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ABSTRACT

Objectives: A primary objective of this study is to describe survival outcomes among a
cohort of women treated for locally advanced breast cancer (LABC) with respect to
multimodality treatment type. Another primary objective is to define and describe a
preliminary framework for a decision analysis model for the treatment of patients with
LABC.

Design: 1. Retrospective Cohort study utilizing Survival Analysis methodology (Kaplan
Meier estimates and Cox Proportional Hazards model)

II. Decision Analysis Model Development

Setting: Alberta Population based cancer registry and database

Patients: Women of all ages, treated in the province of Alberta, diagnosed with LABC
during the years 1994-1996, with no previous invasive cancer diagnosis will be included

in the study.

Conclusion: Breast cancer survival in LABC patients is related to disease stage,
histological grade, and use of hormone therapy; no treatment modalities were predictive
of survival. The use of neo-adjuvant chemotherapy versus standard therapy did not
predict survival when other factors were considered. Breast conserving techniques were
used more frequently after neo-adjuvant chemotherapy than standard therapy; no
differences in survival between breast conserving therapies and mastectomy were
identified. The framework for a decision analysis model for treatment options in LABC

was developed and described.
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I. Introduction

Breast cancer is an important health concern for women; it was the leading type of
new cancer diagnosis and second leading cancer cause of death for women in 2001
[1]. Five to fifteen percent of new breast cancer cases in the United States [2], and ten
to twenty nine percent of patients worldwide [3], are first seen with large tumors
(greater than 3 cm) and/or palpable lymph nodes, considered locally advanced
disease. The treatment of locally advanced breast cancer (LABC) with various
combinations of surgery, radiotherapy, and chemotherapy, i.e. multimodality therapy,
has been accepted since the 1980°s. There is controversy over the use, sequence and
benefit of the various treatment modalities. The effect of chemotherapy given prior to
surgery (neo-adjuvant), on overall and breast cancer specific survival is uncertain
when compared to chemotherapy given after surgery (adjuvant). The role of surgery
and radiotherapy in patients who have a dramatic and complete respénse to neo-
adjuvant chemotherapy is also unclear. The role of breast conserving therapies in

patients with LABC has not been determined.

II. Study Objectives and Rationale

The overall objective of this study is to provide supporting data and statistical
analyses to help inform decisions regarding treatment options for patients with locally

advanced breast cancer (LABC).

The specific objectives of the proposed study are to:

1. Describe survival outcomes among women of all ages treated for LABC in the
province of Alberta diagnosed in the years 1994-1996 with respect to
multimodality treatment type and predictive factors.

2. Define and describe an approach and a preliminary framework for a decision
analysis model targeted towards identification of preferred strategies for the

treatment of patients with LABC.
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This research will provide some quality assurance and feedback regarding the impact

of treatments for LABC to practitioners and patients in Alberta, and generally any
others treating patients with LABC. It will also provide a modelling framework that
can be used to determine the utility of decisions regarding various treatment options
in LABC.

III. Background

A. Definition of Locally Advanced Breast Cancer

The definition of LABC has changed over the years as different staging systems have
been developed and new prognostic implications have been examined. The most
recent American Joint Commission on Cancer (AJCC) tumor-lymph nodes-metastasis
(TNM) staging system is the most widely accepted and is used in the majority of
research papers (See Figure 1). Historically, LABC was considered AJCC stage IIIA
and IIIB; many recent reports have extended this definition to include any tumors
greater than 3 centimetres (cm) in size [4-16]. Inclusion of tumors of this size reflects
the potential importance of breast conserving surgery, as tumors greater than 3 cm in
size are less amenable to breast conserving surgeries. There is also a correlation
between the size of the tumor and the incidence of lymph node metastasis, which is a
recognized prognostic factor [2]. Thus, a current definition of LABC that will be used
in this study is an invasive carcinoma greater than 3 cm in maximum dimension
and/or tumors with fixed or matted axillary lymphadenopathy (AJCC, N2 or N3) in

the absence of metastatic disease.

B. History of Treatment for Locally Advanced Breast Cancer

Literature on the treatment of LABC dates back to Haagensen and Stout who reported
results of 1135 patients treated between 1915 and 1942 [17]. Radical mastectomy, as
described by Halstead [18], was the treatment of choice for breast cancer in their
series. They described a group of patients with “grave signs” who had poor
outcomes. The signs included skin ulceration, chest wall fixation, and axillary lymph
nodes greater than 2.5 cm or matted together. Patients with 2 or more signs had a

42% local recurrence and 2% 5-year survival with radical mastectomy.



Figure 1 - American Joint Commission on Cancer (AJCC) Tumor-Nodes-
Metastasis (TNM) Classification of Breast Carcinoma

(Adapted from The M.D. Anderson Surgical Oncology Handbook, 1995)[19]

Primary Tumor (T)
TO — No evidence of primary tumor
Tis — Carcinoma in-situ (non-invasive)
T1 — Tumor less than or equal to 2 cm in greatest dimension
T2 — Tumor greater than 2 cm but less than or equal to 5 cm
T3 — Tumor greater than 5 cm
T4 — Any size tumor with direct extension to chest wall or skin

Regional Lymph Nodes (N)
NO — No regional lymph node metastases
N1 — Metastasis to mobile ipsilateral axillary lymph nodes
N2 — Metastasis to ipsilateral axillary lymph nodes fixed to one another or
other structures
N3 — Metastasis to ipsilateral internal mammary lymph nodes

Distant Metastasis (M)
MO — No distant metastasis
M1 — Distant metastasis (includes ipsilateral supraclavicular node(s))

Disease Stage Grouping
Disease Stage Tumor (T) Nodes (N) Metastasis (M)
Stage 0 Tis NO MO
Stage I T1 NO MO
Stage 1la TO N1 MO
T1 N1 MO
T2 NO MO
Stage IIb T2 N1 MO
T3 NO MO
Stage Illa TO N2 MO
T1 N2 MO
T2 N2 MO
T3 N1, N2 MO
Stage IIIb T4 Any N MO
Any T N3 MO
Stage IV Any T Any N M1




Other more recent reports have looked at the use of surgery alone for LABC and
reported local recurrence rates as high as 50% and 10 year survival of 22-29% in
heterogeneous populations [20-22]. A review of surgical outcomes by Fracchia et al.
[22] showed that the presence of nodal disease carried a 10-year survival of 21%,
compared to 75% in node negative patients. It is clear that surgery alone is unlikely

to be curative in LABC due to the systemic nature of the disease.

Given the poor outcome of patients treated with radical mastectomy, other forms of
treatment have been tried. A report from M.D. Anderson Cancer Centre in 1965 [23]
reported the results of local radiotherapy for LABC. They suggested a 30% local
recurrence rate, but a 5-year survival of only 25%. Another report on the use of
radiation therapy alone showed a local recurrence rate of 46%, and 5-year survival of
30% [24]. The National Cancer Institute in Milan, Italy published their results of
radiotherapy in 1976 [25]. They reported similar local recurrence rates and a 21% 5-
year survival. Again, treatment with only one type of local therapy has typically

failed to address the systemic nature of the disease.

C. Unimodality versus Multimodality Treatments

The treatment strategies for LABC can be classified into unimodality (i.e. single
mode) and multimodality (i.e. more than one mode in sequence or simultaneous)
based on the use of surgery, chemotherapy and radiation therapy. In order to address
both the local and systemic nature of breast cancer, treatments and outcome studies
have focused on multimodality approaches. Several randomized controlled trials have
compared unimodality therapy versus multimodality therapy for LABC [23, 26-30].
Caceres [23] reported, abstract only, a randomized controlled trial comparing three
treatment arms for LABC. The three arms of the study were radiation therapy,
radiation therapy plus surgery, and radiation therapy plus chemotherapy. The study
reported median survival of 24.6 months for the radiation therapy plus chemotherapy
arm, 19.9 months for the radiation therapy only arm, and 17.8 months for the radiation
therapy plus surgery arm. Grohn [26], and Klefstrom [27] in an update of the Grohn
study, reported a randomized trial of 119 patients with LABC. All patients had a

modified radical mastectomy, surgery to remove the entire breast and axillary lymph
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nodes only. Patients were then treated with radiation therapy versus chemotherapy

versus both radiation therapy plus chemotherapy. Five-year disease free survival was
22% for radiation therapy, 30% for chemotherapy, and 67% for radiation therapy plus
chemotherapy (p < 0.001). The European Organization for Research and Treatment
of Cancer (EORTC) breast cancer group reported a four arm randomized controlled
trial comparing (n=363): 1) radiation therapy, 2) radiation therapy plus hormone
therapy (Tamoxifen), 3) radiation therapy plus chemotherapy, and 4) radiation therapy
plus hormone therapy plus chemotherapy [29]. They reported a significant increase in
time to local/regional recurrence with the radiation therapy plus hormone therapy plus
chemotherapy group, (5-year recurrence was 29%, 48%, 53%, and 64% for each
group (1-4 as above) (log rank, p < 0.001). They did not show an increase in overall
survival (log rank, p = 0.115) between the four groups (5-year survival was 36%,
34.5%, 32%, and 55% for groups 1-4). Derman [30] reported a non-significant trend
of increased overall median survival in pre-menopausal women with stage III disease
given combined local therapy and adjuvant chemotherapy versus local therapy only
(63 versus 49 months) (p=0.24). These studies highlight the trend of increased
survival for patients with LABC treated with multimodality therapy.

D. Multimodality Treatment in Locally Advanced Breast Cancer
Although it seems clear from the historical evidence that there is a need to address
both the local and systemic nature of LABC, the preferred treatment strategies have
yet to be determined. Since the early 1980’s, efforts have been focused on
multimodality approaches to the treatment of LABC by combining surgery, radiation
therapy and systemic chemotherapy in different combinations. The treatment
program used for any single patient will depend on a number of factors, including:
1. Tumor/disease factors — size, location, histology and pathologic factors
2. Patient factors — issues such as general health status and presence of other
health problems, geographic location, time availability, travel
3. Patient preference — the patient may have a preference for a particular
treatment program
4. Physician/institution preference — which may represent local practice
patterns, experience/comfort with certain forms of treatment, budget,

available resources, geographic location.



Despite the complexity of individual treatment decisions, there appear to be certain
fundamental treatment strategies. The need for local control is achieved by the use of
surgery, radiation therapy or a combination of the two modalities. The need for

systemic treatment is achieved by the addition of multi-drug chemotherapy.

With reference to the problem of treatment for LABC, this paper will limit the
perspective to that of the patient and will assume that the physician acts in the best
interest of the patient. As we have identified, the decision regarding treatment for
LABC is complex and much of the uncertainty involves issues surrounding the
sequence and type of multimodality treatment for LABC that maximize positive
consequences (i.e. survival and quality of life) while minimizing negative

consequences (i.e. death, recurrence, and complications).

There remain a number of key decisions that a patient and physician need to make
with respect to treatment. These include the use of neo-adjuvant chemotherapy
(chemotherapy given before surgery); the use of surgery or radiation therapy for local
control in patients who have a complete response (no identifiable tumor remaining)
after neo-adjuvant chemotherapy; and the type of surgery to consider, mastectomy
(removal of all breast tissue on the affected side) or segmental mastectomy (removal

of only a portion of the breast tissue around the tumor).

1. Neo-Adjuvant versus Adjuvant Chemotherapy

A number of randomized studies have been reported comparing neo-adjuvant and
adjuvant chemotherapy for LABC (see Table 1) [10-13, 15, 31, 32]. Some studies
included patients with smaller tumors. The studies show mixed results and include

diverse populations and treatment algorithms.

The study by Mauriac et al. randomized 272 patients with breast cancer tumors larger
than 3 cm to either surgery followed by chemotherapy or neo-adjuvant chemotherapy
followed by surgery (66%) or radiation therapy (33%) depending on response to neo-
adjuvant chemotherapy. At 48 months of follow-up, overall survival was higher in

the neo-adjuvant chemotherapy group compared to the surgery group (87% versus
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74%) (p=0.04) [11]. Scholl et al. randomized 390 breast cancer patients with tumors

greater than 3 cm to either neo-adjuvant chemotherapy

Table 1 — Summary of Selected Randomized Controlled Trials of Neo-Adjuvant
Versus Adjuvant Chemotherapy in the Treatment of LABC

Abbreviations:
S - surgery
AJCC TNM OVERALL
STAGE TREATMENT PATIENTS SURVIVAL (%)
Mauriac S=>CT 138 74 (4-year)
(1991) T>3 em CT> S 134 87 p=0.04
Scholl T>3 om RT-> S-> CT 190 78 (4.5 years)
(1994) CT> RT> S 200 86 p=0.04
Semiglazov Ia - Tb CT/RT>S>CT 137 86.1 (5 year)
(1994) RT->S>CT 134 78.3 ns
Powles(1995) IIa - Iib S->CT/H 107 78 (4 year)
Makris(1998) CT/H>S>CT/H | 105 78 p=0.98
Fisher
I
NSABP-B13 ’ ’

CT - chemotherapy

RT - radiation therapy

H - hormone therapy

ns - not statistically significant (p > 0.05)

T — Tumor Size (cm)

—> - indicates sequential use of various modalities

and radiation therapy or radiation therapy only prior to surgery. With a median 54
months of follow-up, they found that overall survival was increased in the neo-
adjuvant chemotherapy group compared to the radiation therapy only group (86%
versus 78%) (p=0.039) [13]. Three randomized studies have failed to demonstrate a
survival difference for neo-adjuvant chemotherapy. A similar trial to the Scholl et al.
study by Semiglazov et al. randomized 271 patients with disease stage Ila to IIIb to
neo-adjuvant chemotherapy and radiation therapy or radiation therapy only prior to
surgery and adjuvant chemotherapy for both groups. They reported an estimated 5-
year overall survival of 86.1% for the neo-adjuvant group versus 78.3 % for the

radiation therapy only group (p>0.05) [15]. The study reported by Powles et al. and




the update by Makris et al. randomized 212 breast cancer patients to neo-adjuvant
chemotherapy plus tamoxifen therapy followed by surgery and adjuvant
chemotherapy versus surgery followed by adjuvant chemotherapy. After a median
follow-up of 48 months, there were no differences in overall survival between the two
groups (78% versus 78%) (p=0.98) [10]. The National Surgical Adjuvant Breast and
Bowel Project NSABP) B-18 [32] study is included in this review because it is the
largest and most comprehensive study of neo-adjuvant versus adjuvant chemotherapy
to date. It includes breast cancer patients with a disease stage of I or Ila and b, the
mean tumor size in the study was 3.5 cm and thus is of only limited comparison to
LABC patients. A total of 1495 patients were included in the report, 5-year overall
survival was similar for the neo-adjuvant (79.6%) and adjuvant (80.0%)
chemotherapy groups (p=0.83) [32]. Although it is difficult to directly compare the
randomized studies because of different populations and treatment algorithms, it still
remains unclear if neo-adjuvant chemotherapy in patients with LABC will impact 5-

year survival.

Many non-randomized, case series of LABC patients treated with neo-adjuvant
chemotherapy have been reported in the literature [5, 14, 33-41]. They report 5-year

overall survival of 38 to 80%, depending on disease stage or treatments used.

2. Theory of Neo-Adjuvant Chemotherapy

There are practical and biological arguments for the use of neo-adjuvant
chemotherapy in the treatment of LABC. Firstly, the response of the primary tumor
to the specific chemotherapeutic drugs can be monitored. When the drugs are given
prior to tumor removal, the response of the tumor in terms of shrinkage in size can be
followed clinically. Some studies suggest that women with tumors that have a good
response to chemotherapy have a better prognosis than those with tumors that do not
respond [40, 42, 43]. Patients who respond to neo-adjuvant chemotherapy can be
continued on a similar regimen after local/regional treatment with the assumption that
any residual tumor cells are likely to be sensitive to the previous drugs. If only
adjuvant chemotherapy is used, then there is no clinical monitor or method to assess
the tumor response to the chemotherapy, and some patients not responsive to the

chosen drugs will receive ineffective treatment.



Secondly, drug resistance is minimized by early exposure to systemic therapy.
Resistance of cancer cells to chemotherapy is a major cause of treatment failure [44].
Experimental studies have shown that the number of resistant cells increases with
tumor size, and the Goldie-Coldman hypothesis [45] suggests that once a tumor is
clinically detectable (1X106 cells or 1 cm in diameter) there is at least one cell line
that will be resistant to one chemotherapeutic drug. For LABC, which includes
tumors larger than 3 cm, it is likely that a number of cell lines have developed
resistance to chemotherapeutic drugs and therefore early exposure theoretically limits
the development of any more drug resistant clones. This theory would also support
the use of multiple drugs for chemotherapy in order to kill resistant clones with an
alternate drug [45, 46]. Thirdly, experimental and animal studies suggest that as any
tumor grows, the rate of proliferation of individual cells decreases [44]. Removal of
some, but not all tumor cells theoretically shifts the remaining tumor cells into
increased proliferation rates [47-49]. In a patient with LABC, surgery could remove
the clinical tumor in the breast but there may be microscopic non-detectable tumor
cells remaining in the breast, lymph nodes, or at a distant site of spread. Theoretically
these remaining tumor cells could shift to increased rates of proliferation. Some
animal studies suggest that the use of chemotherapy before surgery can reduce the

potential for increased proliferation rates in residual tumor cells [44, 48].

3. Surgery versus Radiotherapy Following Neo-Adjuvant Chemotherapy

When patients are treated with neo-adjuvant chemotherapy a proportion of the
patients will experience shrinkage of the primary tumor. The response of the primary
tumor can be classified as complete, suggesting that the tumor is now clinically
undetectable, or partial, suggesting the tumor is clinically detectable but is smaller in
size than prior to treatment. In patients who “respond” to neo-adjuvant
chemotherapy, the modality used for treatment of the primary tumor can be either
surgery or radiation therapy. Two randomized studies have examined the issue of
local treatment of the primary tumor by surgery or by radiation therapy after neo-
adjuvant chemotherapy (See Table 2) [50] [51]. An early study by De Lena et al.
randomized 132 disease stage III breast cancer patients to receive either surgery or

radiation therapy after neo-adjuvant chemotherapy. They reported median survival of
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49 months in both groups (p>0.05) [51]. A study reported by Perloff et al. treated 137

disease stage III breast cancer patients with neo-adjuvant chemotherapy, 87 patients
were then randomized to receive either surgery or radiation therapy as local treatment.

Median survival was 39.0 months for the radiation therapy group and 39.3 months for

the surgery group (p=0.96) [50]. Neither study was able to show a significant

difference in local recurrence, median disease free survival, or median overall

survival for those treated with surgery versus radiation therapy.

Table 2 - Summary of Selected Randomized Controlled Trials of Radiation

Therapy versus Surgery After Neo-Adjuvant Chemotherapy in LABC

AJCC TREATMENT | PATIENTS | MEDIAN | MEDIAN

TNM DFS 0OS

STAGE (MONTHS) | (MONTHS)
DeLena Stage Il | CT>RT>CT |57 22.0 49.1 ns
(1981) CT>S>CT |67 15.0 ns 49.1
Perloff Stage Il | CT>RT->CT [ 44 244 39.0
(1988) CT>S>CT |43 29.2 ns 39.3 ns
Abbreviations:

S - surgery

CT - chemotherapy

RT - radiation therapy

H - hormone therapy

ns - not statistically significant (p > 0.05)

DFS - disease free survival

OS - overall survival

— - indicates sequential use of various modalities

4. Breast conservation considerations
A potential advantage of neo-adjuvant chemotherapy is to allow more LABC patients
to be treated with breast conserving local treatments like radiation or segmental
mastectomy (i.e. breast conservation surgery). A number of studies have reported
tumor response rates for neo-adjuvant chemotherapy [23]. The response rates to neo-
adjuvant chemotherapy are classified as:

a. Complete - no detectable tumor

b. Partial - some residual tumor but smaller than before treatment

¢. No response - tumor of same or larger size
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The response can be measured clinically by physical examination and/or
mammography or ultrasound of the breast; or it can be measured pathologically, by
measurement of a surgically removed specimen. Clinically complete response
proportions range from 5 to 66% with larger studies reporting proportions of 10 to
25% [12, 14, 15, 37-39, 42, 52-55]. Proportions of partial response are as high as 80
to 85% [15, 42, 54, 55]. Pathological response proportions are generally lower than
the corresponding clinical proportions. Proportions of pathological complete response
range from 1.5 to 29%, with most studies reporting less than 10% [12, 15, 37-39, 42,
52-55]. The greater the clinical and pathological response to neo-adjuvant therapy,

the more likely that breast conserving local therapies will be used.

Calais et al. [41] showed that breast conserving therapy could be performed in 49% of
patients with tumors greater than 3 cm who were treated with neo-adjuvant
chemotherapy. Schwartz et al. [14] was able to perform breast-conserving surgery in
34% of patients treated with neo-adjuvant chemotherapy. When Bonadonna [51
treated patients with tumors greater than 3 cm with neo-adjuvant chemotherapy, he
was able to achieve breast conservation in 81% of patients. Two randomized studies
[12, 31] showed statistically increased rates of breast conserving surgery in patients
treated with neo-adjuvant chemotherapy when compared to patients not treated with
neo-adjuvant chemotherapy. The NSABP B-18 study, which included only disease
stage I and II, reported that a segmental mastectomy was performed in 67% of the
neo-adjuvant chemotherapy group and only 60% of the adjuvant chemotherapy group
(p=0.002) [31]. This trend was even more dramatic in tumors of increasing size. For
tumors greater than 5 cm, the use of segmental mastectomy in the neo-adjuvant group
was 22% versus 8% for the adjuvant chemotherapy group (p=0.008). The
randomized controlled trial by Powles et al. showed an increase in the use of breast
conserving therapies for patients treated with neo-adjuvant chemotherapy and
tamoxifen (28%) versus those treated with adjuvant chemotherapy and tamoxifen
(13%) (p<0.005) [12].
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E. Introduction to Medical Decision Analysis

Decision-making involves a choice from available alternatives, ideally after
consideration of the potential positive and negative consequences of each choice. All
investigation and treatment recommendations given to a patient involves an aspect of
decision-making on the part of the physician and patient. In some cases the
“treatment of choice” is quite clear, but in others it is not. Decision making in health
care can be particularly complex, potentially involving diagnostic and therapeutic

uncertainties, patient preferences, values and costs [56].

A discussion regarding decision making for a treatment program should first clearly
identify the problem of interest [56]. Secondly, we must recognize that there are
multiple perspectives of the problem. There is a need to frame the problem in terms
of the different perspectives to fully identify all values and objectives related to the
problem [56]. This can be accomplished by a general discussion about the
stakeholders of the program, their role in the decision-making process, and all
relevant values and objectives according to each stakeholder group. The stakeholders
in medical decisions can consist of the patient seeking care, the provider of the care
(i.e. physician and the institution), the payer of the care (institution, insurance,

government, taxpayer/society), and society at large.

The objectives of a program from the patients perspective may be: access to and speed
of obtaining care, effectiveness of care (maximizing positive consequences),
minimizing negative consequences and maximizing of quality of life both during and
after treatment. The objectives of a program from the providefs’ perspective may be:
to maximize positive consequences while minimizing negative consequences for the
maximum number of patients. The objectives of a program from the payer’s
perspective may be: to provide the maximum benefit to the maximum number of
patients with the limited resources. The payer is also concerned about the opportunity
costs of using the resources for one program which will then not be available for
another program. Decisions must be made as to the allocation of scarce resources
within the entire health care system over a number of competing programs to
maximize the benefit in terms of health of the population. The objectives of a

program from the perspective of society may be: to satisfy an underlying altruistic
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need, and also to provide the maximum benefit to society (productivity, growth,

development and happiness), as they must account for the opportunity costs of the

program within the whole society.

Decision analysis is the application of quantitative methods and modeling to analyze
decisions under uncertain conditions [57]. Decision analysis is a proactive approach
to decision-making in which both evidence and values can be integrated into a single
framework [56]. Decision analysis is a method for structuring and modelling a
decision process which can organize complexity, represent and account for
uncertainty, and provide a framework to deal with multiple outcomes [58]. Decision
analysis is not intended to provide an “answer”, but instead its goal is to allow the
decision maker to have a better conceptual understanding of the whole problem and
provide insight into the alternatives and outcomes. It does not solve the problem, but
provides another important tool to help guide a decision process. Quality medical
care is determined by two factors; the quality of decisions, and the quality of the
execution of those decisions [56]. If the quality of the decision process is limited then

it does not matter how skilful the execution, as quality medical care will suffer.

Following is a general discussion of decision theory and analysis; the specifics of the

present analysis are discussed in section VIIL.

1. Background theory of decision analysis methods:

Decision analysis methodologies and underlying theory have evolved from the
business and industry sectors. The basis of most decision analysis techniques is
expected utility theory that was first described by von Neumann and Morgenstern in
1947 [58, 59]. The theory states that given certain assumptions and conditions,
people should make choices (decisions) that maximize the expected utility. The
expected utility of a choice or alternative is the additive total of the expected value for
each possible outcome of the alternative. The expected value of any single outcome
is the product of the utility value and the probability of the outcome. The utility value
consists of the value units that can be applied to an outcome to represent the

desirability of that outcome to the decision maker. The calculation of expected utility
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requires the probability of the event occurring be known, and that a utility value for

the outcome be assigned.

As an example, consider a choice between receiving 50 dollars for certain versus a
gamble where the probability of winning 75 dollars is 80% and the probability of
winning no money is 20%. This can be represented diagrammatically as seen in
Figure 2. If we multiply the probability of 0.8 by the utility of 75 dollars we get 60
dollars for an expected value for that outcome; an expected value of 0 dollars is
obtained by the same method for the other possible outcome of choice A. The two
expected values can be added together to arrive at the expected value of choice A,
which would be 60 dollars (60 + 0 dollars). The expected value of choice B is the
probability (100%) times the utility value of 50 dollars, which gives an expected
utility of 50 dollars for choice B. This calculation method for determining expected
value can be viewed as equivalent to presenting the decision problem to many people
and averaging the total dollars received by the number of people. So, although any
single individual could receive 0, 50 or 75 dollars a choice must be made without
knowing the actual outcome (i.e. choice is made under uncertainty), the average of
those who choose alternative A is 60 dollars and those who choose alternative B is 50
dollars. According to expected utility theory, given the choice a person should choose
alternative A because the expected utility is higher (maximized). This simple
example can be carried to a more complex decision situation and not involving money

as the utility value, and thus provides a basis for decision analysis methodologies.

Figure 2 - Diagrammatic form of a simple decision
between two alternatives for calculation of expected value
of each alternative

p=0.38 $75
Choice A D\
p=02 $0
p=1.0

ChoiceB ™[] > $50
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There are a number of general conditions and assumptions regarding a decision

maker’s behaviour that needs to be met in order to use expected utility as the basis for
decision analysis [58].

a. Ordering and transitivity
- a decision maker can order (establish preferences) alternatives, and if
A>B and B>C then A>C.

b. Reduction of compound uncertain events
- a decision maker is indifferent (no preference) between a compound
uncertain event (complicated set of gambles) and a simple uncertain
event (single gamble) that is a reduced form of the compound
uncertain event.

c. Continuity
- a decision maker is indifferent between some level of outcome (A)
and a gamble (A1 versus A2) given that the outcomes of the gamble
are above and below the level of (A) (i.e. AI>A>A2).

d. Substitutability
- a decision maker is indifferent between a certain event and an
uncertain event with the same expected value (opposite to b).

e. Monotonicity
- given two gambles with the same outcomes, a decision maker will
prefer the gamble with the higher probability of winning the preferred
outcome.

f. Invariance
- all that is needed to determine a decision makers preferences among
uncertain events are the probabilities of events occurring and utility
values for each outcome.

g. Finiteness

- no outcomes are considered infinitely bad or good.

It is agreed that under most circumstances these assumptions and conditions hold, but
controversy exists regarding some of the assumptions [58]. In general, if the

decision-maker agrees with the assumptions then it is possible to find a utility
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function to evaluate the outcome, and the decision maker should make choices based

on maximizing expected utility.

2. Clinical Problem

The choice of an appropriate clinical problem is the first step in the development of a
useful decision analysis. A clinical problem amenable to decision analysis should be
one in which there is no clear consensus regarding the “best treatment”. There should
be a number of alternatives to choose from, and the literature and experience should
not suggest a dominant alternative. An alternative to providing a decision analysis
would be to perform a clinical trial which can test similar hypothesis and objectives.
Some of the advantages of using a decision analysis for treatment of LABC are that it
is relatively inexpensive, no long term follow-up is required (up to 10 years or more
for a clinical trial), unpleasant or dangerous therapies or outcomes can be modelled,
and it can identify areas in which a clinical trial may be of benefit to provide more

information.

3. Target Population
In order to develop an appropriate model for decision analysis, identification and
description of the target audience at the outset is imperative. The steps in the model,
important outcomes and values will be specific to different audiences, even for the
same clinical problem. Potential audiences could range from patients, to doctors, to
other healthcare workers, to policy makers, or to society. The objectives of each
group may differ for a single clinical problem. In our case (treatment options for
LABC) patients may be only interested in treatments with the greatest potential for
cure, the fewest side effects, and/or highest quality of life. Doctors may be interested
in treatments that cure the most patients; and policy makers may be interested in
treatments that are the most cost-effective (i.e. cost per life year saved). It is therefore
very important to define the target audience for the decision analysis at the outset.
The clinical problem, along with the chosen stakeholders, becomes the decision

context for the problem.
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4. Values and Objectives

Once a decision context has been identified there are two ways to approach it.
Alternative-based thinking suggests that the next step in the decision process should
be the identification of alternatives, then selecting the “best” alternative from the
group of alternatives. Unfortunately, “best” is typically not precisely defined in terms
of decision objectives that relate to the decision maker’s values, and this method may
be constraining in terms of creative solutions. Keeney [60] suggests that the next step
should be to identify the values that one is trying to impact in the decision process,
which he terms value-focused thinking. Keeney argues that values are more
fundamental to the decision process than alternatives because the reason one is

interested in a decision at all is because it impacts our values.

All decisions involve a trade-off between some values for the decision maker. Values
can be defined as the things that matter, or are important to a decision maker (e.g. life,
health, freedom, happiness). The abstract notions that are values can be made more
explicit by describing objectives. The objectives qualitatively state all that is of
concern in the decision context; they provide guidance for alternatives and are the
foundation for any quantitative modeling of the problem [60]. The objectives are the
statements of what one wants to achieve. There are two types of objectives, means
objectives and fundamental objectives. Both types of objectives have three features: a
decision context, an object, and a direction of preference [60]. A means objective is
an objective of interest because of its implication for the achievement of another more
fundamental objective; it is the means to a fundamental objective. A fundamental
objective is an objective which has intrinsic value to the decision maker and is an
essential reason for interest in the problem. For example, a means objective in breast
cancer treatment might be to minimize nausea and vomiting associated with
chemotherapy. This means objective is related to the fundamental objective of
maximizing quality of life. This fundamental objective can be described in terms of
many means objectives; nausea and vomiting, pain, sleep, and another important

aspects of quality of life.

Once a list of objectives has been generated for the decision problem the fundamental

objectives need to be identified. A fundamental objective is an essential reason for
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interest in the decision problem and refers back to the values [60]. Fundamental

objectives can be identified by asking the question “ why is this important?”. A
fundamental objective has intrinsic value to a person (e.g. length of life, happiness).
After the fundamental and means objectives are identified, the list of possible
alternatives that will potentially influence the objectives should be considered for the
decision problem. It is the identification of the values and objectives that guides the

development of alternatives in value-focused thinking [60].

The fundamental objectives are also used to identify the measure of success of the
various alternatives. For example, if one of the fundamental objectives is happiness,
then the outcome of each alternative needs to be measured in terms of its impact on
happiness. The process of identifying a measure for the objectives is the process of
identifying attributes. An attribute can be thought of as the scale upon which one will
measure the achievement of an objective. A utility is a mathematical description of a
decision makers preferences for the various measures of an attribute. They are the

constructed preference weightings attached to the outcomes.

Outcome measures can range from only two possibilities of a single attribute, to
multiple possible outcomes of a single attribute, to multiple possible outcomes of
multiple attributes [56]. An attribute is a single domain or characteristic along which
one is to measure an outcome. The simplest outcome is a dichotomous variable of a
single attribute; if the attribute is survival the two outcomes could be alive or dead.
An example of a single attribute which describes a continuous outcome is survival
time, where the outcome is measured along a continuous scale (e.g. time) and can take
on any value of that scale (multiple possible outcomes), but is still only measuring a
single characteristic. The most complex outcomes are those in which more than one
attribute or characteristic is measured; and there are multiple possible outcomes for
each characteristic[56]. An example would be breast cancer treatment, which could
be measured in terms of survival and quality of life. Each of these attributes or
characteristics could have multiple possible outcomes, survival can be any value
along a time scale and quality of life could also be measured along a scale from a
value of 0 to 1 (0=death and 1=perfect health).
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Analysis of decision problems that incorporate multiple attributes requires that one

must account for trade-offs between the attributes to determine the best
alternative[56]. One way to evaluate the trade-off in values between the attributes is
to convert the measurements to a single scale that reflects the values associated with
each attribute[56]. For the example above of breast cancer treatment, the outcomes
could be measured on a single scale, quality-adjusted survival, which would
incorporate both survival time and quality of life. If one produces a graph of quality
of life values versus survival time, the area under the curve will be a function of both
the quality of life and the survival time measured on a single scale[56]. For every unit
of survival time, time can be multiplied by the quality weighting for that period
(quality of life value), then this value for all time periods can be added together to
produce a value for the total quality adjusted survival for that patient. The total
quality adjusted survival time can then be compared for the different alternatives in
the decision process; the alternative that yields the largest quality adjusted survival
time should be the preferred alternative. The use of quality adjusted survival in this
way is only valid if the ratio nature of the measure is true, i.e. that one year at quality
0.5 must be equivalent to 6 months at quality 1.0 [56]. For this to be true, the quality
measure must be a global measure of the state of health, and not just disease specific;
the ratio scale of the quality measure must be valid, so that a measure of 0.5 is exactly
half as desirable as 1.0; and the use of time should represent the subjects preference
for the quality of life in a given health state [58].

A scale of preferences, or utilities, for the various possible measures of the outcome is
then constructed. A utility can be defined as the quantitative measure of the strength
of a person’s preference for an outcome [56]. Most often the utility for an outcome is
represented by a numerical value representing the decision maker’s preference, so that
higher values are more preferred than lower ones. The development of a good utility
scale for the selected outcomes is key in decision analysis based on expected value
(utility) theory. In health care, a utility can reflect how a person values a certain state
of health. The valuation of health states is the basis for the development of quality of
life measures. In decision analysis, it is not the measurement of “quality of life” per
se that is important, but the development of a utility scale (preference ranking) for the

potential health states [56]. There are a number of methods described to calculate the
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utilities of health states; the standard gamble technique, the time-trade-off technique,

willingness to pay, and health indexes. There are also a number of references which

provide utilities derived from previous work [56, 61-64].

The use of quality-adjusted survival as a utility depends on three criteria [56]:
1. the utilities must reflect preferences under uncertainty
2. there must be constant proportional trade-off. Which means that the time
one is willing to give up in order to improve health is independent of the
length of life (i.e. no time preference).

3. there must be risk neutrality

However, it has been shown that if the last two criteria are met approximately then it
may adequately represent the utility. Also, an adjustment can be made for time

preference by using discounting of health years.

An outcome measure which can be used in decision analysis is that of quality adjusted
life years (QALY). This is an outcome that primarily measures the duration of life
expectancy, with the addition of a quality weighting to reflect a loss of the quality of
life based on different health states [58]. It appears to be more informative because of
the incorporation of the quality measure. A quality value is assigned to each possible
health state based on its desirability by subjects. The number of yeats, or other
appropriate time duration, is multiplied by the quality rating for that health state to
yield a value of quality adjusted life years. This can be interpreted as the
corresponding reduced number of years of life in perfect health which would be
valued in a similar manner to the full number of years in some heath or ill-health

state.

One of the assumptions that must be satisfied when using the QALY as an outcome is
that of utility independence [65]. The outcome of QALY is a combined outcome

measure taking into account length of life and quality of life. This assumption means
that the utility placed on length of life is independent of the utility placed on quality of
life. The second assumption that must be met is “proportional trade-off”, one must be

willing to give up a portion of one’s life years to improve one’s quality of life and that
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the proportion of life one is willing to give up is independent of the total length at the

outset [56].

5. Risk Attitudes

A risk attitude is a fundamental characteristic of a decision maker; it reflects the
person’s attitude regarding the element of risk in uncertain conditions. For example,
say a person is faced with a decision between a gamble with possible outcomes of 100
dollars or 0 dollars versus an amount that is available for certain. Expected value
theory suggests that the person will choose the alternative that maximizes the
expected value (probability of the event times the utility (value)). For a person who is
“risk neutral”, they would be willing to accept, for certain, the amount equal to the
expected value from the gamble (which will be dependent on the probabilities). Fora
person who is “risk averse”, they would setle for a certain amount less than the
expected value of the gamble because they would rather have the certainty of having
money in hand than “take the chance” of losing it all with the gamble. The opposite is
true of a “risk seeking” person; they would accept a certain amount that is higher than
the expected value of the gamble because they want to take the risk for the big pay-off
of the gamble. This risk attitude characteristic is situation dependent, so that the same
person will not have the same risk attitude in all decision situations, in some they may
be risk averse, in some may be risk neutral, and in some may be risk seeking. If the
utilities are derived using the standard gamble technique then they will also reflect the

risk attitude of the person [56].

6. Time Preference

The concept of a time preference suggests that the value placed on an objective in the
future is less than the value for the same objective at the present time [56]. Ifa
decision maker has a time preference than the utility placed on a health state is
dependent not only on the nature of the health state but also on when and how long
the state is endured. For example, one might be willing to give up more “healthy”
years in exchange for some period in a health state if it occurs 10 or 20 years in the
future compared to if it was to occur in the next 5 years. One way to account for the
issue of time preference is to apply discounting for future health outcomes.

Discounting refers to the application of a mathematical formula to the outcome value
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which will reduce the value based on the number of years from the start that the

outcome occurs [56]. This concept is similar to the arguments for discounting in
economics of firture costs. There are arguments for and against the use of discounting
health outcomes [56]. Both costs and health outcomes should be discounted, and they
should be discounted at the same rate. The value of the discounting rate should be
determined by the real rate of return on long-term government bonds (about 3%) but
should also be consistent with rates used in other similar published studies and a range

for sensitivity analysis chosen of about 0 to 7% [56].

7. Alternatives

The next step in the formation of the decision analysis framework is to define and
include the alternatives to be considered. This step relies on an understanding of the
disease and treatment process. All clinically appropriate treatment alternatives should
be described and included in the model. The various treatment alternatives

considered will be described along with the model structure.

8. Model Structure

The next step is the development of a model or structure that describes the clinical
problem in a representative way. Almost all medical decision analyses are modeled
using a “tree” structure [66]. A generalized clinical decision tree is shown in Figure
3, The tree structure, by convention, begins with the clinical starting point on the left;
the tree is then diagrammed from the left to right with the branches representing the
points of decision or outcome. The tree is modeled in a logical order and follows the
temporal sequence that the real clinical steps would occur [65]. Points in the process
were a decision has to be made are represented as decision nodes or choice nodes
(small square). This is a branch point in the tree structure with each branch
representing one of the possible alternative choices. Points in the process where an
outcome/outcomes are expected (i.e. test results, results of treatments etc.) are
represented by chance nodes, these chance nodes are branching points in the tree
structure with each branch representing each possible outcome from the proceeding
activity/actions. The ultimate outcome of interest in the clinical problem is
diagrammed at the far right side of the tree structure following all decision and chance

nodes.



Figure 3 - General Decision Tree Structure
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9. Time and its incorporation into the model

The issue of time frame is important in clinical decision analysis. It depends mostly
on the nature of the clinical problem at hand, and the intended use or objective of the
analysis. For some clinical problems this may mean a short time frame (e.g.
immediate complications of a treatment), for clinical problems which are looking at
chronic illness or treatment outcomes such as survival, the time frame will need to be
much longer (e.g. survival after treatment for a cancer). In choosing a time frame
appropriate to the situation, one faces a trade off between accuracy and
parsimoniousness [65]. For short time frames one can be more complete, for longer
time frames a simpler decision tree may be more appropriate to model the clinical

problem.

Another issue with regard to time and modelling is in clinical situations where the
time horizon of the problem is long or indeterminate [65]. When the time horizon for
a problem is long, there is likely to be fluctuation of probabilities over time. For
example, if we were looking at the recurrence of a disease after some finite treatment,
the probability of recurrence may decrease with time since treatment. This
“changing” probability is difficult to model in a “classic” decision tree with a fixed
time horizon or time frame of follow-up. Another issue with fixed time frames is the
issue of health discounting [65]. One unit of health today is valued more than the
same unit of health in the future. There is a natural element of discounting of health.
This discounting effect will be important in the calculating of utility values in the
decision analysis. If the clinical problem has a short time horizon than any loss of
health outcome with treatment will be realized early and no discounting will be
present. But if the time horizon is longer, people are less concerned about
complications (or loss of health) that may occur in the future as opposed to ones that
may occur in the present [57]. A clinical problem may be interested in looking at
events that occur over a lifetime, the conventional decision tree defines a finite length
of time frame for all participants. Thus it is very difficult to calculate probabilities
and utilities for a decision tree over a “lifespan” time frame, which will vary from

person to person.
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The use of a Markov process for modelling outcomes can overcome many of these

issues faced by the conventional decision tree over long follow-up periods [57].
Conceptually, the standard or conventional tree shows how a group of patients will
move from an initial health state to a number of various health states over a fixed
period of time with fixed probabilities and utilities associated with movement to the
end states. The Markov process allows us to model the transition of a group of
patients from an initial health state/s to a number of health states in a more dynamic
way. It uses “short” (situation dependent) time cycles to describe transitions between
health states with a set of probabilities and utilities attached. It will then repeat the
“cycle” of transitions beginning at the end of the last cycle and will allow one to
change the probability of transition between states or utility of health states at the end
of each cycle. An infinite number of cycles can be run to simulate transitions over
long periods of time. The Markov modelling process usually incorporates an
absorbing health state; this is a health state that one cannot move out of (e.g. Death).
The Markov process can thus be run the number of cycles to move all persons into the
absorbing state. This can mimic the natural process of following a cohort through a

lifespan with changes in probability and utility over time as required.

The first step in the development of a Markov process is to define a set of health
states [57]. These health states should represent, in a basic way, the reality of the
clinical situation. The health states should be mutually exclusive of each other so that
a single patient can exist in only one health state at one time [57]. The next step is to
define the length of a cycle; this will depend entirely on the clinical context and goal
of the analysis. The length of a cycle can be short (days, weeks, months) for short-
term outcomes of interest or they may be longer in duration (months, years) for long-
term outcomes. The next step is to describe the ways in which a patient can transition
between the various health states during any one cycle. A flow diagram, which can
represent all possible movement from one health state to the others, is the most
intuitive [57].

The Markov process is analyzed by first defining the proportions of the cohort which
enter the process in each health state. During the first cycle, patients are allowed to

move between the health states according to the defined probabilities for that cycle.
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At the end of the cycle, all transitions will have taken place and a new distribution of

patients will exist in each health state. The utility value assigned for each health state
is then multiplied by the proportion of patients in the group. The utility values
calculated for all groups (i.e. health states) are added up to provide an overall quality-
adjusted cycle value which represents the total contribution of that cycle to “quality
health time” for the cohort. This process is then repeated and the calculated utility
values are added up for all the cycles to yield a total value. Because all terminal
branches of the decision tree can have the same Markov process at the end, the
process will yield different total value results for each different branch by virtue of a
different distribution of patients starting in the different health states, and different
values for the transition probabilities depending on which treatment branch is used.
This will allow one to directly compare the different decision tree pathways because
each one will be associated with a calculated total value. The higher values for the

total value should represent the preferred clinical strategies.

10. Estimating Probabilities and Utilities

Within the decision tree the two basic elements (apart from the tree structure) are the
probabilities and the utility values for each outcome or Markov state. A probability is
a quantitative estimate of the likelihood of an event in the decision tree will occur.
An outcome utility value is a quantitative expression of the desirability of such an
outcome happening [67]. Probability-weighted utilities are then used for expected-

value calculations in the tree.

The usefulness of a decision analysis will rely on the accurate estimation of these
values. The probabilities should be derived from the most accurate information
source available. Sometimes the most accurate information may come from the
published literature, other times the most accurate information may be derived from
studies or data on the population under consideration (data which most closely fits the
population under consideration). Within the published literature, there is a generally
recognized hierarchy to the quality of information [56]. The highest quality literature
is a meta-analysis, then systematic literature reviews, then published randomized
controlled trials, then other published studies (uncontrolled trials, case series, case

reports). A computerized search of literature databases (e.g. Embase, Medline)
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should be used to identify relevant articles which can then be critically reviewed and

information subjected to the hierarchy described. The highest quality studies should
be used to derive the estimate of the probability. It is possible that a probability
estimate cannot be derived from the published literature; possible alternative sources
of information are an existing database, personal data collection, expert opinion,

personal experience, or best guess.

Depending on the type of data that is available, there is likely to be some aspect of
uncertainty to the estimate of probability. For topics in which there are good quality
studies, this uncertainty may be small; for topics in which the estimate is based on
poor quality literature this uncertainty may be larger. Because there is uncertainty in
the estimate one should always provide a “reasonable” range for the value of the
probability. The range of values can come from 95% confidence intervals in
published studies or from a high-low range of values specified in different studies.
The importance of defining the uncertainty around the estimate is related to the

sensitivity analysis and testing of assumptions of the model.

Rates for outcomes under consideration that are synthesized from the medical
literature can be converted to transition probabilities for the Markov model according
to accepted methods. The formula

P(t)=1-e™
can be used, where P(t) is the probability of an event during the cycle time, r is the
rate, and t is the duration of the cycle expressed in the same units as the rate. [56, 68]
The estimation of the outcome value will depend on the type of objectives and thus
outcomes defined by the analysis. For simple outcomes such as alive/dead,
disease/none or complication/none the outcome value may be the number or
proportion of individuals with/without the desired outcome. Some analyses will have
more than two outcomes; this usually means that an outcome value is placed on each
outcome based on a preference or desirability for the outcome. Because all outcome
values are a measurement of a subjective process and the tools of measurement of
these subjective values are inaccurate the uncertainty associated with the outcome
values is relatively large. Again the range of plausible values should be defined with

in the analysis for use in a sensitivity analysis. There are now a number of databases
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that have gathered information from studies on the outcome values in a variety of

health states and diseases, which can be informative in this process [61].

11. Sensitivity Analysis

Sensitivity analysis refers to the testing of the assumptions of the decision model.
With the identification of the decision problem, underlying values leading to
description of the fundamental objectives, listing of the outcomes and alternatives,
and identification of the associated probabilities and utilities the model is ready to be
used to determine the preferred alternative. Before a chosen alternative is identified
we need to account for two factors, variability and uncertainty. Variability refers to
the heterogeneity among individuals of a population with regard to factors that may
affect the alternatives [56] such as age, sex, previous medical history, risk factors,
prognostic factors, and response to treatments. The use of decision trees or Markov
models allows for the analysis of a cohort of similar individuals, but we know that all
individuals will not react and respond in the some way. We need to be able to model
the variability in important factors within the population for which the analysis is
tailored, as this variability may result in different alternatives being identified as

preferred.

The variability among individuals of a population for a particular characteristic can be
modeled by using separate inception cohorts for the decision model that vary
according to the important factors. Another method to model variability is to use a
Monte Carlo simulation technique with a Markov model. Individuals with certain
characteristics can be “followed” through the decision model with the use of tracker
variables [56]. These tracker variables will determine the next set of probabilities and

utilities to be used in the analysis.

Although the decision model incorporates uncertainty in the outcome of treatment as
modeled with probability nodes, there is also uncertainty associated with the actual
values used for the model parameters of probability and utility. This parameter
(value) uncertainty is due to the error in measurement of the value based on the
assumption that they are derived from a measured sample and heterogeneity of the

sources (studies) used [56]. For each probability value and utility value in the model,
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an estimate of the uncertainty of the value can be given be providing a range of

plausible values for the estimate. This range of values can be derived from 95%
confidence intervals associated with the estimate from a study, or can be the range of
values from different studies. A deterministic approach to sensitivity analysis allows
one to “test” the robustness of the interpretation of the analysis when varying the
assumptions of the model over the range of uncertainty. Because the true value for
the estimate could be any value in the range, the model should be tested over all
possible “true” values in order to obtain the correct interpretation of the true state of
the problem [69]. The decision analysis is conducted multiple times using the
different values for the estimates of probability and utility and the results are
compared over the ranges. Sensitivity analysis begins with one-way testing in which
only one variable for a probability or utility is varied across the entire range of values
[69]. Conducting the analysis with the changing value will result in an expected value
for two or more alternative strategies that are equal. This is referred to as the
threshold value, equal expected value for two or more strategies. If this threshold
value for the variable is within the range of plausible values (range of uncertainty)
then the analysis can be said to be sensitive to that variable. This analysis is repeated
for all the variables of probability and utility in the analysis to yield a list of
“sensitive” variables on one-way analysis. The next step in the deterministic
sensitivity analysis is to run a similar group of analysis while changing the values for
two variables (two-way analysis) at a time, then three variables at a time (three-way
analysis) [69]. The group of variables that are used in the two and three-way
sensitivity analysis are usually the variables which were sensitive in the one-way
analysis. A final step in then deterministic sensitivity analysis is to perform the
analysis using the most extreme conditions, the “best case” and “worst case”
scenarios[69]. The end result of the sensitivity analysis should be the identification of
a variable or group of variables for which the current model is sensitive to the range
of uncertainty. This deterministic method of sensitivity analysis for uncertainty
associated with model probabilities and utilities is limited by computational

complexity when there are many uncertain variables.

Another method for analysis of parameter uncertainty utilizes a probabilistic approach

with Monte Carlo simulations[56]. The uncertainty associated with each variable is
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itself modeled as a probability distribution, so that each parameter is not a value but is

a distribution of values each with a probability. Similar to an #-way sensitivity
analysis, the model is run z times, each time using a value for each variable chosen
from its probability distribution. Because the model is run # times, there are n
different expected values. All calculated expected values together produce a
distribution for the expected outcome, which can then be used to measure the

uncertainty associated with the uncertain nature of the parameters of the model.

12. Published Literature

A Medline search from 1966 to present provided a total of 67 published articles which
use decision analysis methodology in the area of breast cancer. The Medline search
terms used are outlined in Table 3, MESH terms and text words in category 1 were
combined with each of the MESH terms or text words in category 2. The titles of
journal articles returned from this search methodology were reviewed and all relevant
papers were further assessed by a review of their published abstracts. All original
studies which include the use of a decision analysis methodology are included to total
67 published studies. No studies were identified that use decision analysis

methodology in the area of treatment of LABC. (see Appendix B for reference list)
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Table 3 - Summary of Medline search terms used for decision analysis

literature selection

Category 1 Mesh terms or text words

Category 2 Mesh terms or text words

Breast neoplasm
Breast cancer
Breast disease

Locally advanced breast cancer

Markov chains
Markov model
Markov

Decision support techniques
Decision model
Decision analysis
Cost-benefit analysis
Cost-effectiveness
Cost-utility
Monte-Carlo
Statistical model
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IV. Methods

There are two components to this research project, the survival analysis and the
development of a decision analysis framework to address treatment strategies in

LABC. Each component will be described separately as follows.

A. Survival Analysis

The study design used for this portion of the project is a population-based
retrospective cobort utilizing survival analysis methodology. A standard measure of
“success” in the treatment of cancer is the proportion of patients with the disease who
survive to a certain time point from the time of diagnosis. Because survival (length of
life) is a fundamental objective with intrinsic value for the patient, it can be used to
compare the “relative benefit” of different treatments for patients with LABC.
Survival analysis is a group of statistical methods which utilize time-to-event data to
describe when and how many patients will have the occurrence of a defined endpoint.
Time is measured from a defined starting point (e.g. diagnosis, treatment start, or

other defined point in the disease process) before the occurrence of the endpoint.

There are two data sources that were used for the survival analysis, the Alberta
Cancer Registry and the Screening Project Data 1994-1996. The Alberta Cancer
Registry (ACR) is maintained within the Alberta Cancer Board’s (ACB) Division of
Epidemiology, Prevention and Screening. The ACR collects data on all new primary
cancers and cancer deaths occurring in residents of the province of Alberta. It was
established in 1942 and began collecting population based data in 1950. New cancers
are identified through a number of sources. All pathology reports in which a
diagnosis of cancer is made are available to the ACR. Other sources of data are from
operative reports, discharge summaries and x-ray reports. Registry personnel then
record information about the new case. Coding of information is based on the
International Classification of Diseases for Oncology, second edition (ICOD -2) and
the Surveillance, Epidemiology and End Results Program of the National Cancer
Institute (SEER). The ACR files are matched to Alberta Vital Statistics data for every
death occurring in Alberta, data recorded include the date and cause of death. Ad-hoc

notification from family, physicians or obituaries may also be recorded in the ACR as
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a death. The ACR files are also linked to the Alberta Health registration file to

provide vital and residency status of cancer cases. The Screening Project Data 1994-
1996 is a database from an ACB project that involved a systematic review of records,
for the years 1994-1996, by trained health record personnel to accurately stage breast
cancer patients. The project was initiated by the ACB as part of a study of

mammography because adequate staging data was not available in the ACR.

Data from the ACR and the Screening Project Data 1994-1996 for the period January
1, 1994 to December 31, 1996 was compiled by ACR personnel for all patients with
breast cancer. ACR personnel then stripped all identifying information from the
records. A unique identifying number was created for each corresponding entry in
both data files. The two data files were provided to the primary researcher, and
merged to form the study data file upon which the analyses presented in this project

are based.

The population under study is all women diagnosed with invasive adenocarcinoma of
the breast in the years January 1, 1994 to December 31, 1996 who fit the criteria for
LABC and who were residing in the province of Alberta at the time of diagnosis.
LABC is defined as a primary adenocarcinoma of the breast with a primary tumor
greater than 3 cm in greatest dimension and/or fixed or matted axillary
lymphadenopathy (AJCC Breast Cancer N Stage=N2 or N3), in the absence of
metastatic disease (AJCC Breast Cancer M Stage=MO). The time period chosen
reflects the need to obtain at least 5 years of follow-up for all subjects and also
corresponds to accurate staging data available from the Alberta Cancer Board (ACB).
Patients were excluded from the study if they met any of the following criteria:
a. Previous diagnosis of invasive breast cancer (adenocarcinoma)
b. Current or previous diagnosis of breast cancer of non-adenocarcinoma
histology (lymphoma or sarcoma)
¢c. Previous diagnosis of invasive cancer of histology other than non-
malignant skin cancer

d. Inability to obtain or missing ACB data
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The purpose of excluding patients with a previous diagnosis of cancer is that

treatments (radiation or chemotherapy) received for the “other” cancer(s) may
potentially impact the treatment and survival associated with the diagnosis of LABC.
Non-melanoma skin cancer is not excluded because this type of cancer is not treated

with radiation or chemotherapy.

The outcomes of interest in the survival analysis are the overall survival and breast
cancer specific survival. Overall mortality refers to deaths within the study
population that are atiributable to all causes of death, all-cause mortality. Breast
cancer specific mortality refers to deaths within the study population that are directly
attributable to breast cancer. All deaths in the study population are coded according
to the International Classification of Disease, 9th Revision (ICD-9) developed by the
World Health Organization (WHO). All patients with a cause of death coded as 174.0
to 174.9, excluding 174.7 (not used in ICD-9), are considered breast cancer specific
causes of death. ICD-9 codes which include causes of death as secondary or
metastatic disease to distant body sites from the breast would also be considered as a
breast cancer specific death; this would include codes 196.0 to 196.9 (lymph nodes),
197.7 (liver), 198.3 (brain), 198.5 (bone), 197.0 (lung), 199.0 (disseminated), 199.1
(other). None of the LABC study patients had a death coded from the list of
secondary or metastatic sites. All other causes of death, those not listed above, were

considered as causes attributable to overall mortality.

The study variable of particular interest is the chronological order of the various
treatment modalities used. Data was available for each patient regarding the type and

date for treatments used. Individual treatment modalities are defined as follows:

A. Surgery — Use of either a total mastectomy (removal of the entire breast
complex and axillary lymph nodes) or segmental mastectomy (removal of
the tumor, a portion of breast tissue around the tumor, and axillary lymph
nodes). When a segmental mastectomy is performed, it is followed by
radiation therapy on the same side as the remaining breast tissue. When
the term segmental mastectomy is used as a treatment option it will be

assumed that radiation therapy was always used post-operatively.
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B. Chemotherapy — Use of drug(s) administered to the patient for the purpose

of killing tumor cells. Drug(s) are given either orally or intravenously and
are delivered throughout the body (systemic.chemotherapy).

C. Radiation therapy — Use of a radioactive source, external to the patient,
directed towards a specific target area for the purpose of killing tumor
cells.

D. Hormone therapy — Use of a drug(s) which alters the effect of estrogen on
tumor cells. The drugs that are coded in the ACR as hormone therapy
include the following: Anastozole (Arimidex), Letrozole (Femara),
Megestrol Acetate (Megace), Tamoxifen Citrate (Nolvadex). Surgical
removal of the ovaries (oophorectomy) is also coded as hormonal therapy.
Hormone therapies work by reducing estrogens effects on the tumor cell
through either selective modulation of estrogen receptors (Nolvadex),
reduction in production of estrogen (Arimidex, Femara and
oophorectomy), or inhibition of estrogen effects (e.g. Megace). A note
should be made that Arimidex and Femara were not on formulary with the
Alberta Cancer Board until 2001, so their use would have been limited, if
at all, in our study population.

E. Transplant therapy — Use of high dose (higher doses than normal) systemic
chemotherapy and stem cell (progenitor blood cells in bone marrow)
transplant (intravenous infusion of patient’s own stem cells to re-populate

the bone marrow).

Each record was reviewed and the chronological order of treatments used was
established. This review process identified a total of ten different treatment strategies.
The sequential nature of individual treatment modalities for each strategy is an

important consideration for the ten strategies identified.
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Table 4 - Identified Treatment Strategies for Patients with LABC

TREATMENT STRATEGY

1 S—>+-H

S>CT—>+-H

CT->+/-H

CT>RT—»>+-H

CT—>S—>+-RT—->+-H

S—>T

T—S

RT Only

| o | o] w»l | W N

H Only

10 None

Abbreviations:
S - surgery
CT - chemotherapy
RT - radiation therapy
H - hormone therapy
T — transplant therapy

These ten strategies can then be further classified as:

1. Standard therapy - surgery followed by any of the other treatments (strategy 1 or 2
above).

2. Neo-adjuvant chemotherapy (chemotherapy followed by any of the other
treatments (strategy 3, 4 or 5 above)

3. Other (any other strategy (strategy 6, 7, 8, 9, or 10).

Data received from the ACR includes demographics (date of birth, gender, Alberta
residency), date of diagnosis, date of death, ICD-9 coded cause of death, type of
treatment and treatment dates. Data extracted from the Staging Project Data included
clinical, pathologic and overall stage of disease, clinical and pathologic size of tumor,
histologic grade of tumor, number of lymph nodes removed and number lymph nodes
with tumor (positive nodes). Below is a list of the variables extracted from the raw

data for use in the study.
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1. Age at diagnosis — in years

. Survival from diagnosis — in years, calculated as the time from diagnosis

to death or last known follow-up

3. Death (all) — event record of a death occurring from any cause (0 or 1)

. Death (breast cancer) — event record of a death occurring from a breast
cancer specific cause (0 or 1)

. Disease Stage — AJCC TNM disease stage (24, 2B, 3A or 3B), represents
overall stage (clinical and/or pathological) as judged by trained health
record technician

. Histologic Grade — microscopically determined grade of the tumor (1, 2 or
3)

. Tumor Size — in centimetres (cm), maximal dimension of tumor, based on
pathologic measure or clinical measure if no pathologic measure given

. Lymph nodes — yes, no or not known; based on pathologic microscopic
examination of lymph nodes removed and records any lymph nodes with
tumor deposits as yes. Patients who did not have removal of lymph nodes
are considered to be unknown.

. Lymph node group — categorizes all patients as to the number of individual
tymph nodes containing tumor deposits. (unknown, no lymph nodes
positive, 1 to 3 lymph nodes positive, or more than 3 lymph nodes

positive)

10. Treatment Group — categorizes all patients into one of three groups

according to the type of treatment received (standard therapy, neo-adjuvant

chemotherapy, and other)

11. Surgery Type — classifies patients according to type of surgery

(mastectomy, segmental mastectomy or none)

12. Chemotherapy — records if patient has received chemotherapy at any point

in their treatment (0 or 1)

13. Hormone therapy — records if patient has received hormone therapy at any

point in their treatment (0 or 1)



38
Baseline patient characteristics for the study population, patients with LABC, are

summarized for the various disease stages and groups treated with different
combinations of modalities. Kaplan-Meier estimates [70] were used to analyze the
survival data from the date of diagnosis of LABC to either date of death or last date of
follow-up (last possible follow-up was June 1, 2002)'. Survival curves, utilizing
overall or breast cancer specific mortality, for the various baseline characteristics,
disease stages, and different treatment groups are compared using the log-rank test. A
Cox proportional hazards model [70] was fit to create a regression model that
included all available explanatory variables. Appropriate interaction terms were

tested in the model.

A calculated p-value of less than 0.05 is considered statistically significant for all
statistical tests in this study. Stata (version 7), (Stata® Corp.) was used for all

statistical analyses for this portion of the project.

B. Development of a Decision Analysis Framework for Locally Advanced Breast
Cancer Treatment Options
This portion of the study involves a discussion of the following issues to provide a
framework for the development of a decision analysis model for treatment options in
LABC patients:

1. Description of the underlying theory of decision analysis.
Description of the target audience for the analysis and stakeholders
Choice of outcome measures and their rationale
Development of a model structure and rationale for this structure
Description of time frame and its incorporation into the model
Estimation of probabilities and utilities

Uncertainty and sensitivity analysis method

® N R w DN

Issues of discounting health

1 The ACR was last linked with the Alberta Health Registry for censoring data in December, 1999 to
provide potential losses to follow-up from inactivation of Alberta Health Care Insurance numbers. A
new update was supposed to be available for this study, but has yet to be produced. For the purpose
and scope of this study we will assume that loss to follow-up data is included with the current data files
up to June, 2002, but we do recognize that a small number of patients may not be appropriately
censored in this study (only 11 patients were lost to follow-up from January, 1994 to December, 1999).
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The flowchart in Figure 4 shows the process that was followed in the development of

the decision analysis framework. Although this is the process by which one would
complete a decision analysis, the current project moved through this flow diagram to
describe the issues in general and those issues directly related to the treatment

strategies in LABC to provide a framework for the complete decision analysis.



Figure 4 - Decision Analysis Process Flowchart
(modified from Clemen 1996 and Lee 2001)
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V. Results: Survival Analysis
Part A - General Characteristics

Patient Characteristics:

A total of 3780 female patients were identified from ACR data that had a new
diagnosis of a primary invasive breast carcinoma between January 1, 1994 and
December 31, 1996. A total of 467 subjects were excluded from the study due to the
diagnosis of another cancer, except non-melanoma skin cancer. This left 3313
patients for consideration in the study. There are a total of 499 patients who fit the
criteria for LABC, primary tumor > 3.0 cm and/or N2 disease. Seven patients were
excluded because they did not have complete data. This left a total of 492 LABC
patients with complete data; they are included as the study population. See Table 5
for general characteristics of the LABC study population.

Age:
The average age of the study patients is 56.8 years, with a range of 17 to 97 years.

Stage:

The study population, as a whole, has near equal proportions in each stage considered
as LABC. The patients treated with standard therapy have a greater proportion of
women in stage 2A (26% versus 5%) (p=0.001) and 2B (41% versus 27%) (p=0.02)
when compared to women treated with neo-adjuvant chemotherapy. Women treated
with neo-adjuvant chemotherapy have a greater proportion of patients in stage 3B
(47% versus 11%) (p<0.001) when compared to patients treated with standard
therapy.

Tumor Size:

The size of a tumor is measured in centimetres (cm) and the distance of the greatest
dimension is recorded. The mean size of tumors in the study population is 4.5 cm
(standard deviation = 1.9 cm), with a range of 0 to 12 cm. Table 6 shows the mean

tamor size by TNM stage.



42

Table 5 — General Characteristics for Study Population of LABC Patients in Alberta

1994-1996
Total Study Standard Therapy Neo-Adjuvant
Population (%) (%) (n=379) Chemotherapy (%)
(n=492) (n=75)
Mean Age (range) 56.8 years 57.6 years 49.2 years
(17-97 years) (17-95 years) (26-84 years)

<30 years 8(2) 6 (2) 2(2)
30 — 50 years 173 (35) 119 (31) 39 (52)
50 — 70 years 192 (39) 160 (42) 29 (39)
> 70 years 119 (24) 94 (25) 5()
Mean Tumor Size 4.5cm (0—12 cm) 42cm (0.6—-12 5.6 cm (0-10.5 cm)
(range) (cm) cm)
0-2cm 25 (5) 14 @) 8 (11)
2—-5cm 300 (61) 261 (69) 24 (32)
5-10cm 153 (31) 100 (26) 35 (46)
>10cm 14 (3) 4 (1) 8 (11)
TNM Stage
2A 106 (22) 98 (26) 4 (5)
2B 181 (37) 157 (41) 20 (27)
3A 110 (22) 82 (22) 16 (21)
3B 95 (19) 42 (11) 35 (47)
Histologic Grade
1 55(11) 45 (12) 6(8)
2 205 (42) 160 (42) 28 (37)
3 232 (47) 174 (46) 41 (55)
Lymph Nodes
Negative 123 (25) 121 (32) 1(1)
Positive 257 (52) 233 (61) 6 (8)
Unknown 112 (23) 25 (7) 68 (91)
1 to 3 nodes positive 140 (28) 129 (34) 34)
> 3 nodes positive 117 24) 104 (27) 34)
Hormone Therapy
Yes 215 (44) 173 (46) 25 (33)
No 277 (56) 206 (54) 50 (67)
Surgery Type
Mastectomy 311 (63) 267 (70) 31 (41)
Segmental 133 (27) 112 (30) 17 (23)
Mastectomy
None 48 (10) 0 (0) 27 (36)
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Table 6 - Mean Tumor Size by TNM Stage for LABC Patients 1994-1996

AJCC TNM Disease Stage | Mean Tumor Size (cm) Number (%) (n=492)
2A 3.9 106 (22)

2B 4.4 181 (37)

3A 5.3 110 (22)

3B 4.4 95 (19)

No trend in tumor size is identified when the data is stratified by Stage of Disease.

The size of tumors treated with neo-adjuvant chemotherapy is larger than the size of
tumors treated by standard therapy. The mean size of tumors treated with neo-
adjuvant chemotherapy is 5.6 cm (sd = 2.7 cm) and the mean size of tumors treated
with standard therapy is 4.2 cm (sd=1.5 cm) (p < 0.001). Tumors treated by
mastectomy are larger (mean = 4.6 cm) than those treated by segmental mastectomy
(mean = 4.1 cm) (p=0.0088).

Histological Grade:

The histological grade of a tumor is a “ranking of malignancy” based on the
microscopic appearance of the tumor. The most common grading system is the
modified Bloom-Richardson score. It grades the tumors based on 3 microscopic
features, architectural (tubule formation), nuclear pleomorphism (differentiation) and
mitotic activity (cell division) [23]. It is scored as 1, 2 or 3, with 1 being low grade
(best prognosis) and 3 being high grade (worst prognosis) [23]. The study
population’s histological grade distribution has increasing proportions in higher-grade
categories. Only 11% are grade 1, and almost half, 47%, are grade 3 tumors. The
distribution of histological grade by TNM stage is shown in the Table 7 below. There
is no trend identified, as there are similar distributions of histological grade in each
TNM stage.
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Table 7 - Distribution of Histologic Grade by Stage for LABC Patients in Alberta,
1994-1996

AJCC TNM Histologic Grade 1 ~ Histologic Grade 2 Histologic Grade 3

Disease Stage Number (percent of Number (percent of Number (percent of
stage total) stage total) stage total)

2A (n=106) 13 (12) 37 (35) 56 (53)

2B (n=181) 20 (11) 75 (41) 86 (48)

3A (n=110) 11 (10) 50 (45) 49 (45)

3B (n=95) 11 (12) 43 (45) 41 (43)

Lymph Nodes:

Tumor cells can spread to the axillary lymph nodes, and when these are removed at
the time of surgery they are examined microscopically to determine if the lymph node
has any identifiable tumor cell deposits. If a lymph node contains a tumor cell
deposit, it is considered a “positive node”. When no surgery is performed or lymph
nodes are not removed at the time of surgery, the nodal status of the patient is
unknown, not negative and not positive. 257 (52%) of the study population have
positive lymph nodes. Of those with positive lymph nodes, 140 (54%) have between
1 and 3 positive nodes and 117 (46%) have more than 3 lymph nodes that show
evidence of tumor cell deposits. Twenty three percent of the patients included in the
study population have an unknown lymph node status from either receiving no
surgery or no lymph nodes were removed at the time of surgery. Only 7% of patients
who received standard therapy, which always includes surgery, have an unknown
lymph node status. Over 90% of patients treated with neo-adjuvant chemotherapy
protocols, which included surgery in 64%, are recorded as having no lymph nodes
removed. This is likely explained by the fact that when neo-adjuvant chemotherapy is
given it will destroy tumor cells in both the primary tumor of the breast and other
focuses of metastatic tumor, i.e. tumor that may be in the lymph nodes. Thus, patients
who receive neo-adjuvant chemotherapy will have their lymph nodes “treated” prior

to removal. Removal of lymph nodes at this point for staging purposes would
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“incorrectly” stage these patients, and thus lymph node status should not be used ina

prognostic manner as it is in the standard therapy patients.

Treatment Modalities:

A total of 10 different strategies were identified for the treatment of breast cancer in
our study population (see Table 8) depending on the type and order of treatments
given. These different regimens can be grouped into common strategies. The patients
that received local treatment, surgery and/or radiation therapy, or local treatment
followed by systemic chemotherapy can be grouped into the standard treatment group
(standard). Patients treated with chemotherapy first, prior to other local treatments,
can be grouped into the neo-adjuvant chemotherapy group (neo-adjuvant). There are
a number of other treatment regimens used including high dose chemotherapy and
stem-cell transplant, unimodality treatment with radiation or hormone therapy, which
do not fit common multimodality regimens. These likely represent treatment
selection based on tumor or patient characteristics or preferences that are non-
standard. They makeup 8% of the patients and will be included as a group ina

separate category (other).
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Table 8 - Identified Treatment Regimens and Classification by Treatment Group for

LABC Patients Treated in Alberta, 1994-1996

Treatment Regimen Treatment Group J\(/)'umber (n=492)
1 S —»-+/-H Standard g?i)i (34
2 S—>CT—>+-H Standard 211 (42)
3 CT—>+/-H Neo-Adjuvant 8(2)
4 CT>RT—»>+-H Neo-Adjuvant 19 (4)
5 CT—>S—>+-RT—>+-H  Neo-Adjuvant 48 (9)
6 S—»>T Other 9(2)
7 T—>S Other 8(2)
8 RT Only Other 8(2)
9 H Only Other 9(2)
10 [ None Other 4 (1)
Abbreviations:

S - surgery

CT - chemotherapy

RT - radiation therapy

H - hormone therapy

T — transplant therapy

—» - indicates sequential use of various modalities

In the group of patients with LABC, 444 (90%) patients received surgery, mastectomy
(63%) or segmental mastectomy (27%), at some point in their therapy. 303 (61%)
women received chemotherapy at some point in their treatment. A total of 75 (15%)
patients with LABC were treated with neo-adjuvant chemotherapy. 215 patients
(56%) were treated with hormone therapy, drug therapy directed towards interruption

of estrogen or progesterone functioning (e.g. Tamoxifen).
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Hormone Therapy:

The use of hormone therapy did not vary according to stage (Chi?, p=0.71), as would
be expected. The use of hormone therapy is associated with estrogen and
progesterone receptor status of the tumor, which is not associated with stage of
disease (see Table 9).

Table 9 - The Use of Hormone Therapy by Stage of Disease in LABC Patients from
Alberta, 1994-1996

TNM Stage Hormone treatment — No Hormone treatment — Yes
(%) (n=277) (%) (n=215)

2A 65 (23) 41 (19)

2B 100 (36) 81 (38)

3A 60 (22) 50 (23)

3B 52 (19) 43 (20)

Treatment Type by Disease TNM Stage:
As disease stage (TNM) increases there are greater proportions of patients treated
with neo-adjuvant chemotherapy or other, non-standard, therapies; and conversely

fewer patients treated with standard therapy.

Table 10 - The Treatment Type Used for LABC Patients by Stage of Disease in
Alberta, 1994-1996

TNM Stage Standard Therapy = Neo-Adjuvant Other Therapy
%) (1=379) Zfi%jtherapy (%) (%) (n=38)

2A 98 (26) 4 (5) 4(11)

2B 157 (41) 20 (27) 4(11)

3A 82 (22) 16 (21) 12 (31)

3B 42 (11) 35 (47) 18 (47)
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B. Survival Characteristics

Overall and Breast Cancer Specific Survival:

The overall 5-year survival is 63% (95% CI 58.7 —67.3), and 8-year survival is 52%
(95% CI 46.3 —56.7). The breast cancer specific 5-year survival is 70% (95% CI
66.0 — 74.4), and 8-year breast cancer specific survival is 68% (95% CI 63.9 —72.5)
for the study population of women with LABC (see Figure 5). Overall mortality for
women is higher than mortality from breast cancer causes. The mean age at diagnosis
of women in the study population is 56.8 years with almost one quarter of women
being age 70 or over, a population will at risk for many causes of mortality. Although
overall mortality is higher, breast cancer specific causes of death account for a large

proportion (75% of deaths at 8 years) of the mortality causes in this study population.

Figure 5 - Overall and Breast Cancer Specific Kaplan-Meier Survival
for Women Diagnosed with LABC in Alberta, 1994-1996
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Effect of Stage of Disease on Breast Cancer Survival:

There are differences in breast cancer specific mortality for women when stratified by
disease stage (log-rank, p<0.001) (see Figure 6). Patients with higher stage of disease
have a higher mortality. Because the TNM staging system was designed around
stratification of patients according to survival characteristics, the differences in the
survival is expected. The 8-year survival for women with stage 2A is 78% (95% CI
68.5 — 85.0), stage 2B is 70.6% (95% CI 62.9 - 77.0), stage 3A is 71.1% (95% CI
61.3 —78.9), and for 3B is 49.4% (95% CI 38.3 —59.5).

Figure 6 - Breast Cancer Related Kaplan-Meier Survival by Stage of
Disease for Women Diagnosed with LABC in Alberta, 1994-1996
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Effect of Age at Diagnosis on Overall and Breast Cancer Specific Survival:

The continuous age variable was separated into four categories, less than 30 years, 30
to 50 years, 50 to 70 years and more than 70 years of age at diagnosis of LABC.
These categories were chosen to separate patients into clinically relevant age
categories. The less than 30 years category represents young patients who generally
present with higher stage disease [71]. The category of 30 to 50 years represents the
pre-menopausal group of women who have a different hormonal profile than post-
menopausal women [71, 72]. The 50 to 70 years category captures the post-
menopausal group; and the greater than 70 years group represents patients who are at
risk of many other time dependent causes of mortality. Women under the age of 70
years at diagnosis have similar survival until about the fourth year of follow-up when
mortality for older groups increases (see Figure 7). Women greater than 70 years of
age at diagnosis have an increased overall mortality right from the start of follow-up
when compared to women under age 70 (log rank, p=0.001). 5-year survival for
women less than 70 years of age ranges from 65% to 75%, with women greater than
70 years of age at 50% (95% CI 41.1 —59.0) (see Table 11). At 8 years of follow-
up, the survival rate for women less than 30 years of age is 75% (95% CI 31.4 —
93.1), for women age 30 — 50 years it is 62.1% (95% CI 52.9 —70.0), for women age
50 — 70 years it is 51.5% (95% CI 42.9 — 59.3) and for women age more than 70
years it is only 34.7% (95% CI 24.5 —45.0).

Table 11 - Five and Eight Year Overall Survival Stratified by Age at Diagnosis
for Women with LABC in Alberta, 1994-1998

Age at Diagnosis Percent Survival 95% Confidence
(years) Interval
5-year survival <30 75.0 31.4-93.1
30-50 70.5 63.1-76.7
50-170 64.6 57.3-70.9
> 70 50.4 41.1-59.0
8-year survival <30 75.0 31.4-93.1
30-50 62.1 52.9-70.0
50-170 51.5 42.9-59.3
> 70 34.7 24.5-45.0




51

Figure 7 — Overall Kaplan-Meier Survival by Age for Women Diagnosed with
LABC in Alberta, 1994-1996
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Breast cancer specific mortality, when stratified by age at diagnosis, is similar for all

age groups (log rank, p=0.751) (see Figure 8). The 8-year survival for women less
than 30 years of age is 75% (95% CI 31.4 — 93.1), for women age 30 — 50 years is
70.8% (95% CI 63.3 — 77.0), for women aged 50 — 70 years is 67.5% (95% CI 59.9 —
73.9), and for women greater than 70 years of age it is 65.4% (95% CI 55.2 —73.8).
For the women with LABC in the study, overall mortality increases with age, but age

is not a factor for breast cancer specific deaths.

Figure 8 - Breast Cancer Specific Kaplan-Meier Survival by Age for
Women Diagnosed With LABC in Alberta, 1994-1996
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Effect of Tumor Size on Breast Cancer Survival:

Tumor size is categorized into four groups according to size criteria of the TNM stage
classification, and tumors greater than 5 cm were divided into two groups. The
resulting size categories are: 0 to 2 cm, 2 to 5 cm, 5 to 10 cm, and greater than 10 cm.
8-year survival for women with tumors 2 to 5 cm is 70.2% (95% C1 64.3-75.2),
which is similar to women with tumors 5 to 10 cm whose 8-year survival is 68.9%
(95% CI 60.4 —75.8). Women with the smallest tumors, 0 to 2 cm, have an 8-year
survival of only 63.2% (95% CI 41.0 —78.9). For these small tumors to be
considered locally advanced they must have significant amounts of tumor in the
lymph nodes, which may suggest a higher probability of occult metastatic disease at
the time of diagnosis and treatment. It should be noted that the numbers of at risk
women with tumors 0 to 2 cm is small (only 25 to start), and that survival differences
with women whose tumors are between 2 and 10 cm is not significant (overlapping
95% confidence intervals). Women with tumors of the greatest size, greater than
10cm, have the poorest 8-year survival of 35.7% (95% CI 13.0 —59.4) (log-rank,
=0.001) (see Figure 9).
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Figure 9 - Breast Cancer Specific Kaplan-Meier Survival by Tumor Size
for Women Diagnosed With LABC in Alberta, 1994-1996
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Effect of Histological Grade on Breast Cancer Survival:

Women tend to have poorer survival with increasing histologic grade of their tumor
(log rank, p<0.001) (see Figure 10). Women with grade 1 tumors have an 8-year
survival of 88.3% (95% CI 75.6 — 94.6), women with grade 2 tumors 76.2% (95% CI
69.1 — 81.8), and women with grade 3 tumors 57.2% (95% CI 50.3 — 63.4).
Histological grade appears to be an important factor in breast cancer specific survival

in our study population of patients with LABC.
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Figure 10 - Breast Cancer Specific Kaplan-Meier Survival by Histologic
Grade for Women Diagnosed With LABC in Alberta, 1994-1996
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Effect of Lymph Node Status on Breast Cancer Survival:

As identified earlier, we cannot use lymph node status as a prognostic variable in
women treated with neo-adjuvant chemotherapy. For women treated with standard
therapy, the staging of patients based on lymph node status is accurate. In women
patients treated with standard therapy, lymph node negative women have a better
prognosis than those with positive lymph nodes (log rank, p=0.022); and both lymph
node negative and positive women have better survival than those women whose
lymph node status is unknown (log rank, p=0.001) (see Figure 11). 8-year survival
for women treated with standard therapy and have no tumor in their lymph nodes is
81.0% (95% CI 72.6 — 87.1), for women with tumor in their lymph nodes 69.3%
(95% CI 62.6 — 75.0); and, for women with uncertain lymph node status it is 45.4%



(95% CI 23.9 — 64.6). In our study population, lymph node status is an important

prognostic factor for women treated with standard therapy.

Figure 11 - Breast Cancer Specific Kaplan-Meier Survival by Lymph

Node Status for Women with LABC Treated with Standard Therapy
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Effect of Treatment Type Received on Breast Cancer Survival:

Figure 12 shows the breast cancer specific survival curves for patients treated with

either neo-adjuvant chemotherapy strategies or standard therapy strategies. When

other important factors are not considered, women who were treated with neo-

adjuvant chemotherapy regimens had decreased survival when compared to women

treated with standard therapeutic regimens (log rank, p=0.01). The 8-year survival for
women treated with neo-adjuvant chemotherapy is 57.8% (95% CI 45.3 —68.3), and

for women treated with standard therapy is 71.6% (95% CI 66.6 —76.1). There are

differences between the two treatment groups that are not included in this simple
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comparison. It is possible that the choice of treatment is based upon patient and

tumor factors which have an implication on prognosis or survival, i.e. confounding by
indication. If patients are chosen for a particular treatment based on the factor we are
trying to measure (i.e. survival), then the apparent difference in that factor seen
between treatments is not a result of the treatment in similar groups, but a result of the
groups being different in the characteristic of interest (i.e. survival). To limit the
potential of “confounding by indication” the difference in survival of women between
the two treatment groups can be examined while controlling for other factors that may

impact survival, this is reported later in the results section for the Cox model.

Figure 12 - Breast Cancer Specific Kaplan-Meier Survival by
Treatment Type Received for Women Diagnosed with LABC in
Alberta, 1994-1996
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Effect of Surgery Type Received on Breast Cancer Survival:

Women who are treated with a mastectomy have a similar mortality to the women

who are treated with a segmental mastectomy and radiation therapy (log rank,

58

p=0.53). There is a survival difference in women who are treated with surgery versus

those who are not treated with surgery (log rank, p<0.001). These results confirm
others findings that survival is similar in patients receiving mastectomy or segmental
mastectomy with radiation therapy [73]. The 8-year survival in women treated with
mastectomy is 72.1% (95% CI 66.5 — 76.9), for women treated with segmental
mastectomy and radiation therapy is 68.5% (95% CI 59.5 - 75.9), and for women
who receive no surgical therapy is 42.3% (95% CI 26.9 —56.7).

Figure 13 - Breast Cancer Specific Kaplan-Meier Survival by Surgery

Type Received for Women Diagnosed with LABC in Alberta, 1994-

1996
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Local Treatment After Neo-Adjuvant Chemotherapy:

Of the patients treated with neo-adjuvant chemotherapy (n=75), 48 patients had
surgery after treatment, 19 had radiation therapy, and 8 patients had no further therapy
beyond chemotherapy. Women who received surgery following neo-adjuvant
chemotherapy have an 8-year survival of 66.1% (95% CI 50.7 —77.7) and women
who received radiation therapy after neo-adjuvant chemotherapy have an 8-year
survival of 53.2% (95% CI 27.5 — 73.4) (log rank, p=0.2253).

Figure 14 - Breast Cancer Specific Kaplan-Meier Survival for Women
with LABC Treated with Neo-Adjuvant Chemotherapy by Follow-up
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Breast Conservation:

Breast conserving therapy can be defined as therapy for the treatment of breast cancer

that results in preservation of, at least a portion of, the affected breast. In the present
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study, breast-conserving therapies are considered segmental mastectomy or no

surgery. The study population results show that breast conservation was achieved in
112 of 379 (30%) patients treated with standard therapy and in 44 of 75 (59%)

patients treated with neo-adjuvant chemotherapy (see Table 12). The use of neo-

adjuvant chemotherapy in the study population of LABC patients significantly

increased the proportion of breast conserving therapies used (p<0.001).

Table 12 - Surgery Type Performed on Women with LABC by Treatment Group

Surgery type performed Neo-Adjuvant Standard Therapy (%)
Chemotherapy (%) (n=75) (n=379)

Mastectomy 31 (41) 267 (70)

Segmental Mastectomy 17 (23) 112 (30)

None 27 (36) 0(0)

For patients treated with standard therapy, survival is similar between women treated

with mastectomy and women treated with breast conserving therapy (log rank,

p=0.26)(see Figure 15). The 8-year survival for women treated with standard therapy

and a mastectomy is 73.7% (95% CI 67.7 — 78.2); and for women treated with breast

conservation is 67.0% (95% CI 56.9 —75.2). For patients treated with neo-adjuvant

chemotherapy, survival for women treated with breast conserving therapies is similar

to those treated with a mastectomy (log rank, p = 0.29) (see Figure 16). The 8-year

survival for women treated with neo-adjuvant chemotherapy and a mastectomy is

63.7% (95% CI 44.1 —78.1) and for women treated with breast conservation is
53.4% (95% CI 36.9 —67.3).



Figure 15 - Breast Cancer Specific Kaplan-Meier Survival for
Women with LABC Treated with Standard Therapy by Surgery
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Figure 16 - Breast Cancer Specific Kaplan-Meier Survival for
Women with LABC Treated with Neo-Adjuvant Chemotherapy
by Mastectomy versus Breast Conserving Therapy
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Effect of Hormone Therapy on Breast Cancer Specific Survival:

Figure 17 shows the breast cancer specific survival of LABC patients treated with and
without hormone therapy. Patients treated with hormone therapy have superior
survival when compared to women not treated with hormone therapy (log rank,
p=0.0085). The 8-year survival for hormone treated patients is 74.3% (95% CI 67.5
—79.9) and the 8-year survival for patients not treated with hormone therapy is 63.8%
(95% CI 57.6—69.3).
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Figure 17 - Breast Cancer Specific Kaplan-Meier Survival by
Hormone Therapy for Women Diagnosed with LABC in Alberta,

1994-1996
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C. Cox Model
1. Cox Model

A Cox proportional hazards regression model was used to test the study variables that
may explain differences in breast cancer specific survival (explanatory variables).
This analysis was restricted to the 454 women who received either neo-adjuvant
therapy (n=75) or standard therapy (n=379). Variables that were included in the
mode] were selected from the available data. The initial Cox model included the
variables for: patient age at diagnosis, disease stage, histologic grade, tumor size,
hormone treatment, treatment type (neo-adjuvant chemotherapy versus standard
therapy) and surgery type (see Table 13). In the first model, interaction terms were

tested for the variables of disease stage versus tumor size, and treatment type versus
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surgery type. The first interaction term was tested because the size of the tumors is

also included as a part of disease stage determination and therefore they may vary in
the same way. The second interaction term was tested because the type of surgery
was different for the standard therapy versus neo-adjuvant treated patients. None of

the interaction terms were found to be significant (p>0.05) in the fitted model.

Table 13 - Cox Proportional Hazards Model of Breast Cancer Specific Survival for
Women with LABC Using Selected Variables

Variables in Cox Model fggjgzd p-value  95% Confidence Interval
Stage 2B (vs. 2A) 1.78 0.037 1.03 -3.06
Stage 3A (vs. 2A) 2.24 0.009 1.21-4.13
Stage 3B (vs. 2A) 4.72 <0.001 249 —-8.92

Grade 2 (vs. Grade 1) 3.70 0.029 1.13-12.0
Grade 3 (vs. Grade 1) 8.92 <0.001 2.80—28.4
Hormone Treatment 0.62 0.019 0.42-0.92

(vs. no hormone treatment)
Standard Therapy 1.24 0.466 0.69 —2.23

(vs. neo-adjuvant chemo)

Tumor Size 1.02 0.593 093 -1.12
Age at Diagnosis 1.01 0.394 0.99 -1.02
Mastectomy 1.22 0.326 0.82-1.80

(vs. Segmental Mastectomy)

The hazard ratios produced by the Cox model can be interpreted as the ratio of the
hazard functions for a one unit change in the variable, holding all other variables the
same. The hazard function is the proportion of subjects who have an event (death)
during a specified time period (i.e. chance of an event). It can be thought of
conceptually as comparing the chance of an event (death) for two people with
identical characteristics, except for the variable of interest for which they vary by only

one unit. For variables that are categorical the comparison is made between
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categories of the variable where one of the categories is the reference category against

which the others are compared (i.e. hazard ratio of 1.0).

Disease stage, histologic grade, and the use of hormone therapy are predictive of
breast cancer specific survival in women with LABC. Breast cancer specific
mortality for women with disease stage 2B is 1.78 times that of women with stage 2A.
Mortality continues to rise with increasing stage so that women with stage 3B disease
will have mortality 4.72 times that of comparable women with stage 2A disease. An
increase in breast cancer specific mortality is also seen with increasing histologic
grade of the tumor, a women with a grade 3 tumor has a mortality 8.9 times that of a
comparable women with a grade 1 tumor. The use of hormone therapy (estrogen
inhibition) is associated with a decrease in mortality from breast cancer in the study
patients ( hazard ratio — 0.62). Breast cancer specific mortality was not affected by
changes in the size of the tumor, age of the patient, or type of surgery used after

adjusting for other variables (p-values > 0.05) (see Table 13).

The distinction between the use of neo-adjuvant chemotherapy and standard treatment
is a key feature in the treatment of LABC. There is no significant difference in breast
cancer specific survival between the two groups after adjusting for other factors
(hazard ratio=1.24, p=0.466).

2. Testing the Assumptions of the Cox Model

An assumption of the Cox model is that of non-informative censoring. This refers to
the design and collection of the data to ensure that no dropouts are related to the
presence of the event [70]. For the current study, follow-up and outcome data are
obtained through a linkage between Alberta Cancer Board data and Alberta Health
Vital Statistics data and there is no reason to believe that a breast cancer death would

change the reporting of such an event.

A major assumption of the Cox model is that of proportional hazards. This means
that the hazard functions between any strata of explanatory variables are proportional;

conceptually the plotted survival curves do not cross [74]. This assumption can be



66
tested using Schoenfeld residuals [74], and yields a p-value of 0.1904, which indicates

an absence of evidence to contradict the assumption of proportionality. The
proportional hazards assumption can also be tested graphically. Ifthe curves in a plot
of the Kaplan-Meier estimates and Cox predicted estimates for each explanatory
variable are very close, then it is less likely the assumption is violated [70]. A log-log
plot, plot of the natural log of the survival time versus the negative of the natural log
of the negative of the natural log of survival (-In(-In(survival))) for each explanatory
variable should produce parallel lines as evidence of the assumption of proportional
hazards [74]. The Kaplan-Meier versus Cox plots for the study data shows that the
predicted curves are very close to the Kaplan-Meier estimated curves (see Appendix
A) suggesting the assumption holds. The log-log plots for the study data shows near
parallel lines suggesting the assumption holds (see Appendix A).

The final set of assumptions about the Cox model is that of the linearity and
additively of the linear predictor formula in the exponentiated form. The Cox model
is based on a linear regression model of the hazard. Linear regression models use a
mathematical equation with the following structure, which attempts to produce values
which are close to (“fits”) the existing data. The mathematical equation takes on the
structure of:

bTXi =biXy; T boXo; +...+ prpi
Where b is the coefficient term at time interval t, X is the variable value for subject i at
time t [70]. This equation will provide a mathematical prediction for the outcome
variable for a person who has the characteristics defined by the group of explanatory
variables (x1, X2,...,xi). The coefficients (b terms) are constants which try to adjust
the result of the equation to come as close as possible to the “real” data. When we
test how close the values that the equation predicts are to the actual data values, we
are testing how good the model predicts or fits the real situation. When this test is
done, we can calculate the difference between the predicted value and the real value
for each group of “x’s”. This calculated difference is called the residual, the residual
difference between the predicted and real value. If the model “fits” the data well, the
residuals will be small; if the model is not so good, the residuals will be large. This
mathematical formula assumes the relationship of one x variable to the next is

additive and linear. For use in the Cox model, this equation is placed in the exponent
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form to ensure a positive outcome value of the hazard function. To test the

assumption of linearity and additivity the residual values can be plotted, and if they
appear to show a relative horizontal pattern, it means there is not some systematic
error (as represented by a curve or other pattern) that the model is making compared
to the real data [74]. If there is a relative horizontal pattern to the plotted residuals,
then the assumption of linearity and additivity of the explanatory variables in the

exponentiated form can be accepted.

The plots of Martingale residuals versus the explanatory variables [74] show a relative
horizontal pattern that supports the assumptions (see Appendix A - Regression

Diagnostic Plots).

V1. Discussion: Survival Analysis

In Alberta during the period 1994-1996, 15% of breast cancer cases presented as
locally advanced non-metastatic disease. The survival of breast cancer patients is

" related to the stage of presentation, and thus advanced disease has a poorer prognosis.
52% of patients presenting with LABC will die within 8 years, and almost 70% of
those deaths will be caused by breast cancer. An increasing volume of literature
suggests that patients presenting with tumors greater than 3 cm or fixed and bulky
nodal disease should be treated with neo-adjuvant chemotherapy [19]. A look at our
own local data suggests that only 15% of LABC patients are treated with neo-
adjuvant chemotherapy. The crude survival of patients treated with neo-adjuvant
chemotherapy versus standard therapy suggests that the patients receiving standard
therapy have a survival benefit (p=0.01); this difference was not seen after adjusting
for other factors. Patients who received neo-adjuvant chemotherapy tended to be
younger (p<0.001), have larger tumors (p<0.001), and had greater proportions of
higher TNM stages (p<0.001) (see Table 5). But, survival for women, after adjusting
for other factors, was not different for younger patients or women with larger tumors.
When the difference in TNM stage between the women treated with neo-adjuvant and
standard therapy is considered (in the Cox model) there is no difference in survival.

It is possible that patients were selected for neo-adjuvant chemotherapy because they
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had factors which convey an increased risk (higher stage of disease). If patients are

chosen for a particular treatment based on a factor which will affect survival, then the
apparent difference in survival seen between treatments is not a result of the
difference in treatment but a result of the groups being different, confounding by
indication. There are other possible explanations for differences in survival between
treatment groups in our retrospective data. Residual confounding, factors which we
have not considered or measured that have an effect on survival, could be responsible
for differences in survival between groups. Patients who have a contra-indication to
one of the therapies will not be eligible for that treatment, and thus may not derive a
possible benefit from that treatment. For example, a women who has a contra-
indication against chemotherapy, co-morbid disease, would not be considered for neo-
adjuvant chemotherapy and would by default be included in the standard therapy
group. Using retrospective data can limit the conclusions reached when comparing

two non-random groups.

Another of the treatment issues that was outlined in the background section is the
most appropriate modality to be used after neo-adjuvant chemotherapy in patients
who have a complete response in the tumor. Although no information is available in
the current study population with respect to the level of response to neo-adjuvant
chemotherapy, there is no difference in breast cancer specific survival between
patients treated with surgery versus those treated with only radiation therapy after
neo-adjuvant chemotherapy. Given that the groups are small, n=48 for surgery group
and n=19 for radiation group, the results may be due to the small sample size or there
may not be a difference in the two modalities in these patients. A larger study
population of these patients with information on tumor response would be required to

more adequately address this question.

The final therapeutic dilemma in the treatment of LABC is the issue of breast
conserving therapies. It has been shown in a large randomized controlled trial of
breast cancer patients that total mastectomy is equivalent to a segmental mastectomy
with postoperative radiation therapy in terms of survival [73]. For some women the
use of breast conservation therapies has a positive effect on their body image and may

have a small impact on quality of life [75] [76]. The proportion of patients treated
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with breast conserving therapies was significantly higher in the neo-adjuvant

chemotherapy group (59%) versus the standard therapy group (30%) (p<0.001). This
suggests that the larger tumors seen in the LABC population can be reduced in size by
the use of neo-adjuvant chemotherapy, and make them more amenable to breast
conservation therapies. Breast cancer specific survival of women treated with a
mastectomy was equivalent to breast conserving therapy for both the standard therapy

(p=0.2595) and neo-adjuvant chemotherapy (p=0.2904) groups.

Three variables have been identified which have prognostic value for women with
LABC with regards to breast cancer specific survival. Those variables are the Stage
of Disease, histopathologic grade of the tumor, and the use of hormone therapy.
Stage of Disease would be expected to be a prognostic factor since it was developed
to identify groups of patients with similar characteristics and prognosis to direct
appropriate treatment and research. The hazard ratio increases with each step up in

TNM stage, which suggests that survival decreases with each increase in stage.

The histopathologic grade of the tumor was also developed to identify pathologic
characteristics that would group tumors with similar characteristics and women with
similar prognosis. The group of LABC patients tend to have increased proportions of
patients with higher grade tumors (47% are grade 3). This increased “aggressiveness”
of tumors may account for why many patients still present with locally advanced
disease; it is not due to a patient factor (denial, lack of care etc.) but may be a function
of the tumor biology (more aggressive, faster growing etc.). The increased
“aggressiveness” of the tumor may also result in a tumor that is more resistant to

current treatments.

The use of hormone therapy was shown to be a significant predictor of breast cancer
specific survival; patients who receive hormone therapy have a hazard function two
thirds (0.64) that of patients not treated with hormone therapy. We need to remember
that this is not randomized data and thus we may be measuring a direct or indirect
effect of some other factor. Hormone therapy is usually given to patients that have
tumors which contain estrogen hormone receptors on the cells. In the current study

we are not able to say that hormone therapy is having a direct effect on survival or if
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the reason (receptor status) that patients are given hormone therapy has an effect on

survival (confounding by indication). Tumors that have estrogen receptors have a
better prognosis even without hormone therapy; estrogen receptor status is an

independent prognostic factor [71, 72, 77].

The study data suggests that age is not a significant predictor of breast cancer specific
survival in women with LABC. This is similar to findings in other studies which
suggest that younger patients tend to present with higher stage disease but stage for
stage they appear to have similar survival [72]. Tumor size was also not found to be a
significant predictor of breast cancer specific survival in the study population; there
are a number of possible explanations for this. It is possible that other factors related
to the tumor (such as grade) may be more important. Breast cancer specific survival
may be more sensitive to the biology of the tumor, and not the size. It is also possible
that once a tumor reaches 3 cm in size (defines LABC) further increases in size may
not alter a women’s survival, or other factors become more important for survival in

this group.

VIIL Conclusions: Survival Analysis

Breast cancer survival in LABC patients is related to disease stage, histological grade,
and use of hormone therapy. No treatment modalities were predictive of survival.
The difference in survival seen in women who were treated with hormone therapy
may be the result of estrogen receptor status and not the hormone treatment itself.
The use of neo-adjuvant chemotherapy did not appear to predict survival when other
factors were considered. There was no difference in survival among patients treated
with neo-adjuvant chemotherapy followed by either surgery or radiotherapy. Breast
conserving techniques were used more frequently after neo-adjuvant chemotherapy
than after standard therapy. There are no differences in survival for women treated

with breast conserving therapies versus mastectomy.
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VIII. Decision Analysis Framework Development

A. Specific Framework for Locally Advanced Breast Cancer Model

1. Decision Context and Perspective

The clinical problem of interest for the decision analysis methodology is treatment
options for women with LABC. In order to frame the context of the problem a
perspective must be defined. For the current decision model the perspective of the
patients/physician will be used. Although other perspectives (institution or society)
would be valid, an analysis of outcomes of importance to the individual patient may
help guide important clinical study in the area of treatment of LABC. The target
audience for the current project is patients with or at risk of LABC and their treating
physicians. We have chosen this group as the primary target for the analysis because
they represent an important starting point for consideration of treatment strategies.
The issues the current study will address are how to use the currently available and

accepted treatments to optimize the objectives of the patient.

2. Values, Objectives and Outcomes
With the problem and perspective defined, the values that underlie the decision
context need to be framed. In the context of a condition that has the potential to limit
lifespan of those affected, maximizing the lifespan of patients is an important value.
Other values could be:

Returning to “healthy state” by tumor removal

Minimizing return of tumor

Maintaining current lifestyle

Not being sick

Minimize treatment impact on physical and mental appearance

Return to normal life as quickly as possible

Minimize pain

Minimize treatment side effects

The values listed above could be framed as fundamental objectives for the patient;

these are the values that have intrinsic importance. This can be determined by asking
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the question “why is this important?” for each value until the answer is that it is

intrinsically important. All of the values identified can be distilled into two
fundamental objectives. The first fundamental objective is the maximization of
lifespan, because there is intrinsic value in living the longest period of time possible.
The second fundamental objective is to maximize the quality of life that remains;
there is intrinsic value in the highest quality of life. Quality of life includes the
physical functioning, social functioning, and the mental/psychological functioning of

a patient.

The impact of any alternative in the decision model needs to be measured in terms of
these two objectives. The objective of lifespan will be measured as a function of the
time from diagnosis to death. The objective of quality of life will be measured as

quality of life weights based on the patient’s health state at different points in time.

Once the fundamental objectives have been identified, the outcomes that are relevant
to the decision context can be translated in terms of the fundamental objectives. The
fundamental objective of survival can be translated into the outcomes of alive and
dead. The second fundamental outcome, quality of life, is more complex as it
encompasses not only aspects of one’s health but also elements of physical, mental,
and social functioning. There are a number of important outcomes from the treatment
of LABC which could have a major impact on quality of life:

- the physical, mental and social impact of the treatment itself

- the physicai, mental and social impact of a complication/side-effect

from the treatment

- the physical, mental and social impact of a local recurrence of disease

- the physical, mental and social impact of a metastatic recurrence of

disease
Recurrence in breast cancer refers to the development of tumor growth at either the
site of the original tumor, draining lymph nodes of the original tumor, or at distant
metastatic sites (unrelated tissue sites) (e.g. liver, lung, bone, brain). Because these
issues will likely have profound impacts on quality of life they need to be included as

potential outcomes from any of the treatment alternatives.
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3. Alternatives and Model Structure

The next step is to list all possible alternatives for the decision context. For the case
of treatment for LABC there are a number of potential treatment strategies based on
the different combinations of the primary modalities, surgery (mastectomy or
segmental mastectomy), radiation therapy, chemotherapy, and hormone therapy.
Potentially, any combination of these modalities could be selected but there are some
practical treatment considerations. Use of the drug tamoxifen will be the only
hormone therapy considered in this model because it is considered a first line agent
and there is significant data available regarding outcomes of its use. Hormone
therapy is usually given for a prolonged period of time (years) and thus it is not likely
to matter whether it is started before or after other treatments that only last for a much
shorter period (days to weeks). It would be standard of care to administer post-
operative radiation therapy to any patient who received a segmental mastectomy, and
any patient who wishes not to have or is not a candidate for radiation therapy would
only be offered a total mastectomy. If chemotherapy is given prior to other
treatments, more chemotherapy is given after the other treatments. Radiation therapy
is not given to patients who have had a mastectomy unless some unusual
circumstances exist (e.g. microscopic tumor is identified on the margin of the surgical
specimen). Given the practicalities the following is a list of potential treatment
alternatives:

1. None - no treatment
Mastectomy
Segmental mastectomy + radiation therapy
Radiation therapy
Chemotherapy

Hormone therapy

NS kWD

Neo-Adjuvant chemotherapy + mastectomy + chemotherapy + or -
Hormone therapy

8. Neo-Adjuvant chemotherapy + segmental mastectomy + radiation therapy
+ chemotherapy + or - Hormone therapy

9. Neo-Adjuvant chemotherapy - radiation therapy + chemotherapy + or -

Hormone therapy

10. Mastectomy + Hormone therapy
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11. Mastectomy + chemotherapy + or - Hormone therapy

12. Segmental mastectomy + radiation therapy -+ Hormone therapy
13. Segmental mastectomy + radiation therapy + chemotherapy + or -

Hormone therapy

Tt should be recognized that alternatives # 1 - 6 would not be routinely recommended
and would fall outside the normal practice patterns for a normal distribution of LABC
patients. Although these options do exist, they will not be included in the decision

model because they would only be used in rare and unusual situations.

The idealized model for the decision analysis can be seen in Figure 18. It represents
the general tree structure with events moving from the left to the right. It begins with
the selection of a cohort of patients, because there are survival differences for
different AJCC TNM stages, menopausal status (pre and post), and estrogen receptor
status [19] [71], each of these cohorts will be evaluated in the decision analysis
separately. A total of 16 different cohorts will be analyzed to account for the different
combinations of the TNM stages for LABC, pre- and post-menopausal groups and

receptor positive and negative tumors (see Table 14). ‘



Figure 18 - Decision Tree for the Treatment of Patients with LABC
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Table 14 — Listing of the 16 Different Cohorts by TNM Stage, Menopausal
Status, and Estrogen Receptor Status that will be used in the Decision

Menopausal Status  Estrogen Receptor Status

Analysis for LABC
Cohort TNM Stage
1 2A
2 2A
3 2A
4 2A
5 2B
6 2B
7 2B
8 2B
9 3A
10 3A
11 3A
12 3A
13 3B
14 3B
15 3B
16 3B

Pre-Menopausal Negative
Pre-Menopausal Positive
Post-Menopausal ~ Negative
Post-Menopausal ~ Positive
Pre-Menopausal Negative
Pre-Menopausal Positive
Post-Menopausal ~ Negative
Post-Menopausal ~ Positive
Pre-Menopausal Negative
Pre-Menopausal Positive
Post-Menopausal ~ Negative
Post-Menopausal ~ Positive
Pre-Menopausal Negative
Pre-Menopausal Positive
Post-Menopausal ~ Negative

Post-Menopausal ~ Positive

After the diagnosis of locally advanced invasive breast carcinoma, the first decision
node allows one to make the choice of initial treatment between neo-adjuvant
chemotherapy, mastectomy or segmental mastectomy with post-operative radiation
therapy. If we follow the path along the choice of neo-adjuvant chemotherapy
(chemotherapy as the initial treatment) a chance node exists which reflects the

response of the primary tumor to the chemotherapy. A complete response would be
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defined as a tumor that is clinically and radiographically non-detectable, and multiple

core or needle biopsies of the previous tumor area are negative for cancer. A partial
response would be defined as a tumor that has decreased in size, clinically and/or

radiographically, but is still detectable. A no-response would be defined as a tumor
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that stayed the same or increased in size after treatment with chemotherapy. After

assessment of the response rate, a decision node represents the next therapeutic step.
For complete responders, the choice is between mastectomy, segmental mastectomy
with post-operative radiation therapy, radiation therapy, or hormone therapy. For
partial or non-responders, the choice is between the two surgical options of
mastectomy or segmental mastectomy with post-op radiation therapy. It is assumed
that all patients will be offered follow-up completion chemotherapy. A decision node

for the use of hormone therapy follows.

The other branches of the tree begin with the choice of a surgical option as the initial
treatment. Segmental resection and post-operative radiation therapy is followed by a
chance node grouping tumors based on the lymph node status. This is an important
distinction because the decision node that follows is a choice between the use or not
of chemotherapy. The trade-off of the risk of side-effects and complications versus
potential benefit in survival is different for the two groups. Again there is a choice
between hormone and no hormone therapy. The final branch of the decision tree
represents the initial choice of mastectomy. The branches after mastectomy mirror

that of the segmental resection branch as discussed above.

At the completion of each different treatment algorithm, a Markov subtree is used to

model the various outcomes, as described below.

4. Time and its incorporation into the model

Markov modelling will be well suited to be included in the analysis of treatment
options in LABC. The use of a standard tree structure and finite time horizon would
fail to capture the true nature of the long-term outcomes. Survival in breast cancer
should be best described in terms of at least 10-year survival [19], and more
appropriately a lifetime. If a Markov process is not used, the changing probabilities
of recurrence and death over time could not be included. Also, it would fail to
demonstrate how utilities might vary over time as a result of movement through

different stages of disease progression and treatment.
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In this analysis, there are four general health states that should be included as

outcomes/health states related to LABC in the Markov process are:
Disease Free — is a patient who is alive and has no clinical evidence of breast cancer.

Local Recurrence — is a patient who is alive and has clinical and pathologic evidence
for breast cancer located in the surgical field (mastectomy) or same quadrant of the
breast (segmental resection or radiation therapy) and/or in the axillary tissue on the

same side as the previous cancer.

Distant Recurrence — is a patient who is alive and has clinical or radiological and
pathological evidence for breast cancer at a site distant to the original tumor, i.e.

metastatic disease.
Dead - is a patient who has died

The allowed transitions between health states can be diagrammed as shown in Figure
19. Each arrow (transition) will be associated with a transition probability. Each

unique health state will be associated with a utility value, represented by QALYSs.

The cycle length will be set at one year. This represents a clinically appropriate time
interval because the events we are examining occur over a relatively long period of
time and clinically important transitions in health status will occur during intervals of

about one year.



Figure 19 - Markov Health States and Allowed Transitions Between States
for the Decision Analysis Model of Women with LABC
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5. Treatment Complications

Each specific treatment modality used in the treatment of breast cancer has specific
complications associated with it. Many, if not all, of these treatment complications
can result in a change in the patient’s quality of life. It will be important to
incorporate these changes in quality of life into the model through the introduction of
a more complex Markov model, with each complication being represented as a
separate health state with its own associated utility weighting and transition
probabilities. An initial assumption could be made that the development ofa
recurrence of disease either locally or distant would be a much more important issue
so patients would move to these health states without continued consideration of the
impact of treatment complications; however, assessment of complications may be

informative in a revised analysis.

The following is a list of some possible treatment complications for each modality:
Surgery
Pain (chronic)
Physical disfigurement or body image change
Lymphatic obstruction
Medical complications (Blood clots, myocardial infarction, stroke)
Chemotherapy
Bone marrow suppression
Infection
Hair loss or other body image change
Radiation Therapy
Wound/Skin breakdown
Physical disfigurement
Lung injury
Lymphatic obstruction
Hormone (Tamoxifen) Therapy [78]
Hot flashes
Endometrial cancer
Stroke

Deep venous thrombosis (blood clot)
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Pulmonary embolism (blood clot to the lungs)

Cataracts

6. Probabilities and Utility Values

This represents the data synthesis portion of the decision analysis. The probabilities
associated with the outcomes of chance nodes in the decision tree and transition
probabilities for the Markov process as well as the utility values associated with each
treatment alternative and utility values associated with each Markov health state need
to be defined. This process should begin with a detailed statement regarding each
probability and utility required so that the exact context for each is defined. Once
each probability and utility has been defined, values for each are identified. The
process for identifying the values, as discussed previously, uses the hierarchy of
evidence beginning with published literature and a structured literature search. If
information cannot be found in the literature then, if applicable, a review of existing
databases will be performed or subjective probabilities from expert or personal
opinion will be used. In order to elicit probability values from experts a defined
group of individuals who have an expertise in the area of interest needs to be formed.
Once a group is available, the process of determining a value will begin with each
member submitting their estimate. The group of estimates are then anonymously
presented back to the group for discussion and clarification of the estimate. An
estimate of the uncertainty of this parameter can be estimated based on the spread or
distribution of the estimates given by different groups or individuals. For parameters
which relate to elements of utility, for which there are no estimates in the literature, a
similar group method can be used for estimation. The members of the “expert group”
would be gathered from current or former women with the condition, members of the
general public, and nursing staff experienced in treating women with the condition.
These “experts” will be able to give a real world and educated estimate of the impact

of the condition on quality of life.

The identification of utility values for the LABC model will be selected by a review
of the available databases of published utility values: Bell et al. [64], Tengs and
Wallace [61], Beaver Dam Health Outcomes Study [62], National Health Interview

Survey [63], and a computerized literature search for relevant published articles not
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identified in the databases. An assumption is made that it does not matter how one

gets to a health state (which treatment strategy), the utility associated with the state
are the same. The exception to this is the state of Disease Free, which will have a
utility value specific for each treatment strategy. Each individual treatment regimen is
associated with a decrease in quality of life based on the unpleasantness of the
treatment, time costs, and short-term common side effects of the treatment. This will
be modeled by utilizing a utility factor for the health state Disease Free for the first
cycle for each specific treatment regimen. This quality of life value will account for
the difference in the “unpleasantness™ of different treatment programs in the decision
tree. The utility value of this state in the subsequent cycles will then be based on a

more general quality of life experienced after the specific treatment regimen.

The following is a list of the probabilities and utilities required for the analysis. A
separate value will be required for each probability and utility for all of the initial 16
cohorts. The transition probabilities will need to be specific for each cohort and for
each treatment strategy used; and these transition probabilities may vary and change
over time.
Probabilities:
complete response to neo-adjuvant chemotherapy
b. partial or no response to neo-adjuvant chemotherapy
c. positive lymph nodes after surgery (this will be the same
probability after either mastectomy or segmental mastectomy)
d. negative lymph nodes after surgery (this will be the same
probability after either mastectomy or segmental mastectomy)
Transition Probabilities:
1. Disease Free to Same State
Disease Free to Local Recurrence
Disease Free to Distant Recurrence
Disease Free to Dead
Local Recurrence to Same State
Local Recurrence to Disease Free

Local Recurrence to Distant Recurrence

® N A WD

Local Recurrence to Dead
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9. Distant Recurrence to Same State

10. Distant Recurrence to Dead
Utilities:
a. Disease Free State - this utility value will be different for each of
the different treatment strategies identified in the decision tree.
b. Local Recurrence State
c. Distant Recurrence State
d. Dead State

7. Stopping Rules
The analysis will be run for 25 cycles (years). This will provide a reasonable estimate
over the predicted lifespan of the average LABC patient. It also has validity with

regards to the risk period for recurrence of disease.

8. Sensitivity Analysis

A combination of sensitivity analysis methods will be utilized for the LABC model
described. The initial step in this portion of the analysis will use a deterministic
approach by applying a one-way analysis based on the range of values for uncertainty
identified for each probability, utility, and transition probability in the model. This
will provide us with some basic information on the nature of the variables upon which
the analysis is sensitive. A “best case” and “worst case” scenario will then be utilized
by running the analysis with values for the probabilities and utilities that represent the
best and worst cases. The results of the best/worst cases will provide information
about which alternatives are preferred under the most extreme conditions. A best case
would utilize probabilities which would yield the most optimistic values for survival,
and utilities which would yield the most optimistic values for quality of life. A worst
case would provide the opposite assessment, using the least optimistic probabilities

and utilities.

The next step in the sensitivity analysis will be to utilize a probabilistic approach to
the parameter uncertainty. For each variable of probability and utility, a probability
distribution that represents the variability in that variable will be created. This

process will require that information from the literature or experts be elicited
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regarding the choice of a distribution for each variable that seems most appropriate.

Once the distributions for each variable have been determined, a Monte-Carlo
simulation method will be used and run many (»=5000) times. The simulation run
over a large number of times will be required to provide a useful estimate of the
outcome because there are many parameters (probabilities and utilities) each with
their own distribution for which only one value can be used in any single run. The
simulation run over a large number of times will allow for parameter values within
each probability to be used, as well as the combinations of different parameter values.
A large number of simulations will also be required to provide estimates of outcome

for which there may be only small differences between groups.

The sensitivity analysis will likely result in the identification of parameters used in the
model to which the choice of the preferred alternative is sensitive. The identification
of these parameters will allow for more work to be done to either provide more
accurate estimates for the parameter or provide insight into the important factors for

patients faced with decisions about the treatment of LABC.

B. The Next Step

The framework for a decision analysis model has been described. Referring back to
the flowchart for the process (see Figure 2), the next step would be to begin data
collection. This will provide the estimates for all required parameters set out in the
framework. These estimates are then fit into the model and the simulation is done. A
sensitivity analysis, as described, would then be performed leading to an analysis of
the ranking of treatment alternatives and insight into variables to which the analysis is
sensitive. Interpretation of the model at this point may lead back to refinement of the
model and estimates, or it may lead to conclusions which can be interpreted within the

context of the decision problem.
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C. The Benefit of a Decision Analysis

The information extracted from the literature and the survival analysis provided in the
current study suggest that there are a number of treatment options for women with
LABC, but all treatment options are similar in terms of breast cancer specific survival.
If all treatment options appear equal in terms of survival then how do we advise
patients regarding which treatment to choose? As identified in the discussion of the
objectives section of the decision analysis, there are other values and objectives which
are important to breast cancer patients. These other obj ectives will be important to
consider when treatment decisions are to be made. One of the fundamental objectives
identified is quality of life during and after treatment. The benefit of the information
gained from the decision analysis is that information regarding both length and quality
of life can be examined for the various treatment options. By including information
about quality of life differences between treatment options the decision process can be
expanded to include these other important objectives. The decision analysis can
provide information about quality of life differences among different treatment
options which may give patients insight into these decisions. The integration of the
evidence of treatment effectiveness (survival) and patient values (quality of life) is an
advantage of providing the decision analysis for women with LABC to help advise

treatment decisions.
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Appendix A — Cox Proportional Hazards Diagnostic Plots

Figure 1 - Kaplan-Meier estimates versus Cox predicted estimates for

disease stage
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Figure 2 - Kaplan-Meier estimates versus Cox predicted estimates for
Histologic Grade
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Figure 3 - Kaplan-Meier estimates versus Cox predicted estimates for
Hormone therapy
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Figure 4 - Kaplan-Meier estimates versus Cox predicted estimates for
Treatment Type

8.40278

Standard therapy
Neo-Adjuvant
Chemotherapy

T
Titne (years)

1033333

1.00 + 4
0.75 -
0.50 —
0.25
0.00 -

salliqeqold [BAAING Pajolpald "SA PAAIBSHQ

96



Figure 5 — Log — Log Plot by Disease Stage
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Figure 10 — Martingale Residuals Plotted by Histologic Grade
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