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A B S T R A C T

Purpose
Somatostatin analogs act directly on breast cancer cells and indirectly on insulin and insulin-like growth
factor 1 (IGF-1) levels. This trial was undertaken to assess whether octreotide would lower insulin and IGF-1
levels and reduce risk of breast cancer recurrence.

Patients and Methods
The NCIC CTG MA.14 (NCIC Clinical Trials Group MA.14) trial randomly assigned postmenopausal women
to 5 years of tamoxifen 20 mg daily (TAM) or TAM plus 2 years of octreotide 90 mg depot intramuscular
injections monthly (TAM-OCT) as adjuvant therapy. The primary end point was event-free survival (EFS).
Secondary end points were relapse-free survival (RFS), overall survival (OS), toxicity, and effects of
treatment on IGF physiology.

Results
Among 667 women with a median follow-up of 7.9 years, 220 events occurred—108 with TAM-OCT and
112 with TAM. Adjusted hazard ratios (HRs; TAM-OCT to TAM) were 0.93 for EFS (95% CI, 0.71 to 1.22;
P � .62), 0.84 for RFS (95% CI, 0.59 to 1.18; P � .31), and 0.97 for OS (95% CI, 0.69 to 1.37; P � .86).
Among patients with normal baseline gallbladder imaging, cholecystectomy was required in 23.0% of
those receiving TAM-OCT but in only 1.4% of those receiving TAM (P � .001). At 4 months, TAM-OCT had
significantly (P � .001) lowered IGF-1, IGF binding protein 3, and C-peptide levels. Older age (P � .02),
tumor size (P � .001), nodal status (P � .01), high C-peptide levels (P � .001), and higher body mass index
(BMI) in models excluding C-peptide (P � .001) were associated with poorer EFS in multivariate analysis.

Conclusion
Octreotide-related changes in circulating IGF-1 and C-peptide levels were statistically significant. Octreotide
did not add significant clinical benefit. High C-peptide levels (surrogate for insulin secretion rate) and high
BMI were associated with poor outcome.

J Clin Oncol 29. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Octreotide LAR is a long-acting somatostatin analog
that inhibits secretion of growth hormone by the pitu-
itary and also inhibits secretion of gastroenteropancre-
atichormones, includinginsulin.1 Somatostatinandits
analogs inhibit tumor growth in a variety of animal
models and cultured tumor cells.1,2 Somatostatin re-
ceptors (SSTRs) are expressed by several human tu-
mors and their metastases.2-5 Labeled SSTR agonists
have been used to image breast cancer in patients.6

Thus, somatostatin and its analogs may have
both direct and indirect mechanisms of antitumor
action. The direct mechanism is an antiproliferative

effect mediated by binding to specific SSTRs on tu-
mor cells.7 Proposed indirect mechanisms include
inhibition of growth hormone secretion, resulting in
reduction in circulating insulin-like growth factor 1
(IGF-1)8 and insulin secretion by pancreatic beta
cells. These actions have been proposed as relevant
in view of evidence for roles of insulin and IGF-1 in
neoplastic growth.9 When this trial was launched, it
was known that IGF-1 levels were reduced in pa-
tients administered tamoxifen compared with pla-
cebo.10 Furthermore, a study of IGF-1 levels in
patients with metastatic breast cancer randomly as-
signed to receive tamoxifen or tamoxifen and oc-
treotide showed a significantly greater decrease in
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IGF-1 levels from baseline with the combination.11 Also, data from
small clinical studies have shown that somatostatin analogs could
produce breast cancer regression12,13 or stable disease.13-15 A random-
ized clinical trial was conducted by the North Central Cancer Treat-
ment Group comparing tamoxifen with tamoxifen plus octreotide in
135 women with metastatic breast cancer. Although terminated early
because of accrual difficulties with the three times daily subcutaneous
octretotide injection schedule, the trial demonstrated that tamoxifen
and octreotide were more potent than either agent alone in reducing
IGF-1 levels. This, together with preclinical evidence for benefit of
combining octreotide with tamoxifen,16 led us to hypothesize that the
combination of tamoxifen with octreotide, by then available as a
monthly depot intramuscular injection, would be more effective than
tamoxifen in adjuvant therapy.

PATIENTS AND METHODS

Patient Population

Postmenopausal women who had surgical removal of histologically
proven adenocarcinoma of the breast by segmental or total mastectomy with
axillary dissection, Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 to 2, no metastatic disease beyond ipsilateral axillary nodes,
and no other malignancies except carcinoma of skin, cervix, endometrium,
colon, or thyroid adequately treated 5 or more years before study entry and
presumed cured were included. Patients could receive adjuvant chemotherapy
before or concurrently with protocol treatment.

Study Design

NCIC CTG MA.14 (NCIC Clinical Trials Group MA.14) was a non-
blinded randomized phase III trial comparing 5 years of tamoxifen 20 mg
orally daily (TAM) to TAM plus 5 years of octreotide LAR (SMS 201-995 pa
LAR) 90 mg depot intramuscular injections monthly (TAM-OCT). Patients
were randomly assigned using minimization, with stratification by adjuvant
chemotherapy (none, concurrent, sequential), axillary lymph node status (un-
known, negative, one to three positive, � four positive), and locally deter-
mined estrogen and/or progesterone receptor status (one or both positive,
both negative, both unknown). During MA.14, the NSABP B-29 (National
Surgical Adjuvant Bowel and Breast Project B-29) study—with a design simi-
lar to that of MA.14—was closed in November 1999 because of excess gall-
bladder toxicity,17 prompting close review of adverse events in MA.14. We
found the risk of cholecystectomy to be 2.2% after 2 years and 8.9% after 3
years.18 In our trial and the NSABP B-29 study, symptomatic gallbladder
disease and surgery increased significantly after 2 years of octreotide. MA.14
was therefore amended to reduce the duration of octreotide to 2 years.

Baseline Assessments

Protocol-specified pretreatment investigations included height, weight,
ECOG performance status, full blood count, �ST or ALT, alkaline phospha-
tase (AP), random blood sugar, bilirubin, hemoglobin A1c, thyroid-
stimulating hormone, free T4, methylmalonic acid, and serum collection for
growth factor studies. Vitamin D levels were subsequently added to the inves-
tigations performed on serum collected. Radiologic investigations included
chest x-ray; gallbladder ultrasound; bone scan if AP was � 2� normal and/or
there were symptoms of metastatic lesions; confirmatory x-ray if results from
bone scan were questionable; and abdominal ultrasound, liver scan, or com-
puted tomography of the abdomen, if AST/ALT or AP was � 2� normal.
Random assignment occurred within 12 weeks of definitive surgery or 6 weeks
of last chemotherapy. Protocol treatment began within 2 working days of
random assignment.

Follow-Up

Patients were seen every month for 4 months, every 4 months for 3 years,
and every 6 months for the remainder of treatment. Gynecologic evaluation
was required annually. Serum was collected for growth factor studies at base-

line; every 4 months for 1 year; at months 24, 36, and 60 months; at treatment
completion/discontinuation; and at recurrence/second malignancy.

Study Ethics

All patients provided written informed consent before trial participation.
Ethics approval was obtained by all participating centers. Study conduct was
overseen by an NCIC CTG trial study team, Novartis Canada, which provided
the octreotide LAR, and the independent NCIC CTG Data Safety Monitoring
Committee (DSMC).

Toxicity Assessment

All patients receiving one or more doses of study treatment were in-
cluded in safety analyses. Toxicity was graded by NCIC CTG Expanded Com-
mon Toxicity Criteria at baseline and each follow-up visit during treatment.
Reports were submitted every 6 months to the DSMC.

Quality of Life

Quality of life (QoL) was evaluated using the European Organisation for
Research and Treatment of Cancer instrument (Quality of Life Questionnaire
C30�1) and a trial-specific checklist, which were administered at baseline; at
months 1, 4, 8, and 12; annually until treatment discontinuation; and at
recurrence/second malignancy.

Study End Points

The primary end point of this trial was event-free survival (EFS), defined
as time from random assignment to time of recurrence of primary disease,
second malignancy, or death as a result of any cause. Local and ipsilateral nodal
recurrence and metastatic disease were considered recurrence of primary
disease. Contralateral breast cancer was considered a treatment failure and EFS
event. Secondary end points were relapse-free survival (RFS), defined as time
from random assignment to time of recurrence of primary disease, excluding
contralateral breast disease; overall survival (OS); toxicity; QoL; effects of
treatment on IGF physiology; and relationship between IGF physiology, treat-
ment, and outcome. QoL will be reported separately.

Statistical Design and Analysis

The study was initially designed to accrue 850 eligible women over 4.2
years, with observation of all patients for 5 years before final analysis. Sample-
size calculations were based on estimated EFS rate with tamoxifen alone of
73% at 5 years, assuming a 60% to 40% split of node-negative and node-
positive patients. To detect TAM/TAM-OCT hazard ratio (HR) of 1.5, with an
improvement of 8.2% in EFS in the experimental arm (two-sided P� .05; 90%
power), we needed 248 events.

Because of concerns regarding gallbladder toxicity, the design was mod-
ified to detect the same EFS difference with the same HR of 1.5 with a power of
80%; 191 events were required. Thus, we planned to enroll 650 eligible women
over 5 years with 4.7 years of follow-up before final analysis. A test for qualita-
tive interaction (Q-test19) was planned between chemotherapy and trial ther-
apy, with subgroup analysis if P � .1. We estimated that approximately 80% of
patients (most node-negative and 50% of node-positive women) would
receive no chemotherapy, with an estimated 5-year EFS of 77%. The study
also had 80% power to detect an 8% improvement for the subgroup of
patients receiving chemotherapy and TAM-OCT. All efficacy analyses were
performed on an intention-to-treat basis. One interim EFS analysis was
planned after observing half of the events (96 events). Early termination
would be considered if the significance level for the interim analysis was
.005 or less.20 This analysis was performed in October 2002. The DSMC
recommended trial continuation.

Protocol-specified analyses included a stratified log-rank statistic, both
unadjusted and adjusted for stratification factors, as the primary test statistic
for all time-to-event end points. Stepwise Cox proportional hazards regression
was used to assess whether factors were multivariately associated with an end
point, with a factor added if P was .05 or less by likelihood ratio criterion
(approximate �2 distribution on 1 degree of freedom). Reported P values are
from the final step-wise model. A global treatment by covariate interaction
effect under the final Cox model using a likelihood ratio test statistic was
planned. A Cox survivor plot whereby arm efficacy was adjusted at mean of
stratification and significant factors was used to describe results.
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Exploratory investigations were carried out to examine the effects of the
following patient characteristics in the primary EFS Cox multivariate analyses:
age (� 60, � 60 years), race (white, nonwhite), ECOG status (0, unknown, 1,
2), pathologic T (1, 2, 3A, 4, unknown), pathologic N (0, 1, 2, unknown), and
surgery type (total mastectomy, segmental mastectomy, other). IGF-1 (con-
tinuous), IGF binding protein 3 (IGFBP-3; continuous), C-peptide (continu-
ous), weight (continuous), and body mass index (BMI; continuous) were
examined to assess IGF physiology. We considered effects of baseline 25-
hydroxy (OH) vitamin D (continuous) on outcome.

We examined changes in IGF data from baseline to 4 months and
BMI changes from baseline to 2 years using a matched by-patient t-test to
compare change by arm and a pooled across-arms t-test to compare
differences in change between arms after the protocol-specified logarith-
mic transformation for IGF-1 and C-peptide. A Box-Cox variance stabili-
zation square-root transformation was indicated for IGFBP-3 and �0.5
power for weight and BMI. No transformation was indicated for baseline
25-OH serum vitamin D. Plots of baseline 25-OH vitamin D were made by
month of serum draw and categorized by season of serum draw (May to
September, October to April) and level of 25-OH vitamin D (deficient,
� 50 nmol/L; insufficient, 50 to 72 nmol/L; sufficient, � 72 to 374 nmol/L;
toxic, � 374 nmol/L).

Toxicities were summarized by type of adverse event, worst severity, and
relationship to study arm. Fisher’s exact test was used to compare toxicities
between the two arms by severity (i: none, grade 1, grade 2, grade 3, grade 4,
grade 5; ii: none, grades 1 to 2, grades 3 to 5; and iii: none, grades 1 to 5).

RESULTS

Patient Population

From 1996 to 2000, 667 women were accrued from 35 Canadian
(n � 577) and one US center (n � 90; Fig 1). Four of 333 patients

allocated to TAM (1.2%) and six of 334 allocated to TAM-OCT
(1.8%) were ineligible. Octreotide LAR was administered by intra-
muscular injection. Compliance was excellent, because the therapy
was administered by health care personnel. Patients received a median
of 24 doses (range, 0 to 46 doses), and 17% received treatment for 6
months or fewer; 6%, 6 to 12 months; 28%, 12 to 24 months; 30%, 24
to 30 months; 8%, 30 to 36 months; and 10%, longer than 36 months.
Table 1 shows baseline patient characteristics, which were well-
balanced between arms. Baseline serum was available for IGF-1,
IBGBP-3, and C-peptide for 646 patients (96.9%), and 25-OH vita-
min D was available for 607 (91%).

Treatment-Related Outcomes

EFS. At final analysis (median follow-up, 7.9 years), 220 events
had occurred: 108 with TAM-OCT and 112 with TAM (Fig 2). The
EFS-adjusted HR for all enrolled patients (TAM-OCT/TAM) was 0.93
(95% CI, 0.71 to 1.22; P � .62; unadjusted P � .70). The EFS-adjusted
HR for eligible patients was 0.89 (95% CI, 0.67 to 1.17; P � .39;
unadjusted P � .54). Q-statistic test for interaction between chemo-
therapy and trial therapies was nonsignificant (P � .39), so the con-
tingent subgroup analysis was not performed.19

RFS. There were 135 recurrences: 63 with TAM-OCT and 72
with TAM. The RFS-adjusted HR was 0.84 (95% CI, 0.59 to 1.18;
P � .31). Patients allocated to octreotide had an absolute 2.7%
lower rate of recurrence during the study period.

OS. There were 68 deaths in each therapy group. The adjusted
HR was 0.97 (95% CI, 0.69 to 1.37; P � .86).

Randomly allocated
(N = 667)

Allocated to TAM
Received allocated intervention
   Ineligible
      Prior malignancy within 5 years
      T4 tumor 
      Premenopausal

(n = 333)
(n = 331)

(n = 4)
(n = 1)
(n = 1)
(n = 2)

(n = 334)
(n = 332)

(n = 6)
(n = 2)
(n = 3)
(n = 1)

Lost to follow-up prior 
   to event
Off treatment due 
   to toxicity
Off treatment due to 
   disease progression
Off treatment due to death

Included in efficacy analysis
Included in toxicity analysis
Included in insulin-like growth 
   factor analysis
Included in baseline to 4 month
   insulin-like growth factor analysis
Included in 25-OH 
   vitamin D analysis

(n = 333)
(n = 333)

(n = 328)

(n = 289)

(n = 304)

(n = 334)
(n = 334)

(n = 318)

(n = 280)

(n = 303)

Included in efficacy analysis
Included in toxicity analysis
Included in insulin-like growth 
   factor analysis
Included in baseline to 4 month
   insulin-like growth factor analysis
Included in 25-OH 
   vitamin D analysis

(n = 7)

(n = 13)

(n = 59)
(n = 2)

Lost to follow-up prior 
   to event
Off treatment due 
   to toxicity
Off treatment due to 
   disease progression
Off treatment due to death

(n = 7)

(n = 35)

(n = 57)
(n = 2)

Allocated to TAM-OCT
Received allocated intervention
   Ineligible
      Prior malignancy within 5 years
      T4 tumor
      Metastatic disease at diagnosis

Fig 1. CONSORT diagram. OCT, octreotide;
OH, hydroxy; TAM, tamoxifen.
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Table 1. Patient Demographics and Clinical Characteristics

Characteristic

TAM TAM-OCT Total

No. % No. % No. %

Total 333 100 334 100 667 100
Age at allocation, years

40-49 13 4 8 2 21 3
50-59 151 45 157 47 308 46
60-69 112 34 106 32 218 33
� 70 57 17 63 19 120 18
Median 60.1 60.1 60.1

Race
Asian 1 0 7 2 8 1
Black 1 0 2 1 3 0
Hispanic 0 0 1 0 1 0
Aboriginal 2 1 2 1 4 1
Other 3 1 4 1 7 1
White 326 98 318 95 644 97

ECOG performance status
Unknown 1 0 2 1 3 0
0 253 76 264 79 517 78
1 77 23 65 19 142 21
2 2 1 3 1 5 1

T pathologic classification
1 193 58 194 58 387 58
2 131 39 123 37 254 38
3A 1 0 12 4 13 2
4 3 1 3 1 6 1
In situ 1 0 1 0 2 0
Unknown 4 1 1 0 5 1

N pathologic classification
0 175 53 177 53 352 53
1 147 44 148 44 295 44
2 4 1 3 1 7 1
Unknown 7 2 6 2 13 2

Breast surgery type
Other 1 0 0 0 1 0
Segmental mastectomy 212 64 194 58 406 61
Total mastectomy 120 36 140 42 260 39

No. of positive axillary lymph nodes
0 175 53 177 53 352 53
1-3 112 34 108 32 220 33
� 4 39 12 43 13 82 12
Unknown 7 2 6 2 13 2

Estrogen and progesterone receptor status
Both negative 28 8 31 9 59 9
One positive 304 91 301 90 605 91
Both unknown 1 0 2 1 3 0

Adjuvant chemotherapy
Concurrent 8 2 10 3 18 3
None 223 67 222 66 445 67
Sequential 102 31 102 31 204 31

IGF-1
Total 328 98.5 318 95.2 646 96.9
Mean 130 130 130
SD 55.8 49.7 52.8

IGFBP-3
Total 328 98.5 318 95.2 646 96.9
Mean 4,703 4,775 4,738
SD 1,080 1,120 1,100

C-peptide
Total 328 98.5 318 95.2 646 96.9
Mean 3.7 4.0 3.9
SD 2.2 2.9 2.5

(continued on following page)

Pritchard et al

4 © 2011 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

142.76.1.63
Information downloaded from jco.ascopubs.org and provided by at Cancer Care Ontario on September 13, 2011 from

Copyright © 2011 American Society of Clinical Oncology. All rights reserved.

rhodzie
Rectangle

rhodzie
Rectangle



Hormone Levels

Mean baseline IGF-1, IGFBP-3, C-peptide, BMI, and 25-OH vita-
min D levels are shown in Table 1. Four-month IGF-1 levels were signif-
icantly lower(P� .001)thanbaselineforbothstudyarms; thechangewas
greater in the TAM-OCT arm (P � .001), as hypothesized (Fig 3A).
IGFBP-3 levels at 4 months were significantly lower (P � .001) than
baseline for those receiving TAM-OCT but not for those receiving
TAM (P � .85; Fig 3B). C-peptide levels at 4 months (Fig 3C) and BMI
at 2 years (Fig 3D) increased significantly from baseline (P � .001) for
women allocated to TAM. There was a significant decrease in
C-peptide (P � .04) and no significant change in BMI (P � .67) for
those allocated to receive TAM-OCT. 25-OH vitamin D levels varied
with month of blood draw (Appendix Fig A1, online only; P � .007).

Investigative Factors

In Table 2, we report patient characteristics and insulin and
IGF-1 physiology factors, which had a significant effect on EFS. The

adjusted Cox stepwise model for all enrolled women indicated longer
EFS for women younger than 60 years of age (P � .02), with tumors
less than T2 (P � .001), with N0 disease (P � .01), and with lower
C-peptide levels (P � .001). Lower BMI was significantly associated
(P � .001) with longer EFS when C-peptide was excluded. No inter-
actions between factor and trial therapy were significant. Figure 4
describes the association between C-peptide, categorized at a median
cut point, and EFS (P � .065) after adjusting for effects of stratification
and other significant factors.

For all patients, tumors T2 or less (P � .001) and N0 disease
(P � .01) were associated with significantly longer RFS in an
adjusted Cox model. OS was longer for those younger than 60 years
of age (P � .02), with tumors T2 or less (P � .001), and with lower
C-peptide levels (P � .001). Interaction between C-peptide and
trial therapy was not significant for RFS or OS.

Vitamin D

Continuous baseline 25-OH vitamin D was not associated with
EFS (P � .43) in adjusted Cox modeling, even when adjusted by
season (May to September v October to April), with levels defined as
deficiency/insufficiency versus sufficiency/toxicity (� 72 v � 72
nmol/L), age (� 60, � 60 years), and tertile BMI.21 Interactions
between baseline 25-OH vitamin D and season, age, and BMI
were nonsignificant.

Toxicity

Acute/delayed adverse events are reported in Table 3. Patients
allocated to receive TAM-OCT had significantly more diarrhea
(P � .001) and abdominal pain (P � .001) of all grades and
experienced local toxicity at the injection site. Patients allocated to
receive TAM experienced more edema (P � .03) and hot flashes
(P � .004), although there were no significant differences in grades 3
to 4 edema (P � .18) or grades 3 to 4 hot flashes (P � .40) by treatment.
Those allocated to receive TAM-OCT had more low-grade hyperglyce-
mia (P � .04), in keeping with the hypothesized inhibitory effect of
octreotide on insulin secretion. In patients with normal baseline gallblad-
derimaging,abnormalgallbladderimagingwasseenafterrandomassign-
ment in 37.9% of patients allocated to receive TAM-OCT but in only

Table 1. Patient Demographics and Clinical Characteristics (continued)

Characteristic

TAM TAM-OCT Total

No. % No. % No. %

Weight at baseline
Total 321 96.4 323 96.7 644 96.6
Mean 73.8 74.2 74.0
SD 16.2 15.5 15.8

BMI
Total 315 94.6 311 93.1 626 93.9
Mean 28.5 28.9 28.7
SD 5.9 6.1 6.0

25-OH vitamin D
Total 304 91.3 303 90.7 607 91.0
Mean 62.4 59.3 60.9
SD 19.9 18.1 19.1

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; IGF-1, insulin-like growth factor 1; IGFBP-3, IGF binding protein 3; OCT,
octreotide; OH, hydroxy; SD, standard deviation; TAM, tamoxifen.

Tamoxifen
Tamoxifen + octreotide

No. at risk
333
334

301
302

279
277

246
245

130
142

20
20

Tamoxifen
Tamoxifen + octreotide

0

Stratified log-rank: P = .62

Pe
rc

en
ta

ge

Time (years)

100

80

60

40

20

2 4 6 8 10

Fig 2. Event-free survival (EFS) by treatment. Effect of tamoxifen with or
without octreotide LAR on EFS was adjusted at mean of stratification factors,
adjuvant chemotherapy, nodal status, and hormone receptor status; stratified
hazard ratio of tamoxifen plus octreotide to tamoxifen was 0.93 (95% CI, 0.71
to 1.22).
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11.5% of those allocated to receive TAM (P � .001; Appendix Table A1,
onlineonly).Cholecystectomywasrequiredin23.0%ofthoseallocatedto
receive TAM-OCT but in only 1.4% of those allocated to receive TAM
(P � .001). Gallbladder toxicity included sludge, gravel, gallstones, chole-

cystitis, contracted or distended gallbladder, thickened gallbladder wall,
biliary duct dilation, and/or cholecystectomy.

DISCUSSION

Patients allocated to receive TAM-OCT did not have significantly
better EFS than those allocated to receive TAM, nor was there signifi-
cantly better RFS or OS, suggesting no significant benefit for oc-
treotide on any secondary end point. We found that younger age (�

P < .001

P < .001
P < .001

P = .04

P = .57

P < .847 P < .001

P < .001

TAM P < .001 MATTCO-MAT P < .001 TAM-OCT

TAM P < .001 MATTCO-MAT P < .001 TAM-OCT
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(n
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m
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0.2
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0.4

0.4

0.6

0.6
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D

Baseline                 4 months Baseline                 4 months

Baseline                 4 months Baseline                 4 months

Fig 3. (A) Changes in insulin-like growth factor 1 (IGF-1) from baseline to 4 months; (B) changes in IGF binding protein 3 (IGFBP-3) from baseline to 4 months; (C)
changes in C-peptide from baseline to 4 months; (D) changes in body mass index (BMI) from baseline to 2 years. For all, matched t-test used to compare patient change
by arm, whereas pooled t-test of matched patient change used to compare differences between arms. OCT, octreotide; TAM, tamoxifen.

Table 2. Multivariate Effects of Factors on EFS

Factor

Cox Model

Adjusted� Unadjusted†

��‡ SE P§ ��‡ SE P§

Age �0.38 0.15 .01 �0.35 0.14 .01
Tumor size �0.53 0.15 � .001 �0.64 0.15 � .001
Nodal status �1.94 0.60 .01 �1.82 0.57 .01
C-peptide �0.08 0.03 � .001 �0.06 0.03 � .001
BMI� — — — �0.29 0.15 � .001

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology
Group; EFS, event-free survival; ER, estrogen receptor; IGF-1, insulin-like
growth factor 1; IGFBP-3, IGF binding protein 3; PR, progesterone receptor.

�Adjusted for effects of stratification factors: adjuvant chemotherapy, nodal
status, ER/PR status. Factors not included (P for score �2): treatment (P � .75),
race (P � .76), ECOG performance status (P � .45), surgery type (P � .99),
weight (P � .21), BMI (P � .06), IGF-1 (P � .46), IGFBP-3 (P � .93).

†Factors not included (P for score �2): treatment (P � .86), race (P � .78),
ECOG performance status (P � 1.00), surgery type (P � .27), weight (P � .76),
IGF-1 (P � .60), IGFBP-3 (P � .95).

‡�� is factor effect on EFS; negative direction indicates that patients with
higher values (ie, older age) had worse survival.

§Reported P values are those in final model for two-sided likelihood ratio
criterion; approximate �2 distribution on 1 degree of freedom.

�Lower BMI was significantly associated (P � .001) with longer EFS in
adjusted models excluding C-peptide.
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Fig 4. Event-free survival by C-peptide; effect adjusted by trial arm at means for
effects of stratification factors and other significant factors, age, and tumor size.
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60 years; P � .02), smaller tumor size (P � .001), and lower nodal
status (P � .01), as reported in other studies, and lower C-peptide
levels (P � .001) were associated with better prognosis. Lower BMI
was also significantly associated with longer EFS in models excluding
C-peptide. Therefore, these results add to prior evidence22,23 that
weight and insulin resistance are poor prognostic factors. Interest-
ingly, vitamin D levels were not significant prognostic or predictive
factors in this population, although the expected seasonal variation in
levels was detected. Supplementation of vitamin D to postmenopausal
participants in the Women’s Health Initiative did not reduce the
incidence of developing invasive breast cancer.24 However, others who
have studied premenopausal women have found an association with
outcome.25. Classic and more recent studies9 provide evidence that
insulin and IGFs are determinants of breast cancer behavior. When
MA.14 was designed, currently available direct pharmaceutical target-
ing strategies such as antireceptor antibodies, antiligand antibodies,
and small-molecule receptor-specific tyrosine kinase inhibitors9 were
not available. In that setting, use of the somatostatin analog octreotide
was proposed as a strategy to reduce insulin and IGF-1 ligand levels as
well as to activate growth-inhibitory signaling pathways downstream
of SSTRs on neoplastic cells. As predicted, IGF-1 levels were lowered
by both TAM and TAM-OCT. C-peptide levels and BMI increased
significantly from baseline to 4 months for women allocated to receive
TAM, whereas those allocated to receive TAM-OCT had a significant
decrease in C-peptide and no significant change in BMI. Therefore,
women allocated to receive TAM-OCT experienced detectable effects
on insulin secretion and IGF-I levels in the hypothesized directions,
but these were small in magnitude and were not associated with
significant improvement in EFS. We had hypothesized that TAM-
OCT would be associated with a 40% to 45% reduction in IGF levels,
whereas those receiving TAM would experience a 25% to 30% reduc-
tion. Such levels of reduction were observed for IGF-1, although not
for IGFBP-3 or C-peptide.

It remains uncertain whether lack of difference in survival end
points between arms should be interpreted as evidence that the signal-
ing pathways targeted are irrelevant or simply as evidence that the
perturbations in ligand levels achieved were insufficient to have an
effect on outcome. We favor the latter possibility, not only because the
circumstantial evidence for a role for insulin and/or IGF signaling in
breast cancer is strong, but also because in MA.14, as a result of the
observed gallbladder toxicity of octreotide, this agent was adminis-

tered for only 2 years. Therefore, the hormonal differences between
the arms were modest in magnitude, and they were maintained for
only a small proportion of the follow-up period. It remains a matter of
speculation whether longer duration of octreotide would have led to a
difference in primary end points. Furthermore, because MA.14 was
not powered to allow for subset analysis by degree of decline of IGF-1
or C-peptide, we cannot rule out the possibility of benefit in a subpop-
ulation defined by magnitude of decline in C-peptide or IGF-1.

To better evaluate the hypothesis that targeting insulin/IGF-1
signaling may be of use in breast cancer treatment, it will be useful to
study benefits of modern targeting strategies such as antireceptor
antibodies and tyrosine kinase inhibitors. Our findings also indirectly
support studies of metformin in breast cancer treatment, because this
agent—although it has little effect on IGF-1 or insulin levels in
normo-insulinemic patients—can lower insulin levels in hyperinsu-
linemic patients and inhibit signaling pathways downstream of both
insulin and IGF-1 receptors in a subset of cancers, provided adequate
drug concentrations are present in neoplastic tissue.24-29
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Table 3. Acute/Delayed Adverse Events

Adverse
Event

TAM� TAM-OCT† P‡

Grade 1 or 2§ Grade 3 or 4§ Total No. % Grade 1 or 2§ Grade 3 or 4§ Total No. % 1 2

Edema 182 2 184 55 148 7 155 46 .03 .18
Hot flashes 236 43 279 84 213 36 249 75 .004 .40
Diarrhea 67 4 71 21 202 62 264 79 � .001 � .001
GI pain 80 15 95 29 146 58 204 61 � .001 � .001
Hyperglycemia 13 2 15 5 26 3 29 9 .04 1.00
Local toxicity 1 0 1 0 84 0 84 25 � .001 NA

Abbreviations: NA, not available; NCIC CTG, National Cancer Institute of Canada Clinical Trials Group; OCT, octreotide; TAM, tamoxifen.
�No. of evaluable patients � 333.
†No. of evaluable patients � 334.
‡P values by Fisher’s exact test. P1, grades 0, 1-5; P2, grades 0-2, 3-5.
§Adverse events graded according to NCIC CTG Expanded Common Toxicity Criteria.
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Appendix

Table A1. Gallbladder Imaging After Random Assignment

Imaging

TAM TAM-OCT

No. % No. %

Total No. of patients� 295 100.0 288 100.0
Abnormal imaging report† 34 11.5 109 37.9
Normal imaging report 261 88.5 179 62.2

NOTE. P � .001 by Fisher’s exact test.
Abbreviations: OCT, octreotide; TAM, tamoxifen.
�Thirty-eight of 333 women receiving TAM and 46 of 344 women receiving TAM-OCT had abnormal gallbladder imaging results at baseline and were not included

in these analyses.
†Documentation of cholelithiasis, gallstones, sludge, debris, cholecystitis, adenomyomatiosis, irregular gallbladder wall, wall thickening or thinning, echogenic

mass/foci, billiary duct dilation, contracted or distended gallbladder, or polyps.
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Fig A1. Plots of baseline 25-hydroxy (OH) vitamin D were made by month of serum draw with level of 25-OH vitamin D considered deficient if � 50 nmol/L, insufficient
if 50 to 72 nmol/L, sufficient if � 72 to 374 nmol/L, and toxic if � 374 nmol/L.
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