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Table 2 Drug-related adverse events and laboratory abnormalities by grade occurring in at least 10% of patients (n = 35)

Phase I (n = 12) Phase 11 All (n = 35)
(n =23)
Level 1 Level 2 Level 3 Level 3 200 mg bid
(n=3) (n=3) (n=3) (n=3)
400 mg bid 400 mg bid 400 mg bid 200 mg bid
Common toxicity criteria grade All 3 All 3 All 3 All 3 All 3 4 Al 3 4
Adverse event No. No. No. No. No. No. No. No. No. No. No. No. % No. % No. %
Treatment-related adverse events
Diarrhea 2 2 2 2 5 13 37
Anorexia 10 12 34
Abdominal pain 2 3 1 1 5 11 311 3
Malaise 2 8 10 29
Edema 1 1 8 10 29
Fever 1 1 2 4 8 23
Ascites 2 1 1 3 6 17 1 3
Nausea 1 4 5 14
Abdominal distension 4 4 11
Laboratory abnormalities
Albumin decrease 2 3 3 1 11 20 57
AST increase 1 2 1 7 4 10 29 5 14
ALT increase 1 2 1 7 4 10 29 5 14
Total bilirubin increase 1 1 6 8§ 23
Alkaline phosphatase increase 7 1 7 201 3
Erythropenia 7 7 20
Hematocrit decrease 1 1 4 1 6 171
Hemoglobin decrease 1 1 4 1 1 6 17 1 31 3
LDH decrease 1 5 6 17
Thrombocytopenia 1 4 2 5 142 6
Results are expressed as the worst adverse event possibly related to TSU-68 per patient based on the NCI-CTC version 2.0
Table 3 Pharmacokinetic parameters of TSU-68 corresponding to liver function levels (mean = SD)
Hepatic function level (n = 3) Dosing Tnax () Crmax (ug/mL) AUCg_gp (pg-h/mL) Ty (h)
Level 1 (400 mg bid) Day 1 (1st) 3721 16.8 £ 7.1 70.1 + 28.6 2.0*
Day 2 (3rd) 30+ 1.0 95+18 444 + 119 25+08
Level 2 (400 mg bid) Day 1 (Ist) 47 +12 1.7+ 25 60.6 + 19.0 2.6
Day 2 (3rd) 4.0 £ 0.0 78+ 14 36.7 £ 7.7 22+09
Level 3 (400 mg bid) Day 1 (1st) 4.0+ 20 8.6 £ 4.1 46.4 + 20.6 2.8%
Day 2 (3rd) 37+06 51+1.6 26.0 £ 69 30+ 14
Level 3 (200 mg bid) Day 1 (1Ist) 4.0 +£ 0.0 51+1.6 289+ 52 8.2°
Day 2 (3rd) 37425 43+ 14 20.7 £ 4.0 6.9%

AUCq_op, area under the concentration versus time curve for 0-9 h

fn=2

1, PAI-1, sELAM-1, IL-8, PDGF, bFGF and plasma factor
VIHI levels, and dependent variables were the two groups
based on each cut-off level (0, below the cut-off value or 1,
above the cut-off value). By logistic regression analysis,
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we found that the sSVCAM-1 level was an independent
factor (P = 0.014; Table 5), and sVCAM-1 (odds ratio
16.0) had the strongest influence on responders
(patients with CR + PR + SD). None of the rest of the
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Table 4 Tumor response

Best response

Phase I (n = 12) Phase II (n = 23) Total (n = 35)
400 mg bid (n = 9) 200 mg bid (n = 3) 200 mg bid
No. No. No. No. %
Complete response 0 0 1 1 2.9
Partial response 0 0 2 2 5.7
Stable disease 2 2 11 15 42.8
Progressive disease 6 1 9 16 45.7
Not evaluated” 1 0 0 1 29
* This patient did not complete cycle 1
Patient 1 A
100 .
90 Median TTP= 2.1 months
80 - (95% ClI, 1.2 to 2.9 months)

Fig. 2 Computed tomography images of responding lesions from
patient 1, who achieved a complete response. Metastatic lesions in the
lung (a) and lymph node (c) disappeared after four cycles (16 weeks)
of TSU-68 treatment (b, d). Representative computed tomography
images of a tumor showing necrosis in patient 2. Before treatment,
several abdominal lymph node metastases were apparent (e). After
four cycles of treatment (16 weeks), the lesions demonstrated a lack
of enhancement and markedly lower attenuation, consistent with
tumor necrosis (f)

angiogenesis-related parameters showed any variation with
treatment (as the variation of the data for PAI-1 was so
large, they were not analyzed; Table 5). The mean values
of sVCAM-1 for responders (patients  with
CR + PR + SD; 1,944 pg/ml) were higher than that for
non-responders (patients with PD + NE; 1,422 pg/ml),
which was statistically significant (P = 0.026, ¢ test).

Estimated Probability of TTP (%)
wn
o
T
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Median OS= 13.1 months
(95% Cl, 6.9 to 26.6 months)
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Fig. 3 a The independently assessed median time to progression in
all 35 patients treated with TSU-68 was 2.1 months. b The
investigator-assessed median overall survival in all 35 patients
treated with TSU-68 was 13.1 months

Discussion

In this trial, special attention was paid to patients with
HCC, who often have impaired liver function and might
have the potential for reduced clearance of TSU-68, which
is eliminated mainly by the liver [12, 13]. This study
suggests that the adverse-event profile of TSU-68 in this
trial was comparable to observations in other phase I trials
examining patients with solid tumors [14, 15]. Although
half of the patients experienced exacerbation of pre-
existing hypoalbuminemia during the treatment, this was
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Table 5 Logistic regression analysis of angiogenesis-related factors

Variable Evaluation variable (cut-off point) Odds ratio 95% CI P value
VEGF <47 x 247 0.480 0.095-2.426 0.375
t-PA <23 x 223 2.250 0.574-8.824 0.245
VCAM-1 <2,370 x 22,370 16.000 1.735-147.541 0.014
ELAM-1 <70 x =70 0.716 0.187-2.744 0.626
IL-8 <10.0 x 210.0 3.250 0.761-13.889 0.112
PDGF <1,450 x 21,450 3.666 0.907-14.813 0.068
Factor VIII <181 x =181 0.545 0.140-2.120 0.382

The 1 test was used to compare baseline levels of angiogenesis-related parameters in terms of responders. A responder means a patient who

showed CR, PR and SD; non-responders showed PD and NE

not associated with a worsening of liver function. The
edema, associated with hypoalbuminemia, was managed
with diuretics. The lack of hypertension as a toxic effect
may have been due to the difference in the inhibitory
profile between TSU-68, which strongly inhibits both
PDGFR and VEGFR, and other antiangiogenic com-
pounds, which predominantly inhibit VEGFR [21, 22].

From the viewpoint of the pharmacokinetics of TSU-68§,
no trend was seen toward higher plasma exposure to
TSU-68 with greater liver dysfunction (Levels 1-3). Fur-
thermore, the exposure in the patients with HCC appeared
to be similar to that in patients with advanced solid tumors
that were not HCC in a phase I study [15]. These findings
suggest that impaired liver function is unlikely to affect the
pharmacokinetics of TSU-68. The present study indicated
that the Cy.x and AUC were reduced by the repeated
administration of TSU-68, which has also been observed in
previous trials [14, 15]. This decrease was found to be due
to TSU-68, which caused an induction of its own metab-
olism in the non-clinical studies [12, 13]. Although in this
study, the pharmacokinetics of TSU-68 was not examined
after long-term consecutive oral administration, the AUC
on day 28 has been reported to be similar to that on day 2.
This suggests that the decreased exposure, which reaches
steady state on day 2, is maintained throughout the thera-
peutic cycle. In Level 3, no obvious decrease in the AUC
on day 2 was observed by reducing the dose of TSU-68
from 200 to 400 mg, although these results are based on a
small amount of data. In addition, the estimated daily AUC
in the patients who received 200 mg TSU-68 bid was
roughly similar to the AUC data showing a 50% inhibition
of human xenograft tumor growth in mice (data not
shown). However, these data should be interpreted cau-
tiously because the majority of the patients who were
included as Child-Pugh B had Child-Pugh scores of 7.

In this study, we selected the fixed-dose for both Child—
Pugh A and B because hepatitis or Child-Pugh A patients
experienced toxicities (abdominal pain and diarrhea),
although no DLT was found when 400 mg bid TSU-68 was
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administered, and also because liver function may fluctuate
between Child-Pugh A and B in the same patients. How-
ever, whether Child-Pugh A and B can be separated
depends on the safety and PK profile of the drug. Patients
with Child-Pugh A are initially recommended for clinical
trials in HCC rescarch [23], whereas the design of trials
that include Child—Pugh B patients needs further investi-
gation. In addition, whether Child-Pugh score is a good
system for sytratifying liver function with these types of
drugs is open to argument. R '

Many agents targeting angiogenesis have been investi-
gated in HCC [3, 4, 10, 11, 22, 24-27]. In an international
phase III trial, sorafenib reduced the mortality hazard by
44% compared with placebo, with a median OS of
10.7 months (vs. 7.9 months with placebo) [3]. In an Asian
phase III trial, patients who received sorafenib had a 35%
disease control rate (vs. 16% with placebo), with a median
TTP of 2.8 months. (vs. 1.4 months) and a median OS of
6.5 months (vs. 4.2 months) [4]. The results mirrored those
of the SHARP trial, although the Asia—Pacific patients had
more advanced disease. In a phase I trial in Japan,
sorafenib resulted in 4% PR and 83% SD, with a median
TTP of 4.9 months and a median OS of 15.6 months [24].
Sunitinib, an inhibitor of VEGFR, PDGFR and c-Kit, was
used against HCC in a phase II trial and produced a 3.9%
PR and 38.5% SD, with a median progression-free survival
of 3.9 months and a median OS of 9.8 months [22, 25].
Chemotherapy-naive Child-Pugh A patients were enrolled
in the sorafenib phase IU trial [3, 4]. In our trial, eight
Child-Pugh B patients were enrolled, and systemic che-
motherapy had been already administered in 14 patients.
The patients had been treated previously a mean of 8.2
times using various modalities. Although TTP in our trial is
less than the reported data of SHARP [3] and similar to the
Asian sorafenib trial in the placebo arms [4], these factors
might affect the results.

The response rate (8.6%) and a median OS
(13.1 months) of TSU-68 were comparable to those
reported for these other agents. Some patients were
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administered TSU-68 for more than 1 year after confirmed
PD by independent review that was not determined by
investigators, and the long-term treatment with TSU-68
might have contributed to the longer OS period. This
warrants further study, but needs to be evaluated in a larger
trial. Molecular-targeted agents, including TSU-68, gen-
erally show a relatively low response rate but a high dis-
ease control rate, indicating that a large proportion of
patients reach SD. The treatment response assessed using
RECIST may not accurately reflect the overall effect of
these agents [23]. We had several cases in which necrosis
was observed inside a tumor, despite the increase in tumor
size. As an objective response is a weak surrogate of
activity in phase II trials, a consensus conference endorsed
by the American Association for the Study of Liver
Diseases and the European Association for the Study of the
Liver recommended the inclusion of TTP as the primary
endpoint in phase II trials [23].

Molecular-targeted agents are being developed as sys-
temic therapies for HCC in first- and second-line settings
as monotherapy and in combination with locoregional
therapies. The primary endpoint for phase III studies that
assess primary HCC treatments is survival, and the con-
trol arm should be sorafenib. Comparison of single agents
head to head with sorafenib might jeopardize study
approval and the recruitment of patients for ethical rea-
sons. For second-line treatments against advanced HCC,
the new agents should be compared with placebo or best
supportive care [23]. A phase II randomized study of
TSU-68 in combination with TACE has been conducted
(manuscript in preparation), and a phase III trial is being
planned.

VEGF, PDGF and bFGF participate in the neovascu-
larization of HCC [26, 27], and VEGEF levels are thought to
have a prognostic value [28]. IL-8 has proangiogenic
activity in cancers, although its role in HCC is controver-
sial [27]. Given that the primary target of TSU-68 is
endothelial cells, we speculated that damaged vascular
endothelial cells may release endothelial cell-specific
markers such as SELAM-1 and sVCAM-1. As sVCAM-1
can be identified in the bloodstream, it is potentially useful
as a non-invasive biomarker for the monitoring of disease
progression in cancer [29]. A high level of VCAM-1 was
significantly associated with an advanced disease stage and
the presence of distant metastasis in gastric cancer [30] and
also has been shown to be associated with angiogenesis and
poor prognosis in breast cancer [31] and in HCC [32]. In
this trial, we found higher baseline levels of sSVCAM-1 in
patients with good response (CR + PR + SD) after treat-
ment with TSU-68. Although our data suggested that
sVCAM-1 is a possible predictive marker for the response,
the analysis is exploratory, and further study is necessary to
confirm this possibility.

In conclusion, the step-wise study design based on
hepatic function was useful in a safety assessment of TSU-
68 in patients with HCC who had impaired liver function.
The TSU-68 dosage of 200 mg bid has a favorable safety
profile, even in patients with Child-Pugh B cirrhosis, and
together with a high disease control rate, provides a
rationale for its further evaluation in patients with HCC.
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Management of adverse events of sorafenib : Hand foot skin reaction, diarrhea, hypertension, etc.
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Key Points and Issues of Regarding Molecularly Targeted Agents in
Clinical Practice for Hepatocellular Carcinoma
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Because two pivotal randomized controlled trials of sorafenib versus placebo demonstrated sig-
nificantly improved time—to—progression and overall survival in the sorafenib—treated group, the
orally administered—molecularly targeted agent sorafenib has come to be recognized as a standard
treatment for advanced hepatocellular carcinoma (HCC). Since the eligible patients in both trials
were HCC patients with portal vein invasion, who had extrahepatic metastasis and/or whose dis-
ease was refractory to transarterial chemoembolization, such patients are regarded as having
good indications for treatment with sorafenib. Sorafenib has several troublesome toxicities, includ-
ing hand—foot skin reactions, hypertension, and liver dysfunction. The incidence of these toxicities
seem to be higher in Japan than in Western countries. Managing its toxicities is essential to maxi-
mizing the efficacy of sorafenib. A medical team composed of medical oncologists, pharmacists,
nurses and clinical trial coordinators was found to be useful for improving patients’ adherence and
patients’'management for sorafenib, and such a team can provide high—quality, sophisticated treat-
ment to patients with advanced HCC.
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Abstraet. Desmoplastic small round cell tumor (DSRCT) is
a rare, aggressive and malignant tumor that predominantly
affects young males. No standard therapy is currently available
for patients with DSRCT and the prognosis remains extremely
poor. In this study, we report a thought-provoking DSRCT case.
A 24-year-old male was admitted to our hospital with a chiel
complaint of hematemesis. Computed tomography revealed a
retrovesical mass with a splenic hilar tumor, multiple lung and
liver tumors and marked lymph node swellings. The source of
hematemesis was gastric varices caused by the compression
of the splenic vein by a splenic hilar tumor. The patient was
provided with a histological diagnosis of DSRCT based on
needle biopsy from the liver tumors and the pelvic mass was
thought to be the primary lesion. This is a long-term survival
case of metastatic DSRCT treated with multimodal therapy
including 15 courses of multiagent chemotherapy, radiation
therapy for the hepatic portal region using 42.5 Gy, and four
instances of therapeutic endoscopy. The prolonged progres-
sion-free survival period (15 months) obtained following
chemotherapy suggests the chemosensitive feature of the
disease. We used a modified P6 regimen (cyclophosphamide,
pirarubicin, vincristine, ifosfamide and etoposide) and a modi-
fied PAVEP regimen (cyclophosphamide, pirarubicin, etoposide
and cisplatin) to decrease severe adverse events and to improve
the completion rate of chemotherapy. DSRCT is an aggressive
but chemo-sensitive disease, and continuous chemotherapy
using an appropriate regimen with possible supportive care is
essential for long-term survival. This case report may represent
a treatment option for this rare disease.
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Introduction

Desmoplastic small round cell tumor (DSRCT) is a rare,
aggressive, malignant tumor that predominantly affects young
males at a median age of 19 years (range 7-58) and with a
male-to-female ratio ranging from 5:1 to 10:1 (1,2). DSRCT is
a member of the small round blue cell tumor family, which
includes small-cell carcinoma, Merkel cell carcinoma, Syno-
vial sarcoma, Ewing's sarcoma/primitive neuroectodermal
tumor, neuroblastoma, lymphoma, rhabdomyosarcoma and
DSRCT (3). No standard therapy is currently available for
patients with DSRCT and the prognosis of DSRCT remains
extremely poor (2). In this study, we report a case of long-
term survival of metastatic DSRCT treated with multimodal
therapy, including multiagent chemotherapy, radiation therapy
and therapeutic endoscopy.

Case history

A 24-year-old male was admitted to our hospital with a chief
complaint of hematemesis. The patient had neither significant
medical history nor family history. Physical examination
revealed only that the patient was anemic. Laboratory exami-
nation was as follows: hemoglobin, 11.4 g/d] (normal range
13.5-16.7 g/dl); white blood cell count, 6,200/d! (normal range
2,900-8,900/d1); platelet count, 13.2x10'%dl (normal range,
15.9-38.9x10°/dly; C-reactive protein, 0.1 mg/dl (normal value
=<0.2 mg/dl); aspartate aminotransferase, 52 TU/l (normal
range 13-33 1U/l); alanine aminotransferase, 99 IU/1 (normal
range 8-42 TU/1); alkaline phosphatase, 588 1U/1 (normal range
115-359 TU/); y-glutamyl! transpeptidase, 380 TU/1 (normal
range 9-54 TU/M); and total bilirubin, 0.7 mg/dl (normal range

0.3-1.3 mg/dl). Renal function tests were normal.

Endoscopy showed oozing bleeding from varicose veins
located on the greater curvature of the upper gastric body
(Fig. 1A). Spontaneous hemostasis was obtained. Computed
tomography (CT) demonstrated that compression of the
splenic vein by the splenic hilar tumor appeared to cause
the gastric varices (Fig. 1B). CT revealed the presence of a
well-enhanced, bulky and lobulated mass on the pelvic floor
(Fig. 1C) with a splenic hilar tumor, multiple liver and lung
tumors, and marked lymph node swellings (particularly in
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Figure 3. Clinical course of this case. Serum NSE level correlated well with
clinical response. The patient received (A) nine courses of a modified P6
regimen and (B) six courses of a modified PAVEP regimen. Obstructive
jaundice caused by portal lymphadenopathy was treated successfully
by repeated endoscopic biliary drainage and radiation therapy (RT) to
the hepatic portal region using 42.5 Gy, at 1.8 Gy per fraction. Massive
hematemesis caused by active bleeding from the varicose vein was treated
successfully by endoscopic hemostasis. The patient succumbed to acute
pulmonary failure caused by progressive pulmonary metastases 43 months
‘following diagnosis. Time-series CT images of pulmonary metastases
are shown in parallel in the upper column (M, months after diagnosis).
"Endoscopic biliary drainage using a plastic stent; “endoscopic biliary
drainage using a metal stent; ““endoscopic hemostasis using metal clips
for the active bleeding from a varicose vein; ““the metal stent obstruction
caused by tumor ingrowth was relieved by inserting a plastic stent.into the
prior metal stent. NSE, neuron-specific enolase.

the hepatic portal region). ®F-fluorodeoxyglucose positron
emission tomography showed multiple accumulation of a
glucose analog in the same lesions detected using CT (Fig. 1D).

A needle biopsy specimen from the liver tumor revealed the
presence of a poorly differentiated tumor with a variable size
and shape, composed of nests of small round cells surrounded
by a prominent desmoplastic stroma (Fig. 2A). Immunohisto-
chemically, tumor cells coexpressed an epithelial marker
(cytokeratin, Fig.2B),a mesenchymal marker (desmin;, Fig.2C)
and the Wilms' tumor 1 protein (Fig. 2D). Chromogranin,
cluster of differentiation antigen (CD) 99 and CD56 were
negative. From these findings, the patient was provided with
a definite diagnosis of pelvic cavity-origin DSRCT with
multiple-organ metastases (4.5).

Theclinical courseofthiscaseisshowninFig.3.Thepatient
was initially treated with multiagent chemotherapy using
cyclophosphamide, pirarubicin, vincristine, ifosfamide and
etoposide, according to the Ewing's sarcoma protocol, which
is a modified protocol of the P6 regimen using pirarubicin
instead of doxorubicin (modified P6 regimen) (2,6). During
each course of this chemotherapy, the patient suffered from
severe nausea and vomiting. The patient required frequent
blood transfusions and continuous use of granulocyte colony-
stimulating factor due to severe bone marrow suppression.
The multiple pulmonary metastases were almost eradicated
following four courses of the modified P6 regimen and the
patient reached 15 months of progression-free survival after
the application of this modified P6 regimen (Fig. 3). After
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Table 1. Chemotherapy regimens reported previously and used
in this case.

Dose Day
P6 (6)
Courses 1,2,3 and 6
Cyclophosphamide 2.1 g/m? 1-2
Doxorubicin 25 mg/m? 1-3
Vincristine 0.67 mg/m? 1-3
Courses 4,5 and 7
Ifosfamide 1.8 g/m? 1-5
Etoposide 100 mg/m* 1-5
PAVEP (7)
Doxorubicin 40 mg/m® 1
Cyclophosphamide 300 mg/m® 1-3
Etoposide 75 mg/m? 1-3
Cisplatin 100 mg/m? 4
Modified P6
Courses 1,3,5and 7
Cyclophosphamide 2 g/m? 1-2
Pirarubicin 20 mg/m? 1-3
Vincristine 2 mg/m?® 1
Courses 2,4 and 6
Ifosfamide 2.5 g/m? 1-5
Etoposide 100 mg/m* 1-5
Modified PAVEP
Pirarubicin 40 mg/m? 2
Cyclophosphamide 450 mg/m? 1-2
Etoposide 110 mg/m> -2
Cisplatin 100 mg/m? 1

Courses started after confirmation that the neutrophil count reached
500/p1 and that the platelet count was>10,000/1.

the nine courses of treatment, second-line chemotherapy based
on the PAVEP regimen (doxorubicin, cyclophosphamide,
etoposide and cisplatin) (7) was introduced due to disease
progression. To reduce adverse events, we modified the
PAVEP regimen by using pirarubicin instead of doxorubicin
and shortening the period of the regimen from five to two days
(modified PAVEP regimen). The P6, modified P6, PAVEP and
modified PAVEP regimens are shown in Table 1.

Obstructive jaundice caused.by portal lymphadenopathy
developed 23 months following diagnosis. Endoscopic biliary
drainage using a plastic stent was successfully performed.
However, stent obstruction occurred two months after the initial
placement of the plastic stent. Subsequently, we removed the
stent and inserted a metal stent, which was followed by irradia-
tion of the hepatic portal region using a total dose of 42.5 Gy,
at 1.8 Gy per fraction. The patient had massive hematemesis
37 months following diagnosis caused by the active bleeding
from a known varicose vein and endoscopic hemostasis using
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