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Abstract

Purpose—Metabolic response to treatment measured by FDG PET has prognostic implications 

in many cancers. This study investigated the association between survival and early changes on 

FDG PET/CT for patients with BRAF-mutant melanoma receiving combined BRAF and MEK 

inhibition therapy.

Material/Methods—24 patients with advanced BRAF-mutant melanoma were included. Patients 

were treated with a BRAF inhibitor (Vemurafenib or Dabrafenib) and a MEK inhibitor 

(Cobimetinib or Trametinib) and were imaged at baseline, and shortly thereafter with FDG 

PET/CT. Each scan yielded two values of SUVmax: one for the most metabolically active focus 

and one for the least responsive focus. Short-term treatment response was assessed by evaluating 

the target lesions using EROTC criteria. A Cox proportional hazards model was used to examine 

associations between overall survival (OS) and progression-free survival (PFS) and changes in 

SUVmax.

Results—Mean time to follow-up FDG PET/CT was 26 days. At follow-up, 2 patients had a 

complete response. For the most metabolically active focus, 22 patients had a partial response. For 

the least responsive focus, 18 patients had a partial response, 2 had stable disease, and 2 had 

progressive disease.

16 patients were living at the end of the study. For the most metabolically active tumor, no 

association was observed between changes in SUVmax and OS (p=0.73) or PFS (p=0.17). For the 

least responsive tumor, change in SUVmax was associated with PFS (HR=1.34, 95% CI: 1.06 to 
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1.71, p=0.01) but not OS (p=0.52). ECOG score was associated with OS (HR=11.81, 95% CI: 

1.42 to 97.60, p=0.02) and PFS (HR=24.72, 95% CI: 3.23 to 189.42, p=0.002).

Conclusion—Change in SUVmax for the least responsive tumor and baseline functional 

performance may be useful prognostic indicators for progression-free survival in patients with 

BRAF-mutant melanoma.
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Introduction

18F-FDG PET/CT is a powerful imaging tool widely used to stage and evaluate treatment 

response in multiple malignancies such as melanoma, breast cancer, lung cancer, lymphoma, 

and head/neck cancers. Primary tumor maximum standardized uptake value (SUVmax) has 

been shown to have prognostic implications in non-small cell lung cancer [1,2]. In patients 

with lymphoma, FDG PET/CT provides valuable early monitoring of treatment response 

allowing patient-specific tailoring of therapies [3–6]. In addition to providing evidence of 

early treatment response, FDG PET/CT can provide significant post-therapeutic prognostic 

implications; in a cohort of post-treatment lymphoma patients, FDG positive patients had a 

53.2% event-free survival at 3 years as compared to 90.5% for FDG-negative patients [4]. 

Similarly, complete remission on FDG PET/CT examination in patients treated for head and 

neck cancer correlated significantly with progression-free status [15]. Beyond post-treatment 

FDG prognostic implications, relative changes in FDG uptake between scans during 

treatment demonstrate prognostic implications with regard to histopathologic response in 

breast cancer [7–9] and even survival in patients with treated hepatic metastases from breast 

cancer [10]. Similar “in-treatment” FDG response prognostic data has been found in NSCLC 

patients treated with erlotinib [11–14].

In patients with metastatic melanoma treated with chemotherapy, a positive treatment 

response (defined as a decrease in size and FDG uptake of metastases of at least 30%), on 

follow-up FDG PET/CT examinations correlated with a significantly longer 1 year survival 

(80% vs. 40%) and median survival (18 months vs. 11 months) when compared to non-

responders [16].

In addition to chemotherapy, relatively new tools in the oncologist’s arsenal of melanoma 

therapeutics include targeted cancer therapies in which small molecules interfere with 

altered, constitutively activated proteins and inhibit abnormal cellular proliferation of cancer 

cells. Examples of altered proteins constitutively activated in melanoma include BRAF 

kinase and MEK kinase. Altered BRAF kinase has been identified in 50–68% of cutaneous 

metastatic melanoma lesions. BRAF kinase mutations result in abnormal activation of the 

RAS-RAF pathway and promotion of tumor growth [17–20]. Vemurafenib and dabrafenib 

are FDA approved BRAF inhibitors for the treatment of BRAF-mutant melanoma. 

Inhibition of BRAF by vemurafenib in patients with melanoma has resulted in better 

treatment response and improved overall survival compared with conventional 

chemotherapy [21]. MEK kinase is a substrate of BRAF and its inhibition by molecules 
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including GDC-0973 (Cobimetinib©, Roche-Genetech) has resulted in reduced cellular 

proliferation among other anti-neoplastic properties during in vitro studies [22]. Trametinib 

is another MEK kinase inhibitor and is FDA approved for the treatment of BRAF-mutant 

melanoma in combination with dabrafenib.

Melanoma patients treated with vemurafenib have shown homogeneously, dose-dependent 

decreased FDG uptake in metastases 15 days after starting treatment [23] confirming the 

modality’s usefulness in documenting treatment response early on in the course of therapy. 

In addition to demonstrating FDG PET/CT’s ability to evaluate functional treatment 

response, McArthur et al. were able to demonstrate that a median reduction in SUVmax of 

82% resulted in significantly different median times of progression free survival (PFS). The 

median PFS in patients who had less than an 82% reduction in SUVmax was 183 days, 

versus 484 days for patients who achieved a greater than 82% reduction in SUVmax. 

However, no definitive relationship was observed between metabolic response and duration 

of response according to Response Evaluation Criteria In Solid Tumors (RECIST) criteria, 

PFS or overall survival at day 15.

The aim of this study is to determine if changes in 18F-FDG uptake in melanoma patients 

observed shortly after starting treatment with combination therapy consisting of BRAF and 

MEK inhibitors has prognostic implications in progression-free and overall survival.

Materials and Methods

After obtaining IRB approval, a retrospective review of patients who received combination 

BRAF and MEK inhibitors for the treatment of metastatic melanoma was conducted. 

Patients with baseline PET/CT and post treatment PET/CT exams performed at our tertiary 

care center, the University of Colorado Hospital, from 2011 to 2012 were eligible for 

inclusion in the study. All PET/CT exams were performed on a PET/CT scanner (Discovery 

ST -16, GE Healthcare). 18F-FDG (370–740 MBq) was injected approximately 60 minutes 

before image acquisition. All patients had a blood glucose level <200 mg/dL at the time of 

injection.

Baseline demographics and cancer staging information for 24 patients with metastatic 

melanoma were collected [Table 1]. All patients were treated with targeted drug therapy 

(vemurafenib plus cobimetinib, or dabrafenib plus trametinib) upon entry into the study. We 

recorded the date of the baseline PET/CT, the date of initiation of therapy, the date of the 

follow-up PET/CT, the date the patient was removed from the protocol due to disease 

progression, and the date of death or last follow-up. The average time from baseline scan to 

initiation of treatment was 8.5 days (range 0–60 days).

The PET portion of each imaging exam was evaluated by an experienced nuclear medicine 

physician using the EORTC (European Organisation for Research and Treatment of Cancer) 

criteria for PET response [26]. For each patient, the SUVmax for all tumors visible on the 

baseline study and follow-up study was evaluated. Then, the change in SUVmax from 

baseline to follow-up for each tumor was calculated. For each patient, we identified two 

tumors for use in the prognostic models: 1) the tumor with the highest standardized uptake 
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value (SUVmax) at baseline, and 2) the tumor that showed the least change in SUVmax 

from baseline to follow-up.

The primary outcomes of interest were progression-free survival and overall survival. 

Progression-free survival was calculated as the time from the follow-up PET/CT exam to 

disease progression, death, or last follow-up. Overall survival was calculated as the time 

from the start of drug therapy to death or last follow-up. For progression-free survival, 

patients were considered censored if they did not experience disease progression and were 

still living at the last known follow up. For overall patient survival, patients were considered 

censored if they were still living at the last known follow up, regardless of disease 

progression.

We calculated descriptive statistics for baseline demographics and clinical findings, both 

overall, and stratified by survival status. We produced Kaplan-Meier survival plots overall, 

and then stratified by gender and ECOG score [24].

We assessed four hypotheses:

1. Overall survival is associated with baseline SUVmax, and the change in SUVmax 

for the tumor with the highest baseline SUVmax.

2. Progression-free survival is associated with baseline SUVmax, and the change in 

SUVmax for the tumor with the highest baseline SUVmax.

3. Overall survival is associated with baseline SUVmax, and the change in SUVmax 

for the tumor that showed the smallest change in SUVmax between baseline and 

follow-up.

4. Progression-free survival is associated with baseline SUVmax, and the change in 

SUVmax for the tumor that showed the smallest change in SUVmax between 

baseline and follow-up.

For each hypothesis, we fit a planned sequence of Cox proportional hazards models [25]. 

We describe the approach for the first hypothesis. Our approach for the other three 

hypotheses was exactly parallel.

The full model included the following predictors: age, gender, the change in SUVmax for 

the tumor with the highest baseline SUVmax, baseline SUVmax for the tumor with the 

highest baseline SUVmax, ECOG score, and the interaction between ECOG score and 

change in SUVmax.

In order, we sequentially examined the contribution of the following predictors:

1. the interaction between ECOG score and change in SUVmax,

2. the change in SUVmax for the tumor with the highest baseline SUVmax,

3. baseline SUVmax for the tumor with the highest baseline SUVmax, and

4. ECOG score.
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Non-significant terms were removed from the model. All hypothesis tests were performed 

with an alpha = 0.05.

For the final, best fitting models, we produced hazard ratios, 95% confidence limits, and p-

values.

Results

Twenty-four patients were included in the analysis. Baseline demographics and clinical 

findings are summarized in Tables 1 and 2. The average time between baseline PET/CT to 

the follow-up PET/CT was 26 days (SD=25 days). Time to follow-up ranged from 13 to 117 

days. At the follow-up PET/CT, 2 (8%) patients showed a complete response to therapy 

based on EORTC criteria [26]. For the tumor with the highest SUVmax at baseline, all 

remaining patients showed a partial response to treatment. For the least responsive tumor, 18 

(75%) patients showed a partial response, 2 (8%) had stable disease, and 2 (8%) had 

progressive disease by EORTC criteria [26].

Of the 24 patients receiving targeted drug therapy, 16 (67%) were alive at the end of the 

observation period, and 13 (54%) patients were alive without disease progression. We were 

unable to estimate median survival since greater than 50% of participants were still living at 

the end of the study.

Overall Survival

Figures 1 through 4 show the unadjusted survival curves for all participants, and the 

participants stratified by gender, ECOG and percent decrease in SUVmax between baseline 

and follow-up. Survival times were roughly similar between males and females for the first 

250 days, with females showing shorter survival times after 250 days. Shorter survival times 

were observed among patients with an ECOG of 1 compared to those with an ECOG of 0.

We assessed the association between overall survival, and results for the tumor with the 

highest baseline SUVmax. We did not observe a significant interaction between the change 

in SUVmax and ECOG score (p=0.50). No associations were observed between overall 

survival and change in SUVmax (HR=1.04, 95% CI: 0.85 to 1.26, p=0.73) or baseline 

SUVmax (HR=1.00, 95% CI: 0.94 to 1.06, p=0.97).

We assessed the association between overall survival and results for the tumor that showed 

the smallest change in SUVmax between baseline and follow-up. We did not observe a 

significant interaction between ECOG score and change in SUVmax (p=0.68). No 

associations were observed between overall survival and change in SUVmax (HR=1.01, 

95% CI: 0.78 to 1.30, p=0.97) or baseline SUVmax (HR=0.97, 95% CI: 0.88 to 1.07, 

p=0.52).

In the reduced model, ECOG score was significantly associated (p=0.02) with patient 

survival. The risk of death was 11.81 times higher (95% CI: 1.42 to 97.60) for patients with 

an ECOG score of 1 compared to those with an ECOG score of 0.
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Progression-Free Survival

Figures 5 through 8 show the unadjusted progression-free survival curves for all 

participants, and the participants stratified by gender, ECOG and percent decrease in 

SUVmax between baseline and follow-up. Results were similar to those observed for overall 

survival, with the exception that progression-free survival for males and females was similar 

throughout the observation period, and not just in the first 200 days.

When we used results for the tumor with the highest baseline SUVmax as predictors, we did 

not observe a significant interaction between ECOG score and change in SUVmax (p=0.90). 

No associations were observed between progression-free survival and change in SUVmax 

(HR=1.15, 95% CI: 0.94 to 1.41, p=0.17) or baseline SUVmax (HR=1.01, 95% CI: 0.96 to 

1.06, p=0.78).

When we used results for the tumor that showed the smallest change in SUVmax between 

baseline and follow-up as predictors, we did not observe a significant interaction between 

ECOG score and change in SUVmax (p=0.35). In the reduced model, the change in 

SUVmax was significantly associated with progression-free survival (p=0.01). When 

controlling for baseline SUVmax and ECOG status for the least responsive tumor, the risk of 

progression or death increased by 1.34 times (95% CI: 1.06 to 1.71) for every 1 unit increase 

in the change in SUVmax. Note that higher change scores (follow-up minus baseline) 

indicate poorer response to treatment. In addition, ECOG score was significantly associated 

(p=0.002) with progression-free survival. The risk of progression or death was 24.72 times 

higher (95% CI: 3.23 to 189.42) for patients with an ECOG score of 1 compared to those 

with an ECOG score of 0.

Discussion

Combination therapies targeting molecular pathways are exciting new developments for the 

treatment of advanced melanoma. The FDA recently approved the first ever combination 

therapy for advanced melanoma which combines dabrafenib, a BRAF inhibitor, with 

trametinib, a MEK inhibitor. We present data that demonstrates the use of 18F-FDG 

PET/CT after combination targeted therapy to assess early response with respect to 

progression free survival.

When we used results for the tumor that showed the smallest change in SUVmax between 

baseline and follow-up, we observed a significant association between change in SUVmax 

and progression-free survival (p=0.01), but not overall survival (p=0.52). We did not 

observe associations between SUVmax and progression-free survival or overall survival for 

the tumor with the highest baseline SUVmax. The smallest change in SUVmax, rather than 

highest baseline SUVmax may be more important in progression-free survival because 

change in FDG metabolism is a surrogate marker of drug efficacy and thus tumors with the 

smallest change in SUVmax are less responsive to treatment. ECOG score was significantly 

associated with both progression-free survival (p=0.002) and overall survival (p=0.02). The 

data suggest that change in SUVmax for the tumor that showed the smallest change in 

SUVmax between baseline and follow-up, as well as baseline functional performance, may 
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be useful prognostic indicators for progression-free survival in patients with BRAF-mutant 

melanoma.

Baudy et al. suggested that FDG-PET may be a good biomarker of early response and 

acquired resistance in mice treated with BRAF and MEK inhibitors [27]. Our results are 

concordant with their study. To our knowledge, this is the first study in humans that has 

shown a correlation between early response on FDG PET/CT and progression free survival.

The main limitations to our study are the retrospective design and the short duration of 

follow-up. Patients who progressed during treatment with BRAF and MEK inhibition were 

removed from the drug trial and changed therapies adding a confounding factor and limiting 

assessment of overall survival. The timing of the imaging exams was not well controlled as 

can be seen by the large standard deviation from baseline to time to follow up PET/CT (13 

to 117 days). The short duration for follow-up did not allow for a reasonable calculation of 

overall survival. Larger studies with more patients and longer follow-up need to be done to 

further evaluate this.

Conclusion

Combination targeted cancer therapy for unresectable metastatic melanoma has been shown 

in phase 3 clinical trials to improve the rate of progression-free survival compared to single 

agent targeted cancer therapy [28]. This study demonstrates that FDG PET/CT may be a 

useful prognostic indicator in patients undergoing combination targeted cancer therapy.
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Figure 1. 
Overall Survival
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Figure 2. 
Overall Survival by Gender
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Figure 3. 
Overall Survival by ECOG Score
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Figure 4. 
Overall Survival by Percent Response to Treatment
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Figure 5. 
Progression-free Survival
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Figure 6. 
Progression-free Survival by Gender
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Figure 7. 
Progression-free Survival by ECOG Score
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Figure 8. 
Progression-free Survival by Percent Response to Treatment
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Table 1

Baseline Demographics

Overall (N=24) Surviving
Participants
(N=16)

Deceased
Participants (N=8)

Age 54.25 ± 8.9 55.19 ± 6.46 52.38 ± 12.83

Sex

  Male 14 (58.33%) 10 (62.50%) 4 (50.00%)

  Female 10 (41.67%) 6 (37.50%) 4 (50.00%)

ECOG

  0 13 (54.17%) 12 (75.00%) 1 (12.50%)

  1 11 (45.83%) 4 (25.00%) 7 (87.50%)

Treatment

  Dabrafenib + trametinib 3 (12.50%) 2 (12.50%) 1 (12.50%)

  Vemurafenib + cobimetinib 21 (87.50%) 14 (87.50%) 7 (87.50%)
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Table 2

FDG PET/CT Findings

Overall (N=24) Surviving
Participants

(N=16)

Deceased
Participants

(N=8)

Time from Baseline to Follow-up FDG PET/CT 26.08 ± 24.81 27.5 ± 28.87 23.25 ± 14.95

Tumor with the highest baseline SUVmax

  Baseline SUVmax 18.48 ± 10.91 16.62 ± 10.66 22.19 ± 11.14

  Follow-up SUVmax 5.55 ± 3.62 4.92 ± 3.23 6.79 ± 4.26

  Change from Baseline −12.93 ± 9.38 −11.7 ± 9.72 −15.4 ± 8.74

  Percent Change from Baseline −0.68 ± 0.18 −0.68 ± 0.18 −0.67 ± 0.19

Tumor that showed the smallest change in SUVmax between baseline and follow-up

  Baseline SUVmax 10.91 ± 6.72 11.09 ± 6.84 10.59 ± 6.97

  Follow-up SUVmax 6.81 ± 6.29 7.09 ± 6.51 6.34 ± 6.29

  Change from Baseline −4.1 ± 4.81 −4.01 ± 4.93 −4.25 ± 4.92

  Percent Change from Baseline −0.40 ± 0.34 −0.39 ± 0.38 −0.42 ± 0.27

Number of Patients with Overall change in SUVmax of 0–50%: 5
Number of Patients with Overall change in SUVmax of 50–100%: 19
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