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/ABSTRACT

Background. Effective new agents for patients with colorectal
cancer (CRC) with disease progression during standard therapy
regimens are needed. We hypothesized that poly ADP ribose
polymerase (PARP)inhibitor therapy in patients with CRCand
inefficient tumor DNA repair mechanisms, such as those with
high-level microsatellite instability (MSI-H), would result in
synthetic lethality.

Methods. This was an open-label phase Il trial testing olaparib
400 mg p.o. b.i.d. for patients with disseminated, measurable
CRC failing standard therapies with centrally confirmed tumor
MSI status. The primary endpoint was the tumor response,
assessed by RECIST, version 1.0. The secondary endpoints were
safety/toxicity, progression-free survival (PFS), and overall
survival (0S).

Results. Thirty-three patients (20 microsatellite stable
[MSS], 13 MSI-H) were enrolled. The median age for all

patientswas 57 yearsand for MSSand MSI-H patients was 51
and 61 years, respectively. All patients received at least one
28-day cycle of olaparib. No patient had a complete or
partial response. Nausea (48%), fatigue (36%), and vomiting
(33%) were the most commonly reported treatment-related
adverse events. The median PFS for all patients was 1.84
months. No statistically significant differences were found
in the median PFS or OS for the MSS group compared with
the MSI-H group.

Conclusion. Single-agent olaparib delivered after failure of
standard systemictherapy did notdemonstrate activity for CRC
patients, regardless of microsatellite status. Future trials,
testing PARPinhibitorsin patients with CRCshould focus onthe
use of DNA-damaging chemotherapy and/or radiation ther-
apy, combined with PARP inhibitors, remembering the toxicity
reported in the present study. The Oncologist 2016;21:172-177

Implications for Practice: Microsatellite instability (MSI-H) colorectal tumors exhibit hypermethylation in tumor mismatch repair
genes, or have mutations in one or more of these genes resulting from a germ-line defect (Lynch syndrome). PARP inhibitors such as
olaparib are most effective in tumors associated with inability to repair DNA damage. However, in this trial, single agent olaparib
failed to elicit responses in patients with MSI-H colorectal tumors, and in those with microsatellite-stable tumors. It is possible that
by adding olaparib to radiation therapy, or to a systemic DNA damaging agent, tumor lethality could be obtained. However, the
price would be increased toxicity.

INTRODUCTION

Systemictherapy hasimproved overall survival (OS) for patients
with disseminated colorectal cancer (CRC). First-line chemo-
therapy combined with a targeted agent has led to expected
response rates of approximately 60%, with OS exceeding 2 years
[1, 2]. Although standard-of-care therapy is available after

failure of first-line therapy, the response rates have generally
been <20%, and progression-free survival (PFS) decreases with
subsequent systemic treatments [3]. Furthermore, we now
recognize that the heterogeneous molecular biology of CRC has
an important role in the choice of appropriate therapy [4].
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Although patients with stage Il high-level microsatellite
instability (MSI-H) colon cancer have improved survival
compared with those with tumors without mismatch repair
gene abnormalities (microsatellite-stable [MSS]), MSI-H status
alone does not influence OS for patients with stage Ill CRC or
disseminated CRC [5, 6]. An analysis of four phase Ill trials that
included 3,063 patients with disseminated colorectal cancer
revealed that patients exhibiting deficient mismatch repair
(MSI-H) had statistically inferior survival compared with those
with proficient mismatch repair (MSS). In the cohort of MSI-H
patients, BRAF mutations were found in 34.6%. In contrast,
only 6.8% of patients who were MSS exhibited a BRAF
mutation. The investigators concluded that both MSI-H and
BRAF mutational status confer a statistically significant inferior
survival compared with MSS and BRAF wild-type status.
Although BRAF mutations clearly influence the biologic behavior
of MSI-H patients, the investigators “. . . caution against a firm
conclusion on this issue since . . . [the] trial was not sufficiently
powered to test this interaction” [7]. The need for improved
therapy for MSI-H CRC patients is all the more compelling,
because in the setting of adjuvant treatment, the data suggest
that MSI-H patients treated with single-agent 5-fluorouracil
might have worse outcomes than untreated MSI-H patients [8].

BRCA1and BRCAZ2 encode proteins that repair double-strand
DNA breaks. In contrast, PARP genes repair single-strand DNA
breaks [9, 10]. Inhibition of PARP in the presence of dysfunctional
BRCA genes leads to contextual synthetic lethality [11].
Furthermore, loss of PARP-1 activity increases chemo- and
radiosensitivity [12]. Tumor cells with BRCA mutations are
susceptible to PARP inhibitors such as olaparib (Lynparza;
AZ2281) [13—15]. CRC has been linked to mutations in DNA repair
proteins that repair double-strand breaks [16, 17]. McCabe et al.
have linked the sensitivity of PARP inhibitors to deficienciesin the
protein complex consisting of MRE11, Rad50, and Nbs1 (MRN)
[18]. MRE11, a component of the MRN complex, is mutated in
approximately 80% of MSI-H tumors and leads to aberrant
splicing and a truncated protein [16]. We hypothesized that
targeting aberrant DNA repair with a PARP inhibitor could be a
successful strategy for patients with stage IV MSI-H CRC and that
patients with MSH-H CRC tumors would benefit more from a
PARP inhibitor than those with non-MSI-H tumors.

In a phase | study of patients with advanced solid tumors, the
first clinical response was noted with olaparib 100 mg twice daily.
Dose escalations to twice-daily doses of 200 mg and 400 mg were
associated with response; grade 1 or 2 nausea was the most fre-
guently reported adverse event (AE). In an expanded cohort at 400
mg twice daily, 9 of 19 patients responded [19]. Thus, we designed
an open-label trial testing single-agent olaparib 400 mg twice daily
for patients with measurable disease for whom all standard
therapies for disseminated CRC had failed. To test our hypothesis,
the patients were stratified into two groups: microsatellite stable
(MSS)—a group that also included MSI-low tumors—and those
exhibiting a high degree of microsatellite instability (MSI-H).

The primary objective of the present trial (ClinicalTrials.gov
identifier, NCT00912743) was to determine the response rate
for olaparib in patients with progression or failure with all
standard therapy. The secondary objectives included the
determination of safety, tolerability, and toxicities of olaparib
for patients previously treated for advanced CRC and the
estimation of PFS and OS for patients treated with olaparib.
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METHODS

Theeligibility criteriaincluded patients >18 years of age, Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of
0to 1, histologically proven disseminated CRC, and measurable
lesions (=10 mm) on spiral computed tomography scans.
Patients were required to show progression of metastatic cancer
after receiving at least two regimens, including a fluoropyr-
imidine, irinotecan, oxaliplatin,and appropriate targeted agents.
Before therapy, submission of a pathology specimen from the
primary tumor or metastatic lesion was required for central
analysis of microsatellite instability (MSI) status with polymerase
chain reaction-based methodology, as reported previously [20].
Standard parameters for adequate bone marrow, liver, and renal
function were required. All patients enrolled had to have the
ability to understand and sign an informed consent document
approved by the treating investigator’s institutional review
board. The exclusion criteria included previous PARP inhibitor
treatment, symptomatic uncontrolled brain metastases, active
seizures, antiepileptic medications, gastrointestinal disorders
potentially interfering with oral drug absorption, a positive
pregnancy test, active breast feeding, or an unwillingness to use
effective contraception during the trial.

Study Design

The present study was a multicenter, open-label, phase Il trial
conducted by the Academic Gastrointestinal Cancer Consortium
(AGICC). Registration was performed centrally by AGICC Opera-
tions in Los Angeles, California. AstraZeneca provided the study
drug and supported our study as in Investigator Initiated Trial.
AstraZeneca employees reviewed and contributed to the final
draft of the protocol and to the final draft of this manuscript. The
starting dose of olaparib (capsule formulation) for all patients was
400 mg p.o. b.i.d. The patients were instructed to take olaparib at
least 1 hour after the last intake of food and to refrain from food
intake for 2 hours after taking olaparib. The treatment was patient-
administered until progression, unacceptable toxicity, or with-
drawal of consent. Treatment interruptions were built into the
protocol for grade 3 and 4 toxicities, according to the National
Cancer Institute-Common Terminology Criteria for Adverse
Events, version 3, and were allowed, at the investigator’s discre-
tion, for any toxicity grade, for a maximum of 28 days. Any
interruption lasting longer than 28 days necessitated withdrawal
of the patient fromthe trial. Olaparib could be restarted after grade
3 or 4 toxicity had returned to grade 1 or baseline. Dose reduction
t0200mgp.o. b.i.d. was mandatory for grade =3 toxicity. A second
dose reduction to 100 mg p.o. b.i.d. was allowed if a grade 3 or 4 AE
recurred after the first dose reduction. Study subjects were
withdrawn for a third occurrence of grade =3 toxicity. A cycle was
defined as 28 days (4 weeks). Evaluation of tumor progression or
regression was scheduled after completion of every two cycles.

Statistical Analysis

The primary endpoint was the tumor response as assessed
using RECIST, version 1.0. The secondary endpoints were
safety/toxicity and PFS, calculated as the time from the start of
treatment with olaparib until disease progression or death.
Patients alive with stable disease were censored at the last
follow-up visit. OS was defined as the time from the start of
treatment until death from any cause.
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Thetrial used the first stage of the Gehan phase Il design [21]
for the MSI-H cohort, and a Simon two-stage design [22] for the
MSS cohort. The maximum target accrual was 74 patients, with
59 and 15 patientsin the MSS and MSI-H groups, respectively. If
noresponseswere recorded in the 15 MSI-H patients enrolled, it
would be fair to conclude that the response rate would be less
than 12%, and cohort enrollment would be discontinued. In the
MSS cohort, if at least 1 of the first 20 patients had an objective
response, 39 more patients would be enrolled. If none of the
first 20 patients responded, the enrollment into the MSS cohort
would be discontinued. With this design, the probability of
falsely declaring a regimen with a 2% response rate as
warranting further study was 0.10 («), and the probability of
correctly declaring a regimen with a 10% response rate as
warranting further study was 0.85 (power = 1 — B).

Toxicity was assessed and reported for all patients who
received olaparib. A safety monitoring boundary (i.e., a
modified sequential probability ratio test to detect an
excessive number of patients removed from study because
of toxicity during the first cycle) was established to trigger trial
suspension and possible amendment if crossed [23].

RESULTS

Patient Demographics and Tumor Biology

A total of 33 patients from eight AGICC institutions provided
writteninformed consentand were enrolled in the present study,
which opened May 30, 2009, and closed with the last patient visit
on December 1, 2010 (Table 1). Enrollment included 20 patients
with MSS colorectal cancer and 13 with MSI-H tumors. Of the 33
patients, 18 were men (7 with MSI-H) and 15 were women (6
with MSI-H). The median age for all patients was 57 years. For
MSI-H patients and MSS patients, the median age was 51 and 61
years, respectively. Sixty-seven percent of the patients had an
ECOG PS of 1. Nine patients (6 MSS and 3 MSI-H) had received
previous radiation therapy. The liver (64%) and lymph nodes
(46%) were the predominant sites of measurable lesions.

Efficacy Evaluation

Atamedian follow-up period of 31.5 months (range, 3.5-33.5),
28 patients had died and 5 were alive. Two patients, both with
MSI-H, died of disease progression before disease assessment
at the end of cycle 2; all others were assessed for response. All
33 patients were included in all analyses. No responses were
noted in either cohort. Although most had progression at the
first efficacy assessment, 5 patients had stable disease for >8
weeks (2 with MSS and 3 with MSI-H tumors).The difference in
the median PFS was small: 1.81 months (95% confidence
interval [Cl], 1.61-1.84) versus 2.00 months (95% ClI,
1.81-3.25) in MSS and MSI-H patients, respectively (Fig. 1).
At the time of study closure, 18 (90%) of the MSS and 10 (77%)
of the MSI-H patients had died. No difference in OS between
MSS and MSI-H patients was observed: 9.3 months (95% Cl,
6.4-14.1) versus 8.1 months (95% Cl, 4.0-11.8; Fig. 2).

Safety and Tolerability

The median treatment duration of 1.9 months (range,
0.70-31) was identical for both non-MSI-H and MSI-H patients.
Fifteen patients (45.5%) had =1 dose delays, with 14 of these
attributed to an AE. Twenty-four (73%) needed =1 dose

©AlphaMed Press 2016
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Table 1. Summary of demographic data

MSI-H (n = MSS (n = All patients
Variable 13; n, %) 20;n,%) (n=33;n,%)
Gender
Male 7 (54) 11 (55) 18
Female 6 (46) 9 (45) 15
Race
White 10 (77) 19 (95) 29 (88)
Black 1(8) 0 1(3)
Asian 1(8) 0 1(3)
Other 1(8) 1 2(6)
Mediap age at 51 61 57
screening
ECOG PS at study
entry
0 (fully active) 3(23) 8 (40) 11 (33)
1 (restricted in 10 (77) 12 (60) 22 (67)
strenuous activity)
Measurable 12 (92) 19 (95) 31 (94)
metastatic site
Liver 7 (54) 14 (70) 21 (64)
Lymph nodes 8(62) 7 (35) 15 (46)
Peritoneum 5(38) 8 (40) 13 (39)
Other sites 8 (40) 14 (70) 22 (67)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; MSI-H, high-
level microsatellite instability; MSS, microsatellite stable; PS, performance
status.
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Figure 1. Kaplan-Meier plot of progression-free survival: Evalu-
able set.
Abbreviations: MSI-H, high-level microsatellite instability;
MSS, microsatellite stable.

reductions. The most commonly reported all-grade AEs were 31
(94%) gastrointestinal disorders, mainly nausea and vomiting,
16 (48%) cytopenias, and 13 (39%) fatigue. The AE distribution
was similar in MSS and MSI-H patients. The AEs occurring in
=10% of patients are summarizedin Table 2. Although fatigue is
always difficult to treat, in almost all cases, nausea and vomiting
were well-controlled with appropriate antiemetic medications.
Six MSI-H (46%) and 10 MSS (50%) patients experienced any AE
grade =3. The most frequently reported grade =3 AEs were
anemiain 5, neutropeniain 3, and small intestinal obstructionin
2.The study drug was discontinued in 9 patients (27%) because
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Figure 2. Kaplan-Meier plot of overall survival: Evaluable set.
Abbreviations: MSI-H, high-level microsatellite instability;
MSS, microsatellite stable.

of an AE; in 6 because of treatment-related AEs. In the MSI-H
group, these were neutropenia and anemia. In the MSS group,
these were neutropenia, fatigue, thrombocytopenia, and diarrhea.
No drug-related deaths occurred, with all deaths during the study
attributable to disease progression.

DiIscusSION
The present multicenter, open-label, phase Il trial was based on
the hypothesis that olaparib, a PARP-1 inhibitor, would be more
effective for CRC patients with defective DNA mismatch repair and
resulting microsatellite instability. However, as a single agent
delivered after failure of standard systemic therapies, olaparib did
not demonstrate promising activity. Although designed for a total
of 74 patients, the early stopping rule necessitated study closure
after 20 MSS patients had been treated without a response. The
accrual of 15 MSI-H patients proved difficult owing to the low
frequency of MSI-H in advanced disease, and the study was halted
after 13 MSI-H patients were registered and treated without a
response. Overall, the toxicities, AEs, and severe AEs were similar
for both cohorts. It is possible that a randomized comparison of
olaparib and a placebo as third-line therapy, restricted to the MSI-
H CRC population, would have more clearly defined the role of
single-agent olaparib in this population. However, a prospective
trial in this cohort would take years to complete, and our results do
not suggest that undertaking such a trial would be worthwhile.
The median OS for the patients in the present trial was longer
for the MSS patients than for the MSI-H patients: 9.3 versus 8.1
months. This suggests that although MSI-H status might inform for
improved survival for patients with stage Il colon cancer, it does not
do so for patients with disseminated disease. The role of the higher
rate of BRAF mutations in the MSI-H CRC patients in determining
these seemingly paradoxical results needs further analysis [7]. In a
review of the survival influence of BRAF mutations for patients with
disseminated CRC, Tran et al. found those with MSI-H tumors had
worse survival than those with MSS tumors (11.1 vs. 22.1 months;
p = .017) [6]. We did not require knowledge of BRAF status for
entry into the protocol. However, at this time, we are not able to
identify those in our MSI-H population who had BRAF mutations.
In a trial without clinical responses in our target population
of MSI-H CRC patients, it is reasonable to review our central
hypothesis: a PARP inhibitor would cause synthetic lethality in
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tumors harboring a high rate of MRE11 mutations. Support for
this hypothesis can be found in a report by Vilar et al., in which
they noted that a deficiency in MRE11 sensitizes colorectal cells
to PARP-1 inhibition. This group tested 17 colorectal cell lines
and 46 primary tumors and found that MRE11 deficiency
increases sensitivity to poly(ADP-ribose) polymerase inhibition
in MSI-H colorectal cancers exhibiting biallelic mutation in
MRE11 [24]. Because biallelic mutations represent 36% of all
MRE11 mutations, if we had honed our target of MSI-H patients
to those with MRE11 biallelic mutations, it is possible we would
have had a better outcome. An alternative hypothesis was
presented by Regal et al., who demonstrated that malfunction
of the MRN complex binds double-strand breaks and initiates
damage-induced signaling cascades via activation of the ataxia-
telangiectasia mutated (ATM) and ataxia-telangiectasia- and
rad3-related kinases. Thus, targeting the ATM pathway for
patients with CRC might have been a better strategy than
targeting MRE11 with a PARP inhibitor [25].

We can also speculate that combination therapy with
olaparib and cytotoxic agents, including radiation therapy,
could have beenabetterstrategyasatrial design for MSI-H CRC
patients. It has been shown that PARP inhibitors might
function as sensitizing agents for chemotherapy and radio-
therapy that cause DNA damage [26]. Palma et al. have shown
what they called “potent antitumor efficacy” of the PARP
inhibitor, ABT-888 with temozolomide (TMZ) in orthotopic and
metastatic implantation models across a spectrum of histo-
logictypes.Their results are worth noting, because the efficacy
was independent of TMZ activity and overcame both inherent
and acquired TMZ resistance [27]. Japanese investigators
found that adding olaparib to SN-38 or irinotecan potentiated
S-phase double-strand breaks, producing a synergistic effect in
cells that were MSI-H and non-MSI-H [28]. In a prospective,
randomized study of second-line therapy for Korean gastric
cancer patients, Bang et al. randomized their patients to
receive olaparib 100 mg p.o. b.i.d., combined with weekly
paclitaxel on a 28-day cycle or paclitaxel plus a placebo. In their
report, the OS was 13.1 months for those receiving olaparib
with paclitaxel versus 8.3 months for those receiving paclitaxel
with placebo (p = .010) [29]. Additionally, Oza et al. reported
the results of arandomized phase Il trial in which patients with
recurrent platinum-sensitive ovarian cancer (38% BRCA-
mutated) were introduced to olaparib with chemotherapy or
chemotherapy alone and found a longer PFS for those receiving
olaparib plus chemotherapy (12.2 vs. 9.6 months; p = .0012) [30].

Finally, a clinical trial reported by Le et al. might point the
way to an entirely new approach to the treatment of MSI-H
CRC. Noting that in reports of programmed death (PD-1)
checkpointinhibitors, the solitary CRC responder harbored
an MSI-H tumor, they conducted a phase Il trial testing
pembrolizumab, an anti-PD-1 immune check point inhibitor,
in 41 patients with or without mismatch-repair deficiency.
Although no immune-related responses were noted for 18 CRC
patients who were MSS, 4 of 10 patients who were MSI-H had
objective responses to pembrolizumab.They hypothesized that
the sensitivity of MSI-H tumors to the immune check point
inhibitor is related to the prominent lymphocytic infiltrates
uniformly found in MSI-H patients and to high mutational rate
(some of which might be recognized by the patient’s immune
system) found in MSI-H CRC patients compared with MSS
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Table 2. Summary of adverse events (any grade) occurring in at least 10% of patients in either treatment group, arranged by

system organ class

MSS (n = 20; n, %) All patients (n = 33; n, %)

Variable MSI-H (n = 13; n, %)
All patients with AEs 12 (92)
Blood 6 (46)
Anemia 6 (46)
Neutropenia 1(8)
Thrombocytopenia 1(8)
Gastrointestinal 12 (92)
Abdominal pain 3(23)
Constipation 5(38)
Diarrhea 2 (15)
Dyspepsia 2 (15)
Nausea 8(62)
Vomiting 6 (46)
Fatigue 5(38)
Peripheral edema 2 (15)
Central nervous system 5(38)
Dysgeusia 0
Headache 2 (15)
Dizziness 3(23)
Skin rash 3(23)
Respiratory 1(8)
Cough 0
Dyspnea 1(8)

20 (100) 32(97)
10 (50) 16 (48)
7 (35) 13 (39)
3(15) 4(12)
4 (20) 5(15)
19 (95) 31(94)
4 (20) 7 (21)
3 (15) 8 (24)
5 (25) 7 (21)
3 (15) 5 (15)
15 (75) 23 (70)
9 (45) 15 (46)
8 (40) 13 (39)
4 (20) 6 (18)
6 (30) 11 (33)
4 (20) 4(12)
4 (20) 6 (18)
1(5) 4(12)
3(15) 6 (18)
5 (25) 6 (18)
4 (20) 4(12)
3 (15) 4(12)

Abbreviations: AEs, adverse events; MSI-H, high-level microsatellite instability; MSS, microsatellite stable.

patients [31]. These results open a promising avenue for
therapy for patients with MSI-H colon cancers. Whether PARP
inhibitors will have a role, combined with either standard
chemotherapy or immune check point inhibitors, in patients
with MSI-H CRCremains a subject for further clinical evaluation.
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