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Summary

Background—About half of patients with papillary thyroid cancer have tumours with activating 

BRAFV600E mutations. Vemurafenib, an oncogenic BRAF kinase inhibitor approved for BRAF-

positive melanoma, showed clinical benefit in three patients with BRAFV600E-positive papillary 

thyroid cancer in a phase 1 trial. We aimed to establish the activity of vemurafenib in patients with 

BRAFV600E-positive papillary thyroid cancer.

Methods—We did an open-label, non-randomised, phase 2 trial at ten academic centres and 

hospitals worldwide in patients aged 18 years or older with histologically confirmed recurrent or 

metastatic papillary thyroid cancer refractory to radioactive iodine and positive for the BRAFV600E 

mutation. Participants either had never received a multikinase inhibitor targeting VEGFR (cohort 

1) or had been treated previously with a VEGFR multikinase inhibitor (cohort 2). Patients received 

vemurafenib 960 mg orally twice daily. The primary endpoint was investigator-assessed best 

overall response in cohort 1 (confirmed on two assessments 4 weeks or longer apart). Analyses 

were planned to have a minimum median follow-up of 15 months (data cutoff April 18, 2014) and 

were done in safety, intention-to-treat, and per-protocol populations. This trial is closed and is 

registered at ClinicalTrials.gov, number NCT01286753.

Findings—Between June 23, 2011, and Jan 15, 2013, 51 patients were enrolled to the study, 26 

in cohort 1 and 25 in cohort 2. Median duration of follow-up was 18·8 months (IQR 14·2–26·0) in 

cohort 1 and 12·0 months (6·7–20·3) in cohort 2. Partial responses were recorded in ten of 26 

patients in cohort 1 (best overall response 38·5%, 95% CI 20·2–59·4). Grade 3 or 4 adverse events 

were recorded in 17 (65%) of 26 patients in cohort 1 and 17 (68%) of 25 patients in cohort 2; the 

most common grade 3 and 4 adverse events were squamous cell carcinoma of the skin (seven 

[27% ] in cohort 1, five [20% ] in cohort 2), lymphopenia (two [8% ] in each cohort), and 

increased γ-glutamyltransferase (one [4% ] in cohort 1, three [12% ] in cohort 2). Two individuals 

in cohort 2 died due to adverse events, one from dyspnoea and one from multiorgan failure, but 

neither was treatment related. Serious adverse events were reported for 16 (62%) of 26 patients in 

cohort 1 and 17 (68%) of 25 patients in cohort 2.

Interpretation—Vemurafenib showed antitumour activity in patients with progressive, 

BRAFV600E-positive papillary thyroid cancer refractory to radioactive iodine who had never been 

treated with a multikinase inhibitor. As such, this agent represents a potential new treatment option 

for these patients.

Introduction

Worldwide, thyroid cancer is the sixteenth most common malignant disease.1 About 298 000 

new cases were diagnosed globally in 2012, with the highest incidence reported in North 

America.1 In the USA, an estimated 62 450 cases of differentiated thyroid cancer were 

diagnosed in 2015.2 Standard treatments include surgery, suppression of thyroid-stimulating 

hormone (TSH), and selective treatment with radioactive iodine.3,4 However, 25–50% of 
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patients with locally advanced or metastatic disease will become refractory to radioactive 

iodine.3

For patients who are not cured of their disease with surgery and radioactive iodine, few 

treatment options exist. Previously, the only agent approved by the US Food and Drug 

Administration (FDA) and the European Medicines Agency (EMA), doxorubicin, showed 

little effectiveness and was associated with clinically significant toxic effects.5 In the past 

several years, clinical activity has been recorded with multikinase inhibitors for progressive 

differentiated thyroid cancer refractory to radioactive iodine.6–11 Within this group of 

agents, sorafenib and lenvatinib have been approved by the FDA and the EMA based on 

results of pivotal phase 3 trials.12,13 However, disease ultimately progresses in patients 

treated with either drug, and some individuals do not tolerate the side-effects (eg, hand-foot 

skin reaction and rash with sorafenib, and hypertension and asthenia with lenvatinib). 

Therefore, an unmet need remains: to develop additional molecularly targeted agents for 

treatment of these patients.

Most patients with differentiated thyroid cancer have papillary thyroid cancer. The somatic 

BRAFV600E mutation is found in 37–50% of patients with papillary thyroid cancer, mainly 

in classic or tall-cell variants.14–16 Presence of this mutation at diagnosis of papillary thyroid 

cancer correlates with aggressive tumour characteristics, including extrathyroidal extension, 

advanced tumour stage at presentation, lymph node or disease metastasis, and, possibly, 

increased cancer-related mortality.17,18 Furthermore, tumours harbouring the BRAFV600E 

mutation have a decreased ability to incorporate radioactive iodine, resulting in treatment 

failure or recurrent disease.15,17 The decrease in radioactive iodine uptake might, in part, be 

a result of dysregulation of the sodium iodide symporter that correlates with the presence of 

BRAFV600E.15 As a result, patients whose tumours harbour the BRAFV600E mutation might 

be more likely to need additional systemic treatment for recurrent and metastatic disease.

Vemurafenib is a kinase inhibitor specific for mutated BRAF kinase and is approved for the 

management of BRAFV600E-positive melanoma.19 Data from preliminary studies suggest 

that vemurafenib might have activity in BRAFV600E-positive papillary thyroid cancer.20,21 

Therefore, we aimed to assess the activity and safety of vemurafenib in patients with 

progressive papillary thyroid cancer refractory to radioactive iodine.

Methods

Study design and participants

We did an open-label, non-randomised, phase 2 trial at ten academic centres and hospitals 

worldwide (seven in the USA, two in Italy, and one in the Netherlands; appendix). We 

included patients aged 18 years or older with histologically confirmed recurrent or 

metastatic papillary thyroid cancer refractory to radioactive iodine and positive for the 

BRAFV600E mutation (using the most recent tumour sample obtained). We defined 

refractoriness to radioactive iodine as: absence of uptake of radioactive iodine on either a 

low-dose diagnostic test or a post-treatment radioactive iodine scan in measurable lesions; 

radiographic progression of disease within 18 months of the last course of radioactive iodine 

treatment, despite the recorded uptake of radioactive iodine with that previous therapy; or 
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having a cumulative lifetime administered dose of greater than 600 mCi of radioactive iodine 

and positive for the BRAFV600E mutation (because further exposure to radioactive iodine is 

unlikely to be beneficial and is associated with increased risk). We also required patients to 

have measurable disease, according to Response Evaluation Criteria in Solid Tumors 

(RECIST) version 1.1, and evidence of progression by RECIST 1.1 within the preceding 14 

months. Additional inclusion criteria were: Eastern Cooperative Oncology Group (ECOG) 

performance status 0–1; life expectancy longer than 3 months; TSH less than 0·5 mIU/L; 

haemoglobin concentration 9 g/dL or higher; platelet count 100 × 109 cells per L or higher; 

absolute neutrophil count 1·5 × 109 cells per L or higher; serum creatinine 1·5 times the 

upper limit of normal (ULN) or less; alanine aminotransferase and aspartate amino-

transferase 2·5 times ULN or less (≤5 × ULN for patients with concurrent liver metastases); 

bilirubin 1·5 times ULN or less; alkaline phosphatase 2·5 times ULN or less (≤5 × ULN for 

patients with concurrent liver metastases); and recovery from a toxic effect associated with 

any previous treatment (which helps to discern whether an adverse event is attributable to 

study treatment).

We excluded patients who had previously received specific BRAF or MEK inhibitor agents; 

however, we allowed previous use of non-specifi c BRAF inhibitors—eg, sorafenib. Further 

exclusion criteria were: active or unstable brain metastases; other active malignant diseases 

(including squamous cell carcinoma); history of carcinomatous meningitis; other anticipated 

or ongoing anticancer treatment; pregnancy or lactation; refractory nausea and vomiting, 

malabsorption, external biliary shunt, or substantial bowel resection that would preclude 

adequate absorption; congenital prolonged QTc syndrome or QTc interval greater than 450 

ms; grade 3 or worse haemorrhage within 28 days before initiation of study treatment; 

myocardial infarction, severe or unstable angina, coronary or peripheral artery bypass graft, 

symptomatic congestive heart failure, cerebrovascular accident or transient ischaemic attack, 

or active pulmonary embolism within 6 months of initiation of study treatment; clinically 

significant active infection; organ transplant or allogeneic bone marrow or stem cell 

transplant; known HIV positivity or AIDS-related illness, hepatitis B virus, or active 

hepatitis C virus; and social, familial, or psychological factors that preclude the required 

follow-up schedule.

We stratified participants into two cohorts. Cohort 1 comprised patients who had never 

received a multikinase inhibitor targeting VEGFR, and cohort 2 consisted of patients who 

had previously received treatment with a VEGFR multikinase inhibitor. We enrolled 

participants into cohort 1 or cohort 2 on the basis of previous treatment.

The study protocol is included in the appendix and was approved by the institutional review 

boards or independent ethics committees of the participating study centres, and the study 

was undertaken in accordance with the provisions of the Declaration of Helsinki and Good 

Clinical Practice guidelines. All patients provided written informed consent.

Procedures

To identify the BRAFV600E mutation, we tested the most recent tumour sample obtained 

from patients at a central laboratory with the cobas 4800 BRAFV600E mutation test (Roche 

Molecular Diagnostics, Pleasanton, CA, USA). All eligible patients started open-label 
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vemurafenib (960 mg orally) twice a day in cycles of 28 days. To manage symptomatic 

adverse events, we permitted dose interruptions of up to 15 days and dose reductions (in 

increments of 240 mg twice daily) to 720 mg twice daily and 480 mg twice daily. Treatment 

was discontinued either because of disease progression or intolerable toxic effects (in 

accordance with dose adjustment recommendations in the prescribing information). 

Intolerable toxic effects with the 480 mg twice a day dosing schedule were also cause for 

discontinuation.

Tumours were assessed by local investigators with CT or MRI every 8 weeks using RECIST 

1.1. Of note, according to RECIST 1.1, bone lesions were not judged target lesions but were 

followed up as non-target lesions. Safety assessments included monitoring of laboratory 

variables (haematology, chemistry, and urinalysis), vital signs, ECOG performance status, 

and physical examinations. We did these assessments monthly for the first 9 months, then 

every 2 months for 6 months, and every 3 months thereafter. In addition to physical 

examinations, we did dermatological, head and neck, and gynaecological examinations to 

detect development of squamous cell carcinoma. We followed up patients who discontinued 

treatment for 1 month for treatment-related adverse events and for up to 12 months for 

possible secondary malignant diseases. Adverse events were graded according to the 

National Cancer Institute's Common Terminology Criteria for Adverse Events (NCI 

CTCAE), version 4.

We did not assess RAS mutations routinely because they are generally mutually exclusive 

from RAF mutations in patients not previously treated with BRAF inhibitors. Specimens 

from patients with secondary malignant diseases could be assessed for RAS mutations, 

according to local standard methodology and submitted for central laboratory analysis by 

multiplex sequencing.

Outcomes

The primary endpoint of the study was best overall response in patients in cohort 1 (ie, those 

never treated with a multikinase inhibitor targeting VEGFR) confirmed on two assessments 

a minimum of 4 weeks apart. Best overall response was defined as the proportion of patients 

with a complete or partial response, according to RECIST 1.1, as assessed by the 

investigator.

A secondary endpoint was best overall response according to RECIST 1.1 in cohort 2 (ie, 

those previously treated with a VEGFR multikinase inhibitor). Additional secondary 

endpoints in both cohorts were: safety; duration of response, defined as the time from the 

first recorded response to progressive disease or death from any cause; disease control, 

defined as a confirmed complete response, partial response, or stable disease for at least 6 

months; progression-free survival, defined as the time from the first dose of study treatment 

to first recorded progressive disease or death from any cause; and overall survival, defined as 

the time from first dose of study treatment to date of death from any cause. 

Pharmacokinetics were also assessed as a secondary endpoint and will be reported 

elsewhere.
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Statistical analysis

We judged the planned sample size of 25 assessable patients in cohort 1 sufficient to detect 

major safety or tolerability problems. If seven of 25 patients achieved a response (best 

overall response 28%), the anticipated 90% CI was 14–46%. Cohort 2 used a two-stage 

design. If two or more responses were recorded in the first 15 assessable patients, the lower 

bound (2·4%) of the 95% CI for the minimum activity target of 13% best overall response 

would be exceeded, indicating minimum expected activity in cohort 2 and justifying 

expansion of the cohort to include up to 25 assessable patients. We report 95% CIs in the 

Results, however, because these are more stringent than 90% CIs and if the threshold 

boundary is not crossed the interpretation is still valid.

We estimated progression-free survival and overall survival in both cohorts with the Kaplan-

Meier method. We calculated 95% CIs with the Clopper-Pearson method for best overall 

response and disease control, and with the Brookmeyer and Crowley method for duration of 

response, progression-free survival, and overall survival.

We summarised all safety data using descriptive statistics. For study treatment, we reported 

duration, starting dose, and cumulative dose. We presented adverse event data in frequency 

tables (overall and by intensity) by body system. When reporting the overall incidence of 

adverse events, we included patients who had the same event on more than one occasion 

only once, and we recorded the highest grade for the calculation of event frequency.

Analyses were planned to have a minimum median follow-up of 15 months (data cut-off 

April 18, 2014). To address the primary endpoint of best overall response, which requires 

confirmation of response, we defined the assessable per-protocol population as patients who 

underwent at least two post-baseline tumour assessments, or who died or discontinued study 

treatment because of progressive disease or an adverse event before undergoing two post-

baseline tumour assessments, and excluded patients with major protocol violations. Best 

overall response, disease control, duration of response, progression-free survival, and overall 

survival were assessed in the per-protocol population. We summarised demographic data and 

deaths for the intention-to-treat population (ie, all enrolled patients). We defined the safety 

population as all enrolled patients who received at least one dose of study treatment. We did 

all statistical analyses with SAS version 9.2.

This trial is registered with ClinicalTrials.gov number, NCT01286753. The trial was 

terminated early by decision of the funder; patients still receiving benefit from treatment 

were offered enrolment for treatment with continued vemurafenib in an extension trial 

(NCT01739764). Patients will continue to be followed up for safety and time-to-event 

outcomes in the extension trial.

Role of the funding source

The funder administered and sponsored the study, which was designed by the authors in 

conjunction with representatives of the funder. Data were collected by the funder and 

analysed and interpreted in collaboration with the authors. Editorial support that did not 

involve writing was supported by the funder. MSB, TR, and HY had access to raw data. The 

authors vouch for the accuracy and completeness of the data. The manuscript outline was 
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prepared by MSB and TR, but all authors contributed to subsequent drafts and made the 

decision to submit the report for publication.

Results

Between June 23, 2011, and Jan 15, 2013, 116 patients were screened for eligibility. 105 

(91%) tumour specimens were submitted to the central laboratory for mutation testing; 

samples from the remaining 11 (9%) patients were deemed inadequate for testing. 67 (64%) 

of 105 specimens were positive for the BRAFV600E mutation. 16 (24%) of these 67 patients 

failed eligibility criteria; therefore, 51 patients were enrolled into the study. 26 (51%) 

patients who had not previously received a multikinase inhibitor targeting VEGFR were 

treated in cohort 1 and 25 (49%) individuals who had previously received a VEGFR 

multikinase inhibitor were treated in cohort 2. Initially, 15 patients were enrolled into cohort 

2, but this cohort was expanded to 25 patients according to the protocol specification of 

observation of at least two confirmed responders and tolerable safety profile in the first 15 

patients.

Baseline characteristics are presented in table 1. Three (12%) patients in cohort 1 and seven 

(28%) in cohort 2 had previously received systemic chemotherapy with either a taxane or 

anthracycline. 21 (84%) patients in cohort 2 had previously received treatment with 

sorafenib, and ten (40%) had received other small-molecule agents, including cediranib, 

pazopanib, sunitinib, a VEGF inhibitor (PTC299; PTC Therapeutics, NJ, USA), and a 

selective ATP competitive inhibitor of p70 S6 kinase (LY2584702; Eli Lilly, IN, USA).

In cohort 1, the median duration of treatment was 63·6 weeks (IQR 24·6–99·1). All patients 

in cohort 1 were included in the per-protocol analysis. A best overall response of partial 

response was confirmed in ten (38·5%; 95% CI 20·2–59·4) of 26 patients (figure 1, table 2). 

Nine (35%) patients achieved stable disease for at least 6 months; therefore, 19 (73%; 95% 

CI 52–88) patients achieved disease control. After a median follow-up of 18·8 months (IQR 

14·2–26·0), 13 (50%) patients in cohort 1 had a progression-free survival event, and four 

(15%) patients had died. Median progression-free survival in cohort 1 was 18·2 months 

(95% CI 15·5–29·3; figure 2), the median duration of response was 16·5 months (5·7–not 

estimable [NE]), and median overall survival was not yet reached (NE–NE; figure 2).

In cohort 2, the median duration of treatment was 27·6 weeks (IQR 18·6–60·0). Two patients 

in cohort 2 were later deemed ineligible for the study because of previous treatment with a 

RAF inhibitor in one (XL281) and a MEK inhibitor in the other (selumetinib), and one 

patient withdrew consent before undergoing two post-baseline tumour assessments; these 

patients were included in the safety analysis but were excluded from per-protocol analysis. 

Six (27·3%; 95% CI 10·7–50·2) of 22 patients achieved a partial response as a best overall 

response (figure 1, table 2), and six (27·3%) patients had stable disease for at least 6 months. 

Therefore, 12 (55%; 95% CI 32–76) patients achieved disease control. After a median 

follow-up of 12·0 months (IQR 6·7–20·3), 12 (55%) of 22 patients had died. Median 

progression-free survival in cohort 2 was 8·9 months (95% CI 5·5–NE; figure 2), the median 

duration of response was 7·4 months (3·7–NE), and median overall survival was 14·4 

months (8·2–29·5; figure 2).
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All patients enrolled in cohorts 1 and 2 were included in the safety analysis. The starting 

dose of vemurafenib for most patients was 960 mg twice daily (26 [100% ] patients in cohort 

1 and 24 [96% ] patients in cohort 2). The remaining patient in cohort 2 started on 480 mg 

twice daily as a result of a dispensing error by the clinical staff at that centre. The median 

cumulative dose of vemurafenib was 619·3 g (IQR 247·4–1132·8) in cohort 1 and 293·8 g 

(179·0–647·8) in cohort 2.

At the time of this analysis (April 18, 2014), in cohort 1, 19 (73%) patients had discontinued 

treatment: 11 (42%) because of disease progression, seven (27%) because of an adverse 

event, and one (4%) who withdrew consent and refused further treatment. In cohort 2, 20 

(80%) patients had discontinued treatment: 11 (44%) because of disease progression, seven 

(28%) because of an adverse event, and two (8%) who withdrew consent.

Grade 1–2 adverse events occurring in 15% or more patients and all grade 3–5 adverse 

events are listed in table 3; all adverse events recorded in the study are shown in the 

appendix. Grade 1 increases in TSH were reported in two (8%) patients in cohort 1 and one 

(4%) patient in cohort 2, although adequate TSH suppression was noted before treatment.

Grade 3 or 4 adverse events were recorded in 17 (65%) patients in cohort 1 and 17 (68%) 

patients in cohort 2 (table 3). 15 (58%) patients in cohort 1 needed a dose reduction, to either 

720 mg orally twice daily (n=10) or 480 mg orally twice daily (n=5) and 22 (85%) required 

a dose interruption. 12 (48%) patients in cohort 2 needed a dose reduction, to either 720 mg 

orally twice daily (n=5) or 480 mg orally twice daily (n=7), and 16 (64%) required a dose 

interruption because of an adverse event. Adverse events requiring discontinuation of 

treatment were similar between cohorts (seven [27% ] vs seven [28% ]). Adverse events 

leading to discontinuation were dysphagia (n=1, cohort 2), oesophogeal haemorrhage (n=1, 

cohort 2), oral lichen planus (n=1, cohort 1), arthralgia (n=2, one per cohort), pathological 

fracture (n=1, cohort 1), fatigue (n=1, cohort 1), gait disturbance (n=1, cohort 2), dyspnoea 

(n=2, both cohort 2), angina pectoris (n=1, cohort 1), hepatotoxicity (n=1, cohort 1), γ-

glutamyltransferase increase (n=1, cohort 2), and palmar plantar erythrodysaesthesia (n=1, 

cohort 1).

Serious adverse events were reported for 16 (62%) patients in cohort 1 and 17 (68%) 

patients in cohort 2. Serious adverse events reported in two or more patients in either cohort 

were cutaneous squamous cell carcinoma (seven [27% ] in cohort 1, five [20% ] in cohort 2), 

keratoacanthoma (two [8% ] in cohort 1, three [12% ] in cohort 2), dyspnoea (two [8% ] in 

each cohort), pneumonia (two [8% ] in cohort 2), hypotension (two [8% ] in cohort 2), 

cerebrovascular accident (two [8% ] in cohort 2), and squamous cell carcinoma (two [8% ] 

in cohort 1). One (4%) patient in each cohort had a cutaneous pigmented lesion.

Three (6%) of the 51 patients had a non-cutaneous second malignant disease reported as an 

adverse event, according to the investigators: squamous cell carcinoma of the distal trachea 

(n=1, cohort 1), squamous cell carcinoma of the head and neck (n=1, cohort 1), and gastric 

adenocarcinoma (n=1, cohort 2). All three patients discontinued treatment at the time of 

diagnosis of the second malignant disease (separate to the number of discontinuations 

attributed to disease progression or need for treatment other than vemurafenib). The gastric 
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adenocarcinoma was deemed unrelated to vemurafenib by the investigator. In the two 

patients with non-cutaneous squamous cell carcinoma (which were deemed possibly related 

to vemurafenib), the tumour arose at sites of thyroid cancer and was initially reported as 

progressive disease (and included as events for progression-free survival). These cases could 

represent dedifferentiation of the primary tumour with squamoid features. None of the three 

cases showed a RAS mutation on molecular analysis.

In cohort 1, four (15%) of 26 patients had died at the time of analysis; the cause of death 

was disease progression in two (8%), stroke in one (4%), and an unknown cause in one 

(4%). In cohort 2, 12 (48%) of 25 patients had died at the time of analysis; the cause of 

death was disease progression in eight (32%) and two (4%) patients died due to adverse 

events (one patient died from dyspnoea a symptom of simultaneously diagnosed progression 

of disease] and one patient died of multiorgan failure secondary to placement of a chest tube 

to treat pre-existing, disease-related, pleural effusion). None of the deaths in either cohort 

were judged related to vemurafenib by the investigators.

Discussion

In our open-label, non-randomised, phase 2 trial in patients with BRAFV600E-positive 

papillary thyroid cancer refractory to radioactive iodine, vemurafenib showed antitumour 

activity both in individuals who had never received a multikinase inhibitor (cohort 1) and in 

those previously treated with a multikinase inhibitor (cohort 2). The overall toxicity profile 

was generally consistent with that reported in patients with melanoma treated with 

vemurafenib. To our knowledge, our trial represents the first prospective clinical trial and the 

largest dataset to assess treatment with vemurafenib for this patient population. Although 67 

(64%) of the 105 tissue specimens submitted to the central laboratory were positive for 

BRAFV600E mutations, some centres routinely prescreened patients for BRAF mutations 

with other methods before enrolment in this trial. Thus, our screening population was 

probably enriched with individuals harbouring the mutation. Moreover, BRAF mutations 

have been noted to occur more frequently with increasing age;22,23 consistent with this 

observation, the population of patients in our study was older than those enrolled in other 

phase 2 and phase 3 studies of multikinase inhibitors.

In our study, 38·5% (95% CI 20·2–59·4) of patients in cohort 1 achieved a partial response 

as best overall response, which met the primary endpoint (planned target 28%). The 

proportion of patients who achieved a best overall response was similar to that recorded with 

other kinase inhibitors studied in phase 2 and phase 3 trials, with responses of 8–65% 

reported for vandetanib, sorafenib, motesanib, axitinib, pazopanib, cabozantinib, and 

lenvatinib.6–13 However, direct comparison of these proportions is not possible because of 

differences in patients' characteristics and enrolment criteria across studies. Median 

progression-free survival in cohort 1 was 18·2 months (95% CI 15·2–29·3), which is also 

similar to values reported with other kinase inhibitors (median progression-free survival of 

9·2–18·7 months for motesanib, sorafenib, vandetanib, pazopanib, axitinib, and 

lenvatinib).6–13 The median progression-free survival for cohort 1 suggests that targeting the 

BRAFV600E mutation might provide additional treatment options in patients with papillary 
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thyroid cancer who harbour this mutation and have never been treated with a multikinase 

inhibitor.

A greater proportion of patients in cohort 1 achieved a response and had longer progression-

free survival compared with those in cohort 2. However, most patients in cohort 2 were 

heavily pretreated and had been exposed to many other agents in addition to a VEGFR 

multikinase inhibitor. Therefore, a best overall response of 27·3% (95% CI 10·7–50·2) and 

median progression-free survival of 8·9 months (95% CI 5·5–NE) in cohort 2 might still 

suggest a clinical benefit. Data for use of a VEGFR multikinase inhibitor after failure of 

previous VEGFR multikinase inhibitors are available only for lenvatinib, for which the 

median progression-free survival was 15·1 months among patients with differentiated 

thyroid cancer who had received only one previous line of VEGFR multikinase inhibitor 

therapy.13 Therefore, the extent to which patients previously exposed to only one VEGFR 

inhibitor would benefit from vemurafenib treatment in the second-line setting is not clear, 

and because of the few patients in this study who had received only one previous line of 

therapy, this question warrants further investigation.

The most common adverse events observed in our study included rash, fatigue, weight loss, 

taste alteration, and alopecia, which were similar to those noted in patients with melanoma 

treated with vemurafenib.19 These adverse events were managed with supportive care and 

dose adjustments. Rash and fatigue occurred at a higher frequency in our trial than in 

previous melanoma studies,19,24 perhaps because of the longer duration of treatment. A 

greater proportion of patients in cohort 1 than in cohort 2 needed dose adjustments for 

adverse events (85% vs 64%), perhaps because of the longer duration of treatment (63·6 

weeks vs 27·6 weeks) or the lack of previous exposure and clinician experience in 

controlling toxic effects associated with kinase inhibitors. Additionally, the proportion of 

patients discontinuing treatment because of adverse events was somewhat higher in the 

current study (roughly 27% in both cohorts) than was reported with other multikinase 

inhibitors,8,12 possibly because of the number of previous treatments received by patients in 

cohort 2. The frequency of non-cutaneous squamous cell carcinoma as a second malignant 

disease (6%) was consistent with that reported in melanoma patients (<5%).20 Although data 

suggest that vemurafenib might potentiate the growth of pre-existing lesions harbouring 

RAS mutations,25 none of the second malignant diseases reported in our study harboured 

RAS mutations, which suggests the presence of an alternative mechanism.

Our study is limited by the absence of data for direct historical comparison of overall 

survival for patients with thyroid cancer refractory to radioactive iodine and harbouring a 

BRAFV600E mutation. Furthermore, a good comparator is not available for the heavily 

pretreated population in cohort 2, making conclusions about the activity of vemurafenib in 

these patients difficult.

Although the clinical usefulness of screening all patients with papillary thyroid cancer for 

BRAFV600E mutations at the time of diagnosis remains to be elucidated, our data suggest 

that screening for these mutations in the setting of disease refractory to radioactive iodine 

could identify potential treatment options offering clinical benefit for these patients. The 

activity of vemurafenib is comparable with that of currently available multikinase inhibitors 
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for the treatment of patients with progressive, recurrent, or metastatic disease that is 

refractory to radioactive iodine who have never been treated with multikinase inhibitors. The 

response to vemurafenib in patients previously treated with multikinase inhibitors might 

support use of this agent in this setting as well. The adverse event profile in these patients 

was similar to that of vemurafenib in individuals with melanoma, and no new safety signals 

were identified. We have shown the activity of vemurafenib in patients with progressive, 

BRAFV600E-positive papillary thyroid cancer refractory to radioactive iodine, and further 

investigation is warranted.
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Research in context

Evidence before this study

BRAFV600E mutations occur in 37–50% of all patients with papillary thyroid cancer and 

correlate with aggressive tumour characteristics and decreased ability of tumours to 

incorporate radioactive iodine. We searched MEDLINE and Embase with the terms 

“thyroid cancer”, “BRAF inhibitor”, “vemurafenib”, and “dabrafenib” for peer-reviewed 

articles and abstracts published between Jan 1, 2010, and Dec 1, 2015, with no restriction 

by language. Vemurafenib, an oncogenic BRAF kinase inhibitor approved for 

BRAFV600E-positive melanoma, showed clinical benefit in three patients with 

BRAFV600E-positive papillary thyroid cancer in a phase 1 trial; one patient had a partial 

response lasting 7·6 months and two patients had stable disease for 11·4 months and 13·2 

months. Four responses were also observed in patients with thyroid cancer as part of a 

phase 1 study of dabrafenib in BRAFV600E solid tumours.

Added value of this study

Our study is the first prospective phase 2 trial to assess vemurafenib in patients with 

papillary thyroid cancer refractory to radioactive iodine and harbouring the BRAFV600E 

mutation. Vemurafenib showed antitumour activity in two cohorts of patients: those who 

had never received a multikinase inhibitor targeting VEGFR and those previously treated 

with a VEGFR multikinase inhibitor. Best overall response, duration of response, and 

progression-free survival were encouraging in patients who had never received a VEGFR 

multikinase inhibitor. Best overall response was also promising in patients previously 

treated with a multikinase inhibitor targeting VEGFR. The overall toxicity profile was 

generally consistent with that reported in patients with melanoma treated with a BRAF 

inhibitor.

Implications of all the available evidence

Vemurafenib has shown activity in patients with progressive, BRAFV600E-positive 

papillary thyroid cancer refractory to radioactive iodine. Further investigation is 

warranted.
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Figure 1. Waterfall plots showing mean change from baseline in tumour size in the per-protocol 
population
Change in tumour size recorded as smallest sum of diameters. Objective response was either 

a complete or partial response. Dotted line represents the threshold for partial response. 

*Patients who are still on treatment as of data cutoff (April 18, 2014). (A) Patients who have 

never received a multikinase inhibitor (cohort 1). (B) Patients previously treated with a 

multikinase inhibitor (cohort 2). One patient in cohort 2 did not have a post-baseline tumour 

assessment because they died within the first two cycles of treatment.
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Figure 2. Kaplan-Meier curves of progression-free survival and overall survival
Progression-free survival in (A) patients who have never received a multikinase inhibitor 

(cohort 1) and (B) patients previously treated with a multikinase inhibitor (cohort 2). Overall 

survival in (C) cohort 1 and (D) cohort 2.
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Table 1
Baseline characteristics

Cohort 1 (n=26) Cohort 2 (n=25)

Sex

 Male 15 (58%) 13 (52%)

 Female 11 (42%) 12 (48%)

Race

 White 24 (92%) 20 (80%)

 Other 2 (8%) 5 (20%)

Ethnic origin

 Hispanic or Latino 4 (15%) 3 (12%)

 Other 22 (85%) 22 (88%)

Age (years) 67 (55–74) 65 (58–71)

 <65 12 (46%) 12 (48%)

 ≥65 14 (54%) 13 (52%)

Local recurrent or unresectable cancer 3 (12%) 2 (8%)

Metastatic cancer 23 (88%) 23 (92%)

ECOG performance score

 0 15 (58%) 13 (52%)

 1 11 (42%) 12 (48%)

Previous treatments

 0 19 (73%) 0

 1 4 (15%) 7 (28%)

 2 2 (8%) 9 (36%)

 ≥3 1 (4%) 9 (36%)

Data are number of patients (%) or median (IQR). Cohort 1 includes patients who had not previously received a multikinase inhibitor and cohort 2 
includes those previously treated with a multikinase inhibitor. ECOG=Eastern Cooperative Oncology Group.
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Table 2
Activity of vemurafenib

Cohort 1 (n=26) Cohort 2 (n=22)

Best overall response (confirmed)

 Complete response 0 0

 Partial response 10 (38·5%, 20·2-59·4) 6 (27·3%, 10·7-50·2)

 Stable disease 15 (57·7%, 36·9-76·7) 14 (63·6%, 40·7-82·8)

 Progressive disease 1 (3·8%, 0·1-19·6) 1 (4·5%, 0·1-22·8)

 Unknown 0 1 (5%)

Data are number of responses (%, 95% CI). Cohort 1 includes patients who have never received a multikinase inhibitor and cohort 2 includes those 
previously treated with a multikinase inhibitor. The analysis population included patients with at least two post-baseline tumour scans or 
progressive disease, worsening disease, death, or an adverse event within the first two cycles.
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