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Abstract

Advanced melanoma has been traditionally unresponsive to standard chemotherapy agents and used to have a dismal
prognosis. Genetically targeted small-molecule inhibitors of the oncogenic BRAF V600 mutation or a downstream signaling
partner (MEK mitogen-activated protein kinase) are effective treatment options for the 40-50% of melanomas that harbor
mutations in BRAF. Selective BRAF and MEK inhibitors induce frequent and dramatic objective responses and markedly improve
survival compared with cytotoxic chemotherapy. In the past decade after discovery of this mutation, drugs such as vemurafenib
and dabrafenib have been approved by the US Food and Drug Administration (FDA) and the European Medicines Agency for the
treatment of V600-mutated melanomas. While the initial trials did not signal any renal toxicities with the BRAF inhibitors,
recent case reports, case series and FDA adverse reporting systems have uncovered significant nephrotoxicities with these
agents. In this article, we systematically review the nephrotoxicities of these agents. Based on recently published data, it
appears that there are lower rates of kidney disease and cutaneous lesions seen with dabrafenib compared with vemurafenib.
The pathology reported in the few kidney biopsies done so far are suggestive of tubulo interstitial damage with an acute and
chronic component. Electrolyte disorders such as hypokalemia, hyponatremia and hypophosphatemia have been reported as
well. Routine monitoring of serum creatinine and electrolytes and calculation of glomerular filtration rate prior to the first
administration when treating with dabrafenib and vemurafenib are essential.
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Introduction

Mutations in v-Raf murine sarcoma viral oncogene homolog B
(BRAF) were first discovered in 2002 [1]. Since that time, this dis-
covery has helped uncover mutations in many cancers. The dis-
covery of mutations in BRAF, part of the mitogen-activated
protein kinase (MAPK) signaling pathway, is creating a new era
of targeted therapy for patients with malignant melanoma,

colorectal cancer and non-small cell lung cancer [2-10]. In add-
ition, mutations in BRAF have been described in multiple mye-
loma, hairy cell leukemia and thyroid cancer as well [11].

The MAPK/extracellular regulated protein kinase (ERK) path-
way is a chain of proteins that helps communicate a signal
from cell receptors to the cell’s DNA. The pathway includes
many proteins, including BRAF and MEK (mitogen-activated
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protein kinases). They act as ‘on’ and ‘off’ switches for the signal.
Particular mutations may change resultant proteins, locking them
in either the ‘on’ or ‘off’ positions, contributing to cancer develop-
ment and progression. One such mutation is the above-mentioned
BRAF V600 mutation. Mutated BRAF results in persistently elevated
ERK phosphorylation and target gene transcription. In addition, it is
resistant to negative feedback signals that attempt to counterbal-
ance the ERK activation [11]. Figure 1 depicts the key components
of the MAPK/ERK pathway. The most common mutation encoun-
tered is the V60OE mutation that results in an amino acid substitu-
tion from valine (V) to glutamic acid (E). It occurs in 40-50% of
malignant melanomas. Advanced melanoma has been traditionally
unresponsive to standard chemotherapy agents and used to have a
dismal prognosis. After the advent of BRAF inhibitors, marked im-
provements in outcomes from historic norms have been observed.
Genetically targeted small-molecule inhibitors of the oncogenic
BRAF V600 mutation or a downstream signaling partner (MEK—
mitogen activating protein kinase) are effective treatment options
for the 40-50% of melanomas that harbor mutations in BRAF. Select-
ive BRAF and MEK inhibitors induce frequent and dramatic objective
responses and markedly improve survival compared with cytotoxic
chemotherapy. In the past decade after discovery of this mutation,
drugs such as vemurafenib [7] and dabrafenib [8] were approved by
the US Food and Drug Administration (FDA) and the European Med-
icines Agency for the treatment of BRAF V600-mutated melanomas.

Vemurafenib, the first selective BRAF inhibitor, was evaluated
in clinical trials. In a Phase III trial [7] comparing vemurafenib
with dacarbazine, patients in the vemurafenib group had a de-
creased risk of progression [hazard ratio (HR) 0.26, P <0.001] and
death (HR 0.37, P<0.001), leading to regulatory approval of
vemurafenib. Extended follow-up confirmed the benefit of ve-
murafenib, with improved median overall survival (13.6 versus
9.7 months; P <0.001) and median progression-free survival (6.9
versus 1.6 months; P <0.001).

Dabrafenib, another BRAF inhibitor, was subsequently devel-
oped and showed similar activity to vemurafenib. A Phase III
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Fig. 1. Mechanism of action of BRAF inhibitors.
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clinical trial then compared dabrafenib with chemotherapy;
this study demonstrated a 53% objective response rate (ORR) for
the dabrafenib group and improved progression-free survival
(HR 0.3, P<0.001) [8].

BRAF inhibitor monotherapy is generally well tolerated, al-
though arthralgias, skin rash and cutaneous squamous cell car-
cinomas occur frequently. Although both agents are similar,
vemurafenib causes more phototoxic effects and likely more cu-
taneous squamous cell carcinomas, whereas fevers occur more
often with dabrafenib. A recent review [12] of BRAF inhibitor-
related toxicities included QTc prolongation, diarrhea, fatigue,
increased liver function tests, hyperglycemia, ophthalmologic
complications, pyrexia and skin toxicities. This review did not re-
port on the nephrotoxicities noted with these agents.

Knowledge of renal toxicities of BRAF inhibitors is extremely
important. When we reviewed ClinicalTrials.gov [13, 14] for trials
pertaining to these agents, numerous studies are recruiting pa-
tients for alternate cancers and disease states such as thyroid
cancer, colon cancer, ameloblastoma, Erdheim-Chester disease
and gliomas. Given the wide use of these agents in other cancers,
itis important that data on nephrotoxicities are available to clin-
icians for review.

Methods

To better understand recent published contributions related to
vemurafenib- and dabrafenib-induced renal toxicities, a Medline
search of indexed manuscripts was conducted. The search term
‘renal failure’ and subheadings ‘vemurafenib’ and ‘dabrafenib’
were employed. In addition, search terms with all electrolyte
disorders such as ‘hypokalemia, hypocalcemia, hyponatremia,
hypophosphatemia’ were also searched. A search with the sub-
headings ‘acute kidney injury’ and ‘nephrotoxicities’ was also
utilized. A total of five citations were found. One article was not
relevant. Abstracts from scientific meetings were searched as
well. One additional study was found. In addition, references of

Melanoma cancer cells

Vemurafenib
Dabrafenib

Cell survival
Cell proliferation



CLiINICAL KIDNEY JOURNAL

the four citations that were found revealed two additional arti-
cles. Primary data from the initial studies of both agents were
also reviewed to look for data on nephrotoxicities and dosing in
patients with chronic kidney disease (CKD) and end-stage kidney
disease (ESKD).

Results

BRAF inhibitors-associated renal toxicity

Vemurafenib

During the initial Phase IIl trial, 51 patients developed edema, but
there were no reports of proteinuria. There was no reported inci-
dence of acute kidney injury (AKI) [7, 15]. In 2013, in a letter to the
editor, Uthurriague et al. [16] were first to report AKI with this drug
[16]. They reviewed 16 patients on this agent for >8 months.
A total of 15 patients experienced significant decline in glomeru-
lar filtration rate (GFR) in 1 month, with a mean reduction of
29 mL/min, and this decline persisted for 3 months. For patients
who had a maximum 8-month follow-up, there was a persistent
decline at 8 months. In addition, a total of five patients had a per-
sistent non-nephrotic range proteinuria of 500 mg/24 h. No kid-
ney biopsies were performed in that series of patients (Table 1).

Following that, Regnier-Rosencher et al. reported four cases of
AKI with skin eruptions [17]. Four patients presented with a gen-
eralized Grade 3 erythematous eruption and hyperkeratosis pi-
laris 5-14 days after the introduction of vemurafenib (Tables 1
and 2). These symptoms were associated with AKI in all patients
and transitory hypereosinophilia in two patients. Vemurafenib
was stopped in three patients and the dose was reduced in the
fourth, leading to a gradual improvement of skin lesions and
renal function. Vemurafenib, when reintroduced at a lower dose,
resulted in deterioration of renal function without reappearance
of the rash. Similar to the first report, no kidney biopsies were
performed (Tables 1 and 2).

Launay-Vacher et al. published a series of eight cases from
France in 2014 [18]. All eight patients had a decrease in GFR ran-
ging from 20 to 74%. One patient had a kidney biopsy that showed
acute tubular necrosis (ATN). One patient would have required
dialysis but died due to disease progression. Twenty-five percent
of the patients recovered renal function on the drug, while 25%
did not recover renal function despite stopping treatment.
Thirty-five percent recovered renal function once the drug was
stopped. Three patients had a severe photosensitivity reaction
as noted in prior series from Regnier-Rosencheretal. [17] (Table 2).
Tables 1 and 2 summarize the above three case series of 27 pa-
tients with metastatic melanoma in the literature. On observa-
tion, 10 of the 16 patients in the Uthurriague et al. series, all 4

Table 1. Summary of cases of AKI reported with vemurafenib
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patients in Regnier-Rosencher et al. and 6 of the 8 patients in
Launay-Vacher et al. were male. Table 2 summarizes the clinical
data of the 12 cases [17, 18] that have all substantial information
in the reported series. At baseline, most patients had CKD Stage 2
or 3 before receiving vemurafenib. It appears that kidney toxicity
is more common in older male patients with this mutation. A
form of the toxicity appears more acutely within 1-2 weeks of
drug initiation and another form within 1-2 months of starting
vemurafenib.

Yorio et al. recently published a case of vemurafenib-induced
Sweet’s syndrome [19]. In the case, the patient developed AKI re-
quiring hemodialysis. In addition, Denis et al. published a case of
Fanconi’s syndrome with severe hypokalemia following treat-
ment with vemurafenib, which improved with interruption of
therapy [20].

Muzet et al. [21] presented their data as an oral abstract from a
single center at the recent Cancer and the Kidney International
Network (C-KIN) meeting in Brussels, Belgium, in April 2015.
They conducted a retrospective study of 74 patients with meta-
static melanoma treated with vemurafenib. The patients were
divided into two groups—with and without AKI. Kidney biopsies
were performed in three patients. The mean duration of treat-
ment was 10 months and 58 patients (78%) developed AKI. This
occurred mainly in the first 3 months of treatment. The median
time of onset was 2 months. When compared with the non-AKI
group, there was no difference in baseline blood pressure, diabetes
and cardiovascular disease. Similar to the above-summarized ob-
servations, cases of AKI were noted more often in men than in
women. Kidney biopsies showed tubular toxicity and interstitial fi-
brosis. One biopsy showed focal, non-inflammatory and discrete
lesions of interstitial fibrosis 7 months after the first observation
of AKI. The two others performed <3 months after AKI showed
marked specific chronic tubular and interstitial lesions and acute
and focal lesions of epithelial damage compatible with ATN.
Changes were chronic in two of the three cases [21].

A recent study by Jhaveri et al. [22] reviewed the FDA Adverse
Event Reporting System’s (FAERS) quarterly legacy data file from
the third quarter of 2011 to the second quarter of 2014 for vemur-
afenib. Vemurafenib-related renal adverse event data were ex-
tracted from the database through formation of a query using
FAERS-assigned unique case identifiers. Search terms utilized
were ‘renal insufficiency, elevated creatinine, renal failure,
renal injury, proteinuria, renal impairment, blood creatinine in-
crease, renal failure acute, low phosphorus, hypophosphatemia,
hypercreatinemia, hyponatremia, hypokalemia, renal damage’.
A total of 132 cases of AKI were reported secondary to vemurafe-
nib to the FAERS in the time frame reviewed. Eighty-five patients
were men and 47 women (P =0.00094). The average age of the

Total Time of onset of renal
number of dysfunction after Mean age Males/ Pathology
Publication patients  starting vemurafenib Cancer (years) females reported Outcomes
Uthurriague et al. [16] 15 After 1 month Melanoma Not 10/6 None Decrease in renal function

reported persisted for 3 months. In the
patients with the longest follow-
up (8 months), CKD persisted

Regnier-Rosencher 4 After 1-2 weeks Melanoma 76 4/0 None See Table 2
etal. [17]

Launay-Vacher 8 50% after 1-2 months; Melanoma 66 6/2 ATN See Table 2
et al. [18] 50% after 1-2 weeks (one biopsy)

ATN, acute tubular necrosis.



Table 2. Twelve detailed cases of AKI reported with vemurafenib
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Baseline GFR Kidney
Patient (mL/min/1.73 m? Cancer biopsy
Publication no. Age/sex and CKD stage Clinical presentation Renal outcome outcome performed
Regnier-Rosencher 1 81/Male 87 (CKD Stage 2) 1-2 weeks following treatment, presented Drug was stopped and AKI resolved. Reintroduction = Complete No
etal. [17] with AKI, microscopic hematuria, non- caused relapse of AKI response
nephrotic range proteinuria and
peripheral eosinophilia
Regnier-Rosencher 2 86/Male 50 (CKD Stage 3A)  1-2 weeks after treatment, developed Dose of drug was reduced to 75% of original dose and Partial response No
etal. [17] grade 3 skin eruption and AKI, topical steroids given. Renal function improved but
hematuria, and non-nephrotic range remained above baseline
proteinuria
Regnier-Rosencher 3 54/Male 73 (CKD Stage 2) 1 week after treatment, developed skin ~ Drug was stopped, leading to improvement of skin ~ Complete No
etal. [17] rash and AKI and non-nephrotic range and renal condition. Reintroduction 1 month later response
proteinuria and peripheral eosinophilia at a lower dose led to skin rash and AKI
Regnier-Rosencher 4 82/Male 70 (CKD Stage 2) 1-2 weeks after treatment, developed Drug was stopped and that led to gradual Complete No
etal. [17] rash and AKI improvement of rash and renal function response
Launay-Vacheretal. 5 71/Female 57 (CKD Stage 3A) One more after treatment, had AKIand  Drug was reduced by 50% and renal function No data No
[18] rash. No proteinuria stabilized at a new baseline provided
Launay-Vacheretal. 6 68/Male 66 (CKD Stage 2) 1 week following treatment, AKI was After stopping agent, a kidney biopsy was done Progression of  Yes—ATN
[18] noted showing ATN with arteriosclerosis lesions. Drug disease
with 75% reduced dose was reintroduced, but
creatinine continued to rise and therapy was
stopped. Patient would have required dialysis but
chose not to. Patient expired
Launay-Vacheretal. 7 80/Female 50 (CKD Stage 3A) After 2 months on treatment, developed Drug was maintained for 4 months and renal No data No
[18] AKI function gradually returned to baseline provided
Launay-Vacheretal. 8 77/Male 62 (CKD Stage 2) 1 week after starting treatment, Drug was maintained and renal function Progression of = No
[18] developed AKI with non-nephrotic spontaneously improved and plateaued 3 weeks disease
range proteinuria and skin rash later
Launay-Vacheretal. 9 63/Male 88 (CKD Stage 2) 1 week after starting treatment, Drug was continued at 75% of the dose and AKIdid  No data No
[18] developed AKI and non-nephrotic not improve. Eventually, drug was stopped and provided
range proteinuria renal function improved. Reintroduction at 50%
decreased dose still led to AKI, but then stabilized
and remained stable on the drug
Launay-Vacheretal. 10 41/Male 83 (CKD Stage 2) 2 weeks after treatment, developed AKI ~ Drug was stopped. When drug was reintroduced at  Disease No
[18] 75% of the dose, renal function again worsened. progression
Once stopped, renal function completely recovered
Launay-Vacheretal. 11 69/Male 57 (CKD Stage 3A) 1 month after treatment, developed AKI  Drug was maintained and serum creatinine Disease No
[18] and photosensitivity remained elevated. Once drug was changed to progression
fotemustine, renal function rapidly improved
Launay-Vacheretal. 12 61/Male 51 (CKD Stage 3A) 1 month after treatment, developed AKI  Drug was reduced to 75% dose and renal function Complete No
[18] with hematuria and non-nephrotic eventually stabilized on the drug response

range proteinuria

AK]I, acute kidney injury; CKD, chronic kidney disease; GFR, glomerular filtration rate; ATN, acute tubular necrosis.

2144

‘b 1o ooyduUe/M\ Y



CLiINICAL KIDNEY JOURNAL

men was 65 years and 59 years for the women (P =0.0392). The
cases were reported from around the world with France, the
USA and Germany having most of the cases. Fourteen cases of
electrolyte disorders were reported (hypokalemia six cases and
hyponatremia eight cases). The most common indication was
for treatment of malignant melanoma.

Dabrafenib

In our review using the above-mentioned search queries, there
are no published reports of renal failure with dabrafenib. This
might be partly due to limited experience. However, the Euro-
pean summary of product characteristics of the drug reports
that renal failure has been identified in <1% of patients treated
with dabrafenib [23]. Observed cases were generally associated
with fever and dehydration and responded well to dose interrup-
tion and general supportive measures. Hypophosphatemia has
been reported in 7% of patients included in the clinical trials,
more than half of them (4% of total) of Grade 3 in severity (Nation-
al Cancer Institute Common Toxicity Crietria). Granulomatous
nephritis has also been reported per the summary product
report. In the trial by Flaherty et al. [24], when used in combin-
ation with trametinib (MEK inhibitor), there were reports of hypo-
natremia, hypophosphatemia, increased serum creatinine and
hypokalemia. There were lesser incidences of hypomagnesemia,
hypocalcemia and hypercalcemia. While there were few cases of
renal injury reported in the dabrafenib-only arm, the renal injury
cases increased as increasing doses of trametinib were added.
Roberts et al. [25] compared vemurafenib to dabrafenib+
trametinib to show a better survival in the combined therapy.
There were more reported events of increased creatinine in the
vemurafenib arm (11%) compared with the dabrafenib+ trameti-
nib arm (4%). No renal events were noted in a more recent study
by Longet al. that compared dabrafenib solo therapy to dabra-
fenib +trametinib [26].

In a recent review by Jhaveri et al. [22] of the FAERS’s quarterly
legacy data file from the second quarter of 2013 to the second
quarter of 2014 for dabrafenib using similar search terms as
above, AKI was detected. A total of 13 cases of AKI with dabrafe-
nib were reported to the FAERS in the time frame stated above.
Twelve patients were men. The average ages of men and
women were 55 and 75 years, respectively (P=0.0022). Eight
cases of electrolyte disorders were reported (hypokalemia two
cases and hyponatremia six cases). Contrary to prior publica-
tions, no cases of hypophosphatemia were found [22].

Mechanism of injury

In an elegant murine study, BRAF was shown to be expressed and
localized in developing and mature glomerular podocytes [27].
However, clinically it appears that BRAF inhibition targets the
tubulo interstitial compartment. Based on the literature review
and four biopsies reported so far, the common findings are
tubular and interstitial damage with an acute and chronic com-
ponent. As noted in Table 1, the three published case series sug-
gest one form of injury that appears immediately after drug
initiation (1-2 weeks) and another form of kidney injury that is
more subacute in nature that appears within 1-2 months. The
former injury is likely a drug reaction leading to photosensitivity
and allergic interstitial nephritis. The latter injury is likely acute
tubular toxicity. This drug either is tubular toxic or can lead to an
allergic interstitial nephritis. Given tubular toxicity, it is not un-
usual to see Fanconi’s syndrome in some cases and isolated elec-
trolyte disorders in others. In addition, the proteinuria is in the
subnephrotic range, suggesting a tubular variant of proteinuria.
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Table 3. BRAF inhibitor-related toxicity summary

Allergic interstitial disease

Acute tubular necrosis

Proximal tubular damage (Fanconi’s syndrome)
Hypophosphatemia

Hyponatremia

Hypokalemia

Subnephrotic-range proteinuria

Acute/subacute decrease in GFR by 20-40%

Urinalysis may have hematuria, proteinuria and white blood cells
Urinary sediment may show granular casts or white blood cell casts

Table 3 summarizes the toxicities commonly noted with vemur-
afenib and dabrafenib.

Based on the above data, it appears that there are lower rates
of kidney disease and cutaneous lesions seen with dabrafenib
compared with vemurafenib. It is possible that this is due to
higher potency against BRAF V600E, whereas vemurafenib
may be relatively equipotent. Given more cutaneous lesions in
vemurafenib, one might see an increased incidence of allergic
interstitial nephritis with vemurafenib. It is also possible that
vemurafenib has off-target effects on the kidney more than
the dabrafenib.

Use of BRAF agents in CKD and ESKD

Vemurafenib is highly protein bound, metabolized primarily in
the liver and excreted via feces (94%) with minimal excretion
via urine (1%), so it can probably be used at its usual dosage
in patients with renal impairment [15, 28]. Although, no dose
adjustment is recommended in patients with mild to moderate
renal impairment, one has to exercise caution in patients
with severe renal impairment (GFR <30 mL/min), as data
regarding its use are limited, involving just one patient in
clinical trials [29].

In a study published by Iddawela et al. [30], this drug was used
in a patient with ESKD on peritoneal dialysis. The patient toler-
ated the drug but developed asymptomatic QTc prolongation,
which was managed with dose reduction. Although QTc pro-
longation is a common adverse effect seen with this drug, the
probability of this being a drug reaction in this patient was
deemed low, as he had a history of a prolonged QT preceding
drug use [23]. Regardless, given the high prevalence of electrolyte
disturbances, structural heart disease and changes in fluid shifts
in dialysis patients, we recommend close monitoring of electro-
lytes and baseline and serial EKGs in dialysis patients receiving
this drug.

Dabrafenib, like vemurafenib, is also highly protein bound
with a large volume of distribution. However, renal elimination
of the drug is higher than that of vemurafenib (71% fecal excre-
tion and 23% urinary excretion). This drug can also be used in
mild-moderate renal impairment, with no data being available
for use in severe renal impairment [31, 32].

C-KIN recommendations

We recommend routine monitoring of serum creatinine and
electrolytes during treatment with dabrafenib and vemurafe-
nib, with calculation of the GFR prior to the first administration.
Given that the incidence of renal injury is in the initiation
phase of treatment, we suggest monitoring monthly serum cre-
atinine, serum eosinophils and electrolytes such as potassium,
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phosphorus, calcium, magnesium and sodium. In addition, a
urinalysis is essential to monitor for proteinuria. If there is no
renal toxicity in the first 2 months, then monitoring can be in-
creased to every 3 months.

When possible, a kidney biopsy should be performed to illus-
trate the type of pathology that is leading to renal dysfunction.
For example, evidence of tubular toxicity should lead to drug
interruption with potential re-introduction when renal function
has normalized. In cases of AKI, a trial of drug cessation can be
attempted with a gradual reintroduction at a lower dose. In add-
ition, worsening renal dysfunction risk has to be discussed in the
context of treatment for a malignant cancer with the patient.
Electrolyte disorders should be managed aggressively to avoid
admissions via intravenous or oral supplementations when
appropriate.

Conclusions

Vemurafenib and dabrafenib are drugs that showed efficacy in
metastatic melanoma in patients carrying a specific mutation
(V600) on the BRAF enzyme. Renal toxicity seen with vemurafe-
nib shows a male predominance. Dabrafenib-related renal
toxicity is rare, but more data and time are needed before
concluding that these drugs are not nephrotoxic. Oncologists,
dermatologists and nephrologists need to be aware of the
nephrotoxicities of these agents.
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