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Abstract

Background: Insulin-like growth factor type 1 receptor (IGF-1R) mediates resistance to epidermal growth factor receptor 
(EGFR) inhibition and may represent a therapeutic target. We conducted a multicenter, randomized, double blind, phase II/
III trial of dalotuzumab, an anti-IGF-1R monoclonal antibody, with standard therapy in chemo-refractory, KRAS wild-type 
metastatic colorectal cancer.

Methods: Eligible patients were randomly assigned to dalotuzumab 10 mg/kg weekly (arm A), dalotuzumab 7.5 mg/kg 
every alternate week (arm B), or placebo (arm C) in combination with cetuximab and irinotecan. Primary endpoints were 
progression-free survival (PFS) and overall survival (OS). Secondary endpoints included exploratory biomarker analyses. All 
statistical tests were two-sided.

Results: The trial was prematurely discontinued for futility after 344 eligible KRAS wild-type patients were included in 
the primary efficacy population (arm A = 116, arm B = 117, arm C = 111). Median PFS was 3.9 months in arm A (hazard 
ratio [HR] = 1.33, 95% confidence interval [CI] = 0.98 to 1.83, P = .07) and 5.4 months in arm B (HR = 1.13, 95% CI = 0.83 to 
1.55, P = .44) compared with 5.6 months in arm C. Median OS was 10.8 months in arm A (HR = 1.41, 95% CI = 0.99 to 2.00, 
P = .06) and 11.6 months in arm B (HR = 1.26, 95% CI = 0.89 to 1.79, P = .18) compared with 14.0 months in arm C. Grade 3 or 
higher asthenia and hyperglycaemia occurred more frequently with dalotuzumab compared with placebo. In exploratory 
biomarker analyses, patients with high IGF-1 mRNA tumors in arm A had numerically better PFS (5.6 vs 3.6 months, 
HR = 0.59, 95% CI = 0.28 to 1.23, P = .16) and OS (17.9 vs 9.4 months, HR = 0.67, 95% CI = 0.31 to 1.45, P = .31) compared with 
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those with high IGF-1 mRNA tumors in arm C. In contrast, in arm C high IGF-1 mRNA expression predicted lower response 
rate (17.6% vs 37.3%, P = .04), shorter PFS (3.6 vs 6.6 months, HR = 2.15, 95% CI = 1.15 to 4.02, P = .02), and shorter OS (9.4 vs 
15.5 months, HR = 2.42, 95% CI = 1.21 to 4.82, P = .01).

Conclusions: Adding dalotuzumab to irinotecan and cetuximab was feasible but did not improve survival outcome. IGF-1R 
ligands are promising biomarkers for differential response to anti-EGFR and anti-IGF-1R therapies.

Cetuximab is a monoclonal antibody that targets the epider-
mal growth factor receptor (EGFR) and inhibits tumor prolifera-
tion, invasion, and angiogenesis (1). Cetuximab gained both US 
Food and Drug Administration and European Medicines Agency 
approval for the treatment of chemo-refractory, metastatic colo-
rectal cancer (mCRC) in 2004 (2).

Since its introduction into routine practice, mechanisms 
of resistance have been elucidated. The identification of KRAS 
and NRAS mutations as predictors of resistance to anti-EGFR 
agents resulted in revision of the drug label in 2009 and, more 
recently, in 2013 (3,4). However, even within the RAS wild-type 
population, response rates are modest and response durations 
short lasting. Additional mediators of anti-EGFR activity have 
been described such as EGFR amplification/mutation, EGFR 
ligand expression, downstream mutations (BRAF), and alter-
native growth factor receptor pathway activation, including 
mesenchymal-epithelial transition factor gene (MET), EGFR-3 
(HER-3), and insulin-like growth factor type 1 receptor (IGF-1R) 
(5–9).

Signaling through IGF-1R mediates proliferation and resist-
ance to apoptosis (10). The interplay between the EGFR and 
IGF-1R pathways has long been recognized (11). EGFR and IGF-1R 
share downstream effectors (MAP-K, PI3K) and signalling through 
IGR-1R leads to activation of EGFR and resistance to cetuximab 
(12,13). Preclinical data indicate that concurrent inhibition of 
IGF-1R and EGFR results in reduced phosphorylation of ERK1/2 
and AKT, inhibition of tumor proliferation, and increased apop-
tosis compared with inhibition of either receptor alone. These 
synergistic antitumor effects support a role for IGF-1R as a media-
tor of resistance to anti-EGFR agents and a potential therapeutic 
target (14).

Dalotuzumab (MK-0646) is a humanized IgG1 monoclonal 
antibody directed to the ectodomain of IGF-1R and does not 
cross-react with the insulin receptor (15). Dalotuzumab inhibits 
ligand (IGF-1, IGF-2) binding and induces receptor internaliza-
tion and degradation with inhibition of downstream pathway 
activation (16). In a phase I study, dalotuzumab was well toler-
ated, with only 6% of patients experiencing grade 3 or higher 
adverse events, and no maximum tolerated dose was identified. 
Pharmacodynamic analyses showed downregulation of several 
markers including IGF-1R, EGFR, and pMAP-K in post-treatment 
tumor specimens. Also preliminary activity was observed with 
8% of heavily pretreated patients achieving disease stabilization 
and 4% having a metabolic response (17).

We report the clinical results and biomarker findings from a 
multicenter, double-blind, randomized, phase II/III trial of cetux-
imab and irinotecan plus or minus dalotuzumab in chemo-
refractory, KRAS exon 2 wild-type mCRC.

Methods

Patients

Eligibility was restricted to patients with histologi-
cally confirmed diagnosis of measurable mCRC who had 
failed (as verified by local investigators) irinotecan- and 

oxaliplatin-containing regimens and had progressed on or 
within three months of last line of therapy (as verified by 
central review). Oxaliplatin failure included failure because 
of toxicities. Key eligibility criteria included: age 18 years or 
older, ECOG performance status of 1 or less, no prior expo-
sure to IGF-1R or EGFR inhibitors, and adequate bone mar-
row, renal, and hepatic function. Archival tumor tissue was 
required. In 2009, the study protocol was amended and fur-
ther recruitment was restricted to patients with KRAS exon 
2 wild-type tumors. The study protocol and its amendments 
were approved by an independent ethics committee or insti-
tutional review board at each site. All patients provided writ-
ten informed consent.

Study Design, Dosing, and Assessment

This was a multicenter, double-blind, randomized, phase 
II/III study. This study was registered at ClinicalTrials.gov 
(NCT00614393). All eligible patients received irinotecan and 
cetuximab and were randomly assigned to weekly dalotuzumab 
(Arm A), two-weekly dalotuzumab (Arm B), or placebo (Arm C). 
Prior to commencing the randomized part of the study, a safety 
run-in was undertaken to determine the safety of the investiga-
tional combination treatment (18). Subsequent random assign-
ment was in a 1:1:1 ratio.

Cetuximab was administered weekly at a dose of 250 mg/
m2 (loading dose 400 mg/m2). Irinotecan was delivered accord-
ing to the same dose and schedule as had been previously 
received during the patient’s prestudy therapy. Permissible 
schedules included 125 mg/m2 once every week for four 
weeks followed by two weeks’ rest, 180 mg/m2 once every 
two weeks, or 350 mg/m2 once every three weeks. Prior dose 
reductions were maintained, and there were no on-study 
dose escalations.

Patients received the addition of IV dalotuzumab or placebo 
as follows: arm A: dalotuzumab 10 mg/kg once weekly; arm 
B: dalotuzumab 15 mg/kg loading dose followed by 7.5 mg/kg 
every second week, with normal saline (placebo) delivered on 
alternate weeks; arm C: normal saline (placebo) once weekly. 
Dalotuzumab/placebo infusions commenced in the second 
week of treatment.

Treatment continued until disease progression, intolerable 
toxicity, or consent withdrawal. Tumor response was assessed 
by computer tomography scans or magnetic resonance imag-
ing every six weeks for the first 48 weeks and every three 
months thereafter. Assessment of response was conducted 
locally and independently reviewed centrally using RECIST cri-
teria v1.0 (19).

KRAS Testing and Biomarker Analyses

KRAS exon 2 mutations were screened for centrally by the 
TheraScreen KRAS test (Qiagen, Manchester, UK) for purposes of 
identifying the primary efficacy analysis population. Following 
the protocol amendment in 2009, mutational tests performed 
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locally could be used, if available at the time of screening, for 
purposes of defining study eligibility (Figure 1).

Prespecified biomarker analyses evaluated treatment effect 
by IGF-1R and epiregulin (EREG) expression. Post hoc bio-
marker analyses evaluated treatment effect by IGF-1 and IGF-2 
expression.

IGF-1R expression was assessed by immunohistochem-
istry (Ventana, AZ) (detailed methods available in the 
Supplementary Materials, available online) and measured by 
an independent core laboratory pathologist according to the 
following scale: 0 = no staining; 1+ = weak staining; 2+ = mod-
erate staining; 3+ = strong staining. A membrane stain score 
of 1+ or more was considered as positive regardless of the pro-
portion of positive tumor cells (≥1%). Moreover, in a predefined 
exploratory analysis, IGF-1R expression was quantitated using 
the H-score, a composite score of the percentage of cells at 
each staining intensity level summed across all possible stain-
ing intensities.

Following RNA extraction from formalin-fixed, paraf-
fin-embedded tissue (detailed methods available in the 
Supplementary Materials, available online) EREG, IGF-1, and 
IGF-2 expression were assessed by quantitative real-time pol-
ymerase chain reaction (Almac Diagnostics, Craigavon, UK). 
Based on a different pattern and distribution of mRNA expres-
sion between IGF-1 and IGF-2, as observed in an independent 
colorectal gene expression profiling dataset available for analy-
sis (Supplementary Figure  1, available online), different cutoff 

points were used for these biomarkers: top 25% and 15% levels 
were considered positive for IGF-1 and IGF-2, respectively. In 
accordance with previous studies, the median signal intensity 
was used as the cutoff point to define high vs low EREG expres-
sion (5). All the cutoff points were prespecified.

Statistical Analysis

The dual primary endpoints were progression-free survival (PFS) 
and overall survival (OS) in patients with KRAS exon 2 wild-type 
tumors. It was estimated that 1156 KRAS wild-type patients had 
to be randomly assigned to achieve 700 deaths in any arm-wise 
comparison between placebo and one of the two dalotuzumab 
arms to detect a 20% reduction in hazard rate for OS with 77% 
power and a type I  error of 0.02 (one-sided). PFS was defined 
as the time from random assignment to the first documented 
disease progression (as per independent review), or death 
because of any cause, whichever occurs first. OS was defined 
as the time from random assignment to death because of any 
cause. Patients without a documented event were censored at 
the date of the last follow-up. PFS and OS were analyzed using 
Kaplan Meier methods, and comparison between groups used 
Cox regression analysis.

Secondary endpoints included overall response rate, toxicity, 
and quality of life. Two-sided Miettinen and Nurminen’s method 
for stratified data was used for comparison of objective response 
rates and grade 3 or higher toxicities between treatment groups 

Local test

Central testPatient excluded from
primary efficacy analysis 

KRAS exon 2
mutant 

KRAS exon 2 wild-type,
Indeterminate
or Invalid 

Not done

Invalid result,
Outside specifications,

or No sample  

Valid result
within Specifications

Central test
result

Patient included in
primary efficacy analysis

KRAS exon 2 wild-type

KRAS exon 2
mutant

Figure 1.  Overview of determining patient inclusion/exclusion from the primary efficacy analysis population.
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(20). Toxicity was graded according to the National Cancer 
Institute CTCAE v3.0 and evaluated in the eligible population. 
Prespecified biomarker analyses included evaluation of treat-
ment effect (PFS) by IGF-1R and EREG expression as assessed 
by Cox-regression. To assess possible interaction between treat-
ment and biomarker, an interaction term between treatment 
and biomarkers was included in the Cox regression.

There were three planned interim analyses. The first was 
planned when 296 patients were enrolled and 162 PFS events 
observed. The PFS endpoint at this interim analysis was to be tested 
with an overall one-sided α of 0.15, which equated to an α 0.08870 
for each pair-wise test of dalotuzumab vs placebo. This equated 
to continuing the trial if the estimated hazard rate reduction was 
greater than 23.0%. If proof-of-concept was achieved, one dalotu-
zumab arm (based on activity and safety) would move forward to 
phase III. If neither experimental arm achieved proof-of-concept 
criteria, the study would be terminated. All statistical analyses 
were based on the intent-to-treat, KRAS exon 2 wild-type (as per 
centralized test) eligible population (primary efficacy population). 
A P value of less than .05 was considered statistically significant.

Results

Study recruitment started in January 2008. After the first interim 
analysis (data cutoff September 2010), the trial was discontin-
ued, as neither dalotuzumab dosing regimen met the predefined 
criteria for continuation. At the time of this analysis, 538 patients 

were enrolled from 55 international centers, 38 in Europe, nine 
in Asia, five in Australia, and three in South America. Of these, 
242 were enrolled before the protocol amendment. A total of 353 
patients were deemed eligible based on the KRAS exon 2 wild-
type status of the tumor (as assessed locally or centrally), and 
344 were included in the primary efficacy population, 116 in arm 
A, 117 in arm B, and 111 in arm C (Figure 2). Baseline characteris-
tics were well balanced between the treatment groups (Table 1). 
The majority of patients had received three or more prior lines 
of therapy (55.5% in arm A, 56.3% in arm B, and 58.6% in arm C), 
with bevacizumab administered in less than one third of cases 
(26.1% in arm A, 31.9% in arm B, and 27.6% in arm C).

Eligible patients received dalotuzumab/placebo for a 
median of 12.0 weeks (range  =  0.0–99.0) in arm A, 20.9 weeks 
(range = 0.0–83.0) in arm B, and 23.0 weeks (range = 0.0–97.1) in 
arm C. Radiological response as assessed by independent cen-
tral review is summarized in Table 2. Objective responses were 
observed in 21.6%, 23.9%, and 26.1% of patients in arms A, B, 
and C, respectively, with no statistically significant differences 
between the investigational treatments and standard therapy. 
However, disease control in arm A was statistically significantly 
lower compared with the control arm (42.3% vs 65.7%, P = .01).

Eligible patients remained on study for a median of 13.0 weeks 
(range = 0.0–113.1) in arm A, 21.9 weeks (range = 0.0–125.1) in arm 
B, and 26.0 weeks (range = 0.0–115.0) in arm C. Median PFS in the 
control arm was 5.6 months, compared with 3.9 months (hazard 
ratio [HR] = 1.33, 95% confidence interval [CI] = 0.98 to 1.83, P = .07) 

Patients enrolled
(n = 538) 

Randomised to ARM B
(n = 180)

Randomised to ARM C
(n = 178)

Randomised to ARM A
(n = 180)

KRAS exon 2 wild-type,
primary efficacy population

(n = 116)

KRAS exon 2 wild-type,
primary efficacy population

(n = 117) 

KRAS exon 2 wild-type,
primary efficacy population

(n = 111) 

Before amendment (n = 81)
After amendment (n = 99)

Before amendment (n = 77)
After amendment (n = 101)

Before amendment (n = 84)
After amendment (n = 96)

KRAS exon 2 status:
wild-type (n = 119)
mutant (n = 18)

unknown (n = 43) 

KRAS exon 2 status:
wild-type (n = 119)
mutant (n = 32)

unknown (n = 29) 

KRAS exon 2 status:
wild-type (n = 115)
mutant (n = 21)

unknown (n = 42) 

KRAS exon 2 wild-type
status/eligibility not
confirmed (n = 3)

KRAS exon 2 wild-type
status/eligibility not
confirmed (n = 2)

KRAS exon 2 wild-type
status/eligibility not
confirmed (n = 4)

Figure 2.  CONSORT diagram.
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and 5.4 months (HR = 1.13, 95% CI = 0.83 to 1.55, P = .44) in arms 
A and B, respectively (Table 3). At the time of this analysis, 201 
patients in the primary efficacy population had died, 70 in arm A, 
74 in arm B, and 57 in arm C. Median OS in the control arm was 
14.0 months, compared with 10.8 months (HR = 1.41, 95% CI = 0.99 
to 2.00, P = .06) and 11.6 months (HR = 1.26, 95% CI = 0.89 to 1.79, 
P = .18) in arms A and B, respectively (Table 3 and Figure 3).

Safety

Overall rates of treatment-related (investigator attributed) grade 
3 or higher toxicity were comparable between treatment arms 

(Table 4). Grade 3 or higher hyperglycaemia was more frequently 
observed in arm A (21.0%, P < .01) and B (17.6%, P < .01) vs in arm 
C (5.2%), and a higher number of patients in arm B experienced 
grade 3 or higher asthenia (9.2%) compared with the control arm 
(1.5%, P = .02).

No statistically significant differences between the treat-
ment arms were observed in the incidence of drug-related seri-
ous adverse events (SAEs). The proportion of patients in each 
group who discontinued study medication because of a drug-
related AE was comparable as was the 60-day all-cause mortal-
ity. AEs resulting in death during the study period occurred in 
three patients in arm B (one pneumonia, one renal failure, and 

Table 1.  Baseline patient demographics and clinical characteristics in the eligible study population

Demographic/characteristic
Arm A  

(n = 119) No. (%)
Arm B  

(n = 119) No. (%)
Arm C  

(n = 116) No. (%)

Sex
  Male 86 (72.3) 75 (63.0) 82 (70.7)
  Female 33 (27.7) 44 (37.0) 34 (29.3)
Age, y
  <65 79 (66.4) 68 (57.1) 73 (62.9)
  ≥65 40 (33.6) 51 (42.9) 43 (37.1)
Race
  Caucasian 62 (52.1) 55 (46.2) 60 (51.7)
  Asian 54 (45.4) 59 (49.6) 49 (42.2)
  Other 3 (2.5) 5 (4.2) 7 (6.1)
ECOG PS
  0 53 (44.5) 48 (40.3) 45 (38.8)
  1 66 (55.5) 70 (58.8) 71 (61.2)
  Unknown 0 (0.0) 1 (0.9) 0 (0.0)
Tumor site
  Colon 69 (58.0) 71 (59.7) 75 (64.7)
  Rectum 50 (42.0) 47 (39.5) 41 (35.3)
  Colon/rectum 0 (0.0) 1 (0.8) 0 (0.0)
No. of previous lines of therapy
  ≤2 53 (44.5) 52 (43.7) 48 (41.4)
  ≥3 66 (55.5) 67 (56.3) 68 (58.6)
Last failed line of therapy
  Oxaliplatin 26 (21.8) 23 (19.3) 17 (14.6)
  Irinotecan 81 (68.1) 77 (64.7) 75 (64.7)
  Neither 12 (10.1) 19 (16.0) 24 (20.7)
Previous bevacizumab
  No 88 (73.9) 81 (68.1) 84 (72.4)
  Yes 31 (26.1) 38 (31.9) 32 (27.6)
Liver metastases
  No 24 (20.2) 31 (26.1) 28 (24.1)
  Yes 95 (79.8) 88 (73.9) 88 (75.9)
Lung metastases
  No 49 (41.2) 46 (38.7) 47 (40.5)
  Yes 70 (58.8) 73 (61.3) 69 (59.5)

Table 2.  Overall response rate by RECIST criteria version 1.0 based on Independent Radiology Review

RECIST Response % (confirmed)
Arm A  

(n = 116) No. (%)
Arm B  

(n = 117) No. (%)
Arm C  

(n = 111) No. (%)
P*  

Arm A vs Arm C
P*  

Arm B vs Arm C

Complete response 0 0 0 - -
Partial response 25 (21.6) 28 (23.9) 29 (26.1) .82 .87
Stable disease 24 (20.7) 33 (28.2) 44 (39.6) - -
Disease control 49 (42.3) 61 (52.1) 73 (65.7) .01 .06
Progressive disease 40 (34.5) 37 (31.6) 25 (22.5) - -
Not assessable 27 (23.3) 19 (16.2) 13 (11.7) - -

* Two-sided, stratified Miettinen and Nurminen’s method.
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one general physical health deterioration), and four patients in 
arm C (one cardiac failure, one pneumonia, one hypoglycaemia, 
and one unknown).

Biomarker Analyses

IGF-1R overexpression (n = 187) was observed in 45.1% and 51.5% 
of patients treated with dalotuzumab and placebo, respectively. 
In the same groups, high levels of EREG mRNA (n = 288) were 
found in 50.0% and 49.5% of patients. An association between 
either IGF-1R or EREG and PFS was not found (Supplementary 
Table 1, available online).

In a post hoc biomarker analysis, IGF-1R ligands expression 
was assessed in 287 patients (histograms representing EREG, 
IGF-1, and IGF-2 expression are available in Supplementary 
Figure 2, available online). In the control arm, high IGF-1 (n = 17) 
was associated with lower response rate (17.6% vs 37.3%, P = 
.04), shorter PFS (3.6 vs 6.6 months, HR = 2.15, 95% CI = 1.15 to 
4.02, P = .02), and shorter OS (9.4 vs 15.5 months, HR = 2.42, 95% 
CI = 1.21 to 4.82, P = .01) (Figure 4; Supplementary Table 2, avail-
able online).

Thirty-one of 92 (33.6%) patients in arm A had IGF-1–overex-
pressing tumors. In this subgroup, numerically better PFS (5.6 
vs 3.6 months, HR = 0.59, 95% CI = 0.28 to 1.23, P = .16) and OS 
(17.9 vs 9.4  months, HR  =  0.67, 95% CI  =  0.31 to 1.45, P = .31) 
were observed when compared with patients with IGF-1–over-
expressing tumors in arm C (17/94, 18.1%). In contrast, in the 
group of patients with low IGF-1 tumors (n  =  138, 61 in arm 

A and 77 in arm C), a statistically significant detrimental effect 
of dalotuzumab was observed both in terms of PFS (3.9 months 
in arm A vs 6.6 months in arm C, HR = 1.56, 95% CI = 1.05 to 2.33, 
P = .03) and OS (11.3 months in arm A vs 15.5 months in arm C, 
HR = 1.59, 95% CI = 1.01 to 2.52, P = .047 [data not shown]). The test 
for interaction revealed an interaction between IGF-1 expression 
and treatment effect (arm A vs arm C) for PFS (P = .02). A similar 
interaction was found for OS (P  =  .06). Although the numbers 
of patients with IGF-2–overexpressing tumors in these treat-
ment groups were small (arm A, n = 15; arm C, n = 10), worse 
outcomes were observed in those allocated to arm A compared 
with those treated in arm C (response rate: 26.6% vs 40%, P = .26; 
PFS: 2.6 vs 8.3 months, HR = 3.13, 95% CI = 1.16 to 8.48, P = .02; 
OS: 7.8 months vs not reached, HR = 3.45, 95% CI = 0.96 to 12.4, 
P = .06).

When the effect of study treatment was further evaluated 
by both IGF-1 expression and tumor site, the risk of progression 
and death with dalotuzumab was lower in IGF-1 positive tumors 
compared with IGF-1 negative tumors, rectal cancers compared 
with colon cancers, and IGF-1 positive rectal cancers compared 
with IGF-1 positive colon cancers (Table 5).

Discussion

We showed that adding dalotuzumab to cetuximab and irinote-
can in chemo-refractory, KRAS exon 2 wild-type, mCRC patients 
was associated with an acceptable safety profile. However, no 
benefit over standard therapy was observed.

Table 3.  Survival outcomes by treatment arm in the primary efficacy population*

Treatment arm PFS events Median PFS, mo HR (95% CI) P*

A (n = 116) 79 3.9 (2.7 – 5.4) 1.33 (0.98 to 1.83) .07
B (n = 117) 77 5.4 (3.9 – 6.7) 1.13 (0.83 to 1.55) .44
C (n = 111) 78 5.6 (4.1 – 6.7) - (.19)

OS events Median OS, mo
A (n = 116) 70 10.8 (7.9 – 12.9) 1.41 (0.99 to 2.00) .06
B (n = 117) 74 11.6 (9.6 – 14.3) 1.26 (0.89 to 1.79) .18
C (n = 111) 57 14.0 (10.7 – 16.1) - (.15)

* Two-sided Cox regression analysis. CI = confidence interval; HR = hazard ratio; OS = overall survival; PFS = progression-free survival.
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Figure 3.  Kaplan-Meier curves for progression-free survival (A) and overall survival (B) in the primary efficacy population. Treatment groups were compared using a 

two-sided Cox regression analysis. CI = confidence interval; HR = hazard ratio.
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Targeting the IGF signalling pathway has recently emerged 
as an attractive option in the development of novel antican-
cer therapeutics (21). However, despite a compelling biological 
rationale and promising preclinical data, studies have so far 
failed to provide definitive evidence that IGF-1R may represent 
a valid therapeutic target in solid tumors (22–26). In non–small 
cell lung cancer, a phase III study of carboplatin and paclitaxel 
plus or minus figitumumab was discontinued early when a pre-
planned analysis showed a survival benefit for chemotherapy 
alone and an increased rate of toxicities and early deaths in the 
experimental arm (22). Similar outcomes were observed in a 
phase II study investigating hormonal treatment with or without 
ganitumab in endocrine-resistant, postmenopausal, metastatic 
breast cancer patients (23). The scenario for IGF-1R inhibitors in 
mCRC does not appear to differ from other diseases. Reidy et al. 
reported limited clinical activity for IMC-A12 in chemo-refrac-
tory, anti-EGFR–pretreated mCRC patients, and no improvement 

in response rate was reported more recently with the addition 
of ganitumab to panitumumab in chemo-refractory, anti-EGFR–
naïve patients (26,27).

In line with these data, in our study neither tumor response 
nor survival outcome was improved by using dalotuzumab in 
combination with standard therapy. Moreover, a detrimental 
effect on PFS and OS was observed when this agent was admin-
istered on a weekly schedule. It is worth noting that response 
rates and survival outcomes in the control arm were compara-
ble with those reported in studies of single-agent cetuximab in 
chemo-refractory, KRAS exon 2 wild-type mCRC patients (3,28).

The failure to replicate preclinical effects of IGF-1R inhibition 
in the clinical setting may be because of poor recapitulation of 
tumor conditions by explored preclinical models as well as sub-
optimal patient selection (29). Although the IGF system is largely 
present in most tumors, it is possible that only in a minority 
of cases IGF-1R is activated and plays a crucial role within the 

Table 4.  Most common grade ≥3 drug-related toxicities and adverse event summary*

Adverse event
Arm A  

(n = 119) No. (%)
Arm B  

(n = 119) No. (%)

Arm C  
(n = 115)
No. (%)

P  
Arm A vs Arm C

P  
Arm B vs Arm C

Neutropenia 27 (22.7) 41 (34.5) 34 (29.6) 0.24 0.57
Diarrhoea 22 (18.5) 22 (18.5) 23 (20.0) 0.87 0.77
Hyperglycaemia 25 (21.0) 21 (17.6) 6 (5.2) <0.01 <0.01
Dermatitis acneiform 8 (6.7) 13 (10.9) 10 (8.7) 0.63 0.66
Rash 8 (6.7) 11 (9.2) 5 (4.3) 0.57 0.19
Fatigue 10 (8.4) 5 (4.2) 6 (5.2) 0.33 0.77
Asthenia 6 (5.0) 11 (9.2) 2 (1.5) 0.16 0.02
Leukopenia 4 (3.4) 8 (6.7) 6 (5.2) 0.48 0.78
Any toxicity grade ≥3 81 (68.1) 91 (76.5) 78 (67.8) 1.00 0.15
SAE 59 (49.6) 50 (42.0) 44 (38.3) 0.09 0.59
Drug-related SAE† 27 (22.7) 23 (19.3) 15 (13.0) 0.06 0.22
Discontinuation‡ because of AE 27 (22.7) 29 (24.4) 21 (18.3) 0.42 0.27
Discontinuation‡ because of drug-related AE 7 (5.9) 13 (10.9) 8 (7.0) 0.79 0.36
Discontinuation‡ because of SAE 22 (18.5) 16 (13.4) 18 (15.7) 0.60 0.71
Discontinuation‡ because of drug-related SAE 4 (3.4) 3 (2.5) 5 (4.3) 0.74 0.49
Death because of AE 17 (14.3) 19 (16.0) 15 (13.0) 0.78 0.58
60-day all cause mortality 6 (5.0) 4 (3.4) 3 (2.6) 0.50 1.00

* Two-sided, stratified Miettinen and Nurminen’s method. AE = adverse event; SAE = serious adverse event.

† Determined by the investigator to be related to the drug.

‡ Study medication withdrawn.
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Figure 4.  Kaplan-Meier curves for progression-free survival (A) and overall survival (B) according to IGF-1 expression in the control arm. Treatment groups were com-

pared using a two-sided Cox regression analysis. CI = confidence interval; HR = hazard ratio.
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network of oncogenic signaling pathways (30). This hypothesis 
is supported by the results of our prespecified biomarker analy-
sis where the expression of IGF-1R failed to predict increased 
sensitivity to the therapeutic blockade of IGF-1R.

The results of the exploratory post hoc analyses are of inter-
est, albeit limited by the small samples size. IGF-1 and IGF-2 are 
the two principal IGF-1R ligands, which lead to deregulation 
of the IGF pathway through autocrine and paracrine mecha-
nisms (10). When we analyzed the expression of these ligands, 
we identified subgroups of patients with differential response 
to cetuximab and dalotuzumab. We found that high IGF-1 
expression was predictive of poor outcome in the control arm 
but marked a subset of patients who appeared to benefit from 
the addition of weekly dalotuzumab to standard therapy. These 
findings are in line with previous studies suggesting that IGF-1 
may represent a predictive factor for resistance to cetuximab 
in KRAS wild-type mCRC (13,31) and high baseline circulating 
IGF-1 levels may predict response to IGF-1R inhibition (22,32). By 
contrast, overexpression of IGF-2 showed some association with 
lack of benefit from dalotuzumab, further supporting a potential 
role for this ligand in mediating activation of alternative down-
stream pathways through the insulin receptor (33).

The IGF system has been attributed an important role in the 
mechanisms of colorectal carcinogenesis and tumor progression 
(34). However, its functional relevance may vary according to the 
anatomical location of the primary tumor. Studies have reported 
an increased mRNA expression of several components of the 
IGF signaling pathway (including IGF-1, IGF-2, IGF-1R, and IGF 
binding protein-3) in normal rectal mucosa compared with nor-
mal mucosa from more proximal segments of the colon (35). In 
line with these findings, the effect of dalotuzumab in our study 
appeared stronger in patients with rectal cancers compared with 
those with colonic cancers, both in the unselected and IGF-1–
positive population. Altogether, these data may suggest that the 
oncogenic activity of the IGF system is more prominent in rectal 
cancers and they would support the clinical relevance and poten-
tial therapeutic implications of the different molecular profiles 
observed in tumors arising along the length of the large bowel (36).

Unfortunately, at the time of this analysis, data on the source 
of tumor tissues were not available. We acknowledge that this is 
a potential weakness of our exploratory analyses. IGF-1 is largely 
produced by the liver, and contamination by normal liver tissue 
could have influenced the levels of mRNA expression in speci-
mens derived from liver metastases. Moreover, the routine use 
of neoadjuvant treatment for locally advanced rectal cancers 
could have altered gene expression in the resected specimens.

In conclusion, we have demonstrated that, although combin-
ing an anti-IGF-1R with an anti-EGFR appears an attractive ther-
apeutic strategy, dalotuzumab failed to improve the outcome of 

patients with chemo-refractory, KRAS exon 2 wild-type mCRC. 
The findings from this randomized prospective trial provide 
further insight into the pitfalls that have been encountered in 
the clinical development of anti-IGF-1R antibodies. In particu-
lar, they emphasise the need of using more sophisticated and 
reliable preclinical models to generate hypotheses that require 
validation in the clinical setting as well as the value of incorpo-
rating correlative biomarker studies in prospective clinical trials. 
Moreover, they highlight the key roles of companion diagnostics 
and patient enrichment in clinical drug development and the 
importance of early identification of robust molecular predictive 
factors for the success of clinical trials with targeted therapies.

Based on the results of our study and previous data, we believe 
that further investigation of IGF-1R inhibitors in unselected cancer 
populations is not recommended. However, investigation of IGF-1R 
targeted agents in molecularly selected patients in prospective, 
biomarker-driven studies is warranted. In this regard, although our 
biomarker analysis was limited by the retrospective design, the 
small numbers, and the absence of a full RAS mutational analysis, 
we showed that IGF-1 and IGF-2 may represent promising biomark-
ers predicting outcome with anti-IGF-1R- and anti-EGFR–targeted 
therapies. Further to this exploratory analysis, a randomized 
phase II trial of dalotuzumab in combination with irinotecan vs 
cetuximab and irinotecan for patients with high IGF-1/low IGF-2 
metastatic rectal cancer was launched. Unfortunately, the study 
was prematurely discontinued because of slow recruitment. This 
underscores the challenges encountered when conducting trials in 
niche patient populations who are selected on the basis of tumor 
tissue biomarkers. However, it should not discourage the oncologic 
community from further investigating the relationship between 
the activity of anti-EGFR and anti-IGF-1R agents and the expres-
sion of IGF-1R ligands and pursuing the development of IGF-1R 
inhibitors in specific patient subgroups.
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Table 5.  Hazard ratios for PFS and OS by site of primary tumor and IGF-1 expression*

Patient subgroups

PFS OS

Arm A vs Arm C  
HR (95% CI)

Arm B vs Arm  
C HR (95% CI)

Arm A vs Arm C 
HR (95% CI)

Arm B vs Arm  
C HR (95% CI)

All patients (n = 344) 1.30 (0.95 to 1.78) 1.10 (0.80 to 1.51) 1.37 (0.96 to 1.95) 1.23 (0.87 to 1.74)
Rectal tumors (n = 133) 1.24 (0.72 to 2.14) 1.19 (0.69 to 2.04) 1.00 (0.57 to 1.77) 0.92 (0.52 to 1.60)
Colon tumors (n = 211) 1.40 (0.95 to 2.06) 1.08 (0.73 to 1.60) 1.69 (1.08 to 2.66) 1.49 (0.95 to 2.32)
IGF-1+ tumors (n = 73) 0.59 (0.28 to 1.24) 0.84 (0.40 to 1.76) 0.67 (0.31 to 1.45) 0.75 (0.34 to 1.64)
IGF-1+ rectal tumors (n = 33) 0.35 (0.10 to 1.19) 0.77 (0.24 to 2.43) 0.49 (0.15 to 1.56) 0.61 (0.19 to 1.92)
IGF-1+ colon tumors (n = 40) 0.84 (0.32 to 2.20) 0.94 (0.35 to 2.47) 0.89 (0.30 to 2.61) 0.91 (0.30 to 2.76)

* CI = confidence interval; HR = hazard ratio; OS = overall survival; PFS = progression free survival.
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