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ABSTRACT

Agents blocking BRAF and MEK produce robust responses
in patients with BRAFV600-mutated melanoma; however,
more accurate clinical biomarkers are needed to predict
prognosis. To explore this question, we retrospectively
studied 158 patients with BRAF-mutated melanoma
treated with BRAF with or without MEK inhibitors. We
found that the number of distinct tumor sites upon initi-
ation of targeted therapy was associated with decreased

progression-free survival but had no effect on overall sur-
vival. Serum values of lactate dehydrogenase and abso-
lute lymphocyte count to absolute neutrophil count ratio
independently had the strongest association with both
progression-free survival and overall survival. Using both
of these markers can help stratify prognosis of patients
with metastatic melanoma receiving targeted therapy.
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INTRODUCTION
Inhibitors of BRAF and/or MEK usually produce a clinical
response in patients with BRAF-mutated melanoma, but
most patients eventually progress. These agents antagonize
the mitogen-activated protein kinase (MAPK) pathway and
also augment the host immune response to melanoma [1,
2]. Preclinical and clinical studies have also shown benefit
with combined BRAF/MEK inhibitors and immune check-
point inhibitors (ICIs) [3]. Although several biomarkers corre-
late with response to ICIs in melanoma, less is known about
the value of these clinical factors in response to BRAF/MEK
inhibitors. For example, recent studies have shown that
baseline tumor size, neutrophil to lymphocyte ratio, and
organ sites of metastases all correlate with immunotherapy
responses [4–6]. Furthermore, integrating these clinical fac-
tors in addition to known prognostic features such as lactate
dehydrogenase (LDH) and American Joint Committee on
Cancer metastatic (AJCC M) stage has not been done [7].
Although small studies have assessed whether similar prog-
nostic factors apply to both ICI and BRAF inhibitors, results
have been mixed [8]. Herein, we correlated these clinical
parameters with outcomes in patients with metastatic mela-
noma treated with BRAF with or without MEK inhibitors.

MATERIALS AND METHODS

Following an institutional review board waiver of consent, we
reviewed records of patients treated with BRAF and/or MEK

therapy. We assessed patient demographics (age, gender, and
prior therapies), tumor characteristics (mutation type, number
of tumors present, and maximum diameter of the largest
tumor), and laboratory values (LDH, absolute neutrophil count
[ANC], absolute lymphocyte count [ALC] at initiation of
targeted therapy). We assessed progression-free survival (PFS)
and overall survival (OS) per RECIST version 1.1.

Kaplan-Meier survival curves were stratified by above-
and below-median ALC/ANC ratio and for normal versus
high LDH levels. Multivariable logistic regression was used;
variables with known, published impact on response to
BRAF/MEK inhibitors were forced into the model, specifi-
cally treatment class (BRAF inhibition vs. dual BRAF and
MEK inhibition vs. sequential inhibition), BRAF mutation
type (V600E vs. other V600 mutations), presence of prior
therapies, AJCC M-stage, and LDH level. Backward selection
was performed to expand the “base” model by identifying
additional predictors from number of tumors, the presence
of other visceral metastases, and ALC/ANC ratio. All tests
are significant at the two-sided .05 level. Statistical analyses
were performed in R-3.6.2.

RESULTS

We identified 158 patients treated with BRAF and/or MEK
inhibitors from our center. Of these patients, 89 were men
(56.3%), with median (range) age of 56 (21–90). Of our
cohort, 78 (49.4%) were treated with BRAF inhibitors alone,
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64 (40.5%) were treated with dual BRAF and MEK inhibi-
tion, and 16 (10.1%) were initially treated with single-agent
BRAF inhibition before changing to dual therapy at progres-
sion. For the entire cohort, median PFS and OS were
194 and 450 days, respectively.

Next, multivariable analysis was performed to determine
the independent prognostic impact of these clinical variables
(Table 1). The strongest effect was observed for LDH for both
PFS (hazard ratio [HR], 1.17; 95% confidence interval [CI],
1.08–1.26; p < .0001) and OS (HR, 1.23; 95% CI, 1.14–1.33;
p < .0001). The number of tumors (10 or more tumors) corre-
lated with decreased PFS (HR, 2.24; 95% CI, 1.31–3.82;
p = .0031) but had no impact on OS (HR, 1.30; 95% CI,

0.72–2.34; p = .39) compared with patients with one to three
tumors. Tumor bulk (diameter of the largest tumor) was not
associated with PFS or OS. The presence of other visceral
metastases (nonliver, nonbrain, nonbone) was also associated
with inferior PFS but not OS. Additionally, higher ALC/ANC
ratio was strongly associated with increased PFS (HR, 0.68;
95% CI, 0.54–0.85; p = .0006) and OS (HR, 0.8; 95% CI,
0.65–0.99; p = .04). Notably, ALC/ANC ratio early in treatment
(approximately 4 weeks into therapy) was not associated with
clinical outcomes in univariate analyses.

After identifying a strong and independent effect for
both LDH and ALC/ANC ratio for both PFS and OS, we
sought to use the combination of the two as an additional

Table 1. Hazard ratio for clinical variables for progression-free survival and overall survival

Clinical variable

Progression-free survival Overall survival

Hazard ratio p value Hazard ratio p value

Lactate dehydrogenase 1.166 <.0001 1.230 <.0001

Absolute lymphocyte count/absolute
neutrophil count ratio

0.679 .0006 0.799 .0383

Presence of visceral metastasis 0.548 .0059 N/A

Presence of lung metastasis N/A 1.768 .0081

More than 10 tumors 2.239 .0031 1.297 .3875

Presence of 4–9 tumors 1.426 .1947 0.682 .22

Prior therapy received 1.275 .1823 1.228 .2895

Dual BRAF/MEK therapy 0.614 .0144 0.662 .0494

Sequential BRAF, MEK therapy 0.500 .0492 0.939 .8512

Presence of V600E mutation 0.288 <.0001 0.593 .0506

M-stage IVb 0.329 .0092 0.961 .9306

M-stage IVc 0.577 .1105 1.537 .2195

M-stage IVd 0.538 .1381 1.434 .4165

N/A, not applicable; variable was not selected on backward selection process as a potentially significant variable for inclusion in the final model.

Figure 1. Kaplan-Meier plots of progression-free and overall survival. (A): Progression-free survival stratified by serum LDH and
serum ALC/ANC ratio. This figure shows the progression-free survival was best in patients with low serum LDH values and high
ALC/ANC ratio upon initiation of targeted therapy while poorest in patients with high serum LDH and low ALC/ANC ratio. The differ-
ences in these curves serve as a potentially useful stratification guide for patients beginning targeted therapy. (B): Overall survival
stratified by serum LDH and serum ALC/ANC ratio. This figure shows the overall survival was best in patients with low serum LDH
values and high ALC/ANC ratio upon initiation of targeted therapy while poorest in patients with high serum LDH and low ALC/ANC
ratio. The differences in these curves serve as a potentially useful stratification guide for patients beginning targeted therapy.
Abbreviations: ALC, absolute lymphocyte count; ANC, absolute neutrophil count; LDH, lactate dehydrogenase.
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stratification measure for prognosis. Using LDH (higher than
institutional upper limit of normal vs. normal) and ALC/ANC
ratio (above vs. below the median), both PFS and OS were
stratified using these variables. Median PFS values were
351 versus 235 versus 147 versus 128 days, p < .0001, for
low LDH, high ALC/ANC; low LDH, low ALC/ANC; high LDH,
high ALC/ANC; and high LDH, low ALC/ANC, respectively
(Fig. 1A). Median OS values were 960 versus 645 versus
428 versus 214 days, p < .0001, for low LDH, high ALC/ANC;
low LDH, low ALC/ANC; high LDH, high ALC/ANC; and high
LDH, low ALC/ANC, respectively (Fig. 1B).

DISCUSSION

In this study, we retrospectively studied the role of several
clinical and radiographic markers on the prognosis of
patients receiving BRAF with or without MEK inhibitors for
melanoma. We identified several associations, including the
number of tumors and other visceral metastases on PFS.
However, the most robust association was ALC/ANC ratio,
with a strong effect on both PFS and OS and independent
of LDH. This was strongly correlated with outcomes even
when adjusted for metastatic stage, type of BRAF mutation,
tumor size and numbers, and other known factors.

Targeting BRAF and MEK remains an important corner-
stone of melanoma therapies in addition to ICI. Although
the biology driving response to targeted therapy largely
stems from MAPK pathway signaling abrogation, recent
work has shown the effects of BRAF inhibition on increased
T-cell infiltration and improving the tumor microenviron-
ment, suggesting a role for dual therapy [1, 9]. As such,
there is rationale for studying biomarkers that have corre-
lated with responses to ICI in the context of targeted ther-
apy. A number of recent papers have studied the prognostic
role of the absolute lymphocyte count or neutrophil lym-
phocyte ratio in patients receiving ICI, with much less data
on the BRAF/MEK inhibitor-treated population [8, 10, 11].

We observe this association as well in the context of BRAF
with or without MEK inhibition. This could relate to specific
immune mechanisms, or it simply could reflect another
aspect of disease aggressiveness.

We acknowledge that there are several limitations to
our study. First, this study was conducted retrospectively at
a single center, which may result in region-specific biases.
Second, the radiologic data was assessed retrospectively
and not in a controlled, prospective fashion. Finally, many
patients received BRAF inhibitor monotherapy, which is
rarely used currently. However, we observed similar corre-
lations between outcomes and ALC/ANC irrespective of
therapy type.

Ultimately, this study identified the value of using
blood-based biomarkers such as LDH and ALC/ANC ratio as
prognostic markers for patients receiving targeted therapy
for metastatic melanoma. These findings may be useful to
inform selection of therapy for patients. Further research is
needed to understand the biological mechanisms, and a
combination of clinical and molecular markers (as opposed
to a single factor) will likely aid in prognostication for these
patients.
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