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Research Article

A Phase IIa Randomized, Double-Blind Trial of
Erlotinib in Inhibiting Epidermal Growth Factor
Receptor Signaling in Aberrant Crypt Foci of the
Colorectum
Daniel L. Gillen1,2, Frank L. Meyskens2, Timothy R. Morgan2,3, Jason A. Zell2,4, Robert
Carroll5, Richard Benya5,Wen-Pin Chen2, Allen Mo6, Chris Tucker7, Asmita Bhattacharya8,
Zhiliang Huang8, Myra Arcilla8, Vanessa Wong2, Jinah Chung2, Rachel Gonzalez3,
Luz Maria Rodriguez9,10, Eva Szabo9, Daniel W. Rosenberg6, and Steven M. Lipkin8

Abstract

Colorectal cancer progresses through multiple distinct stages
that are potentially amenable to chemopreventative intervention.
Epidermal growth factor receptor (EGFR) inhibitors are effica-
cious in advanced tumors including colorectal cancer. There is
significant evidence that EGFR also plays important roles in
colorectal cancer initiation, and that EGFR inhibitors block
tumorigenesis.Weperformed adouble-blind randomized clinical
trial to test whether the EGFR inhibitor erlotinib given for up to 30
days had an acceptable safety and efficacy profile to reduce EGFR
signaling biomarkers in colorectal aberrant crypt foci (ACF), a
subset of which progress to colorectal cancer, and normal rectal
tissue. A total of 45 patients were randomized to one of three

erlotinib doses (25, 50, and 100 mg) with randomization
stratified by nonsteroidal anti-inflammatory drug (NSAID) use.
There were no unanticipated adverse events with erlotinib
therapy. Erlotinib was detected in both normal rectal mucosa
and ACFs. Colorectal ACF phosphorylated ERK (pERK), phos-
phorylated EGFR (pEGFR), and total EGFR signaling changes
from baseline were modest and there was no dose response.
Overall, this trial did not meet is primary efficacy endpoint.
Colorectal EGFR signaling inhibition by erlotinib is therefore
likely insufficient to merit further studies without additional
prescreening stratification or potentially longer duration of use.
Cancer Prev Res; 8(3); 222–30. �2015 AACR.

Introduction
Colorectal cancer is the second leading cause of cancer-related

death in the United States. Tragically, a large proportion of
colorectal cancer is preventable because tumors associated with
the disease are relatively slow growing and early detection is
feasible through screening. Most colorectal cancer cases are pre-
ceded by precursor adenomas, and recent decreases in colorectal
cancer in the United States are attributable to early detection of

adenomas (1, 2). There has therefore been intensive interest in
preventing colorectal cancer by targeting precancerous colorectal
cancer precursors in colorectal epithelium. Nonsteroidal anti-
inflammatory drugs (NSAID) and COX-2 inhibitors have shown
activity in adenoma prevention; however, cardiovascular side
effects have created uncertainty as to their suitability for this
indication (3, 4). Therefore, new agents are needed.

Epidermal growth factor receptor (EGFR) is expressed at high
levels in a variety of epithelial tumors, including colorectal,
pancreatic, head and neck, breast, kidney, bladder, and glioblas-
tomas (5, 6), and its inhibition has significant activity to shrink
tumors in colorectal cancer, non–small cell lung cancer (NSCLC),
andpancreas cancers (7–10). Althoughmost of the focus onEGFR
inhibitors has been in the treatment of advanced malignancies,
there is significant evidence that EGFR also plays important roles
in colorectal cancer initiation, and that EGFR inhibitors block
tumor initiation. In ApcMin mice, EGFR inactivation essentially
abolishes adenoma formation (11). Similarly, treatment of
mouse and rat colorectal cancer models with the EGFR small-
molecule inhibitor gefitinib also blocks adenoma formation
(12, 13). Therefore, there is evidence that EGFR plays a role in
initiation of adenomas, in addition to its more intensively
studied role in tumor progression.

Erlotinib (Tarceva, OSI-774) is an orally active EGFR tyrosine
kinase inhibitor used as an antitumor agent for the treatment of
solid tumors, including NSCLC and pancreatic cancer (14). Erlo-
tinib at 150 mg p.o. once daily is used in patients with locally
advanced or metastatic NSCLC after failure of at least one prior
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chemotherapy regimen, and was approved in the United States in
2004 (15). A supplemental NDA (sNDA) was also approved to
add pancreatic cancer (erlotinib 100 mg p.o. once daily in com-
bination with gemcitabine) as an indication in 2005 (16).

Erlotinib was identified via high-throughput drug screening for
direct and reversible inhibition of EGFR (HERl in humans)
tyrosine kinase, but has "off-target" inhibition of other kinases
with lower affinities, including STK10, and HER2 (17). Erlotinib
inhibits human EGFR tyrosine kinase with an IC50 of 2 nmol/L
(0.79 ng/mL) in an in vitro enzyme assay and reduces EGFR
autophosphorylation in intact tumor cells with an IC50 of
20 nmol/L (7.9 ng/mL; ref. 18).

Aberrant crypt foci (ACF) were first described as collections of
colonic crypts with expanded pericryptal zones and increased dye
staining (19). These lesions aremonoclonal and are believed to be
the earliest identifiable precursors of colon cancer (20, 21). The
prevalence, number, and size of human ACFs also increase with
age. Furthermore,many of themolecular derangements described
in colon cancers are also found in ACF, including KRAS, APC, and
CTNNB1 mutations and growth-promoting alterations in cell
cycle–controlling genes (22). In the distal colon and rectum,
approximately 32% to 63% and 30% to 37% of ACFs, respec-
tively, have KRAS and BRAFmutations (20–23), which can drive
downstream RAS–RAF–ERK pathway activation. Along with less
common EGFR mutations, KRAS and BRAF mutations are
thought to drive the growth of almost all ACFs, and are typically
mutually exclusive in individual ACFs (23).

The proliferative rates were increased in dysplastic ACF, sup-
porting the significance of crypt cell hyper-proliferation as a
biomarker of ACF with greater neoplastic potential. In a well-
performed study, ACFs were identified in the distal 10 cm of
rectum in 77% of subjects with no colonic abnormalities, 83% of
subjects with an adenoma(s), and 93%of subjects with colorectal
cancer. The mean numbers of ACFs in these groups respectively
were: endoscopically normal colon, 5.0; adenomatous polyp 6.9;
and colorectal cancer, 9.9. (17).

Normal colon and ACFs express EGFR, and many hyperproli-
ferative ACFs overexpress EGFR (20, 21). Furthermore, ACFs also
express higher levels of EGFR ligands, PCNA and CCND1, which
are important downstream targets of EGFR activation (24, 25).
Because the EGFR regulates colonocyte growth and differentia-
tion, it has been implicated in premalignancy. In the preclinical
azoxymethane-induced mouse model of colon cancer, oral gefi-
ninib qOD treatment significantly decreased colonocyte prolif-
eration 49% and large ACF formation 50% (26). In the normal
mouse colon, gefitinib decreased phosphorylated ERK (pERK)
50% (26, 27). This treatment also significantly reduced the
number of ACFs and decreased microadenoma cyclin D1. This
study concluded that EGFR inhibitorsmay be useful for colorectal
cancer chemoprevention and that human trials should be under-
taken (27). Because gefitinib decreased COX-2 expression, the
study suggested that EGFR inhibitionmay bemediated, at least in
part, through COX-2 inhibition. Therefore, it is possible that in
human chemoprevention trials, NSAIDs may be a confounding
factor.

In light of previous findings regarding the role of EGFR in
development of colorectal cancer and the use of erlotinib as a
EGFR inhibitor, we designed and conducted a multisite random-
ized phase IIa trial to quantify the ability of erlotinib to decrease
EGF signaling and to identify the lowest erlotinib dose at which
ACF EGF signaling is inhibited and for which there is an accept-

able side effect profile for secondary prevention in subjects at high
risk for colorectal cancer.

Materials and Methods
Study design

The study was a three-arm, randomized, double-blind trial to
test the ability of erlotinib to reduce EGF pathway signaling and to
identify the lowest erlotinib dose at which ACF EGF signaling is
inhibited and forwhich there is an acceptable side effect profile for
secondary prevention. The trial was conducted at three clinical
sites. The Institutional Review Board (IRB) at each site approved
the study protocol andwritten informed consent was provided by
all patients before study enrollment. An independent Data and
Safety Monitoring Board (DSMB) established at the UCI Chao
ComprehensiveCancer Center reviewed safety data for the trial bi-
annually. The primary endpoint of the trial was the difference in
pERK levels between pre- versus post-erlotinib–treated ACF at
doses of 25, 50, or 100 mg.

Eligibility and exclusion criteria
Eligibility for enrollment into the study required that partici-

pants have one ormore of the following: (i) a history of stage I–III
colorectal cancer, not treated in the past 6 months with no
anticipated treatment in the next 3 months, (ii) current adenoma
� 1 cm in size, (iii) three ormore adenomas (of any size) removed
at one colonoscopy within past 6 years, (iv) a sessile serrated
adenoma� 5 mm in size, and (v) an adenoma (of any size) with
villous features (villous, tubulovillous) or with high-grade dys-
plasia. In addition, participantsmust have been found to have�4
ACFs at their baseline colonoscopy or flexible sigmoidoscopy,
normal baseline laboratory evaluations for hematologic, renal,
and hepatic function, and ECOG performance status of 0 or 1.

Patients were deemed ineligible for study participation if they
reported a history of inflammatory bowel disease (IBD), a history
of interstitial or chronic lung disease, smoking within the past 3
months, increased risk of bleeding from rectal biopsy, currently
takingwarfarin, or a significantCYP3A4 inhibitor, uncontrollable
diarrhea, prior receipt of radiation to the rectumorpelvis, or active
keratoconjunctivitis. Women who were pregnant or breast-feed-
ing were also deemed ineligible for the study as were subjects
taking any other investigational pharmaceutical agent or those
with a previous history of sensitivity to erlotinib, gefitinib, or
cetuximab.

Randomization and study treatment
Subjects (n¼ 45)meeting inclusion and exclusion criteria with

four or more ACFs on initial chromoendoscopy were be random-
ized 1:1:1 to treatment with 25, 50, or 100 mg doses of erlotinib
and treated for up to 30 days (n ¼ 15/arm). A block size of 6 was
used tomaintainbalance across the three treatment arms through-
out accrual. Randomizationwas stratifiedbyNSAIDuse (�10d/mo
vs. < 10 d/mo). Randomization assignment lists were prepared by
the central study statistician and supplied to study coordinators at
each site. Randomization assignment was double-blinded for all
participants and investigators.

Erlotinib drug product was supplied by Astellas PharmaGlobal
Development, Inc. To protect the blinding of treatment assign-
ment, each patient was given three bottles and asked to take one
pill from each bottle daily for up to 30 days, until their scheduled
follow-up clinic visit. Patients randomized to the 100-mg dose

Phase IIa Trial of Erlotinib in Colorectal ACF

www.aacrjournals.org Cancer Prev Res; 8(3) March 2015 223

Research. 
on January 27, 2017. © 2015 American Association for Cancercancerpreventionresearch.aacrjournals.org Downloaded from 

Published OnlineFirst January 20, 2015; DOI: 10.1158/1940-6207.CAPR-14-0148 

http://cancerpreventionresearch.aacrjournals.org/


were given one bottle of 100-mg active pills and two bottles of 25-
mg placebo pills, patients randomized to the 50-mg dose were
given one bottle of 100-mgplacebo pills and twobottles of 25-mg
active pills, and patients randomized to the 25-mg dose were
given one bottle each of 100- and 25-mg placebo pills along with
one bottle of 25-mg active pills.

Patient follow-up, assessment of study endpoints, and
assessment of adverse events

Patients were contacted via phone by the Study Coordinator
between4and14days following randomization tomonitor study
safety and compliance. In addition, subjects were asked to keep a
diary to document consumption of medication and to bring their
diary to their follow-up visit occurring up to 30 days following
randomization.

The endpoints for the trial were molecular biomarkers of EGFR
signaling activity measured at the follow-up clinic visit occurring
up to 30 days after randomization. The original proposed pERK
primary analysis methodwasWestern blot analysis. However, the
initial ACF samples tested did not demonstrate clear pERK signal
on Western blot analysis, while phosphorylated EGFR (pEGFR)
and total EGFR signals were robust (Supplementary Fig. S1).
Therefore, we used a nanofluidic proteomic immunoassay (NIA)
that has greater sensitivity and, to our knowledge, is the only
publishedmethod successfully reporting quantitative pERK levels
in human distal colorectal ACF (28). Quantification of pEGFR
and total EGFR was performed by Western blot analysis as key
secondary endpoints. Detailed protocols for tissue handling and
biomarker measurement are included in Supplementary
Methods.

Safety analyses were based on investigator-reported adverse
events (AE), serious AEs (SAE), laboratory measurements, and
physical examinations. AEs were identified using the National
Cancer Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE) version 3.0. AEs were assessed according
to the CTCAE grade associated with the AE term.

Statistical analysis
The protocol-specified primary endpoint for the trial was

change in pERK levels between pre- versus post-erlotinib–treated
ACF from patients randomized to doses of 25, 50, or 100mg. Key
secondary endpoints specified in the trial were change in levels of
pEGFR and total EGFR between pre- versus post-erlotnib–treated
ACF and normal mucosa. The study was powered (n ¼ 15
subjects/group) to provide approximately 83% power to detect
a 0.8 standard deviation change in the primary endpoint using a
level 0.05 test assuming a correlation of conservative correlation
assumption of 0.5 between pre- and postmeasures.

The distribution of baseline characteristics was summarized
using the mean, standard deviation, median, and range for
continuous covariates, and frequency and percentage for discrete
covariates. AEs were summarized by grade, type, and frequency of
occurrence. For the primary analysis, pERK was standardized by
total ERK for each participant by NIA. The mean change in
percentage of pERK (post–pre) for each dose groupwas estimated
and then tested via a paired t test as defined in the protocol.
Corresponding 95% confidence intervals (CI) and P values for the
mean change were computed using the t distribution with the
relevant number of degrees of freedom for each treatment group.
A pooled analysis combining all treatment groups was also

performed, as specified in the trial protocol. For the analysis of
key secondary endpoints, a log-transformation of pEGFR and
total EGFR was used in primary analyses because of the highly
skewed distribution observed in these outcomes. After the log-
transformation, the distribution of pEGFR and total EGFR was
roughly symmetric. The general linearmodel was used to estimate
and compare the relative change in median pEGFR and total
EGFR, separately, with adjustment for actin as a normalizing
factor. The estimated relative change (post:pre) in the median,
corresponding 95%CI, and P value for testing the null hypothesis
of equal medians comparing pre- and postmeasurements were
reported. The Bonferroni–Holm adjusted method for multiple
comparisons was applied to maintain an experiment-wise signif-
icance level of 0.05.

Exploratory analyses considered additional adjustment and
stratification by plasma erlotinib concentration (ng/mL), plasma
OSI-420 concentration (ng/mL), normalmucosa erlotinib concen-
tration (ng/mg), normal mucosa OSI-420 concentration (ng/mg),
total duration of use (days), and NSAID use (< 10 d/mo vs. � 10
d/mo). All analyses were performed in SAS 9.2 (SAS Institute).

Results
Baseline characteristics and patient follow-up

Figure 1 displays the study schema. In total 61 patients were
consented for the study with 45 patients ultimately randomized.
Of the 16 patients not randomized, 11 did not meet the study
eligibility criteria, 1 was ineligible due to the use of concomitant
medications, and 4 withdrew consent before randomization.
Fifteen patients were randomized to each dose group.

Baseline characteristics were similar across the three erlotinib
dosage groups (Table 1). The study sample had a mean age range
between 60 and 63 years across treatment arms, was predomi-
nantlymale (ranging from67%male in the 100mg group to 93%
male in the 50 mg group), and non-Hispanic white. Baseline
hematology and blood chemistry levels were similar across the
three dose groups with the largest differences observed in baso-
phils and serum albumin. Data on baseline pERK levels were
successfully captured and analyzed for 12, 13, and 12 subjects in
the 25-, 50-, and 100-mg dose groups, respectively. Data on
baseline pEGFR and total EGFR data were successfully captured
and analyzed for 14 subjects in each group (Fig. 1). Baseline pERK,
percentage of pERK, pEGFR, and total EGFR levels were overall
similar across treatment arms at baseline (Table 2).

Table 3 presents summaries of the distribution of erlotinib
concentrations at the follow-up visit by dose group. Among
subjects in the 100-mg dose groupmean erlotinib concentrations
in plasma were estimated to be 1,048.55 ng/mL (95% CI,
1,414.59–682.50) and 794.28 ng/mL (95% CI, 1,160.33–
428.24) higher when compared with those in the 25- and 50-mg
arms, respectively. Similarly, among subjects in the 100-mg dose
group,meanOSI-420 concentrations in plasmawere estimated to
be 100.21 ng/mL (95% CI, 139.42–61.00) and 84.12 ng/mL
(95% CI, 122.63–45.61) higher when compared with those in
the 25- and 50-mg arms, respectively.

pERK signaling in ACF
A total of 12, 13, and 11patients had complete data on pre- and

post-pERK levels in the 25-, 50-, and 100-mg dose groups,
respectively (Fig. 1). Follow-up visits ranged from 7 to 28 days
following randomization andwere roughly uniformly distributed
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across the study sample. The primary reason for failure to com-
plete the trial was patient loss-to-follow-up. One patient in the
25-mg dose group was discontinued from the study due to a SAE.
No viable outcome data on pERK changes was obtained for two
patients in the 25-mg group, 1 patient in the 50-mg group, and 2
patients in the 100-mg group due to sample technical failure.

Figure 2 displays the estimated within subject change in per-
centage pERK in ACFs (post–pre) by dose group along with
corresponding 95% CIs and P values for a test of the null
hypothesis that the true mean change is equal to zero. The
percentage of pERK decreased in each treatment arms after erlo-
tinib treatment, although this difference was not statistically
significant from zero in any treatment group or in the total sample
when data from all treatment groups were pooled together.
Absolute decreases in the percentage of pERK ranged from
0.13% (95% CI, �3.9% to 3.7%) in the 100-mg dose group to
2.52% (95% CI, �7.9% to 2.8%) in the 50-mg dose group. No
dose response trend was observed. The absolute decrease in the

percentage of pERK in the pooled trial sample was �1.23%
(95% CI, �5.0% to 2.5%).

ACF biomarkers of EGF receptor activation
Secondary endpoints comparing pre- and post-erlotinib–trea-

tedmedian pEGFR and total EGFR levels onWestern blot analyses
were used to analyze each trial participant's ACF and normal
colon tissue biospecimens. A total of 13, 15, and 14 patients
completed the trial in the 25-, 50-, and 100-mg dose groups,
respectively (Fig. 1).

Overall, the median pEGFR and total EGFR at posttreatment
were higher relative to pretreatment levels across all the three dose
levels in both normal mucosa and ACF (Fig. 3). Among subjects
randomized to the 50-mg dose group, median posttreatment
pEGFR and total EGFR in normal mucosa was estimated to be
65% (unadjusted 95%CI, 0.87–3.10) and 91% (unadjusted 95%
CI, 0.91–4.00) higher relative to baseline levels. Similar results

61 Consented

16 Not randomized

45 Randomized

•    1 Concomitant medication
•    11 Ineligible
•    4 Withdraw consent

25 mg:
15 Randomized participants

•    13 Completed study
•    1 AE/SAE
•    1 Lost to follow-up

Normal mucosa: pEGFR data available
•    14 from 25-mg group
•    14 from 50-mg group
•    13 from 100-mg group

ACF: pEGFR data available
•    14 from 25-mg group
•    14 from 50-mg group
•    14 from 100-mg group

ACF: total EGFR data available
•    14 from 25-mg group
•    14 from 50-mg group
•    14 from 100-mg group

ACF: pERK data available
•    12 from 25-mg group
•    14 from 50-mg group
      -1 pre-treatment data not available
•    13 from 100-mg group
      -1 pre-treatment data not available
      -1 post-treatment data not available

Normal mucosa: total EGFR data available
•    14 from 25-mg group
•    14 from 50-mg group
•    13 from 100-mg group

100 mg:
15 Randomized participants

•    14 Completed study
•    1 Lost to follow-up

50 mg:
15 Randomized participants

•    15 Completed study

Figure 1.
Study Schema.
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were observed when considering pEGFR and total EGFR values in
ACF mucosa.

Among subjects randomized to the 50-mg dose group, median
posttreatment pEGFR and total EGFR in ACF was estimated to be
93% (unadjusted 95% CI, 1.07–3.48) and 2.22-fold (unadjusted
95% CI, 1.08–4.54) higher relative to baseline levels. Although
posttreatment levels tended to be higher across all dose groups,
after adjustment for multiple comparisons, no statistically signif-

icant within-subject changes in pEGFR or EGFR were observed.
Secondary exploratory analyses considering adjustment and effect
modification by erlotinib plasma concentration, duration of use,
and NSAID use did not result in qualitatively differential results.

Safety
Table 4 depicts the frequency of AE reports by grade and dose

group. Only two grade 3 AEs were reported in the trial, one in the

Table 2. Distributional summaries of baseline pEGFR and total EGFR values by randomization group

Erlotinib dose
Characteristic 25 mg (N ¼ 14) 50 mg (N ¼ 14) 100 mg (N ¼ 14)

pEGFR in normal tissue
Median 8,433.9 6,938.7 12,098.2
Mean (SD) 14,004.2 (10,935.0) 8,802.4 (6,935.6) 16,673.3 (14,344.9)
Range 1,491.0–33,325.3 112.5–28,728.2 4,892.9–39,215.4

pEGFR in ACF tissue
Median 7,959.0 6,612.5 7,450.7
Mean (SD) 12,729.1 (9,942.8) 5,868.0 (3,090.9) 10,528 (10,150.4)
Range 2,707.0–39,617.1 168.3–10,955.3 517.2–40,051.7

Total EGFR in normal tissue
Median 7,359.3 11,927.6 12,415.2
Mean (SD) 8,840.7 (6,824.7) 13,285.2 (8,311.4) 14,003.4 (7,587.1)
Range 26.0–26,333.3 122.0–27,957.6 4,892.9–36,742.6

Total EGFR in ACF tissue
Median 9,342.2 8,560.4 6,623.2
Mean (SD) 10,300.7 (5,758.0) 10,212.4 (7,473.4) 9,507.5 (9,780.9)
Range 23.5–20,579.0 29.3–28,622.7 280.2–36,132.3

Table 1. Baseline characteristics of patients by randomization group

Erlotinib dose
Characteristic 25 mg (N ¼ 15) 50 mg (N ¼ 15) 100 mg (N ¼ 15)

Demographics
Age (y), mean (SD) 63.67 (4.43) 62.47 (6.03) 60.67 (7.42)
Male, n (%) 13 (87%) 14 (93%) 10 (67%)

Ethnicity
Hispanic or Latino, n (%) 4 (27%) 2 (13%) 1 (7%)
Non-Hispanic or Latino, n (%) 8 (53%) 11 (73%) 10 (67%)
Unknown, n (%) 3 (20%) 2 (13%) 4 (27%)
Race-White, n (%) 13 (87%) 13 (87%) 12 (80%)
Weight (kg), mean (SD) 83.66 (16.83) 96.42 (19.01) 91.14 (29.52)
NSAID use < 10 d/month, n (%) 9 (60.0) 9 (60.0) 9 (60.0)

Hematology
Hemoglobin, mean (SD) 14.05 (1.06) 14.05 (1.66) 14.24 (1.19)
Hematocrit, mean (SD) 40.75 (3.19) 41.15 (4.27) 41.99 (3.56)
WBC, mean (SD) 6.67 (2.27) 6.19 (1.36) 6.91 (1.97)
Neutrophils, % mean (SD) 61.53 (9.86) 61.87 (8.85) 60.69 (8.04)
Lymphocytes, % mean (SD) 28.47 (8.21) 27.16 (8.14) 27.65 (8.75)
Monocytes, % mean (SD) 7.51 (2.7) 8.26 (2.83) 8.11 (2.31)
Eosinophils, % mean (SD) 1.98 (1.61) 2.16 (1.26) 2.76 (2.54)
Basophils, % mean (SD) 0.44 (0.37) 0.55 (0.4) 0.79 (0.32)
Platelet, mean (SD) 226.07 (67.99) 224.73 (52.87) 230.64 (43.84)

Blood chemistry
Total protein, mean (SD) 6.86 (0.26) 6.71 (0.46) 6.66 (0.59)
Albumin, mean (SD) 4.16 (0.21) 4.01 (0.21) 3.91 (0.31)
BUN, mean (SD) 15.67 (2.61) 17.2 (9.89) 15.07 (4.39)
Creatinine, mean (SD) 0.99 (0.2) 1.08 (0.17) 1.03 (0.24)
Bilirubin, direct, mean (SD) 0.12 (0.04) 0.17 (0.12) 0.11 (0.03)
Bilirubin, total, mean (SD) 0.99 (0.4) 0.75 (0.3) 0.71 (0.24)
Alkaline phosphatase, mean (SD) 69.47 (16.26) 60.27 (16.82) 64.86 (27.27)
Sodium, mean (SD) 138.67 (2.53) 138 (1.77) 139.71 (2.92)
Potassium, mean (SD) 4.29 (0.4) 4.36 (0.57) 4.17 (0.45)
Chloride, mean (SD) 103.67 (3.72) 103.67 (3.04) 104 (2.83)
Bicarbonate, mean (SD) 26.64 (2.11) 27.33 (3.11) 28.46 (1.33)
SGOT/AST, mean (SD) 24.07 (4.48) 26.8 (9.07) 27.14 (9.05)
SGPT/ALT, mean (SD) 25.33 (9.63) 25.87 (14.35) 27.14 (11.09)
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25-mg dose group and one in the 100-mg dose group. The grade 3
AEoccurring in the 25-mgdose groupwas incarcerated hernia and
subsequently led to withdrawal of the patient from the study by
the investigator. A single SAE of chest painwas observed in the 25-
mg dose group and was considered unrelated to study drug.

Table 5 presents the most frequently reported AEs (�5%) by
dose group. The most commonly reported AE was rash, observed
in 33%, 40%, and 80% of patients in the 25-, 50-, and 100-mg
dose groups, respectively. This was followed by dryness or itch-
iness of the skin, eyes, or mouth, which was reported in 47% of
patients in each of the dose groups. Finally, diarrhea was reported
in nearly one third of study participants overall.

Discussion
Previous randomized trials have established the role of erloti-

nib as established therapies for refractory NSCLC and pancreas
adenocarcinoma (29, 30). Because EGFR inhibition through
monoclonal antibodies cetuximab and panitumumab has estab-
lished activity to induce tumor responses in KRAS wild-type
colorectal cancer (31), this trial sought to determine (i) the ability
of erlotinib to decrease EGF signaling for up to 30 days in rectal
ACFs and normal colon and (ii) to identify the lowest efficacious
erlotinib dose for which there is an acceptable side effect profile
for potential follow up in the setting of secondary chemopreven-
tion of colorectal cancers.

The primary endpoint of the trial was the difference in pERK
levels comparing paired pre-post ACF at 25, 50, and 100 mg doses
of erlotinib. Key secondary endpoints included differences in
pEGFR and total EGFR in biospecimens for each dose tested. For
all three arms, there were statistically nonsignificant trends toward
reduced pERK levels with erlotinib treatment. There was no dose
dependence. Combining all three arms similarly showed a statis-
tically nonsignificant trend toward reduced pERK levels (Fig. 2). At
the same time, contrary toour original hypothesis, pEGFR and total
EGFR levels were not observed to decrease in rectal ACFs and
normal tissue when compared with paired pretreatment trial
participant biospecimens. Rather, median pEGFR and total EGFR
levels were consistently upregulated at all three doses (up to 2-fold
higher) when posttreatment levels compared with pretreatment
paired measurements. Although not statistically significant after
adjustment formultiple comparisons, thisfindingwas consistent in
both normal mucosa and ACFs and across all dose groups (Fig. 3).

In a recent early-phase chemoprevention trial of head and neck
squamous cell cancer with erlotinib and celecoxib, treatmentwith
similar doses of erlotinib (50, 75, and 100 mg) concordantly
reduced pEGFR, total EGFR, and pERK levels in normal oral
mucosa and premalignant oral leukoplakia (32). In this trial, the
precise mechanism as to why pERK levels trend lower while EGFR
signaling biomarkers, including total EGFR levels, are paradoxi-
cally increased with erlotinib in rectal ACF is not understood.
However, because erlotinib is not effective as therapy for advanced
colorectal cancerwhile it does demonstrate efficacy inother cancer
types (lung and pancreas cancers most notably), this may reflect
EGFR signaling differences specific to colorectum compared with

Figure 2.
Primary analysis ofmeanwithin-subject change (post–pre) in the percentage
of pERK in ECFs by dose group. "All" represents pooled data from all dose
groups.

Table 3. Summary measures of the distribution of erlotinib concentration in
plasma and normal mucosa at the follow-up visit by dosage level

Erlotinib dose
Characteristic 25 mg 50 mg 100 mg

Plasma erlotinib concentration, ng/mL
N 14 14 13
Median 222.58 480.95 1,118.34
Mean (SD) 232.29 (160.6) 486.56 (211.8) 1,280.84 (788.3)

Plasma OSI-420 concentration, ng/mL
N 13 14 13
Median 15.92 36.94 98.01
Mean (SD) 17.77 (12.3) 33.87 (14.1) 117.98 (84.5)

Normal mucosa erlotinib concentration, ng/mg
N 12 12 12
Median 0.32 1.10 1.68
Mean (SD) 0.36 (0.18) 1.38 (1.23) 3.25 (4.62)

Normal mucosa OSI-420 concentration, ng/mg
N 4 10 11
Median 0.04 0.14 0.23
Mean (SD) 0.04 (0.01) 0.17 (0.15) 0.29 (0.24)

Figure 3.
Relative change (post:pre) inmedian phosphorylated and total EGFR by dose
group andmucosa strata. A, estimates of the relative change in themedian of
pEGFR. B, estimates of the relative change in the median of total EGFR.
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other tissues. Future experiments will be required to determine
precisely why the same EGFR inhibitor can affect this pathway
signaling in different cell types with opposite effects.

Although there are many studies in the literature that have
successfully measured pERK in cell lines and various human
tissues using different techniques, to our knowledge, the only
study that has successfully analyzed pERK levels in human distal
colorectal ACF used a NIA (28). Precisely why distal colorectal
ACF pERK levels are difficult to measure is presently unclear.
However, at the same time, pEGFR and total EGFR levels were
readily measurable from the same biospecimens by Western blot
analysis, arguing against confounding by nonspecific tissue deg-
radation, general loss of phosphoproteins from colonoscopy
bowel preparation regimens, or other artifacts of tissue handling.
However, as with any trial using rectal tissue that did not achieve
concordant primary and secondary endpoints, we cannot
completely exclude that bowel preparation regimens or sampling
may have influenced analyses of rectal ACFs and mucosa in an
unanticipated manner.

Previously, a significant percentage of distal colon and rectum
ACF were shown to have significant rates of KRAS and BRAF
mutations (20–23) that can drive ACF growth. In colorectal and
non–small cell lung adenocarcinomas, KRAS (33, 34), BRAF (35,
36), and EGFR kinase domain mutations (37) have been previ-
ously associated with anti-EGFR targeted therapy chemoresis-
tance, which is thought to arise from both preexisting mutations
and induction of mutations from EGFR-inhibitor exposure.
Tomasetti and colleagues (38) have recently shown that approx-
imately 50% of somatic mutations in colorectal cancer occur in
normal tissue and early-stage premalignant lesions (such as ACF)
before tumorigenesis and cell transformation in an age-depen-
dent process. It is tempting to speculate that in our trial, post-
therapy ACF might represent expansion of an EGFR inhibitor–
resistant population existing before erlotinib exposure, or ACFs
with activated KRAS, BRAF, EGFR, or other mutations under
evolutionary selection from EGFR inhibition. If correct, paradox-
ical feedback could then cause a trend toward reduced down-
stream pERK signaling levels. Future preclinical experiments and
correlative studies inACFandnormal colonmucosa from this and
other trials will be required to understand the precise molecular

mechanisms of resistance, genetic, or otherwise, in patients taking
erlotinib as targeted therapies for other malignancies.

Analysis of plasma and tissue levels confirmed that sufficient
doses of erlotinib were received in each study group for detection
of erlotinib and its major metabolite OSI-420. This is consistent
with excluding patient compliance as a factor in the observed
findings, which is further supported by the observation of
expected AEs, such as diarrhea and rash, in this trial's participants.
In addition, secondary exploratory analyses considering adjust-
ment and effect modification by plasma erlotinib levels and
duration of use did not reveal qualitatively different results in
EGFR signaling biomarkers in subgroups of patients with higher
erlotinib levels or those with longer duration of use.

Reported AEs were largely expected given past experience with
erlotinib treatment. The most commonly reported AE in the trial
was rash. Consistent with previous studies, the incidence of rash
was observed to increase with increasing erlotinib dose. Depend-
ing on erlotinib dose, 80% to 93% of all patients experienced
grade 1 rash, and nearly half of patients receiving the 100-mg dose
experienced grade 2 rash. Dryness or itchiness of the skin, eyes, or
mouth together with diarrhea were the next most commonly
observed AEs in the trial. As such, given the lack of efficacy, the
investigators believe that erlotinib toxicity at the higher doses
investigated in this trial makes its use problematic for chemopre-
vention clinical trials. The occurrence of AEs at these doses (25–
100 mg) in healthy outpatient trial participants may mean that
robust efficacy may be required for individuals to consider the
benefit:risk ratio to be acceptable in the chemoprevention setting.
Only one SAE (chest pain) was reported over the course of the
trial, though this event was deemed unrelated to study drug by the
local investigator.

Although this was a carefully controlled, double-blind, phase
IIa clinical trial, it also has limitations. The lack of concordant
changes in pERK, pEGFR, and total EGFR endpointsmaybedue to
the relatively short duration of treatment exposure. Patients
received erlotinib from 7 to 28 days. Previously reported trials
establishing the efficacy of erlotinib as a treatment have consid-
ered median durations of 2 to 4 months. It is possible that given
the short duration of exposure, there was not sufficient time for
EGF signaling inhibition tobeobserved. In addition, this trial data

Table 4. Frequency of the AE grades by dosage arm

Erlotinib dose
AE grade 25 mg 50 mg 100 mg

Events, n Participants (N ¼ 15) Events, n Participants (N ¼ 15) Events, n Participants (N ¼ 15)

No AE reported — 3 (20%) — 2 (13%) — 1 (7%)
Grade 1 (or higher) 37 12 (80%) 38 13 (87%) 51 14 (93%)
Grade 2 (or higher) 4 3 (20%) 5 5 (33%) 12 7 (47%)
Grade 3 (or higher) 1 1 (7%) 0 0 1 1 (7%)

Table 5. Frequency of most commonly observed AEs (�5%) by dosage arm

Erlotinib dose
AE 25 mg 50 mg 100 mg

Events, n Participants (N ¼ 15) Events, n Participants (N ¼ 15) Events, n Participants (N ¼ 15)

Diarrhea 4 4 (27%) 5 4 (27%) 6 5 (33%)
Dryness/itchiness (includes skin, eyes, and mouth) 9 7 (47%) 8 7 (47%) 10 7 (47%)
Fatigue 1 1 (7%) 0 0 3 3 (20%)
Flatulence 0 0 2 1 (7%) 0 0
Nausea 2 2 (13%) 2 2 (13%) 0 0
Oral sores 0 0 2 2 (13%) 1 1 (7%)
Rash 5 5 (33%) 7 6 (40%) 14 12 (80%)
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included only three biomarkers of EGF signaling, pERK, pEGFR,
and total EGFR. It is possible that EGF signaling inhibition by
erlotinib may give different results if histopathologic or endo-
scopic endpoints were used, but the trial was not statistically
powered for these endpoints. Finally, large heterogeneity in pERK,
pEGFR, and total EGFR levels was observed across patients in all
dose groups. It is possible that more homogeneous subpopula-
tionsmay exhibit EGF signaling inhibition with erlotinib use, but
again the current studywas not designed or powered to investigate
the existence of these groups.

Overall, this trial did not meet is primary efficacy endpoint.
Colorectal EGFR signaling inhibition by erlotinib is therefore
likely insufficient to merit further studies without additional
prescreening stratification or potentially longer duration of use.
Future studies will be necessary to evaluate erlotinib in the setting
of chemoprevention for other types of solid tumors.
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