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Real-world evidence on efficacy and toxicity of targeted 
therapy in older melanoma patients treated in a tertiary-
hospital setting
Ronen Stoffa, Svetomir N. Markovica, Robert R. McWilliamsa, 
Lisa A. Kottschadea, Heather N. Montanea, Anastasios Dimoua, 
Arkadiusz Z. Dudeka, Winston Tanb, Roxana S. Droncab, Mahesh Seetharamc, 
Ruqin Chenb and Matthew S. Blocka

Melanoma is the deadliest form of skin cancer. The 
median age at diagnosis is 66. While most patients are 
treated with immunotherapy, the use of targeted therapy 
is a valid alternative for patients whose tumors harbor 
a BRAF or c-KIT driver mutation. These agents, while 
effective, come with a variety of side effects which limit 
their use, especially in older patients. We sought to 
assess the efficacy and toxicity of these agents in older 
melanoma patients. Melanoma patients over 65 treated 
with BRAF/MEK or c-KIT inhibitors were retrospectively 
identified, and their data were analyzed for treatment 
efficacy and toxicity. All data were compared using 
the Chi-square test for categorical comparisons and 
the Kruskal–Wallis method for median comparisons. 
One hundred and sixteen patients were identified. One 
hundred and six patients were treated with BRAF/MEK 
inhibitors. The assessed response rate (RR) was 83% and 
was comparable across different subgroups, including 
advanced line patients and those with a more aggressive 
disease. The median progression free survival (PFS) was 
7.9 months, and the median overall survival (OS) was 
15.7 months. Twenty-seven percent experienced grade 

3–4 toxicity leading to a 24% treatment discontinuation 
rate. Another 10 patients were treated with the c-KIT 
inhibitor imatinib, for whom the assessed RR was 55%. 
The median PFS was 4.3 months, and the median OS was 
22.6 months. Forty percent needed dose reductions, yet 
none had to stop treatment due to adverse effects. The 
use of targeted therapy in older patients is effective yet 
challenging due to toxicity. Deploying mitigation strategies 
can help maximizing their usefulness. Melanoma Res 34: 
510–518 Copyright © 2024 The Author(s). Published by 
Wolters Kluwer Health, Inc.
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Introduction
Malignant melanoma is the 5th most common cancer diag-
nosed in the USA with about 100 000 new cases and 8000 
deaths expected in 2024 [1]. The median age at diagnosis 
is 66, with the median age for melanoma specific mortal-
ity being 72 [2].

BRAF is the most common driver mutation in melanoma, 
seen in about 40–60% of all patients [3,4]. BRAF is a 
member of the MAPK pathway, and an activating muta-
tion in BRAF constitutively activates the MAPK pathway 
via MEK and ERK signaling leading to cell proliferation 
and survival [5]. The most common BRAF mutation seen 
in melanoma is V600E which is present in about 80–90% 

of all BRAF mutated cases, with V600K accounting for 
another 15% and the less common V600D/G/R/M occur-
ring in less than 5% of cases [6]. The presence of BRAF 
V600E mutation is the strongest predictor of response to 
BRAF and MEK inhibitors [7]. Other non-V600 muta-
tions and BRAF fusions are found in about 4–14% of pri-
mary cutaneous melanoma cases [7], yet since they are 
part of the BRAF class II and III mutations they gener-
ally respond poorly to combined BRAF and MEK inhi-
bition [7,8].

Currently approved BRAF-MEK combination thera-
pies for unresectable/metastatic melanoma show high 
objective response rates (RRs) of about 65–70% and a 
disease control rate of about 90% [9–13]. The median 
progression free survival (PFS) is about 12 months 
with ≈20% of patients remaining progression free 
at the 5-year landmark. The two main shortcomings 
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of these agents are the high frequency of acquired 
resistance and the variety of dose-limiting toxicities. 
The latter being a challenge for treating clinicians 
and patients alike, with constitutional side effects 
such as fever, fatigue, arthralgia as well as gastrointes-
tinal, hepatic, and cardiovascular toxicities leading to 
dose interruptions, reductions, and discontinuations. 
In the pivotal combination therapy trials the treat-
ment discontinuation rate due to adverse events was 
12–18%.

Dabrafenib and trametinib is the only combination which 
has also been approved as adjuvant treatment for fully 
resected stage III melanoma patients [14]. Toxicity was 
the biggest limitation in this trial with a 26% discontin-
uation rate and 38% dose reduction rate due to adverse 
events [15].

Other driver oncogenes seen less frequently in mela-
noma are NRAS and c-KIT with activating mutations.

NRAS is the second most common driver oncogene 
and accounts for 15–20% of all cases, yet has only mod-
est response to MEK inhibitors in the few clinical tri-
als that have been published [16–18]. c-KIT mutations 
are most commonly seen in patients with mucosal 
or acral melanoma (15–20%) and in a about 2–3% of 
cutaneous melanomas that arise from chronic sun- 
damaged skin [19]. Existing scarce data show objec-
tive responses to KIT targeted therapy with imatinib 
in patients with Exon 11 or Exon 13 mutations [20–22] 
with no responses in patients with other loci of muta-
tions or with c-KIT wildtype unselected patient pop-
ulations [23,24]. Data also exist on responses to other 
c-KIT inhibitors including nilotinib [25,26], dasatinib 
[27], and sorafenib [28]. As with many other small mol-
ecule tyrosine kinase inhibitors, dose-limiting toxici-
ties such as fatigue, nausea, diarrhea, muscle cramps, 
and prolonged QTc interval are frequent [29] and 
often require dose interruptions and modifications for 
many patients.

Given the fact that about 50% of all melanoma patients 
are over 65 at diagnosis, treatment with targeted therapy 
can be more challenging in this age group owing to signif-
icant comorbidities and frailty of many of these patients, 
limiting the clinical benefit from these agents. Many 
treating clinicians try to avoid using targeted therapy 
altogether or deploy preventive dose reduction strategies 
to minimize adverse effects and maximize treatment tol-
erability and efficacy. The effect of dose reductions and 
interruptions on treatment efficacy is mostly unknown, 
although previous trials comparing intermittent versus 
continuous dosing have shown that intermittent dosing 
seems to be associated with shorter PFS [30–32], thus 
implying that dose interruptions due to toxicity could 
potentially decrease treatment efficacy and duration of 
response.

Data regarding efficacy and toxicity of immunotherapy 
in older patients have become abundant in recent years 
[33–36], leading to widespread use of these agents in 
older and frail patients, which in the past were deemed 
unfit for systemic therapy. Yet, overall data regarding the 
efficacy and toxicity of targeted therapy in older patients 
are scarce [37] and mostly include subgroup analysis of 
the pivotal phase III trials, with only 24–29% of patients 
reported being older than 65 [9–13]. On top of that, the 
trials’ rigorous accrual process excludes many potential 
candidates and therefore they often do not reflect the 
complexity of real-world patient populations. In these 
trials there were conflicting data on the added value of 
combination therapy over single agent BRAF inhibitors 
in terms of PFS and overall survival (OS) in patients 
older than 65 years, mainly due to the small size of these 
cohorts [9–13]. It is worth noting that a pooled analysis 
of the dabrafenib and trametinib trials did show that an 
increase in the 10-year age increment was associated with 
better PFS and OS, yet the specific age cutoff was not 
mentioned [10].

In this retrospective analysis we sought to better charac-
terize the outcomes of older melanoma patients with dif-
ferent targeted therapy agents aiming to provide insight 
on the best way to incorporate these agents in the treat-
ment paradigm for elderly patients. The data generated 
in this publication have possible implications beyond 
melanoma patients following the tumor-type agnostic 
approval of dabrafenib and trametinib for solid tumors 
harboring BRAF V600E activating mutations in 2022 
[38].

Methods
Using the Epic Slice and Dice tool we have retro-
spectively identified the electronic medical records 
(EMR) of all advanced melanoma patients over 
65 years of age that were treated with targeted therapy 
agents across the Mayo clinic enterprise (Rochester, 
Minnesota; Jacksonville, Florida; Scottsdale, Arizona, 
USA) between 2017 and 2023. All EMR of eligible 
patients were analyzed for demographic character-
istics, disease related characteristics, antineoplastic 
treatment regimens utilized and treatment outcomes 
in terms of efficacy and toxicity. All demographic and 
disease related characteristics were extracted using 
the clinical data pull feature on research electronic 
data capture system (REDCap). Disease staging was 
done using the American Joint Committee on Cancer 
v.8 [39]. Staging was determined at initial diagnosis 
and reevaluated at the beginning of each line of sys-
temic treatment. Treatment efficacy outcomes were 
done using the treating clinician’s assessment as was 
documented in the EMR, as well as imaging official 
interpretation documented in the EMR. The imaging 
methods analyzed were computerized tomography 
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(CT) and PET/CT for systemic response assessment 
and CT and MRI for intracranial response assess-
ment. When feasible, the efficacy was assessed using 
the RECIST criteria v1.1 [40]. Toxicity outcomes 
were collected based on documented notes by the 
treating clinician during office encounters and were 
based on patient reporting within those encounters. 
Accordingly, all toxicities documented were graded 
using the common terminology criteria for adverse 
events (CTCAE) v. 5.0 [41].

All data were recorded and managed using the REDCap 
system version 14.0 hosted at Mayo clinic [42,43]. 
REDCap is a secure, web-based application designed 
to support data capture for research studies, providing: 
(a) an intuitive interface for validated data entry; (b) 
audit trails for tracking data manipulation and export 
procedures; (c) automated export procedures for seam-
less data downloads to common statistical packages; 
and (d) procedures for importing data from external 
sources.

Categorical data comparison between subgroups was 
done using the Chi-square test. Medians of PFS and OS 
were compared using the Kruskal–Wallis method. For 
all analyses a P-value <0.05 was considered statistically 
significant.

All data were collected and analyzed under the 
approval of the Mayo Clinic Institutional Review Board 
(23-010095).

The manuscript was prepared according to the European 
society of medical oncology’s (ESMO) guidelines on 
reporting oncology real-world evidence [44].

Results
A total of 116 patients over age 65 treated with targeted 
therapy were identified. These were further divided into 
two cohorts: 106 patients in the BRAF mutated cohort 
and 10 other patients in the c-KIT mutated cohort. A flow 
chart showing the patient selection process is shown in 
Fig. 1.

BRAF cohort
One hundred and six BRAF mutated advanced mela-
noma patients were identified. BRAF mutation status 
was obtained using next generation sequencing (NGS) in 
all patients, and 99% had a documented BRAF V600E/K 
mutation (with the remaining one patient having an 
Exon 11 mutation). The median age was 71 (65–89) and 
55% were males. The median follow-up was 28.9 months 
(1–124). Baseline patient characteristics are depicted in 
Table 1.

Thirty-two (30%) patients were treated at first line, 58 
(55%) at second line, and 16 (15%) at third line. Eighty-
eight patients (83%) received treatment for unresecta-
ble/metastatic disease and were evaluable for their best 

radiological response. The assessed RR was 83%, of which 
59% had a partial response (PR) and 24% had a complete 
response (CR). The disease control rate was 92%, 4% 
had a mixed response and only 4% had progressive dis-
ease (PD) as their best documented response. RR was 
82, 83, and 87% for first, second, and third line, respec-
tively. For responders, the median duration of response 
was 8 months (0.5–85) and the median time to achieve 
the best documented overall response was 3.1 months 
(0.7–27).

Of the evaluable patients, 28 (32%) had elevated serum 
lactate dehydrogenase (LDH) at treatment initiation, of 
which 86% responded to treatment (68% PR and 18% 
CR). The Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) was 0–1 for 61% of the evalua-
ble patients, 2–3 for 14% and unknown for the other 25%. 
RR was 89% for patients with ECOG PS 0–1 and 75% 
with those with ECOG PS of 2–3. Most patients (71%) 
had a cutaneous primary, another 22% had an unknown 
primary and 7% had acral primary. RR was 91% for cuta-
neous primary and 67% for acral primary. There was one 
uveal melanoma patient with an exon 11 BRAF mutation 
who did not respond to treatment.

Table 1   Baseline patient characteristics – BRAF cohort

Characteristic N (%)

Sex
 � Male 59 (55%)
 � Female 47 (45%)
Treatment line  
 � 1st 32 (30%)
 � 2nd 58 (55%)
 � 3rd 16 (15%)
Disease stage  
 � III or IV NED 22 (21%)
 � IV 84 (79%)
ECOG performance status  
 � 0–1 67 (63%)
 � 2–3 12 (11%)
 � Unknown 27 (26%)
LDH at treatment initiation  
WNL 76 (72%)
 � <X2 WNL 20 (19%)
 � >X2 WNL 10 (9%)
Agent used  
 � Dabrafenib + trametinib 61 (57%)
 � Encorafenib + binimetinib 37 (35%)
 � Vemurafenib + cobimetinib 2 (2%)
 � Single agent BRAF inhibitor 2 (2%)
 � Combination BRAF/MEK + anti PD-1/PDL-1 4 (4%)
CNS metastases at treatment initiation  
 � Yes 37 (35%)
 � No 69 (65%)
Melanoma subtype  
 � Cutaneous 75 (71%)
 � Acral 7 (7%)
 � Unknown 23 (22%)
 � Uveal 1 (<1%)
Comorbidities of interest  
 � Autoimmune disorders 20 (19%)
 � Type II diabetes 18 (17%)
 � Ischemic heart disease 12 (11%)
 � Atrial fibrillation 17 (16%)
 � Solid organ transplant recipient 3 (3%)

ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; 
N/A, not applicable; NED, no evidence of disease; WNL, within normal limits.
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Thirty-five percent of all patients had active central nerv-
ous system (CNS) metastases at treatment initiation, of 
which two patients were treated in the adjuvant setting 
following complete resection of the CNS disease, and 
therefore were not evaluable for response. For those who 
were evaluable, the systemic RR was 77%. Only 54% of 
all CNS patients were evaluable for intracranial response 
assessment, mostly due to administration of radiotherapy 
(stereotactic or whole brain) prior to or concomitantly 
with the initiation of systemic targeted therapy. The 
intracranial RR for the evaluable patients was 68%, and 
39% for the entire CNS patient population. There were 
seven patients (20% of all CNS patients) who continued 
systemic treatment with targeted therapy beyond CNS 
progression while concomitantly undergoing salvage 
radiotherapy or neurosurgical metastasectomy.

The most common treatment regimen was dabrafenib 
and trametinib which was used in 57% of all patients 
(44% for metastatic/unresectable disease and 13% as 
adjuvant treatment), followed by the combination of 

encorafenib and binimetinib that was used in 35%. 
Only 2% were treated with vemurafenib + cobimetinib 
and another 2% were treated with a single agent BRAF 
inhibitor. RRs were similar for dabrafenib and tra-
metinib and encorafenib and binimetinib with 83 and 
85%, respectively. Four patients were treated with a 
combination of both targeted therapy and an anti PD-1 
agent with all of them achieving a response (3 PR and 
1 CR).

RR comparisons according to subgroups are summarized 
in Table 2.

At data cutoff, 13% of patients were on treatment with 
the other 87% stopping treatment. The most common 
reason for treatment discontinuation was disease progres-
sion or death for 53% of all patients. Twenty-one percent 
of patients discontinued treatment due to adverse events 
and the other 13% discontinued treatment at a preplanned 
time point – either at the end of 1 year of adjuvant treat-
ment or at the discretion of the treating clinician.

Fig. 1

Flowchart of patient selection for the study.
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The median PFS was 7.9 months, with a PFS of 6, 8.3, 
and 13.4 months for first, second, and third line, respec-
tively. There was not statistically significant difference 
in PFS among different lines of treatment. The median 
PFS was 5.7 months for patients with active CNS 
disease.

At data cutoff 53 patients (50%) have died, with mel-
anoma being the cause of death for 85% of them. 
The median OS from time of treatment initiation was 
15.7 months (12.5, 14.5, 31.9 for first, second, and third 
line, respectively). There was not a statistically signif-
icant difference in OS among different lines of treat-
ment. The median OS for patients with CNS disease 
was 9.8 months.

Thirteen patients (12%) were over the age of 75 at 
treatment initiation, with a median age of 79 (75–88). 

All patients were female. In this age group the combi-
nation of encorafenib and binimetinib was used in 61% 
of patients with the other 39% receiving treatment with 
dabrafenib and trametinib. Eleven patients were evalua-
ble for response with an assessed RR of 64%. Only one 
patient had CNS disease which did not respond to treat-
ment. Of the 11 patients, 1 (9%) was still on treatment at 
data cutoff, with 7 (64%) stopping treatment due to dis-
ease progression or death, 2 (18%) due to adverse events, 
and the other 3 (27%) at the discretion of the treating 
physician. The median PFS was 9.2 months (4–18), and 
the median OS was 11.7 months (1.8–41).

Eighty-eight percent of patients experienced adverse 
events of any grade, with 27% having grade 3–4 toxic-
ity. There were no grade 5 toxicities reported. Thirty-six 
percent of patients experienced one adverse event, while 
32% experienced two and 33% experienced three or 
more. Twenty-one percent of patients stopped treatment 
due to toxicity, 28% needed a dose reduction, and 20% 
changed to a different set of BRAF/MEK inhibitors. Of 
the patients who changed to a different combination of 
agents – 76% experienced adverse events from the new 
regimen, leading to dose reduction in 69% of them and 
permanent treatment discontinuation in another 19% 
(leading to a total of 24% discontinuation rate).

While most adverse events were treated with palliative 
care and dose interruptions or reductions, about 10% of 
patients needed systemic corticosteroids to treat adverse 
events, with fever (27%) and elevated liver function tests 
(27%) being the most common causes.

The most common toxicities seen were fever (30%), 
fatigue (30%), skin rash (22%), elevated liver function 
tests (20%), arthralgia/myalgia (15%), nausea (14%), 
and diarrhea (11%). Seven percent had ejection fraction 
decrease with one grade 3 leading to permanent treat-
ment discontinuation.

c-KIT cohort
Ten patients with NGS proven c-KIT mutated melanoma 
were identified. All patients were treated with imatinib. 
The median age at treatment initiation was 75 years (71–
100). Three patients had cutaneous primary, 3 had vulvar/
vaginal primary, 3 had acral primary, and 1 had anal canal 
primary. All patients had normal LDH at treatment initi-
ation and ECOG performance status was 0–2 (median 0). 
Baseline patient characteristics are depicted in Table 3.

One patient received treatment with imatinib as off- 
label adjuvant treatment for stage IIIB disease. This 
patient was treated for 18 months with no evidence of 
recurrence. The patient discontinued treatment after 
18 months at the treating physician’s discretion and 
continued follow-up only to have a recurrent metastatic 
disease 6 months after treatment discontinuation, at 
which point the patient elected for best supportive care. 

Table 2   Response rate according to subgroup analysis BRAF 
cohort

Subgroup (n) – evaluable only Response ratea n (%) P-value

Male (51) 42 (82%)  
Female (37) 31 (84%) P = 0.86
Normal LDH (60) 49 (82%)  
Elevated LDH (28) 24 (86%) P = 0.63
ECOG PS 0–1 (54) 47 (87%)  
ECOG PS 2–3 (12) 9 (75%) P = 0.29
Dabrafenib  +  trametinib (47) 38 (81%)  
Encorafenib  +  binimetinib (33) 28 (85%) P = 0.64
1st line (22) 18 (82%) Reference
2nd line (47) 39 (83%) P = 0.9
3rd line (16) 14 (87%) P = 0.63
CNS disease (35) 27 (77%)  
No CNS disease (47) 40 (85%) P = 0.35
Age over 75 (11) 7 (64%)  
Age 65–75 (77) 66 (86%) P = 0.068

CNS, central nervous system; ECOG PS, Eastern Cooperative Oncology Group 
performance status; LDH, lactate dehydrogenase.
aSystemic response rate only.

Table 3   Baseline patient characteristics – c-KIT cohort

Characteristic N (%)

Sex:
 � Male 5 (50%)
 � Female 5 (50%)
Treatment line:
 � Adjuvant 1 (10%)
 � 2nd 6 (60%)
 � 3rd 3 (30%)
ECOG performance status
 � 0–1 8 (80%)
 � 2 1 (10%)
 � Unknown 1 (10%)
Primary site
 � Acral 3 (30%)
 � Cutaneous 3 (30%)
 � Vulvar/vaginal 3 (30%)
 � Anal canal 1 (10%)
KIT mutation location:
 � Exon 11 6 (60%)
 � Exon 13 1 (10%)
 � Exon 14 1 (10%)
 � Exon 17 2 (20%)

ECOG PS, Eastern Cooperative Oncology Group performance status.
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The other nine patients received imatinib for stage IV 
disease with an overall assessed RR of 55% (44% PR, 
11% CR). Median duration of response was 4 months 
(3–39). Responses were seen in different histological 
subtypes including: acral melanoma (67%), vulvar/vag-
inal melanoma (67%), and cutaneous melanoma (33%). 
All nine metastatic patients were treated with immu-
notherapy at first or second line before proceeding to 
treatment with imatinib. Six patients were treated as 
2nd line with an RR of 67% and three were treated as 
3rd line with an RR of 33%. There was only one patient 
with CNS disease who did not respond to treatment 
either systemically or intracranially. Six patients had 
Exon 11 mutations (V560D/G/E, N564S, and L576P) of 
which four responded (67%). Two had Exon 17 muta-
tions (N822C/K) of which one responded (50%) and 
the remaining two had an Exon 14 (F681I) and Exon 
13 (K642E) mutation that did not respond to treatment 
at all.

At data cutoff two patients were on treatment and seven 
had stopped treatment due to disease progression or 
death. Median PFS was 4.3 months (1.8-not reached), 
median OS from treatment initiation was 22.6 months 
(4–64).

Toxicity was moderate with 90% of patients experienc-
ing any grade adverse event, with the median grade 
being 1 (1–3). Fifty percent of patients experienced two 
adverse events, 20% had three adverse events, and the 
other 20% had four adverse events. Only one patient 
experienced toxicity requiring dose interruption with 
two grade 3 toxicities – pneumonitis and decreased 
neutrophil count, leading to temporary treatment inter-
ruption, dose reduction, and a course of corticosteroids. 
The rest of the patients experienced only grade 1–2 
toxicity, yet in total four patients (40%) needed dose 
reductions. there were no treatment discontinuations 
due to toxicity and there were no treatment related 
deaths.

Discussion
Age remains the biggest risk factor for most solid cancers, 
with about a half of all melanoma patients being diag-
nosed at 65 years of age or older [2]. Additionally, the life 
expectancy is growing which means the absolute num-
ber of older patients being diagnosed with melanoma is 
increasing [1]. Until a decade ago the treatment options 
for melanoma patients were very limited and consisted 
mainly of highly toxic and poorly effective regimens 
based on chemotherapy [45–47] alone or in combination 
with immunotherapy with high doses of interleukin-2 
(IL-2) [48,49] or interferon alpha (IFNa) [50]. As many 
older patients are more prone to be frail and/or suffer 
from multiple comorbidities, they were often considered 
poor candidates for such aggressive treatment regimens, 
and therefore were mainly offered supportive care.

The introduction of novel immune check point inhibitors 
(ICI) has revolutionized the treatment paradigm in mel-
anoma, yet at the cost of various immune mediated tox-
icities [51,52]. Nevertheless, clinicians and patients alike 
seem eager to use these agents even in older and frail 
patients with available data showing that, overall, these 
agents are both efficacious and safe for such patients 
[33–36]. While ICI is the primary treatment method used 
for melanoma, not all patients benefit from these agents. 
The main limitations remain treatment resistance (pri-
mary or acquired) and toxicity, especially for solid organ 
transplant recipients and patients with preexisting auto-
immune disorders [53–55].

The alternative to ICI is targeted therapy aimed at driver 
mutations, with BRAF being the most prevalent muta-
tion in cutaneous melanoma and c-KIT being the most 
prevalent mutation in mucosal melanoma.

Anti BRAF + MEK treatment combinations have 
become widely used simultaneously to the introduction 
of ICI. Their biggest value is the rapid response seen in 
a high proportion of patients, which is especially useful 
in cases of progressive multifocal metastatic presentation. 
With that being said, the two biggest limitations remain 
acquired resistance and various toxic side effects. The 
issue with the limited duration of response remains an 
unmet need and leads to preference of ICI as the first-
line modality when feasible, as seen in trials assessing 
optimal treatment sequencing [56] and as reflected in the 
national comprehensive cancer network (NCCN) guide-
lines [57]. In addition, the various dose-limiting toxicities 
are challenging to manage, and require dose interruptions 
and reductions in many cases. This is especially true in 
older and more frail patients, who might take longer time 
to recover from such toxicities and therefore might need 
longer treatment interruptions, which can hamper the 
efficacy and duration of response.

The data collected in our real-world evidence cohort of 
BRAF mutated patients reflect a diverse population of 
melanoma patients older than 65 years, which are usu-
ally not fully represented in pharma based clinical tri-
als. Our data suggest that toxicity can be challenging in 
older patients, with 24% treatment discontinuation due 
to toxicity, which is higher than reported in the pivotal 
clinical trials of about 12–18% in the metastatic setting 
and similar to the 26% reported in the adjuvant setting. 
No specific data on the prevalence and characteristics of 
toxicity in older patients were published in any of the 
pivotal trials [9–13].

A significant portion of patients also required dose reduc-
tions and switching to other BRAF + MEK combina-
tions, yet the possibility of both interventions increases 
the ability to manage side effects without foregoing treat-
ment in most patients. Efficacy is higher than reported in 
trials, though our assessment was not done according to 
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RECIST v1.1 and therefore cannot be directly compared 
to the rates shown in the pivotal trials. It is worth noting 
that most patients were treated with targeted therapy as 
a 2nd or 3rd line, and for those patients the PFS and OS 
seems to be numerically longer than for those treated in 
the first-line setting. This was not statistically significant, 
most likely due to the small sample size. These differ-
ences can be explained by the fact that those patients 
who receive first-line treatment with targeted therapy are 
usually the ones who present with a rapidly aggressive 
disease, often with a significant disease burden and CNS 
involvement. This is also reflected in the fact the median 
PFS and OS for first-line patients in our study were 
shorter than the ones reported in the pivotal trials [9–13]. 
The responses observed in our cohort show that targeted 
therapy is effective in all various high risk disease fac-
tors including elevated LDH, poor ECOG PS, and CNS 
involvement. The issue with duration of response is still 
an open one, even though a small portion of the patients 
have prolonged and durable responses.

In our c-KIT mutated cohort we bring the first series of 
older melanoma patients treated with imatinib, which 
shows encouraging results in terms of RR, especially 
given that all patients received treatment as a 2nd or 3rd 
line following ICI. Responses seem to rely heavily on the 
location of the mutation within the c-KIT gene, which 
can help for better patient selection in the future. The 
duration of response is short, as previously described 
and remains an unmet need for this patient population. 
Hopefully, future data collected on the use of other KIT 
inhibitors will show promising results in terms of response 
and durability. The most encouraging outcome for this 
cohort was the milder toxicity profile which allowed all 
patients to receive optimal treatment duration, which 
should encourage the routine testing for c-KIT muta-
tion in BRAF wild type patients and the incorporation of 
imatinib and other KIT inhibitors in the treatment para-
digm for selected KIT mutated patients, with an empha-
sis on the location of the mutation as a predictive factor.

The results of this study should be interpreted with cau-
tion as this is a retrospective study reflecting a selected 
population of patients treated in a high volume tertiary 
medical center. The limitations of this study are mainly 
because all data were extracted from EMRs, in which the 
medical notes are not uniform in the style and depth of 
coverage. This is the case for toxicity assessment which 
relies mainly on patient reporting during medical encoun-
ters, which might be influenced by a reporting or recall 
bias. Since in the real-world setting most care takers do 
not routinely grade toxicity, the grading done by our team 
can also be inaccurate or incomplete. Another limitation is 
with response assessment, which is related to the fact the 
RECIST criteria are not routinely used in the real-world 
setting by both clinicians and radiologists. This is further 
complicated by the fact that different imaging modalities 

were assessed, which can lead to inaccurate assessment 
of response patterns, especially when comparing PET/
CT and CT. Data suggest that metabolic response assess-
ment by PET/CT is faster than conventional anatomical 
CT response [58], yet at times metabolic changes can 
also reflect immune responses, even in patients treated 
with targeted therapy [59].

Conclusion
Targeted therapy is a valid treatment option for older 
BRAF mutated melanoma patients, preferably after expo-
sure to ICI when medically feasible. The biggest chal-
lenge remains toxicity, yet a variety of tactics deployed 
such as dose interruptions, reductions, and agent switch-
ing can help mitigate this obstacle, thus allowing patients 
a proper exposure to these agents. These data can also 
be reproduced for other older BRAF mutated cancer 
patients as the use of BRAF + MEK inhibitors becomes 
increasingly popular.

For c-KIT mutated patients, treatment with imatinib and 
other KIT inhibitors seems appropriate post ICI expo-
sure, while harnessing the predictive value of mutation 
location within the c-KIT gene.

Further studies and real-world data are needed to better 
allow for patient selection for targeted therapy at differ-
ent stages and lines.
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