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Abstract

Objective/Background—There is a high risk of relapse in stage IIIB/IIIC melanoma. The 

utility of 2-[fluorine-18]-fluoro-2-deoxy-D-glucose positron emission tomography integrated with 

computed tomography (FDG-PET/CT) in these patients to evaluate response to treatment or for 

surveillance after treatment is currently not well defined.

Methods—Prospective data from 2 centers identified 97 patients with stage IIIB/IIIC extremity 

melanoma undergoing isolated limb infusion (ILI) who had whole body FDG-PET/CT scans 

before and every 3 months after treatment. Clinical response was determined at 3 months by 

Response Evaluation Criteria In Solid Tumors.

Results—Complete response (CR) after ILI occurred in 33% (32/97) of patients. FDG-PET/CT 

accurately identified 59% of patients who were CRs (19/32), whereas 41% (13/32) had residual 

metabolic activity in the extremity that was histologically negative for melanoma. The 3-year 

disease-free rate was 62.2% (95% CI: 40.1%–96.4%) for those patients who were CRs by both 

clinical/pathologic examination and FDG-PET/CT (n = 19) compared to only 29.4% (95% CI: 

9.9%–87.2%) of those CRs who still had residual FDG-PET/CT activity (n = 13). FDG-PET/CT 

was utilized for surveillance of disease recurrence outside the regional field of treatment. Fifty-
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two percent (51/97) of patients developed disease outside the extremity at a median time of 212 

days from pre-ILI FDG-PET/CT. In 47% (29/62) of these cases, the recurrence was resected.

Conclusions—Although FDG-PET/CT does not appear to accurately identify patients who 

appear to be CRs to ILI, it does appear to identify a subgroup of patients whose regional 

progression-free survival is markedly worse. However, FDG-PET/CT appears to be an excellent 

method for surveillance in stage IIIB/IIIC patients after ILI with ability to identify surgically 

resectable recurrent disease in these high-risk patients.
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Patients with in-transit melanoma (American Joint Committee on Cancer stage IIIB/C 

extremity melanoma) are commonly treated with isolated limb infusion (ILI), which delivers 

a high dose of regional chemotherapy to an isolated extremity in an attempt to control local 

disease.1 ILI with a melphalan dose corrected for ideal body weight has a complete response 

rate of approximately 30%.2 Close follow-up is critical as this population is at high risk of 

recurrence both regionally and systemically, which often occurs in an unpredictable pattern; 

the 5-year risk of relapses at any site was recently reported to be 71% for stage IIIB and 

85% for stage IIIC melanoma patients.3 Few effective systemic treatment options exist for 

patients with multifocal in-transit recurrences and while complete surgical resection of 

metastases including regional lymph nodes and distant disease has been associated with 

improved survival, the surgical excision of in-transit disease becomes increasingly difficult 

as the number and size of lesions increases.3–14

Positron emission tomography integrated with computed tomography (PET/CT) imaging, 

employing 2-[fluorine-18]-fluoro-2-deoxy-D-glucose (FDG) has gained popularity as a 

sensitive diagnostic tool to detect melanoma metastases that may ultimately be surgically 

resected. Multiple studies have reported higher sensitivity and specificity for detecting 

oncologic metastases with FDG PET as opposed to independently acquired CT scan alone, 

whereas the combination of functional and morphologic imaging with use of dual-modality 

FDG-PET/CT is superior to either alone.15–22 Reinhardt et al demonstrated that the accuracy 

of FDG-PET/CT for N-restaging was 100% (95% CI: 0.98 to 1.0), the sensitivity was 100% 

(95% CI: 0.98 to 1) and the specificity was 100% (95% CI: 0.98 to 1); for M-restaging 

accuracy was 98.5% (95% CI: 0.955 to 1), sensitivity was 100% (95% CI: 0.98 to 1), and 

specificity was 95.8% (95% CI: 0.909 to 1) in patients with cutaneous melanoma of various 

stages undergoing restaging after initial therapy.23 However, few studies have examined 

directly the clinical utility of FDG-PET/CT to specifically identify metastases that are 

amenable to surgical resection.24 In addition, the performance of FDG-PET/CT in 

evaluating responses to chemotherapy in melanoma and whether responses as assessed by 

FDG-PET/CT equate with clinical and pathologic responses is currently unknown.25–28 The 

aims of the study were to (1) compare how response to ILI as assessed by FDG-PET/CT 

correlates with clinical and pathologic response to ILI and (2) evaluate the use FDG-

PET/CT as a surveillance tool to detect systemic recurrence that were surgically resected in 

this population of patients at high risk of developing progressive regional and systemic 

disease outside of the regional field of treatment.
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METHODS

Patients/Intervention

A prospective database identified patients undergoing ILI at 2 institutions who had pre-ILI 

FDG-PET/CT scans (within 30 days of treatment) and had FDG-PET/CT scans at 3-month 

intervals for the first year and 6-month intervals thereafter following initial treatment. Most 

patients received ILI with melphalan plus dactinomycin (n = 69), whereas some patients 

were treated as part of phase I or II trials consisting of ILI with melphalan plus systemic 

adh-1 (n = 22),29 or ILI with melphalan plus systemic sorafenib (n = 6).30 ILI was 

performed as previously described,31 with a rapid infusion of chemotherapy (2 to 5 minutes) 

into the arterial portion of the circuit when the extremity had reached at least 37Ì. All 

patients had measurable cutaneous disease before therapy. Clinical response is determined 

by physical examination at one time point 3 months after ILI using Response Evaluation 

Criteria In Solid Tumors modified for cutaneous lesions. For patients having persistent 

clinical lesions at the 3-month time point by physical examination or persistent activity on 

FDG-PET/CT in the absence of physical examination findings, fine needle aspiration or 

punch biopsy was performed to confirm either persistent disease or absence of tumor but 

persistent pigment-laden macrophages. Patients with no clinically visible lesions at 3 months 

or patients with persistent pigment (but no viable tumor in pathologic specimen) were 

considered to be complete responders to treatment. Patients who had out of field disease 

(above planned tourniquet placement) on pre-ILI FDG-PET/CT scans (within 30 days of 

treatment) had disease surgically resected before ILI, at the time of ILI, or in the 

postoperative period (3 to 7 days after ILI). After the initial 3-month evaluation, patients 

were initially followed every 3 months for 1 year and then every 6 months to determine 

progression-free survival.

FDG-PET/CT Imaging

At Duke University, all patients (n = 63) were examined on a dedicated PET/CT system 

(Discovery ST, General Electric, Milwaukee, WI) using imaging protocols previously 

described.32 Diagnostic CT scans (with intravenous and oral contrast) were obtained as part 

of the PET/CT study in 42% of the studies. Patients received FDG intravenously on a sliding 

scale according to weight (0.18 mCi/kg or 6.7 MBq/kg; minimum dose 10 mCi (370 MBq); 

maximum 25 mCi (925 MBq). PET images were acquired using 2-dimensional acquisition 

mode, with acquisition time based on patient weight :2 minutes per bed position if less than 

150 lbs (68 kg); 2.5 minutes per bed position if 150 to 199 lbs (68–90 kg); 3 minutes per bed 

position if 200 to 250 lbs (91–114 kg); 4 minutes per bed position if more than 250 lbs (114 

kg). The CT protocol included the following parameters: tube current of 30 to 340 mA 

utilizing automated tube-current modulation, 140 kVp, 0.5 second per rotation, and pitch 

1.375. The CT axial images were reconstructed in a 512 × 512 matrix of 50-cm field of 

view, with a 3.27-mm center-to-center spacing to match the PET and a thickness of 3.75 

mm. The diagnostic CT scan was also utilized for PET attenuation correction, and additional 

corrections for scatter, random events, and dead time were performed in reconstructing 128 

× 128 matrix images, also covering a 50-cm field of view using ordered-subset expectation 

maximization (OSEM) reconstruction.33
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At Moffitt Cancer Center, scans were performed on either of 2 sister Discovery VCT 

PET/CT systems (GE Medical Systems). Each patient (n = 34) received a net (allowing for 

dose retained in syringe) injected dose of 11.18 mCi (437 MBq)18F-FDG (SD = 2.03, range 

= 8.6–18.5 mCi) of 18F-FDG. With clock synchronization, dose and uptake calculations 

accommodated for physical decay. Each patient was scanned, on the basis of patient weight, 

for 2 to 5 minutes in each of 6 to 7 bed positions, typically from the base of skull through 

mid-thighs; the same acquisition time was targeted for subsequent scans. Whole body uptake 

time interval was targeted for at least 90 minutes after injection, with subsequent lower 

extremity acquisition about 20 minutes later.

A fused 64-slice CT scan of the same field of view, typically; row -0- vertex, rotation time 

0.5 second per rotation, slice thickness 3.75 mm, field of view 50 to 70 mm, tube voltage 

120 kV, and tube electric current 110 to 120 mA, using integrated concurrent 64-slice CT 

acquisition technology. No enteric or intravenous contrast material was administered. Using 

the standard clinical software provided by the manufacturer, PET images were reconstructed 

after compensation for random coincidences, scattered radiation, and CT-based attenuation 

correction, The performance and the acquisition conditions of the PET scanners were as 

follows: field of view, 70; matrix size, 128 × 128; slice thickness, 3.3 mm; acquisition time, 

21 to 24 minutes; reconstruction method iterative high definition view point (Iteration, 

subset), 20/2 iterations; with # 7 Gaussian smoothing filter.

Equipment performance verification steps complied with instructions of the manufacturer 

for calibration, attenuation correction, coincidences correction, and detector variation 

correction, image reconstruction including smoothing, decay correction, and clock 

synchronization for dose calibration.

After interpretation by a radiologist, patients were considered to be a complete responder to 

treatment as assessed by FDG-PET/CT if “complete resolution of FDG activity in the treated 

extremity” or “no evidence of FDG activity in the treated extremity” was reported. FDG 

avid sites on PET/CT were confirmed in appropriate cases with fine needle aspiration, CT 

guided biopsy, and subsequent surgical resection when feasible. This study was approved by 

the institutional review boards at the participating centers, and informed consent was 

obtained from all subjects.

Statistics

Descriptive statistics were used to summarize baseline demographics and response. In field 

response (below tourniquet) was defined as complete response (CR) or partial response with 

no response defined as either stable disease or progressive disease. Time to in-field response 

was defined as time from ILI date to in-field disease progression and patients without a 

progression were censored at the date of last clinical follow-up. Overall survival was defined 

as time from ILI procedure to death due to any cause. Log-rank tests were used to compare 2 

or more distributions of time to in-field response and overall survival. Time-to-event plots 

were based on the Kaplan-Meier product limit estimator. Confidence intervals for 

proportions were calculated using the Exact Binomial method. All statistical analyses were 

performed using SAS (SAS Institute, Cary, NC), and plots were created using S+ (TIBCO 

Spotfire).

Beasley et al. Page 4

Ann Surg. Author manuscript; available in PMC 2015 October 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



RESULTS

Ninety-seven patients at 2 centers treated from 2004 to 2010 had data available for analysis. 

Patient characteristics are listed in the table. Stage at the time of ILI is included in the table. 

Pre-ILI FDG-PET/CT scans identified disease above planned tourniquet placement in 10 

patients. These patients underwent surgical resection of the regional lymph node basin (n = 

7) or resections of lung metastases (n = 3) around the time of ILI with melphalan. In these 

patients, stage at the time of ILI was updated as applicable to reflect changes in stage that 

were the results of these resections. For example, a patient with known stage IIIB disease 

before the pre-ILI FDG-PET/CT scan that was found to have a lung metastasis and 

subsequently underwent resection around the time of ILI with melphalan was appropriately 

classified as stage IV disease for the purposes of our analysis. All other stage IIIC patients 

included in this study by definition had prior lymph node involvement, and nearly all had 

undergone regional lymphadenectomy at a previous time point (>30 days before ILI).

At the 3-month time point after ILI, 33% (32/97) of patients had clinical/pathologic CR, 

21% (20/97) had a partial response, 10% (10/97) had stable disease, 34% (34/97) had 

progressive disease, and 1 patient was lost to follow-up. The median time between the pre-

treatment scan and first scan post-ILI was 117 days (range 45 to 265). Of patients who were 

classified as CRs (n = 32), 11 had persistent pigmented lesions by clinical examination 

whereas 21 had complete disappearance of lesions by physical examination. An example of 

a patient who had complete resolution of lesions on FDG-PET/CT but persistence by 

physical examination of pigmented lesions ultimately determined to be melanin pigmented 

cells and is shown in Figure 1. Interestingly, in the 32 patients who were CR by clinical/

pathologic examination, FDG-PET/CT demonstrated CR in only 59% (19/32) as outlined in 

Figure 2. The remaining 13 patients (41%) had remaining FDG activity but no physical or 

pathologic evidence of disease. An example of a complete responder with persistent FDG 

activity at 12 weeks post-ILI with no visible disease and biopsy of the FDG avid area 

consistent with pigment-laden macrophages is shown in Figure 3. Conversely, FDG-

PET/CT demonstrated persistence of disease in 92% (59/64) of patients who were 

determined clinically or pathologically to have a partial response, stable disease, or 

progressive disease. In some cases (5%, 3/59), complete response was observed on physical 

examination but persistent FDG avid site biopsies were consistent with melanoma as 

depicted in Figure 4. An additional 5 of the 64 patients (8%) were classified as CRs by 

FDG-PET/CT but had persistent disease on physical examination and/or pathologic 

examination; an example is shown in Figure 5. Collectively, examples as outlined by 

Figures 1, 3, 4, and 5 demonstrate the complexity of utilizing FDG-PET/CT for assessing 

response to ILI for in-transit melanoma.

Time to progression in the extremity after complete response to ILI is important in 

determining the effectiveness of the treatment. The median time to progression in the 

extremity for all patients in this study after achieving a CR was 2.66 years. Interestingly the 

3-year disease-free rate was 62.2% (95% CI: 40.1% to 96.4%) for those patient who were 

CRs by both clinical/pathologic examination and FDG-PET/CT (n = 19) compared to only 

29.4% (95% CI: 9.9% to 87.2%) of those complete responders who still had residual FDG-

PET/CT activity (n = 13) (Fig. 6).
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Figure 7 details the results of post-ILI FDG-PET/CT scans in this study population. Disease 

outside the field was identified in 51 patients at a median time after ILI of 212 days (range 

34 to 1013); 11 patients had multiple sites of recurrence, whereas 40 initially had a single 

site of recurrence. Regional lymph nodes were the most common site accounting for 56% 

(35/62) of recurrences, whereas lung metastases accounted for 23% (14/62), and 21% 

(13/62) were metastatic to other sites. These sites included subcutaneous disease above the 

tourniquet (n = 2), liver (n = 4), osseous lesions (n = 2), brain (n = 1), cervical lymph nodes 

(n = 1), and abdomen (n = 3). Of the disease identified, 63% (22/35) underwent regional 

lymphadenectomy, 36% (5/14) underwent lung resections, and 15% (2/13) underwent 

complete surgical resections of other metastatic disease. Of the 51 patients who were 

initially found to have distant disease, FDG-PET/CT identified a second site out of field in 

23 patients at a median time of 468 days (range 82 to 944). Two of these patients had 

multiple sites of recurrence (Fig. 7). Surgical resections were performed in 50% (3/6) of 

these patients for involved regional lymph nodes, and 21% (4/19) of these patients 

underwent complete surgical resections of other metastases.

The 3-year survival rate for all 97 patients in the study was 49% (95% CI: 40% to 61%). 

This falls within the range expected given this study population included those with stage 

IIIB disease (n = 61), stage IIIC disease (n = 29), and stage IV disease (n = 3). The 

association of overall survival with response was assessed with a landmark analysis using 3 

months as the landmark time. This analysis shows that patients achieving a CR after ILI 

appeared to have a survival benefit compared to patients not achieving a CR as shown in 

Figure 8 (P < 0.001). For patients achieving a CR, the median survival is not yet available 

(>50% of patients have died over nearly 5-year follow-up) whereas the median survival for 

those achieving a partial response (n = 38) was 1.55 years and progressive disease (n = 62) 

was 1.82 years. The difference in median survival among the 2 types of CRs (those with 

persistent FDG activity and those with no residual FDG activity) was not statistically 

evaluated because of small sample size and low number of events (deaths) in the groups.

DISCUSSION

Patients with American Joint Committee on Cancer IIIB/IIIC extremity melanoma are at 

high risk of recurrence both regionally and systemically. Currently, there is no uniform 

consensus or guidelines for surveillance of these patients. The National Comprehensive Care 

Network guidelines state to consider FDG-PET/CT scans every 6 to 12 months for stage 

IIIB-IV.34 There is increasing evidence to suggest a more definitive role for FDG-PET/CT 

in managing patients with advanced stages of melanoma. Conservative estimates of the 

sensitivity for FDG-PET/CT are 87% to 91% with a specificity of 92% to 98% in detecting 

metastases in patients with stage III or IV melanoma.20,35 Results of FDG-PET/CT imaging 

have been found to change treatment plans in approximately 37% to 53.8% of patients with 

advanced melanoma undergoing restaging for recurrence lending further support to the 

clinical utility of FDG-PET/CT scans.15,20,23 We currently utilize a strategy in patients 

treated with ILI for in-transit disease of obtaining FDG-PET/CT scans before therapy 

(within 30 days), at 3-month intervals during the first year after therapy, and then every 6 

months in subsequent years until 5 years posttreatment at which point if there is no evidence 

of disease, FDG-PET/CT scans are obtained yearly. As such, we are able to evaluate the 
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diagnostic performance of FDG-PET/CT for both detection of distant metastases and for 

assessing response to regional chemotherapy.

Given the high sensitivity, specificity, and accuracy of FDG-PET/CT to detect distant 

metastases in patients with stage IIIB//IIIC/IV, we specifically examined how often findings 

on FDG-PET/CT were amenable to a surgical intervention. Using surveillance imaging with 

FDG-PET/CT at the intervals specified following ILI, FDG-PET/CT lead to surgical 

resection in 47% (29/62) of distant (outside the extremity) recurrences following ILI. With 

limited systemic therapy options, complete surgical resection of metastatic disease remains a 

critical component of the management of these patients as surgical excision can be 

associated with improved survival.4–6,24,36,37 Previous data from Duke University in 2505 

patients undergoing full lymph node resections for metastatic melanoma found the estimated 

overall survival rates at 5, 10, 15, and 20 years were 43%, 35%, 28%, and 23%; suggesting 

that some patients can achieve exceptionally long-term survival after resection of metastatic 

nodal disease.8 Additional data from Duke University in 1720 melanoma patients with 

pulmonary metastases found that pulmonary metastasectomy was associated with a survival 

advantage of 12 months for patients with a disease-free interval longer than 5 years (19 vs 7 

months, P < 0.01) and of 10 months for patients without extra thoracic metastasis (18 vs 8 

months, P < 0.01).38 Resection of properly staged and evaluated patients with limited 

pulmonary metastases also appeared to convey a significant survival benefit in 86 patients 

undergoing lung resections at Moffitt Cancer Center.39 The ability of FDG-PET/CT to allow 

us to more optimally select patients with small volume metastatic disease (both nodal and 

distant) who might be candidates for surgical resection remains important as surgical 

resection continues to be an important treatment option in this group of patients.40

Less data is available on the diagnostic performance of FDG-PET/CT to assess response to 

chemotherapy. In-transit disease is unique in that pathologic confirmation and physical 

examination can readily and safely identify complete responses to chemotherapy. In 

contrast, responses to chemotherapy at visceral sites are reliant on interpretations of FDG-

PET/CT that may include measures such as comparisons of FDG uptake or standard uptake 

values before and after treatment25 followed by subsequent retrospective correlations with 

outcome. In 25 patients with stage IV melanoma undergoing treatment with systemic 

chemotherapy, Strobel et al25,27 assessed response by FDG-PET/CT with radiographic 

criteria and found that FDG-PET/CT responders as assessed by the specific criteria (n = 10) 

had a median survival of 18 months compared to 11 months in nonresponders as assessed by 

the same radiologic criteria (n = 15) (P = 0.072). In addition, responders on FDG-PET/CT 

also had remarkably better 1-year overall survival of 80% compared to non-responders 

(40%) (P = 0.048). In our study, response as assessed by FDG-PET/CT also provided 

valuable prognostic information as the median time to progression was longer in patients 

who were complete responders by FDG-PET/CT compared to those who were 

nonresponders by FDG-PET/CT but had complete responses by physical examination and 

pathologic examination. At present, the small number of patients in the 2 groups precluded 

finding this difference to be significant, and future studies are needed to validate this 

finding.
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Although FDG-PET/CT may provide prognostic value, the ability to assess response to ILI 

with FDG-PET/CT may be more limited. Melanoma cells present with high uptake of FDG 

which allows for the high sensitivity and specificity of FDG-PET/CT.41,42 There is a single 

case report of a patient who had complete resolution of in-transit metastasis 5 weeks after 

ILI determined clinically and confirmed by FDG-PET/CT.26 However, FDG-PET/CT may 

not be as sensitive at detecting small volume or microscopic disease (≤5 mm) and therefore 

has limited utility in patients with stage I/II cutaneous melanoma or those with and 

microscopic lymph node metastases.43,44 In addition, Reinhardt et al23 showed the detection 

rate of nonvisceral metastases was about 3% less than the detection rate of visceral 

metastases. In-transit melanoma includes a broad spectrum of disease presentations that 

range from multiple small lesions (<1 cm) to large bulky lesions. As such, evaluating 

responses in patients who have smaller foci of disease burden with FDG-PET/CT may be 

problematic not only with regard to the absolute size of the lesion but also with regard to 

being able to separate 2 small lesions that are very close to each other. In addition, post-ILI 

changes including fat necrosis and myonecrosis (Figs. 3 and 5) may be seen on post-ILI 

images further complicating ability to assess tumor response. These complexities were 

evident in our study especially in cases where lesions or FDG activity persisted. Although 

FDG-PET/CT did identify CR in 59% (19/32) of the true CRs in this study, an additional 

13/32 (41%) of CRs were identified by physical examination and pathologic examination of 

tissue. The multifocal nature of disease, with lesions present throughout the entire extremity 

also makes applying FDG-PET/CT criteria for response to each individual lesion difficult. 

The treatment effects after ILI are thus assessed by FDG-PET/CT, physical examination, 

and pathologic examination when available.

Interestingly, a majority of recurrences (56%) occurred in the regional lymph node basin 

even though approximately 30% of patients in this study had previous lymph node 

dissections. This is not necessarily surprising as after complete nodal dissection, recurrence 

in the nodal basin is estimated to occur in 16% to 30% of patients.45,46 In addition, for 

patients with in-transit disease, a reported 47% (14/30) will have positive sentinel nodes 

when the intransit lesion is mapped including patients who had previous lymph node 

evaluation.47 The study by Yao et al,47 and results from this study suggesting a high rate of 

nodal recurrence, has led to the practice of some investigators in this study performing 

sentinel lymph node biopsies in patients presenting with in-transit disease. How this practice 

might affect earlier and more sensitive detection of nodal metastases is currently being 

studied. Certainly, patients presenting with in-transit disease who have a positive sentinel 

node would be candidates for ILI plus regional lymphadenectomy or hyperthermic isolated 

limb perfusion, which can include a lymph node dissection.

The CR rate of 32% (32/97) seen among treated patients in this study is similar to the CR 

rate of 29% reported in a US multi-center review of ILI.48 As such, the group of patients in 

this study is likely representative of our larger collective experience with ILI. Whether any 

form of regional treatment is associated with improved survival is currently unknown. In a 

large, multicenter World Health Organization/European Organization for Research and 

Treatment of Cancer trial, improvement in locoregional recurrence after adjuvant 

hyperthermic isolated limb perfusion (another form of melphalan-based regional 

chemotherapy) did not improve overall survival and there was no impact on prevention of 
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systemic disease.49 However, there does appear to be a survival benefit for those who do 

achieve a CR to regional treatment. After ILI, Kroon et al50 reported that median survival 

was 53 months in those with CR compared with 25 months in those with progressive 

disease. Recent data from Duke University also suggest a survival benefit after obtaining a 

response to regional chemotherapy.2 When all responders were pooled in the Duke study, 

there was not a statistically significant difference in overall survival based upon the type of 

regional therapy that individual patients received.2 In this study with patients from 2 centers, 

those achieving a CR had a statistically significant improvement in survival. Whether a CR 

assessed by FDG-PET/CT criteria alone will correlate with an equal or greater survival 

benefit compared to clinical and pathologic CRs who have persistent FDG-PET/CT activity 

remains to be determined.

CONCLUSIONS

Although assessment of FDG-PET/CT to evaluate a CR after treatment with ILI only 

matched assessment by physical examination and/or pathologic examination in 59% (19/32) 

cases, a CR on FDG-PET/CT may provide prognostic value regarding the duration of a 

complete response and possibly survival. In addition, FDG-PET/CT performed at regular 

intervals after ILI for extremity melanoma was a valuable diagnostic tool. Particularly the 

diagnostic performance to detect distant metastases that were amenable to surgical resection 

was beneficial; surgical resection was performed successfully in 47% (29/62) of initial 

distant recurrences.
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FIGURE 1. 
An example of a patient who was CR by FDG-PET/CT with persistent superficial skin 

lesions on physical examination ultimately found to be pigment only on histology; the 

patient was classified as a CR. A, Photographs demonstrate the persistence of a pigmented 

lesion (arrow) 12 weeks post-ILI. B, Sagittal FDG-PET/CT images pre-ILI (left) showing 

increased FDG uptake within the right calf and at 12 weeks post-ILI (right) showing 

resolution of the hypermetabolic soft tissue nodule within the right calf. C, Punch biopsy of 

the pigmented lesion at 12 weeks post-ILI. Left, a low-power magnification shows 

pigmented cells in the dermis (4X), the middle and right photographs taken in high power 

(20X) highlight the MART-1 negative pigmented cells supporting the interpretation of 

melanin-laden macrophages.
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FIGURE 2. 
Flow diagram of patients examining in-field response. Clin indicates clinical; Path, 

pathologic.
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FIGURE 3. 
An example of a patient who had palpable but decreased in size nodules on physical 

examination and persistent FDG activity ultimately determined to be fibrotic nodules in-

filtrated with pigment-laden macrophages and no tumor; this patient was classified as a CR. 

A, Photographs demonstrate absence of lesions at 12 weeks post-ILI but a persistent 

palpable nodule. B, FDG-PET/CT maximum intensity projection images pre-ILI (left) 

showing hypermetabolic superficial soft tissue nodules along the right forearm and at 12 

weeks post-ILI (right) showing a presence but decrease in number and metabolic activity of 

right upper extremity nodules (an example is highlighted by the gray arrows). The black 

arrow points to fat necrosis that can be seen on FDG-PET/CT after treatment. C, Wide local 

excision of the palpable lesion at 12 weeks post-ILI. On the left (C1), a scan of the whole 

section mount to demonstrate the location of the nodule, at right there is a medium (C2, 2X) 

and high (C3, 10X) power view of the pigmented cells. Immunohistochemical stains 

performed in this specimen show that the cells are negative for MART-1 (C4, 10X) and 

positive for CD163 (C5, 10X), supporting the interpretation of melanin-laden macrophages.
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FIGURE 4. 
An example of a patient who had a CR by physical examination but had persistence of FDG 

activity on PET/CT determined by histology to be melanoma; this patient is classified as a 

partial responder. A, Photographs demonstrate resolution of lesions at 12 weeks post-ILI. B, 

Coronal FDG-PET/CT images pre-ILI (left) showing mild focal FDG uptake in the right 

anterior leg (arrow) and at 12 weeks post-ILI (right) showing unchanged low-level FDG 

activity in the right anterolateral shin. Biopsy of this FDG spot using needle localization was 

consistent with melanoma.

Beasley et al. Page 15

Ann Surg. Author manuscript; available in PMC 2015 October 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 5. 
An example of a patient who had a partial response by physical examination but complete 

resolution of FDG activity on PET/CT; this patient was classified as a partial responder. A, 

Photographs demonstrate a partial response of lesions at 12 weeks post-ILI. Biopsy of this 

clinical evident lesion was consistent with melanoma. B, Maximum intensity projection 

FDG-PET/CT images pre-ILI (left) showing a hypermetabolic focus in the lateral aspect of 

the left foot (arrow) and at 12 weeks post-ILI (right) showing interval resolution of the 

hyper-metabolic focus of activity along the lateral aspect of the left foot. Note there is some 

activity on the medial portion of the foot near the great toe, which was unrelated to the 

melanoma. Also noted is myonecrosis not infrequently seen after ILI in the upper thigh 

(block arrow), which is considered a false-positive FDG-PET/CT finding.
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FIGURE 6. 
Time to progression for those achieving a clinical/pathologic CR and a CR via FDG-

PET/CT compared to those achieving a clinical/pathologic CR only.
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FIGURE 7. 
Flow diagram of patients examining identification of systemic disease. LN indicates lymph 

node.
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FIGURE 8. 
Survival after ILI according to clinical/pathologic response.
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TABLE 1

Patient Characteristics

No. %

Total 97

Age Median 67 (33–68)

Sex

 Male 48 49

 Female 49 51

Stage

 Unknown 4 4

 IIIB 61 63

 IIIC 29 30

 IV 3 3

Stage IIIC/IV resected peri-ILI 10 10

M-ILI + ADH-1 trial 22 23

M-ILI + sorafenib trial 6 6

Previous regional chemotherapy 4 4
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