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Table 14.3 Overview of clinical IBT studies for early-stage NSCLC

References  Year of ~ Ton/ Patient No  Total dose Fraction Total Local Overall Lung Median
publication  Institution  All(TIA/IB) (GyE) No treatment control (%)  survival (%) toxicity >  follow-up
time (w) All (1A/1B) Al (1A/1B)  Grade3 period
(%) (months)

Bushetal. 1999 Proton/ 372 51-73.8 1041 2-5 2y: 87 2y: 39 No data 14 (3-45)
[24] LLMC

Bushetal. 2004 Proton/ 68 (29/39) 51 0r60 10 2 3y: 74 3y: 44 0 30
[25] , LLMC (87/49)

Shioyama 2003 Proton/ 51 (9/19) 1A 60-81 Median Median Sy: (89/39) Sy: (70/16) 2.0 30 (18-
et al. PMRC 1B 60-93 3 Gy/Fr 6 153)
[26]

Hataetal. 2007 Proton/ 21 (11/10) 50 0r 60 10 2 2y: 95 2y: 74 0 25
[27] PMRC (100/90) (100/47) (10-54)

Nakayama 2009 Proton/ 58P _ 66 (periph- 10 (periph- 2 2y: 97.0 2y: 97.8 3.6 17.7 (1.4-
et al. PMRC (30/28) eral) 72.6 eral) 22 (periph- 53.3)
[28] (central) (central) eral)

5
(cen-
tral)

Nihei 2006 Proton/ 37 (17/20)  70-94 20 4-5 2y: 80 2y: 84 8.1 24 (3-62)
et al. NCCHE (94/62)° (83/82)

(29]
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Iwata 2010 ~ Proton/
et al. HIBMC
[30]

Iwata 2010 Carbon/
et al. HIBMC
(301 '

Miyamoto 2003 Carbon/
et al. NIRS

- [11]

Miyamoto 2007 Carbon/
et al. NIRS
[12]

Miyamoto 2007 Carbon/
et al. NIRS
[13]

57 (27/30)

21 (14/7)

81 (40/41)
50 (29/21)

79 (42/37)

80 or 60 200r 10
52.8 4
68.4— 90r18
79.2,59.4—
954
72 9
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Sy: 74

Sy: 94.7
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(98/80)
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Nihei et al. at the National Cancer Center Hospital East (NCCHE) in Kashiwa
reported results of PT using 20 fractions and total doses of 70-94 GyE. The local
control rate of this more classical fractionation scheme was almost the same as that
of hypofractionated PT [29].

Iwata et al. compared PT and CIRT for stage I NSCLC Both are available at
HIBMC. The data are preliminary because CIRT began only in April 2005, whereas
treatment with protons started already 2 years earlier. Local control and overall
survival rates were above 85% after 2 years and compared excellently to X-ray
SBRT [30]. The incidence of severe pneumonitis was low with both CIRT and PT.
There was a direct correlation between the percentage of the total lung volume
receiving a dose > 20 Gy (V20) and the incidence of radiation pneumonitis [31].
V20 was lowest for four fractions of CIRT as compared to 10 or 20 fractions of PT
due to the reduced penumbra of carbon ion beams (cf. Chap. 4 for details). However,
beam directions were constrained in CIRT, because HIBMC has only three fixed
beamlines for carbon. Part of the advantageous dose gradient of carbon could be
compensated for by having more degrees of freedom for the beam directions using
the proton gantry.

In some reports on PT, T1 disease had better local control and survival than
T2 disease [26, 31]. A hypothesis for the inferior outcome of more advanced
disease was that the total doses used with PT might be insufficient to control larger
primary tumors [31], which contain higher numbers of tumor clonogens and areas of
relatively radioresistant hypoxic tumor cells [26]. An estimation of the biologically
effective dose (BED) administered to these different regimens support this idea.
In contrast to a BED value of 123 for 52.8 GyE carbon ions in four fractions, it
was only 96 for 10 fractions of 6 GyE protons [29]. In the case of hypofractionated
irradiation, a comparison of BED between carbon and proton beams is difficult.
A study for RBE of CIRT is currently underway at NIRS.

14.6 Conclusion

IBT is clearly beneficial for stage I NSCLC. Not only physical but also biological
properties of carbon ions can bring an extra therapeutic gain for tumor control. It is
theoretically possible in CIRT to safely perform hypofractionated irradiation with a
significantly smaller number of fractions as compared to PT. However, there are still
unclear issues between PT and CIRT, such as RBE for hypofractionated irradiation.
To clarify the effectiveness of each modality for early stage NSCLC well-planned
randomized trials will be required. .
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Chapter 36 |
- HIMAC: A New Start for Heavy Ions

Tadashi Kamada and Hirohiko Tsujii

Abstract In 1994, carbon ion radiotherapy (CIRT) was initiated at the National
Institute of Radiological Sciences (NIRS) in Japan using the Heavy Ion Medical
Accelerator in Chiba (HIMAC), which was the world’s first heavy ion accelerator
complex dedicated to medical use. Among several types of ion species, carbon ions
were chosen for cancer therapy because they were presumed to possess optimal
properties in terms of biologically effective dose localization.

This chapter will cover the evolution of CIRT over the last 15 years and highlight
the clinical results achieved at NIRS.

36.1 Introduction

In Japan, the decision for a medical accelerator using ions heavier than protons was
made in 1984 at NIRS. HIMAC was the world’s first heavy ion accelerator complex
intended primarily for clinical use (Fig. 36.1). The accelerator complex took almost
a decade to build and was completed by the end of 1993. One year later, in 1994,
clinical trials using carbon ion beams generated from the HIMAC were initiated [1].
Carbon was chosen because of the favorable properties (cf. Chap. 4 for details). The
HIMAC has operated since its opening as a multipurpose facility available for joint
cancer treatment and research in biology and physics by both Japanese and foreign
investigators. ‘
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Fig. 36.1 Heavy ion medical accelerator in Chiba (HIMAC)

36.2 CIRT at NIRS

Since June 1994 until spring 2011, almost 50 protocols have been conducted in an
attempt to determine the optimal dose fractionation and irradiation method for the
treatment of specific diseases. The number of patients has increased year by year,
and the facility has meanwhile reached a capacity permitting nearly 700 patients to
be treated each year (Fig.36.2). In February 2011, nearly 5900 patients had been
registered. The categories of disease that can be treated in routine clinical practice
include lung cancer, prostate cancer, head and neck cancer, skull base tumors, ocular
melanoma, bone and soft-tissue sarcoma, liver cancer, and pelvic recurrences of
rectal cancer (Fig. 36.3).

The clinical trials began with a small dose per fraction. At first, the average
number of fractions was almost 18. All these early trials were carried out as
dose-escalation studies. It was found that a very high dose per fraction could be
administered and the average number of fractions could be reduced from 18 to
12-13 over the last several years leading to improvements in patient throughput
(Fig.36.4).

HIMAC has three treatment rooms with fixed vertical and/or horizontal beam
lines. In order to conform the dose to a target volume, the beam lines in the treatment
room are equipped with a pair of wobbler magnets to modulate the beam width, plus
beam scatterers, ridge filters, multileaf collimators, and the ability to administer
a compensation bolus (see also next chapter). An appropriately sized ridge filter,
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Fig. 36.3 Patient distribution enrolled in CIRT at NIRS (Treatment Period: June 1994 to February
2011)

which corresponds to, and determines the size of the spread-out Bragg peak (SOBP),
is selected to avoid unnecessary dose to normal tissues along the beam path in each
port.
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Fig. 36.4 Average number of fractions used in CIRT at NIRS

The patients are positioned in customized cradles and immobilized with a low-
temperature thermoplastic. A set of 5-mm thick CT images is taken for treatment
planning with the immobilization devices in place. Respiratory gating of both the
CT acquisition and the therapy is performed when indicated [2].

Three-dimensional treatment planning is performed using HIPLAN software,
which was developed for CIRT [3]. A margin of 5 mm is usually added to the clinical
target volume to create the planning target volume. Dose is calculated for the target
volume and any nearby critical structures and expressed in Gray-Equivalent (GYyE =
carbon physical dose in Gray x Relative Biological Effectiveness {RBE}) [4, 5].

CIRT is given once daily, on 4 days per week (Tuesday to Friday). At every -
treatment session, the patient’s position is verified with a computer-aided online
positioning system (Fig.36.5).

36.3 Treatment Results by Tumor Type

Head and neck cancer, lung, liver, and prostate cancer, postoperative rectal cancer
recurrences, and bone and soft-tissue sarcomas are the six most commonly treated
tumors in NIRS studies.

36.3.1 Head and Neck Cancer

CIRT was first applied to the treatment of patients with head and neck tumors
and five clinical trials were conducted at NIRS (Fig. 36.6). Two dose optimization
studies with different fractionation (protocols of 18 fractions over 6 weeks and
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Fig. 36.5 Online positioning using an orthogonal X-ray TV system

16 fractions over 4 weeks) were followed by a phase II fixed dose study [6]. During
the phase II study, a high distant metastasis rate in melanoma and a poor local
control rate in sarcoma with standard doses (total doses of 57.6 GyE or 64 GyE
over 4 weeks) were found by subgroup analysis. New protocols modified for
melanoma and sarcoma were created; a concurrent chemocarbon therapy protocol
for melanoma and a high-dose protocol (70.4 GyE in 16 fractions over 4 weeks) for
sarcoma. ‘

More than 700 locally advanced tumors were treated with carbon ions in these
five studies. The treatment results obtained so far can be summed up by stating that a
very favorable local control rate of 70~80% has been achieved for locally advanced
adenocarcinoma, adenoid cystic carcinoma, malignant melanoma in the nasal cavity
and paranasal sinus, squamous cell carcinoma, and sarcomas.

36.3.2 Lung Cancer

Patients with inoperable stage I non-small cell lung cancer (NSCLC) were treated in

several protocols. The results have been quite promising and more than 600 patients

were enrolled in the lung studies. Clinical trials in lung cancer were started with 18

fractions over a 6-week dose-escalation study. Two subsequent protocols shortened
the overall treatment time to 3 weeks. The 3-year local control rates were 65-95%,

and the 5-year survival rates were 40-50%. The results of these studies are better

than those of conventional radiotherapy, and almost the same as those of surgery [7].

We have conducted a fixed 4-fractions-in-1-week protocol since 2000. That way, a

very high dose can be given with acceptable side effects. A single-fraction dose

escalation study was started in 2003 (cf. Chap. 14 for details).
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Fig. 36.6 Protocols for head and neck tumors

36.3.3 Liver Cancer

For liver cancer, 15 fractions over 5 weeks were employed as initial dose optimiza-
tion study [8]. The overall treatment time of 5 weeks was then shortened to 3,2,
and 1 week in subsequent studies [9]. More recently, a fourth clinical trial using an
even shorter irradiation schedule of 2 fractions over 2 days has just been completed
with encouraging results in terms of a favorable local control rate and the absence of
any particular serious adverse reactions. No unwanted skin reactions of grade 2 or
higher were observed. For liver function, no toxicities greater than grade 3 occurred.
Almost 400 patients with liver cancer have been treated with CIRT using these
protocols. )

36.3.4 Prostate Cancer

A total of three clinical trials have been carried out for patients with prostate cancer.
The first CIRT trial protocol (20 fractions over 5 weeks) with concomitant endocrine
therapy was conducted for B2-C stage patients [10]. The eligibility criteria for the
second trial were less stringent. CIRT-only was applied to stage A2-B1 prostate
cancer and CIRT plus endocrine therapy for stage B2—C disease. In the first clinical
trial, the most serious toxicities were recorded in the rectum among patients exposed
to the highest dose level of 72 GyE. Dose volume histogram (DVH) analysis was
performed to identify the tolerance dose of the rectum, using a rectal DVH curve
that permits prediction of the risk of rectal reactions. This curve has made it possible
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to prevent severe rectal reactions in new patients at the time of treatment planning.
As a result, the safe dose distribution for the digestive tract was established and no
serious toxic reactions were encountered in the subsequent clinical trials. A total
dose of 63 GyE was found to be an optimal dose for 20 fractions over a 5-week
protocol. The overall treatment time was then shortened to 4 weeks and showed
better outcomes [11]. The total number of prostate cancers treated with carbon ions
is now nearly 1,300. We are now proceeding to a chmcal trial with an even shorter
regimen of 12 fractions in 3 weeks.

36.3.5 Bone and Soft-Tissue Sarcomas

Bone- and sofi-tissue sarcomas are generally considered to be radioresistant.

Advanced tumors originating in the trunk, in particular, are in many cases not.
resectable and have a poor prognosis. The use of carbon ion beams does offer a
favorable prospect of improved local control in view of their superior biological
dose distribution (Fig. 36.7). The patients enrolled in our initial dose escalation trial
were primarily subjects not responding to surgery or they were totally inoperable.
This trial produced favorable local control of approx. 85% at 5 years. It has been
realized that chordoma and osteosarcoma are the prime candidates for CIRT [12-
15]. In some 10% of those patients, the lesions were close to the body surface
so that it was not possible to avoid exposure of the skin to high-radiation doses.

They developed severe reactions such as skin ulceration. In the meantime, more
experience has been gained and significant improvements in irradiation techniques
have been achieved that such severe toxicity has no longer been observed (Fig. 36.8).

Fig. 36.7 Example of the dose distribution of CIRT in an osteosarcoma
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d() MR

Fig. 36.8 Malignant fibrous histiocytoma of the left arm. The tumor received 70.4 GyE of carbon
ions in 16 fractions over 4 weeks. Complete tumor regression and almost no skin reaction were
observed at 70 months after treatment

Bone and soft-tissue tumors in the trunk are the most typical lesions qualifying for
CIRT and more than 750 patients have been treated.

36.3.6 Rectal Cancer

Although postoperative rectal cancer recurrence in the pelvis has decreased as a
result of improvements in surgical procedures, the incidence is still almost 20%
[16-18]. Many of the patients with local recurrence are not eligible for surgical
resection and are frequently referred to conventional radiation therapy; yet the
results are still far from being acceptable. Many of the literature reports give a 50%
survival period of 12 months and a 3-year survival rate of approxrimately 10%, and
the role of radiotherapy is often described as palliative [19].

Over 300 patients have so far been treated with CIRT and no particularly serious
toxic reactions have been discovered. The results in terms of local control and
survival rate are extremely favorable in comparison with conventional radiotherapy
and are comparable to those achieved with surgery.
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Table 36.1 Activity numbers of CIRT facilities in the world

Name Start No. of Pts. Until Country
NIRS 1994 5,887 2011.2 Japan
GSI - 1997 440 2008.7 Germany (closed)
HIBMC 2002 915 2010.9 Japan »
MP 2006 126 2010.11 China
HIT 2009 200 2010.10 Germany
GHMC - 2010 90 2010.12 Japan
7,658

NIRS National Institute of Radiological Sciences GSI GSI Helmholtzzentrum
fiir Schwerionenforschung HIBMC Hyogo Ion Beam Medical Center IMP
Institute of Modern Physics HIT Heidelberg Ion-Beam Therapy Center GHMC
Gunma University Heavy Ion Medical Center

36.4 Future Prospects for CIRT

CIRT is an effective treatment modality for many cancers. Compared with other
treatment modalities, however, it has to be admitted that it is rather costly. HIMAC
with its 42-m-diameter synchrotron ring was built at costs of roughly 33 billion
yen (US $360 million). For the benefits of carbon ions to be available to the public
at large, it is of paramount importance to develop a lower cost and more compact
system. In view of this, NIRS embarked on the development of a compact system
that has the same performance as the HIMAC at about one third of its cost and
size (cf. Chap. 37). In March 2010, the new compact facility at Gunma University in
Maebashi, Japan, was completed. They have just started their carbon beam treatment
as the third CIRT facility in Japan — after NIRS and Hyogo Ion Beam Medical
Center.

More than 7500 patients have been treated with carbon ion beams worldwide
since 1994, and nearly 80% were treated at NIRS (Table 36.1). Now five carbon ion
beam facilities are operating, including the facility at Gunma University. Three more
facilities are under construction in Europe and planning is in progress at ten or more
institutions worldwide (cf. Chap.41). There has been a growing interest in using
CIRT for cancer treatment in the last decade. NIRS has been pivotal in providing
the preclinical and clinical data for this field, and other facilities have successfully
reproduced them [20].

The future development and expansion of CIRT requires further progress. The
new NIRS system with respiration-gated scanning and a compact rotating gantry
should be instrumental in that respect.

36.5 Summary

CIRT at NIRS has made significant progress with a total of 5,887 patients registered
by the end of February 2011. '
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By location, it is effective in the head and neck (including the eye), the base of
the skull, lung, liver, prostate, bone and soft tissue, and pelvic recurrence of rectal
cancer. By pathological type, CIRT is effective against adenocarcinoma for which
photon beams are relatively ineffective, as well as against sarcomas of the bone and
soft tissue.

CIRT offers significant advantages over conventional radiotherapy due to its
extremely favorable physical and biological dose distribution. These unique features
lend themselves to convenient hypofractionated regimens. For lung and liver cancer,
in particular, an ultrashort irradiation schedule with only 1 or 2 sessions is available.
For prostate, head and neck, base of the skull, pelvic recurrence of rectal cancer,
and bone and soft-tissue sarcomas, treatments with 12 fractions over 3 weeks are
possible.

Toxicities initially associated with dose escalation are no longer encountered.
But clinical trials need to be continued not the least to investigate if the therapeutic
outcome of up to now intractable tumors such as malignant glioma or cancer of the
pancreas, can also be improved.
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Treatment Strategy for Hepatocellular Carcinoma
with Major Portal Vein or Inferior Vena Cava
Invasion: A Single Institution Experience
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BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

The prognosis of patients with hepatocellular carcinoma (HCC) invading the main trunk of the
portal vein and the inferior vena cava is dismal. The best strategy for treatment is not well known.

We retrospectively reviewed the medical records of 641 patients treated for HCC berween 1990
and June 2009. Eighty-four (13%) of these patients had HCC, with a tumor thrombus invading
the main trunk or the first-order branch of che portal vein, or the inferior vena cava. Thirty-four
patients underwent hepatectomy and 50 patients underwent transcatheter arterial chemoem- .
bolization (TACE). We specifically focused on these 34 patients to describe our results of
surgical treatment for advanced HCC.

Among the 34 patients who underwent hepatectomy, preoperative TACE was performed in 15

padients. Six patients were identified as having a tumor size reduction or necrosis of 50% or

higher (TE3) by TACE. The median operative duration was 355 minutes. Postoperative mor-

bidity and mortality rates were 44% and 2.9%; respectively. The 5-year survival rate after

hepatectomy was 20%, which was better than that of patients after TACE alone. The response

after preoperative TACE (hazard ratio 4.65; 95% CI, 1.39 to 15.5) and tumor diameter (hazard

ratio 2.78; 95% ClI, 1.16 to 6.64) were identified as significant favorable preoperative prognos-

tic factors for survival using the multivariable Cox model. Patients with tumors smaller than 10

cm and TE3 effect had a more favorable survival than patients with tumors 10 cm or larger and

who did not have a good TACE outcome. :

A combination of aggressive surgical treatment and effective preoperative TACE treatment for-
HCC with major vascular invasion may be beneficial for selected patients. (J Am Coll Surg

2011;212:796~-803. © 2011 by the American College of Surgcons)

Hepatocellular carcinoma (HCC) is among the most
common malignant diseases worldwide, and is one of
the leading causes of cancer-related deaths.™ Liver re-
section and transplantation, radiofrequency ablation,
and transcatheter arterial chemoembolization (TACE)
are possible modalities for achieving a cure. The pres-
ence of vascular invasion, such as tumor thrombus of the
portal vein or hepatic vein, is one of the most important
prognostic factors for HCC.? There is controversy with
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respect to the best treatment for advanced HCC invad-
ing the main trunk/the first-order branch of the portal
vein (Vp4/3) or the inferior vena cava (Vv3) because of
the increased risk of intrahepatic recurrence, leading to a
decreased survival. The natural history of untreated
HCC with Vp4/3 is dismal; the median survival of these
patients was reported to be 2.7 months.* Although the
Asian consensus summit stated that hepatic resection for
HCC should be considered if there is no evidence of
gross vascular invasion and portal thrombosis,” the only
hope for cure for such advanced HCC is an aggressive
surgical resection to improve the prospects for long-term
survival of patients who would otherwise have a dismal
prognosis.® Recent advances in vascular and hepatobili-
ary surgical techniques have increased the indications
for a surgical resection of such advanced tumors, al-
though there is a relatively high surgical risk.
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Abbreviations and Acronyms

HCC = hepatocellular carcinoma

vC inferior vena cava

TACE = transcatheter arterial chemoembolization
TE = therapeutic effect

THVE= rortal hepatic vascular exclusion

Il

1l

A rapid remnanc liver recurrence after hepatic resection
is frequently experienced in HCC with Vp4/3 or Vv3, so
patients with rapid remnant liver recurrence may gain no
survival benefit from hepatectomy.*” Surgical procedures
to remove a tumor thrombus in the inferior vena cava
(IVC) are somewhat complicated due to the extension of

the thrombus, so it is often necessary to use the total he--

patic vascular exclusion (THVE) technique or to occasion-
ally use cardiopulmonary bypass depending on the site of
- thespread of the tumor thrombus.*'° Previous reports have
included only a limited number of patients who had un-
dergone surgical treatment for HCC with Vv3.12

Some patients with these conditions have experienced
prolonged survival after TACE therapy, but few patients are
likely to survive more than 1 year." In contrast, preopera-
tive TACE is a useful modality to prolong survival in se-
lected patients with HCC and portal vein invasion.'* We
previously reported that preoperative TACE may also be
effective for prolonging the survival of selected patients
with HCC and Vv3.'* Furthermore, adjuvant chemother-
apy may be required for these patients with advanced HCC
to prolong survival.'®'” Taken together, the most appropri-
ate strategy for treatment of HCC with a tumor thrombus
invading the major vasculature remains to be determined.
We describe here our experiences with surgical treatment
for these highly advanced HCC patients, and discuss the
benefits and limits of surgical treatment to provide prelim-
inary criteria that can be used to determine whether or not
a hepatectomy is justified for such HCC with a tumor
thrombus invading the major vasculature.

METHODS

Patlents and preoperative evaluation

We treated 641 patients with HCC between January 1990
and June 2009. Three hundred fifty-four of these patients
underwent liver resection for HCC, including living donor
liver transplantation in 3 patients, and 287 patients under-
went TACE or chemotherapy. The medical records of these

patients were retrospectively reviewed. According to the -

classification of primary liver cancer by the Liver Cancer
Study Group of Japan,' the paticnts were defined as having
a tumor thrombus in the main trunk (Vp4) and the first-
order branch (Vp3) of the portal vein, and the IVC through

Table 1. Selected Characteristics of Patients with Hepato-
cellular Carcinoma Who Underwent Hepatectomy (n = 354)
or Who Underwent Interventional Therapy (n = 287) Between
January 1990 and June 2009

Characteristic n %

Surgical resection - 354

HCC with tumor thrombus (Vp3/4, Vv3) 34 9.6
First-order branch of the PV (Vp3) 14 412
Main trunk of the PV (Vp4) i 9 26.5
IVC invasion (Vv3) 8 23.5
Vp3 + Vv3 1 29
Vp4 + Vv3 2 5.9

Transcatheter arterial chemoembolization 287

HCC with major vascular invasion (Vp3/4, Vv3) 50 17.4

Total ' 641

HCC, hepatocellular carcinoma; IVC, inferior vena cava; PV, portal vein,

the hepatic vein (Vv3). In our series, 84 patients had HCC
with Vp4/3 or Vv3. Among the patients who had HCC
with Vp4/3 or Vv3, 34 patients underwent hepatic resec-
tion and 50 patients underwent TACE (Table 1). All of
these patients were preoperatively evaluated by abdominal
ultrasonography, thoracoabdominal dynamic CT, and
MRI, and some patients underwent abdominal angiogra-
phy. The extent of the tumor thrombus to the portal vein or
IVC was accurately assessed by these imaging techniques.

‘Multidetector-row CT was used for evaluation from 2002

on. Identical thoracoabdominal dynamic CT was per-
formed for reevaluation before the hepatectomy in patients
undergoing preoperative TACE therapy. The remnant liver
functional reserve was predicted from the indocyanine
green retention rate at 15 minutes. Hepatectomy was per-
formed regardless of the number of tumors whenever rem-
nant liver functional reserve was predicted to be preserved.
The future remnant liver volume was predicted by CT
volumetry in every patient beginning in 1998. Since 1998,
patients with a predicted remnant liver volume =35% of
the total liver volume underwent liver resection without
preoperative portal vein embolization. The indication for
TACE was based on a lack of sufficient liver functional
reserve and the remnant liver volume for hepatectomy.
Data collected for each patient included clinical features,
laboratory data, pathologic margin status, and surgical de-
tails. Assessment of the direct treatment effect on target
nodules by preoperative TACE was defined by the classifi-
cation of primary liver cancer by the Liver Cancer Study
Group of Japan.® For assessing the direct effect of TACE,
the tumor-necrotizing effect and tumor size reduction rate
were calculated based on the reduction in size or disappear-
ance of hypervascularity as defined by either dynamic CT
or the histopathologic findings.
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Surglcal procedures ~

An abdominal or thoracoabdominal incision was used for
surgery. The liver was mobilized for suitable resection. The
extent of liver resection was classified according to
Coutnaud’s anatomic classification. To remove the tumor
thrombus in the portal vein, an open tumor thrombectomy
was performed in 23 patients, and use of a Fogarty catheter
was necessary for 3 patients. In patients with Vv3, after
intraperitoncal exploration, the 1VC and major tributaries
were controlled by placing vessel loops above and below the
portion in which the tumor thrombus was located. Vascu-
lar control of the IVC was achieved through total hepatic
vascular exclusion (THVE) in 9 patients, including con-
comitant hypothermic isolated hepatic perfusion in 1 pa-
tient. The location of the suprahepatic IVC clamping was
determined by the site of the extent of tumor thrombus of
the IVC. As recommended, prophylactic antibiotics were
administered to all patients.

Follow-up

After performing a hepatic resection, all patients were fol-
lowed up. The levels of serum tumor markers such as alpha-
fetoprotein (AFP) or protein induced by vitamin K
absence-1I (PIVKA-II) were determined every 3 months.
Ultrasonography or thoracoabdominal CT were per-
formed to examine patients for recurrence. Patients were
followed until death or until August 31, 2010.

Statistical analysis

Summary statistics were constructed for the baseline val-
ues, using frequencies and proportions for categorical data,
and means and standard deviations (SD) for continuous
variables. We compared the patient characteristics using
Fisher’s exact test for categorical outcomes. A p valuc of
<0.05 was considered significant. For time-to-event out-
comes, the distributions of time to the first event were
compared using the log-rank tes; the Kaplan-Meicr
method was used to estimate the absolute risk of each event
for each group, and hazard ratios and 95% confidence in-
tervals were estimated by the Cox proportional hazards
model. To indentify the baseline and clinical variables as-
sociated with the overall survival time, a mulcivariable anal-
ysis was performed using the Cox proportional hazard
model with a stepwise selection procedure. The stepwise
procedure was set at a threshold of 0.10 for inclusion and
0.05 for exclusion. In order to clarify the issues in multiple
comparisons, the Bonferroni correction was applied to cor-
rect for the number of subgroup (3 groups) analyses; the
significancce level was adjusted to 0.016 (0.05/3). All stacis-
tical analyses were performed using the SPSS version 11.5
software program and the SAS software program (version
9.2 SAS Institute Inc).

Table 2. Comparison of Patient and Tumor Characteristics
Between Those Receiving Surgical Treatment (n = 34) and
Those Having Transarterial Chemoembolization (TACE, n =
50) in Patients with Hepatocellular Carcinoma with Vp3/4 or
W3

Resection TACE
Characterlstic (n = 34) (n = 50) p Value
Age, y, median

(range) 60 (41-75) 60 (39-77) 0.69
Male sex 29 (85) 45 (90) 0.52
HBV/HCV/NBNC/ 8/15/11/0 6/31/12/1

HBHC, n 0.26
AFP > 10,000 ng/

mL 12 (35) 16.(32) 0.82
ICGR15 >15% 14 (41) 35 (70) 0.013
Child-Pugh A 29 (85) 43 (86) >0.9 ‘
Solitary tumor 16 (47) 6(12) 0.001
Tumorsize = 10cm 13 (38) 20 (40) >0.9

Data are n (%) unless otherwise indicated.

AFP, alpha-fetoprotein; HBHC, both HBV and HCV positive; HBV, hepa-
titis B virus antigen positive; HCV, hepatitis C virus antibody positive;
ICGR15; indocyaninc green retention rate at 15 minutes; NBNC, non-B nor
non-C; TACE, uansarterial chemocmbolization.

RESULTS

Patient characteristics and preoperative therapy
Characteristics of the patients are shown in Table 2. A total
of 34 patients who had HCC with a tumor thrombus
(Vp4/3, Vv3) and underwent hepatic resection were iden-
tified; 29 (85%) were men and 5 were women. The median
age was G0 years old (range 41to 75 years old). Alpha-
fetoprotein levels greater than 10,000 ng/mL were seen in
12 (35%) patients. A tumor diameter greater than 10 cm
was seen in 13 (38%) patients. Sixteen (47%) patients had
a solitary tumor. Twenty-nine (85%) patients were classi-
fied as having Child-Pugh A status.

Preoperative TACE was performed in 15 patients. The
therapeutic effect (TE) of TACE was classified by che per-
centile ratio of tumor reduction or necrosis by an enhanced
abdominal CT or pathologic examination, as detailed in
Table 3. Six patients were identified as having tumor reduc-
tion or necrosis of 50% or more after TACE (TE3). The
other 9 patients were identified as being TE2. The Vv3
tumor thrombus had decreased in size at the confluence of
the inferior vena cava and hepatic vein after treatment with
preoperative TACE in 2 patients.

Surgical outcomes and complications

An anatomic liver resection was performed in all 34 pa-
tients. Major liver resection (=3 Couinaud’s segments) was
performed in 25 (74%) patients. Minor liver resection was
performed in 9 patients, including sectionectomy in 5 pa-
tients and segmentectomy in 4 patients (Table 3). The me-
dian operative time was 355 minutes (range 225 to 561
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