the T3NOMO HCC
patients, 173 had TACE, 122 had curative resection, 33
had ablation, 27 had hepatic arterial infusion (TAI), 15
had reduction hepatectomy followed by TACE, 8 had radi-
ation, and 4 had systemic chemotherapy. Among the
T4NOMO HCC patients, 30 had TACE, 27 had TAI, 24
had reduction hepatectomy followed by TACE, 12 had
curative resection, and 4 had radiation. The data of the 39
consecutive T3NOMO HCC and T4NOMO HCC patients
who had reduction surgery followed by TACE were retro-
spectively examined. The patients consisted of 36 men
and 3 women, ranging in age from 27 to 77 years (mean,
57 years). HCC staging was performed according to the
staging criteria of the Japanese Liver Cancer Study
Group.'® The diagnosis of HCC was based on the patholog-
ical findings of the resected specimens.

The criteria for reduction hepatectomy were as follows:
(1) the presence of multiple HCCs for which curative resec-
tion was not indicated and that appeared to be resistant to
TACE due to tumour extent, tumour thrombus, or other fac-
tors; (2) no extrahepatic metastases; (3) sufficient liver func-
tion to tolerate the planned hepatectomy; and (4) written
informed consent before treatment. All 39 patients had con-
trast-enhanced computed tomography (CT) scans, magnetic
resonance imaging (MRI), hepatic angiography, abdominal
ultrasonography, and chest X-Rays preoperatively to stage
the HCCs and evaluate resectability. Liver function was
assessed based on liver biochemistry tests, Child-Pugh
grade,'® and the indocyanine green retention rate at
15 min.”° The patients’ data were reviewed by hepatic sur-
geons, medical oncologists, and interventional radiologists
during a conference to determine whether the patients met
the aforementioned criteria.

Treatment procedure and follow up
First, large main tumours with satellite tumours that

were obstacles for TACE were resected. Tumour thrombi
in the portal or hepatic veins were also resected when
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they were recognized before or during the operation.
Hepatic resection was performed by the forceps fracture
method under inflow occlusion (Pringle’s manoeuvre),
and anatomic hepatectomy was performed whenever possi-
ble. All the resections were ultrasound-guided procedures.

Hepatectomy was followed by TACE as soon as liver
function recovered during the postoperative period. TACE
was repeated every 2—3 months until there was: complete
remission of the remnant tumours; progressive disease
despite treatment; or malfunction of the liver or other or-
gans. The TACE procedure was performed by injecting
a mixture of iodized oil (Lipiodol) 5 ml and farmorubicin
50 mg, followed by a gelatine sponge block (Gelfoam).

One month after treatment, the anti-tumour effects of
TACE were assessed by CT. Subsequently, follow-up exam-
inations, including CT, serum alpha-fetoprotein (AFP), and
biochemistry assays, were conducted at least every
3 months. The median follow-up of the survivors was
23 months.

When disease progression was evident in the remnant
liver, TACE was stopped and transcatheter arterial infusion
chemotherapy with farmorubicin 50 mg was performed if
possible. When disease progression was observed only out-
side the liver, TACE was continued if treatment to the
hepatic tumour seemed to be beneficial.

Measurement of tumour volume ratio and
tumour reduction rate

Tumour volumes were obtained from contrast-enhanced
CT scans of the abdomen that were performed before hep-
atectomy using 5-mm collimation with administration of
120 cc of non-ionic intravenous contrast injected at 3 cc
per second with 40-s, 60-s, and 3-min delays. Images
were reconstructed at 5-mm intervals using a standard
soft-tissue algorithm,

Tumours and the liver were outlined manually on each
axial slice using a computer mouse. The tumour and whole
liver volumes were calculated automatically by multiplying
the sum of the areas from each slice by the reconstruction in-
terval. Then, the tumour volume ratio (volume of all
tumours/volume of the whole liver x 100%) and tumour
reduction rate (volume of the resected tumours/volume of
all tumours x 100%) were calculated. The resected part of
the tumour was confirmed by both the surgical record and
the findings of pre- and postoperative contrast-enhanced
CT scans. All measurements were made by a radiologist.

Statistical analysis

Survival analyses were performed using the Kaplan—
Meier method,2I and differences between the curves were
tested using the log-rank test. Factors related to survival
were analyzed with the Cox proportional hazards regression
model.”> A P value of less than 0.05 was considered
significant.
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Results

Patient characteristics and clinicopathological
features of HCCs

Hepatitis B surface antigen (HBsAg) and hepatitis C vi-
rus antibody (HCVADb) were positive in 10 and 18 patients,
respectively. Twelve patients tested negative for both
HBsAg and HCVAb. The mean results of the preoperative
liver function tests were: ALT, 71.3 IU/L; serum albumin,
3.7 g/L; prothrombin time, 81.8%; and ICG R,s 16.2%.
Based on the Child-Pugh grading system, 31 patients
were stage A, and 8 were stage B. Twenty patients had liver
cirrhosis. The median maximum tumour size was 11.5 cm
(range, 4.5—21.5 cm); 20 patients had 10 or more tumours.
The average tumour volume rate was 41%. The average
preoperative AFP level was 802 ng/ml. Macroscopic portal
vein invasion (thrombus) that involved a major branch was
found in 12 patients. Four patients had tumour thrombus in
the trunk of the portal vein. Based on the Japanese Liver
Cancer Study Group classification of tumour growth extent,
31 cases had expansive tumour growth, and 8 had infiltra-
tive growth.

Reduction hepatectomy

Four patients had tri-segmentectomies (Fig. 1), two had
central bi-segmentectomies, 14 had lobectomies, 11 had
segmentectomies, and 8 had partial resections; 7 patients
had simultaneous direct removal of the portal tumour
thrombus.

The average resected tumour volume was 1488 ml; the
average tumour volume left in the remnant liver was
53 ml. The average tumour reduction was 94.7%.

One patient died on the 15th day after reduction hepatec-
tomy due to liver failure. The morbidity rate was 41%: 8
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cases had a biliary leak; 5 had ascites; 4 had a wound infec-
tion; 3 had an intra-abdominal abscess; 2 had bleeding; and
2 had liver failure.

Transcatheter arterial chemoembolization

All but one patient who underwent reduction hepatec-
tomy received TACE; postoperative liver failure prevented
the one patient from receiving TACE. The median interval
from reduction hepatectomy to the first TACE treatment
was 30 days, and the average number of TACE treatments
was 3.6 (range, 1—15).

Survival

Survival time was calculated from the date of reduction
hepatectomy. Actual overall 3-year survival was 32%, with
a median survival of 11 months (Fig. 2). Six patients
survived more than 3 years.

Among the 39 patients, 27 developed disease progres-
sion. The location of the initial progression included: rem-
nant liver, 19 patients; lungs, 7; bone, 6; lymph nodes, 1;
and brain, 1.

Correlation between clinicopathological factors and
overall survival

To determine the prognostic factors related to survival af-
ter reduction hepatectomy in patients with advanced
T-staged HCCs, the clinicopathological factors and overall
survival of the 39 patients were analyzed (Table 1). Serum
albumin level <3.5g/L (P =0.03), indocyanine green
(ICG)R5 >15% (P < 0.01), preoperative alpha-fetoprotein
(AFP) >2000 ng/ml (P =0.04), tumour reduction rate
<98% (P =0.02), macroscopic portal vein invasion
and infiltrative growth (P < 0.01) were

(P < 0.01),

Figure 1. Contrast-enhanced computed tomography (CT) findings of a 66-year-old man with multiple hepatocellular carcinomas (HCCs). (A) CT before
reduction hepatectomy demonstrates an HCC measuring 14 cm with many intrahepatic metastases throughout both lobes. The preoperative alpha-fetoprotein
level was 6717 ng/ml, and no tumour thrombus was observed in the hepatic or portal veins. Liver function was preserved (ICG R,5 = 8.7%). The patient
underwent reductive right tri-segmentectomy. (B) CT 4 years after reduction hepatectomy demonstrates small tumours well controlled by 10 successive trans-

catheter arterial chemoembolizations.
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Figure 2. Cumulative survival curves after reduction hepatectomy followed
by transcatheter arterial chemoembolization in patients with advanced
T-staged HCCs.

significantly associated with poor overall survival. Neither
the number nor size of tumours in the remnant liver was cor-
related with survival.

We examined the independent predictive value of the
aforementioned factors for overall survival. The data were
analyzed using a Cox regression model (Table 2). Serum al-
bumin level <3.5 g/LL was excluded from the analysis due
to a possible correlation with ICG R;s >15%. ICG Rys
>15% (P < 0.01; HR = 5.89; 95% CI, 1.98 to 17.5), pre-
operative AFP >2000 ng/ml (P < 0.01; HR = 5.85; 95%
CI, 193 to 17.7), and tumour reduction rate <98%
(P < 0.01; HR =4.25; 95% CI, 1.55 to 11.7) were predic-
tive for decreased overall survival,

When the three prognostic factors were used in a scoring
system, with one point assigned for each factor, the total
score was strongly correlated with survival after reduction
hepatectomy (P < 0.01). The 3-year survival rates of
patients with scores of 0 (n=7), 1 (n=17), 2 (n = 13),
and 3 (n =2) were 71%, 40%, 0%, and 0% respectively
(Fig. 3). No patients with two or more criteria survived
more than 15 months.

Discussion

The optimal treatment of patients with multiple HCCs
who are not candidates for curative resection or TACE alone
due to large tumours or turnour thrombi is unclear. Reduction
surgery, which is also referred to as ‘“debulking surgery”,
“tumour mass reduction surgery”, and ‘““tumour volume re-
duction surgery”, is a potential treatment for patients with
advanced T-staged HCCs.''~"" Initially, large main tumours
that are life-threatening and that can obstruct postoperative
treatment are resected. Then, additional therapy, such as
TACE or transcatheter arterial infusion chemotherapy, is
given to treat the residual tumour in the remnant liver.
Long-term survivors have been reported after reduction

28

A. Kobayashi et al. | EJSO 33 (2007) 1019—1024

Table 1
Correlation between clinicopathologic factors and overall survival after
reduction hepatectomy for multiple HCCs

No. of Median survival P
patients (mo)

HBsAg
Negative 29 12.5 0.26
Positive 10 9.1

HCVAb
Negative 21 11.2 0.83
Positive 18 109

ALT
<70 IU/L 22 11.6 0.69
>70 IU/L 17 9.3

Albumin
>35¢gL 29 12.5 0.03
<35¢gL 10 5.0

Prothrombin Time
>80% 22 11.0 0.65
<80% 17 11.2

ICG Ry5s
<15% 21 179 <0.01
>15% 18 7.1

Child-Pugh Stage
A 31 119 0.61
B 8 73

Tumor size
<10 cm 19 7.9 0.17
>10cm 20 18.1

Number of tumors
<10 20 14.2 0.07
>10 19 10.1

AFP
<2000 ng/ml 25 13.7 0.04
>2000 ng/ml 14 6.1

Tumor volume ratio®
<50% 26 8.6 0.83
>50% 13 12.5

Tumor reduction rate®
>98% 21 179 0.02
<98% 18 7.1

Macroscopical portal vein invasion
Absent 27 13.7 <0.01
Present 12 58

Growth type of tumor
Expansive growth 31 137 <0.01
Infiltrative growth 8 69

* Volume of all tumors/volume of whole liver x 100%.
® Volume of the resected tumors/volume of all wmors x 100%.

surgery for advanced HCCs. Several retrospective reports
with small cohorts have shown that reduction surgery is su-
perior to non-surgical treatment, such as TACE or transcath-
eter arterial infusion chemotherapy.'*' In a previous study,
we reported the efficacy of reduction surgery followed by
TACE in a small cohort of patients who had preserved liver
function, tumour size greater than 10 cm, and residual tu-
mour volume < 10% of the remnant liver.'” However, the in-
dications for reduction hepatectomy followed by TACE are
still unclear.

In the present study, all patients who underwent reduc-
tion hepatectomy were studied to confirm the efficacy of



A. Kobayashi et al. | EJSO 33 (2007) 1019—1024

Table 2
Multivariate analyses of factors affecting overall survival after reduction
hepatectomy for multiple HCCs

Hazard ratio P
ICG Ry5s Z15% 5.89 (1.98—17.5) <0.01
AFP >2000 ng/ml 5.85 (1.93—117.7) <0.01
Tumor reduction rate* <98% 4.25 (1.55—-11.7) <0.01
Macroscopical portal vein invasion 1.25 (0.38—4.07) 0.71
Infiltrative growth of tumor 2.19 (0.63—7.57) 0.22

Values in parentheses are 95 per cent confidence intervals.
* Volume of the resected tumors/volume of all tumors x 100%.

reduction surgery followed by TACE and to determine
prognostic factors that might identify the patients who
would most benefit from reduction hepatectomy. TACE
was used as postoperative treatment since TACE is consid-
ered to be the first option for controlling unresectable mul-
tiple HCCs.

In this series, overall survival after reduction hepatec-
tomy was 32% at 3 years and the results were not so
much different from those of curative resection for stage
IV HCC®** while all our cases were classified as stage
IVA according to the TNM classification system by UICC.
Furthermore, patients who received the treatment were not
a few because one quarter of patients with TANOMO HCC
received the treatment.

Three factors associated with a poor prognosis were
identified: ICG R;s >15%; preoperative AFP >2000 ng/
ml; and tumour reduction rate <98%. These three factors
capture the essence of the treatment strategy. First, the
reduction hepatectomy tends to be a major hepatectomy
due to the extent of tumour; however, postoperative liver
failure or deterioration of liver function must be avoided,
since this can delay the start of TACE. As well, sufficient
liver function must be present preoperatively. Second, early
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Figure 3. Cumulative survival curves after reduction hepatectomy followed
by transcatheter arterial chemoembolization based on the scoring system.
The scoring system was based on assigning one point for each of: ICG R,
>15%; preoperative alpha-fetoprotein >2000 ng/ml; and tumour reduction
rate <98%.
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progression is an issue with this treatment strategy; overall
survival decreased to about 50% within a year in this series.
A high preoperative AFP level has been reported to be a sig-
nificant factor indicating a poor prognosis®>> and might be
correlated with early death after reduction hepatectomy due
to abrupt tumour progression inside or outside the liver.
Third, control of the residual tumour in the remnant liver
is necessary for long-term survival. A high tumour reduc-
tion rate indicates a low tumour burden in the remnant liver
and may predict good control of the residual tumour with
postoperative TACE.**°

Extrahepatic disease,'? residual tumour thrombus,'* no
effect of postoperative treatment,'* and a remnant tumour
index'? have been reported as poor prognostic factors after
reduction surgery for HCC. Yamamoto et al. proposed
a remnant tumour index that is calculated based on the
maximum diameter of the largest residual tumour (in cm)
multiplied by the number of residual tumours; this index
can be used to quantify the tumour burden in the remnant
liver and select optimal candidates for reduction surgery.'?
The concept of a remnant tumour index is similar to that of
the tumour reduction rate in the present study. However, the
maximum diameter of the largest residual tumour, the num-
ber of residual tumours, and a remnant tumour index were
not correlated with survival in the present study (data not
shown). The tumour reduction rate may perhaps more accu-
rately evaluate the efficacy of reduction surgery and the
tumour burden in the remnant liver.

To select the best candidates for reduction hepatectomy,
we would propose a scoring system that incorporates the
aforementioned three factors for patients with multiple
HCCs that are not treatable with curative resection. The
score based on these factors was strongly correlated with
survival after reduction hepatectomy; the 3-year survival
rates of patients with scores of 0, 1, 2, and 3 were 71%,
40%, 0%, and 0% respectively. Patients with a score of
0 are good candidates for reduction hepatectomy followed
by TACE. On the other hand, a score of 2 or 3 might be
a contraindication for treatment, since there were no
long-term survivors among patients who had scores of 2
or 3. Other non-surgical treatments, including experimental
treatments, would be recommended for patients with a score
of 2 or 3. Patients with a score of 1 sometimes survive a rel-
atively long time; thus, patients with a score of 1 may be
candidates for reduction hepatectomy, though other find-
ings, such as cardiopulmonary function or performance
status, should be considered in such patients.

Recently, intensive non-surgical treatments using trans-
catheter arterial infusion chemotherapy or systemic chemo-
therapy have improved the treatment of advanced T-staged
HCCs.>*™*! A potential weakness of the present study is
that our strategy using reduction hepatectomy followed by
TACE did not take into account these new treatments. A clin-
ical study comparing the efficacy of reduction hepatectomy
followed by TACE with that of intensive non-surgical treat-
ments in patients with advanced T-staged HCCs, especially
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those with a score of 1, is needed. Moreover, the efficacy of
reduction hepatectomy followed by one of these intensive
non-surgical treatments should be investigated.

Since our study population was small, a prospective
study is warranted to verify the validity of the scoring
system.

In conclusion, reduction hepatectomy followed by TACE
is effective in controlling advanced T-staged HCCs when
the ICG R,s is <15%, the preoperative AFP is <2000 ng/
ml, and the tumour reduction rate is >98%. Reduction hep-
atectomy followed by TACE is one of the options for con-
trolling advanced T-staged HCCs in patients who are not
candidates for curative resection or TACE alone.
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Background: Resections are effective for some patients with both hepatic and pulmonary
metastases of colorectal cancer, but the best selection criteria for the resections and effective
treatment for recurrence after the resections have not been determined.

Methods: A retrospective analysis was performed for 30 consecutive patients who received
aggressive multiple resections for both hepatic and pulmonary metastases of colorectal
cancer. Recurrences after resections were surgically treated whenever resectable.

Results: For the 30 patients, 45 hepatectomies and 40 pulmonary resections were performed
and 17 patients received three or more resections. No mortality was observed. Overall survi-
val after the first metastasectomy for the second organ (liver or lung) was 58% and nine
5-year survivors were observed. Multivariate analyses revealed that primary colon cancer,
stage IV in TNM classification and maximum size of hepatic tumor >3 cm at initial hepatect-
omy were poor prognostic factors, but several long-term survivors were observed even
among patients with those factors.

Conclusions: Multiple resections for hepatic and pulmonary metastases of colorectal cancer
are safe and effective. No single factor is considered to be a contraindication for the resec-
tions. For recurrence after the resections, surgical resection is also recommended if

resectable.

Key words: colorectal cancer — hepatic metastasis — pulmonary metastasis — resection

INTRODUCTION

The liver and lung are the most common sites of distant
metastases for colorectal carcinoma (1). Hepatic and pul-
monary metastases may be detected sequentially or simul-
taneously in patients with colorectal carcinoma. Efficacy of
resections for these two distant metastases has been reported
in several studies (2—14). However, the criteria to select
patients for those resections are still obscure.

In addition, although recurrence after those resections is
one of the major problems of the strategy, further surgical
approaches for recurrence after those resections are
controversial.

The purpose of this study was to evaluate the efficacy
of aggressive multiple resections for hepatic and pulmonary

For reprints and all correspondence: Shinichiro Takahashi, Department of
Hepato-biliary Pancreatic Surgery, National Cancer Center Hospital East,
6-5-1 Kashiwanoha, Kashiwa 277-8577, Chiba, Japan. E-mail: shtakaha@
€ast.nce.go.jp

metastases of colorectal carcinoma and to find prognostic
factors that might elucidate who would benefit most
from hepatic and pulmonary resections for colorectal
metastases.

PATIENTS AND METHODS

Two hundred and sixty-seven patients who had undergone
hepatic resection and 98 paticnts who had undergone
pulmonary resection, as the first treatment for colorectal
metastasis at the National Cancer Center Hospital East
between September 1992 and June 2005 were examined ret-
rospectively. Eight patients had undergone surgical resec-
tions for both hepatic and pulmonary metastases as the first
treatment for colorectal metastases. Metastases were synchro-
nous with primary colorectal carcinoma in one of the eight
patients. In the remaining 259 patients who had undergone
hepatic resection as the first treatment for colorectal

© 2007 Foundation for Promotion of Cancer Research



metastasis, 83 had the second recurrence in the liver, 29 in
the lung, 12 in both liver and lung and 52 in the other
organs. Sixteen of the 29 patients with pulmonary recurrence
and one of the 12 patients with both hepatic and pulmonary
recurrences were treated surgically. Two patients had under-
gone resections for both hepatic and pulmonary recurrences
after more than two hepatic metastasectomies. In the remain-
ing 90 patients who had undergone pulmonary resection as
the first treatment for colorectal metastasis, three had the
second recurrence in the liver, 27 in the lung, four in both
liver and lung and 16 in other organs. All three patients with
hepatic recurrence were treated surgically. However, all four
patients with both hepatic and pulmonary recurrences under-
went systemic chemotherapy as the second treatment.

As a result, 30 patients underwent both hepatic and pul-
monary resections for colorectal metastasis. The patients
consisted of 19 men and 11 women, ranging in age from 24
to 75 years with a mean of 59 years. Two of the patients had
received adjuvant chemotherapy (tegafur/uracil and
5-fluorouracil/leucovorin) after primary colorectal resection
and one patient had received preoperative chemoradiation for
rectal cancer.

The criteria for hepatectomy were as follows: (1) metastatic
lesions are confined to the liver and technically resectable, (2)
no extrahepatic metastases except resectable pulmonary
metastasis are detected, and (3) liver function is equal to com-
plete resection of all hepatic tumors. The criteria for pulmon-
ary resection were as follows: (1) metastatic lesions are
confined to the lung and technically resectable, (2} no extra-
thoracic metastascs except resectable hepatic metastasis are
detected, and (3) cardiorespiratory function is equal to com-
plete resection of all pulmonary tumors. The timing of the
detection of hepatic and pulmonary metastases or the number
of prior rescctions for metastases did not affect these criteria,
so the selection criteria for further resections for recurrences
after hepatic and pulmonary resections arc the same as above.

At hepatectomy, intraoperative ultrasonography was per-
formed to confirm tumor location and size of the lesions in
all patients, and all of the resections were ultrasound-guided
procedures. Hepatic resection was performed by the forceps
fracture method under inflow occlusion (Pringle’s maneu-
ver). At pulmonary resection, hilar or mediastinal lymph
node dissection was used to sample lymph nodes of most
patients who had a lobectomy.

When hepatic and pulmonary metastases were detected
simultancously, hepatic resection was carricd out first,
followed by pulmonary resection.

No patient received adjuvant chemotherapy after hepatect-
omy or pulmonary resection.

After hepatic or pulmonary resection, patients were
closely followed with diagnostic imaging [chest X-ray and
abdominal computed tomography (CT)] and measurement of
serum carcinoembryonic antigen (CEA) levels every 3
months; they also undcrwent an annual colonoscopy to
detect any tumor recurrence. The median follow-up of survi-
vors was 53 months.
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MORPHOLOGICAL INVESTIGATIONS

The resected specimens of colon or rectum, liver and lung
were fixed in 10% phosphate-buffered formalin, cut at inter-
vals of 5 mm and embedded in paraffin. Serial sections of
3-pm thickness were stained with hematoxylin and eosin for
morphological examination. Each case was histologically
classified according to the histological type, tumor size,
location, number of metastases, presence of serosal invasion,
nodal status and margin status. Histological diagnosis was
performed according to the World Health Organization intes-
tinal tumor classification (15).

STATISTICAL ANALYSIS

The student -test was used to compare data between sub-
groups by the location of the primary tumor. The Mann—
Whitney’s U test was used to compare serum CEA levels
between subgroups. Analyses of survival rates were per-
formed using the Kaplan—Meier method (16) and differences
between the curves were tested using the log-rank test.
Factors related to survival were analyzed with the Cox pro-
portional hazards regression model (17). A P value of less
than 0.05 was considered to denote significance.

RESULTS

CLNICOPATHOLOGICAL FEATURES OF PRIMARY AND
Merastatic TUMORS

The primary tumors were staged as [ (n = 1), II (n = 10), 111
(n=15) and IV (n = 4) according to TNM classification
(Table 1). All patients at stage IV had hepatic metastasis at
resection of the primary tumor.

At the initial hepatectomy, the average number of hepatic
tumors was 2.1 (range, 1—12), the average maximum size
was 3.2 cm (range, 0.3—9 cm) and the average preoperative
CEA level was 19.9 ng/ml (range, 0.8—68.5 ng/ml). In all
hepatectomies, the average number of hepatic tumors was
2.8 and the average maximum size was 3.3 cm. Lymph node
metastasis at the hepatoduodenal ligament was shown in one
patient.

Regarding pulmonary metastases, the average number of
pulmonary tumors was 1.8 (range, 1-5), the average
maximum size was 2.2 cm (range, 0.7—6.7 cm) and the
average prethoracotomy CEA level was 12.4 ng/ml (range,
1.0—-66.7 ng/ml) at initial pulmonary resection. In all pul-
monary resections, the average number of pulmonary tumors
was 2.1 and the average maximum size was 2.5 cm. Hilar
lymph node metastasis of the lung was shown in two
patients.

SurGIcAL RESECTIONS FOR HEPATIC AND PULMONARY
METASTASES

Forty-five hepatectomies (30 partial resections, four subseg-
mentectomies, seven segmentectomies and four lobectomies
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Table 1. Correlation between clinicopathologic factors and overall survival in patients with resected hepatic and pulmonary metastases from colorectal cancer

No. Median P No. Median P
survival value survival value
{mo) (mo)
Primary colorectal lesion Pulmonary metastases
Location First pulmonary resection
rectum 13 52.7 0.03 Number of tumors
colon 17 38.6 1 18 479 0.31
TNM classification >2 12 27.1
| 1 88.9 0.02* Maximum size of the tumor (cim)
| 10 489 <3 21 34.8 0.69
I 15 38.8 >3 9 38.8
v 4 14.6 Distribution of metastases
Lymph node metastasis unilobar 24 421 0.68
absent 11 54.8 0.64 bilobar 6 271
present 19 328 Hilar or mediastinal lymph node
Histological type of adenocarcinoma negative 28 36.7 0.89
well or moderately differentiated 28 38.7 0.77 positive 2 43.6
poorly differentiated and others 2 41.7 All pulmonary resections
Number of tumors
Hepatic metastases <3 22 38.7 0.92
First hepatectomy >3 8 448
Number of tumors Maximum size of the tumor (cm)
1 18 40.8 0.26 <3 19 348 0.93
>2 12 36.8 >3 ) I 388
Maximum size of the tumor (cm) Distribution of mefastases
<3 14 40.0 0.03 unilobar 21 41.1 0.97
>3 16 35.8 bilobar 9 30.8
Distribution of metastascs
unilobar 20 40.8 0.36 CEA level at initial recurrence (ng/ml)
bilobar 10 36.8 <50 25 38.7 0.34
Lymph node of hepatoduodenal ligament >50 5 33.0
negative 29 38.8 0.02 Disease-free interval from resection of primary tumor
positive 1 13.9 <1 year 19 388 0.23
All heputectomies >1 year 11 38.6
Total number of tumors Simultaneous detection of hepatic and pulmonary recurrences
<3 19 38.6 0.79 yes I 34.8 0.35
23 i1 38.8 no 19 38.8
Maximum size of the tumor (cm) Initial metastasis in the lung
<3 13 388 0.08 yes 3 54.8 0.72
>3 17 386 no 27 38.6
Distribution of metastases Total number of liver and lung resections
unilobar 17 43.0 0.49 2 13 33.0 0.50
bilobar i3 348 >3 17 543

?EA, carcinoembryonic antigen.
Stage [, I or Uil versus Stage IV.
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according to Couinaud’s anatomical classification (18)) and
40 pulmonary resections (32 partial resections, seven lobec-
tomies and one pneumonectomy) were performed on the 30
paticnts. The average number of operations performed for
hepatic or pulmonary metastases per patient was 2.8. Three
opcrations were performed on 11 patients, four operations on
four patients cach and five operations on two patients cach.

There was no perioperative mortality. Five complications
were observed: two cases of biliary leak and one case cach
of portal vein thrombosis after hepatectomy, wound infection
and air leak after pulmonary resection.

The location of initial metastasis was lung in three
patients, liver in 19, and both liver and lung in eight. Eleven
patients experienced hepatic and pulmonary metastases
detected simultancously.

RECURRENCE AFTER SURGICAL RESECTIONS FOR HEPATIC AND
PULMONARY METASTASES

Among 30 patients who underwent surgical resections for
hepatic and pulmonary metastases, 25 developed recurrences
when recurrence was defined as the first recurrent disease
after at least one resection each for hepatic and pulmonary
metastases. Locations of recurrences were as follows: lung in
11 patients, liver and lymph node in four each, both liver
and lung in three, peritoneum, local recurrence and brain in
one each. Re-resection could be performed in 15 of the 25
patients. Of the remaining 10 patients, eight received sys-
temic chemotherapy, one each received radiation therapy and
best supportive care.

SURVIVAL

Survival time was calculated from the date of the first metas-
tasectomy for the second organ metastasized (liver or lung).

Actuarial overall survival was 58% at S years with a
median survival of 39 months (Fig. 1). Disease-free survival
was 56% at 1 year and 8% at 3 years, with a median
recurrence-free survival of 13 months. Nine 5-year survivors
were observed and eight of the nine patients are still alive
without disease. Of the nine 5-year survivors, six had under-
gone three operations and one had undergone four
operations.

When survival time was calculated from the date of the
first metastasectomy for the first organ, actuarial overall sur-
vival was 70% at 5 years with a median survival of 60
months.

CORRELATION BETWEEN CLINICOPATHOLOGIC FACTORS AND
OVERALL SURVIVAL

To find prognostic factors for survival after resection of
hepatic and pulmonary metastases, clinicopathologic factors
and overall survival calculated from the date of the first
metastasectomy for the second organ were analyzed in 30
patients (Table 1). Primary colon carcinoma (£ = 0.03),
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Figure 1. Cumulative survival curves for 30 patients who underwent resec-
tions for both hepatic and pulmonary metastases of colorectal cancer.

stage IV in TNM classification (P = 0.02), maximum size of
hepatic tumor >3 cm at initial hepatectomy (P = 0.03), and
lymph node metastasis of the hepatoduodenal ligament (P =
0.02) were significantly associated with poor overall survival.
Whether hepatic and pulmonary metastases were detected
simultancously or sequentially was not correlated with survi-
val (P == 0.35). Neither a disease-free interval of less than 1
year from resection of the primary tumor nor initial metasta-
sis in the lung affected survival.

We examined the independent predictive value of the
aforementioned factors on overall survival (Table 2). Lymph
node metastasis of the hepatoduodenal ligament was
excluded from the analysis because only one of the 30
patients had the factor. Primary colon carcinoma (Fig. 2A),
stage IV in TNM classification (Fig. 2B), and maximum size
of hepatic tumor >3 cm at initial hepatectomy (Fig. 2C) had
predictive value for decreased overall survival after resection
of hepatic and pulmonary metastases from colorectal cancer.

Comparing clinicopathological factors of patients with
primary colon carcinoma and those of patients with primary
rectal carcinoma, maximum size of pulmonary tumors
(2.6 + 1.6 cm versus 1.7 + 0.7 cm) was significantly larger
and prethoracotomy CEA level (18.2 + 23.8 ng/ml versus
5.3 + 5.4 ng/ml) was significantly higher in patients with
primary colon carcinoma. The interval from primary resec-
tion to the first pulmonary resection tended to be longer in
patients with primary colon carcinoma than in paticnts with
primary rectal carcinoma (25.7 months versus 17.1 months,
median).

DISCUSSION

Results of this study indicate that aggressive multiple resec-
tions for hepatic and pulmonary metastases of colorectal car-
cinoma are safe and contribute to long-term survival in some
patients.

Hepatic and pulmonary metastases may be detected
sequentially or simultaneously in patients with colorectal
carcinoma. Although two distant organs are affected by the
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Table 2. Multivaniate analyses of factors affecting overall survival in
patients with resected hepatic and pulmonary metastases from colorectal
cancer

Hazard ratio P value
(95% CI)
Location of primary tumor
Rectum — 0.01
Colon 8.74 (1.53—49.91)
TNM classification of primary tumor
LI I — 0.03
v 11.37 (1.34—96.53)
Maximum size of tumor at first hepatectomy (cm)
<3 — <0.01
>3 14.47 (2.33-89.85)

CI, confidence interval; CEA, carcinoembryonic antigen.

disease, several studies have demonstrated the efficacy of
resections for both hepatic and pulmonary metastases
(2—14). However, because of the frequent recurrences after
resections, the best selection criteria for resection have not
been established.

Lenhart ef al. reported a disease-free survival of only 24%
at 2 years in patients who underwent sequential hepatic and
pulmonary resections for colorectal metastases (9). In the
present study, the 2-year disease-free survival rate after the
first metastasectomy for the second organ was also 24% with
a median disease-free survival of only 13 months. The best
treatment strategy for the recurrences after hepatic and pul-
monary resections is obscure. However, only surgical
removal of metastases offers a chance of cure. Aggressive
repeat metastasectomy has been applied for recurrences after
hepatic and pulmonary resections in our institution.

For the 30 patients of the present study, 45 hepatectomies
and 40 pulmonary resections were performed and 17 patients
received three or more resections with a maximum of five
resections. Overall survival after the first metastasectomy for
the second organ was 58% and nine 5-year survivors were
observed. Surprisingly, seven of the nine 5-year survivors
had undergone three or more resections. When survival time
was calculated from the date of the first metastasectomy for
the first metastasized organ, overall survival reached 70% at
5 years with a median survival of 60 months in the present
study. Little is available on the result of repeat metastasec-
tomy for recurrences after hepatic and pulmonary resections.
Our results of long-term survival after hepatic and pulmon-
ary resections in spite of frequent recurrences support the
view that patients who can undergo resections for both
hepatic and pulmonary metastases of colorectal cancer are in
a selected population but can sometimes survive a long time
with multiple metastasectomies. Interestingly, a recent study
by Shah et al. also reported 74% 5-year survival rate after
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Figure 2. Cumulative survival curves after resections for hepatic and pul-
monary metastases of colorectal cancer according to (A) location of primary
tumor, (B) stage in TNM classification, and (C) maximum size of hepatic
tumor at initial.

multidisciplinary surgical metastasectomies for colorectal
cancer (19). The strategy and results of Shah et al. were
similar to ours. However, while a majority of the patients
received adjuvant chemotherapy after metastasectomies in
Shah’s study, no patient underwent adjuvant chemotherapy
in the present study. These results indicate that the strategy
of aggressive multiple metastasectomies count more than
postoperative chemotherapies in the treatment for very
restricted population of patients.



We found three factors for poor prognasis: size of hepatic
tumor >3 c¢m at the first hepatectomy, primary colon carci-
noma and stage I'V tumor.

Maximum size of the hepatic tumor has been reported to
be one of the important prognostic factors after hepatic
resections for colorectal hepatic metastasis (20,21). This
factor could affect prognosis in this population.

The reason for poor prognosis in patients with primary
colon cancer is unknown. Patients with primary colon cancer
had larger pulmonary tumors, higher CEA levels at the first
pulmonary resection and relatively longer intervals from
primary rescction to the first pulmonary resection than
patients with primary rectal cancer. A higher prethoracotomy
CEA level was a factor of poor prognosis after hepatic and
pulmonary resections in several studies (6,11). However, the
reason why patients with primary colon cancer had more
advanced pulmonary tumors than those with primary rectal
cancer was unclear. A ‘cascade’ hypothesis based on the
anatomy of the draining veins from the colon and rectum
suggests that pulmonary metastasis in patients with primary
colon carcinoma might come from hepatic mctastasis with
progressive site-induced change; however, pulmonary metas-
tasis in patients with primary rectal carcinoma might come
dircctly from the primary tumor, which seemed to be compa-
tible with our results (22—24). However, the prognostic
power of primary tumor location has not been demonstrated
yet in patients with resected colorectal pulmonary metastasis
(25~27); further examinations ar¢ nceded to verify the
hypothesis.

Neither the large size of the hepatic tumor nor primary
colon carcinoma might influence the selection criteria for
hepatic and pulmonary resections, because several long-term
survivors were observed, cven among paticnts with those
factors.

Patients with stage TV disease had a poorer prognosis and
showed no long-term survival. However, stage TV itself
should not be considered as a contraindication for resections
because the follow-up duration of patients with stage IV was
short and the poor prognosis in stage TV was not consistent
with the result that the discase-free interval from primary
resection showed no correlation with prognosis.

Other factors such as synchronous mctastasis (5), bilateral
or multiple lung metastases (5,7), multiple liver metastases
(8), short disease-free interval (8), simultaneous liver and
lung metastases (10), mediastinal nodes involvement (11),
primary histology (12) and high levels of both CEA and
CA19-9 before metastasectomy (13) have been reported as
prognostic factors after hepatic and pulmonary metasta-
sectomy of colorectal cancer. Among those factors, whether
the timing of the detection of hepatic and pulmonary metas-
tases influences prognosis after resections has been an issue.
In the present study, none of the aforementioned factors,
including the timing of the detection of the metastases,
showed any prognostic value. Based on our results, no single
factor that contraindicated resections for hepatic and
pulmonary metastases of colorectal cancer was identified.
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Thus, surgical resections might be _the best option when both
hepatic and pulmonary metastases are resectable in colorectal
cancer. However, treatment for patients with several poor
prognostic factors for multiple resections is still unknown.

The reason for the high survival rate 5 years after resec-
tions for hepatic and pulmonary metastases in our study
might be partly cxplained by precise intrathoracic and
abdominal examinations using helical computed tomography
(28,29). However, it can not be denied that patients who can
undergo both hepatic and pulmonary metastasectomy for
colon cancer might have unique characteristics in some
factors. For example, there may be some unique host-tumor
interaction, considering the rare possibility of both hepatic
and pulmonary resections for colorectal metastases and the
surprisingly high survival rate after the mctastasecomies in
spite of multiple, multiphase and multi-organ mectastases.
The aforementioned hypothesis is supported by the fact that
excellent survival in the present study was achieved, unex-
pectedly, without any help of adjuvant chcmotherapy,
although adjuvant chemotherapy after pulmonary or hepatic
metastascctomy is a potential trcatment for improving the
prognosis of patients with colorectal cancer. Further investi-
gation to clarify the reason for the good prognosis of this
population might ¢lucidate the mechanisms of metastases in
colorectal cancer.

A limitation of our study is the relatively small population,
because patients who can undergo resections for both
hepatic and pulmonary metastases of colorectal carci-
noma are rare. There is some possibility that correlations
between several clinicopathological factors such as positive
lymph nodes of the hepatoduodenal ligament, hilus pulmo-
nis, or mediastinum and survival after resections could not
be sufficiently validated because of the small cohort. A large
multi-institutional study is recommended to verify the
correlation.

In conclusion, multiple resections for hepatic and pulmon-
ary metastases of colorectal cancer are safe and effective.
Surgical resections could be the best option for resectable
hepatic and pulmonary metastases in colorectal cancer.
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