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PET Evaluation of Therapeutic Limb Perfusion in
Merkel's Cell Carcinoma
Jose L. Lampreave, FranÃ§oisBÃ©nard,Abass Alavi, Jose Jimenez-Hoyuela and Douglas Fraker

Division of Nuclear Medicine and Department of Surgery, University of Pennsylvania Medical Center, Philadelphia,
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An 87-yr-old woman diagnosed with recurrent Merkel's cell carci

noma was treated with therapeutic limb perfusion and underwent
PET scanning with 18F-fluorodeoxyglucose (FDG). PET studies were

obtained before and after treatment to determine the response to
the intervention. A baseline whole-body study was obtained to
assess the extent and degree of disease activity. This was followed
by a repeat PET scan 2 mo later after treatment with isolated limb
chemotherapy with high-dose melphalan and tumor necrosis fac-
tor-a. The initial scan demonstrated multiple foci of high FDG uptake
in the left calf, a left supraclavicular lesion and also detected
concurrent keratinizing squamous cell metastasis in the right axilla.
A repeat PET study showed complete metabolic resolution of the
lesions in the left calf after treatment. FDG PET may be a useful
technique for staging Merkel cell carcinoma and for assessing the
tumor response after therapy of this rare tumor.
Key Words: Merkel cell carcinoma; PET; fluorine-18-fluorodeoxy
glucose; isolated limb perfusion
J NucÃMed 1998; 39:2087-2090

IVierkel cell carcinoma is a rare neuroendocrine tumor de
rived from cells located in the basal layers of the epidermis.
This tumor is thought to be either of neural or epidermal origin
(/ ). It typically presents as violaceous nodules in sun-exposed
skin of elderly people (2). The local recurrence rate has been
estimated at 26%-44%, and nearly three-fourths of the patients
develop local nodal involvement (3). Another one-third present
distant mÃ©tastasesto the liver, bone, brain, lung or skin (4).
While most published data are supportive of wide surgical
excision of the tumor with radiotherapy, the treatment remains
controversial, and it is not clear whether removal of clinically
silent regional lymph nodes is justified (3). We report a case of
Merkel cell tumor studied with 18F-fluorodeoxyglucose (FDG)

PET before and after isolated limb perfusion (4).
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CASE REPORT
An 87-yr-old woman with a history of Merkel's cell tumor in her

left lower extremity underwent FDG PET scanning because of
possible recurrent and metastatic disease. The tumor had been
removed in 1995 with a wide excision and superficial and deep
inguinal lymph node dissection and then treated with adjuvant
radiation therapy. After this treatment, she had considerable leg
edema. She developed increased swelling in the calf and ankle with
extensive, subtle, erythematous, plaque-like lesions that became
extremely painful. Needle biopsy of these areas demonstrated
recurrent Merkel's cell tumor. Her past medical history was

significant for asthma, coronary artery disease, atrial fibrillation,
deep venous thrombosis and hypertension. At the time of admis
sion she was on diltiazem hydrochloride, hydrochlorothiazide and
theophylline. Physical examination demonstrated an edematous left
lower extremity with a diffuse area of erythematous plaques over
the prior excision site. There were no other areas of disease noted
with the exception of multiple basal skin cancers on the face,
shoulder and back.

An FDG PET scan was requested to determine the extent of the
disease within the limb as well as systemically.

MATERIALS AND METHODS
A PENN-PET scanner (5) with a resolution of 5.5 mm in all

three planes was used to perform a whole-body scan. Two hours
after the intravenous injection of 114 mCi/kg FDG, a whole-body
PET study was obtained over the chest, abdomen and entire lower
limbs. At the time of this study, rapid transmission scans using a
single, photon-emitting l37Cs source were not yet available (6).

Therefore, no transmission scan was obtained in this study to
minimize patient discomfort considering the lengthy (neck-to-toe)
emission acquisition. The final images were reconstructed with the
ordered subsets expectation maximization algorithm, according to
a previously reported technique ( 7 ). On visual interpretation, areas
of focally increased activity that did not correspond to the normal
distribution of FDG (such as kidneys, ureters, muscles, etc.) were
rated as abnormal. No quantitative measurements were used to
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FIGURE 1. Transaxial (left),sagittal (center)and coronal (right)slices of lower
extremities localize on pretreatment FDG PET scan recurrent Merkel cell
carcinoma sites in left calf. After isolated limb chemoperfusion, there are no
sites of abnormal metabolism in this area. PET study demonstrates only
diffuse and mild skin uptake and swelling of limb, probably related to
post-treatment inflammation.

assess tumor activity since measured attenuation correction was not
obtained.

RESULTS
The FDG PET images showed multiple foci of markedly

increased metabolic activity in the left calf (Fig. 1) and a large
hypermetabolic lesion in the right axillary area (Fig. 2). These
findings were felt to be consistent with highly active malignan
cies. An area of increased uptake was also seen in the left

â€¢
^TÂ»

r

supraclavicular fossa (Fig. 2). The patient was admitted for
treatment 6 days later. Her gait was steady, but the patient had
marked swelling in the left lower extremity. On physical
examination, she presented with a superficial firm nodule in the
right axillary area, along with an adjacent, large, irregular,
palpable mass. There was extensive edema of the left lower
extremity. Palpation was normal in the left supraclavicular
fossa.

After the PET study, needle biopsy was performed on the
right axillary mass to determine the nature of the abnormality
there. The histologie examination revealed a poorly differenti
ated keratinizing squamous cell carcinoma of unknown origin
that was negative to chromogranin, neuron specific enolase,
synaptophysin and cytokeratin 20. No histologie confirmation
was obtained in the left supraclavicular fossa to confirm the
PET findings at that site.

The local recurrence in the left calf was treated with an
infusion of 70 mg melphalan and 4 mg tumor necrosis factor
(TNF) through the popliteal artery over 90 min. This allowed
delivery of high concentrations of these drugs through a major
artery under general anesthesia by placing a tourniquet around
the limb. This approach is used to treat regionally advanced
extremity melanoma and sarcoma.

Two months later the patient underwent a second FDG PET
scan, which showed complete metabolic resolution of the left
calf lesions (Fig. 1). The physical examination showed persis
tent edema but general resolution of the raised plaques and of
the pain symptoms. The right axillary mass was still hypermeta-
bolic (Fig. 2), whereas the left supraclavicular abnormality
could no longer be visualized.

DISCUSSION
Merkel's cell tumor is a rare and usually aggressive tumor

arising from the skin, with an incidence of 12%-15% of

regional lymph node mÃ©tastasesat presentation (8) and an
estimated survival rate of 30%-64% at 5 yr (3). The reported
rate of local recurrence is 26%-44% within the 4 mo after
surgical excision of the primary tumor (3). For these reasons,

\
FIGURE 2. Transaxial (left), sagittal (cen
ter) and coronal (right) FDG PET whole-

body images demonstrating increased
metabolic foci in right axilla and left su
praclavicular fossa (upper row). After iso
lated limb perfusion, right axillary lesion
still remains metabolically active,
whereas left supraclavicular abnormality
has disappeared (bottom row). Precise
nature of left supraclavicular lesion has
not been confirmed, while right axillary
mass was found to represent activity
from keratinizing squamous cell carci
noma metastasis from second primary,
an invasive squamous cell carcinoma of
arm.
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careful monitoring of these patients for recurrence or metastasis
with a reliable diagnostic procedure is desirable.

FDG PET imaging has been shown to be useful for the
diagnosis and staging of a variety of tumors (9-76). The degree

of FDG uptake has been reported to correspond to the rate of
glycolysis (17) and, therefore, of tumor metabolism. FDG is
transported by facilitative glucose transporters and is phosphor-
ylated by the hexokinase enzyme in tumor cells to FDG-6-
phosphate. Since the latter is a poor substrate for dephosphor-
ylation, it remains essentially trapped in the tumor cell with a
relatively long half-life (18). Because of the increased rates of
glucose utilization in tumors, PET is a reliable imaging tech
nique for assessing cancer activity at various stages of the
disease. Tumors with aggressive behavior tend to show signif
icantly higher FDG uptake and retention than those with an
indolent course. Some neuroendocrine tumors have also been
assessed with PET with varying degrees of success (19-22).

Endocrine pancreatic tumors have also been studied by PET
using different tracers, such as "C-DOPA and "C-5-hy-

droxytryptophan (19,20). These methods appear to be useful in
detecting functioning tumors. Pheochromocytomas that do not
accumulate metaiodobenzylguanidine (MIBG) can be success
fully studied by FDG PET (21 ).

Some studies have been reported with other radiotracer
techniques to evaluate these tumors (23-27). Uptake of labeled
13II-MIBG has been reported in small numbers of patients
(25-27). Castagnoli et al. (25) described two cases of Merkel's

cell tumor of aggressive behavior, of which only one could be
visualized with this tracer. De Geeter et al. (26) also reported a
patient with known metastatic Merkel's cell tumor that could

not be visualized with MIBG. Kwekkeboom et al. (23) reported
a series of five patients studied by '23I-Tyr3-octreotide. They
were able to identify Merkel's cell tumors in 4 patients by

octreotide imaging as well as with CT and ultrasound, whereas
a small lesion of less than 0.5 cm could not be diagnosed by any
diagnostic imaging technique. Octreotide scintigraphy depicted
several tumor sites that had not been visualized on CT or on
ultrasound. Radionuclide imaging techniques have also been
shown to be useful in assessing lymphatic drainage before
treatment. Choc et al. (24) described a tumor in the midline on
the back that was studied by lymphoscintigraphy. They dem
onstrated the usefulness of this technique to determine which
lymph nodes should be removed for diagnostic and therapeutic
purposes. There are few studies available on the accuracy of
anatomical imaging techniques such as ultrasound, CT or MRI
in Merkel's cell carcinoma. Gollub et al. (52) reported the CT
findings in 12 patients with Merkel's cell carcinoma and could

decribe the presence of subcutaneous nodules at the primary
tumor site in 4 of them. CT was found useful in identifying
disease in regional and distant lymph nodes and visceral
mÃ©tastases.Considering the rarity of this disorder, the overall
accuracy of these imaging modalities remains unknown in
Merkel's cell carcinoma.

The present case suggests a possible role for FDG PET in
assessing patients with Merkel's cell tumor. FDG PET is an

effective method in diagnosing and staging cancer, as well as
diagnosing recurrence (9-16). PET FDG imaging is also a
promising test in assessing tumor response to therapy (28-30).

In a series of 20 patients evaluated by Van Ginkel et al. (31)
before and after isolated limb perfusion, FDG PET imaging was
shown to have a possible role in monitoring the course of
therapy. Visual interpretation agreed with histopathologic re
sponse in 89% of the sites scanned. However, some residual
FDG uptake related to post-therapy inflammation could not
always be distinguished from tumor activity.

Isolated limb perfusion is a surgical technique that allows
regional delivery of high-dose chemotherapy with limited
systemic exposure, which has been used primarily to treat in
transit melanoma of the extremities. The addition of high-dose
TNF to melphalan has shown activity not only in melanoma but
also sarcoma (4). For these reasons, this patient was eligible as
a single patient exemption in a phase II trial of this regional
therapy, since Merkel's cell tumors are relatively resistant to

systemic chemotherapy.
One of the limitations of isolated limb perfusion is that it

delivers no systemic therapy outside the limb. Therefore, an
assessment of the disease outside the extremity is of crucial
importance because patients with extensive areas of the disease
should not be treated with a regional approach. A whole-body
PET scan that provides information rapidly with one study is
ideal for staging patients before regional therapy. Another
limitation with this treatment using high-dose TNF is that the
isolation and prevention of the leak of the perfusate drug to the
systemic circulation is mandatory. Perfusate leak rates when
treating through the external ilial or femoral vessels are in the
range of 0%-8%, and these rates are increased in patients who

have undergone previous lymph node dissections, as well as
patients with lymphedema (4). Cannulation of the popliteal
vessels provides almost complete control of the perfusate with
no leak of material to the systemic circulation. However, the
popliteal cannulation does not treat any lesions located above
the distal thigh. Careful assessment of disease within the
extremity is crucial in selecting the level of vessels for cannu
lation. In this patient, whose disease was difficult to assess on
physical examination because of the significant lymphedema,
the PET scan clearly localized all disease below the knee.
Therefore, this elderly patient was able to undergo treatment of
her disease through the popliteal vessels with no perfusate leak
or systemic exposure to the chemotherapeutic agents.

In the present case of Merkel's cell carcinoma, the disappear

ance of all the focal hypermetabolic lesions was considered an
indicator of a successful outcome after treatment. Whether this
represents an adequate response criterion needs to be further
documented in a larger population. Long-term follow-up in this
patient showed that the disease in the calf at 6 mo remained in
complete remission with no appearance of any new cutaneous
lesions in the thigh as predicted by the preoperative PET scan.
After successful treatment of the lower extremity, the right
axillary area was addressed. The lymph node dissection re
vealed that this was a squamous cell carcinoma and definitely
not Merkel's cell tumor. A small, right upper arm squamous cell

skin cancer that was invasive accounted for this lymph node
spread. The high axillary lymph node metastasis was not
appreciated on the initial physical examination or on the
screening chest CT, and the invasive squamous cell cancer was
not appreciated in this patient who had multiple basal cell skin
cancers of minimal clinical importance. The assessment of this
persistent area of activity outside of the extremity by PET led to
an appropriate biopsy excision and identification of a second
primary lesion.

CONCLUSION
Whole-body PET scanning can be an excellent imaging

modality when recurrent or metastatic Merkel's cell carcinoma

is suspected. FDG PET can also potentially be used for
follow-up and for the assessment of the treatment outcome. In
the current case, the resolution of metabolic activity at known
disease sites after isolated limb perfusion corroborated the
effectiveness of the therapeutic intervention.
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Response to Treatment with Yttrium 90-DOTA-
Lanreotide of a Patient with Metastatic Gastrinoma
Maria Leimer, Amir Kurtaran, Peter Smith-Jones, Markus Raderer, Ernst Havlik, Peter Angelberger, Friedrich Vorbeck,

Bruno Nicderlc, Christian Herold and Irene Virgolini
Departments oj Nuclear Medicine, Oncology, BiomÃ©dicalEngineering and Physics, Radiology, and Surgery, University of
Vienna; and the Department of Radiochemistry, Research Center Seibersdorf, Austria

1,4,7,10-tetraa2acyclododecane-N,N',N",N'"-tetraaceticacid(DOTA)-

lanreotide is a universal somatostatin (SST) receptor subtype ligand
that binds to a large variety of human tumors. We report the case of
a patient with metastatic gastrinoma who was treated with ^-DOTA-
lanreotide. Before treatment, dosimetry with 111ln-DOTA-lanreotide

(150 MBq, 10 nmol) indicated a dose of 5.8 mGy/MBq for the
recurrent abdominal gastrinoma, and a mean dose of =1.0 mGy/MBq
for liver mÃ©tastases(i.e., 56 and =10 mGy/MBq for ^-DOTA-
lanreotide, respectively). After four infusions of ^-DOTA-lanreotide
(each 1 GBq, 30 nmol) over a 6-mo period, the 111ln-DOTA-

lanreotide scintigraphy of the liver had returned to a nearly normal
condition and a remarkably decreased uptake by the recurrent gas-
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trinoma was calculated (Â«=5mGy/MBq for ^-DOTA-lanreotide). The
imaging results were well-correlated with a 25% regression of the liver
mÃ©tastasesas indicated by CT. Blood, urine and whole-body clear
ances of1111n-DOTA-lanreotide and ^-DOTA-lanreotide were very
similar. The DOTA-lanreotide promises to be useful for functional
tumor diagnosis (1111n-DOTA-lanreotide)and receptor-mediated tu
mor radiotherapy (^-DOTA-lanreotide).

Key Words: DOTA-lanreotide;somatostatin receptor; tumor radio

therapy; gastrinoma
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Thelie overexpression of peptide receptors (R) on human tumor
cells compared with normal tissues and cells has provided the
basis for the successful use of radiolabeled somatostatin (SST)
analogs for tumor targeting (1-3). Some peptide tracers have
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