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Abstract
Targeted therapy and immunotherapy changed the treatment landscape for metastatic melanoma, which is chemotherapy resistant cancer. In pre-innovation era, the overall survival of
patients with metastatic melanoma was 6 months, while today 5-year overall survival rate
of 34% (and 50% in good prognostic groups) is evident. However, both treatments have
their side effects, and cutaneous are the most frequent. Treating physicians in oncology centres, but also primary care specialists, need to be aware of their spectrum which differs for
each class of drug: BRAF inhibitors, MEK inhibitors and immunotherapy with anti-PD1 and
anti-CTLA4. While BRAF inhibitors have the most prominent adverse effects which are
class specific, there are also drug-specific adverse effects. For example, vemurafenib causes
photosensitivity, which is not specific for dabrafenib, while dabrafenib induces pyrexia, that
occurs much less frequently with other BRAF inhibitors. Cutaneous rash and cutaneous neoplasms which develop due to paradoxical activation of RAS signalling are described with
BRAF inhibitor monotherapy. These side-effects are much less common in combination therapy with BRAF and MEK inhibitor, but MEK inhibitor itself causes characteristic acneiform
eruption, and serous retinopathy. Immune related adverse drug reactions are a hallmark of
the immune checkpoint inhibitor immunotherapy, which can affect every organ system, and
most commonly skin, lungs and gastrointestinal system, with differential frequencies recorded with anti-CTLA4 therapy and anti PD-1 therapy. Skin reactions most frequently include
pruritus and eczematous reactions, as well as vitiligo-like hypopigmentation, which is linked
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to the better response to treatment. In this review, frequent and rare side effects are presented,
as well as the current algorithms for their treatment.
Key words: melanoma, immune related adverse events, toxicity, targeted therapy, checkpoint inhibitors.

Introduction
Targeted therapy and immunotherapy changed the treatment landscape for
metastatic melanoma, which is chemotherapy resistant cancer. In pre-innovation era, the overall survival of patients with metastatic melanoma was 6
months, while today 5-year overall survival rate of 34% (and 50% in good
prognostic groups) is evident (1-5). However, both treatments have its sideeffects, and cutaneous are the most frequent.
In recent decades, the treatment of cancer was revolutionized with the development of targeted therapy which inhibits certain cell signalling pathways.
At the same time, new mechanism-based adverse effects of these drugs, that
can affect every organ system, have been recognized. Treating physicians
have become more acquainted with these adverse effects that have completely different profile in comparison to the standard chemotherapy. All these
side effects can be class specific, occurring due to the primary drug target
in cancer cells that also mediates physiologic functions in normal cells and
tissues. Also, they can be drug specific, and different between the different
drugs in the same class. Finally, they can be tumour specific, since it is recognized that the same drug can have different profile of side-effects in different
tumours (6-10).

Toxicities of targeted therapy
In metastatic melanoma, 40-60% of patients have BRAF mutation detected
in the tumour. BRAF is one of the signalling molecules in MAPK pathway
(Figure 1). BRAF gene mutation is the early event in oncogenesis, which makes it suitable target for the treatment of metastatic melanoma. Dual inhibition of MAP kinase pathway with BRAF and MEK inhibitors is the standard
first, or second line treatment for BRAF-mutated metastatic melanoma (1-5).
Currently, there are 3 different BRAFi and MEKi available for the treatment of metastatic melanoma (Table 1) with different class specific and
drug specific adverse effects.
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Figure 1. Follicular rash in a patient during first month
of treatment with vemurafenib
Table 1. Frequency of side effects of targeted therapy
for the treatment of metastatic melanoma (9, 11-14)
Vemurafenib Dabrafenib Encorafenib Trametinib

Vemurafenib Dabrafenib Encorafnib
Cobimetinib Trametinib Binimetinib

Rash

68 (16)

30 (0)

45 (5)

57 (8)

73 (17)

27 (0)

23 (1)

Cutaneous SCC

21 (21)

10 (4)

9 (1)

0

6 (5)

7 (5)

4 (0)

Diarrhoea

33 (1)

8 (0.4)

14 (2)

43 (0)

33.3 (7)

36 (2)

36 (3)

Arthralgia

56 (6)

19 (<1)

44 (9)

NR

38 (3)

24 (0)

26 (1)

Fatigue

33 (3)

18 (1)

25 (1)

26 (4)

37 (5)

53 (4)

29 (2)

Nausea

37.3 (1)

13 (0.4)

NR

18 (1)

41.3

36(0.4)

NR

Vomiting

14 (1)

7 (<1)

NR

13 (1)

24.3

30.3 (0.4)

NR

Cardiac

10 (2)

3 (2)

2 (1)

7 (1)

17 (3)

9 (0)

8 (2)

Ophthalmologic

9 (4)

2 (0)

1 (0)

9 (<1)

27 (3)

2 (2)

13 (2)

Liver laboratory
abnormalities

36 (11)

26 (2)

7 (2)

24 (2)

26 (11)

27(2)

14 (6)

CPK increase

3 (<1)

NR

1 (0)

NR

35 (12)

2.9

23 (7)

Photosensitivity

41.4(4)

3 (0)

4 (0)

NR

28 (2)

4 (0)

5 (1)

Pyrexia

22.8 (<1)

32(4)

15 (1)

NR

26 (2)

52 (7)

18 (4)
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Class specific toxicities of BRAF inhibitors
The hallmark of BRAF inhibition is development of skin rash (follicular,
Figure 1), pyrexia, arthralgia, hyperkeratosis, diarrhoea and elevation of creatine kinase (9, 11-14). Also, due to the paradoxical activation of RAS pathway,
development of new cutaneous neoplasms was reported in up to 20% of patients, most frequently skin papillomas and low-grade cutaneous squamous
cell carcinomas (Figure 2). Rarely, eruptive nevi and new primary melanoma
were also reported, pointing out to the need for repeated dermatologic exams
during the treatment. The role of dermatologist in multidisciplinary oncology team is therefore invaluable for early diagnosis of skin neoplasms, that
should be removed and therapy continued. Also, its role in the management
of cutaneous rash is very important, since it can secure better compliance to
treatment and, thus, improve treatment outcomes (9, 11-14).

Figure 2. Diffuse hair thinning and newly developed
low grade cSCC in a patient on vemurafenib

Drug specific toxicities of BRAF inhibitors
Monotherapy with any BRAF inhibitors can induce follicular rash, hyperproliferative skin lesions and hyperkeratosis of the palms and soles with
Melanom
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erythrodysesthesia. Also, curling of hair and alopecia are very frequent (9,
11-14).
Vemurafenib. Photosensitivity is very frequent in treated patients and can
be very severe. It is UVA-induced and it was found that in certain patients can
appear even indoor with high-energy fluorescent lamps. Thus, rigorous sun protection is mandatory, that can have a significant effect on quality of life of treated
patients, especially those living in regions with more sunny days (9, 11-14).
Dabrafenib. The hallmark of dabrafenib treatment is pyrexia, which develops with yet unknown mechanism. It can occur during treatment with
other BRAF inhibitors but is most frequent with dabrafenib. The treatment
of pyrexia involves stopping of treatment and reintroduction, and if it is recurrent, corticosteroids should be introduced, since paracetamol and non-steroidal anti-inflammatory drugs are ineffective (3, 9).
Encorafenib. Encorafenib is new BRAF inhibitor with slightly better
safety profile, and less frequent photosensitivity and pyrexia side effects in
comparison to vemurafenib and dabrafenib, but in general the frequency of
other side effects is similar (15).
Class specific toxicities of MEK inhibitors
MEK inhibitors (cobimetinib, trametinib, binimetinib) induce liver enzymes
abnormalities, but also specific ophthalmologic and cardiovascular side effects
that need special precautions. Serous retinopathy and retinal detachment and
retinal vein occlusion have been reported and ophthalmologic exam is advised before starting the treatment and if clinically indicated during treatment
(9, 11-14). Also, decreased ejection fraction or ventricular dysfunction can
occur, and cardiac ultrasound is also mandatory before and every 3 months
during treatment, in addition to monthly ECG that must also be performed
before each monthly cycle of BRAF inhibitor therapy. In contrast to follicular
rash that develop on BRAF inhibitor therapy, acneiform rash similar to the
one induced with EGFR inhibitors is typical for MEK inhibitors (Figure 3).
Also, palmar-plantar hyperkeratotic erythrodysesthesia can also be induced
with MEK inhibitors (9, 11-14).
Toxicity of BRAFi and MEKi combination therapy
The combination of BRAFi and MEKi was found to be superior in efficacy
in comparison to monotherapy, but also safer. This unique observation that
side effects are less frequent with combination has been rarely reported in
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Figure 3. Acneiform eruption on vemurafenib plus
cobimetinib attributed to cobimetinib

oncology until now (Table 1). This is especially evident for the most frequent skin toxicity: new malignant skin neoplasms (cSCC, keratoacanthomas,
hyperproliferative skin lesions), rash and alopecia. Some of the toxicities are
more frequent with combination: pyrexia and chills, fatigue, diarrhoea and
vomiting (9, 11-14).
Treatment of targeted therapy toxicity
Side effects of targeted therapy are grade based on CTCAE v.2 classification and algorithms for their management are published and also included
in product information. Cutaneous toxicity recommendations for each of the
specific eruption were made, also based on their specific grading published
in 2012 (9, 11-14).
General recommendation for treatment of targeted therapy side effect and
reduction of dose are given in Tables 2 and 3.

Immune-related side effects of immuno-oncology therapy
Checkpoint inhibitors that are used in the treatment of metastatic melanoma
exert their effect through blockage of checkpoints in immune response, molecules that are important in termination of immune response in the lymph
node (CTLA-4) and in peripheral tissue (PD-1). Thus, their inhibition with
Melanom
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Table 2. General recommendation for treatment of targeted therapy toxicity
Grade 1

Grade 2

Grade 3 and 4

Continue TT, symptomatic
therapy, diagnostic work-up

Interruption of treatment, until grade 1, then
reintroduce in decreased dose
If reappear, second interruption until grade 1
than reintroduce with further dose reduction
Diagnostic work-up
Symptomatic therapy

Interruption of treatment until
grade 1, then reintroduce in
decreased dose
Diagnostic work-up
Symptomatic therapy
Consider switching to other
BRAFi+MEKi

TT, targeted therapy;

Table 3. Dose reductions for BRAF and MEK inhibitors
Drug (initial dosage)

First reduction

Second reduction

Third reduction

Vemurafenib (960 mg)

720 mg

480 mg

-

Cobimetinib (60 mg)

40 mg

20 mg

-

Dabrafenib (150 mg)

100 mg

75 mg

50 mg

Trametinib (2 mg)

1.5 mg

1 mg

0.5 mg

monoclonal anti-CTLA-4 and anti-PD1 antibodies releases the breakage of
immune tolerance and leads to very wide spectrum of immune related adverse
events. Induction of autoimmune inflammation in various organs, and skin,
lung, liver and endocrine glands are most frequently reported (Table 4) (68). Furthermore, more rare neurologic manifestations, myositis, myocarditis,
uveitis can also develop, but any organ can be affected.
The frequency and severity of checkpoint inhibitor-induced irAE differ
between anti-CTLA-4 (ipilimumab) and anti-PD1 antibodies (pembrolizumab, nivolumab) with combination immunotherapy being more toxic (Table
4) (6-8).
Cutaneous adverse events. These are the most frequent toxicities of
checkpoint inhibitors. They are reported in up to 40% of patients and include
generalised pruritus, dermatitis, exanthema, urticaria and vitiligo-like depigmentation (6-8) (Figure 5). Infusion reactions are described in up to 2% of
patients, and can be treated with prolongation of infusion time, as well as
with corticosteroids. Also, rare cases of toxic epidermal necrolysis are described. Although they are quite frequent, grade 3-4 skin reactions develop
in 1-2% of patients. Most patients are treated with emollients and local corticosteroids, as well as systemic corticosteroids and antihistamines, and for
pruritus, gabapentin and pregabalin are advised. Development of vitiligo-like
50
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Table 4. Frequency of immune related side effects of checkpoint inhibitors
Ipilimumab
all % (gr 3-4%)

Nivolumab
all, % (gr 3-4%)

Pembrolizumab
all % (gr 3-4, %)

Nivolumab; Ipilimumab
all % (gr 3-4%)

Skin
Rash
Pruritus

54.6 (2.5)
21.6 (1.4)
34.4 (0.3)

38.4 (1.1)
16.9 (0.4)
18.4 (0.1)

21 (1)
21 (1)

61.9 (6.4)
31.2 (3.2)
33.4 (1.7)

Gastrointestinal
Diarrhoea
Colitis

42.3 (11.5)
43 (8.8)
14 (9.6)

17.7 (1.7)
17.2 (1.3)
1.1 (0.6)

20 (1)

46.4 (15.7)
33.6 (6.2)
11.8 (8.4)

Pulmonary
Pneumonitis

2.2 (0.6)
2 (0.6)

2 (0.1)
1.8 (0.1)

4 (1)

7.6 (1.2)
6.9 (1.2)

Endocrine
Thyroid
Hypophysitis

11.8 (2.5)
6.4 (0)
4.2 (2.2)

10.8 (0.6)
10.1 (0.1)
0.4 (0.3)

8 (1)
NR

29.7 (4.9)
18.9 (0.9)
8.6 (1.7)

Renal

NR

1.5 (0.5)

2 (1)

4.7 (1.7)

Hepatic
Lab abnormal.

0.7 (0.1)
NR

6.9 (2.2)
0.4 (0.1)

18(1)

29 (17.4)
18.2 (8.4)

Infusion reactions

NR

4.8 (0.3)

NR

2.5 (0)

irAE

86.2 (27.7)

86.3 (20.8)

95.8 (58.5%)

Treatment
discontinuation

16.1 (14.1)

11.5 (7.7)

39.6 (31)

Figure 4. Generalized eczema that developed during treatment with pembrolizumab
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Figure 5. Vitiligo-like depigmentation in a patient with near complete response to
pembrolizumab

Figure 4. / Figure 5. MMA Belgrade patient
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depigmentation in patients treated with anti-PD1 and anti-CTLA-4 has been
linked to better and durable responses (16) (Figure 6).
Pulmonary irAE. These adverse drug reactions have been more frequently
reported in non-small cell lung cancer than in melanoma, where they occur
in up to 14% of patients, grade 3 or 4 in up to 2% of patients. Pneumonitis is
the most frequent and it presents with dry, unproductive cough, tachypnoea
and dyspnoea, cyanosis and fatigue. In chronic form it develops in interstitial
fibrosis after 6-9 months. Diagnostic work up is needed to exclude respiratory
infections. The median time to development of pneumonitis was 19 weeks in
studies with pembrolizumab and 9 weeks in case of nivolumab. Early diagnosis is necessary and treatment with 1 mg/kg BW or 2-4 mg/kg BW for grade
3-4 is necessary (6-8, 10, 17, 18).
Gastrointestinal irAE. Diarrhoea and colitis develop in 17% of melanoma
patients treated with nivolumab and in up to 2.8% of patients treated with
pembrolizumab. However, with ipilimumab the older anti-CTLA-4 antibodies severe colitis with bowel perforation was also reported leading to lethal
outcome in the first reported studies, probably because of the inexperience
with this class of drug, late diagnosis and failure to introduce treatment early
(6-8, 10, 17, 18).
Patients with colitis present with diarrhoea fever, abdominal pain, rectal
bleeding, weight loss and nausea and vomiting, IF grade 2, it is crucial to
withhold therapy, perform diagnostic work-up and exclude other causes (e.g.
Clostridium difficile infection or other bacterial/viral pathogens), perform
colonoscopy with biopsy if diarrhoea is persistent and introduce high dose
corticosteroid to prevent further complications and bowel perforation. If corticosteroids are not effective, infliximab must be introduced. Autoimmune
colitis resolves with therapy in 1-2 weeks and when grade 1, therapy can be
continued. Patients that have history of autoimmune colitis on ipilimumab
can be treated with anti-PD1 therapy, usually without this adverse event.
Endocrine side effects. The most frequent endocrine toxicity is autoimmune thyroiditis which is more common in anti-PD1 treatment in comparison to
anti-CTLA-4. In contrast, ipilimumab frequently induces autoimmune hypophysitis. Frequent monitoring of thyroid function before and during therapy
is advised. In cases with headache, visual disturbances and tiredness, cortisol
and sodium check is necessary to exclude autoimmune hypophysitis. Also, iatrogenic autoimmune diabetes mellitus can develop, with high glucose levels
and need for insulin treatment. Endocrine events develop from 4 to 18 weeks.
Treatment should be continued with hormonal substitution (6-8, 10, 17, 18).
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Other irAE. Of renal events, nephritis is the most common and develops
in up to 3% of patients. Hepatic drug related events manifest as asymptomatic
increased AST, ALT, GGT and also rarely bilirubin, with a median time to
onset of 4-19 weeks (6-8, 10, 17, 18).
All major oncology organisations have developed recommendations for
the treatment of irAE which are also based on CTCAE grading of adverse
events (Table 5) (17, 18).
Early diagnosis and treatment of immune related adverse events is very
important to prevent further complications of treatment that can lead to fatal
outcome, as is the case with bowel perforation due to severe autoimmune
colitis. Early introduction of high dose corticosteroid therapy (2 mg/kg BW)
is mandatory, as well as diagnostic work-up to exclude disease progression
or infection. IF corticosteroids are not effective, infliximab for autoimmune colitis, mycophenolate mofetil for autoimmune hepatitis should be started. For endocrine toxicity, the treatment is usually continued with hormonal
substitution.
In conclusion, new treatments for metastatic melanoma have changed
the prognosis for patients, with a significant proportion of patients being alive after years of treatment. However, their introduction is accompanied by
emergence of new and not completely understood side effects and their early
recognition and treatment can lead to better compliance and better treatment
outcomes.
Table 5. General principles of irAE treatment based on CTCAE classification
Grade 1*

Grade 2

Continue ICI** therapy, Grade 2
symptomatic therapy, Hold ICI therapy
close follow-up
Diagnostic work-up
Start corticosteroid therapy and resume
ICI when corticosteroid is tapered to
≤10 mg/day and patient remains
symptom-free (grade ≤ 1)
If irAE returns on resuming ICI:
Grade ≤ 2: temporarily hold ICI
Grade ≥ 3: permanently discontinue ICI
If using combination anti-CTLA-4/
anti-PD-1 immunotherapy, continue
anti-PD-1 agent only

Grade 3

Grade 4

Withhold ICI;
permanently
Start corticosteroid
discontinue ICI
therapy and consider resuming and hospitalize
ICI when corticosteroid is
tapered to ≤10 mg/day and
patient remains symptom-free
(grade ≤ 1)
If irAE returns: permanently
discontinue ICI
Consider hospitalization

*grading based on CTCAE 4 classification version 2; **ICI - immune checkpoint inhibitor
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TOKSIČNOSTI CILJANE TERAPIJE I IMUNOLOŠKI
UZROKOVANE NUSPOJAVE NA LIJEKOVE
IMUNOTERAPIJE U LIJEČENJU METASTATSKOG
MELANOMA
Ciljana terapija i imunoterapija promijenili su način na koji se tretira metastatski melanom,
kancer koji je otporan na kemoterapiju. U vremenu prije ovih inovacija, prosječan vijek preživljavanja bolesnika sa metastatskim melanomom bio je 6 mjeseci, dok je danas evidentna
stopa preživljavanja do 5 godina u 34% slučajeva (i 50% u dobrim prognostičkim skupinama). Međutim, oba ova tretmana imaju nuspojave, a kožne su najčešće. Liječnici u onkološkim centrima, ali i liječnici primarne zdravstvene zaštite, trebaju biti svjesni njihovog
spektra, koji se razlikuje za svaku klasu lijeka: BRAF inhibitori, MEK inhibitori i imunoterapija s anti-PD1 i anti-CTLA4. Dok BRAF inhibitori imaju najizraženije nuspojave koje su
specifične za klasu, također postoje i nuspojave koje su specifične za lijek. Na primjer, vemurafenib uzrokuje fotosenzitivnost, koja nije specifična za dabrafenib, dok dabrafenib izaziva
pireksiju, koja se pojavljuje mnogo rjeđe sa drugim BRAF inhibitorima. Kožni osip i kožne
neoplazme koji se razvijaju usljed paradoksalne aktivacije RAS signalizacije opisani su kod
monoterapije BRAF inhibitorom. Ove nuspojave su mnogo rjeđe u kombiniranoj terapiji s
inhibitorima BRAF i MEK, dok sam MEK inhibitor uzrokuje karakterističnu akneiformnu
erupciju i seroznu retinopatiju. Imunološke nuspojave na lijekove su obilježje imunoterapije inhibitorima imunoloških kontrolnih točaka, i mogu utjecati na svaki organski sistem, a
najčešće na kožu, pluća i gastrointestinalni sistem, uz diferencijalnu učestalost zabilježenu
s anti-CTLA4 terapijom i anti-PD-1 terapijom. Kožne reakcije najčešće uključuju pruritus i
ekcematozne reakcije, kao i hipopigmentaciju sličnu vitiligu, koja se povezuje s boljom reakcijom na liječenje. U ovom pregledu, prikazane su česte i rijetke nuspojave, kao i aktualni
algoritmi za njihovo liječenje.
Ključne riječi: melanom, imunološki uzrokovane nuspojave, toksičnost, ciljana terapija, ciljani inhibitori.
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