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Colorectal cancer patients with BRAF-mutant tumors have a more aggressive, rapidly progressing disease that is in
critical need of novel therapeutic approaches. Indeed, whereas the median overall survival (OS) of colorectal cancer
(CRC) patients receiving standard-of-care therapy is approximately two years or more if their tumors express wild-type
BRAF and wild-type KRAS, median OS is less than 12 mo with tumors expressing V600E-mutant BRAF and wild-type KRAS.
Pro-apoptotic receptor agonists are a class of biologic agents under development to induce tumor-specific apoptosis
and are being combined with classical chemotherapy or targeted agents in clinical trials. Herein, we present the case of a
patient with bulky V600E-mutant BRAF hepatic flexure colon carcinoma, treated initially with FOLFOX plus bevacizumab
neoadjuvant therapy and surgery. The patient had a rapid tumor relapse with metastatic disease to the liver and lung
and was enrolled in a phase 1b open-label clinical study, where he received the FOLFIRI regimen in combination with the
pro-apoptotic receptor agonist dulanermin (rhApo2L/TRAIL). The patient maintained stable disease through 25 doses
administered every two weeks before his disease progressed. After coming off study, the patient underwent surgical
debulking and received intraperitoneal hyperthermic chemotherapy. He subsequently relapsed and was treated with
FOLFIRI plus cetuximab. At the time of this report, the patient remains on active treatment. It is unclear what effect
dulanermin may have had on the course of his disease, but it is noteworthy that the patient remained on FOLFIRI plus
dulanermin therapy for a period that exceeded the median OS for patients with advanced, aggressive BRAF-mutant CRC.
It is also noteworthy that at the time of this report the patient’s overall survival since diagnosis has exceeded 30 mo,
which is beyond what is generally observed even for patients with CRC harboring wild-type BRAF and wild-type KRAS.

Case Presentation

This patient is a 45-year-old man with no significant previous past
medical history, who presented to an outside hospital in May 2010
with a 3-mo history of weight loss and anemia. Workup revealed
a large 7.9 x 7.9 x 9.8 cm mass involving the hepatic flexure of
the colon and the right and left lobes of the liver (Fig. 1A-C).
A fine-needle aspiration biopsy of the mass confirmed the pres-
ence of adenocarcinoma of the colon. Systemic staging revealed a
pulmonary nodule of indeterminate significance, but no lymph-
adenopathy. His baseline CEA was not elevated above the normal
range, but CA 19-9 was elevated at 360 unit/mL. The patient
was started on modified FOLFOX6 and bevacizumab as neoad-
juvant therapy. Tumor genetic testing showed the presence of the
V600E BRAF mutation, low EGFR expression and low thymi-
dine synthase expression in cancer tissue. After 3 mo of systemic
chemotherapy, the patient was admitted to the hospital with a
fistula between the duodenum and hepatic flexure of the colon.
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His disease burden measured by CT scan was similar to his ini-
tial presentation. A gastro-jejunal feeding tube was inserted for
enteral nutrition.

Two months after the feeding-tube placement, the patient
was admitted to the hospital with sepsis. At that point, his
serum CEA was not elevated but the CA 19-9 level was elevated
at 252 unit/mL. After being treated with intravenous antibiot-
ics and hemodynamic stabilization for several days, the decision
was made to attempt surgical resection. He underwent an en bloc
Whipple procedure, hemicolectomy, partial hepatectomy, and
cholecystectomy. Final surgical pathology confirmed an inva-
sive mucinous adenocarcinoma in the colonic mass (Fig. 2B).
The pancreas, gallbladder, liver, duodenum, and omentum were
also involved by adenocarcinoma. The stomach was negative
for malignant involvement. Forty lymph nodes resected from
around the colon, and 12 of them found to have metastatic dis-
ease. One out of 3 lymph nodes excised from the middle colic
area was positive for malignancy. All margins were clear. Final
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Figure 1. (A) Contrast enhanced CT of the abdomen shows a large,
circumferential mass involving the hepatic flexure (white arrows). The
mass infiltrates the adjacent right liver lobe (black arrows). (B) Contrast
enhanced CT of the abdomen slightly more superiorly in the abdomen
show two soft tissue nodules in the adjacent pericolonic fat (white
arrows), consistent with peritoneal metastasis. (C) PET-CT fusion image
at the level of the mass shown in (B) shows a markedly FDG avid hepatic
flexure mass (white arrows), as well as marked FDG avidity of the perico-
lonic metastasis (arrow heads).

pathological staging at the time of this surgery was T4b N2b. On
immediate follow up after the surgery, the CEA level remained in
the normal range at 0.8 ng/mL, and the CA 19-9 level normal-
ized to 13.1 unit/mL. Because the patient developed a grade 11
neuropathy secondary to oxaliplatin during neoadjuvant therapy,
systemic therapy was not introduced imminently post-surgery.
Rather, he was closely monitored with imaging and analysis of
serum tumor markers every two months.
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Figure 2. (A) Original liver fine needle aspiration biopsy performed

in May 2010, slide with papanicolau staining (x200). Cancer cells are
stained in blue with high nuclear cytoplasmic ratio. (B) Colon mucosa
from first cytoreductive therapy, original H&E staining (x200): adeno-
carcinoma with mucinous feature is observed. (C) As shown in Figure
4C, LUQ mass grew despite stable other metastatic lesions. Biopsy was
performed to confirm the malignancy of the mass. H&E staining (x200)
confirmed colonic origin mucinous adenocarcinoma. (D) Biopsy of
small bowel anastomosis site was re-biopsied to confirm the disease
progression. H&E staining (x200) showed mucinous adenocarcinoma
with similar morphology with original biopsy.
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ment on the clinical trial.

Figure 3. Serum marker changes over the course of treatment. Each arrow indicates the time of surgery, the patient’s enrollment into the clinical trial,
and the date of the 25th treatment cycle following protocol. His disease progressed as documented after the 25th dose and he came off active treat-

Approximately 2 mo after surgery, a repeat CT scan showed
enlargement of several lymph nodes within the mesenteric root.
The scan also detected persistent stable small nodules in the right
lower pulmonary lobe. CEA and CA 19-9 levels remained nor-
mal. Systemic therapy was discussed with the patient, but not
started at that point, since he was still healing from surgery. At
four months after surgery, his CEA rose to 4.3 ng/mL. PET/CT
scan showed multifocal hepatic metastatic disease throughout
the subcapsular and parenchymal area. There was also metastatic
lymphadenopathy along the celiac axis mesentery, as well as the
right psoas muscle. A bone scan showed a lesion involving the
left anterior fourth rib and possible metastatic spread to the left
anterior eighth rib.

Since the patient’s disease was progressing rapidly, with new
bony involvement and underlying poor prognostic factors, the
decision was made to enroll the patient in a phase 1b open-label
dose escalation clinical trial evaluating the safety and pharmaco-
kinetics of multiple doses of dulanermin (recombinant human
Apo2L/TRAIL), administered intravenously in combination
with the FOLFIRI regimen, in patients with previously treated
metastatic colorectal cancer. He was started on the clinical trial
with FOLFIRI + dulanermin on March 29, 2011. The regimen
involved a 14-d cycle of administration of FOLFIRI (leucovorin
400 mg/m?, 5-FU 400 mg/m? bolus followed by 2400 mg/m?
over 46 h, irinotecan 180 mg/m?) plus dulanermin (9 mg/kg/day
on day 1-3 of each cycle).

After the first cycle of treatment, his CEA came down to
2.4 ng/mL, while CA 19-9 dropped from 89.8 to 50.1 unit/mL.

www.landesbioscience.com

The CA 19-9 level remained low throughout the active treat-
ment period on study, but the CEA level was fluctuating slightly
regardless of clinical disease status. Hematologic, liver, and renal
functions remained stable. The serum tumor marker changes are
summarized in Figure 3.

After completing a total of 25 cycles of the FOLFIRI plus
dulanermin, a CT scan revealed enlargement of a soft-tissue left
upper quadrant (LUQ) abdominal nodule that was suspicious
for progression, but 5 other lesions as well as the CA19.9 level
remained stable. A CT-guided biopsy of the LUQ nodule con-
firmed colon mucinous adenocarcinoma (Figs. 4 and 5C). The
patient came off study after the pathological confirmation of pro-
gressive disease.

The patient requested surgical consultation at this point and
received debulking surgery with hyperthermic intraperitoneal
chemotherapy (HIPEC). Approximately 3 weeks after complet-
ing that treatment, he was admitted to the hospital with fever
and was found to have a sub-hepatic abscess. He underwent
drainage of the abscess and completed a course of antibiotics.
He was readmitted to the hospital approximately 3 mo later for
cholangitis and was found at that time to have recurrent meta-
static mucinous adenocarcinoma confirmed from biopsies taken
from duodenum and small bowel anastomosis site (Fig. 5D).
The patient continued to have elevated liver function tests
(LFTs) and was referred to interventional radiology for place-
ment of a percutaneous biliary drainage catheter (PBDC) on
September 15, 2012. The PBDC was placed without compli-
cations, and after stabilization of his LFTs, he was started on

Cancer Biology & Therapy 713

Do not distribute.

I0Science.

©2013 Landes B



Figure 4. (A) Subsequent PET CT fusion image after 25 cycles showed
no FDG avidity of the left upper quadrant soft tissue mass, favoring a
good response to therapy (arrow). (B) Contrast enhanced CT performed
soon after the PET image shown in Figure 6A showed interval increase
in size of the left subphrenic metastasis. As there was disparity between
an interval growth of the mass and lack of FDG activity, tissue sampling
was recommended. (C) Intra-procedural CT scan shows the tip of a core
biopsy needle (arrow) sampling the mass in the left subphrenic space.
Pathology result was positive for viable disease.

FOLFIRI plus cetuximab. This regimen was stopped by end of
March due to progression of disease.

Discussion

BRAF mutation and colon cancer. The activating V60OE BRAF
mutation, which occurs in about 10% of patients with colorectal
cancer, is associated with a more aggressive and rapidly progress-
ing disease. Although patients with BRAF mutated tumors bene-
fit from the standard-of-care irinotecan or oxaliplatin-containing
chemotherapies,' the outcome of these patients remains poor. The
median OS for colorectal cancer patients with BRAF-mutant and
KRAS wild-type tumors is less than one year, as compared with
two years or greater for patients with wild-type BRAF and wild-
type KRAS.?? Because of the poor prognosis associated with

714 Cancer Biology & Therapy

BRAF-mutant colorectal cancer despite available therapies, new
treatment approaches are urgently needed.

Dulanermin as a pro-apoptotic receptor agonist. Apoptosis
is a major mechanism of cell elimination during normal physi-
ology and functions as a component of an endogenous surveil-
lance mechanism to suppress cancer development.” Two major
signaling pathways, known as the intrinsic and extrinsic path-
ways, control activation of apoptotic cell death: these pathways
are activated in cancer cells by chemotherapy and radiotherapy
as well as by anti-tumor immune surveillance mechanisms.> The
intrinsic pathway is also known as the mitochondrial cell death
pathway and is regulated by the Bcl-2 family of pro-apoptotic
and anti-apoptotic proteins, as well as IAP proteins and negative
regulatory pro-survival kinases in the cell.®” Extrinsic cell death
can be activated by pro-apoptotic members of the tumor necro-
sis factor (TNF) cytokine family, including TNFa, Fas/CD95
ligand, and Apo2 ligand/TNF-related apoptosis-inducing ligand
(Apo2L/TRAIL)*’ Complicated cross-talk between these path-
ways can attenuate pro-apoptotic signals, as well as the impact of
chemotherapy to achieve an anti-tumor effect."!

Apo2L/TRAIL and its receptors have been the subject of
intense scientific efforts for over 15 y owing to the preferential
killing by this ligand of cancerous and transformed cells vs. most
normal cells. There are 5 different receptors that bind Apo2L/
TRAIL, namely, DR4, DR5, DcR1, DcR2, and OPG (osteopro-
tegrin).”'? The endogenous Apo2L/TRAIL protein is present in
various tissues, predominantly in spleen, lung and prostate and
expressed on the surface of cytotoxic T cells and NK cells.”*?
The human Apo2L/TRAIL gene is located on chromosome 3 at
position 326 and encodes a type II transmembrane protein that
has homology to other TNF family members. DR4 and DRS5 are
death domain-containing pro-apoptotic receptors that bind spe-
cifically to Apo2L/TRAIL and transduce apoptosis-inducing sig-
nals into the cell (Fig. 6) via a caspase-mediated mechanism.!!
Interestingly, Apo2L/TRAIL-induced cell death is largely tumor
cell-specific and has very low or no effect on normal cells.”>"
Decoy receptors 1 and 2 may contribute to the selective anti-
tumor effect of Apo2L/TRAIL. These decoy receptors bind to
Apo2L/TRAIL and are expressed on normal cells but absent
from most tumor cells. Because of the lack a death domain, these
decoys counteract apoptosis activation, thus provide protection
for normal cells.

Clinical trials targeting the Apo2L/TRAIL pathway.
Activation of the extrinsic apoptotic pathway as an anti-cancer
therapy has been investigated pre-clinically and clinically. In the
1980s to 90s, TNF was studied as a potential therapy for cancer
in combination with interferon or chemotherapy; while suitable
for isolated limb perfusion, this approach showed too much tox-
icity for systemic administration.””'® The discovery of Apo2L/
TRAIL and the observation that it was substantially less toxic
than TNF toward normal cells stimulated an interest in its devel-
opment as a potential therapeutic agent to treat human cancer.

The main approaches to target this attractive “cancer-specific
pathway” include dulanermin—a recombinant soluble form of
human Apo2L/TRAIL, which activates both DR4 and DR5,'8-%
and agonistic antibodies that specifically activate either DR4
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consistent with metastatic disease.

Figure 5. (A) PET maximum intensity projection (MIP) image on latest follow-up exam
shows diffuse FDG activity scattered throughout the abdomen and pelvis, consistent
with peritoneal metastatic disease. (B) Latest contrast enhanced CT scan show post-
surgical changes in the right abdomen following colectomy, with soft tissue mass in the
porta hepatis (arrows). There are biliary drainage catheters in place. The left subphrenic
masses have resolved. (C) Contrast enhanced CT through the pelvis show 2 peripher-
ally enhancing masses along the sigmoid colon, which were FDG avid (not shown) and

Figure 6. (A) Follow up after initial cytoreductive
surgery. Contrast enhanced CT through the upper
abdomen shows progression of omental and peri-
toneal disease, with development of new oval soft
tissue nodule in the left upper quadrant of the ab-
domen (arrow). (B) PET performed at the same time
shows marked FDG avidity of the oval soft tissue

or DR5.” Various forms of recombinant Apo2L/TRAIL have
been developed and studied in the pre-clinical setting in single-
agent mode or as a part of combinatorial therapeutic regimens.
Through in vitro and in vivo studies, Apo2L/TRAIL showed
promising activity as a potential therapeutic agent in various
human cancer models including colorectal cancer, glioma, breast,
uterine, ovarian, liver, prostate, kidney, and thyroid cancers.”"%
Dulanermin (thApo2L/TRAIL) is the only recombinant human
Apo2L/TRAIL protein targeting both DR4 and DR5 that has
been available for clinical testing.

Dulanermin and several pro-apoptotic receptor agonistic
antibodies—mapatumumab for DR4, and lexatumumab, droz-
itumab, AMG-655 (conatumumab), LBY 135, CS-1008 (tigatu-
zumab) for DR5—have been developed by different companies.
Clinical trials using these agents are summarized in Table 1.

To date, a phase III trial has not been conducted for this cate-
gory of therapeutic agents, but as seen in Table 1, currently several
phase II trials across solid tumors and hematologic malignancies
are ongoing. In the case reported herein, a patient with V60OE
BRAF-mutated and KRAS wild-type colon cancer, which is asso-
ciated with a poor prognosis, was treated with a novel combination
therapy of dulanermin plus FOLFIRI. His disease remained stable
for a period of over one year while on this combination therapy.

Whether the effect of treatment by FOLFIRI plus dulanermin
was actually of benefit to the patient described in this report, and

www.landesbioscience.com

nodules in the left upper quadrant of the abdomen
(arrow), consistent with metastatic disease.

whether this combined approach may be more generally beneficial
for the subgroup of colorectal cancer patients with BRAF muta-
tions is unknown. The patient’s survival extended beyond 30 mo
at the time of this report, where he remains on active treatment.
It is unclear if the dulanermin component of therapy specifically
impacted on his relatively prolonged survival; however, it is note-
worthy that the patient remained on FOLFIRI plus dulanermin
therapy fora period that exceeds the known median OS for patients
with advanced, aggressive BRAF-mutant malignancy that are
treated with the FOLFIRI or FOLFIRI plus cetuximab. It is also
noteworthy that the survival status of this patient (>30 mo) is well
beyond what is generally observed for colorectal cancer patients
with wild-type BRAF and wild-type KRAS who are treated with
standard-of-care therapies. It is also interesting to note that the
patient presented high levels of the O-glycosylation serum marker
CA19-9 prior to therapy, suggesting higher O-glycosylation of
some proteins in tumors. Although the O-glycosylation status of
DR4 and DRS5 of his tumor is unknown, sensitivity of colorectal
cancer cell lines to dulanermin has been reported to correlate with
O-linked glycosylation of DR4 and DR5.

In conclusion, targeting the Apo2L/TRAIL pro-apoptotic
receptor pathway should be further investigated with avail-
able agents, to treat patients who otherwise have a poor prog-
nosis, including colorectal cancer patients with mutant BRAF

(Fig. 7).
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Apo2/TRAIL
dulanermin

Lexatumumab, Drozitumab
AMG-655, LBY 135, CS-1008

Figure 7. Apo2L/TRAIL signaling pathway and available agents in clinical trials DD: death domain; FADD: Fas-associated death domain; 3,6, 7, 8, 9,

10 indicates each caspase 3 and caspase 6, 7, 8,9, 10 accordingly. Other agent names are listed in the legend section. DR4 and DR5 have a cytoplas-
mic death domain that is lacking in the decoy receptors (DcR) that bind to Apo2L/TRAIL. Mapatumumab is an agonistic DR4-targeting monoclonal
antibody and Lexatumumab, Drozitumab, AMG-655, LBY 135 and CS-1008 are agonistic DR5-targeting monoclonal antibodies. Dulanermin (recombi-
nant human Apo2L/TRAIL) can stimulate pro-apoptotic death receptors on the surface of cancer cells as does native endogenous Apo2L/TRAIL. The
extrinsic apoptosis pathway is mediated by the initiator caspase 8 and 10 and the effector caspase 3, 6 and 7. In many cancer cell types, pro-apoptotic
receptor agonists induce both the extrinsic and intrinsic (mitochondrion mediated) apoptosis pathways. FOX03, a direct regulator of the TRAIL gene,
binds to the promoter site and regulates transcription. FOXO3 is regulated by other regulators shown in this figure, as well as other mechanisms via
c-MET, JNK, IKK and NFkB.
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Table 1. Apo2L/TRAIL signaling pathway and all the available agents in clinical development/trials

TRAIL agent

Dulanermin
(rhApo2L/TRAIL)

Dulanermin
(rhApo2L/TRAIL)

Dulanermin
(rhApo2L/TRAIL)

Dulanermin
(rhApo2L/TRAIL)

Dulanermin
(rhApo2L/TRAIL)

Drozitumab

Drozitumab

Drozitumab

Drozitumab

Drozitumab

Drozitumab

Mapatumumab
(HGS-ETR1)
LBY 135

Lexatumumab
(HGS-ETR2)

Clinical trial

Phase |

NCT00400764
Phase Ib/Il

NCT00508625
Phase Ib/Il

NCT00671372
Phase Ib

NCT00873756
Phase Ib

Phase |

NCT00543712
Phase Il

NCT00480831
Phase Il

NCT00497497
Phase Ib

NCT00851136
Phase Ib

NCT00517049
Phase Il

NCT00092924
Phase Il

Phase |

NCT00428272
Phase |

www.landesbioscience.com

Combined agents

Single agent

Rituximab

Paclitaxel
Carboplatin

Bevacizumab

Cetuximab/irinotecan
or FOLFIRI
Bevacizumab
FOLFOX

Bevacizumab

Single agent

Single agent

Paclitaxel
Carboplatin
Bevacizumab
Cetuximab/irinotecan
or FOLRIFI
Bevacizumab
FOLFOX

Bevacizumab

Rituximab

Single agent

Capecitabine

Lexatumumab with
or without interferon
gamma

Target cancers

Advanced or meta-
static solid tumors or
non Hodgkin
lymphoma

CD20* B cell

Non Hodgkin
lymphoma

Non-small cell lung
cancer

Previously treated
metastatic colorectal
cancer

First line metastatic
colorectal cancer

Advanced or meta-
static solid tumors or
non Hodgkins
lymphoma

Chondrosarcoma

Non-small cell lung
cancer

Previously treated
metastatic colorectal
cancer

First line metastatic
colorectal cancer

CD20* B cell
Non Hodgkin
lymphoma

Non-small cell lung
cancer

Advanced solid
tumors

Refractory pediatric
solid tumor

Cancer Biology & Therapy

Results and trial status

Completed

MTD not reached; maximum-administered dose
30 mg/kg x 5 d per 21-d cycle

Two patients with chondrosarcoma achieved
sustained partial response

Development discontinued
Completed
Acceptable safety profile

Overall response: 61.5% in rituximab only vs. 63.6%
in combination

Development discontinued
Completed

No improvement in response rate or progression free
survival

Development discontinued
Completed
Acceptable safety profile
Development discontinued
Ongoing
Stopped accrual
Development discontinued
Completed

MTD not reached; maximum-administered dose
20 mg/kg per 14-d cycle

Development discontinued
Completed
No objective responses observed
Development discontinued
Completed

Development discontinued

Completed
Acceptable safety profile
Development discontinued
Completed
Acceptable safety profile
Development discontinued
Completed
Generally well tolerated
Development discontinued

No result reported to date

Acceptable safety profile

Shown clinical activity

No result reported to date
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Table 1. Apo2L/TRAIL signaling pathway and all the available agents in clinical development/trials (continued)

TRAIL agent Clinical trial Combined agents Target cancers Results and trial status
Lexatumumab Phase Ib Gemcitabine Various solid tumors Acceptable safety profile
(HGS-ETR2) Pemetrexed Continuing to phase Il
Doxorubicin
FOLFIRI
Conatumumab Phase Il Paclitaxel First line advanced Improved PFS in SCC group (HR 0.47 [0.23-0.94])
(AMG-655)" Carboplatin NSCLC Trend toward improved OS
(HR 0.72 [0.43-1.23])
Conatumumab Phase Il Gemcitabine in allarms  Metastatic pancreatic 6-mo survival
(AMG-655)"3 Open label ganitumab cancer 57% (95% Cl 41-70) in the ganitumab arm
59% (42-73) in the conatumumab arm
50% (33-64) in the placebo arm
Conatumumab Phase I/1l Doxorubicin Unresectable soft No unexpected side effects
(AMG-655)"* tissue sarcoma PFS 5.6 mo conatumumab arm vs 6.4 mo placebo arm
(stratified HR: 1.00; P = 0.973)
Conatumumab Phase Ib/Il Panitumumab Metastatic colorectal Safely administered
(AMG-655) cancer—WT KRAS Median overall survival: 7.3 mo in WT KRAS group,
MT KRAS 4.4 mo in MT KRAS group
Two group No improved activity to date
Conatumumab Phase Il FOLFOX6 Advanced colorectal, Stopped accrual
(AMG-655) Ganitumab locally advanced No result to date
2 . b lymphoma,
évacizuma metastatic NSCLC
Tigatuzumab NCT00945191 Paclitaxel Ovarian cancer Completed but no result reported to date
(CS-1008) Phase Il Carboplatin
Tigatuzumab NCT01033240 Sorafenib Advanced liver Stopped accrual
(CS-1008) Phase Il cancer Safe completion of phase IB, result to be reported
Tigatuzumab NCT00521404 Gemcitabine Untreated, Completed
(CS-1008) Phase Il unresectable No result reported to date
pancreatic cancer
Tigatuzumab NCT00991796 Paclitaxel Metastatic or Significant trend toward to increased PFS
(CS-1008) Phase Il Carboplatin unserectable NSCLC No improvement in OS
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