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Table 2. Univariate analysis of local tumor control and
cause-specific survival

Local tumor Cause-specific

control survival
Factor (n) p value p value
Age
<65 yrs (10)/=65 yrs (21) NS 0.058
Sex
Male (12)/female (19) NS NS
Primary site
NC (16)/PS (7)/others (8) NS NS
Stage
12711 (4) NS NS
Dose per fraction
1.5-2.5 Gy (14)/3-13.8 Gy (17} 0.048 0.045
Total dose
=50 Gy (16)/>50 Gy (15) NS NS
BED
=118 Gy (17)/>118 Gy (14} (0.037) (0.033)
Overall treatment time
<40 days (17)/=40 days (14) NS NS
Operation
no (21)/yes (10) NS NS
Chemotherapy
no (19)yes (12} NS NS
Immunotherapy
no (20)/yes (11) NS NS
Clinical response
CR. (9/PR+NC (22) NS NS

Abbreviations: CR = complete response; PR = partial re-
sponse; NC = no change; NS = not significant (p >0.1).
a/iﬁ) in Gy,
where n is the fractionation number and 4 is daily dose. We used
the a/f ratio of 2.5 Gy for malignant melanomas advocated by
Overgaard et al., who expressed the BED as the extrapolated total
dose. The BED was used as a reference factor in the present study
. because we could not determine whether the o/B ratio of 2.5 Gy
could be applied correctly to mucosal melanoma of the head and
neck,

Biologically equivalent dose (BED) = nd(l +

RESULTS

Of the 31 tumors, 9 (29%) disappeared completely after
treatment (complete response} and 18 (58%) decreased in
size by =50% afier treatment (partial response). Thirteen
patients (41.9%) suffered local recurrences. Cervical lymph
node metastases outside the treatment field and distant me-
tastases developed in 5 patients (16.1%) and 11 patients
(35.5%), respectively. Figure 1 shows the local tumor con-
trol and distant metastasis-free survival of all patients. Most
incidences of local recurrences and distant metastases de-
veloped within 2 years after the initial treatment. Qverall
cause-specific survival rates at 1- and 3-year were 73% and
33%, respectively (Fig. 2).

The results of univariate analysis are shown in Table 2.
The dose per fraction was significantly related to prognosis,
with the HF-RT group showing better prognoses for both
local tumor control (Fig. 3a) and cause-specific survival
(Fig. 3b). A BED conversion of more than 118 Gy was also
significantly related to better prognoses for both local tumor
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Fig. 3. (a) Local tumor control and (b) cause-specific survival for
the group receiving the high-dose and low-dose per fractionated
radictherapy.

control (Fig. 4a) and cause-specific survival (Fig. 4b). The
dose per fraction was strongly correlated with the BED:
76% (13/17) of patients in the HF-RT group received ra-
diotherapy at a dose of more than 118.8 Gy in the BED
conversion, whereas only 7% (1/13) of those in the LF-RT
group received radiotherapy at such high doses {chi-square
test, p = 0.001). Age showed borderline significance as a
prognostic factor for cause-specific survival (Fig. 5, p =
0.058). '

We also examined possible prognostic factors for local
tumor control and cause-specific survival with Cox’s regres-
sion analysis. None of these factors was significant for local
tumor control. Age was selected as the only significant
prognostic factor for cause-specific survival (better in
younger patients, p = 0.046).

Acute mucositis occurred in 5 patients (4 in the LF-RT
group and 1 in the HF-RT group) requiring radiotherapy to
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Fig. 4. The effect of the biologically equivalent dose (BED [/ =
2.5 Gy]) on (a) local tumor control and (b) cause-specific survival.

be paused for more than a week, but all of these patients
completed the course of treatment. Fatal late complications
occurred in 2 patients (6.5%). One patient with nasal mel-
ancma treated with a total dose of 49.6 Gy in 13 fractions
had severe mucosal ulceration in the soft palate. The other
patient with nasal melanoma treated with a total dose of 36
Gy in 6 fractions had fatal nasal bleeding. None of the
patients showed radiation-induced brain necrosis or my-
elopathy,

DISCUSSION

The prognosis for patients with mucosal melanoma of the
head and neck is poor. A review of more than 1,000 patients
with this disease revealed that 5- and 10-year survival rates
were 17% and 5%, respectively (8). Local recurrence is the
initial cause of failure for localized mucosal melanoma of
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Fig. 5. The effect of age on cause-specific survival.

the head and neck, whereas distant metastases also develop
frequently (7, 8). Some authors suggested that aggressive
local treatment should be initiated at presentation of local-
ized melanomas because the achievement of local tumor
control provides the possibility of an increase in survival
rate (7, 17).

There have been few reports of clinical analysis of radio-
therapy for localized mucosal melanoma of the head and
neck. A review of four previous reports by Trotti e al. (14)
showed 3-year local control rates of 36%—61%. In the
present study, the 3-year local tumor control and cause-
specific survival rates were only 30% and 33%, respec-
tively. Unfortunately, many patients suffered local recur-
rences and died within 2 years.

A better prognosis was significantly related to HF-RT in
both local tumor control and survival, as compared with
LF-RT. Harwood et al. (13) analyzed local control vs. the
fraction size of primary irradiation and reported that signif-
icantly more patients treated with a dose per fraction of =4
Gy achieved complete regression compared with those re-
ceiving a dose per fraction of =3.99 Gy. Shibuya et al, (15)
reported that high-dose radiotherapy at a dose of 70-80 Gy
delivered in 7-8 fractions with an intraoral electron beam
was effective for local control of mucosal melanoma of the
upper jaw. Trotti ef al. (14) concluded that definitive radio-
therapy was effective and they recommended the use of
HF-RT based on a review of four previous reports, although
they did not refer to the survival benefit of HF-RT. The
results of the present study also supported the clinical con-
clusions of these previous reports.

An optimal total dose of radiotherapy for localized mu-
cosal melanoma of the head and neck has not been deter-
mined. Overgaard ef al. (17) reported that the BED, ex-
pressed as the extrapolated total dose in their report, for the
50% complete response line of malignant melanoma was
125 Gy. Based on these observations, Trotti et al (14)
recommended a total dose of 36 Gy delivered in 6 fractions
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(122.4 Gy in the BED conversion) for mucosal melanoma of
the head and neck. The total dose of radiotherapy applied
with an intraoral electron beam reported by Shibuya ef al.
(15) was 350—400 Gy in the BED conversion, but the utility
of the electron cone may be limited to specific anatomic
sites. The BED of more than 118 Gy in the present study
also showed excellent results with regard to local tumor
control and survival, although there are doubts regarding
whether the o/f ratio of 2.5 Gy can be applied correctly to
mucosal melanoma of the head and neck. Most patients in
the HF-RT group received a BED of more than 118 Gy,
similar to the dose proposed by Trotti, and these two factors
were strongly correlated. We assume that a BED of at least
118 Gy (i.c., approximately 40 Gy in 8 fractions, 44 Gy in
11 fractions, and 54 Gy in 18 fractions) may be effective
when deciding the total dose of HF-RT.

Some authors suggested that postoperative radiotherapy
appeared useful for local tumor control for mucosal mela-
noma of the head and neck (14, 18). However, in the present
study radiotherapy did not have a significant positive effect
on local control of gross residual lesions after surgery. This
may have been because 90% (9/10) of the patients in the
postoperative radiotherapy group received LF-RT, In fact,
median period of local tumor control in the postoperative
radiotherapy group (13 months) secmed to be longer than
that in the LF-RT alonc group (7 months). Therefore, post-
operative radiotherapy itself might be effective by debulk-
ing tumor volume. Stevens et al. (19) reported the efficacy
of postoperative HF-RT for locally advanced melanoma.
Use of the combination of surgery and postoperative HF-RT
may produce a better outcome with regard to local tumor
control and sequential survival benefit. However, the out-
come of postoperative radiotherapy for mucosal melanoma
of the head and neck has not been reported with regard to
comparison of the differences in dose per fraction.

The development of distant metastases after treatment is
a serious problem associated with this disease. Pooled data
from 12 series reviewed by Mandolis et al. (8) showed the
average distant metastatic rate after treatment to be 51.5%.
In the present study, the 3-year distant metastasis-free sur-
vival rate was 56% and most distant metastases were ob-
served within 2 years after the initial treatment. Many
studies using different combinations of chemotherapeutic

and immunotherapeutic agents to overcome this disease
have been performed, but chemotherapy and immunother-
apy were utilized in a noncontrolled fashion as adjuvant
therapy, with consistently disappointing results (8). Our
analysis also revealed the negative outcome of local tumor
control and survival benefit. To date, the efficacy of che-
motherapy and immunotherapy for mucosal melanoma for
the head and neck has been controversial,

In the present study, multivariate analysis showed that
better cause-specific survival was achieved in younger pa-
tients (<65 years). Unfortunately, the study population was
very small and we cannot explain why younger patients had
a better prognosis on multivariate analysis. However,
Nandapalan ez al. (8) also reported that young patients with
mucosal melanomas of the head and neck tended to have a
favorable prognosis. They suggested that younger patients
should receive aggressive local treatment if feasible, as this
offered the best chance of achigving a complete cure.

In the present study, fatal late complications occurred in
2 cases in the HF-RT group. The total radiation dose to the
target must be limited, especially in the HF-RT group, to
avoid affecting adjacent critical structures, and minimize
the possibility of late adverse effects in normal tissue. It is
important to plan radiotherapy for mucosal melanoma of the
head and neck carefully with special irradiation techniques,
such as three-dimensional conformal radiotherapy or inten-
sity modulated radiotherapy to increase the tumor dose
without exceeding the radiation tolerance of the surrounding
structures (20). Recently, a preliminary study with carbon
ion therapy for mucosal melanoma of the head and neck
demonstrated excellent local control (local control with a
median 20 months in 19 of 20 patients) at the National
Institute of Radiologic Sciences in Japan (21). In future,
such treatment approaches may provide new strategies to
overcome this fatal disease.

In conclusion, we showed that radiotherapy with a dose
per fraction of =3 Gy achieved good local tumor control
and good subsequent survival especially in younger patients
with mucosal melanoma of the head and neck. The treat-
ment still failed in half of all patients, however, and further
investigations are required to establish a better clinical
outcome in the treatment of this disease.
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Stereotactic hypefractionated high-dose irradiation for stage | non-smali cell
lung carcinoma: Clinical outcomes in 273 cases of a Japanese multi-
institutional study. H. Onishi, Y. Nagata, H. Shirato, K. Gomi, K. Karasawa,
T. Arimoto, K. Hayakawa, Y. Takai, T. Kimura, A. Takeda; Yamanashi
University, Faculty of Medicine,  Yamanashi, Japan; Kyoto University,
Faculty of Medicine, Kyoto, Japan; Hokkaido Universily, Faculty of Medi-
cine, Sapporo, Japan; Cancer Institute Hospital, Tokyo, Japan; Tokyo
Metropolitan Komageme Hospital, Tokyo, Japan; Kitami Red-cross General
Hospital, Kitami, Japan; Kitasato University, Kanagawa, Japan; Tohoku
University, Sendai, Japan; Hiroshima University, Hiroshima, Japan; Tokyo
Metropolitan Hirco Hospital, Tokyo, Japan

Background: Stereotactic hypofractionated irradiation (STI} has been ac-
tively performed for a radical treatment of stage | non-small cell lung
cancer (NSCLC) in Japan. We sought to retrospectively evaluate Japanese
multi-institutional results. Metheds: From April 1993 to April 2003, 273
patients (age range 35-92, median 76 years) who had stage | (175
TINOMO and 98 T2NOMO) primary NSCLC (119 squamous cell, 125
adeno, and 29 others) were treated with hypofractionated high-dose STl in
14 institutions. Of the 273 patients, 169 (61.9%) were medically
inoperable due to mainly chronic pulmonary disease or high-age. Tumor
size ranged from 7 to 58 mm with a median of 28 mm. The stereotactic
three-dimensional treatment was performed using non-coplanar dynamic
arcs or multiple static ports. A total dose of 18-75 Gy at the isocenter of
tumors in 1-22 fractions was administered. The calculated biologic
effective dose (BED, a/8=10) ranged from 57 Gy to 180 Gy with a median
of 105. Results: All patients completed the treatment with no complaints.
During the foliow up of 7-127 (median=24) months, pulmonary complica-
tions greater than NCI-CTC criteria grade 2 were noted in only 6 (2.4%)
patients. Of 269 patients who were evaluated with CT, we observed CR and
PR in 71 (26.4%) and 159 (59.1%) patients, respectively. The local .
progression occurred in 34 (12.5%) of total patients, and a lower local
recurrence rate was observed (8.0% vs. 26.4%, P<0.05) when BED was
=100 Gy vs. <100 Gy. The intercurrent death was observed in 43
(15.8%), mostly in inoperable patients. The 3-year overall survival rate of
medically operable patients was 95.2% vs. 69.4% (P<0.05) when BED
was = 100 Gy vs. < 100 Gy. Canclusions: Hypofractionated high-dose STI
is a feasible and beneficial method for the curative treatment of patients
with stage | NSCLC. Local control and survival rates were better for BED
=100 Gy than for BED <100 Gy for all treatment methods and schedules.
Survivai rate for STl in selected patients {medically operable and BED
=100 Gy) were excellent, potentially equal to those of surgery.
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Ten-year Disease-free Survival of a Small
Cell Lung Cancer Patient with Brain Metastasis
Treated with Chemoradiotherapy

YUZURU NIIBE!Z, KATSUYUKI KARASAWA! and KAZUSHIGE HAYAKAWA?

IDepartments of Radiology and Radiation Oncology, Tokyo Metropolitan
Komagome Hospital, 3-18-22, Honkomagome, Bunkyo-ku, Tokyo 113-8677;
2Department of Radiology, Kitasato University School of Medicine, 1-15-1, Kitasato,
Sagamihara, Kanagawa 228-85535, Japan

Abstract. We report the first case of 10-year disease-free survival
in a patient with small cell lung cancer (SCLC) with brain
metastasis. A 63-year-old man was found to have SCLC with
brain metastasis and underwent chemoradiotherapy. Radiation
therapy was delivered to the brain, lungs, mediastinum and
supraclavicular fossa. Chemotherapy regimen mainly consisted
of etoposide-plus-cisplatin. The patient has remained alive for
more than 10 years after the diagnosis of SCLC with brain
metastasis with no relapses.

Chemoradictherapy has recently improved the treatment
results of limited-stage small cell lung cancer (LD-SCLC).
Turrisi et al. reported that the 5-year overall survival rate of
patients with LD-SCLC was 26% (1). On the other hand,
patients with extensive-disease small cell lung cancer (ED-
SCLC) can not survive for a long time. The most promising
treatment, irtontecan-plus-cisplatin (IP), has increased the
survival time of patients with ED-SCLC more than
treatment with etoposide-plus-cisplatin (EP). However, the
median survival time of patients with ED-SCLC treated
with IP was 12.8 months and their 2-year survival rate was
19.5%; these results are much inferior to the results of
patients with LD-SCLC (2). The prognosis of cases of SCLC
with only brain metastasis was considered to be better than
that of other ED-SCLC cases. Ruby et al. reported that the
median survival time of patients with SCLC with only brain
metastasis was 14 months (3). However, only a few cases
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Radiology, Kitasato University School of Medicine, 1-15-1, Kitasato,
Sagamihara 228-8555, Japan. Tel: 481-42-778-8111, Fax: +81-42-
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therapy, chemotherapy.

(250-7005/2004 $2.004.40

have been reported of patients with SCLC with brain
metastasis surviving more than 5 years (3, 4). No cases have
been reported of patients with LD-SCLC with brain
metastases achieving a 10-year survival.

We report the first case of 10-year disease-free survival
of a patient with SCLC with brain metastasis treated by
chemoradiotherapy.

Case Report

A 63-year-old man had experienced cough and bloody
sputum since July 1993. In September 1993, a mass was
palpable on the left side of his neck. His symptoms
gradually worsened. He was admitted to the regional
hospital and an abnormal shadow in the left lung was found
on the chest radiograph. He was introduced to the Tokyo
Metropolitan Komagome Hospital, Japan, for further
detailed examinations; small cell lung cancer (SCLC) was
diagnosed from a biopsy sample obtained by broncho-
fiberscopy. Computed tomography of the chest and
abdomen and magnetic resonance imaging of the brain were
performed; a large tumor was found in the left lung and a
small enhanced lesion, indicative of metastasis, was found
in his pons (Figures 1 and 2}, Thus, the clinical stages were
extensive disease (ED) and stage IV (¢T2N3M1) according
to the UICC-TNM classification. At the time of SCLC
diagnosis, the patient’s levels of tumor markers for
squamous cell carcinoma related antigen (SCC) and serum
carcinoembryonic antigen (CEA) were within the normal
ranges. However, the level of neuron-specific enolase (NSE)
was elevated to 11.8. The patient underwent external
irradiation of the entire brain from December 27, 1993 to
January 31, 1994, receiving a total dose of 46 Gy.
Chemotherapy using cisplatin and etoposide was
administered in two cycles between December 12, 1993 and
Feburuary 12, 1994. Chest radiographs demonstrated that
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Figure 1. Computed tomography results of the chest before treatment (mediastinum window). A huge mass was found in the left lung and a small nodule

was found in the mediastinum.

Figure 2. Computed tomography results of the chest after treatment {mediastinum window). The huge mass had nearly disappeared after chemoradiotherapy.

the tumor in the left lung had shrunk and decreased in size
more than 50%. External irradiation of the lung tumor,
mediastinum and supraclavicular fossa was administered
from March 15, 1994 to April 22, 1994 (a total dose of
56 Gy, with the cord off after 40 Gy) and 14 Gy of boost
irradiation was delivered to the pons lesion (field size,
-4 x§ cp). Concurrent chemotherapy was performed using

‘posjl_c.jl_;anq PSK (a protein bound polysaccharide K) as

an immuncpotentiating biological response modifier. After
this treatment, the tumor in the left lung had almost
disappeared (Figure 3) and the tumor in the pons
completely disappeared (Figure 4). The tumor marker of
NSE decreased to 3.8, within the normal range. More than
10 years after the diagnosis of small cell lung cancer with
brain metastasis has been made, the patient remained alive
without relapse of the disease.
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Figure 3. Computed tomography results of the chest after treatment (mediastinum window). The huge mass had nearly disappeared after

chemoradiotherapy.
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Figure 4. Enhanced MRI results of the brain before treatment. A small enhanced lesion was found in the pons.

Discussion

Small cell lung cancer (SCLC) was reported to comprise
about 20% of all lung cancers (5). Of these, about 10%
had brain metastases at the time of SCLC diagnosis (6).
The prognosis for cases of SCLC with only brain
metastases was considered to be superior to those of
other ED-SCLC cases. Noda et al. reported that the best

treatment outcome of ED-SCLC resulted in a median
survival time of 12.8 months. The treatment regimen of
this study was irinotecan-plus-cisplatin (IP), which meant
using a new drug (irinotecan) produced in Japan (2). On
the other hand, the median survival time in cases of
SCLC with only brain metastasis was reported to be 14.0
months, although these patients were treated with a
regimen consisting mainly of cisplatin, etoposide and
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cyclophosphamide, which meant it did not include any
new drugs (3). Noda et al. reported that treatment with
etoposide-plus-cisplatin (EP) achieved 9.4 months of
median survival in patients with ED-SCLC (2). These
findings suggest that treatment of cases of SCLC with
only brain metastasis has a relatively better prognosis
than treatment of other ED-SCLC cases.

The patient in the current case underwent cheémo-
radiotherapy to treat SCLC with brain metastasis. The
chemoradiotherapy regimen was EP because 1P was not
recognized as the standard regimen for the treatment of
ED-SCLC at the time of his diagnosis. The reason for his
long survival is obscure. However, Furuta ef al. pointed
out that some types of SCLC progress slowly and
suggested that these should be distinguished from the
common type of SCLC (7). SCLC with only brain
metastasis might have different biological features from
other kinds of ED-SCLC. Moreover, in most SCLC with
only brain metastasis, the radiation fields are able to
cover all detected tumors. Thus, these patients may be
good candidates for appropriate brain and thoracic
irradiation combined with chemotherapy if their medical
condition and performance status permit aggressive
treatment.

In any event, this still appears to be the first
demonstration of 10-year disease-free survival of SCLC with
brain metastasis after successful treatment.
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Abstract

An automated synthesis for the preparation of the novel hypoxic cell marker, ['*F]FRP-170 3, ['**F]1-[2-fluoro-1-
(hydroxymethyl)ethoxylmethyl-2- nitroimidazole, was developed using an on-column basic-hydrolysis step. The
'8F_labeled protected intermediate 2 was retained on a Sep-Pak Plus C18 cartridge and, in the same cartridge at room
temperature, hydrolyzed by NaOH for deacetylation to give ['*F]JFRP-170. The elution method from the cartridge was
optimized for direct injection of the crude product into an HPLC column. Thus, ['®FJFRP-170 was prepared in 20-30%

decay-corrected radiochemical yield within 60 min.
© 2004 Elsevier Ltd, All rights reserved.

Keywords: F-18; Hypoxic cell marker; FRP-170; Fluoromisonidazole; Solid phase extraction; On-column; Automated synthesis

1. Introduction

Hypoxia refers to any condition of inadequate supply
of oxygen to tissues, and is often observed in ischemic or
tumor tissue. In hypoxic cells 2-nitroimidazoles are
known to be reduced further than in normat cells to give
more reactive products to be bound to cell components
(Nunn et al,, 1995), Consequently, labeled 2-nitroimo-
dazoles are expected to be a good imaging probe for
hypoxic cells and thus tumors. This was first demon-
strated by '®F-labeled fluoromisenidazole (['* FIFMISO)
(Jerabek et al., 1986), and later on by several other
potential analogs such as ['*FJflucroerythronitroimida-
zole (Yang et al., 1995), [**Fflucroetanidazole (Tewson,
1997) and ['*F]EFS (Dolbier et al., 2001).

*Corresponding author. Tel ffax; +81222177798.
E-mail address: rencyric@cyric.tohoku.ac jp (R. Iwata).

On the grounds that RP-170, 1-[2-hydroxy-1-(hydro-
xymethyl)ethoxylmethyl-2-nitroimidazole, had com-
parable reduction potential and radiosensitizing activ-
ity to FMISO but lower neurotoxicity (Murayama
et al, 1989), the new ['*Flfluorinated derivative of
PR-170, ['"*FIFRP-170 3, ['*F]1-[2-fluoro-1- (hydroxy-
methyl)ethoxylmethyl-2- nitroimidazole, was developed
(Wada et al., 2000). The preliminary results showed this
tracer to be a good PET agent for visualizing the
ischemic but viable myocardium (Kaneta et al., 2002).
Clinical application of this promising hypoxic cell
marker is now expected.

Routine preparation of PET radiopharmaceuticals for
clinical diagnosis requires efficient, reproducible and
automated synthesis procedures. Unfortunately, quite
often a procedure originally developed for a manual
radiosynthesis is not directly adaptable to automation,
and time-consuming efforts are required to be modified
and mostly simplified in order to achieve a successful

0969-8043/3 - see front matter © 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.apradiso.2004.09.008
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Fig. 1. Synthesis scheme of ['*FJFRP-170 from [‘*FJfluoride.

automation. As shown in Fig, 1, the radiosynthesis of
["® F]JFRP-170 consisted mainly of three steps: ['SF]ﬁuor-
ination, deprotection by hydrolysis and purification by
HPLC, The aim of this study was to simplify and
optimize the last two steps by introducing a solid-phase-
supported basic hydrolysis (on-column hydrolysis).

2. Materials and methods

All chemicals and solvents were of high grade from
Aldrich Chem. Co., Merck Co. and Wako Pure Chem.
Co., while RP-170 and FRP-170 were generous gifts
from POLA Chem. Ind. The precursor 1, i-[2-(toluene-
4-sulfoxy)-1-(acetoxymethyl)ethoxy)-methyl-2-nitroimi-
dazole, was prepared from RP-170 as described pre-
viously (Wada et al., 2000). No-carrier-added 1Bp
fluoride (['*F]F~) was produced by the *O(p, n)'®F
reaction on enriched ['*0JH,0 with the HM-12 cyclo-
tron (Sumitomo Heavy Industries) at CYRIC.

Quantitative analysis of FRP-170 and ['"*F]JFRP-170
was carried out by HPLC on a Cl18 column (Waters
Puresil, 4.6 x 150 mm?, mobile phase: MeCN/H,0=7/93
or 25/75, flow rate=2.0 mL/min).

2.1, Radiosynthesis

The ["*F]F~ was separated from the irradiated target
with a Scp-Pak Light Accell Plus QMA cartridge
(Waters) that had been washed in advance with
K,CO; (0.5M, 10mL) followed by H,O (SmL). The
trapped [‘®F]JF~ was eluted with a solution of Kryptofix
222 (K.222, 20mg) and K,CO; (33mM, 0.6mL) in
MeCN (2mL) and the eluate was evaporated to dryness
by azeotropic distillation with a He flow (300-400 mL/
min). The drying was guaranteed by repeating the
azeotropic distillation three more times with 1 mL of dry
MeCN. To the residue was added a solution of the
precursor 1 (2mg) in DMF (0.7mL) and the mixture
was heated at 110°C for 3min. After cooling the
solution was diluted with HCl (0.05M, S5mL) and
passed through a Sep-Pak Plus Cl18 Environmental
Cartridge (Waters) which had been activated by washing
with EtOH (5mL) and H;O (SmL). The cartridge was
rinsed with H,O (SmL) and then filled with NaQOH
{0.1-1 M, 2mL) to carry out the on-column hydrolysis.
The cartridge was then washed with H,O (1 mL) and the
hydrolyzate eluted with a mixture of MeCN, AcOH and

H,0. The eluate was directly injected onto an HPLC
C18 column (YMC A-324, 10 x 300 mm, mobile phase:
MeCN/HO=12/88, flow rate=4.0mL/min, wave-
length =280 nm) through an HPLC injector {volume of
a sample loop=2mL). The fraction containing the
desired product was collected at 13-14 min.

2.2, Optimization of basic hydrolysis

The condition of on-column hydrolysis was optimized
by varying the concentration of NaOH and the reaction
time. The protected ['*F]FRP-170, purified by solid-
phase extraction (SPE) as described above, was dis-
solved in H;0 (10mL}. A small portion of this solution
{0.3-0.5mL) was diluted with H,O (5mL) and the whole
solution was passed through an activated Sep-Pak Plus
CI18 Environment cartridge (Waters). After filling
different concentrations of NaOH (0.1-1 M) the Sep-
Pak content was allowed to react at room temperature
for different times (1~10min). The cartridge was then
eluted with MeCN/H,O (50/50, 3 mL) through an IC-H
Plus cartridge (Alltech) for neutralization. The hydro-
lysis yields were determined by HPLC analysis.

Basic hydrolysis in a homogeneous solution was also
carried out for comparison. A small portion of the
protected ['*F]JFRP-170 solution was added to NaOH
(0.01-1 M) and the reaction carried out at either room
temperature or 50°C for various times, The reaction
products were also analyzed by HPLC.

2.3. Selection of SPE eluents for HPLC separation

In order to investigate the effect of polarity of the SPE
eluents on the preparativeeHPLC separation of
['¥F]FRP-170, both ['*F]FRP-170 and a non-radioactive
by-product eluted nearby were collected together from
the HPLC column and evaporated to dryness, The
residue was dissolved in H,O (2mL). Approprate
portions of this solution were added to MeCN to get
MeCN/H;O ratios ranging from 42 to 5 while main-
taining the volume fixed at 2mL. Each solution was
injected onte the column and the separation was
recorded for radioactivity and UV,

Moreover, since the solution loaded into the HPLC
loop was just the eluate from the CI18 cartridge, the
effect of the solvent polarity on the elution efficiency was
also studied. Thus, FRP-170 (0.1 mg) dissolved in H,O
(2mL) was passed through a Sep-Pak CI18 cartridge and
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