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Abstract

AIM: To show a new paradigm of simultaneously
testing whether breast cancer therapies impact other
causes of death.

METHODS: MA.14 allocated 667 postmenopausal
women to 5 years of tamoxifen 20 mg/daily £ 2 years
of octreotide 90 mg, given by depot intramuscular
injections monthly. Event-free survival was the pri-
mary endpoint of MA.14; at median 7.9 years, the
tamoxifen+octreotide and tamoxifen arms had similar
event-free survival (P = 0.62). Overall survival was a
secondary endpoint, and the two trial arms also had
similar overall survival (P = 0.86). We used the median
9.8 years follow-up to examine by intention-to-treat,
the multivariate time-to-breast cancer-specific (BrCa)
and other cause (OC) mortality with log-normal survival
analysis adjusted by treatment and stratification fac-
tors. We tested whether baseline factors including In-
sulin-like growth factor 1 (IGF1), IGF binding protein-3,
C-peptide, body mass index, and 25-OH vitamin D were
associated with (1) all cause mortality, and if so; and (2)
cause-specific mortality. We also fit step-wise forward
cause-specific adjusted models.

RESULTS: The analyses were performed on 329
patients allocated tamoxifen and 329 allocated
tamoxifen+octreotide. The median age of MA.14 pa-
tients was 60.1 years: 447 (82%) < 70 years and
120 (18%) = 70 years. There were 170 deaths: 106
(62.3%) BrCa; 55 (32.4%) OC, of which 24 were other
malignancies, 31 other causes of death; 9 (5.3%) pa-
tients with unknown cause of death were excluded
from competing risk assessments. BrCa and OC deaths
were not significantly different by treatment arm (P =
0.40): tamoxifen patients experienced 50 BrCa and 32
OC deaths, while tamoxifen + octreotide patients ex-
perienced 56 BrCa and 23 OC deaths. Proportionately
more deaths (P = 0.004) were from BrCa for patients
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< 70 years, where 70% of deaths were due to BrCa,
compared to 54% for those = 70 years of age. The
proportion of deaths from OC increased with increasing
body mass index (BMI) (P = 0.02). Higher pathologic
T and N were associated with more BrCa deaths (P <
0.0001 and 0.002, respectively). The cumulative hazard
plot for BrCa and OC mortality indicated the concur-
rent accrual of both types of death throughout follow-
up, that is the existence of competing risks of mortality.
MA.14 therapy did not impact mortality (P = 0.77).
Three baseline patient and tumor characteristics were
differentially associated with cause of death: older
patients experienced more OC (P = 0.01) mortality;
patients with T1 tumors and hormone receptor positive
tumors had less BrCa mortality (respectively, # = 0.01,
P = 0.06). Additionally, step-wise cause-specific mod-
els indicated that patients with node negative disease
experienced less BrCa mortality (P = 0.002); there was
weak evidence that, lower C-peptide (P = 0.08) was
associated with less BrCa mortality, while higher BMI (P
= 0.01) was associated with worse OC mortality.

CONCLUSION: We demonstrate here a new paradigm
of simultaneous testing of therapeutics directed at mul-
tiple diseases for which postmenopausal women are
concurrently at risk. Octreotide LAR did not significantly
impact breast cancer or other cause mortality, although
different baseline factors influenced type of death.

Key words: Breast cancer; Postmenopausal; Hormone
receptor positive; Competing risks; Tamoxifen; Octreotide
LAR

Core tip: With earlier detection and improved therapies, pa-
tients with early breast cancer simultaneously face multiple
health risks; 54% of women = 70 years at diagnosis died
from other causes. Octreotide LAR, an early drug targeting
the insulin pathway, might have affected both breast and
other cause mortality. We demonstrated a method of jointly
assessing the impact of therapy and baseline patient char-
acteristics on multiple causes of death. Older patients with
higher body mass index experienced more other cause mor-
tality, while women with smaller hormone receptor positive
tumours and less lymph node involvement were less likely
to die from breast cancer.

INTRODUCTION

The focus of decades of breast cancer research has been

to reduce breast cancer mortality. In the United King-
dom in the early 1970s, 52% of women survived breast
cancer for five years; five-year survival improved to 85%
in 2005-2009". The US had corresponding improve-
ments with about 75% of women diagnosed during
1975-1977 surviving 5 years, while 89% survived 5 years
in 2005-2008".

The early 1970s were characterized by women with
larger primary breast cancer tumours with greater in-
volvement of lymph nodes and higher risk of systemic
disease at diagnosis. Systemic therapy was with less ef-
ficacious chemotherapy drugs and regimens; endocrine
therapy, when administered, was tamoxifen. We lacked bi-
ologic therapy, particularly anti-human epidermal growth
factor receptor 2 treatment, and there was an absence of
tumour molecular assessments such as intrinsic subtyping
and genetic profiling for familial cancer, which precluded
our current increasing interest in targeted delivery of
therapy. Radiotherapy regimens were more toxic causing
more morbidity and therapeutic mortality

Factors contributing to improvements in survival
included: the routine use of screening mammography to
detect invasive breast cancer earlier and increase detection
of non-invasive breast cancer; use of systemic agents to
prevent invasive breast cancer in high risk women; and
improved management of invasive breast cancer.

Earlier detection of breast cancer has resulted in a de-
crease in the median age of diagnosis for invasive breast
cancer: 65 years at the time Adjuvant! Online was devel-
opedm, to 61 years in the US in 2011, Recent studies
have shown that more than fifty percent of women may
now be expected to die from a cause other than breast
cancer, with an increasing proportion of non-breast can-
cers occurring at older agesM’(’].

Adjuvant! Online was established from the large pro-
spectively and uniformly collected US Surveillance Epi-
demiology and Endpoints Results data and the Oxford
overviews of breast cancer clinical trial meta-analyses'”.
A patient at age 65 who was ER-positive, node negative
with 1- to 2-cm tumour without adjuvant therapy would
have a 10% chance of dying of breast cancer and 10%
chance of dying of other causes in the next 10 years. The
Adjuvant! Online website permits clinicians the opportu-
nity to explore trade-offs in risk-benefits for different pa-
tient management options for different ages, taking into
account the severity of presenting disease, and differing
co-morbidity states'",

Concurrently, experience was reported from a smaller
prospectively accrued single institution phase IV cohort
at Women’s College Hospital, where routine annual mam-
mography starting at age 35 was employed in the 1960
s, following early scientific reports of its cffectiveness™”.
This experience was from an era before both routine ad-
juvant radiotherapy and systemic therapy, and illustrated
the effects of eatly detection”™. At a median 8.2 years
follow-up, 20% of those older than 65% and 3% of
those under 65 died of other causes (P < 0.001).

We previously reported the effects of competing risks
in the NCIC Clinical Trials Group (CTG) MA.17 inter-
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national phase Il randomized placebo-controlled clinical
trial of letrozole in post-menopausal hormone-receptor
positive breast cancer in women who recently received 5
years of tamoxifen'. MA.17 patients had a median age
of 62 years. Non-breast cancer deaths accounted for 60%
of the known causes of death for all patients, 72% of
deaths for those 70 or oldet.

We face the prospect that older women may simulta-
neously face dual health risks, increasingly presenting with
concomitant competing risks from which at least half
of them are likely to die. Women have reaped survival
benefits from decades of multi-modality transdisciplinary
research that lead us to a new paradigm for early breast
cancer management[gl. In this context, it will be important
to consider therapeutic regimens which may affect several
disease outcomes.

We examine competing risks of mortality in NCIC
CTG MA.14 which investigated whether octreotide
LAR would affect insulin-like growth factors and sub-
sequent clinical outcome in postmenopausal women
with hormone-positive breast cancer”. Octreotide was
postulated to target the insulin-growth factor pathway so
patients were assessed for insulin-growth factor 1 IGF-1),
insulin-growth factor binding protein 3 (IGFBP-3), and
C-peptide, a byproduct created when the hormone insu-
lin is produced. Octreotide significantly lowered IGF-1,
IGFBP-3, and C-peptide (P < 0.001). High levels of
C-peptide and body mass index (BMI) were associated
with poor outcome, but octreotide did not significantly
affect event-free survival (P = 0.62).

Nevertheless, the MA.14 trial illustrates the new
paradigm we propose, that trials simultaneously target
and assess more than one chronic disease. Octreotide’s
action could affect both breast cancer and insulin-related
components of cardiovascular disease. Thus, its efficacy
would be better assessed concurrently for multiple dis-
ease components of overall survival, rather than exam-
ined in totality to avoid confounding therapeutic benefits
and trade-offs.

MATERIALS AND METHODS

Patient population

Between 1996 and 2000, NCIC CTG MA.14 (ClinicalTti-
als.gov Identifier: NCT00002864) enrolled 667 postmeno-
pausal women with histologically proven adenocarcinoma
of the breast who underwent lumpectomy or total mas-

tectomy'' . Patients were to have no previous or concur-
rent malignancies except adequately treated carcinoma
of the skin (basal cell), cervix, endometrium, colon, or
thyroid, treated more than 5 years before study entry, and
were presumed cured, and had no inter-current illness
expected to reduce life expectancy to less than 5 years
from the date of surgery. Baseline serum was assessed for
IGF-1, IGFBP-3, and C-peptide for 646 patients (96.9%),
and 25-hydroxy (OH) vitamin D was centrally assessed
for 607 of the MA.14 patients (919 )" More detailed
descriptions about patient eligibility and trial conduct are

available at ClinicalTrials.gov and in the main trial paper[m].

Study design

Patients were randomly assigned to tamoxifen 20 mg
orally once daily for 5 years or tamoxifen 20 mg orally
once daily for 5 years plus octreotide long-acting release
90 mg intramuscularly monthly for 5 years by minimiza-
tion (tamoxifen+octreotide). In July 2000, the duration
of octreotide was reduced to 2 years because of a greater
incidence of gallbladder toxicity in the octreotide arm
of National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-29.

Stratification

Patients were stratified by adjuvant chemotherapy (none,
concurrent, or sequential), nodal status (none, one to
three, four or more, or unknown), and receptor status (ER
and/or PgR positive, ER and PgR negative, or ER and
PgR unknown).

End points

The primary end point of the trial was event-free survival
(EFS); events included recutrrence of disease, second
malignancy, or death as a result of any cause. Overall
survival (OS) was a secondary end point. The effects of
insulin-like growth factor physiology on outcome were
another secondary objective.

MA. 14 trial experience

MA.14 investigations were by the intention-to-treat
principle. Event-free survival was the primary endpoint
of MA.14; at the final analysis at median 7.9 years, the
tamoxifen+octreotide and tamoxifen arms had similar
event-free survival (P = 0.62). Overall survival was a sec-
ondary endpoint, and the two trial arms also had similar
overall survival (P = 0.86)""". We used the median 9.8
years follow-up in intention-to-treat analyses here.

Primary objective of competing risks investigation

The primaty objective of this investigation was to exam-
ine whether there was evidence of competing risks op-
erative in the MA.14 trial, by way of whether there were
significantly different factor effects indicated for different
causes of death. The Lagakos method was used for this
purposem. We assumed independent cause-specific risks
for death with or from breast cancer (BrCa) and death
from other causes (OC). Fuller details about the method
used are reported elsewhere.’

We tested 3 hypotheses (H1, H2, and H3): (1) H1: A
factor does not affect type or time to death, Beca = Boc
= 0, tested with a likelihood ratio criterion (-2logR) [-y @),
where Beca and PBoc are the cause-specific effects of the
factor, With rejection of H1, H2 was tested; (2) H2: A
factor has the same effect for both types of death, Bs:ca
= Boc, tested with -2logR [—X2(1>]. With rejection of H2, a
factor was differentially associated with type of death so
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Table 1 Number of deaths by treatment arm and factor
subgroups 77 (%)

Factor Number of Breast Other  P-value’
patients cancer cause'

Treatment

Tamoxifen 329 (50) 50 32

Tamoxifen

+ Octreotide LAR 329 (50) 56 23 0.40
Age

<70 544 (83) 85 37

=70 114 (17) 21 18 0.004
BMI

<25 185 (28) 30 7

25-30 221 (34) 29 20

>30 213 (32) 41 24 0.02
Tumour size

T1 382 (58) 38 26

= T2, unknown 276 (42) 68 29 <0.0001
Nodal status

NO 346 (53) 39 29

N1, N2, Nx 312 (47) 67 26 0.002

'Nine patients are excluded with unknown type of death; *P-value is based
on Pearson chi-square test.

was assessed separately for cause-specific mortality: [s:ca
(Boc). When H2 is not rejected, there is a common effect,
[, on all cause mortality, which was tested by H3"" and (3)
H3: A factor is not associated with time to all cause mor-
tality (overall survival), § = 0, tested with -2logR o,
which should produce a significant result due to rejection
of H1.

Statistical analyses

Cumulative hazard plots for breast cancer and other
cause mortality were used to examine the presence of
substantive competing risks, that is overlapping time
periods for different types of death. We then used the
Lagakos method described above. Factor effects were
examined in models that included all of the factors (“full-
factor” models).

We examined baseline MA.14 factors: (1) treatment
(tamoxifen »s tamoxifen + octreotide); (2) age (in years);
(3) race (white, other); (4) ECOG performance status (0,
other); (5) pathologic T (1, other); (6) pathologic N (0,
other); (7) breast surgery (segmental mastectomy, other);
(8) IGF-1 (continuous); (9) IGFBP-3 (continuous); (10)
C-peptide (continuous); (11) weight (kg), (12) body mass
index (BMI; continuous); (13) vitamin D (continuous),
and baseline values of the stratification factors 13 num-
ber of positive nodes (0, Nx, 1-3 +, = 4 +); (14) hor-
mone treceptor status (ER-PR-, unknown, ER+ and/or
PR +); and (15) adjuvant chemotherapy (no, yes).

With log-normal survival analysis, the natural loga-
rithm of survival time, Y = In(), is a linear function, Y
=a + X Bizi + o W, where ¢ is a scale parameter; W is
N(0,1); g jth baseline factor; and f; effect of jth factor.

A normal probability plot was utilized to examine
the assumption of log-normal survival time. The final
model fit was examined with standardized residual plots.

Treatment and baseline values of the three stratification
factors had forced inclusion in the multivariable models
to account for MA.14 design structure. Other factors
were considered in stepwise forward regression analyses,
including a factor with P value << 0.05 by -2logR [ )]
Patient experience was depicted with log-normal survi-
vor plots, where factor effects were adjusted for the ef-
fects of treatment, and other significant factors. Breast
cancer and other cause 5-year and 10-year survival were
reported. Royston described the log-normal model as a
pragmatic tool that provides a continuous estimate of
prognosism]. Of note, both Kaplan-Meier and Cox plots
present discontinuous estimates of prognosis.

RESULTS

We used the MA.14 median 9.8 years follow-up for our
analysis. The median age of MA.14 patients was 60.1
years: 547 (82%) < 70 years and 120 (18%) = 70 years.
MA.14 patients experienced 170 deaths: 106 (62.3%)
BrCa; 55 (32.4%) OC, of which 24 were other malignan-
cies, 31 other causes of death; 9 (5.3%) patients had un-
known cause of death, so were excluded from competing
risk assessments.

The analyses were performed on 329 patients allo-
cated tamoxifen and 329 allocated tamoxifen+octreotide
(Table 1). Thete were no significant differences in the
number of BrCa and OC deaths by treatment arm (P =
0.40): tamoxifen patients experienced 50 BrCa and 32
OC deaths, while tamoxifen+octreotide patients experi-
enced 56 BrCa and 23 OC deaths. Proportionately more
deaths (P = 0.004) were from BrCa for patients < 70
years, where 70% of deaths were due to BrCa, compared
to 54% for those = 70 years of age. The proportion of
deaths from OC increased with increasing BMI (P = 0.02).
Meanwhile, higher pathologic T and N were associated
with more BrCa death (P < 0.0001 and 0.002, respec-
tively).

The cumulative hazard plot for BrCa and OC mortal-
ity (Figure 1) indicates the concurrent accrual of both
types of death throughout follow-up, or the existence
of competing risks of mortality. Meanwhile, the normal
probability plot (Figure 2) supports the assumption of a
log normal model up to about 10 years follow-up. We uti-
lized log-normal survival analysis for the competing risks
assessments, providing survival experience up to 10 years.

Table 2 indicates the competing risks results. MA.14
therapy was not associated with mortality (P = 0.77).
Baseline factors associated with mortality were age (P =
0.02), tumour size (P = 0.01), nodal status (P = 0.002),
number of positive nodes (P < 0.0001), and hormone
receptor status (P = 0.08). Age (P = 0.03), tumour size
(P = 0.04), and hormone receptor status (P = 0.04) were
differently associated with BrCa and OC so cause-specific
multivatiate analyses were used to investigate their effects.
Nodal status (P = 0.54) and number of positive nodes
(P = 0.89) did not show different associations with BrCa
and OC, but were associated with all cause mortality (P <
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Cumulative hazard of breast cancer and other cause mortality

- Breast cancer mortality
4 - +Other cause mortality

Cumulative hazard function

0.0 0.5 1.0 1.5 2.0 2.5
Survival time (In of years)

Figure 1 Cumulative hazard of breast cancer and other cause mortality by
natural logarithm of survival time.

Table 2 Competing risks assessment of factors associated

with death

Factor Association with  Association by type
death of death
1! P-value 12 P-value

Treatment (TAM, TAM + 0.52 0.77
OCT)

Age (yr) 7.90 0.02 473 0.03
Race (white, other) 1.85 0.40
ECOG performance status 0.56 0.75
(0, other)
Tumour size (T1, = T2, 10.55 0.01 4.22 0.04
unknown)
Nodal status (NO, N1, N2, 12.79 0.002 0.38 0.54°
Nx)
Surgery (segmental 0.04 0.98
mastectomy, other)
IGF-1 (continuous) 117 0.56
IGFBP-3 (continuous) 0.19 0.91
C-peptide (continuous) 3.86 0.15
Weight (kg) 0.27 0.88
BMI (continuous) 1.38 0.50
Vitamin D (continuous) 1.05 0.59
Number of positive nodes

(0, Nx, 1-3+, = 4+) 1943  <0.0001 0.02 0.89°
Hormone receptor status
(ER-PR-,

unknown, ER+ and/or 511 0.08 419 0.04
PR+)
Adjuvant chemotherapy 2.39 0.30
(no, yes)

"Hypothesis H1: Factor does not affect type or time to death. Test criterion
was the likelihood ratio criterion that has an approximately chi-square
distribution on 2 df (- X**). Only factors with an indication of statistical
significance were considered in H2; Hypothesis H2: Factor effect is the
same for two causes of death. Test criterion was the likelihood ratio crite-
rion that has an approximately chi-square distribution on 1 df (- X*); *Hy-
pothesis H3: As H2 was not rejected, there is evidence of a common effect
on both types of death, or on all cause mortality, which was tested by the
third hypothesis, H3. H3 is that the factor has no effect on time of death.
Test criterion was the likelihood ratio criterion that has an approximately
chi-square distribution on 1 df (- X*'). H3 P-value for nodal status and for
number of positive nodes was < 0.0001.

Normal probability plot for Ln (breast cancer survival time)

- Breast cancer death

Expected normal value

| | | | |
0.0 0.5 1.0 1.5 2.0 2.5
Breast cancer survival time (In of years)

Figure 2 Normal probability plot for natural logarithm of breast cancer
survival time.

3 Multivariate factor effects by type of death

Factor' B (SE) 95%CI*  P-value®
Breast cancer survival'
Treatment (Tamoxifen, 0.0008(0.17)  [-0.33,0.33] 1.00

Tamoxifen + Octreotide LAR)
Adjuvant chemotherapy (no,
yes)
Number of positive nodes
(0, Nx, 1-3, = 4+) -0.2524 (0.08) [-0.41,-0.10] 0.002
Hormone receptor status (ER-  0.2821 (0.13)  [0.03,0.54] 0.03
PR-, unknown ER/PR, ER+
and/or PR+)
Tumour size (T1, = T2,
unknown)
Other Cause Survival

0.2553 (0.20) [-0.14, 0.65] 0.20

-0.6521 (0.18) [-1.00,-0.30] 0.0003

Treatment (Tamoxifen,
Tamoxifen + Octreotide LAR)

Adjuvant Chemotherapy (no,
yes)

Number of positive nodes

(0, Nx, 1-3, = 4+) -0.0723 (0.08) [-0.23,0.08] 0.38

Hormone receptor status (ER-  -0.3852 (0.26) [-0.89,0.12] 0.13
PR-, unknown ER/PR, ER+
and/or PR+)

Age (years)

BMI (continuous)

0.1236 (0.18)  [-0.23,0.48] 0.49

-0.0703 (0.23) [-0.52,0.38] 0.76

-0.0389 (0.01) [-0.06,-0.02] 0.002
-0.0395 (0.01) [-0.06,-0.02] 0.01

'Cause-specific survival model was built using In(survival time) having
linear function of B x (factor values). The model had forced inclusion of
treatment and stratification factors (adjuvant chemotherapy, nodal status,
and hormone receptor status) with step-wise forward inclusion of other
baseline factors; °p is effect of factor; SE is standard error; CI is confidence
interval assuming B is approximately normally distributed; *P-value is that
for a Wald statistic; ‘Higher values of continuous C-peptide were associ-
ated with worse BrCa (P = 0.08).

0.0001).

The step-wise multivariate models are provided for
BrCa and OC in Table 3. Treatment did not significantly
affect BrCa (P = 1.0) or OC (P = 0.49). The stratifica-
tion factor adjuvant chemotherapy (P = 0.20) was not
significantly associated with BrCa mortality; however, a
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Figure 3 Breast cancer survival. A: Breast cancer survival by treatment: Experience for the two treatment arms, tamoxifen and tamoxifen + octreotide LAR overlay
each other; B: Breast cancer survival by tumour size; C: Breast cancer survival by nodal status; D: Other cause mortality by treatment; E: Other cause mortality by age; F:

Other cause mortality by body mass index.

lower number of positive lymph nodes (P = 0.002) and
hormone receptor positivity (P = 0.03) wete associated
with less BrCa mortality. Larger tumours (P = 0.0003) led
to more BrCa mortality. there was weak evidence that,
lower C-peptide (P = 0.08) was associated with less BrCa
mortality. None of the stratification factors impacted OC
mortality. Older patients (P = 0.002) and higher BMI (P
= 0.01) were associated with more OC mortality.

Adjusted 5 and 10 year survival is presented in Table
4 and depicted graphically for BrCa by treatment (Figure
3A), tumour size (Figure 3B), and lymph node involve-
ment (Figure 3C) and for OC by treatment (Figure 3D),
age (Figure 3E), and BMI (Figure 3F). In both the Table
and plots survival is adjusted (as appropriate) for the ef-
fects of treatment, (other) stratification factors, and other
significant factors.
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Table 4 Survival at 5 and 10 yr

Factor 5 yr' 10 yr'
Breast cancer survival
Treatment
Tamoxifen 0.94 0.85
Tamoxifen + Octreotide LAR 0.94 0.85
Tumour size
T1 0.96 0.89
= T2, unknown 0.90 0.78
Nodal status
NO 0.96 0.89
N1, N2, Nx 0.90 0.78
Other cause survival
Treatment
Tamoxifen 0.98 0.94
Tamoxifen + Octreotide LAR 0.99 0.95
Age
60 0.99 0.95
70 0.97 0.90
BMI
25 0.99 0.96
30 0.98 0.94
35 0.98 0.91
40 0.97 0.88
45 0.95 0.84

'Survival for is adjusted for the effects of other factors: treatment, stratifi-
cation and other significant factors.

After the log-normal model was fit, each patient’s ob-
served survival time was compared to her expected sut-
vival time, based on patient and tumour characteristics.
i.e., for patient i, with survival time ti [so, yi= In(t)], [yi - (ot
+ X Bizi)]/o] would be expected to have approximately
a standard normal distribution with mean 0 and standard
deviation 1. A plot of all the patient standardized residu-
als examines whether departures from the multivariate
BrCa (Figure 4) and OC (Figure 5) models appeat to be
ascribable as random error. The residuals indicate that the
yi (In of survival times) are consistently smaller than they
are expected to be; there are explanatory factors for both
BrCa and OC that are not included in this investigation.

DISCUSSION

The addition of octreotide therapy to tamoxifen in
MA.14 was an early strategy to test the impact of tar-
geting the insulin-like growth factor pathway for early
postmenopausal breast cancer patients. In the main trial
analyses, octreotide was not found to impact either the
primary endpoint of EFS or OS potentially because the
administration of octreotide was reduced to 2 years (from
the originally planned 5 years) due to excess gallbladder
toxicity!'”. The trial was designed with the expectation
that the 5 year EFS rate for patients allocated tamoxifen
would be 73%. For patients treated with tamoxifen alone,
the 5-year BrCa was 94%, while the 5-year OC expeti-
ence was 98%. The MA.14 trial was under-powered to
detect a significant octreotide effect.

However, the main trial indicated a possible role for
the insulin-like growth factor pathway with significant
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Figure 4 Breast cancer standardized residuals vs time: The residuals in-
dicate that the natural logarithm of survival times are consistently smaller
than they are expected to be; there are explanatory factors for breast
cancer-specific that are not included in this investigation.
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Figure 5 Other cause standardized residuals vs time: The residuals indi-
cate that the natural logarithm of survival times are consistently smaller
than they are expected to be; there are explanatory factors for other cause
that are not included in this investigation.

treatment associated changes in the mandatory correlative
biomarkers of IGF-1, IGFBP-3, and C-peptide as well as
in BMIL Further, higher C-peptide levels, or higher BMI,
were significantly associated (P < 0.001) with worse EFS.
As EFS involved both breast cancer relapse and all cause
mortality, the questions we addressed here were whether
the patients simultaneously had substantive risks of both
BrCa and OC mortality, and if so, whether there were
differential effects of factors on cause-specific mortality.
We found that the early postmenopausal patients,
91% of whom had hormone-receptor positive tumours,
faced the risk of both BrCa and OC mortality. The prog-
nostic breast cancer factors of larger tumour size (P =
0.0003), higher number of positive lymph nodes (P =
0.002), and a tumour that was hormone receptor nega-
tive (P = 0.03) were associated with more BrCa mortality.
Meanwhile, older age (P = 0.002) and higher BMI were
associated with more OC mortality. The increase in OC
mortality with older age replicates what was found with
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the NCIC CTG MA.17 trial with extended adjuvant
endocrine therapy where patients were randomized to 5
years of letrozole or placebo following 5 years of tamoxi-
fen'™,

Adjusted survival estimates were provided for BrCa
by treatment, tumour size, lymph node status, and for
OC by age and BMI. Graphical presentations were to 10
years, along with a table of specific 5- and 10-year sur-
vival rates.

This study represents a secondary use of a breast can-
cer trial database. We examined whether prognostic risk
factors similarly impacted both BrCa and OC, and found
that there was differential association of baseline factors
and type of death. Age and higher BMI were associated
with OC mortality, while T status, nodal involvement and
hormone receptor status were associated with BrCa mor-
tality. Adjuvant chemotherapy was neither mandated nor
prohibited; 33% of patients received adjuvant chemo-
therapy (Pritchard ez al"™). However, in this trial, age was
not associated with BrCa death, but OC mortality.

There is a limitation in ability to delineate comorbid-
ity with MA.14 data. Eligibility criteria were that patients
have no previous or concurrent other malignancy except
for carcinoma of the skin, cervix, endometrium, colon,
or thyroid adequately treated 5 or more years before
study entry, and had no inter-current illness expected to
reduce life expectancy to less than 5 years after surgery.
The number of non-breast cancer deaths was too few to
refine investigations since with a median 9.8 years follow-
up, 24 patients experienced other malignancies and 31
other causes of death; the two classifications were com-
bined. Prospective collection of death type in larger trial
populations, over longer follow-up would be needed to
improve disease-specific interpretation.

The MA.14 trial with octreotide was an early attempt
at targeting the insulin pathway for adjuvant postmeno-
pausal breast cancer patients. octreotide therapy did not
impact either BrCa (P = 1.00) or OC (P = 0.49) mortality.
However, the methodology demonstrated here may be of
interest in eventually assessing the effects of competing
risks and the insulin pathway on both BrCa and OC mot-
tality in the much larger metformin placebo-controlled
trial, NCIC CTG MA.32.

Alternatively, other joint assessment of chronic dis-
eases is conceptually possible in trials where therapies
may be postulated to have dual modes of action. NCIC
CTG MA.27 originally had a factorial design with admin-
istration of celecoxib that was postulated to also be an
anti-breast cancer agent until excess cardiac toxicity led to
the closing of the celecoxib arms"”. The dual modalities
for MA.27 would have been breast cancer and possibly
musculoskeletal or arthralgic sequelaem which could
also be targets of celecoxib therapy. The prevention trial,
NCIC CTG MAP.S3, likewise had to close its celecoxib
arms so is not a good venue for this joint testingm. We
await the results of the REACT trial which was able to
accrue its full sample size to celecoxib, and postulate that
it will be a good candidate for this modality of joint test-

ing!"’.

In summary, the progress for earlier detection and im-
proved management of breast cancer means that women
with early breast cancer will increasingly face joint mor-
tality risks of other chronic diseases. This situation raises
the opportunity for a new paradigm of simultaneously
targeting several chronic diseases, or at least assessing
the joint risks of mortality, for a better understanding of
predisposition of patients to mortality other than breast
cancer. MA.14 was an early trial of the insulin pathway
targeted therapy, octreotide, which conceptually may have
affected both BrCa and OC mortality, so was used here
to demonstrate analyses that might be considered for the
new assessment framework. The current work is offered
as a proof of principle to demonstrate the relevance of
collecting detailed cause-specific mortality data and fac-
tors which may be associated with non-breast cancer

death.

COMMENTS

Background

Improvements in detection and management of breast cancer lead to the pros-
pect that many postmenopausal women will now not die from the disease as
they face joint mortality risks of other chronic diseases. The authors need to
determine baseline characteristics differentially associated with breast cancer
vs other causes of death for more effective overall patient care. This paper pro-
poses a method that might provide a basis for such discernment. The method
is demonstrated for a phase Il clinical trial which tested an early target of the
insulin pathway that could have impacted both breast cancer and other cause
mortality.

Research frontiers

Successful development of therapies which would simultaneously target sev-
eral chronic diseases would improve whole population survival. Additionally,
the management of elderly breast cancer patients is currently an important re-
search area given the general increase in proportion of older people worldwide.

Innovations and breakthroughs

The usual process of inferring different factors influencing different causes of
death involves qualitative observations. The competing risks method demon-
strated here has quantitative formal tests. Older age and higher BMI increased
the prospect that a patient would die of other causes than breast cancer, as
did patients having smaller, hormone-receptor positive tumours and less lymph
node involvement. The authors also reported quantitative patient survival over
time by type of death.

Applications

This work could be extended to existing uniformly collected databases where
there was careful collection of cause of death to better delineate factors affect-
ing a broader range of competing risks of death. The more routine collection of
multiple causes of death would assist future work.

Terminology

Log-normal survival analysis examines the linear effects of factors on the natu-
ral logarithm of survival time to provide smooth continuous functions and plots
of factor effects.
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