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The objective of this study was to evaluate the utility of 18F-FDG PET

in restaging and response assessment of patients who underwent de-
finitive treatment for Merkel cell carcinoma (MCC). Methods: A retro-

spective review of patients undergoing 18F-FDG PET imaging for MCC

between January 1997 and October 2010 at the Peter MacCallum

Cancer Centre with follow-up until February 2015 was performed. Data
analysis was performed on patients who were treated definitively and

underwent post-treatment PET imaging performed either as a restaging

scan for ongoing monitoring, suspicion of recurrence, or assess-

ment for suitability of salvage treatment or as response assessment
within 1–6 mo of treatment. Management plans were recorded

prospectively before 18F-FDG PET imaging and compared with

post-imaging management to assess the impact of the study as

per our previously defined categories: high if the primary treatment
modality or intent was changed and medium if the radiotherapy

technique or dose was altered. In total, 62 patients were included

in the analysis. Thirty-six patients underwent 53 restaging scans,
and 37 patients underwent a response-assessment scan. The me-

dian follow-up of patients in the restaging group was 5.3 y (95%

confidence interval [CI], 4.6–9.4), and it was 5.7 y (95% CI, 4.3–

10.8) in the response-assessment group. Results: Restaging
18F-FDG PET scans had a high impact in 24 of 53 cases (45%)

and a medium impact in 6 of 53 cases (11%). In the response-

assessment group, 24 of 37 patients had a complete metabolic

response (CMR). Patients without a CMR had a 15% 1-y overall
survival (95% CI, 0.04–0.55). Those with a CMR had an 88% 2-y

overall survival (95% CI, 0.75–1.00) and a 68% 5-y overall survival

(95% CI, 0.49–0.95). The presence of a CMR (P , 0.001) and
nodal involvement (P 5 0.016) were statistically significant prog-

nostic factors for overall survival. Conclusion: 18F-FDG PET im-

aging had a high impact on restaging after definitive treatment in

patients with MCC. Metabolic response was significantly associ-
ated with overall survival. 18F-FDG PET may play an important

role in ongoing post-treatment management of MCC.
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Merkel cell carcinoma (MCC) is a rare neuroendocrine skin
carcinoma with an aggressive nature (1), which was first described

in 1972 (2). Although it is still considered a rare disease, incidence

rates have increased 3-fold between 1986 and 2001 in the United

States (3). MCC predominantly occurs in the Caucasian popula-

tion and affects elderly patients with a mean age of 75 y at di-

agnosis (4). MCC most commonly presents in ultraviolet-exposed

areas of skin, including the head and neck, upper limb, lower limb,

and trunk areas (4). There is also increasing evidence of a pathogenic

association with Merkel polyomavirus, which has been detected in

up to 100% of MCC specimens analyzed with advanced techniques

(5). In Australia, there is, however, a lower incidence of viral pos-

itivity in tumors associated with markers of chronic sun damage (6).
PET using the radiopharmaceutical 18F-FDG is a functional im-

aging technique that provides in vivo measurements of metabolic

activity in tissues, which gives it the ability to detect and quantify

physiologic and biologic processes in the body, particularly in cancer

cells. 18F-FDG uptake is high in many cancers, including MCC,

compared with adjacent normal tissues, allowing tumors to be im-

aged with high sensitivity and specificity. As the clinical role of PET

has continued to evolve, there has been increasing evidence report-

ing a strong correlation with metabolic response and prognosis after

chemoradiation in malignancy. Our institution has previously reported

the powerful prognostic stratification achieved by 18F-FDG PET

metabolic response across a range of cancer types (7–12).
The evidence regarding the utility of 18F-FDG PET imaging in

MCC is quite limited given the rarity of the disease, but a recent

meta-analysis and systematic review of the diagnostic perfor-

mance of 18F-FDG PET in patients with MCC demonstrated both

high sensitivity and high specificity (13). There are also a lack of

data to guide optimal management and post-treatment assessment

for MCC. An overall 5-y survival rate of about 60% for all stages

of MCC combined has been reported (3), and our institution has

reported an estimated 45% 5-y rate in patients with stage I–III
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MCC (14). Cases of successful salvage have been reported in
studies in which patients had locoregional recurrent disease and
received multimodality treatment (15,16).
The aim of this study was to evaluate the impact of follow-up

18F-FDG PET on ongoing management after definitive treatment of
MCC, including identifying patients who are suitable for salvage treat-
ment, and also assessing its prognostic utility in response assessment.

MATERIALS AND METHODS

This study was an independent review board–approved assessment

of all patients treated at our institution between January 1997 and
October 2010 with a histologic diagnosis of MCC and who underwent

follow-up 18F-FDG PET imaging performed after definitive treatment
of the primary and any involved nodal basin. The requirement to

obtain informed consent was waived by the independent review board.
Clinical outcome data were collected until February 2015. The study

inclusion criteria required that patients have a histologic diagnosis of
MCC and that the follow-up 18F-FDG PET imaging was performed

1 mo or more from completion of primary management. Response-
assessment scans were obtained between 1 and 6 mo after definitive

treatment of known local or regional disease, with the purpose of
evaluating the efficacy of treatment. Restaging scans were obtained

more than 7 mo after definitive treatment for either ongoing surveil-
lance, for suspicion of recurrence, or for an assessment of suitability

for salvage treatment of confirmed recurrence. Management plans before
18F-FDG PET imaging were collected prospectively and compared with

the post-imaging management plans.
PET scans were obtained approximately 1 h after intravenous

injection of 18F-FDG. Patients fasted for at least 4 h before imaging. A
variety of PET scanners has been used at our institution, which

changed with evolving technology. A stand-alone PET scanner (Quest;
GE Healthcare) was used until 2001, when hybrid PET/CT scanners

were introduced and subsequently used (Discovery LS, Discovery
STE, and Discovery 690 [GE Healthcare] and Biograph-64 with TruV

[Siemens]). The administered activity of 18F-FDG for patients scanned
on the PET scanner was 1.6 MBq/kg, and correction for attenuation

was performed with a 137Cs transmission scan using our previously de-
scribed protocol (17). The administered activity for patients scanned on

the Discovery LS, STE, 690, and Biograph was 4.8, 4.2, 3.6, and 3.6
MBq/kg, respectively. On all 4 PET/CT scanners, the low-dose CT

component of the scan was used for attenuation correction.
Whenever feasible, repeated scans for the same patient used the

same scanner. Patients were staged according to guidelines of the

American Joint Committee on Cancer (18). All clinical parameters
were collected retrospectively apart from management plans, which

were collected prospectively on the PET scan request. Experienced
nuclear medicine specialists reviewed and reported the PET or PET/CT

scans. The impact of PET was assessed according to previously
published institutional criteria (11). A high-impact result was defined

as a change of treatment plan (e.g., observation to further treatment) or
a change of intent (e.g., curative to palliative). A medium-impact re-

sult was defined as no change in the treatment modality but alteration
of the radiotherapy planning technique or dose. A low-impact result

was defined as no change in treatment modality, technique, or intent.
Metabolic response was also scored according to previously published

criteria (11,12). Pre- and post-treatment 18F-FDG PET scans with at-
tenuation correction were calibrated for analysis of standardized uptake

values. Images were also visually coregistered using software supplied
with the scanner and examined for response at sites of known disease

and for evidence of progression at distant sites. Using a visual assess-
ment and standardized display to provide a consistent intensity of back-

ground soft-tissue activity, we scored 18F-FDG PET scans for response.
The results were classified into complete metabolic response, partial

response, no response, or progressive disease. Scans were interpreted as

positive if focal areas of increased 18F-FDG PET uptake were detected
for which no physiologic or clinically evident non-neoplastic cause

could reasonably explain the increased uptake. A complete metabolic
response indicated that there was no detectable residual tumor uptake of
18F-FDG PET or new sites of disease.

There was a total of 102 patients who underwent staging 18F-FDG

PET imaging and a histologic diagnosis of MCC between January
1997 and October 2010 at the Peter MacCallum Cancer Centre. This

cohort of patients was partially included in our previous study evalu-
ating the impact and prognostic value of pretreatment staging 18F-FDG

PET scanning (19). For these 102 patients, 53 scans were acquired in 36
patients as restaging or surveillance after definitive treatment and thirty-

seven 18F-FDG PET scans were acquired to assess overall response to
potentially curative therapy. The median follow-up of patients in the

restaging group was 5.3 y (95% confidence interval [CI], 4.6–9.4),
whereas it was 5.7 y (95% CI, 4.3–10.8) for the response-assessment

group. The general follow-up protocol for a patient with MCC treated
with radical intent involved 3 monthly clinical reviews and examination

for 2 y followed by 6 monthly clinical reviews for years 3–5 and then

annually after that. Further investigations such as imaging and biopsy
were performed at the discretion of the clinician.

For the primary objective, the null hypothesis of a true high-impact
rate of 10% or less and a medium- or high-impact rate of 25% or less

was tested using a 1-sided test for proportions assuming a binomial
distribution. Median follow-up was calculated using the reverse Kaplan–

Meier method. Overall survival (OS) time was measured from the date of
PET response assessment and was described using the Kaplan–Meier

product limit method with corresponding 95% CI. The log-rank test
was used to evaluate the impact of potential prognostic factors on OS,

and a univariate Cox proportional hazards model was used to estimate the
hazard ratios. The presence of a positive resection margin, the size of the

primary tumor, age, chemotherapy, concomitant surgery, nodal involve-
ment, the presence of a complete metabolic response, and the primary

site were used as candidate explanatory variables.

RESULTS

Restaging Scans

Fifty-three 18F-FDG PET scans were undertaken for 36 patients
at a time of suspected relapse or to assess ongoing response after
definitive treatment of MCC. The restaging patient characteristics
are detailed in Table 1. Eleven of the 18F-FDG PET scans were stand-
alone PET imaging, and 42 were hybrid PET/CT scans. Eight (14.5%)
of the scans identified previously unsuspected nodal disease, and
9 (16.4%) identified unsuspected distant metastases. Fifteen of these
53 scans were routine restaging imaging scans, and 3 of these iden-
tified unsuspected distant metastases. The restaging 18F-FDG PET
scans had a high impact in 24 of 53 cases (45%), a medium impact in
6 of 53 (11%), and a low impact in 23 of 53 (43%). The other 38
restaging scans were obtained for clinical suspicion of recurrent dis-
ease, confirmed local recurrence, or as a response assessment to
salvage treatment. Four of the scans obtained for clinical suspicion
of disease recurrence (1 due to pain and 3 for examination findings)
were negative.

Salvage Cases

Nine patients underwent attempted salvage therapy after develop-
ment of local or locoregional disease. Four patients were successfully
salvaged and remained disease-free at 4, 5, 6, and 11 y, respectively.
All 4 patients had a clinical locoregional recurrence, and 18F-FDG
PET imaging excluded distant metastases. Of these 4 successful sal-
vage cases, patient 1 developed a local recurrence of a scalp primary
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and had surgical excision of the area followed by a parotidectomy
and neck dissection for a further locoregional recurrence with an
intraparotid nodal metastasis. Patient 2 had a local scar recurrence
of a postauricular primary treated by surgery and postoperative
radiotherapy. The scar recurrence was surgically excised and has
been clear to follow-up. Patient 3 had an in transit popliteal me-
tastasis from a forearm primary successfully treated with definitive
radiotherapy receiving a dose of 40 gray in 15 fractions, 5 fractions
per week. Patient 4 had a local recurrence of a forearm primary,
initially treated with concurrent chemoradiotherapy to the primary
tumor and axilla. The recurrence was distal to the previous defini-
tive radiotherapy field and was successfully surgically excised with
no adjuvant treatment.
For the patients who had unsuccessful salvage therapy, patient 5

developed a local recurrence in the left supraclavicular fossa after
initial radical chemoradiotherapy to the left shoulder followed by
salvage radiotherapy to isolated mediastinal nodal disease. Patient
6 had a local, proximal recurrence after excision and radiotherapy
of a left thigh MCC. It was re-excised, and further adjuvant radiotherapy
was delivered to the re-excision site matching to the previous field
and the left inguinal nodes were empirically treated. The patient
was diagnosed with widespread visceral metastases 4 mo after salvage
treatment. Patient 7 had a left scalp primary, which was excised and
treated with adjuvant radiotherapy. This patient subsequently
developed a left parotid lymphadenopathy 3 mo after treatment,
which was isolated on PET and treated with salvage radiotherapy to
the left parotid and cervical area. The patient developed widespread
nodal and distant metastasis within 6 mo of salvage treatment. Patients
8 and 9 both had upper limb primaries treated with excision and
adjuvant radiotherapy. They developed isolated left and right axillary
recurrence, respectively, and both were treated with salvage radiother-

apy to the areas. Both patients had a complete response in the salvage
area but developed distant metastases within 3 and 5 mo of salvage
treatment, respectively. All patients who were not successfully
salvaged died within 14 mo of salvage treatment.

Response Assessment

In the response-assessment cohort, 37 patients underwent
response-assessment PET scans within the 1- to 6-mo time frame.
The median age of patients undergoing response-assessment PET
scanning was 70.1 y (range, 29.5–88.2 y). The youngest patient
was immunosuppressed. In terms of staging, 8 patients were clas-
sified as stage I, 1 as stage II, 27 as stage III, and 1 did not have
sufficient information regarding primary tumor size to adequately
stage. The mean timing of the response-assessment scan was 3.5 mo
after completion of the patient’s definitive treatment. The response-
assessment patient characteristics are detailed in Table 2. Two
patients had sentinel lymph node evaluation as part of their staging,
with both procedures being negative. Thirty-six of the 37 patients
undergoing therapeutic response assessment had radiotherapy as part
of their treatment. Thirty patients had surgical excision of their
primary lesion, with 24 of these in combination with adjuvant ra-
diotherapy, and 6 patients had surgery alone. Thirteen patients had
chemotherapy as part of their management. Of these 37 patients, 24
had a complete metabolic response (CMR) and 13 had an incom-
plete metabolic response. Patients who had a CMR on their re-
sponse assessment had an 88% 2-y OS (95% CI, 0.75–1.00) and
a 5-y OS of 68% (95% CI, 0.49–0.95) (Fig. 1). Patients who did not
develop a CMR on response-assessment PET imaging had a 15% 1-y
OS (95% CI, 0.04–0.55). The presence of a CMR (P , 0.001) and
nodal involvement (P 5 0.016) (Fig. 2) were the only statistically

TABLE 1
Restaging Patient Characteristics

Characteristic n or median % or range

Initial PET stage

I/II 23 63.9%

III 12 33.3%

IV 1 2.8%

Sex

Male 18 50%

Female 18 50%

Nodal involvement

No 23 63.9%

Yes 13 36.1%

Primary size (mm)

#20 20 55.6%

21–50 4 11.1%

$51 0 0%

Insufficient information 12 33.3%

Site

Head and neck 17 47.2%

Lower limb 14 38.9%

Upper limb or trunk 5 13.9%

Age (y) 69.7 (median) 30.3–92.5

TABLE 2
Response-Assessment Patient Characteristics

Characteristic n or median % or range

PET stage

Inadequate information 1 2.7%

I/II 9 24.3%

III 27 73.0%

Sex

Male 15 40.5%

Female 22 59.5%

Nodal involvement

Inadequate information 1 2.7%

No 9 24.3%

Yes 27 73.0%

Primary size (mm)

#20 21

21–50 8

$51 2

Unknown 6

Site

Head and neck 15 40.5%

Lower limb 13 35.1%

Upper limb or trunk 9 24.3%

Age (y) 70.1 (median) 29.5–88.2
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significant prognostic factors for OS. Table 3 shows the unifactor
analysis of possible prognostic factors for OS for MCC patients
who underwent post-therapy response-assessment PET (Table 3).
The analysis of the prognostic value of metabolic response on

OS was repeated in the subset of patients with nodal involvement
(n 5 27). Response remained significantly associated with OS in
this subset of patients (P , 0.001), with a hazard ratio of 15.1
(95% CI, 4.0–56.9). Figure 3 describes the survival curves for this
subset analysis. Of the 15 patients who obtained a CMR in their
response-assessment PET, 4 patients developed a recurrence of MCC,
with 2 of these locoregionally and 2 with distant metastases. The
timing of the diagnosis of recurrence in the CMR group ranged from
10.1 to 20.0 mo (mean, 13.3 mo) after completion of definitive
treatment (Fig. 3).

DISCUSSION

This study demonstrates the utility of 18F-FDG PET imaging in
post-therapy evaluation for MCC. Furthermore, it is one of the first
studies to demonstrate the significant prognostic impact of 18F-
FDG PET in the post-therapy setting. Although existing literature
supports the use of 18F-FDG PET as a diagnostic and staging tool
pretreatment (13,19,20), there are limited single-institution studies
evaluating the utility of 18F-FDG PET imaging after treatment of
MCC. A retrospective study from the Dana-Farber/Brigham and
Women’s Cancer Centre recently demonstrated the importance of
using this imaging modality for subsequent management of MCC.
In their study, 209 post-therapy 18F-FDG PET scans were obtained
in 79 patients. Subsequent management included monitoring response
during treatment, restaging after completion of treatment, analyzing
suspected recurrence, or using 18F-FDG PET scans for ongoing sur-
veillance. Ninety-eight of 209 (45%) scans acquired identified disease
in 42% of patients (33/79). The results from our restaging cohort
further support the sensitivity of 18F-FDG PET imaging in MCC
and demonstrate the high impact that this imaging modality has on
ongoing management of these patients. This is comparable to the high
impact 18F-FDG PET imaging has on several more common malig-
nancies evaluated by our institution and others (10–12,21,22). Al-
though routine surveillance is generally not recommended in diseases
with a low likelihood of relapse, such as non-Hodgkin lymphoma

achieving a CMR (23), continued post-treatment surveillance with
restaging 18F-FDG PET imaging may be important to monitor ongo-
ing response to treatment and to identify, in a timely manner, recurrent
disease that may be suitable for salvage treatment in this disease.
Importantly, our data show successful salvage treatment in 4 of 9
patients detected on such scans with long-term disease-free follow-
up (median, 6.5 y). This is a considerable proportion given the pro-
pensity for widespread metastatic disease and generally poor prognosis
associated with this aggressive disease.
In our cohort of 102 evaluable patients, 37 response-assessment

scans were used to determine the degree of metabolic response
in post-treatment. Using the scans in this manner allowed for
quantification of the treatment’s effectiveness and assessment of
the prognostic value of metabolic response on the patient’s clinical
outcome. Response-assessment scans highlighted both metabolic
response and lymph node involvement as important prognostic
factors for OS (adjusted P, 0.001 and 0.016, respectively). Recent
literature has placed an emphasis on sentinel lymph node biopsy
for prognostic information and disease-free survival improvement,
compared with nodal observation in clinically node negative disease
(24). The prognostic value of metabolic response of MCC after de-
finitive treatment is a new observation and suggests that 18F-FDG
PET scans could be included as part of follow-up regimens to provide
patients with a more accurate post-treatment prognosis. Concannon
et al. showed the advantage of 18F-FDG PET scanning in comparison
to other imaging modalities (25,26). They considered previous stud-
ies, which used other imaging modalities to detect MCC. CT had
relatively poor sensitivity (20%), and the limited field of view of MR
imaging restricted the assessment of distant metastasis. They noted
that a distinct advantage of 18F-FDG PETwas the ability to image the
whole body in a single study and the detection of metabolic disease
before lymph nodes become clinically evident. Sentinel lymph node
biopsy is still, however, important to use in conjunction with 18F-
FDG PET, because these scans have been shown to miss nodal
micrometastases (24,27). The low number of patients who had sen-
tinel node evaluation in the response-assessment group is likely due
to a high proportion having clinical lymph node involvement, some
of the patients being staged before data showing the benefit of sen-
tinel lymph node sampling and some patients having elective nodal

FIGURE 1. OS according to PET response.

FIGURE 2. OS according to nodal involvement.
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treatment. In addition, our study showed the importance of 18F-FDG
PET scans as a prognostic tool through evaluating the metabolic
response of patients after definitive treatment. More trials are needed
to confirm the optimal timing and modality of imaging for follow-up
of MCC.
The patient cohort characteristics for both restaging and response-

assessment groups were consistent with previously published
literature in terms of age (median, 69.7 and 70.1 y, respectively),
site (head and neck area being the most common site), and the
inclusion of patients with and without nodal involvement. However,
unlike other epidemiological reports (4), there was a slight predi-
lection for female patients over male patients (59.5% vs. 40.5%) in
the response-assessment group.
Limitations of this study include the retrospective design, limited

patient numbers due to the rarity of the disease, and the range of
timing of response-assessment 18F-FDG PET scans. Our starting
time point for inclusion for a response-assessment scan was chosen
because of previously published prospective data that 1-mo post-
treatment 18F-FDG PET imaging can be both highly sensitive and
specific for evaluating response to treatment in other solid tumors
(28). In addition, the long duration of the study period saw the
evolution of several 18F-FDG PET acquisition technologies, which
may have improved diagnostic sensitivity over time. Furthermore,

TABLE 3
Unifactor Analysis of Possible Prognostic Factors for OS and Analysis Adjusted by Time Between Radiotherapy and PET Assessment

Variable n

2-y OS %

(95% CI)

Hazard ratio

(95% CI) P

Adjusted hazard

ratio (95% CI) Adjusted P

Chemotherapy 0.75 0.94

No 24 54 (38–78) 1 1

Yes 13 62 (40–95) 0.85 (0.33–2.23) 0.96 (0.35–2.60)

Concomitant surgery* 0.24 0.28

No 7 43 (18–100) 1 1

Yes 24 63 (46–85) 0.53 (0.18–1.54) 0.55 (0.19–1.61)

Nodal involvement† ,0.001 0.016

No 9 100 1 1

Yes 27 44 (29–68) 10.3 (1.4–77.3) 12.3 (1.6–95.8)

Size 0.17 0.22

#2 cm 21 57 (40–83) 1 1

.2 cm 10 40 (19–86) 1.90 (0.75–4.82) 1.90 (0.68–5.32)

Site 0.40 0.47

Head and neck 15 53 (33–86) 1 1

Lower limb 13 77 (57–100) 0.60 (0.21–1.74) 0.65 (0.22–1.91)

Upper limb/trunk 9 33 (13–84) 1.27 (0.44–3.68) 1.31 (0.45–3.80)

Positive resection margin 0.17 0.19

No 11 64 (41–100) 1 1

Yes 19 47 (30–76) 2.08 (0.72–5.98) 2.01 (0.70–5.80)

Age 37 1.0 (0.97–1.04) 0.92 1.0 (0.97–1.05) 0.73

Metabolic response‡ ,0.001 ,0.001

CMR 24 88 (75–100) 1 1

Non-CMR 13 — 25.7 (6.8–96.5) 28.8 (7.1–117.3)

*Patients treated only with surgery were not considered in this comparison (n 5 6).
†Only 1 patient without nodal involvement died.
‡OS at 2 y for non-CMR was not possible to be estimated. OS at 1 y for non-CMR patients was 15% (95% CI, 4%–55%).

FIGURE 3. OS according to PET response in subset of patients with

nodal involvement.
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the advanced stage of MCC in the response cohort (73% stage III vs.
24.3% stage I/II) indicates the possibility of referral bias to a tertiary
radiotherapy referral institution such as the Peter MacCallum Cancer
Centre. Partial outcome data for this cohort of patients have been
previously reported in evaluation of the impact and prognostic value
of pretreatment staging 18F-FDG PET imaging in MCC patients (19).
Further research into the prognostic value of 18F-FDG PET meta-

bolic response should be undertaken to confirm these results in dif-
ferent institutions and patient populations. Future studies may also
consider altering the time frame for obtaining response-assessment
scans to determine the optimal window for metabolic response assess-
ment. We anticipate the results of the TROG 09.03 (MP 3) trial, which
will aim to prospectively assess response to chemoradiotherapy in
patients with MCC. This Australian multicenter phase II study will
aim to accrue 50 patients and use 18F-FDG PET imaging to assist in
staging, planning, and assessing response to treatment at 12 wk after
radiotherapy.

CONCLUSION

This study suggests that 18F-FDG PET is a sensitive investiga-
tion tool that has significant management impact in the restaging
setting and is useful in the evaluation of response to treatment of
MCC. In addition to identifying patients who may be suitable for
salvage treatment, 18F-FDG PET metabolic response is prognostic
for survival.
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