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A B S T R A C T

Background: The proportion of breast cancer patients that received chemotherapy varies

widely in high-income countries. An evidence-based estimate of the optimal chemother-

apy utilisation rate for a breast cancer population may serve as a useful benchmark for

measuring and improving the quality of care.

Methods: An optimal chemotherapy utilisation model was constructed using indications

for chemotherapy identified from evidence-based guidelines. Data on the proportion of

patient (age, performance status and preference) and tumour (stage, size, grade, nodal sta-

tus, hormone receptor and HER2 status) attributes were obtained and merged with the

treatment indications to calculate an optimal utilisation rate. This model was peer-

reviewed by a panel of independent experts.

Results: Chemotherapy was indicated in 17 of the 24 possible clinical scenarios depicted in

the optimal utilisation model. The estimated optimal proportion of breast cancer patients

who should received chemotherapy at least once was 68%. Sensitivity analyses showed

that the range of optimal rate was 60–69%. The optimal rate appears to be substantially

higher than the reported actual rates (29–49%).

Conclusion: It is possible to generate an optimal chemotherapy utilisation rate in breast

cancer to serve as an evidence-based benchmark. The optimal chemotherapy utilisation

rate in breast cancer has remained largely unchanged over the past 15 years. The reported

actual utilisation rates of chemotherapy in breast cancer populations appear to have

remained below the estimated optimal rate, suggesting that potential opportunities for

improvement in the compliance to guideline recommended care exist.

Crown Copyright � 2009 Published by Elsevier Ltd. All rights reserved.
1. Introduction

Chemotherapy plays an integral role in improving the survival

and quality of life in many cancer patients. A fundamental

requirement for the provision of quality cancer care is to en-
ight � 2009 Published by
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sure that patients receive appropriate treatment following

their diagnosis.1 Clinical practice guidelines have been pub-

lished to facilitate the translation of evidence from clinical tri-

als into patient care. Despite these efforts, variation in the

utilisation rates of chemotherapy in the breast cancer popula-
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Table 1 – Breast cancer: Indications for chemotherapy – levels and sources of evidence.

Outcome
no.

Clinical scenario Treatment
indicated

Level of
evidencea

References Proportion of
all breast

cancer patients

1 Stages 1 and 2, Node Positive, Adjuvant CT I NHMRC7 0.16
Age <70 years, Good PS NCCN11

NCI PDQ12

BCCA13

COIN17

SIGN18

St Gallen19

2 Stages 1 and 2, Node Positive, Age
70 years and older, Hormone
Receptor Positive, Recurrence,
Hormone Treatment Resistant, Good
PS

Palliative CT II NHMRC9 0.03
NCCN11

NCI PDQ12

SIGN18

4 Stages 1 and 2, Node Positive, Adjuvant CT III NHMRC7 0.01
Age 70 years and older, NCCN11

Hormone Receptor Negative, Good
PS

NCI PDQ12

BCCA13

5 Stages 1 and 2, node negative, age
<35 years, Good PS

Adjuvant CT I NHMRC8 0.01
NCI PDQ12

St Gallen19

6 Stages 1 and 2, Node Negative, Adjuvant CT I NHMRC7 0.18
Age 35–69 years, Tumour Size >2 cm,
Good PS

NCCN11

NCI PDQ12

BCCA13

SIGN18

St Gallen19

7 Stages 1 and 2, Node Negative, Palliative CT II NHMRC9 <0.01
Age 35–69 years, Tumour Size 0–
1.0 cm, grade 1 and Hormone
Receptor Positive, Recurrence,
Hormone Treatment Resistant, Good
PS

NCCN11

NCI PDQ12

SIGN18

9 Stages 1 and 2, Node Negative, Adjuvant CT III NHMRC7 0.04
Age 35–69 years, Tumour Size 0–
1.0 cm, grade 2/3 or Hormone
Receptor Negative, Patient
Preference, Good PS

NCI PDQ12

10 Stages 1 and 2, Node Negative, Palliative CT II NHMRC9 0.01
Age 35–69 years, Tumour Size 0–
1.0 cm, grade 2/3 or Hormone
Receptor Negative, Patient Declines
Adjuvant CT, Recurrence, Good PS

NCCN11

NCI PDQ12

SIGN18

12 Stages 1 and 2, Node Negative, Adjuvant CT II NHMRC10 0.02
Age 35–69 years, Tumour Size 1.1–
2.0 cm, HER2 Positive, Good PS

NCCN11

NCI PDQ12

BCCA13

CCO14

13 Stages 1 and 2, Node Negative, Adjuvant CT I NHMRC7 0.02
Age 35–69 years, Tumour Size 1.1–
2.0 cm, HER2 Negative, Hormone
Receptor Negative, Patient
Preference, Good PS

NCCN11

NCI PDQ12
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Table 1 – continued

Outcome
no.

Clinical scenario Treatment
indicated

Level of
evidencea

References Proportion of
all breast

cancer patients

14 Stages 1 and 2, Node Negative, Age
35–69 years, Tumour Size 1.1–2.0 cm,
HER2 Negative, Hormone Receptor
Negative, Patient Declines Adjuvant
CT, Recurrence, Good PS

Palliative CT II NHMRC9 <0.01
NCCN11

NCI PDQ12

SIGN18

16 Stages 1 and 2, Node Negative, Age
35–69 years, Tumour Size 1.1–2.0 cm,
HER2 Negative, Hormone Receptor
Positive, Patient Preference, Good PS

Adjuvant CT I NHMRC7 0.07
NCCN11

NCI PDQ12

17 Stages 1 and 2, Node Negative, Palliative CT II NHMRC9 0.01
Age 35–69 years, Tumour Size 1.1–
2.0 cm, HER2 Negative, Hormone
Receptor Positive, Patient Declines
Adjuvant CT, Recurrence, Hormone
Treatment Resistant, Good PS

NCCN11

NCI PDQ12

SIGN18

19 Stages 1 and 2, Node Negative, Palliative CT II NHMRC9 0.02
Age 70 years and older, Recurrence,
Good PS

NCCN11

NCI PDQ12

SIGN18

21 Stage 3, Good PS Neoadjuvant CT / III NHMRC9 0.07
Adjuvant CT NCCN11

NCI PDQ12

BCCA13

COIN17

SIGN18

22 Stage 4, Hormone Receptor Positive,
Hormone Treatment Resistant, Good
PS

Palliative CT II NHMRC9 NCCN11 0.02
NCI PDQ12

BCCA13

COIN17

SIGN18

23 Stage 4, Hormone Receptor
Negative, Good PS

Palliative CT II NHMRC9 0.01
NCCN11

NCI PDQ12

BCCA13

COIN17

SIGN18

Total proportion of patients with breast cancer in whom chemotherapy is recommended 0.68

Abbreviations: CT, Chemotherapy; PS, performance status; NHMRC, National Health and Medical Research Council; NCCN, National Compre-

hensive Cancer Network; NCI PDQ, National Cancer Institute Physicians Data Query; BCCA, British Columbia Cancer Agency; CCO, Cancer Care

Ontario; SIGN, Scottish Intercollegiate Guidelines Network and COIN, Clinical Oncology Information Network.

a Levels of Evidence for Indications for Chemotherapy: Level I, evidence obtained from a systematic review of all relevant randomised controlled

trials; Level II, evidence obtained from at least one properly designed randomised controlled trial; Level III, evidence obtained from well-designed

controlled trials without randomisation - these include trials with ‘pseudo-randomisation’ where a flawed randomisation method was used (e.g.

alternate allocation of treatments) or comparative studies with either comparative or historical controls; Level IV, evidence obtained from case

series. Taken from the National Health and Medical Research Council (NHMRC) hierarchy of levels of evidence20.
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tion exists.2 Of concern, the EUROCARE study3 has postulated

that the survival difference seen in certain tumour groups be-

tween the European countries may be related to the under-util-

isation of cancer treatments (e.g. adjuvant chemotherapy in

node-positive breast cancer) as well as the variable application

of evidence-based guidelines.3 Although many studies have

addressed the quality of adjuvant chemotherapy in breast can-

cer care, particularly for the node positive group, little is known

about clinicians’ adherence to guideline indications for che-

motherapy in the breast cancer population.
In 1999 the United States Institute of Medicine’s National

Cancer Policy Board study, ‘Ensuring the Quality of Cancer

Care’, reported that a substantial number of cancer patients re-

ceived suboptimal treatment and the Board has recommended

the establishment of benchmarks to assess compliance to clin-

ical practice guidelines.1 Current benchmarks for the evalua-

tion of the quality of cancer care delivered are based on

either peer-comparison or non-evidence-based estimates.

For example, the Commission on Cancer’s National Cancer

Data Base generates reports that benchmarks the performance
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of their 1430 participating hospitals based on peer-comparison

of five quality measures.4 In a comprehensive review on breast

cancer patterns of care studies, the benchmark for compliance

with guidelines was set at 100%.2 More recently, the National

Initiative for Cancer Care Quality conducted a survey on breast

and colorectal cancers in which quality measures with less

than 85% adherence were judged as potential areas for

improvement.5 Therefore, an evidence-based optimal chemo-

therapy utilisation rate remains undefined.

An estimate of the proportion of new cases of breast can-

cer that should receive chemotherapy at least once during the

course of their illness (the optimal chemotherapy utilisation

rate) may therefore be a useful benchmark for improving

the quality of care and may also assist in the population-

based planning of chemotherapy services. In this study, we

developed an evidence-based utilisation model to determine

the benchmark for the optimal chemotherapy utilisation rate

in a breast cancer population.

2. Materials and methods

2.1. Indications for chemotherapy

We defined an indication for chemotherapy as a clinical situ-

ation in which chemotherapy is the treatment of choice on

the basis of superior clinical outcomes in comparison to other

treatment modalities (including best supportive care or no

treatment). The superiority of chemotherapy over other treat-

ment options could be based on survival, quality of life or tox-

icity profile. Chemotherapy could be recommended either

alone or in combination with radiotherapy or surgery. The list

of drugs classified as chemotherapeutic agents were as de-

fined in the SEER*RX Antineoplastic Drug Database.6 The opti-

mal choice of individual drugs, numbers of drugs or specific

chemotherapy regimens and their cost-effectiveness were be-

yond the scope of this study.

We identified the indications for chemotherapy in the

management of breast cancer from clinical practice guide-

lines. The guidelines reviewed were published by the Austra-

lian National Health and Medical Research Council

(NHMRC)7–10; the United States National Comprehensive Can-

cer Network (NCCN)11 and National Carcinoma Institute

(NCI)12;the Canadian British Columbia Cancer Agency

(BCCA)13 and Cancer Care Ontario (CCO)14–16; the United King-

dom Clinical Oncology Information Network (COIN)17 and

Scottish Intercollegiate Guidelines Network (SIGN)18; and the

St. Gallen Panel.19 The hierarchy of levels of evidence used

to justify the indications for chemotherapy was adapted from

the Australian National Health and Medical Research Coun-

cil.20 We last reviewed the guidelines in July 2007. Table 1

shows the list of clinical scenarios for which chemotherapy

is recommended in a breast cancer population.

2.2. Source of data on patient and tumour attributes

In order to ensure local relevance, we preferentially used Aus-

tralian population-based data sources (e.g. Australian Insti-

tute of Health and Welfare, New South Wales Cancer

Registry registries) wherever possible. If Australian data were

not available, data from other large Western population-
based sources such as United States Epidemiology and End

Results and published data from institutional studies were

also used. The highest ranked quality data were used in the

model to define the base value of the attributes. Table 2 lists

all the data sources and the hierarchy used to define the qual-

ity of data.21 In situations where data on the same attributes

were available from multiple sources, the data ranked highest

quality were used as the base value in the chemotherapy util-

isation tree. In situations where data obtained from multiple

sources were ranked of equivalent quality, the larger sample

size was chosen.

2.3. Performance status

Patient performance status (PS) is an important prognostic

factor which also predicts benefits from treatment and is

used in clinical trials and daily practice to select and stratify

eligible patients for chemotherapy.22 Chemotherapy is gener-

ally recommended for patients with good performance status

(ECOG 0–2).23 No specific population-based PS data were avail-

able for breast cancer despite an extensive literature search.

Therefore the proportion of age-adjusted good PS patients

was estimated by combining the Australian Institute of

Health and Welfare data on the proportion of breast cancer

by age groups (<55 years old, 55–64 years old, 64–75 years old

and >75 years old) with the New South Wales (NSW) Popula-

tion Health Survey 2005 data on ‘difficulty doing work’ by

each of the corresponding age groups.24,25

Participants in the NSW Population Health Survey were

asked about the degree of difficulty that they had experi-

enced in undertaking daily work or activities (no difficulty,

little difficulty, some difficulty, much difficulty or unable to

carry out daily activities or work) in the past 4 weeks. This

scale is similar to the Eastern Cooperative Oncology Group

(ECOG)26 scoring scales used to measure PS. Good perfor-

mance status (ECOG 0–2) was assumed in those who re-

ported ‘no difficulty at all’, ‘a little bit of difficulty’ and

‘some difficulty’. In the NSW Population Health Survey24,

the rate of good PS (ECOG 0–2) patients varied from 92%

(<55 years old) to 87% (>75 years old). The age-adjusted esti-

mated proportion of good PS patients in the breast cancer

population was 90%. As there was some uncertainty

whether respondents with ‘some difficulty’ should be in-

cluded in the good PS group, sensitivity analysis to assess

the variation on the estimated optimal utilisation if they

were excluded was performed.

2.4. Patient preferences

The benefit of adjuvant chemotherapy in certain subgroups of

patients with node negative early breast cancers is small. In

these situations, patient preference in deciding whether the

benefits outweigh the potential side effects is an important

factor.27 It is common for patients to have a discussion with

their medical oncologist about the toxicities of treatment

and the expected survival benefit and for the patient to make

their treatment choice based on assessing the pros and cons

of treatment. A review of four patient preference studies

involving 512 patients found that 50% of women with early

breast cancer felt that 1% survival benefit was sufficient to



Table 2 – Breast cancer. The incidence of attributes used to define indications for chemotherapy.

Population or subpopulation of interest Attribute Proportion of
populations with

this attribute

Quality of
information

References

All registry cancers Breast cancer 0.13 a AIHW41

Breast cancer Good PS 0.91 a AIHW41

d NSW Population Health
Survey24

Breast cancer Stages 1 and 2 0.88 a Hill et al.32

Breast cancer Stage 3 0.08 a Hill et al.32

Breast cancer Stage 4 0.04 a Hill et al.32

Breast cancer, Stages 1 and 2 Node Positive 0.29 a AIHW41

Breast cancer, Stages 1 and 2,
Node positive

Age 70 years and
older

0.29 a AIHW41

Breast cancer, Stages 1 and 2,
Node Positive, Elderly

Hormone
Receptor Positive

0.87 a Hill et al.32

Breast cancer, Stages 1 and 2,
Node negative

Age <35 years 0.02 b NSW Cancer Registry42

Breast cancer, Stages 1 and 2,
Node negative

Age 35–69 years 0.81 b NSW Cancer Registry42

Breast cancer, Stages 1 and 2,
Node negative

Age 70 years and
older

0.17 b NSW Cancer Registry42

Breast cancer, Stages 1 and 2,
Node negative, age 35–69 years

Size >2 cm 0.29 b NSW Cancer Registry42

Breast cancer, Stages 1 and 2,
Node negative, age 35–69 years

Size 0–1 cm 0.26 b NSW Cancer Registry42

Breast cancer, Stages 1 and 2,
Node negative, age 35–69 years

Size 1.1–2.0 cm 0.45 b NSW Cancer Registry42

Breast cancer, Stages 1 and 2,
Node negative, size 0–1 cm

Grade 1 and
Hormone
Receptor Positive

0.2 c US SEER43

Breast cancer, Stages 1 and 2,
Node negative, size 0–1 cm,
Grade 1 and Hormone Receptor
Positive

Recurrence 0.12 e Chia et al.44

Breast cancer, Stages 1 and 2,
Node Negative, Size 0–1 cm,
Grades 2–3 or Hormone Receptor
Negative

Recurrence 0.16–0.26 e Chia et al.44

Breast cancer, Stages 1 and 2,
Node negative, Size 1.1–2.0 cm

HER2 Positive 0.13 c Joensuu et al.45

Breast cancer, Stages 1 and 2,
Node negative, Size 1.1–2.0 cm,
HER2 Negative

Hormone
Receptor Negative

0.17 h Andrulis et al.46

Breast cancer, Stages 1 and 2,
Node negative, Size 1.1–2.0 cm,
HER2 Negative, No Adjuvant
Chemotherapy

Recurrence 0.25 e Chia et al.44

Breast cancer, Stages 1 and 2,
Node Negative, Elderly

Recurrence 0.19 e Troung et al.47

Breast cancer, Stages 1 and 2,
Node Positive, Elderly

Recurrence 0.45 e Troung et al.47

Breast cancer, Stage 4 Hormone
Receptor Positive

0.68 a Hill et al.33

Abbreviations: AIHW, Australian Institute of Health and Welfare; NSW, New South Wales; US SEER, United States Surveillance Epidemiology and

End Results and PS, Performance status.

Hierarchy for epidemiological data: a, Australian National Epidemiological data; b, Australian State Cancer Registry; c, epidemiological databases

from other large international groups (e.g. SEER); d, results from reports of a random sample from a population; e, comprehensive multi-

institutional database; f, comprehensive single-institutional database; h, multi-institutional reports on selected groups (e.g. multi-institutional

clinical trials; k, single-institutional reports on selected groups of cases; l, expert opinion.
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make chemotherapy worthwhile.28 A recent Australian study

reported that 68–84% of women with early breast cancer con-

sidered 3% survival benefit as adequate justification to have

adjuvant chemotherapy.29 From the available patient prefer-
ences data28,29, our model assumes that 50% of women would

choose to undergo adjuvant chemotherapy for a 1% survival

benefit, and 68–84% of women would accept this treatment

for a 3% survival benefit.
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The above-mentioned data were incorporated into three

branches of the utilisation tree where the indications of adju-

vant chemotherapy were for a small benefit for node negative

women with early breast cancer. The survival benefits with

adjuvant chemotherapy for these three subgroups of women

(35–69 years old) were estimated using the computer-based

prognostic tool Adjuvant! for Breast Cancer (Version 8.0) pro-

gram.30 The first subgroup has an estimated survival benefit

of 1% (0.3–2.3%) and features tumour size 1 cm or less which

are grades 2–3 or hormone receptor negative. The second sub-

group of tumour size 1.1–2 cm, and hormone receptor positive

has a similar average survival benefit of 1% (0.3–3.7%). The

third subgroup of tumour size 1.1–2 cm, and hormone recep-

tor negative has an estimated average survival benefit of 3%

(2–4.3%).
Fig. 2 – Tornado diagram showing sensitivity analyses of

optimal chemotherapy utilisation rates for breast cancer.

The combined effect of the variables is the range of optimal

chemotherapy utilisation rate (61–69%).
2.5. Optimal chemotherapy utilisation rate

Using the TreeAge Pro software (version 1.0),31 the indications

for chemotherapy in Table 1 and the data on proportions of

tumour and patient attributes in Table 2 were merged to con-

struct the optimal utilisation tree. Each patient with an indi-

cation for chemotherapy treatment was only counted once

(i.e. the tree was terminated at the point of chemotherapy

being recommended) even if they may have subsequent indi-

cations during the course of their illness. This was to stan-

dardise the comparison of the optimal rate with reported

actual rates of chemotherapy utilisation (defined as the num-

ber of patients treated with chemotherapy for the first time

divided by the incidence of each specific cancer type during

a period).
Fig. 1 – Optimal chemotherapy utilisation tree for breast cancer. E

an important tumour or patient-related attribute that affects th

shows whether or not chemotherapy is indicated for each of the

above each branch of the utilisation tree with the correspondin

branch.
Summation of the proportion of patients for each of the

clinical scenarios where chemotherapy was indicated gener-

ated the optimal chemotherapy utilisation rate. Our model
ach branch of the chemotherapy utilisation trees represents

e chemotherapy decision. Each terminal branch of the trees

clinical scenarios. The description of the attributes is located

g data on the proportion of that attribute located below that
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was reviewed by independent breast cancer experts to ensure

clinical validity. Appropriate changes were made to the mod-

els based on the feedback received. The panel of reviewers in-

cluded members of the Australian New Zealand Breast Cancer

Trials Group, New South Wales Oncology Group and Victoria

Cooperative Oncology Group.

2.6. Statistical analysis

We tested the robustness of the chemotherapy utilisation

model with sensitivity analyses using the TreeAge Pro soft-

ware.31 Univariate sensitivity analyses were conducted if the

incidence of epidemiological data obtained varied by more

than 10% or when there were disagreements between guide-

lines for a chemotherapy treatment indication. We entered

the extreme values (upper and lower limits) of these variables

into our model to assess each of their effects on the estimated

optimal utilisation rate. A tornado diagram is a set of univar-

iate sensitivity analyses brought together in a single graph.31

Each bar in the tornado diagram represents a univariate sen-

sitivity analysis and illustrates its effect on the expected

range of the optimal chemotherapy utilisation rate. The tor-

nado diagram also enables the calculation of the range of

optimal chemotherapy utilisation rate from the combined ef-

fect of all the univariate sensitivity analyses.

3. Results

Fig. 1 depicts the optimal chemotherapy utilisation tree for

breast cancer. Each branch of the chemotherapy utilisation

trees represents an important tumour or patient-related attri-

bute that affects the chemotherapy decision. Each terminal

branch of the trees shows whether or not chemotherapy is

indicated for each of the clinical scenarios. The description

of the attributes is located above each branch of the utilisa-

tion tree with the corresponding data on the proportion of

that attribute located below that branch.

Chemotherapy was indicated in 17 of the 24 possible out-

comes in the utilisation tree (listed in Table 2). The optimal

chemotherapy utilisation rate calculated (i.e. the proportion

of all patients that should receive chemotherapy at least once

during the course of their illness) for breast cancer was 68%.

For the first course of treatment (chemotherapy within

6 months after diagnosis), the optimal rate was 59%. When

analysed by stage, the optimal rates for the first course of

treatment were 56% (Stages I–II), 90% (Stage III) and 29%
Table 3 – Comparison of optimal and actual chemotherapy utili

Variable Optimal utilisation (%)

Any time First course
of treatment

Country – – Australia28,29 On
Year(s) of survey – – 1995 2007
No. of patients – – 4237 3961
All stages 68 59 32 49

Abbreviations: NCDB: National Cancer Database, NYCRIS: Northern and Y

and UK: United Kingdom.
(Stage IV), respectively. The majority of indications for che-

motherapy (14/17) in the utilisation tree was supported by evi-

dence derived from systematic reviews or randomised

controlled trials (Levels I and II). The other 3 indications for

chemotherapy were based on Level III evidence (well-de-

signed controlled trials without randomisation).

3.1. Sensitivity analysis

There were three instances where the data on patient and tu-

mour attributes varied between sources by more than 10%.

Univariate sensitivity analyses were performed to assess the

difference on the optimal chemotherapy utilisation rate with

the variation of the following proportions: patients with good

performance status (0.80–0.90), relapse-free survival of pa-

tients with grades 2 and 3 tumours that are 1 cm or smaller

in size (0.74–0.84) and patients choosing to have chemother-

apy for a 3% survival benefit (0.68–0.84). The tornado diagram

(see Fig. 2) illustrates the overall effect of all the variables de-

scribed above on the optimal utilisation rate. Each bar in the

tornado diagram represents a univariate sensitivity analysis

and illustrates its effect on the expected range of the optimal

chemotherapy utilisation rate. Variations in the proportion of

patients with good performance status (80–90%) had the

greatest effect on the optimal rate. If patients with ECOG 2

were assumed to be unfit for chemotherapy, the optimal rate

will fall from 68% to 61%. The range of optimal chemotherapy

utilisation rate for breast cancer was 61–69%.

3.2. Comparison with actual practice

The actual chemotherapy utilisation rates in breast cancer

(from 1995 to 2007) reported from large population-based

studies in the following countries were: Australia (32–

49%)32,33, Sweden (30–40%)34, Canada (40–42%)35, United

States of America (40%)36 and United Kingdom (29%).37

Although the actual rates were substantially lower than the

estimated optimal rate of 68% (see Table 3), the comparison

may not reflect current practice as newer evidence and indi-

cations for chemotherapy in breast cancer may have in-

creased over the past 15 years. As such, we used the year of

publication of the references used to support the guideline

recommendations for chemotherapy as a surrogate measure

of the progress of recommendations over time. Fig. 3 depicts

the cumulative proportion of cases with an indication for che-

motherapy over time, which allows for a more accurate and
sation rates for breast cancer.

Actual first course of treatment (%)

tario (Canada)35 NCDB (US)36 NYCRIS (UK)37 Sweden34

2001–2004 2006 2000–2004 1997
– 131,965 23,459 512

40–42 40 29 30–40

orkshire Cancer Registry and Information Service, US: United States



Fig. 3 – Comparison of the proportion with an indication for

chemotherapy (first course of treatment) with actual che-

motherapy utilisation rates (d) over time.
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valid comparison with the historical actual rates. The optimal

utilisation rate has risen only slightly from 65% to 68% in the

past 15 years. Despite this, the actual rates reported have re-

mained consistently lower for each of the corresponding 5-

year time periods. When the optimal and actual utilisation

rates were compared by stage using data from the United

States National Cancer Database, we also found that the ac-

tual rates were lower across all stages: Stages I and II (56% ver-

sus 36%), Stage III (90% versus 71%) and Stage IV (29% versus

21%), respectively (30).

4. Discussion

This model depicts the possible clinical scenarios in a breast

cancer population where chemotherapy is recommended.

Based on the guidelines recommendations, our model esti-

mated that 68% of patients with breast cancer should receive

chemotherapy at least once during the course of their illness.

This is substantially higher than the rates reported in actual

practice, suggesting that chemotherapy may be under-uti-

lised in the treatment of breast cancer in high-income

countries.

Current benchmarks are based on peer-comparison (e.g.

National Cancer Database reports) or an assumption that

the best quality care is 100% adherence to the pre-selected

measure.2,4,38,39 Our model offers an evidence-based ap-

proach for benchmarking the optimal chemotherapy delivery

to highlight the difference between the ideal and actual care

delivered. For instance, in 2006, the United States National

Cancer Database36 reported that the actual chemotherapy

utilisation rate in breast cancer was 38%, which was less than

our calculated optimal utilisation rate (for the first course of

treatment) of 58%, suggesting that a further improvement of

up to 20% to guidelines recommended care may be possible.

In addition, patients with Stage III breast cancer had the wid-

est gap between the optimal and actual utilisation of chemo-

therapy rate (90% and 68%, respectively), despite being the

cohort with the greatest survival benefit from chemotherapy.

While prior studies of breast cancer care have focused on

addressing and improving the quality of chemotherapy deliv-
ery in the adjuvant setting,2,5 little is known about the com-

pliance with other guideline indications for chemotherapy.

A review of patterns of care studies in breast cancer care

has documented wide variations in the utilisation rates of

adjuvant chemotherapy in patients with Stages I–III breast

cancer.2 More recently, several prospective studies have found

a high compliance of chemotherapy use in the node positive

cohort, in both Australia and the United States.5,38,39

Although explicit quality measures in the selected cohorts

(e.g. receipt of chemotherapy in patients with node positive

early breast cancer who are aged 50 years or less) provide

an accurate assessment and are useful for quality improve-

ment, they may not necessary reflect the overall quality of

chemotherapy delivery in a breast cancer population. Our

findings suggest a lower adherence to guideline recommen-

dations for chemotherapy when all potentially eligible pa-

tients in a breast cancer population are considered.

The robustness of our model was dependent on two main

factors; whether the indications for the use of chemotherapy

were uniformly recommended by the guidelines and the qual-

ity of the data used to define the proportion of tumour and pa-

tient attributes. We found a high concordance for the

indications of chemotherapy identified from the guidelines

reviewed. In addition, over 80% of these recommendations

were supported by Levels I and II evidence (proven benefit

from systematic reviews or randomised controlled trials).

The majority of the data for the initial ‘ tree branches’ (e.g.

stage, node status, age groups and tumour) were from large

population-based data sources such as Australian national

and state cancer registry databases, therefore reducing the

potential effects of sampling bias. To further strengthen its

validity and applicability in current clinical practice, indepen-

dent breast cancer experts reviewed the indications and data

used in our model.

There are several limitations in our study. First, our model

was constructed from various data sources as no available

single population-based database had all the clinical and

pathological attributes required to define the indications for

chemotherapy. Although we selected the highest quality of

data possible, sampling error is likely to occur which could af-

fect the estimated benchmark. Second, the incidence data on

patient and tumour attributes used for the terminal ends of

the tree were only available from multi-institutional dat-

abases. These data sources may be prone to selection and

referral bias; patients most fit and mobile are referred and pa-

tients least fit or isolated may not be referred. Third, specific

performance status data for breast cancer patients were not

available. However, this is not likely to be a major issue be-

cause the majority of patients present with early disease

and are relatively fit. Finally, we were unable to address the is-

sues of competing co-morbidities, which may affect the

benchmarks estimated. How co-morbidities affect the overall

decision to administer chemotherapy to breast cancer pa-

tients is currently unknown. Given that only 4% of breast can-

cer patients have severe co-morbidities40, the overall effect on

our benchmark is likely to be small.

Despite the limitations, our model offers a clinically rele-

vant and evidence-based approach to estimate a benchmark

for improving the utilisation of chemotherapy in breast can-

cer at a population-based level. This methodology has advan-
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tages over other methods for setting benchmarks such as ex-

pert opinion or based on current levels of practice because it

is evidence based, the assumptions are clearly stated and the

model can be tested by sensitivity analysis. This model also

has the advantage that it is readily adaptable to any future

changes in chemotherapy indications or variations in the fre-

quency data of patient and tumour attributes for any breast

cancer population. For instance, any changes in breast cancer

screening rates may alter the proportions of early stage breast

cancer; this can be easily incorporated into the model to gen-

erate an up-to-date benchmark. Gaps in care can be further

analysed by stage or specific clinical scenarios to identify

the greatest areas for improvement.

It is possible to estimate an evidence-based benchmark for

the optimal chemotherapy utilisation rate in a breast cancer

population. Our findings suggest that a substantial proportion

of eligible breast cancer patients in high-income countries

may not be receiving chemotherapy as recommended by clin-

ical practice guidelines. More importantly, the potential bene-

fits from chemotherapy to achieve better outcomes for breast

cancer patients are lost when evidence from clinical trials are

not translated into clinical practice. Along with other quality

improvement initiatives, this evidence-based model may

serve as a guide for clinicians and policy makers for assessing

and improving the quality of chemotherapy delivery in breast

cancer care.

Conflict of interest statement

This study was funded by a grant from the Cancer Institute

New South Wales, Australia.
Acknowledgements

This study was supported by a grant from the Cancer Institute

New South Wales, Australia and the Radiation Oncology Trust

Fund of the Liverpool Cancer Therapy Centre, Liverpool New

South Wales Australia.
R E F E R E N C E S
1. Hewitt M. Simone J.National Cancer Policy Board, Institute of
Medicine. Ensuring Quality Cancer Care. Washington,
DC: National Academy Press; 1999.

2. Malin JL, Schuster MA, Kahn KA, et al. Quality of breast
cancer care: what do we know? J Clin Oncol 2002;20:4381–93.

3. Verdecchia A, Francisci S, Brenner H. Et al.Recent cancer
survival in Europe: a 2000–02 period analysis of EUROCARE-4
data. Lancet Oncol 2007;8:784–96.

4. Bilimoria KY, Stewart AK, Winchester DP, et al. The National
Cancer Data Base: a powerful initiative to improve cancer care
in the United States. Ann Surg Oncol 2008;15:683–90.

5. Malin JL, Schneider EC, Epstein EM, et al. Results of the
National Initiative for Cancer Care Quality: How can we
improve the quality of cancer care in the United States? J Clin
Oncol 2006;24:626–34.

6. Surveillance Epidemiology and End Results (SEER) Program.
National Cancer Institute, DCCPS, Surveillance Research
Program. SEER*RX antineoplastic drug database (version
1.1.1). Available at: http://www.seer.cancer.gov (release date
Jan 1, 2006).

7. National Breast Cancer Centre. Clinical practice guidelines for
the management of early breast cancer, 2nd ed. National
Health and Medical Research Council, Commonwealth of
Australia, 2001.

8. National Breast Cancer Centre. Clinical practice guidelines for
the management and support of younger women with breast
cancer, 1st edition. National Health and Medical Research
Council, Commonwealth of Australia, 2004.

9. National Breast Cancer Centre. Clinical practice guidelines for
the management of advanced breast cancer. National Health
and Medical Research Council, Commonwealth of Australia,
2001.

10. National Breast Cancer Centre. Recommendations for use of
trastuzumab (Herceptin�) for the treatment of HER2-positive
breast cancer. Available at: <http://www.nbocc.org.au>
[accessed 24.04.07].

11. National Comprehensive Cancer Network. National practice
guidelines in oncology: breast cancer, V2.2007. Available at:
<http://www.nccn.org> [accessed 24.04.07].

12. National Cancer Institute. PDQ cancer information
summaries: treatment of breast cancer. Available at: <http://
www.nci.nih.gov> [accessed 24.04.07].

13. BC Cancer Agency. Cancer management guidelines: breast
cancer. Available at: <http://www.bccancer.bc.ca> [accessed
24.04.07].

14. Cancer Care Ontario Practice Guideline Initiative. The role of
trastuzumab in adjuvant and neoadjuvant therapy in women
with HER2/neu-overexpressing breast cancer: a clinical
practice guideline. Available at: <http://www.ccopebc.ca>
[accessed 24.04.07].

15. Cancer Care Ontario Practice Guideline Initiative. The role of
HER2/neu in systemic and radiation therapy for women with
breast cancer: clinical practice guideline. Available at: <http://
www.ccopebc.ca> [accessed 24.04.07].

16. Cancer Care Ontario Practice Guideline Initiative. Adjuvant
systemic therapy for node-negative breast cancer: practice
guideline report. Available at: <http://www.ccopebc.ca>
[accessed 24.04.07].

17. Clinical Oncology Information Network (COIN). Guidelines on
the non-surgical management of breast cancer. Available at:
<www.rcr.ac.uk> [accessed 24.04.07].

18. Scottish Intercollegiate Guidelines Network. Management of
breast cancer in women: a national clinical guideline.
Available at: <http://www.show.scot.nhs.uk/sign/html>
[accessed 24.04.07].

19. Goldhirsch A, Coates AS, Gelber RD, et al. First-select the
target: better choice of adjuvant treatments for breast cancer
patients. Ann Oncol 2006;17:1772–6.

20. National Health and Medical Research Council. Guide to the
development, implementation and evaluation of clinical
practice guidelines. Canberra, 1998.

21. Delaney G, Jacob S, Featherstone C, et al. The role of
radiotherapy in cancer treatment: estimating optimal
utilization from a review of evidence-based clinical
guidelines. Cancer 2005;104:1129–37.

22. Buccheri G, Ferrigno D, Tamburini M. Karnofsky and ECOG
performance status scoring in lung cancer: a prospective,
longitudinal study of 536 patients from a single institution.
Eur J Cancer 1996;32A:1135–41.

23. National Comprehensive Cancer Network. Clinical practice
guidelines in oncology for head and neck cancers, V1, 2007.
Available at: <http://www.nccn.org> [accessed 24.04.07].

24. Centre for Epidemiology and Research. Report on adult health
from the New South Wales population health survey. Sydney,
NSW Department of Health, 2006.

http://www.seer.cancer.gov
http://www.nbocc.org.au
http://www.nccn.org
http://www.nci.nih.gov
http://www.nci.nih.gov
http://www.bccancer.bc.ca
http://www.ccopebc.ca
http://www.ccopebc.ca
http://www.ccopebc.ca
http://www.ccopebc.ca
http://www.rcr.ac.uk
http://www.show.scot.nhs.uk/sign/html
http://www.nccn.org


712 E U R O P E A N J O U R N A L O F C A N C E R 4 6 ( 2 0 1 0 ) 7 0 3 – 7 1 2
25. Australian Institute of Health and Welfare (AIHW) and
Australasian Association of Cancer Registries (AACR). Cancer
in Australia (Cancer Series No.37). Canberra, 2007.

26. Oken MM, Creech RH, Tormey DC, et al. Toxicity and
response criteria of the Eastern Cooperative Oncology Group.
Am J Clin Oncol 1982;5:649–55.

27. Simes RJ, Coates AS. Patient Preferences for Adjuvant
Chemotherapy of Early Breast Cancer: How Much Benefit Is
Needed? J Natl Cancer Inst Monogr 2001;30:146–52.

28. Duric VM, Stockler MR. Patients’ preferences for adjuvant
chemotherapy in early breast cancer: a review of what makes
it worthwhile? Lancet Oncol 2001;2:691–7.

29. Duric VM, Stockler MR, Heritier S, et al. Patients’ preferences
for adjuvant chemotherapy in early breast cancer: what
makes AC and CMF worthwhile now? Ann Oncol
2005;16:1786–94.

30. Ravdin PM, Siminoff LA, Davis GJ, et al. Computer Program to
Assist in Making Decisions About Adjuvant Therapy for
Women With Early Breast Cancer. J Clin Oncol 2001;19:980–91.

31. TreeAge Pro [computer program], Release 1.0. Williastown
(MA): TreeAge Software, Inc; 2007.

32. National Breast and Ovarian Cancer Centre. National Breast
and Ovarian Cancer Centre and Royal College of Surgeons
National Breast Cancer Audit Public Health Monitoring Series
2007 Data. Surry Hills, NSW, 2009.

33. Hill D, Jamrozik K, White V, et al. Surgical management of
breast cancer in australia in 1995. National Breast Cancer
Centre, National Health and Medical Research Council, 1999.

34. Ragnhammar P, Brorsson B, Nygren P, et al. A prospective
study of the use of chemotherapy in Sweden and assessment
of the use in relation to scientific evidence. Acta Oncol
2001;40:391–411.

35. Cancer Care Ontario. Chemotherapy utilization proportion of
cancer patients who received intravenous (IV) chemotherapy
within 6 months following diagnosis by year (2001–2004) and
type of cancer. Available at: <http://www.cancercare.on.ca>
[accessed 24.04.07].

36. Commission on Cancer, American College of Surgeons.
National Cancer Database Benchmark Reports: treatment of
breast cancer diagnosed in 2006. Available at: <http://
www.facs.org/cancer/ncdb/publicaccess.html> [accessed
24.04.07].
37. Northern and Yorkshire Cancer Registry and Information
Service. Cancer in the 21st century NYCRIS statistical report
2000–2004, V2. Available at: <http://www.nycris.nhs.uk/
reports/5year2006> [accessed 24.04.07].

38. Craft PS, Zhang Y, Brogan J, et al. Implementing clinical
practice guidelines: a community-based audit of breast
cancer treatment. Australian Capital Territory and South Eastern
New South Wales Breast Cancer Treatment Group. Med J Aust
2006;172:213–6.

39. Guadagnoli E, Shapiro CL, Weeks JC, et al. The quality of care
for treatment of early stage breast carcinoma: is it consistent
with national guidelines? Cancer 1998;83:302–9.

40. Piccirillo JF. Importance of comorbidity in head and neck
cancer. Laryngoscope 2000;110:593–602.

41. Australian Institute of Health and Welfare (AIHW) and
Australasian Association of Cancer Registries (AACR). Cancer
in Australia 2001 (Cancer Series No.28). Canberra, 2004.

42. New South Wales Central Cancer Registry. Node-negative
Breast Cancer Cases by Age Group. Available at: <http://
www.statistics.cancerinstitute.org.au/> [accessed 24.04.07].

43. Adjuvant! Online (homepage on the Internet). Source of
prognostic estimates Adjuvant! Breast Cancer Help Files
(Breast Cancer Standard Version), 2006. Available at: <https://
www.adjuvantonline.com/messages.jsp> [accessed 24.04.07].

44. Chia SK, Speers CH, Bryce CJ, et al. Ten-year outcomes in a
population-based cohort of node-negative, lymphatic and
vascular invasion-negative early breast cancers without
adjuvant systemic therapies. J Clin Oncol 2004;22:1630–7.

45. Joensuu H, Isola J, Lundin M, et al. Amplification of erbB2 and
erbB2 expression are superior to estrogen receptor status as
risk factors for distant recurrence in pT1N0M0 breast cancer:
a nationwide population-based study. Clin Cancer Res
2003;9:923–30.

46. Andrulis IL, Bull SB, Blackstein ME, et al. Neu/erbB-2
Amplification Identifies a Poor-Prognosis Group of Women
With Node-Negative Breast Cancer. J Clin Oncol
1998;16:1340–9.

47. Troung PT, Lee J, Kader HA, et al. Locoregional recurrence
risks in elderly breast cancer patients treated with
mastectomy without adjuvant radiotherapy. Eur J Cancer
2005;41:1267–77.

http://www.cancercare.on.ca
http://www.facs.org/cancer/ncdb/publicaccess.html
http://www.facs.org/cancer/ncdb/publicaccess.html
http://www.nycris.nhs.uk/reports/5year2006
http://www.nycris.nhs.uk/reports/5year2006
http://www.statistics.cancerinstitute.org.au/
http://www.statistics.cancerinstitute.org.au/
https://www.adjuvantonline.com/messages.jsp
https://www.adjuvantonline.com/messages.jsp

	Estimation of an optimal chemotherapy utilisation rate for breast cancer: Setting an evidence-based benchmark for the best-quality cancer care
	Introduction
	Materials and methods
	Indications for chemotherapy
	Source of data on patient and tumour attributes
	Performance status
	Patient preferences
	Optimal chemotherapy utilisation rate
	Statistical analysis

	Results
	Sensitivity analysis
	Comparison with actual practice

	Discussion
	Conflict of interest statement
	Acknowledgements
	References


