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Factors Associated with Short-Term Hospital
Readmission Rates for Breast Cancer Patients
in Western Australia: An Observational Study
Jeffrey K Lai, PHB, Michael A Martin, BSc, PhD, Ramona Meyricke, BSc, Terry O’Neill, BSc, MS, PhD,
Steven Roberts, BEC, MS, PhD

BACKGROUND: Unplanned hospital readmissions after surgical treatment for breast cancer are an indicator of
morbidity. We explore the relationship between the rate of unplanned hospital readmissions
within 42 days of initial treatment and various factors, including tumor size and histology,
lymph node involvement, type of surgical treatment, mastectomy, or breast-conserving surgery,
and patient demographics.

METHODS: Linked Western Australian cancer mortality and hospital morbidity data were used in the
assessment of readmissions within a period of 42 days after initial surgical treatment for breast
cancer. Planned admissions for adjuvant treatment such as chemotherapy or radiotherapy were
deleted. Survival models for multiple events per subject were applied to analyze the data.

RESULTS: The analysis reveals that patients more likely to experience lower recurrence of short-term
unplanned hospital readmissions include those with smaller tumors, private insurance, and who
reside in metropolitan areas. The model also includes important two-way interaction terms
involving tumor histology, area of residence, and surgical treatment, and between lymph node
involvement and patient age.

CONCLUSIONS: This study suggests that the choice of breast-conserving surgery as a treatment for breast cancer
does not invariably result in better postoperative morbidity, but rather, that other factors,
including tumor size and patient demographics, play a critical role in the short-term. These
results differ from a previous study of longterm hospital readmissions—country of birth and
method of payment were found to be associated with short-term hospital admission but not
with longterm readmissions. ( J Am Coll Surg 2007;xx:xxx. © 2007 by the American College of
Surgeons)

Breast cancer is a disease that affects about one-tenth of
Australian women. Because of its devastating impact on
the community, much research has been conducted on
multiple aspects of the condition, including possible
causative factors, methods of treatment and patient care,
and preventative measures, such as breast screening. A
number of clinical trials have concluded that breast can-
cer patients treated with breast-conserving surgery
(BCS) have longterm survival rates similar to those

treated with mastectomy.1-3 This evidence is supported
by a recent pooled analysis of six major clinical trials
comparing mastectomy and BCS, which concluded that
the two treatments have comparable effects on mortality,
even after longterm followup.4 Other population-based
studies have also shown that patients receiving mastec-
tomy and BCS have similar survival rates.5,6

Apart from survival rates associated with the breast
cancer treatment options of BCS and mastectomy, an-
other question of great importance for breast cancer pa-
tients is the quality of life or morbidity associated with
BCS and mastectomy. For example, although BCS and
mastectomy have been shown to have similar longterm
survival rates, it might be the case that one form of
treatment affords a better quality of life (ie, less compli-
cations or better self-image), which, if known to breast
cancer patients facing a treatment choice, would play an
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integral part in their choice of treatment. Along these
lines, a recent study showed substantially greater levels of
psychological morbidity in women who had BCS com-
pared with those who had mastectomy.7 Until recently,
the issue of physical morbidity for breast cancer patients
treated with BCS compared with those treated with
mastectomy has received little attention in the literature.

A recent study explored the relationship between
longterm unplanned hospital readmissions and various
factors, including tumor size and histology; lymph node
involvement; patient demographics; and type of surgical
treatment, mastectomy or BCS.8 This study found that
factors associated with lower rates of longterm un-
planned hospital readmissions include smaller tumor
size, metropolitan area of residence, and initial surgical
treatment being BCS. The purpose of this article is to
augment these findings by focusing on the short-term
morbidity of patients after surgical treatment for breast
cancer. This short-term analysis will allow insight into
acute risks inherent from factors such as tumor size and
histology, type of surgical treatment, and patient demo-
graphics, on the morbidity of patients, including post-
operative complications. Our results suggest that differ-
ent factors are associated with short-term readmission
rates than longterm readmission rates.

The aim of this article is to determine the factors
associated with unplanned readmissions to hospital
within a 42-day period after surgical treatment for West-
ern Australian female breast cancer patients diagnosed
after January 1, 1995. Planned readmissions are usually
for checkups or additional adjuvant therapy after an op-
eration. Unplanned readmissions reflect a need for med-
ical treatment outside the treatment protocol arranged
between patient and physician. Unplanned admissions
are an important indicator of patient morbidity and a
proxy for quality of life. For example, a comparison of
unplanned hospital admission rates of breast cancer pa-
tients treated with BCS and mastectomy, allowing for
other disease and patient characteristics, can provide
valuable information on which surgical treatment offers
a better quality of life and enables cancer patients to

make more informed decisions about their choice of
treatment. In addition, knowledge of which demo-
graphic variables appear associated with increased read-
mission risk can assist in identifying patients at increased
risk for posttreatment physical morbidity.

METHODS
Data for the study were sourced from linked administra-
tive data obtained from the Western Australian (WA)
Department of Health Record Linkage Unit. The
dataset was extracted from the WA Linked Database,
a dynamic system linking three core data sources: the
WA Cancer Registry, the WA Hospital Morbidity Da-
tabase (WAHMD), and the WA Death Register. The
WAHMD contains comprehensive patient demo-
graphic, diagnosis, and procedure information for each
hospital admission in any WA hospital. The dataset used
consists of the linked hospital, death, and WA Cancer
Registry records containing the diagnosis, subsequent
admissions to hospital, and death (where applicable) of
approximately 3,000 women diagnosed with cancer in
WA between January 1, 1995 and December 31, 1999.
Data before 1995 were omitted because of the small
number of observations with recorded tumor size mea-
surement before this time. The WA Linked Database is
unique in the Australian context and is an extraordinar-
ily rich and comprehensive resource.9

For this analysis, surgical treatment was defined as the
first procedure after a diagnosis of breast cancer. Date of
diagnosis is defined for this study as the time at which
the subject is recorded on the WA Cancer Registry, as
none of the databases linked by the WA unit specifies
diagnosis date. Date of first surgical treatment for breast
cancer linked to each diagnosis was recorded on the
WAHMD, and is used in this study as the start time for
each patient. Explanatory variables included in the anal-
ysis were the first surgical treatment received by the sub-
ject (mastectomy or BCS), tumor size (diameter, mea-
sured in millimeters), nodal status (a categorical variable
with categories no nodal involvement, one to three
nodes, and four or more nodes10,11), tumor histology (a
categorical variable classifying the tumor as ductal, lob-
ular, or other), age of subject in years, subject’s area of
residence (rural/remote or metropolitan), subject’s
country of birth (Australia/New Zealand or not), mari-
tal status, whether or not they were Aboriginal or Torres
Strait Islander, and method of payment (public or pri-
vate). Table 1 provides summary information for each of

Abbreviations and Acronyms
BCS ! breast-conserving surgery
WA ! Western Australia
WAHMD ! Western Australia Hospital Morbidity Database
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these variables. The extracted data comprised informa-
tion from 2,703 patients. Of the 2,703 patients in the
study, 106 did not have information on the nodal status
variable described here. Of these 106 patients, the ma-
jority (n ! 103) had large tumors ("50 mm), and so
results of our modeling are restricted to tumors within
50 mm in diameter, a value of clinical importance, as it
reflects generally accepted clinical guidelines relating to
tumor sizes beyond which breast-conserving therapy is
contraindicated.

A program was written using SAS software (SAS In-
stitute), which extracted the dates of all unplanned hos-
pital readmissions from the WAHMD. Planned read-
missions fail to consistently reflect morbidity, as it is
common for patients with breast cancer to have multiple
planned readmissions for adjuvant therapy, such as che-
motherapy or radiotherapy, after initial operation.
Crude rates of readmission are not useful because such
planned readmissions account for a large proportion of
readmissions. Before analysis, we removed planned ad-
missions from the extracted dataset. We identified
planned admissions by scanning the separation record
on the WAHMD for procedure codes (from ICD-9 and
ICD-10) that represent surgical aftercare procedures,
such as chemotherapy, radiotherapy, occupational or
physiotherapy, or procedure codes that represent a
checkup or followup procedure. These codes were iden-
tified using both ICD-9 and ICD-10 codes. Any sepa-
ration that included one or more of these codes was
classified as a planned readmission and was removed
from the dataset. Although we have simply used short-
term unplanned hospital readmissions as a proxy for
short-term physical morbidity, there are potentially bet-
ter, more specific, short-term morbidity indicators that
might be considered. Such examples include breast and
axillary wound infection after BCS or after mastectomy,
seroma formation requiring aspiration, restricted shoul-
der range of motion requiring physical therapy or reha-
bilitation, breast or arm edema requiring treatment,
margin reexcision after BCS, conversion from BCS to
mastectomy, and complications of reconstruction after
mastectomy. We elected to persist with the broader un-
planned readmission indicator, as sufficiently specific
ICD codes were unavailable for a substantial portion of
patients in the study. We note that hospital readmission
is more common in Australia than in the United States,
where certain procedures are more commonly handled
on an outpatient basis.

Table 1. Summary Statistics for Subject Characteristics
(n ! 2,703)

n %
Operation

Mastectomy 970 35.9
Breast-conserving 1,733 64.1

Aboriginal
Yes 23 0.9
No 2,680 99.1

Marital status
Married/de facto 1,867 69.1
Otherwise 836 30.9

Method of payment
Public, eligible for Medicare 1,340 49.6
Private, not insured 89 3.3
Private, insured 1,234 45.7
Ineligible for assistance 40 1.5

Country of birth
Australia 1,651 61.1
Other 1,052 38.9

Area of residence
Rural/remote 585 21.6
Metropolitan 2,218 78.4

Lymph node involvement
Node-negative 1,565 57.9
Node-positive (1#3 nodes) 700 25.9
Node-positive (4$ nodes) 332 12.3
Missing 106 3.9

Tumor histology
Ductal 2,151 79.6
Lobular 331 12.2
Other 221 8.2

TNM status
T1 1,701 62.9
T2 899 33.3
T3 103 3.8

Survival
Survived 2,478 91.7
Died 225 8.3

Tumor size (diameter, mm)
Minimum 1
1st quartile 12
Median 18
3rd quartile 25
Maximum 190

Subject age (y)
Minimum 23
1st quartile 51
Median 59
3rd quartile 69
Maximum 98

For categorical variables, percentages of subjects in each category are pre-
sented. For continuous variables, five-number summaries are presented.
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Our analysis of unplanned short-term hospital read-
missions involves application of survival analysis meth-
ods to data with multiple or recurrent events per subject.
This application uses an extension of the Cox propor-
tional hazards model to allow for intrasubject correlation
inherent in the data. The correlation derives from the
fact that the probability of a given subject having a hos-
pital readmission, and the timing of this readmission, is
dependent on the number and timing of previous hos-
pital readmissions for the subject.The model used in this
article was proposed by Prentice and colleagues,12 and
will be referred to as the PWP model. The PWP model
was selected because, in addition to handling the intra-
subject correlation inherent in the data, it successfully
handles the ordered nature of the hospital readmission
data, ie, the model allows for the fact that a subject
cannot be at risk for their hospital readmission until they
have experienced previous readmissions. The PWP model
is described in detail byTherneau and Grambsch,13 where it
is also referred to as the conditional model. The model is
particularly suited to this type of data.

To implement the PWP model, each subject is repre-
sented as a series of observations with time intervals:
!0,T1", !T1,T2", · · · , !TN, min!Di,Ci#", where Ti is the
time of the ith hospital readmission, Di is the time of
death of subject i in the event that subject i dies, al-
though Ci is the time at which subject i ceased to be
under observation in the event that subject i is censored,
in the case of this study at 42 days. By including death as
a competing event, the PWP model is able to produce a
global assessment of treatment effect with respect to
both hospital readmission and patient’s mortality risk.
The PWP model was implemented using the statistical
package S-Plus (Version 6.1; Insightful Corporation,

2002, available at: http://www.insightful.com). For our
application, the majority of subjects experienced two or
fewer unplanned hospital readmissions within the pre-
defined 42-day period from first treatment.Table 2 sum-
marizes the distribution of number of readmissions for
patients in our study, also breaking down the number of
readmissions by type of surgical treatment and TNM
status of the tumor. The dataset did not contain explicit
information on tumor TNM status. Using information
on tumor size, we classified each tumor as T1, T2, or T3.
Our dataset did not specify if tumors had, for example,
penetrated the breast wall, and so we were unable to
classify tumors as T4.

RESULTS
An initial amalgamated PWP model, including all co-
variates and two-way interactions, was fitted to the data.
Using this initial model, backward elimination was used
to find a final model. Backward elimination is a stepwise
model-selection technique that, at each step, removes
the “least important” variable (the variable with the larg-
est p value). The process terminates when the least im-
portant variable has a p value % 0.05. In implementing
this process, we adhered to the standard modeling con-
vention that, if a variable was present in an interaction
term, then the main effect for this variable should also be
included in the model, irrespective of its individual p
value. Our initial implementation of backward elimina-
tion led to the conclusion that there was no differentia-
tion between node negative and node positive (one to
three nodes) for the purposes of modeling short-term
readmission rates. For this reason, we collapsed node
negative and node positive (one to three nodes) into a
single category, “low number of involved nodes” and

Table 2. Distribution of Number of Unplanned Hospital Readmissions (n ! 2,703)

No. of readmissions

T1 T2 T3
Overall M BCS M BCS M BCS

n % n % n % n % n % n % n %
0 2,036 75.3 371 87.7 908 71.1 423 88.7 261 61.8 64 91.4 9 27.3
1 585 21.6 44 10.4 326 25.5 49 10.3 139 32.9 4 5.7 23 69.7
2 71 2.6 8 1.9 39 3.1 4 0.8 18 4.3 1 1.4 1 3
3 9 0.3 0 0 3 0.2 1 0.2 4 0.9 1 1.4 0 0
4 1 0.0 0 0 1 0.1 0 0 0 0 0 0 0 0
5 1 0.0 0 0 1 0.1 0 0 0 0 0 0 0 0
Total 2,703 423 25 1,278 75 477 53 422 47 70 68 33 32

BCS, breast-conserving surgery; M, mastectomy.
Number of readmissions was broken down further by TNM category and first surgical treatment for breast cancer. Percentages in the body of the table reflect
percentages within each column. Percentages given in the “Total” row reflect proportions of each type of surgical treatment within the respective TNM size
categories.

4 Lai et al Hospital Readmission Rates for Breast Cancer Patients J Am Coll Surg
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repeated the backward elimination process. The PWP
model makes a proportional hazards assumption within
each event stratum, and a diagnostic check of this as-
sumption using the Schoenfeld residuals from the cho-
sen model fit revealed that the proportional hazard as-
sumption was reasonable with respect to all variables.

Fitted model coefficients and associated p values for
the final model fit are summarized in Table 3. Standard
errors of coefficients (not reported) used in calculating p
values were obtained using a robust jackknife approach,
as outlined inTherneau and Grambsch.12 For brevity, stan-

dard errors and z scores are not reported in Table 3. The
chosen model contains both main effects and interactions,
the combinations of which paint a rich but complex picture
of how the relevant factors are associated with short-term
unplanned hospital readmissions. The broad interpreta-
tions of our modeling are summarized in Table 4.

The model fit reveals that patients more likely to ex-
perience lower recurrence of short-term unplanned hos-
pital readmissions include those with smaller tumors,
with private insurance, and who reside in metropolitan
areas. The model also includes substantial two-way in-

Table 3. Summary of Results from the Selected Prentice, William, and Peterson12 Model Fit to the Hospital Readmission Data
Covariate Coef Exp(coef) p Value
Tumor size (effect per mm) 0.0071 1.007 0.0005
Tumor histology

Ductal (baseline) — — —
Lobular 0.01134 1.011 0.77
Other 0.02379 1.024 0.44

Area of residence
Rural/remote (baseline) — — —
Metropolitan #0.1291 0.879 0.00039

Lymph node
# or $ (1#3 nodes) (baseline) — — —
$ (4$ nodes) #1.3346 0.263 0.0015

Country of birth
Australia/NZ (baseline) — — —
Outside Australia/NZ #0.018 0.982 0.4

Method of payment
Public patient (baseline) — — —
Private patient #0.0682 0.934 0.0011

Age #0.0196 0.981 0.2
(Age)2 0.0002 1 0.11
Surgical treatment

Mastectomy (baseline) — — —
BCS 0.02062 1.021 0.56

Tumor histology
Area interaction (ductal/rural baseline) — — —
Area metro interaction (lobular/metro) #0.02651 0.974 0.47
Area metro interaction (other/metro) #0.07125 0.931 0.015
Surgical treatment interaction#ductal/mastectomy (baseline) — — —
Surgical treatment interaction#lobular/BCS 0.0891 1.093 0.0046
Surgical treatment interaction#other/BCS #0.0258 0.975 0.36

Age/age2 nodal involvement interaction (0#3 nodes baseline) — — —
Age-nodal involvement (4$ nodes) interaction 0.0477 1.049 0.0015
(Subject age)2 nodal involvement (4$ nodes) interaction #0.00037 1 0.0041
Country of birth#surgical treatment interaction—Australian/mastectomy (baseline) — — —
Country of birth#surgical treatment interaction—outside Australia/BCS #0.06935 0.933 0.001

Coef, coefficient.
Tumor size is measured as diameter of tumor (mm), area of residence was coded 0 for rural/remote and 1 for metropolitan, first surgical treatment was coded as
0 for mastectomy and 1 for breast-conserving surgery, lymph node status was a factor with two levels (ie, 0#3 nodes and 4$ nodes), and tumor histology was
a factor with three levels (ie, ductal, lobular, and other).

5Vol. xx, No. x, Month 2007 Lai et al Hospital Readmission Rates for Breast Cancer Patients
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teraction terms involving tumor histology; area of resi-
dence; and surgical treatment, and between nodal in-
volvement and patient age. Generally, metropolitan-
based patients appear to have hazard rates "10% lower
than their rural/remote-based counterparts, but with
slightly higher rates of short-term readmission for BCS
patients with ductal or lobular tumors. For patients born
outside Australia/New Zealand, the hazard of readmis-
sion is reduced by about 5% for those whose surgical
treatment was BCS compared with mastectomy. Signif-
icant interactions also exist between subject age and
nodal involvement. A cursory inspection of the model
coefficients in Table 3 suggests that patients with four or
more positive nodes experience substantially improved
short-term readmission outcomes over patients with
three or fewer positive nodes. Ehe effect of nodal in-
volvement on short-term readmission rates needs to be
interpreted particularly carefully because of the signifi-
cant interaction between it and patient age, and the fact
that, generally, high nodal involvement is correlated

with larger tumors. Taking into account the interaction
between nodal involvement and age (see Table 4), and
noting that the median tumor size for the “0 to 3 nodes”
group is 16 mm compared with 25 mm for the “4$
nodes” group, the model predicts that patients with zero
to three positive nodes aged between about 38 and 90
years experience a lower relative hazard rate than patients
with more than four positive nodes in the same age
group. For patients outside the 38 to 90 years age group,
the model predicts the reverse—that patients in this age
group with more than four positive nodes have a slightly
lower relative hazard than those with zero to three posi-
tive nodes. This result is very likely an artifact of statis-
tical modeling, as there are only two patients in the older
than 90 years age group and the proportion of patients
under 40 in the dataset is only 7% of total data.

Considering the interaction between country of birth
and surgical treatment, the extent to which surgical
treatment affects the hazard of readmission differs be-
tween patients born in Australia/New Zealand and those

Table 4. Interpretation of Final Prentice, William, and Peterson12 Model Fit (Effects of Significant Predictors as a Proportion
of the Baseline Hazard of Readmission)
Tumor size Hazard of short-term readmission increases with tumor size, by a factor of 1.007 for each

millimeter increase in size (effect is statistically significant). No significant interactions exist
involving tumor size.

Public or private health insurance Hazard of short-term readmission is reduced by 7% for patients under private health
insurance compared with public patients (effect is statistically significant). No significant
interactions exist involving this variable.

Surgical treatment, tumor histology,
area of residence interaction

Mastectomy patients with ductal tumors who live in rural areas are the baseline. Relative
hazards compared with baseline.
Ductal Lobular Other

Mastectomy patients
Area rural Baseline 1.011* 1.024*
Area metropolitan 0.879 0.866 0.838

BCS patients
Area rural 1.021* 1.128 1.019*
Area metropolitan 0.897 0.966 0.834

Country of birth, surgical treatment
interaction

Patients born in Australia/New Zealand who undergo mastectomy are the baseline. Neither
country of birth nor surgical treatment are individually significant, but there is a 6% reduction
in the hazard of short-term readmission for BCS patients born outside Australia compared
with Australian-born mastectomy patients.

Born in Australia/New Zealand Born outside Australia/New Zealand
Mastectomy Baseline 0.982*
BCS 1.021* 0.935
Subject age, nodal involvement

(0#3 nodes/4$ nodes)
interaction

For patients who are either node-negative or node-positive with 1#3 nodes, the hazard of
short-term readmission falls slightly with age until about age 47, when it rises. The hazard for
such patients is proportional to (0.02 Age $ 0.0002 Age2). For mode-positive patients with
4$ nodes, the hazard rises until about age 85 years and then plateaus, although the decline in
hazard beyond this age is most likely an artifact of sparse data beyond age 80. The hazard for
these patients is proportional to (0.028 Age # 0.002 Age2).

BCS, breast-conserving surgery.
*Statistically nonsignificant results against the baseline.

6 Lai et al Hospital Readmission Rates for Breast Cancer Patients J Am Coll Surg

tapraid2/acs-acs/acs-acs/acs00207/acs4184d07z RhinevaultR S!1 12/5/06 Art: 4184

AQ: 13

AQ: 14

AQ: 15

AQ: 6



62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

born outside Australia/New Zealand. For patients born
in Australia/New Zealand, the hazard does not change
substantially for patients whose treatment was mastec-
tomy compared with those whose treatment was BCS.
Although for patients born outside Australia/New Zea-
land, the hazard is about 5% lower for patients whose
treatment was BCS compared with those whose treat-
ment was mastectomy.

Several previous studies have considered morbidity
associated with breast cancer treatments in several coun-
tries. Studies by Taylor14 and Shrank and colleagues15

consider morbidity associated with axillary lymph node
dissection as part of breast cancer treatment, and con-
clude that the procedure has substantial, longterm mor-
bidity consequences for patients. More generally, Hynes
and colleagues16 showed that morbidity and readmission
rates after treatment for breast cancer did not differ sub-
stantially between Veterans Administration hospitals
and private-sector hospitals in the United States. Never-
theless, these studies did not focus on the issue of how a
patient’s choice of mastectomy or BCS impacted hospi-
tal readmission rates.

The importance of area of residence on unplanned
short-term readmission experience is interesting and has
obvious public health implications. After taking into
account the interaction terms involving area of resi-
dence, subjects residing in metropolitan areas were still
generally predicted to have substantially lower risk—by
a factor of about 10%—of unplanned readmission than
their rural/remote counterparts, perhaps reflecting that
these patients have more initial treatment options avail-
able to them. It can be anticipated that rural patients are
more likely to undergo mastectomy in cases where met-
ropolitan patients in a similar situation might opt for
BCS, notably in cases of small tumors. The interaction
between area of residence and tumor histology is also of
interest, with metropolitan patients with lobular tumors
undergoing BCS appreciably worse off (relative hazard
97% of baseline) than corresponding patients undergo-
ing mastectomy (relative hazard 87% of baseline).

Our previous results from the modeling of longterm
hospital readmission experiences offers an interesting
comparison with short-term results illustrated in this
article. In both investigations, tumor size and area of
residence are important indicators of readmission rates,
but key differences emerge between the short- and long-
term cases. For example, factors such as country of birth
and method of payment do not appear to be associated

with longterm readmission rates, but they do have an
impact on short-term readmissions. Several plausible
reasons exist as to why method of payment might affect
short-term readmissions. For example, patients with pri-
vate health insurance typically have a choice of surgeon
and public patients might not, so the availability of such
a choice can lead to better surgical outcomes and lower
risk of short-term complications. Also, private patients
tend to receive longer postoperative care within their
initial hospital visit, and so might be less likely to expe-
rience acute postoperative complications. Private health
insurance might allow for other modes of postoperative
care, which reduce the chance of circumstances requir-
ing hospital readmission in the short term. The result
that BCS patients born outside Australia/New Zealand
experience lower risk of short-term hospital readmission
than patients born within Australia or mastectomy pa-
tients born outside Australia is a curious one, for which
we can see no obvious explanation. This result does not
persist for longterm readmission rates. Most notably,
unlike in the longterm analysis, a key result of this study
suggests that the choice of BCS as a treatment for breast
cancer does not invariably result in better postoperative
morbidity, but rather, other factors, including tumor size
and patient demographics, play a critical role in the short
term.

Despite the results of this analysis being quite com-
plex, they raise interesting and provocative questions
related to surgical treatments for breast cancer. The re-
sults of this article conclude that mastectomy offers im-
proved short-term morbidity over BCS in certain cases,
but longterm analysis suggests that BCS can tend to
result in better longterm readmission rates, and patients
must weigh these competing results. Of course, such
treatment choices must also be made in the context of
many factors other than posttreatment morbidity, and
this study does not address these issues. Use of un-
planned hospital readmission as a proxy for morbidity
ignores other types of morbidity that might not be
treated through hospital admission, such as psychologi-
cal impacts of treatment, and so on.

The role of tumor size in affecting readmission rates is
clear from our analysis—larger tumors tend to be asso-
ciated with increased risk of short-term readmission re-
gardless of which surgical treatment is used, although at
larger tumor sizes (TNM status T3). The descriptive
statistics presented in Table 2 suggest substantially
poorer short-term readmission rates for BCS patients
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than for mastectomy patients in this group. Note that
the overwhelming majority (92%) of patients in the
study had tumors classified as T1 or T2. Current clinical
practice guidelines vary widely by country, but the Na-
tional Health and Medical Research Council in Australia
suggests that tumor size of 3 to 4 cm is often regarded as
a “practical limit” beyond which local excision incurs a
high risk of recurrence17 (p 52). In the United States, the
commonly quoted National Comprehensive Cancer
Network’s guidelines for breast cancer care18 do not stip-
ulate an absolute tumor size above which BCS should
not be used, but do note a relative contraindication to
BCS requiring radiation therapy for tumors "5 cm (cat-
egory 2B) in diameter. The summaries presented in Ta-
ble 2 show that for our data, the proportion of patients
undergoing BCS varies markedly with the TNM cate-
gory of the tumor, from about 75% for patients with
tumors classified as T1, to about 50% for patients with
tumors classified as T2, and down to about 30% for
patients with tumors classified as T3, noting again that
the number of patients in our study in the latter, T3
category was very small (only about 100).

Limitations of the present study must also be ac-
knowledged. First, our study is based on data collected
over only a relatively short period of time, as data on all
the covariates included in our study were unavailable
over a longer period. Also, although the Western Austra-
lian database is unique in the Australian context in link-
ing critical data from several sources, it still lacks infor-
mation on certain variables (eg, tumor stage, size of
tumor as a proportion of breast size, degree of differen-
tiation of tumor) that could be usefully considered when
modeling hospital readmission data. Other areas where
additional research is warranted include whether in-
creased readmission rates associated with mastectomy
are for reconstructive surgery, complications arising
from mastectomy, or other medical treatment required
in the longterm. Despite these limitations, the conclu-
sions of our analysis allow an assessment of the factors
associated with differential short-term hospital readmis-
sion rates for Western Australian breast cancer patients.
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