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Abstract

Objectives Target therapy with BRAF/MEK inhibitors in metastatic melanoma is characterised by a high response rate;

however, acquired resistance to treatment develops in many cases. We aimed to investigate if baseline total metabolic tumour

volume (TMTV) and therapy-response assessment by ['®F]FDG PET/CT have a prognostic role on progression-free survival

(PFS) and overall survival (OS) in patients with metastatic melanoma receiving BRAF + MEK inhibitors.

Methods Fifty-seven patients who performed an ['*F][FDG PET/CT at baseline and on treatment were retrospectively evalu-

ated. A Cox proportional-hazard model was used to examine associations between OS and PFS with baseline clinical/PET

parameters as well as for PET response.

Results According to EORTC criteria, 34 patients were classified as responders (partial/complete metabolic response [PMR/

CMRY]) and 23 as non-responders (progressive/stable metabolic disease [PMD/SMD]). Baseline characteristics associated with

a shorter PFS were more than two metastatic organ sites and TMTV > 56 cm?; the latter was the only independent feature at

multivariate analysis. Patients achieving a CMR were associated with a prolonged PFS compared with those with PMR (median

PFS 42.9 vs 8.8 months; p = 0.009). Disease progression occurred in new-onset disease sites in 87.5% of CMR, 7.1% of PMR

and 34.8% of PMD/SMD (p < 0.001). High baseline TMTYV and lack of treatment response were independent prognostic

factors for OS, stratifying patients in three different prognostic classes (median OS 6.7, 18.3 and 102.2 months, respectively).

Conclusions Baseline TMTYV and metabolic response may be useful prognostic indicators for PFS and OS in patients with

advanced melanoma treated with BRAF/MEK inhibitors.

Key Points

e In a retrospective cohort of 57 metastatic melanoma patients treated with BRAF/MEK inhibitors, a TMTV > 56 cm’ at
baseline ["®FIFDG PET/CT was significantly correlated with a shorter PFS and OS.

e The combined use of baseline TMTV along with PET response during treatment allowed for the identification of three
groups of patients with very different median OS.
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Introduction

Melanoma is a very aggressive and highly metastatic malig-
nancy; the presence of ulceration, high Breslow thickness
and loco-regional lymph node metastases at diagnosis are
known adverse prognostic factors [1]. In advanced dis-
ease, the role of chemotherapy alone or in combination
with immunomodulating agents such as interleukin-2 and
interferon-alpha has been invariably palliative and without
impact on the prognosis with a median overall survival of
about 6-7 months and less than 10% of patients alive at 5
years [2]. The clinical outcome of melanoma is dramati-
cally changed upon the introduction of new highly active
approaches such as immune checkpoint inhibitors (ICIs) like
anti-PD1 and anti-CTLA4 antibodies and targeted therapy
with BRAF inhibitors (BRAFi) + MEK inhibitors (MEKi)
in BRAF-mutated patients with 5-year OS of about 40-50%
[3]. Target therapy with BRAFi/MEKi is characterised by a
high rate of response of around 50-55% for BRAFi treatment
alone and 65-70% for the combination of both inhibitors [3].
However, resistance (either primary or acquired) develops in
many patients resulting in treatment failure, with a median
progression-free survival of about 11-14 months [1]. Several
factors including age, sex, performance status, number of
organ sites of metastases and lactate dehydrogenase (LDH)
levels showed an association with progression-free survival
(PFS) and overall survival (OS) [4]. ['"*F]IFDG PET/CT is
extensively used for staging, restaging and monitoring of
therapy response in melanoma [5]. The rationale for its use
to assess treatment response to BRAFi derives from the early
reduction of FDG uptake, which occurs in metastatic mela-
noma cells as documented in preclinical models [6]. Indeed,
it has been demonstrated that patients treated with BRAFi
(vemurafenib or dabrafenib) show a significant decrease in
FDG uptake within 2 weeks from starting treatment [7, 8].
On the other hand, the onset of resistance to treatment with
BRAFi/MEKIi in the course of treatment is often observed in
daily practice by PET/CT, with very different scintigraphic
patterns ranging from metabolic progression of few meta-
static foci to the appearance of new disease sites associ-
ated with partial or even complete metabolic response of
the existing lesions. As previously reported, several baseline
factors (e.g., performance status, age, sex, number of organ
metastatic sites, and lactate dehydrogenase level) can inform
a priori the clinician about the likelihood of achieving and
maintaining a response to BRAFi + MEKki [4], but to date,
there are no studies evaluating a possible prognostic role of
['8FIFDG PET/CT performed before and during treatment.
The purpose of this retrospective study was to investigate if
baseline total metabolic tumour volume (TMTV), a marker
of tumour burden, as well as therapy-response assessment

by ['®F]FDG PET/CT have a prognostic role in PFS and OS
in patients with advanced melanoma receiving BRAF/MEK
inhibition therapy.

Patients and methods
Patients

The study was approved by the local institutional ethics
committee (prot. n® 1460/21), and it was performed in
accordance with ethical standards. Given the retrospec-
tive design of the study, the ethics committee allowed
the use and processing of the patients’ clinical data even
in the absence of written informed consent. A database
search was performed for patients with metastatic cuta-
neous melanoma treated with targeted therapy with anti-
BRAF =+ anti-MEK and who underwent ['"*FIFDG PET/
CT at our institution between June 2012 and June 2020.
The choice for a BRAFi monotherapy schedule rather than
the combined BRAFi + MEKIi treatment depended on the
approved indications at the time of initiation of the tar-
get treatment or on the clinical choice for frail patients or
those with comorbidities. The treatment was administered
as the first or subsequent line until disease progression
or unacceptable toxicity. Eligible patients (Fig. 1) were
moreover required to have undergone an ['F]JFDG PET/
CT scan less than 1 month before treatment onset (PETO),
a second scan (PET1) 2—6 months from the start of treat-
ment and a minimum follow-up of 6 months. Due to the
known limits of the technique for the evaluation of brain
metastases, patients showing exclusive metastatic brain
involvement were excluded. A final cohort of 57 consecu-
tive patients was then analysed. Serial contrast-enhanced
CT or MRI scans of the head were regularly performed
for brain metastasis surveillance as per the clinical prac-
tice of our institution. In the case of disease progression
with BRAFi + MEKIi, patients could have been treated
with subsequent anticancer therapies or best supportive
care according to the treating oncologist’s clinical judge-
ment. The study period for data collection corresponded to
patients’ treatment period that lasted from the first dose of
target therapy until patient discontinuation for any reason
or the patient’s death, whichever comes first. Patient clini-
cal outcome was measured by PFS and OS defined as the
period starting from the date of the first treatment cycle to
the date of disease progression or death, respectively. ‘Dis-
ease progression’ for PFS was considered by metabolic
disease progression on PET/CT and by contrast-enhanced
head MRI/CT scan for brain metastases.
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Fig. 1 Flow chart for the selec-

tion of patients eligible for the
study

Potentially Eligible Patients (n» = 102)

unavailability of PETO or PET1,

PET2 > 6 months from starting
treatment (n = 34)

BRAF treatment in the adjuvant

setting in patients with no
evidence of disease (n = 6)

Exclusive brain involvment (n = 1)

n==68
n==62
n==61

| Inadequate follow up (n = 4)

Patients included in the study (n = 57)

['®FIFDG PET/CT imaging and response evaluation

A combined PET/CT imaging was performed using a Sie-
mens Biograph 16 (Siemens Healthineers). Patients fasted
for a minimum of 6 h before the scan, and glucose levels
below 150 mg/dl were required at the time of tracer injec-
tion. PET/CT acquisition was performed 60 +10 min after
intravenous (i.v.) injection of an average dose of 5 MBq/
kg (0.14 mCi/kg) of ['®FIFDG. A non-contrast-enhanced
whole-body CT scan was acquired for anatomic localisation
and attenuation correction of PET images. The following
parameters were used: 120—140 Kev, 4-mm slice thickness
using CAREDose software to reduce radiation dose and opti-
mise image quality. PET data were acquired on a 3D mode
immediately after the CT scan 2-3 min for each bed posi-
tion. PET images were reconstructed by an ordered subset
expectation maximisation (OSEM) algorithm (TrueX, Sie-
mens Healthineers) with point spread function modelling (3
iterations, 21 subsets). After reconstruction, the images were
filtered by a Gaussian filter with a full width at half maxi-
mum of 4 mm. Analysis of PET/CT images was performed
by two experienced nuclear medicine physicians, who had
knowledge of patient clinical data and of imaging time,
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but who were blinded on patient clinical outcome. Areas
of pathologic FDG uptake were assessed qualitatively and
semi-quantitatively using the maximum standardised uptake
value (SUVmax) of the hottest pixel within a volume of
interest (VOI) placed on the lesion.

Up to five target lesions (max two per organ) were
selected for analysis at PETO, choosing those with maxi-
mum FDG avidity and a functional tumour diameter larger
than 8 mm. The SUVmax of the same target lesions were
then calculated at PET1. The results of PET1 were compared
with the baseline scan (PETO) and classified according to
the EORTC criteria [9], as follows: progressive metabolic
disease (PMD): increase of > 25% in the sum of SUVmax in
target lesions or visible increase in the extent of FDG tumour
uptake (20% in the longest dimension) or appearance of new
metastatic sites; partial metabolic response (PMR): reduc-
tion of the sum of SUVmax of at least 25%; stable meta-
bolic disease (SMD): response between PMD and PMR; and
complete metabolic response (CMR): complete resolution of
FDG uptake within all lesions.

The patients were dichotomised as responders (PMR
and CMR) or non-responders (SMD and PMD). To assess
the heterogeneity of the PET response, all lesions were
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individually examined and the PET study was classified as
follows: homogeneous response: absence of non-responding
lesions; homogeneous non-response: no lesions achieved
CMR/PMR; and heterogeneous response: the simultane-
ous presence of responding and non-responding lesions or
responding lesions alongside the appearance of new meta-
static foci.

Baseline TMTV was computed with a semiautomatic
software package (LIFEX v. 6.3), [10] as the sum of the met-
abolic volumes of all pathologic lesions. To this aim, patho-
logic findings were automatically identified by the software
by selecting regions with a SUVmax > 2 and with a volume
> 0.5 cm’; then, a contrast-based threshold was applied for
volume delineation. A slightly lower SUVmax threshold
than the standard provided by the software (2.2) was applied
considering the low FDG uptake of metastatic skin lesions.
Finally, areas of physiologic FDG uptake were then excluded
by an experienced nuclear medicine physician.

Statistical analysis

Statistical analyses were performed by R software (ver.
4.0.3). Differences among PET and clinical parameters
versus response to therapy were assessed by independent T
test for normally distributed data (e.g. age), by Mann—Whit-
ney U test for skewed data (e.g. SUVmax, MTV, TLG) and
with chi-squared test or Fisher’s exact test for qualitative
variables. Parameters were dichotomised for survival anal-
ysis using the maximally selected rank statistics (Package
‘maxstat’ in R). PFS and OS curves were analysed by the
Kaplan—Meier method and tested for statistical significance
using the log-rank test. A Cox proportional-hazard univari-
ate regression analysis was performed to determine hazard
ratios (HRs) of prognostic factors for PFS and OS. A multi-
variate Cox proportional-hazard model was then applied to
assess the potential independent effects of prognostic factors,
including all variables statistically significant (p < 0.05) in
the univariate model.

RESULTS

Baseline patient characteristics and treatment

In total, 20 out of 57 patients (35.1%) showed more than
two metastatic organ sites, 80% of whom also had elevated
LDH values (p < 0.001). The most frequent metastatic
sites were lymph nodes (73.7%) followed by skin/subcutis
(49.1%), lung (36.5%), bone (26.3%) and liver (22.8%). A
total of 20 patients received monotherapy with a BRAFi
(vemurafenib or dabrafenib); 37 were treated with a com-
bination of a BRAFi + MEKi (vemurafenib + cobimetinib
or dabrafenib + trametinib). In total, 47 patients received

the BRAFi as a first-line treatment, while the remaining
patients were previously treated with ICIs (ipilimumab n =
6, nivolumab n = 2, pembrolizumab n =1) or chemother-
apy (n = 1). The characteristics of the patients enclosed in
the analysis are summarised in Table 1.

Table 1 Patient demographics and clinical characteristics

Characteristics Data
Age (years), median (IQR) 55 (45-67)
Sex
e Male 33 (57.9%)
e Female 24 (42.1%)

Performance status

¢ ECOG 0 n =45 (78.9%)

¢ ECOG 1 n=1221.1%)
Number of disease sites

<3 n =237 (64.9%)

>3 n=2035.1%)
LDH

e > ULN n =27 (47.4%)

¢ <ULN n =30 (52.6%)

Sites of disease
n =42 (73.7%)
n=28(49.1%)

e Lymph nodes
o Soft tissue

e Lung n=2136.8%)
e Bone n=15(26.3%)
e Liver n=13(22.8%)

e Abdomen/spleen n=10(17.5%)

e Others n=6(10.5%)
BRAF genotype
e V60OE n=41(72%)
e V600K n=38 (14%)
e Not available n=238(14%)
Therapy
o Anti-BRAF monotherapy n=20
Vemurafenib n=17
Dabrafenib n=3
e Anti-BRAF + anti-MEK n=37
Dabrafenib + trametinib n=29
Vemurafenib + cobimetinib n=2_8
Previous systemic treatments
e Yes n=10(ICIs n
=9;CHT n
=1
e No n=47

IQR interquartile range, ECOG PS Eastern Cooperative Oncology
Group performance status, LDH lactate dehydrogenase, ULN upper
limit of normal, /CIs immune-checkpoint inhibitors, CHT chemo-
therapy
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PET/CT response assessment

A total of 157 target lesions were analysed. The percentage
of response to treatment was quite variable among metastatic
sites, although not statistically significant (p = 0.38), ranging
from 73% for lymph nodes to 93% for bone lesions. On the
contrary, other less frequent sites of disease, including the
spleen and other abdominal localisations, were less likely to
respond (55.5%). According to EORTC criteria, 34 patients
were classified as responders (CMR in 17 patients and
PMR in 17 patients) and 23 as non-responders (SMD in one
patient and PMD in 22 patients) at PET1. A higher percent-
age of responders was found among females vs males (70.8
vs 51.5%) although not statistically significant (p = 0.178).
No differences were observed for the number of disease
sites, LDH values nor for the type of treatment (anti-BRAF
alone vs combined anti-BRAF/MEK therapy). The median
TMTYV at PETO was significantly lower in responders (28.2
cm?, interquartile range [IQR]: 9.5-79.9 cm?®) versus non-
responders (80.3 cm?, IQR 32-248.7 cm?; p =0.011), while
the median SUVmax at PETO was similar in the two groups
(13.4 vs 14.5). A homogeneous response on metastases at
PET1 was in 32 patients, a homogeneous progression in 10
and a heterogeneous response in 15 (26.3%). In total, 19 of
the 22 patients with PMD (86.4%) showed new metastatic
foci at PET1, 11 of them (57.9%) had concurrent progression
on existing metastases and eight (42.1%) showed a partial
or complete metabolic response on existing disease sites
(Fig. 2).

Progression-free survival (PFS)

During the observation period 45 out of 57 patients showed
a disease progression; 22 of them already at PET1. At the
time of the present analysis, 38% and 22.9% of patients were
progression-free at 12 and 36 months, respectively, with a
median PFS of 7.7 months (95% CI: 4.9-15.1 months). A
total of 12 patients are still on treatment with BRAFi alone
(n = 4) and BRAFi + MEK:i (n = 8).

Baseline characteristics associated with a shorter PFS
were more > 3 metastatic organ sites and TMTV > 56 cm”>.
A trend was observed for the male sex, to the limits of sta-
tistical significance (p = 0.1). At the multivariate analysis
(Table 2), only a high TMTYV was associated with a shorter
PFS (median 4.7 vs 18 months, Fig. 3). In the subgroup
of responders, patients showing a CMR were significantly
associated with a prolonged PFS compared with those with
PMR (p = 0.009) with a median PFS of 42.9 versus 8.8
months (Fig. 3). Overall, disease progression occurred in
new sites in 16 of 45 patients (35.6%), although with a
significantly higher rate in patients achieving CMR (7/8,
87.5%), compared with those with PMD/SMD (8/23, 34.8%)
and with PMR (1/14, 7.1%, p < 0.001). Brain and lymph
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Fig.2 Maximum intensity projections (MIP) of ['*F]FDG PET views
in a 64-year-old male patient with metastatic melanoma. Baseline
PET scan (a) shows multiple lung, liver and mediastinal lymph node
metastases. The first evaluation PET/CT scan performed 12 weeks
after starting treatment with vemurafenib + cobimetinib (b) shows
almost complete disappearance of existing metastatic foci, with the
appearance of pathologic lymph nodes in the right cervical and ingui-
nal levels

nodes were the most frequent sites of disease progression
in this subgroup (Table 3). After disease progression, 18
patients received a new systemic therapy line, four patients
were submitted to local treatment of disease progressive
sites maintaining the ongoing treatment with BRAFi/MEKi,
and three patients received a combined local and systemic
therapy. Finally, 20 patients who experienced a rapid dis-
ease progression with impairment of performance status
were admitted to palliative care. Treatment of patients after
disease progression is described in detail in Table 4.

Overall survival (OS)

In total, 34 out of 57 patients died during the observa-
tion period. The median OS was 21.5 months (95% CI:
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TabIgZ Univariate and . PES oS
multivariate Cox proportional-
hazard regression for the HR (95% CI) p value HR (95% CI) p value
prediction of PFS and OS
Univariate analysis
No. of disease sites > 3 2.2(1.24.1) 0.009 2.9 (1.5-5.9) 0.002
Elevated LDH 1.32 (0.7-2.4) 0.36 2.44 (1.2-4.9) 0.012
BRAFi vs BRAFi + MEKi 0.7 (0.4-1.3) 0.26 0.9 (0.4-1.9) 0.76
Sex (male) 1.7 (0.9-3.0) 0.1 1.8 (0.9-3.5) 0.12
TMTV > 56 cm® 3.5(1.8-6.7) < 0.001 5.5(2.6-11.6) < 0.001
PET non-responders - 6.4 (3-13.4) < 0.001
Multivariate analysis
No. of disease sites > 3 1.6 (0.8-3.0) 0.17 1.5 (0.7-3.6) 0.31
Elevated LDH - - 2.5(1.1-5.6) 0.029
TMTV > 56 cm® 3.1 (1.5-6.1) 0.0014 4.4(1.7-11.3) < 0.001
PET non-responders - - 8.5 (3.6-19.7) < 0.001

HR hazard ratio, PFS progression-free survival, OS overall survival, LDH lactate dehydrogenase, BRAFi
BRAF inhibitor, MEKi MEK inhibitor, TMTYV total metabolic tumour volume

Fig.3 Kaplan—Meier estima- 10 4 10 4
tions of progression-free sur-
vival (PFS) according to TMTV p<0.0001
and the type of metabolic 08 7 08 1
response
- 06 -
p 06 P
F F
S S
04 - 04
low TMTV -
by PMR
02 - 0.2 o e
L, high TMTV
R +
0.0 0.0
T T T T T T T T T T T T T T
0 10 20 30 40 50 80 0 10 20 30 40 50 80
months months

12.2-57.5), with a survival rate of 65.7% at 1 year and
41.3% at 3 years.

At the univariate analysis, features significantly asso-
ciated with a shorter OS were > 3 metastatic organ sites,
elevated LDH, TMTV > 56 cm?® and the lack of response
at PET1. Patients showing a CMR were associated with
a slightly prolonged OS compared to those with PMR,
although the curves overlap after 3 years (Fig. 4a). In a
multivariate analysis, TMTV, LDH and PET responses
were associated with the OS (Table 2). By combining the
parameters, TMTYV and PET response, it was possible
to identify three different prognostic classes (Fig. 4d): a
very favourable prognosis (low baseline TMTV and PET
response to treatment, median OS 102.2 months); a very
poor outcome (high baseline TMTV and no response to
treatment, median OS 6.7 months); and an intermediate
prognosis (low baseline TMTV/no response to treatment,
median OS 20.1 months or high baseline TMTV/response
to treatment, median OS 18.3 months).

Discussion

Our retrospective study demonstrates that baseline TMTV
and metabolic response may be useful prognostic indica-
tors for PFS and OS in patients with advanced melanoma
treated with BRAF/MEK inhibitors.

Although tumour response to BRAFi can be extremely
rapid, most patients develop an acquired resistance to
treatment due to several mechanisms occurring in neo-
plastic cells [11, 12]. The reactivation of the mitogen-
activated protein kinase (MAPK) pathway is the most
frequent mechanism of acquired resistance, and this can
occur for mutation upstream and downstream of BRAF.
The concomitant use of MEKi proved to be a strategy to
prevent or delay resistance to BRAFi, as demonstrated in
recent trials [4, 13, 14]. MEKi act through the MAPK
pathway, which is immediately downstream of BRAF,
and it has been identified as the gene target of several

@ Springer



European Radiology (2022) 32:3398-3407

Disease sites pre-treatment Site of disease progression

3404

Tablg 3 New-onseF met.astatic Patient Type of response

locations as exclusive sites of

disease progression 9 CMR
13 CMR
17 CMR
42 CMR
49 CMR
50 CMR
56 CMR
2 PMR
4 PMD
16 PMD
19 PMD
20 PMD
25 PMD
26 PMD
33 PMD
51 PMD

Lymph nodes, soft tissue, abdomen Adrenal
Lymph nodes, lung, bone Brain
Lymph nodes Brain
Soft tissue, lung Lung*

Lymph nodes, soft tissue Brain, lymph nodes*

Lymph nodes, soft tissue Brain, lung, liver

Lung, adrenal, bone, soft tissue Brain
Lung, soft tissue, lymph nodes Brain
Liver, lung, lymph nodes Lymph nodes*

Bone, liver Bone*, liver*

Bone, lymph nodes Lymph nodes*, soft tissue

Soft tissue, lymph nodes Lymph nodes*
Soft tissue, lymph nodes Lymph nodes*
Soft tissue, abdomen, lymph nodes Abdomen

Lymph nodes, liver, brain, lung, pleura,
soft tissue

Lymph nodes*, spleen,
bone, soft tissue*

Lymph nodes Lymph nodes*

CMR complete metabolic response, PMD progressive metabolic disease, PMR partial metabolic response

* . . . . . .
Different anatomic sites from existing lesions

Table 4 Treatment after disease progression

Progressive metabolic disease at PET1 (n = 22)

Progressive metabolic disease after CMR,
PMR, and SMD (n = 23)

Systemic treatment Nivolumab (n = 3)
Pembrolizumab (n = 1)
Ipilimumab (n = 1)
Fotemustine (n = 1)

Local treatment Axillary lymphadenectomy (n = 1)

Radiotherapy on bone lesion (n = 1)
Combined local/systemic treat-
ment

Palliative care n=12

Ipilimumab + electrochemotherapy (n = 1)
Nivolumab + inguinal lymphadenectomy (n = 1)

Nivolumab (n = 7)

Pembrolizumab (n = 3)

Ipilimumab (n = 1)

Fotemustine (n = 1)

Radiotherapy of brain lesions (n = 1)
Iliac—inguinal lymphadenectomy (n = 1)

Brain metastasectomy + ipilimumab (n = 1)

n=2_8

PET] second PET scan, CMR complete metabolic response, PMR partial metabolic response, SMD stable metabolic disease

resistance mechanisms. The rapid tumour response to
BRAFi has been already demonstrated in vivo by ['*F]
FDG PET/CT. Indeed, almost all patients treated with
vemurafenib or dabrafenib show a significant decrease in
FDG uptake within 2 weeks from starting treatment [7, 8],
possibly reflecting the inhibition of signalling downstream
of BRAF and the consequent suppression of glycolysis
[6, 15]. The finding of a significant metabolic response
in almost all patients makes the use of PET/CT at such an
early stage of limited value as a predictive tool for patient
outcome, although in the publication by McArthur et al
[71, a median reduction in SUVmax of 82% correlated
with PFS. In the same study, it was observed that all 27
patients showed a metabolic response to treatment (24
PMR and 3 CMR), with minimal variability in response
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among lesions, suggesting no evidence of drug resistance
at this timing. In contrast, in a study by Carlino on 23
patients treated with dabrafenib, a heterogeneous response
of lesions was observed in 26% of cases [8]. The intra-
patient heterogeneity of PET response was confirmed in
our cohort with a similar rate (15/57, 26.3%). Interestingly,
in half of the patients showing a PMD on PETI, disease
progression was only due to the onset of new metastatic
sites, while existing lesions showed at least a PMR.

To date, it is not known whether there is a relationship
between the type of metabolic response and the duration
of treatment response to BRAFi and MEKIi. Results of this
study indicated that patients achieving a CMR are signifi-
cantly less prone to relapse compared with those with PMR,
with a median PFS of 42.9 vs 8.8 months and a PFS rate of
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Fig.4 Kaplan-Meier estima- a b
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87.8% vs 41.2% at 1 year and of 62.9 vs 17.6% at 3 years.
This behaviour differs from that observed in a recent article
on the use of ['®F]JFDG PET/CT to monitor ICI treatment in
metastatic melanoma [16], in which all patients showing a
PET response after 3—4 months from the start of treatment
were progression-free at 1 year regardless of whether they
achieved a PMR or a CMR, with a slight difference at 2
years (83.9 vs 100%, respectively). The type of metabolic
response at the first PET/CT assessment may have a practical
clinical implication, namely that patients who do not achieve
a CMR could benefit from a closer clinical/radiological sur-
veillance while on treatment for rapid therapeutic crossover
in the event of progression. Interestingly, in our retrospective
analysis, the high majority of patients with CMR (87.5%)
relapsed in sites different from those already present before
treatment; on the contrary, the high majority of the patients
with PMR (92.9%) relapsed on existing lesions. It can be
postulated that the persistence of FDG avidity on metastatic
lesions after few months of treatment could suggest the onset
of cell clonality resistance to BRAF inhibition. Lymph nodes
and brain metastases were the most frequent sites of dis-
ease progression in patients showing a metabolic response
in existing lesions, as previously observed in a larger cohort
[17]. In particular, brain metastases were found in five of the

eight patients who achieved a CMR. It is indeed known that
melanoma brain metastases might have distinct molecular
alterations, such as increased activation of the phosphati-
dylinositol 3-kinase-protein kinase B (PI3K-AKT) signal-
ling pathway, which has also been associated with resist-
ance to BRAFi and MEKi [18, 19]. The degree of metabolic
response (CMR vs PMR) correlated with PFS but not OS.
This discrepancy may be related to the small sample size
and/or to the higher incidence of progression at the brain
level in patients with CMR, which represents a poor prog-
nostic factor for survival [20].

Baseline TMTYV represents a surrogate of tumour bur-
den, and it has been demonstrated to be a strong prognostic
imaging marker in several oncologic conditions [21-24].
The prognostic value of baseline TMTV was described in a
cohort of 142 melanoma patients treated with ipilimumab,
where the median survival of patients showing a TMTV
above the median (26.85 cm®) was 10.8 months compared
with 26.0 months for patients with lower TMTYV values [25].
At present, there is no clear definition of tumour burden in
patients with metastatic melanoma; therefore, the number
of metastatic organ sites and LDH are the only parameters
currently used to determine which treatment should be used
as first line [26, 27]. In the present study, the TMTYV had a
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low accuracy to predict response to treatment (positive pre-
dictive value 60.8%; negative predictive value 67.6%), but it
was found to be a strong prognostic factor for both PFS and
OS. Interestingly, only TMTV and LDH remain independ-
ent prognostic factors on multivariate analysis, as opposed
to the number of metastatic organ sites, which is strongly
associated with PFS and OS overall survival in previous
reports [14, 17, 22]. TMTYV seems to have a greater prognos-
tic weight than LDH for the OS (HR 4.4 vs 2.5), as shown by
a trend of the curves in Fig. 4b, c. If the prognostic value of
TMTYV will be confirmed in prospective studies with larger
populations, it could be proposed to select high-risk patients
who can benefit from combination therapies with ICIs plus
BRAFi [28, 29], although these treatment protocols are not
currently recommended outside of clinical studies [27].

Analysis of survival curves showed that the prognostic
strength of baseline TMTYV is comparable to that of PET
response to treatment, so that by combining them together,
it was possible to stratify patients into three prognostic cat-
egories: a group with a very favourable prognosis for low
baseline TMTYV and PET response to treatment (median OS
102.2 months), a cohort with a very poor outcome in case of
high baseline TMTYV and no response to treatment (median
OS 6.7 months) and a group with an intermediate behaviour,
when only one of the two prognostic factors was present,
indifferently, as highlighted by the overlapping trend of the
curves in Fig. 4c.

The present study has some drawbacks. First, the patients
analysed received different schedules of treatment enclosing
a BRAFi as a single agent (vemurafenib or dabrafenib) or
associated with a MEKi (cobimetinib or trametinib, respec-
tively). Secondly, the retrospective design of the study may
have led to a selection bias. Another possible limitation of
the study is that 10 out of 57 patients received a systemic
treatment (ICIs n = 9; CHT n = 1) before target therapy
with BRAFi/MEKIi. Nonetheless, to the best of the authors’
knowledge, the present study is the first to demonstrate a
prognostic role of baseline TMTV on PES and OS in patients
with metastatic melanoma on treatment with BRAFi/MEKi
and to identify a different behaviour of disease progression
in patients achieving CMR as compared to PMR.
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