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Several phase Il studies demonstrated antitumor activity
of the purine analogs fludarabine and cladribine [37,38].
Chemotherapy alone (such as alkylating agent) series re-
ported the significantly higher recurrence rate and cannot
be the standard therapy for local advanced gastric MALT
lymphoma [39—41). Other groups have also shown that the
anti-CD20 monoclonal antibody rituximab was effective
for MALT lymphoma [42,43]. These findings also will be fur-
ther elucidated in large-scale clinical trials.

According to Hellenic Cooperative Oncology Group's
study [46], their patients received various commonly used
chemotherapy regimens. Anthracycline-based treatments
or rituximab did not offer any survival advantages. As ritux-
imab therapy was started only recently, the follow-up, how-
ever, may have been too short to reveal any benefit. Other
retrospective studies also observed no difference in efficacy
between specific regimens [44,45], and several prospective
phase |l trials reported similar results [41,42,47,48].

The most frequent sites in this study were the stomach,
the orbital adnexa, the head and neck, and the small bowel.
Despite the low number of patients in our study, this obser-
vation is in agreement with other studies reporting the sal-
ivary glands, the orbit, the lung, the intestine and the skin
as the most common nongastric lymphoma sites [13,43—46].

The next problem that should be resolved is the optimal
target volume for MALT lymphoma. There are only a few
studies that clearly demonstrate the target volume in the
literature [16,21-23,25,27-29,31). For gastric MALT lym-
phomas, the entire stomach and perigastric nodes are con-
sidered to be the target volume [28,29]. Olivier et al, [22]
also delivered RT to the affected parotid gland with or with-
out the first-echelon node for parotid lymphoma. On the
one hand, Pfeffer et al. [49] showed that 4 of 12 patients
with orbital lymphoma who received partial orbital irradia-
tion experienced recurrence. Thus it seems reasonable that
the target volume for MALT lymphoma should include the
entire affected organ.

Conclusion

In conclusion, the results from this retrospective study
confirm that RT was highly effective in achieving local con-
trol for localized MALT lymphoma, and 30 Gy in 20 fr was
appropriate for controlling MALT lymphoma without severe
detrimental effects.
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Abstract

The authors report 2 cases of delayed cyst formation after
gamma knife radiosurgery for 3 meningioma lesions. All 3
lesions reported here had a distinctive feature before gam-
ma knife treatment of small and spotty intratumoral cysts.
One patient experienced an intriguing clinical course of
spontaneous regression of the enlarged cyst, and 2 of the 3
lesions became symptomatic requiring surgical interven-
tions. Cyst formation as a postradiosurgical complication is
relatively rare in meningioma patients in the literature, and
its pathogenesis is unclear. We describe herein the clinical
courses of these 2 patients and review the relevant literature
in this report. From our experience of these 2 cases, we sug-
gest that we should be aware of the possible development
of spotty intratumoral cysts into larger cysts after stereotac-
tic radiosurgery and that we should carefully observe such
patients after the treatment. Copyright © 2008 5. Karger AG, Basel

Introduction

Meningioma is a benign intracranial tumor for which
craniotomy and surgical intervention are the standard
treatment. Stereotactic radiosurgery has recently been a
safe and effective option, especially for high-risk patients
for surgery such as those with skull base lesions.

By increasing use of stereotactic radiosurgery for such
benign lesions, late radiosurgical complications have well
been recognized and focused. Delayed cyst formation is
known as one of the complications, It is well known in
arteriovenous malformation patients [1-9], and the crude
incidence of this symptomatic complication was estimat-
ed to be 0.2-0.5% based on a large number of patients
[1-3]. Similar complications have been reported for be-
nign tumors such as trigeminal/vestibular schwannomas
[10-15], low-grade astrocytomas [16], pituitary adenomas
[17, 18] and meningiomas [19-21]. According to these re-
ports, the incidence of delayed cyst formation is estimat-
ed to be 0.7-1.7% in meningioma patients after stereo-
tactic radiosurgery, which appears less than that in arte-
riovenous malformation patients. But reports on this
morbidity are scarce, so the true incidence is not known.
The pathogenesis of this morbidity remains to be deter-
mined.
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Table 1. Summary of the characteristics of tumors with delayed cyst formation

Case Previous Tumor location  Subtype GKR maximal GKR Nauta cyst  Time to cyst
No. surgeries doseand treat- margin  type [27]  development
ment, Gy dose, Gy months
1 3 lateral ventricle  meningothelial 36 (first) 18 1 55
36 (fourth) 18
convexity atypical 32 (second) 16 1l 2
36 (third) 18
36 (fourth) 18
2 2 cavernous sinus  meningothelial 28 14 1 52

The present study reviews and reports the clinical
courses of 2 patients with 3 meningioma lesions (table 1)
developing delayed cysts after gagmma knife radiosurgery
(GKR).

Case Report

Case |

A 46-year-old female patient presented to our hospital with
recurrent meningiomas located in the right convexity and in the
right lateral ventricle. She had undergone tumor resection 3 times
at another hospital. The tumor subtype had been pathologically
proven to be meningothelial meningioma at the previous hospital.
In December 1998, the recurrent tumor located in the right lateral
ventricle was treated by the first GKR with a margin dose of 18 Gy
(fig. 1a). Magnetic resonance (MR) images in August 2000 re-
vealed growth of the residual tumor in the right convexity. We
performed the second GKR for this tumor in January 2002 (fig. 2a).
One month after the second GKR, disturbance of fine movement
of the patient’s left hand began to be observed. The spotty cyst that
had been observed in the convexity on her first visit at our hospital
was increased on MR images in April 2002. Subtotal tumor re-
moval with cyst opening under craniotomy was performed in July
2002 (fig. 2b), at which time the pathological diagnosis of atypical
meningioma was made. Then, regrowth of the convexity tumor
was observed in July 2003, The convexity tumor was accompanied
by an increasing cyst in September 2003 (fig. 2¢), so the tumor was
again removed with the pathological diagnosis of atypical menin-
gioma. We found ischemic necrosis and intratumoral hemorrhage
in the surgical specimen, presumably induced by GKR. The tumor
consisted of viable dyskaryotic cells with patternless growth and
was diagnosed as atypical meningioma (fig. 3). At the second sur-
gery, the frontomedial portion of the tumor was not removed be-
cause the tumor was located near the pyramidal tract. Therefore,
the third GKR was performed to the convexity residual tumor
with a margin dose of 18 Gy postoperatively (fig. 2d), because of
the high MIB-1 index of the tumor in the surgical specimen. The
lateral ventricle tumor began to regrow in July 2003 with a grow-
ing cystic component (fig. 1b). The fourth GKR was carried out for
both tumors, because these tumors again regrew in June 2004
(fig. 1¢, 2¢). After the fourth GKR, both the tumor and the cyst
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Fig. 1. The tumor of case 1 in the right lateral ventricle. a Treat-
ment plan of the first GKR, showing spotty cyst within the tumor
as indicated by an arrowhead. b An MR image 4.5 years after the
first GKR demonstrating tumor regrowth with a cystic compo-
nent in the posterolateral portion of the tumor. ¢ The fourth GKR
plan. d An MR image 3 months after the fourth GKR with the
tumor and the cyst stable in size.

were stable in size, and the patient remained asymptomatic (fig. 1d,
2f). The patient was now under careful observation at the last fol-
low-up of 4 months after the last treatment.

Case 2

A 49-year-old female with meningioma located in the cavern-
ous sinus and clivus consulted (fig. 42) us presenting with the
symptom of double vision. She underwent tumor resection twice
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Fig.2.The tumor of case 1 in the right convexity. a Treatment plan
of the second GKR (first stereotactic radiosurgery for this convex-
ity lesion). This tumor also had a cystic component within the
tumor (arrowhead). b An MR image 6 months after the second
GKR. The patient developed a symptom of fine movement distur-
bance of the left hand because of the intratumoral cyst enlarge-
ment. She underwent cyst-opening surgery. c An MR image 1 year
after the surgery showing regrowth of the tumor and the intratu-
moral cyst. d Treatment plan of the third GKR for the residual
tumor following the second surgery after c. e Treatment plan of
the fourth GKR for the recurrent tumor. f An MR image 3 months
after the fourth GKR revealing tumor shrinkage and diminished
enhancement of the tumor.

in January and June 1998. The pathological subtype of the tumor
was determined as meningothelial meningioma from the surgical
specimens. There were no intratumoral cysts at the time of the
surgeries. The residual tumor was irradiated by GKR in Septem-
ber 1998 as a planned adjuvant treatment after the second surgery
(fig. 4b). Atthe time of GKR, a cystic component appeared within

Cyst Formation after GKR for
Meningioma

Fig. 3. Photomicrograph of the tumor in case 1 presenting isch-
emic necrosis and intratumoral hemorrhage. HE. Original mag-
nification x 200,

the residual tumor. The cyst began growing 4 years after GKR.
Cyst opening was planned in July 2003 because the left foramen
of Monro was almost obstructed and the left lateral ventricle was
enlarged (fig. 4c). After the patient had been admitted for a
planned surgery, spontaneous regression of the cyst was observed,
presumably because of the rupture to the third ventricle (fig. 4d).
The surgery was therefore canceled, and follow-up examinations
were continued. In May 2006, the cyst had again increased in size
(fig. 4¢) with a symptom of affected visual acuity. The patient then
underwent insertion of an Ommaya reservoir into the cyst. Atthe
time of this surgery, no attempt was made for a pathological di-
agnosis of the cyst wall because of the possibility of damaging
surrounding structures. Afterthe surgery, the cyst shrank (fig. 4f),
and the symptoms were relieved.

Discussion

In general, cystic meningiomas account for 2-7% of all
intracranial meningiomas [22-24]. But there have been
few reports of the uncommon late radiation morbidity of
cyst formation after stereotactic radiosurgery for menin-
gioma [19-21]. The rate of this morbidity has been esti-
mated to be 0.7-1.7% in these previous reports.

The mechanism of cyst formation is not fully under-
stood. Enlargement of a previous hematoma cavity and
radiation-induced necrosis accompanied by breakdown
of the blood-brain barrier were proposed to explain cyst
formation in arteriovenous malformation [5, 19, 25, 26).
As for meningioma, Shuto et al. [20] have reported 5 me-
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Fig. 4. The tumor of case 2. a An MR image of the tumor at the
first presentation. Subsequently, the patient underwent 2-staged
surgery for tumor removal. b An MR image 2 months after the
second surgery, revealing a cystic component which had not been
observed before, at the periphery of the residual tumor (arrow-
head). GKR was performed for this residual tumor as a planned
adjuvant treatment after the second surgery. ¢ An MR image 4
years after GKR. The cyst was enlarged and almost obstructed the
left foramen of Monro. d An MR image 10 days after ¢, showing
spontaneous regression of the cyst and a relief of the enlarged left
lateral ventricle. e An MR image 3 years after d. The cyst again
increased in size with intracystic hemorrhage. f An MR image
after insertion of an Ommaya reservoir into the cyst. The cyst re-
gressed, and the patient’s visual acuity recovered.

ningioma patients developing intratumoral or peritu-
moral cysts after GKR among 160 treated patients with
184 tumors who were followed up for more than 2 years.
They estimated the rate of development of new cysts as
1.7%. They also presumed that delayed cyst formation af-
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ter stereotactic radiosurgery is caused by ischemic necro-
sis, increased vascular permeability and intratumoral
hemorrhage, based on the pathological findings of their
patients’ surgical specimens [20]. In addition, the rela-
tionship between cyst development and maximal treat-
ment dose in arteriovenous malformation was pointed
out [6]. Cyst formation was correlated with radiation-in-
duced brain tissue changes in arteriovenous malforma-
tion, although their results did not support a correlation
between cyst formation and treatment dose [8]. The treat-
ment dose of 18 Gy at the tumor margin in case 1 was
selected to ensure a favorable tumor control, but a higher
dose could potentially result in stronger radiation-in-
duced histopathological changes. Considering the results
by arteriovenous malformation, a higher dose selection
might have promoted a delayed cyst formation in our pa-
tients.

In case 1, the pathological subtype was atypical menin-
gioma, with findings of ischemic necrosis and intratu-
moral hemorrhage, as Shuto et al. [20] pointed out. In case
2, a pathological diagnosis of meningothelial meningio-
ma was made before GKR. Accordingly, it was possible
that the cyst was associated with a nonmeningioma lesion
such as a Rathke’s cleft cyst or craniopharyngioma. This
patient had an intriguing and uncommon clinical course
where the cyst regressed spontaneously during a period of
careful observation during preparations for surgery.

Small spotty cysts were observed at the time of GKR
in all 3 tumors that we encountered with developing de-
layed cysts. Shuto et al. [20] have also reported 2 cases
with small intratumoral or peritumoral cystic compo-
nents (Nauta type 11 and III [27], respectively) present at
the time of GKR that increased in size after treatment. In
our patients experiencing delayed cyst formation as well
as those of Shuto et al., the incidence of having a cystic
component within the pre-GKR tumor was exception-
ally high, while a majority of meningiomas do not have
intratumoral or peritumoral cysts [22-24]. There might
be a risk of delayed cyst formation, and this should be fol-
lowed up carefully after stereotactic radiosurgery, espe-
cially in patients with a cystic component within the me-
ningioma, even if it is small and spotty. Therefore, we
recommend obtaining sufficient informed consent of
such patients before GKR by revealing the potential risks
of morbidities including delayed cyst development.

The pathological subtype of the tumor located in the
convexity in case 1 was atypical meningioma (fig. 3),
which was in disagreement with the meningothelial sub-
type diagnosed at the previous hospital. The incidence of
tumor recurrence accompanied by dedifferentiation is

Igaki/Maruyama/Tago/Shin/Murakami/
Koga/Nakagawa/Kawahara/Ohtomo




reported to be 0.9-2% after surgery and 0.3-2% after ste-

Conclusions

reotactic radiosurgery [19, 28-31]. Histological progres-

sion is relatively rare at the recurrence of meningioma.
Dedifferentiation may be induced by irradiation or sur-
gery, but the histological grade of recurrent meningioma
could sometimes be lower than that of the original tumor
[32]. The sampling issues or inter- or intraobserver vari-
ability in histological grading might also contribute to
changes in tumor grade at recurrence [33]. In our case 1,

itisdifficult to determine the reason for the change in the
histological grade, but the tumor might have undergone
treatment-related dedifferentiation change due to GKR
or repeated surgeries.
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Background: Hepatocellular carcinoma with inferior vena cava invasion is a rare but fatal
condition of disease progression. The aim of this study was to analyze the results of treat-
ment for hepatocellular carcinoma with inferior vena cava invasion by three-dimensional con-
formal radiation therapy.

Methods: From 1990 to 2006, 18 histopathologically confirmed hepatocellular carcinoma
patients with inferior vena cava invasion who were unsuitable for surgery were treated by
three-dimensional conformal radiation therapy at our hospital with two to four static or
dynamic conformal arc fields.

Results: A median total tumor dose of 50 Gy (range 30-60 Gy) was delivered. The
progression-free rate was 91.6% among the patients in whom follow-up computed tomogra-
phy was obtained. Actuarial survival at 1 year was 33.3%, and the median survival period
was 5.6 months.

Conclusions: Three-dimensional conformal radiation therapy might offer a chance of long
survival for a part of the hepatocellular carcinoma patients with inferior vena cava invasion,
since a third of such patients survived more than a year. Additional treatments should be
considered to prevent distant metastases and hepatic functional deterioration after three-
dimensional conformal radiation therapy.

Key words: hepatocellular carcinoma — inferior vena cava — three-dimensional conformal radiation

therapy — hepatic functional reserve — liver cirrhosis

INTRODUCTION

Hepatocellular carcinoma (HCC) is the cighth major cause
of cancer death in the United States and the third in Japan
(1,2). Local ablative therapies such as hepatectomy, radiofre-
quency ablation (RFA) and percutaneous ethanol injection
(PEI) should be administered, if possible, to patients with
limited extension of HCC. But when the tumor invades
the inferior vena cava (IVC), these treatments are indicated
only for very few patients. In some reports, a part of these
patients can survive long by hepatic resection combined with
IVC resection (3—5). But such aggressive surgeries are not
suitable for most patients, and other treatment modalities are
also restricted not only by poor hepatic function, but also
frequently by extensive disease progression. Transcatheter

For reprints and all correspondence: Hiroshi Igaki. Depantment of
Radiology, The University of Tokyo Hospital, 7-3-1, Hongo, Bunkyo-ku,
Tokyo 113-8655, Japan. E-mail: igaki-tky@umin.ac jp

arterial chemoembolization (TACE) is often tried in HCC
patients with IVC invasion for whom ablative treatment is
unsuitable. However, TACE rarely achieves local tumor
control to prolong survival periods sufficiently in such a
critical condition, although the efficacy of this treatment has
been proven in meta-analyses (6.7).

A few decades ago, liver was assumed to be a highly radio-
sensitive organ that was unsuitable for high-dose radiotherapy.
But recent progress in radiation oncology has enabled us to
concentrate high-dose radiation on liver tumors while preser-
ving hepatic function after treatment (8~15). In addition,
some institutions apply stereotactic radiotherapy to solitary
small liver tumors. Consequently, radiotherapy has come to
play an important role in multidisciplinary treatment of HCC,

At our institution, three-dimensional conformal radiation
therapy (3D-CRT) has been the primary treatment strategy
for HCC with portal vein invasion, and has achieved good
clinical results (9). As with the treatment of HCC patients

() The Author (2008). Published by Oxford University Press. All rights reserved.
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with portal vein invasion, radiotherapy is considered for
HCC patients with IVC invasion at our institution if they are
unsuitable for surgery. But there are few reports on radio-
therapy for such patients (16), and the natural course of such
conditions is not well known. In the present study, we retro-
spectively reviewed the medical records of HCC patients
with IVC invasion and analyzed the efficacy of radiotherapy
in these patients.

METHODS

From 1990 to 2006, 18 HCC patients with IVC invasion
were treated by radiotherapy at our hospital. Their clinical
courses and treatment results were retrospectively reviewed.
HCC was diagnosed by using ultrasonography, computed
tomography (CT), angiography and liver biopsy. In each
patient, the diagnosis was confirmed histopathologically.
IVC invasion was defined by a low-attenuation mass that
protruded into the intraluminal space of IVC on enhanced
CT and/or detection of pulsatile flow in IVC thrombi by
Doppler ultrasonography. The patients” characteristics are
shown in Table 1.

Table 1. Patient characteristics

Jpn J Clin Oncol 2008:38(6) 439

Patients with liver cirrhosis of Child—Pugh class C were
not indicated for the treatment. CT-based radiotherapy treat-
ment planning was made for all patients by the following
treatment planning systems, RPS700U(3D) (Mitsubishi
Electric Co., Tokyo, Japan) or Pinnacle® (Philips/ADAC,
Milpitas, CA, USA). Clinical target volume was contoured
on serial CT images with a 0.5-1-cm margin around the
gross tumor volume, covering IVC-protruding tumor as well
as the primary tumor invading to the IVC. Other co-existing
intrahepatic tumors which had no continuity to the IVC-
invading tumor were not included in the clinical target
volume, and managed by other treatment modalities.
Planning target volume was determined by a 0.5-2.0-cm
margin around the clinical target volume. A dynamic confor-
mal arc or two to four static ports were used for irradiation.
In earlier periods, dynamic conformal arc therapy or multi-
port (mainly four ports) treatment plans were used, and we
could not obtain dose-volume histograms in the treatment-
planning machine. In recent years, treatment plans using two
opposed fields have been preferred, because such treatment
enables the maximization of the non-irradiated volume of
the normal liver tissue, This treatment planning strategy is
based on the fact that the normal liver tissue tolerance is
lower in patients with viral hepatitis and liver cirrhosis than

Caseno. Age and sex  Previous treatment

Surgery TACE PEl RFA

Etiology  Child—Pugh class

Pre-treatment AFP (ng/mL)'  Pre-treatment PIVKAII (mAwmL)*

I 48M Information not available HBV A
2 6T™M Information not available HBY B
3 63M o} o Unknown A
4 6TM (o] HCV A
5 BOF Information not available HCV A
6 SEM (o] Alcohol B
7 45M o] o] HBV B
B M o o HCV B
9 74M o HCV B
10 T0M o HCV B
" 61IM o HCV B
12 ™ (o] o] o O HCV A
13 oM O HCV B
14 76M (o] HCV B
15 7IM o} o] HCV A
16 74M (o] (e] o] HCV A
17 69F o] o] HCV B
8IM o o o HCV A

38 1
a0 8

9 N/A
2385 125
3 1134

9 26622
136260 10784
4 3242

10 88

13 7207

2] 3639
6175 28
126 39
20 3512

11 53R
38 681

8 19

Open circles indicate that the patient has received the spcs:lﬁc treatment(s). M, male; F, female; TACE, PEI,
it HBYV, hepatitis B virus; HCV, hepatitis C virus; N/A, 1101 av:ﬂlblc PIVKAIL protein induced

ethanol inj RFA, ndiofrequency
b;. Vitamin K absence-11.
'Normal range of serum concentration of AFP is <9 ng/mL.
*Normal range of serum concentration of PIVKAII is <40 mAwmL

" Lot
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in healthy patients (8). The general principle of treatment
planning was to keep V3, which was defined as the percent
volume of the liver exceeding 30 Gy, lower than 30% of the
whole liver volume minus tumor volume. We aimed for a
total tumor dose of 50—-60 Gy in conventional fractionation,
but allowed smaller doses according to the dose-volume his-
togram of the normal liver at the physician's discretion,
X-rays were delivered by linear accelerators ML15-MDX
(Mitsubishi Electric Co., Tokyo, Japan) or CRS-6000
(Mitsubishi Electric Co., Tokyo, Japan). Written informed
consent was obtained from the patients before treatment.

Follow-up and survival periods were calculated from the
first day of radiation therapy. Actuarial survival rates were
calculated by the Kaplan—Meier method, The statistical sig-
nificance between groups was assessed with the log-rank
test. Differences were considered statistically significant
when P < 0.05.

RESULTS

All patients tolerated the treatment well. No severe compli-
cations were observed during the treatment period, The total
tumor dose ranged from 30 to 60 Gy, with a median dose of
50 Gy (Table 2). All patients were followed until death
except for the three patients who were alive at the time of
analysis. Other treatment variables and results are summar-
ized in Table 2.

Table 2. Treatment-related variables and results

Treatment response was defined as the tumor status at the
last follow-up CT (Table 2). The response rate (complete
response + partial response) and progression-free rate (com-
plete response + partial response + stable disease) were
33.3% (95% confidential interval: 6.7—-60.0%) and 91.6%
(95% confidential interval: 75.9-100%), respectively,
among the 12 patients for whom follow-up CTs were
obtained. Only one patient developed local progression of
the IVC-invading tumor within 6 months after 3D-CRT, and
this was determined to be a progressive disease. This patient
started systemic chemotherapy with 5-fluorouracil and inter-
feron after diagnosis of a progressive disease, and was alive
at the time of this analysis with no further progression of the
tumor after introduction of this chemotherapy, 26.2 months
after treatment. In the remaining 11 patients, no tumor
regrowth was observed within the irradiated volume at the
last follow-up.

At the time of the last follow-up, three patients were alive
and the others were dead. Actuarial survival rate was 33.3%
at 1 year, with a median survival period of 5.6 months
(Fig. 1). The causes of death are shown in Table 2. The
Child—Pugh class A group tended to survive longer than the
class B group, but the difference did not reach statistical sig-
nificance level (7.8 months versus 3.3 months, P = 0.136,
Fig. 2 and Table 3). The survival period did not differ
between responders (complete response + partial response)
and non-responders (stable disease + progressive disease)
(Fig. 3 and Table 3). Older patients (70 years or older) and

Caseno, Total dose (Gy) Equivalent dose (Gy)'  lrradiati hnigy Follow-up period {months)  Cause of death
| 48 52 Opposed two fields  N/A 5.6 Unknown
2 48 52 Dynamic conformal ~ N/A 3.0 Unknown
3 30 31.5 Dynamic conformal ~ N/A 2 Unknown
4 42 42 Dynamic conformal =~ N/A 1.3 Pulmonary metastasis
5 60 60 Dynamic conformal CR 7.8 Non-tumoral Liver failure
6 50 50 Dynamic conformal ~ N/A 17 Rupture of esophageal varix
7 50 50 Four fields sD 33 Tumor-related Liver failure
8 46 46 Four fields SD 26 Non-tumoral Liver failure
9 50 50 Four fields PR 72 Pulmonary metastasis
10 50 50 Dynamic conformal PR 163 Non-tumoral Liver failure
11 40 40 Four fields sD 18 Pulmonary metastasis
12 50 50 Dynamic conformal CR 137 Tumor-related Liver failure
13 52 52 Four fields NA 1.6 Pulmonary embolization
14 46 46 Opposed two fields SD 47 Tumor-related Liver failure
15 50 50 Four fields sp 14.5 Brain metastasis
16 50 50 Non-coplanar PD 262 {Alive)
17 40 40 Opposed two fields SD 126 (Alive)
18 50 50 Opposed two fields  SD 102 (Alive)
(.R i! PR, partial SD, stable disease; PD, progressive disease,

Lquun.lem duse in conventional rmm;nnmmn of 2.0 Gy per fraction was calculaed based on a lincar quadratic model assuming o/ = 10 (32).
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Figure 1. Overall survival of the whole group of 18 patients,

patients with hepatitis C virus tended to survive longer than
the other patients, but the differences were also not statisti-
cally significant (Fig. 4). The median survival periods were
7.8 and 3.3 months for the groups 70 years or older and
under 70 years, respectively (P = 0.064). The median survi-
val periods of the patients with HCV carriers and other etiol-
ogies were 7.8 and 3.7 months, respectively (P = 0.111).
A representative case is shown in Fig. 5.

DISCUSSION

HCC with IVC invasion is difficult to treat and associated
with poor prognosis, because of its inherent nature of serious
condition of the disease and the limited availability of treat-
ment strategies. We have treated such patients by 3D-CRT,
and here reviewed their treatment results retrospectively.

The literature offers no detailed data on the natural history
of HCC with IVC invasion. But vascular invasion from
HCC has been associated with miserable prognoses (16—18)
and a limited life expectancy of 2—3 months, if untreated.
However, Mizumoto et al. (19) reported good clinical results
of proton beam therapy in patients with HCC invading to the
IVC. All three of the patients they treated lived more than a
year after this therapy.

The prognosis of patients with HCC is known to be
dependent on the hepatic functional reserve (20,21). Our
results are consistent with this knowledge, because the
median survival of Child—Pugh class A patients was slightly

P=0136
] 3 § 9 12 15 1B on M T
Months after treatment

hepatic functional reserve

Figure 2. Ovenall survival by pre
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Table 3. Univariate analysis of p ial prognostic factors

Factor " Median survival (months) P value

Etiology
HCV 13 78 011
Others 5 37

Treatment response
Responders 4 78 0.894
Non-responders 8 46

Age af treatment
>0 10 74 0.064
<70 8 33

Child-Pugh class
A B 78 0,136
B 10 33

Pre-treatment AFP
< 20 ng/mL 10 72 0.308
> 20 ng/mlL 8 3.0

Pre-treatrment PIVKA 11
< 1000 mAwmL 9 5.6 0.987
= 1000 mAwmL 9 47

longer than that of class B patients (Fig. 2). On the other
hand, treatment response did not influence patients” survival
periods (Fig. 3). But the treatment response after radiother-
apy is predictive of survival in the curative treatment settings
in many primary cancer sites (22—24). There are three
possible explanations for this: (i) a relatively long period
(typically several months) is required for tumor shrinkage
after radiotherapy, considering the median survival periods
of these patients; (ii) fatal deterioration of hepatic function
can be seen, owing to the damage to normal liver tissue as a
result of radiotherapy; (iii) it is sometimes difficult to dis-
tinguish the tumor thrombus from blood clots adhering to
the IVC-invading tumor on follow-up CT images; and (iv)
the group in this analysis was too small for statistical differ-
ences, Older age was a marginally significant prognostic
factor in our results (Fig. 4). Age as a prognostic factor,

051

MNon-responders

Survival rates
b

= Responders P=0.894
0 3 6 & 12 15 18 H D
Months after treatment

Figure 3. Ovemnll survival by treatment response.
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0 3 & 8 12 15 1N N D 0 3 6:. 8 12 U W N N QD
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Figure 4, Overall survival by age (left panel) or etiology (right panel).

however, is controversial in the literature, because older age
might sometimes be a favorable prognostic factor in some
conditions but an unfavorable one in others (25-27).

In our experience, six patients died of liver failure. Of
these six, three were assumed to be owing to the intrahepatic
tumor growth from their clinical courses, and the other three
were brought by undetermined causes. We could not differ-
entiate the natural course of cirrhosis from treatment-related
liver failure exactly. In this respect, we could not exclude the
possibility of the treatment-related morbidities in Cases 5, 8
and 10 in Tables 1 and 2 with liver failures, although there
had been no case with clinically apparent radiation-induced
liver disease (RILD). In addition, there is no denying that
the rupture of esophageal varix and the pulmonary emboliza-
tion have occurred irrelevant to 3D-CRT or other treatments
in Cases 6 and 13. But after 3D-CRT, 33.3% of our patients
survived more than a year. In this respect, our 3D-CRT
appeared to offer a chance to survive more than a year for a
third of the patients with such critical conditions, although
the median survival period was not satisfactory. The reason
for such unsatisfactory results included the high incidence of
deaths due to metastatic disease or liver failure despite the
good progression-free rate of 91.6% for the irradiated
IVC-invading tumor.

To minimize the probability of radiotherapy-related liver
failure, treatment strategies have been improved (28,29).
Despite these efforts, RILD can sometimes occur typically 2
weeks to 4 months after hepatic irmdiation, and the threshold
for RILD is reported to be 31 Gy of mean liver dose (29).
Moreover, 50—-76% of the patients who developed RILD
died of this complication (30,31). Considering these
situations, 3D-CRT has a potential benefit over the conven-
tional two-dimensional radiotherapy in the viewpoint of
normal liver protection. This point, however, has not been
demonstrated in the previous literature to the best of our
knowledge.

Some institutions adopt stereotactic body radiotherapy
by multi-port irradiation technique. But the volume of
low-dose-irradiated normal liver tissue is increased by the
multi-port irradiation, especially when the clinical target
volume is large. Radiation tolerance of the non-cancerous
liver with chronic viral hepatitis or cirrhosis is known to be
lower than that of healthy liver (29). We have a hypothesis
that two opposed fields radiotherapy might be more
protective than multiple-port radiotherapy for the cirrhotic
liver. This iz why we changed the 3D-CRT strategy from
multiple-port irradiation to two opposed fields irradiation.
We are now under investigation of the effect of treatment
strategy on the survival or on the risk of RILD.

Figure 5. A representative case of o 72-year-old male with Child—Pugh class A hepatic function (case 12 in the Tables 1 and 2). (a) Before mdiotherapy, the
tumor located in 7 extended to IVC and the intraluminal space was narmrow in the CT images. The tumor was indicated by the red arrowhead. (b) Dose distri-
bution of the remtment plan. A total wmor dose of 50 Gy was delivered in 25 fractions by 8 dynamic conformal are with four static fields. (¢) Three months
after mdiotherapy. §7 tumor disappeared and no enhancement defect was observed within IVC, and the treatment response was judged as a complete response.
The patient died of hepatic failure 13.7 months after irrndiation. The irradinted tumor had no sign of regrowth at the time of death. (A colour version of this

figure is available as supplementary data at http:/www jjco.oxfordjournals.org.)
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Follow-up CT could not be obtained for six patients. This

might be attributable in part to early deterioration in per-
formance status, since all six died within 8 months after
treatment. It is possible that disease control was not achieved
in these patients and that the progression-free rate of 91.6%
was thus overestimated. In this respect, additional treatments
should be considered as many patients developed distant
metastases or hepatic functional deterioration shortly after
3D-CRT.

CONCLUSIONS

A part of the HCC patients with IVC invasion might have
benefited from 3D-CRT and a third of such patients had had
a chance of surviving more than a year; otherwise they could
not have survived long with this progressive fatal disease.
However, further treatment should be considered to prevent
distant metastasis and to protect post-treatment hepatic func-
tion, because the majority of the patients died from meta-
static diseases or liver failure in spite of good local tumor
control by 3D-CRT.
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hScrib, a human homologue of Drosophila neoplastic tumor
suppressor, is a novel death substrate targeted by caspase

during the process of apoptosis
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hSerib, human homologue of Drosophila neoplastic tumor suppressor, was identified as a target
of human papillomavirus E6 oncoprotein for the ubiquitin-mediated degradation. Here, we
report that hScrib is a novel death substrate targeted by caspase. Full-length hScrib was cleaved
by caspase during death ligands-induced apoptosis, which generates a p170 C-terminal fragments
in Hela cells. In vitro cleavage assay using recombinant caspases showed that hScrib is cleaved by
the executioner caspases. DNA damage-induced apoptosis caused loss of expression of full-length
hScrib, which was recovered by addition of capase-3 inhibitor in HaCat cells. TUNEL positive
apoptotic cells, which were identified 4 h after UV irradiation in HaCat cells, showed loss of
hScrib expression at the adherens junction. Mutational analysis identified the caspase-dependent
cleavage site of hScrib at the position of Asp-504. Although MDCK cells transfected with
GFP-fused wild-type hScrib showed loss of E-cadherin expression and shrinkage of cytoplasm by
UV irradiation, cells transfected with hScrib with Ala substitution of Asp-504 showed resistance
to caspase-dependent cleavage of hScrib and intact expression of E-cadherin. These results
indicate that caspase-dependent cleavage of hScrib is a critical step for detachment of cell contact

during the process of apoptosis.

Introduction

Programmed cell death and morphological apoptosis is
an intrinsic mechanism of self-destruction of cells (Steller
1995). Well-defined programmed cell death mechanism
is crucial for successful embryogenesis and organogenesis
(Jacobson ef al. 1997). Disturbance of the apoptotic
functions, which govern homeostasis of tissues, causes
proliferation of overgrowing cells and leads to the tumor
formation. The apoptotic surveillance mechanism usually
causes fragmentation of chromosome and elimination
of uncontrolled over-proliferated cells. Cancer cells are
considered to develop by escaping from the cellular
surveillance mechanisms governing tissue homeostasis.
We previously identified hScrib as a target protein of
high-risk human papillomavirus (HPV) E6 oncoprotein,
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which is considered to have a causal role in development
of cervical cancer, for the ubiquitin-mediated degradation
(Nakagawa & Huibregtse 2000). hScrib is shown to
regulate cell cycle progression depending on its association
with tumor suppressor protein adenomatous polyposis
coli (APC) (Nagasaka ef al. 2006; Takizawa er al. 2006).
Drosophila Scribble localizes at the septate junction, which
is functionally identical to the mammalian tight junction
(Bilder & Perrimon 2000). hScrib localizes at the adherens
junction in the epithelial MDCK cells (Nakagawa er al.
2004). Cysteine proteases from caspase family, which
cleave their target proteins exclusively after the Asp
residue, have an important function in the process of
apoptosis (Brancolini ef al. 1997; Nicholson & Thornberry
1997; Salvesen & Dixit 1997). Many proteins localized at
the adherens junction are targeted by caspase for their
cleavage. For instance, B-catenin (Brancolini et al. 1997),
E-cadherin, plakoglobin, focal adhesion kinase (Levkau
et al. 1998) and human Discs large (hDlg) (Gregorc et al.
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Figure 1 Cleavage of hScrib in Hela cells during Fas ligand-induced apoptosis. (a) HeLa cells were treated with Fas, CHX alone or Fas—
CHX. Samples were taken at the umes indicated. Western blotting as described in the Material and methods section monitored the
amount of hScrib. The expression a-Tublin was shown as the internal control for each lane. (b) The cleavage of hScrib during apoprosis
induced by Fas—CHX was analyzed by Western blotting with two antibodies raised against two different hScrib antigens. Note that p220
and p170 hScrib were detected by both of two antibodies. (Correction added after online publication 30 May 2008: This is the corrected

version of Figure 1.)

2005) are cleaved by caspase during the process of
apoptosis. Here, we identified that hScrib is targeted
by caspase for cleavage during the process of apoptosis

induced by death ligands and DNA damages.

Results

hScrib is cleaved during the process of apoptosis
induced by death ligands and DNA damage

hScrib was shown to be cleaved and generate p170 hScrib
during the process of apoptosis induced by death ligand,
Fas (Fig. 1a). The band of full-length hScrib p220 and
that of p170 generated by induction of apoptosis with
Fas ligand and Cycloheximide (CHX) were identified by

Genes to Cells (2008) 13, 771-785

the two anti-hScrib antibodies raised against different
epitopes (Fig. 1b). These data indicate that the full-length
hScrib (p220) was cleaved during apoptosis and p170
hScrib was the cleaved product of full-length hSerib.
There is one additional band in the lane of 0 h (p150,
Figs 1, 2), which also disappeared by Fas—CHX or TNF-
CHX treatment. This endogenous p150 was also identified
by immunoblotting analysis with two anti-hScrib ant-
bodies (Fig. 1b). The origin of p150 hScrib is currendy
unknown, The addiion of CHX augmented cleavage of
hSerib by the induction of apoptosis induced by Fas
ligand (Fig. 1a). The hSerib p220 was completely dis-
appeared 24 h after Fas=CHX or TNF-CHX treatment
(Figs 1, 2). These data indicate that apoptosis activation
by Fas ligand or TNF requires coordinare inhibirion of

© 2008 The Authors
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Figure 2 Cleavage of hScrib in Hela cells during TNF-induced apoptosis. (a) HeLa cells were treated with TNF alone or TNF-CHX.
Samples were taken at the times indicated and the amount of hScrib was monitored by Western blotring, (b) The efficiency of cleavage
of hScrib by the TNF-CHX treatment was compared with that of Lamin B1 or procaspase-3. The efficiency of cleavage of hScrib during
apoptosis induced by UV irradiation was equivalent to that of Lamin B1 or procaspase-3. (Correction added after online publication 30

May 2008: This is the corrected version of Figure 2.)

survival signal that inhibit generation of prosurvival
factors mediated by NF-xB (Perez & White 2000;
Kucharczak ef al. 2003). The cleavage of hScrib and
generation of p170 hScrib were not observed by only
TNF ligand, but by the combination of TNF ligand with
CHX (Fig. 2a). We compared the efficiency of cleavage
of hScrib by the TNF-CHX treatment with that of
Lamin B1 or procaspase-3, which are reported to be the
early targets for cleavage by caspase during apoptosis
(Samejima et al. 1999). The efficiency of cleavage of hScrib
during apoptosis induced by UV irradiation was equivalent
to that of Lamin B1 or procaspase-3 (Fig. 2b).

hScrib localizes at the adherens junction in normal
cells as previously reported (Fig. 3a) (Nakagawa ef al.
2004). DNA damage by UV irradiation caused loss of
expression of hScrib at the adherens junction in the
apoptotic cells showing condensed (Fig. 3, arrow) or
fragmented (Fig. 3, arrow head) nucleus showed by the
Hoechst staining.

€ 2008 The Authors

Loss of expression of hScrib is an early event during
apoptosis-induced DNA damage

UV irradiation induced progressive decrease of hScrib
expression at the cellular membrane along with time
after UV irradiation (Fig. 4). Loss of hScrib expression
was identified in the TUNEL positive cells after 4 h of
UV irradiation (Fig. 4 UV4 h, arrow indicates TUNEL
positive cells, which lost membrane bound expression of
hSerib). These data suggest the possibility thar hSerib in
involved in the cellular detachment at the adherens
junction in the early stage of apoptosis. The involvement
of hDlg in elimination of apoptotic cell from cellular
contact with normal cells, has been reported (Gregorc ef al.
2005). We analyzed loss of expression of these tumor
suppressors in Caco-2 cells, as these tumor suppressors
are human homologues of Drosophila neoplastic tumor
suppressors, in which mutation causes loss of tissue
architecture and overgrowth of epithelial cells (Bilder &

Genes to Cells (2008) 13, 771-785
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Figure 3 Loss of hScrib expression by the apoptosis induced by
UV irradiation in HaCaT cells. (a) Apoptosis was induced with
uv
Immunofluorescence images with anti-hScrib antibody were

irrachation as described in the Materials and methods

taken under the confocal microscopy before and after 6 h of UV
irradiation. (b) Loss of hScrib expression at the cellular membrane
was observed in the apoptotic cells showing condensed (arrow) or
fragmented (arrow head) nucleus showed by the Hoechst staining

Perrimon 2000). As shown in Fig. 5, the expressed level
of hDlg in Caco-2 cells 8 h after UV irradiation was
almost equivalent to that of untreated cells (Fig. 5a). In
contrast, expression of hScrib was almost diminished in cells
after 8 h of UV irradiation (Fig. 5a). Immunofluorescence
analysis showed that the membrane-bound expression of
hScrib was not observed, and it showed that dot-like
expression, whereas hDlg sall showed the membrane-
bound expression in cells after 6 h of UV irradiation
(Fig. 5b). At 12 h after irradiation of UV, expression of
hScrib was not observed, but hDlg showed still faint
These
results indicate that hSrib is targeted by proteolysis

but membrane-associated expression (Fig. 5b)

carlier than the hDlg in apoptotic cells induced by UV
irradiation,

Genes to Cells (2008) 13, 771-785

hScrib is cleaved by the executioner caspases in vitro

Based on data described above, we investigated the
possibility that hSerib is targeted for cleavage by caspase.
In vitro translated hScrib was incubated with recombinant
caspase-3, caspase-0, caspase-7 or caspase-8. hScrib was
cleaved in vitro by the executioner caspases, caspase-3,
caspase-6 and caspase-7 (Fig. 6a). The in vitro cleavage of
hScrib by caspase-3 was completely repressed by the
caspase-3 mhibitor (Fig. 6b). These dara indicate that
hSerib is a novel death substrate targeted by the execu-
tioner caspases.

hScrib is targeted by executioner caspase for
proteolysis during the process of apoptosis

Next, we investigated the possibility that hScrib is targeted
for cleavage by caspase in vivo during apoptosis. Apoptosis
induced by UV irradiation caused cleavage of hScrib as
mentioned above (Fig. 7). Loss of expression of hSecrib as a
result of cleavage by caspase activated with UV irradiation
was recovered by addition of the caspase-3 mhibitor in
the medium (Fig. 7). The caspase-6 inhibitor also showed
the repressive effect on the cleavage of hScrib during
apoptosis, but its inhibitory effect was weaker than that
of caspase-3 inhibitor (Fig. 7). These data indicate that
hScrib is targeted for cleavage during the process of
apoptosis mainly by caspase-3.

504 Asp of hScrib is critical for caspase-dependent
cleavage

Asp-X-X-Asp is reported to be conserved motif for
caspase-dependent cleavage (Nicholson & Thornberry
1997; Talanian er al. 1997). There are two putative caspase-
dependent cleave sites with amino acids Asp-X-X-Asp at
1068 Asp-X-X-1071 Asp and at 1131 Asp-X-X-1134in
amino acids sequence of hScrib. Alanine substitution of
these Asp amino acids did not allow hScrib to resist to
caspase-dependent cleavage (data not shown). hScrib
consists of 16 canonical Leucine rich repeats (LRRs),
LAP specific domain-a (LAPSD-a), LAPSD-b and four
PDZ domains. We investigated which domains of hScnib
are susceptible for cleavage by caspase in vitro by using
several hScrib C-terminal deletion mutants. Human Scrib
mutants, LRR-PDZ3, LRR-PDZ2 and LRR-PDZ1
were cleaved by recombinant caspase-3, whereas LR R~
LAPSD and LRR were not susceptible for cleavage.
These data indicate that hScrib is cleaved by caspase-3 at
the C-termunal region of LAPSD (Fig, 8a). Mutational
analysis found that Ala substitution of Asp 504 allows
hScrib to resist to caspase-3 dependent cleavage (Fig. 8b).

0 2008 The Authors
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Figure 4 Loss of hScrib expression is an early event during apoptotic process. Cells irradiated with UV were analyzed by immuno-
fluorescence staining with anti-hScrib antibody and TUNEL at the indicated time after UV irradiation. Note that hScrib expression was
lost in the TUNEL positive cell (UV 4 h). The arrow indicates that loss of hScrib expression is observed in the TUNEL positive cells

after 4 h of UV irradiation

Alanine substitution of Asp 526 resided at the C-terminus
of the LAPD of hScrib did not render hScrib resistant to
caspase-3 dependent cleavage (Fig. 8b).

hSerib with Ala substitution of Asp 504 is resistant
to caspase-dependent cleavage during the process
of apoptosis induced by UV irradiation

GFP-tagged wild-type hScrib transfected MDCK cells
showed loss of E-cadherin and hScrib expression at the
membrane, fragmentation of nucleus and shrinkage of
cytoplasm by apoptosis induction with UV irradiation
(Fig. 9a,b). In contrast, G

mutant transfected MDCK cells showed the intact

_tagged Asp504Ala hSerib

expression of transfected hScrib and E-cadherin, despite
of fragmentation of nucleus showed by the Hoechst
(Fig. 9¢,d). Immunoblottin
that over-expressed GFP-hScrib D504A mutant is resist-
activated by apoptosis

g analysis confirmed

ant to caspasc lir]u'ndrnt cleava
induction with UV irradiation (Fig. 10a). To quantify the
effect of WT and Asp504Ala hScrib mutant on apoptosis
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induction and cellular detachment, 300 MDCK cells
transfected with control vector, GFP-WT hScrib vector,
or GFP-hScrib D504A mutant vector were analyzed for
apoptosis signals and cellular detachment by Hoechst
staining and immunofluorescence analysis of E-cadherin,
respectively (Fig. 10b). UV irradiation induced apoptosis
and cellular detachment approximately in 80% MDCK
cells transfected with control vector or GFP-WT hScrib
VeCtor. .'\mli!ligil apoptosis was observed over 80% of
cells transfected with GFP=hScrib D504A mutant vector,
cellular detachment was only observed in 9% of those

cells. These data indicate that L',l'-p.i'-u-.{L‘PL’II\]L‘!!E \‘1&‘.\\‘I: -
of hScrib has a crucial role in cellular detachment during

progression of apoptosis

Effect of HPV E6 expression on the caspase-
dependent cleavage of hScrib during apoptosis

We investigated whether E6 expression have an effect on

caspase-dependent cleavage of hScrib. As shown in Fig. 11,
hScrib

expression level in cells transfected with E6

~
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