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Abstract Ipilimumab, a fully human monoclonal anti-
body against cytotoxic T lymphocyte antigen-4, has dem-
onstrated significant improvement in overall survival in
previously treated advanced melanoma patients. The
BRAF inhibitor, vemurafenib, has shown up to 78%
objective response rates in melanoma patients harboring
the BRAF-V600E mutation but not in patients lacking the
mutation. As an immune potentiator, the mechanism of
action of ipilimumab may not be dependent of the activity
of the BRAF pathway. To test this, we investigated whe-
ther the clinical activity of ipilimumab would be affected
by the BRAF-V600E mutation status of the tumors. Thus,
this retrospective analysis was carried using a set of tumor
biopsies from a completed phase II clinical trial.
CA184004 was a randomized, double-blind, multicenter
trial of 82 previously treated or untreated patients with
unresectable stage III/IV melanoma. Patients received ipi-
limumab 3 or 10 mg/kg every 3 weeks for four doses fol-
lowed by maintenance dosing in eligible patients. The
BRAF-V600E mutation status for 80 patients was deter-
mined in tumor biopsies by PCR-based assays. Data on
disease control were available for 69 patients with evalu-
ated BRAF-V600E mutation status. Rates of objective
responses and stable disease in patients with BRAF-V600E
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mutation positive tumors (30%) were comparable to those
in patients with the wild-type gene (~33%). Eleven
patients displayed Durable Disease Control (DDC) of
which 55% had BRAF-V600E mutation positive tumors
and 45% did not. In the 48 patients showing no DDC, the
mutation frequency was 50%. In this study, no association
between BRAF-V600E mutation status of melanoma
tumors and DDC after treatment with ipilimumab was
detected.

Keywords Ipilimumab - Vemurafenib - CTLA-4 -
BRAF-V600E

Introduction

Ipilimumab is a fully human monoclonal immunoglobulin
(IgG1x) that binds to the cytotoxic T lymphocyte antigen-4
(CTLA-4) molecule expressed on a subset of T cells and
acts as a potentiator of T cell activity. Ipilimumab has been
shown to prolong survival in patients with pre-treated
metastatic melanoma with 1- and 2-year survival rates of
46 and 24.6%, respectively [1]. Durable responses (up to
46+ months in duration) were also observed.

Forty to 60% of patients with melanoma have tumors
that carry a somatic mutation in the gene encoding the
protein kinase BRAF and 90% of these harbor an activating
point mutation at position 600 [2-10], which results in
constitutive kinase activity and subsequent oncogenic
potential through a variety of known mechanisms such as
reduced apoptosis and increased invasiveness [l1].
Recently, the BRAF inhibitor, vemurafenib, was approved
by the Food and Drug Administration (FDA) for treatment
of metastatic melanoma positive for the V600 mutation.
The observed objective response rate to vemurafenib is
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~78% in patients whose tumors have the BRAF-V600E
mutation but not those with the wild-type protein [12, 13].
There is also some evidence suggesting that the use of
BRAF inhibitors such as vemurafenib might in fact pro-
mote tumor growth in patients whose tumors lack the
mutation [14-16].

Unlike vemurafenib or other kinase inhibitors, ipi-
limumab’s mechanism of action is independent of the
BRAF signaling pathway, as ipilimumab targets the tumors
indirectly by activation of the immune system rather than
directly targeting tumor cells. Thus, ipilimumab is likely to
be efficacious in melanoma patients with and without the
BRAF-V600E mutation. In addition, there is strong evi-
dence suggesting that treatment with ipilimumab also leads
to enhanced and durable immune responses toward tumor-
derived antigens [17]. A combination of a BRAF inhibitor
and ipilimumab might be considered as a potential treat-
ment regimen that may increase efficacy and duration of
response in melanoma patients.

We conducted a retrospective analysis of melanoma
tumor biopsies from ipilimumab-treated patients to delin-
eate the effect of BRAF-V600E mutation status in meta-
static tumors on durable disease control (DDC) after
treatment with ipilimumab.

Materials and methods
Patients and tumor biopsies

In the phase 2 biomarker-focused clinical trial, CA184004,
82 patients with stage III/IV advanced melanoma were
treated with 3 or 10 mg/kg ipilimumab. Study design,
response assessment and disease control assessment were
described elsewhere [18]. At least one tumor biopsy was
available for 80 of the 82 patients. For 53 patients, paired
specimens at two time points were available: one prior to
ipilimumab treatment and one 3 weeks after initiation of
ipilimumab treatment. Tumor biopsies were snap-frozen
and stored at —80°C. Data on disease control status were
available for 69 of the 80 patients.

Real-time chemistry methodology (RT-CM)
for BRAF-V600E mutation genotyping

Genomic DNA from frozen tumor biopsies was purified
using the AllPrep DNA/RNA Mini Kit according to man-
ufacturer’s instructions (Catalog No. 80204, Qiagen,
Valencia, CA). All PCR reagents, equipment, and analyt-
ical software were purchased from Applied Biosystems
(Foster City, CA) unless indicated. BRAF-V600E mutation
was detected by real-time chemistry TagMan MGB probes
as described previously [19]. Primers and probes used were
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as follows: BRAF-51F (forward) 5-TACTGTTTTCCTT
TACTTACTACACCTCAGA-3’, BRAF-176R (reverse)
5'-ATCCAGACAACTGTTCAAACTGATG-3', mutant pro-
be 5'-FAM-CTACAGaGAAATCTC-3', and wild-type probe
5'-VIC-AGCTACAGtGAAATC-3'.

BRAF-V600E genotyping using castPCR technology

In order to confirm the results from the genotyping method
described above, we also determined the BRAF mutation
status with a commercially available TagMan® mutation
detection assay (Life Technologies, Carlsbad, CA). These
assays use competitive allele-specific TagMan PCR (cast-
PCR technology). Each wild-type or mutant allele assay
was composed of a modified or unmodified allele-specific
forward primer, locus-specific TaqMan® probe, locus-
specific reverse primer, allele-specific MGB blocker, and
TaqMan® Genotyping Master Mix (Catalog No. 4371355,
Life Technologies). The assay was run according to man-
ufacturer’s instructions using 20 ng of genomic DNA.

Data analysis for BRAF-V600E genotyping

Results were analyzed with the Seq Detection System
version 2.3. Control reference samples included a no DNA
template control, a plasmid DNA containing the BRAF-
V600E gene sequence (Life Technologies) and DNA iso-
lated from either a BRAF-V600E positive cell line, COLO
201 (CCL-224, American Type Culture Collection,
Manassas, VA) or a cell line containing the wild-type (WT)
BRAF gene, SKNAS (CRL-2137, ATCC). A heterozygous
reference sample was generated by mixing BRAF-V600E
DNA and WT DNA 1:1. Results from BRAF-V600E
mutation detected by real-time chemistry with TagMan
MGB probes were called either WT or mutant (Mut)
manually in reference to the control samples. Results from
the TagMan® mutation detection assay were calculated as
follows: The WT Cts were subtracted from the Mut Cts,
generating ACt. Fold Change (FC) was calculated as 2ACt
Percent Mut was calculated by FC/(1 + FC). Reference
WT control samples were all <1% Mut, so samples <1%
were assigned as WT, and samples >1% were assigned as
Mut. Percent Mut ranged from 99 to 7% and in those
samples designated WT the percent Mut ranged from 0.84
to 0%.

Statistical methodology
Association with BOR and DDC
Best overall response (BOR) as assessed by the investigator

was based on modified WHO criteria. Frequencies of BOR
values were tabulated by BRAF-V600E mutation status.
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Frequencies of DDC, defined as BOR of complete response
(CR), partial response (PR), or stable disease (SD) lasting
at least 24 weeks from first dose of ipilimumab, were
tabulated by BRAF-V600E mutation status as well.

Pre- and post-treatment agreement on BRAF-V600E
mutation status

Agreement on mutation status in paired tumor biopsies
from patients was tabulated based on whether mutation
calls were the same or not between pre-treatment and post-
treatment biopsies.

Results

BRAF V600E mutation status and comparison
in pre- and post-treatment tumors

We used two assays to determine the BRAF-V600E
mutation status in 80 of the available tumor biopsies. In the
RT-CM, TagMan MGB probes with either a VIC or FAM
reporter fluorophore were used to detect the wild-type
(WT) or the mutant BRAF V600E sequences, respectively
[19]. Using this assay, classification as either wild type
(WT) or mutant (BRAF-V600E) was obtained for 59 of 80
specimens. Using castPCR technology, definitive geno-
typing results were obtained from 100% of the 80 speci-
mens with complete agreement between the results of the
two methods in the matching 59 tumor biopsies. Of the
total 80 tumor biopsies, 40 were found to carry the BRAF-
V600E mutation (50%) and 40 were found to be WT V600
(50%). In addition, the BRAF V600E mutation status in 53
paired tumor samples from pre- and post-treatment biop-
sies were in complete agreement.

Distribution of BRAF-V600E mutation in dose cohorts

In the CA184004 study, two different doses of ipilimumab
were used, 3 and 10 mg/kg. BRAF-V600E mutation was
detected in 23 out of 40 tumor biopsies (57.5%) in the
3 mg/kg cohort, and 17 out of 40 tumor biopsies (42.5%) in
the 10 mg/kg cohort. Because the efficacy of ipilimumab
did not differ significantly between the 3 and 10 mg/kg
cohorts in this trial [20], the observed imbalance in BRAF-
V600E mutation frequency between doses was not expec-
ted to lead to a bias in the analysis of the association
between mutation status and efficacy measures.

Tumor biopsies used in this study originated from var-
ious metastatic sites, such as pancreas, breast, lymph
nodes, and liver. No apparent associations between the
pattern of BRAF mutations and the site of the tumor biopsy
were observed (data not shown).

Association of BOR and DDC after ipilimumab
treatment and BRAF-V600OE mutation status
of melanoma tumors

Matching data for DDC and BRAF-V600E mutation status
were obtained for 69 of the tumors isolated at pre-treatment
(Table 1). Of the 11 patients who achieved DDC after
ipilimumab treatment, 6 (54%) were BRAF-V600E and 5
(46%) were BRAF-V600 WT. Similarly, 24 (50%) of 48
patients in the No-DDC group were BRAF-V600E and 24
(50%) were WT. Thus, our present genotyping results did
not detect any apparent association between DDC and
BRAF V600E mutation status of melanoma tumors. Sim-
ilarly, no apparent association was observed between BOR
and BRAF V600E mutation status of the melanoma tumors
(Table 1).

Discussion

In this study, we determined the BRAF-V600E mutation
status in 80 tumor biopsies obtained from patients treated
with ipilimumab monotherapy. Although the number of
tumor biopsies was limited, specimens were obtained and
analyzed from the majority of the patients enrolled in the
trial (80 of the 82 patients). Forty of 80 (50%) of the
tumors had the BRAF-V600E mutation and 40 (50%) of
the tumors were BRAF V600 wild type. This was in
agreement with published literature, where the mutation
was detected in 40-60% of melanoma tumors [2—10].

Table 1 Association of BRAF-V600E mutation status with best
overall response (BOR) and durable disease control (DDC)

Best overall response* WT BRAF-V600E
CRN=1) 1

PR (N = 6) 3 3

SD (N = 13)

PD (N = 41) 20 21

Unknown, (N = 8) 4 4

Total 35 34

Disease control status** WT BRAF-V600E
DDC, (N = 11) 5 6

Non-DDC, (N = 48) 24 24

Unknown, (N = 10) 6 4

Total 35 34

CR complete response, PR partial response, SD stable disease, PD
progressive disease, N total number of patients in row, WT wild-type
BRAF-V600

* Assessed by modified WHO criteria

*#* Patients who underwent excision or resection of an index lesion
were not included in the DDC group

@ Springer



736

Cancer Immunol Immunother (2012) 61:733-737

BRAF-V600E mutation status was determined in 53 tumor
biopsy pairs obtained either pre-treatment or 3 weeks after
initiation of ipilimumab treatment. Although the biopsies
harvested at different time points may have originated from
different lesions, the BRAF-V600E mutation status was
found to be in agreement within a patient; independent of
timing or site of sample collection. This is consistent with
the notion that the BRAF-V600E somatic mutation is an
initiating event in the malignant transformation of mela-
nomas and carried over from primary through metastatic
disease [21, 22]. Although the number of paired tumors
tested in this trial was limited, treatment with ipilimumab
did not appear to affect the BRAF-V600E mutation status
in melanoma tumors in the first 3 weeks. Furthermore, in
this study, no clear evidence of an impact of the BRAF-
V600E mutation on the clinical activity of ipilimumab was
detected. In each of the response groups, the number of
mutation positive patients was comparable to the number
of WT patients.

In a previous publication, the investigators reported that
non-self peptides presented by HLA-A*0201-positive
melanoma cells harboring the BRAF-V600E mutation were
able to induce T cell mediated cytolytic responses [23].
Therefore, theoretically ipilimumab might have provided a
therapeutic advantage in this patient population over those
without this mutation. However, in the current study, we
did not detect any significant associations between
BRAFV600E mutation status, the HLA-A*0201 status of
the patients, and the DDC in ipilimumab-treated patients
(data not shown). This might be due to the small sample
size (onlyll patients in DDC group) in the current study
for performing this analysis. The development of ipi-
limumab for treatment of melanoma represents the first
approach that has shown improvement of overall survival
in advanced melanoma patients in the past few decades
[24]. In addition, treatment with ipilimumab is associated
with DDC in the majority of responding patients [25]. On
the other hand, vemurafenib, a BRAF kinase inhibitor,
shows objective responses in the majority of patients (up to
78%) but its inhibitory effects are limited to those tumors
displaying the BRAF-V600E mutation and this response
does not appear to be durable [12]. Recent data suggested
that inhibition of BRAF in melanoma tumor cells that
harbor the V60OE mutation might increase expression of
melanocyte antigens such as MART-1 and Gp100, which
could confer improved recognition of the tumor cells by
antigen-specific T cells [26]. Additionally, these research-
ers showed that selective inhibition of BRAF-V600E did
not have deleterious effects on T cell proliferation or
function. Based on this, it seems likely that the combina-
tion of a BRAF inhibitor and an immune potentiator such
as ipilimumab could significantly improve anti-tumor
effects and increase the frequency and/or duration of DDC.
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Future clinical trials are warranted to assess this

hypothesis.

In summary, our data indicate that the efficacy of ipi-
limumab in treating melanoma tumors is not affected by
the BRAF-V600E mutation status of the tumors. Ipi-
limumab appears to be equally effective in both the wild-
type and BRAF-V600E-mutated melanoma patients.

Acknowledgments We would like to thank Dr. Rachel Humphrey
and Dr. Maria Jure-Kunkel for their critical review of the paper and
Dr. Ping Zhan for her contribution to the data analysis in this paper.

Conflict of interest Vafa Shahabi, Gena Whitney, Scott D.
Chasalow, Suresh Alaparthy, and Jeffrey R. Jackson are employees of
Bristol-Myers Squibb, the manufacturer of ipilimumab. Omid Hamid
and Henrik Schmidt declare that they have no conflict of interest.

References

1. Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA,
Haanen JB, Gonzalez R, Robert C, Schadendorf D, Hassel JC,
Akerley W et al. (2010) Improved survival with ipilimumab in
patients with metastatic melanoma. N Engl J Med 363(8):711-723

2. Cohen Y, Xing M, Mambo E, Guo Z, Wu G, Trink B, Beller U,
Westra WH, Ladenson PW, Sidransky D (2003) Braf mutation in
papillary thyroid carcinoma. J Natl Cancer Inst 95(8):625-627

3. Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg S,
Teague J, Woffendin H, Garnett MJ, Bottomley W, Davis N et al
(2002) Mutations of the braf gene in human cancer. Nature
417(6892):949-954

4. Fukushima T, Suzuki S, Mashiko M, Ohtake T, Endo Y, Take-
bayashi Y, Sekikawa K, Hagiwara K, Takenoshita S (2003) Braf
mutations in papillary carcinomas of the thyroid. Oncogene
22(41):6455-6457

5. Honecker F, Wermann H, Mayer F, Gillis AJ, Stoop H, van Gurp
RJ, Oechsle K, Steyerberg E, Hartmann JT, Dinjens WN, Oos-
terhuis JW et al (2009) Microsatellite instability, mismatch repair
deficiency, and braf mutation in treatment-resistant germ cell
tumors. J Clin Oncol 27(13):2129-2136

6. Oliveira C, Pinto M, Duval A, Brennetot C, Domingo E, Espin E,
Armengol M, Yamamoto H, Hamelin R, Seruca R, Schwartz S Jr
(2003) Braf mutations characterize colon but not gastric cancer
with mismatch repair deficiency. Oncogene 22(57):9192-9196

7. Singer G, Oldt R 3rd, Cohen Y, Wang BG, Sidransky D, Kurman
RJ, Shih IM (2003) Mutations in braf and kras characterize the
development of low-grade ovarian serous carcinoma. J Natl
Cancer Inst 95(6):484-486

8. Tannapfel A, Sommerer F, Benicke M, Katalinic A, Uhlmann D,
Witzigmann H, Hauss J, Wittekind C (2003) Mutations of the
braf gene in cholangiocarcinoma but not in hepatocellular car-
cinoma. Gut 52(5):706-712

9. Wang L, Cunningham JM, Winters JL, Guenther JC, French AJ,
Boardman LA, Burgart LJ, McDonnell SK, Schaid DJ, Thibo-
deau SN (2003) Braf mutations in colon cancer are not likely
attributable to defective DNA mismatch repair. Cancer Res
63(17):5209-5212

10. Yuen ST, Davies H, Chan TL, Ho JW, Bignell GR, Cox C,
Stephens P, Edkins S, Tsui WW, Chan AS, Futreal PA et al
(2002) Similarity of the phenotypic patterns associated with braf
and kras mutations in colorectal neoplasia. Cancer Res
62(22):6451-6455



Cancer Immunol Immunother (2012) 61:733-737

737

11.

12.

13.

15.

16.

17.

18.

19.

Singh M, Lin J, Hocker TL, Tsao H (2008) Genetics of melanoma
tumorigenesis. Br J Dermatol 158(1):15-21

Flaherty KT, Puzanov I, Kim KB, Ribas A, McArthur GA,
Sosman JA, O’Dwyer PJ, Lee RJ, Grippo JF, Nolop K, Chapman
PB (2010) Inhibition of mutated, activated braf in metastatic
melanoma. N Engl J Med 363(9):809-819

Livingstone E, Zimmer L, Piel S, Schadendorf D (2010) P1x4032:
Does it keep its promise for metastatic melanoma treatment?
Expert Opin Investig Drugs 19(11):1439-1449

. Hatzivassiliou G, Song K, Yen I, Brandhuber BJ, Anderson DJ,

Alvarado R, Ludlam MJ, Stokoe D, Gloor SL, Vigers G, Morales
T et al (2010) Raf inhibitors prime wild-type raf to activate the
mapk pathway and enhance growth. Nature 464(7287):431-435
Heidorn SJ, Milagre C, Whittaker S, Nourry A, Niculescu-Duvas
I, Dhomen N, Hussain J, Reis-Filho JS, Springer CJ, Pritchard C,
Marais R (2010) Kinase-dead braf and oncogenic ras cooperate to
drive tumor progression through craf. Cell 140(2):209-221
Poulikakos PI, Zhang C, Bollag G, Shokat KM, Rosen N (2010)
Raf inhibitors transactivate raf dimers and erk signalling in cells
with wild-type braf. Nature 464(7287):427-430

Yuan J, Gnjatic S, Li H, Powel S, Gallardo HF, Ritter E, Ku GY,
Jungbluth AA, Segal NH, Rasalan TS, Manukian G et al (2008)
Ctla-4 blockade enhances polyfunctional ny-eso-1 specific t cell
responses in metastatic melanoma patients with clinical benefit.
Proc Nat Acad Sci USA 105(51):20410-20415

Hamid O, Schmidt H, Nissan A, Ridolfi L, Aamdal S, Hansson J,
Guida M, Hyams DM, Gomez H, Bastholt L, Chasalow SD et al
(2011) A prospective phase ii trial exploring the association
between tumor microenvironment biomarkers and clinical activ-
ity of ipilimumab in advanced melanoma. J Transl Med 9(1):204
Benlloch S, Paya A, Alenda C, Bessa X, Andreu M, Jover R,
Castells A, Llor X, Aranda FI, Massuti B (2006) Detection of braf

20.

21.

22.

23.

24.

25.

26.

v600e mutation in colorectal cancer: comparison of automatic
sequencing and real-time chemistry methodology. J Mol Diagn
8(5):540-543

Hamid O, Chasalow S, Tsuchihashi Z, et al. (2009) Association
of baseline and on-study tumor biopsy markers with clinical
activity in patients (pts) with advanced melanoma treated with
ipilimumab. J Clin Oncol 27(Suppl), Abstract 9008

Ombolt K, Platz A, Kanter L, Ringborg U, Hansson J (2003) Nras
and braf mutations arise early during melanoma pathogenesis and
are preserved throughout tumor progression. Clin Cancer Res
9(17):6483-6488

Pollock PM, Harper UL, Hansen KS, Yudt LM, Stark M, Robbins
CM, Moses TY, Hostetter G, Wagner U, Kakareka J, Salem G
et al (2003) High frequency of braf mutations in nevi. Nat Genet
33(1):19-20

Somasundaram R, Swoboda R, Caputo L, Otvos L, Weber B,
Volpe P, van Belle P, Hotz S, Elder DE, Marincola FM, Schu-
chter L et al (2006) Human leukocyte antigen-a2-restricted ctl
responses to mutated braf peptides in melanoma patients. Cancer
Res 66(6):3287-3293

Eggermont AM (2010) Advances in systemic treatment of mel-
anoma. Ann Oncol 21(Suppl 7):vii339-vii344

Weber J (2008) Overcoming immunologic tolerance to mela-
noma: targeting ctla-4 with ipilimumab (mdx-010). Oncologist
13(Suppl 4):16-25

Boni A, Cogdill AP, Dang P, Udayakumar D, Njauw CN, Sloss
CM, Ferrone CR, Flaherty KT, Lawrence DP, Fisher DE, Tsao H
et al (2010) Selective brafv600e inhibition enhances t-cell rec-
ognition of melanoma without affecting lymphocyte function.
Cancer Res 70(13):5213-5219

@ Springer



	Assessment of association between BRAF-V600E mutation status in melanomas and clinical response to ipilimumab
	Abstract
	Introduction
	Materials and methods
	Patients and tumor biopsies
	Real-time chemistry methodology (RT-CM) for BRAF-V600E mutation genotyping
	BRAF-V600E genotyping using castPCR technology
	Data analysis for BRAF-V600E genotyping
	Statistical methodology
	Association with BOR and DDC
	Pre- and post-treatment agreement on BRAF-V600E mutation status


	Results
	BRAF V600E mutation status and comparison in pre- and post-treatment tumors
	Distribution of BRAF-V600E mutation in dose cohorts
	Association of BOR and DDC after ipilimumab treatment and BRAF-V600E mutation status of melanoma tumors

	Discussion
	Acknowledgments
	References


