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Abstract: The therapeutic possibilities for patients with metastatic melanoma have changed due to the 
development of targeted therapies that inhibit oncogenic signaling pathways as well as immune modulating 
therapies that unleash the patient antitumor immunity. These therapeutic changes have impressively 
increased the median overall survival of the patients. Considering the dramatic but transient responses that 
occur with targeted therapies for a subgroup of patients and the durable responses that can be achieved with 
immunotherapy in a subset of patients, a lot of effort is ongoing for the clinical development of combinations 
of these two therapeutic approaches. Herein we discuss the existing preclinical and clinical data for the 
combination of targeted therapies and immunotherapy focusing mainly on melanoma and non-small cell 
lung cancer (NSCLC).
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Introduction

Targeted therapies inhibit tumor growth and progression 
by blocking mutant proteins and signaling pathways 
that are essential for cell survival. With the BCR-ABL 
kinase inhibitor, imatinib, being the first to induce 
complete responses in patients with chronic myelogenous  
leukemia (1), now with several small molecule inhibitors 
of other kinases such as epidermal growth factor receptor 
(EGFR), BRAF, KIT, HER2 and anaplastic lymphoma 
kinase (ALK), selected patients can experience impressive 
tumor responses (2). Historically, immunotherapy has been 

used for the treatment of advanced stage melanoma but with 
small clinical benefit and substantial toxicity (3). Recently, 
modern immunotherapy approaches have focused on 
bolstering T cell responses and augmenting cell mediated 
immunity with final tumor destruction (4,5). This approach, 
known as immune checkpoint blockade (ICB), was initiated 
with the development of antibodies against cytotoxic T 
lymphocyte-associated antigen 4 (CTLA-4) (ipilimumab 
and tremelimumab) and continued with the rapid clinical 
development of antibodies against the programmed 
death-1 (PD-1) T cell co-receptor (mainly nivolumab and 
pembrolizumab) and its ligand, B7-H1/PD-L1 (durvalumab, 
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atezolizumab, avelumab and others). At least in the case 
of melanoma, it is now well known that approximately 
30% of patients maintain the disease under control for 
many years with ICB as ipilimumab (6), nivolumab (7) or 
pembrolizumab (8). Similar seems to be the situation for 
metastatic non-small cell lung cancer (NSCLC) and triple 
negative breast cancer.

Due to the emergence of drug resistance clones, the 
responses to targeted therapies are commonly short-
lived and the overall clinical benefit limited. On the other 
hand, the majority of cancer patients do not benefit from 
ICB (primary resistance) and others relapse after an initial 
response (acquired resistance). Adaptive resistance can also 
occur when the tumor is recognized by the immune system 
but it can adapt to the immune attack and therefore protect 
itself, a phenomenon that clinically manifests as primary 
resistance, mixed responses or acquired resistance (9). From 
the clinical point of view, the combination of targeted 
agents with immunotherapies is of interest, considering 
that immunotherapy can transform the important tumor 
responses achieved with small molecule inhibitors to 
durable and long-lasting remissions. Herein we will 
review the existing preclinical and clinical evidence on the 
combination of targeted therapies with ICB, mainly in 
melanoma and NSCLC.

The rationale and the clinical evidence of 
the combination of ICB with BRAF and MEK 
inhibitors in melanoma patients 

Melanomas can escape immune destruction with an adaptive 
immune resistance mechanism (10). Tumor-infiltrating 
lymphocytes (TILs) cause their own inhibition through 
secretion of cytokines, like the inflammatory cytokine 
IFN-γ, that trigger melanocyte PD-L1 expression (10). 
There is strong clinical rationale behind combining BRAF 
inhibitor-based therapy with immunotherapy. This stems 
from the fact that BRAF mutant melanoma patients derive 
benefit from targeted therapies at least in the short term  
(11-15) while immunotherapy provides long-lasting 
responses in almost one third of the patients (6-8). There 
is evidence that targeted therapies that affect the mitogen-
activated protein kinase (MAPK) pathway have a positive 
effect on immune recognition. The MAPK pathway when 
activated downregulates the expression of microphthalmia-
associated transcription factor (MITF) (16), which 
ultimately leads to suppression of melanocyte-lineage 
antigen expression [such as gp100, melan-A, tyrosinase 

related proteins 1 and 2 (17,18)] that are recognized by 
T-cells (Figure 1). It has been shown that BRAF inhibition 
has favorable effects in the tumor microenvironment, 
including increased HLA and antigen expression, 
increased T-cell infiltrate, improved T-cell function, 
reduced immunosuppressive cytokines and increased PD-
L1 expression (18-22). TILs are increased early after the 
initiation of BRAF inhibitor therapy (18,21). However the 
role of these lymphocytes is not yet fully known with some 
studies reporting markers of T-cell activation and others of 
T-cell exhaustion (23). 

There was an initial concern that MEK inhibitors may 
not be as useful as BRAF inhibitors for combinations with 
ICB. This concern was raised from the fact that in co-
cultures of autologous melanoma cells and T-cells from 
mice treated ex vivo with BRAF and MEK inhibitors, BRAF 
inhibition induced the production of INFγ and stimulated 
T-cell proliferation, but MEK inhibition impaired these 
effects (24). However, from serial tumor biopsy specimens 
of melanoma patients receiving BRAF and MEK inhibitors 
as well as from in vivo experiments with MEK inhibitors, 
it became clear that MEK inhibitors stimulate MITF and 
melanocyte-lineage antigen expression and augment T cell 
infiltration (18,24). Furthermore, MEK inhibitors have 
an additional antitumor immunity effect, by inhibiting 
the interaction between tumor cells and “M2-like” 
macrophages, which does not allow the entry of effector 
T-cells into the tumor (25,26). These effects make very 
appealing the combination of MEK inhibitors with ICB 
even for BRAF wild-type melanoma patients.

There are many clinical trials that are ongoing and are 
testing the combination of ICB (specifically anti-PD-1/
L1) with BRAF and/or MEK inhibitors (Table 1). Initial 
reported data indicate that the triple combination is well 
tolerated and the efficacy is similar to what obtained with 
BRAF and MEK inhibition. The good tolerance does not 
seem to be the case for the combination of BRAF and MEK 
inhibitors with anti-CTLA-4 antibodies (27,28). We have 
reported the case of a metastatic BRAF mutant melanoma 
patient who achieved a pathological complete response 
with the sequential treatment of a BRAF and MEK 
inhibitor followed by CTLA-4 inhibition, but died to fatal 
gastrointestinal toxicity (29).

In a phase I clinical trial (ClinicalTrials.gov number 
NCT02027961) ,  durvalumab was  combined with 
dabrafenib and trametinib or with trametinib alone 
in BRAF/MEK inhibitor-naïve advanced melanoma  
patients (30) (Table 2). In both dose escalation and dose 
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expansion phases of the study, BRAF mutant melanoma 
patients were treated with the triple combination (cohort A1, 
durvalumab at 3 mg/kg; cohort A2, durvalumab 10 mg/kg) 
and BRAF wild-type patients were treated with concomitant 
trametinib plus 10 mg/kg durvalumab (cohort B) or 
sequential trametinib followed by 10 mg/kg durvalumab  
(cohort C). The objective response rate was 100% in 
cohort A1, 67% in cohort A2, 21% in cohort B and 50% in 
cohort C (Table 2). The most frequent drug-related adverse 
events with the triple combination were pyrexia (63%) and 
fatigue (54%) and were considered manageable (30). The 
combination of atezolizumab, vemurafenib and cobimetinib 
is being tested in treatment naïve BRAF mutant advanced 
melanoma patients in a phase Ib study (ClinicalTrials.
gov number NCT01656642). The triple combination is 
administered after a 28-day run-in period with vemurafenib 
and cobimetinib alone. The objective response rate was 
93% with partial responses in 12 patients and one patient 
with complete response (Table 2). All adverse events 
observed were manageable and reversible (31). Finally, the 
preliminary results of the KEYNOTE 022 (ClinicalTrials.
gov number NCT02130466) have been presented (32). 
BRAF/MEK inhibitor-naïve BRAF mutant advanced 

melanoma patients are included in this ongoing phase 
I/II study and are receiving the triple combination of 
pembrolizumab with dabrafenib and trametinib. The 
unconfirmed objective response rate in 15 evaluable patients 
is 60%. Overall 67% of the patients experienced grade 3–4 
adverse events (Table 2) (32). In the phase II part of the trial 
the efficacy and safety of the triple combination is being 
evaluated as first line therapy for BRAF mutant melanoma 
patients (Table 1)

Until we have final results from the ongoing studies, the 
combination of ICB with targeted therapies in melanoma 
remains investigational. An important question that remains 
unanswered is the optimal sequencing of ICB and targeted 
therapies. We know that the positive effect of the MAPK 
inhibition on immune response can be found early in the 
course of the therapy and it disappears at the time of disease 
progression (21,23), but we do not know what is the status 
of the tumor microenvironment in patients who remain in 
response. The preclinical data support a positive interaction 
between them and the combination seems very appealing 
especially for BRAF mutant patients with high disease 
burden. However toxicity or even undermined efficacy in 
long term can diminish the excitement for this potential 

Figure 1 The biological rationale behind combining ICB with targeted therapies in melanoma and NSCLC. ICB, immune checkpoint 
blockade; NSCLC, non-small cell lung cancer.
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future therapeutic approach.

Is the combination of ICB with targeted therapies 
in NSCLC as attractive as in melanoma patients? 

Oncogenic signaling processes like EGFR mutations (39) or 
EML4-ALK rearrangements (40) cause constitutive PD-L1 
expression, but it is still unclear whether this is related with 
increased or decreased likelihood of responding to anti-
PD-1/L1 therapies. It can be related with lack of response 
to other immunotherapies, since signaling through the 
MAPK results in the production of proteins, like VEGF, 
IL-8 and others, that suppress T cell recruitment and 
function (41) (Figure 1). The majority of EGFR mutant 
and ALK rearranged NSCLCs lack concurrent PD-
L1 expression and high levels of CD8+ TILs, suggestive 
of primary immune resistance (42). EGFR mutant 
tumors through activating the PD-1/L1 pathway and 
upregulating immunosuppressive cytokines, suppress T-cell  
function (39). This effect can be even stronger in 
tumors that have undergone epithelial to mesenchymal 
transition (EMT) and therefore lose the expression of the 
immunoproteasome, which generates peptides suitable 
for binding onto HLA I molecules and facilitates antigen 
presentation for CD8+ T-cell responses (43). STAT1 is 
a key positive regulator of immunoproteasome subunits 
whereas STAT3 activation, induced by oncogenic  
signals (44) or EMT, has an opposing role to STAT1 
inhibiting its antitumor effects and immunosurveillance (43). 
PD-L1 expression is significantly higher in ALK rearranged 
NSCLCs compared to NSCLCs with EGFR or KRAS 
mutation or to those with no genetic alteration of ALK, 
EGFR or KRAS (triple negative) (45,46). Interestingly, 
EGFR and ALK tyrosine kinase inhibitors (TKIs) directly 
inhibit tumor cell viability and indirectly enhance antitumor 
immunity through the PD-L1 downregulation (40,47,48). 
PD-L1 expression is related with better response to 
EGFR and ALK TKIs (45,49,50). In preclinical models, 
no synergistic tumor cell killing effect was observed when 
EGFR TKIs were combined with anti-PD-1 therapies (47). 
Furthermore at the time of resistance to EGFR TKIs, the 
PD-L1 expression changes, depending on the mechanism 
of resistance. For instance, EGFR TKI resistant cells with 
E-cadherin downregulation, one of the hallmarks of EMT, 
have decreased expression of PD-L1 (51). 

All the above-mentioned biological knowledge and 
preclinical evidence indicates that the benefit from ICB 
in NSCLC patients with EGFR mutations or EML4-

ALK rearrangements is doubtful. Indeed the subgroup 
analyses from ICB clinical trials have shown no benefit 
from anti-PD-1/L1 antibodies in NSCLC patients with 
EGFR mutations (52,53). In a retrospective analysis, the 
objective response to anti-PD-1/L1 antibodies was 3.6% 
for EGFR mutant and ALK rearranged NSCLC patients 
compared to 23.3% for EGFR and ALK wild type or those 
with unknown status (42). Despite these findings and as in 
the case of melanoma, there are ongoing clinical trials that 
are testing the combination of ICB with EGFR or ALK 
inhibitors in NSCLC patients (Table 1) and for some of 
them preliminary results have been reported (Table 2).

T h e  TAT T O N  ( C l i n i c a l Tr i a l s . g o v  n u m b e r 
NCT02143466) is a multiphase Ib trial in which the 3rd 
generation EGFR TKI osimertinib is combined with 
durvalumab as well as other targeted therapies (33). Both 
EGFR TKI pretreated (Part A) and EGFR TKI naïve (Part 
B) patients were included in the study. For EGFR TKI 
pretreated patients, the objective response rate was 67% 
in the T790M positive and 21% in the T790M negative 
cases. The objective response rate was 67% in EGFR TKI 
naïve patients. These results were not that different from 
those obtained with osimertinib alone (54) while 38% of 
the patients in both parts of the study suffered interstitial 
lung disease (Table 2). Based on this, further enrollment 
of this arm of the TATTON study has been permanently 
suspended (33). In addition a phase III trial (ClinicalTrials.
gov number NCT02454933) evaluating the combination 
of durvalumab with osimertinib compared to osimertinib 
alone in patients with T790M positive NSCLC following a 
prior EGFR TKI has been also suspended. Similarly to the 
TATTON study, another phase I open-label multicenter 
study (ClinicalTrials.gov number NCT02088112) was 
initiated to evaluate durvalumab in combination with 
gefitinib as first line therapy in EGFR mutant NSCLC 
and the expansion phase data have been reported (34). No 
clinically relevant differences in the objective response rate 
(79%) compared to what is already known for gefitinib 
monotherapy (73.7%) (55) in this setting were observed 
(Table 2). Overall 55% of the patients suffered grade 3 
adverse events and treatment discontinuation due to adverse 
events was reported in 20% of the patients (34).

Although the results from these two early phase studies 
demonstrated unexpectedly high incidence of adverse 
events with the combination of EGFR TKIs and ICB, 
preliminary results from other early studies have shown 
promising efficacy and manageable toxicity. Specifically, 
in the multi-arm phase I study of nivolumab [CheckMate 
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012; (ClinicalTrials.gov number NCT01454102)], 21 
EGFR mutant NSCLC patients (20 pretreated with 
erlotinib and one EGFR TKI naïve) were treated with 
the combination of nivolumab and erlotinib (35). The 
combination was associated with an acceptable toxicity 
profile. The objective response rate was 19% with 3 out 
of the 20 EGFR TKI pretreated patients and the one 
EGFR TKI naïve patient achieving partial response. The 
progression-free survival (PFS) rate at 24 weeks was 47% 
(Table 2). These results suggested that the combination of 
erlotinib plus nivolumab has an acceptable safety profile 
and can provide clinical benefit in EGFR mutant NSCLC 
patients who have developed resistance to previous EGFR 
TKI therapy (35). Preliminary results of the combination 
of erlotinib plus atezolizumab from the ongoing phase Ib 
study (ClinicalTrials.gov number NCT02013219) that 
evaluates the safety and pharmacology of atezolizumab 
administered with erlotinib or alectinib in patients with 
advanced NSCLC are available (36). The study consists of a 
safety-evaluation stage in patients with NSCLC regardless 
of EGFR status followed by an expansion stage in TKI-
naïve EGFR mutant NSCLC patients (36). The authors 
report durable clinical responses in some patients with the 
combination and a manageable safety profile (36) (Table 2). 
In the phase I Geftrem study (ClinicalTrials.gov number 
NCT02040064), the safety and efficacy of the combination 
of tremelimumab with gefitinib is explored in EGFR mutant 
NSCLC patients progressing to previous EGFR TKIs (37). 
Disease stabilization was obtained in 67% of the patients 
and the toxicity profile was consistent with the previously 
defined adverse event profile (37) (Table 2). Finally, the 
combination of necitumumab and pembrolizumab in 
nonsquamous NSCLC patients who have progressed to 
platinum based chemotherapy is evaluated in a single arm 
multicenter phase Ib study (ClinicalTrials.gov number 
NCT02451930). The preliminary data indicate activity of 
the combination and no additive toxicity (38) (Table 2).

Other type of tumors

The lessons learned from melanoma and NSCLC are 
applied to other tumors. Robust synergistic responses 
were obtained in a prostate cancer mouse model with 
the combination of ICB and the multikinase inhibitor 
cabozantinib or the phosphoinositide 3-kinase (PI3K)/
mTOR dual inhibitor BEZ235 (56). Both cabozantinib 
and BEZ235 diminish MDSCs and enhance ICB through 
inhibition of PI3K signaling and downregulation of 

cytokines responsible for immunosuppression-related 
gene expression (56). In renal cell carcinoma (RCC), 
antiangiogenic agents are evaluated in combination with 
ICB. The combination of bevacizumab and ipilimumab 
has already been tested in melanoma (57). Liver and other 
toxicities have been important issues in a phase I study 
combining nivolumab with sunitinib or pazopanib in 
patients with metastatic RCC (58) and for these reasons 
the ongoing studies are exploring the optimal sequencing 
of these agents in order to optimize the benefit of these 
combinations.

Conclusions

There are several issues to be addressed in the future for the 
combination of targeted therapies with ICB. A treatment 
schedule that merits to be investigated and has potential 
to minimize the risk of toxicities is the intermittent dosing 
of the targeted agent that provides enough treatment-
free interval for immunotherapy administration but 
still is able to potentiate antigen expression and T-cell 
infiltration. At present combination of targeted therapies 
and immunotherapies for any type of tumor should be 
considered investigational and cannot be endorsed in the 
routine clinical practice.
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