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Abstract

Background Breast cancer represents the most prevalent cancer among Swedish women. Although considerable
research has investigated the cost-effectiveness of emerging innovative medical treatments for breast cancer, studies
addressing existing surgical procedures remain scant. Therefore, this study aimed to evaluate the cost-effectiveness of
three surgical procedures for in situ breast cancer treatment in Sweden: mastectomy, lumpectomy without irradiation,
and lumpectomy with irradiation.

Methods A six-state Markov model with a 30-year time horizon was used to compare the cost-effectiveness of the
three alternatives. Transition probabilities were based on a targeted literature review focusing on available evidence
in Sweden and comparable contexts. Costs were estimated from both healthcare and societal perspectives, using
patient data from the Swedish National Cancer Registry in 2020 (Cancerregistret). Health outcomes were quantified
in terms of quality-adjusted life years (QALYs). Cost and health outcomes were then summarised into an incremental
cost-effectiveness ratio (ICER) between competing strategies. A probabilistic sensitivity analysis (PSA) was conducted
to address the uncertainties in the input parameters.

Results The results showed that compared to lumpectomy without irradiation, lumpectomy with irradiation yielded
a“moderate” ICER per QALY gained of 402,994 Swedish Krona (SEK) from a healthcare perspective and a “high” ICER
of 575,833 SEK from a societal perspective. Mastectomy proved to be the costliest and least effective of the three
alternatives over a 30-year period. The PSA results further substantiated these findings.

Conclusions Our study demonstrated that lumpectomy with irradiation is “moderately” cost-effective compared with
lumpectomy without irradiation. Nevertheless, extending this study by conducting a comprehensive budget impact
analysis to account for the prevalence of in situ breast cancer in Sweden is prudent. These results imply that a costlier
and less effective mastectomy should only be considered when lumpectomy options are infeasible. Further studies
are needed to obtain more reliable parameters relevant to Sweden and to increase the consistency of the findings.
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«  Lumpectomy and mastectomy have been used for a long time to treat breast cancer; however, their economic

benefits have not been appropriately evaluated.

« This study recommended lumpectomy as a “moderately” cost-effective surgical procedure for in situ breast

cancer in Sweden.

- For in situ breast cancer, mastectomy should be reserved for instances in which lumpectomy options are

infeasible.

« The findings of this study provide additional aspects for physicians and policymakers to consider in

decision-making.

Keywords Breast cancer surgeries, lumpectomy, Mastectomy, Cost-effectiveness analysis, Cost-effectiveness, Breast

conserving Surgery, Follow-up irradiation

Introduction

Breast cancer is the most common cancer type among
women, accounting for the highest cancer incidence in
2020, with 7,534 new cases in Sweden [1]. Additionally,
breast cancer is a leading cause of death worldwide, rank-
ing third in the age-standardised mortality rate (11.4%),
behind prostate and lung cancer [2].

In response to this persistent challenge, multiple
innovative treatments have been developed for can-
cer, including surgery, radiotherapy, chemotherapy, and
hormone therapy [3]. Surgical procedures, in particu-
lar, are integral to breast cancer management. In recent
decades, lumpectomy, also known as breast-conserving
surgery (BCS), has been developed and used along with
the classic surgical procedure of mastectomy (or entire
breast surgery) [4]. The choice between these proce-
dures depends on several factors, including disease stage,
patient condition, medical infrastructure, and clinical
expertise [5, 6].

In Sweden, the proportion of women undergoing
lumpectomy has increased significantly from 7% to 1980
to over 80% in 2021 [7]. Most of these lumpectomy cases
are in early-stage breast cancer, including carcinoma in
situ. This shift from mastectomy to lumpectomy cor-
relates well with the nationwide breast cancer screen-
ing that has led to early breast cancer diagnosis among
Swedish women, who are often young and value the cos-
metic and psychological advantages of lumpectomy [6,
8]. Despite similar survival rates offered by both surgical
methods, as validated through randomised controlled
trials (RCTs) [9, 10], there remains a dearth of studies
exploring their differential impacts on patient quality of
life, especially over the long term [11, 12].

From a societal perspective, the total cost of breast
cancer in Sweden in 2002 was estimated at 3 billion SEK,
including nearly 900 million direct healthcare costs and
over 2 billion indirect costs [13]. This shows the sig-
nificant societal impact of breast cancer as a long-term,
high-treatment-cost disease. A significant proportion
of indirect costs is due to productivity losses resulting

mainly from premature mortality (i.e., foregone labour
market earnings that a person of working age who dies
would have been expected to produce throughout their
working life) [13]. This grave societal implications of
breast cancer underscore the urgent need for the use of
cost-effective interventions.

The number of health economic studies in Sweden has
increased significantly. However, most health economic
studies on breast cancer treatments focus mainly on
cost-effectiveness analysis of new medical technologies,
especially chemotherapy [14, 15]. Existing treatments,
particularly surgical interventions, are frequently over-
looked. A few studies [13, 16, 17] have separately investi-
gated the cost and health outcomes of breast cancer and
its treatments without extending them into full cost-con-
sequence or cost-effectiveness analyses. With lumpec-
tomy having superseded mastectomy over the past 30
years, a comparative cost-effectiveness analysis of these
surgical options is notably lacking in Sweden.

Therefore, this study sought to fill this gap by perform-
ing a cost-effectiveness analysis comparing mastectomy
and lumpectomy surgical procedures, focusing on in situ
breast cancer in Sweden.

Methods
Study setting
This study analysed the cost-effectiveness of current sur-
gical treatments for in situ breast cancer among Swedish
breast cancer patients. Sweden is a high-income Euro-
pean country with a robust, predominantly tax-funded,
social-based universal health care system [18]. In situ
breast cancer, also known as carcinoma in situ of the
breast, is coded as DO5 in the International Classifica-
tion of Diseases, Tenth Revision (ICD-10) classification
system [19]. This classification system is widely used in
national cancer registries, including the Swedish National
Cancer Registry (Cancerregistret), which was used for
cost estimation in this study [20].

The Swedish National Cancer Registry (Cancerregis-
tret) dataset [20] incorporates information on the ICD-
10 code, individual patient surgical and hospitalisation
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costs. Nevertheless, it lacks specific details on cancer
stage and costs associated with surgical complications.
To overcome this limitation and to clearly index patients
into the model, an additional ICD-10 code (DO05), repre-
senting carcinoma in situ of the breast, was used. Conse-
quently, the study narrowed its focus to patients with in
situ breast cancer.

In situ breast cancer corresponds to the earliest stage of
breast cancer, where the malignant cells are still confined
to their site of origin. The most prevalent form is ductal
carcinoma in situ, characterised by cancerous cells resid-
ing in the lining of the breast milk duct, yet not extending
beyond the duct into the surrounding breast tissue. Lob-
ular carcinoma in situ, although less common, involves
cancerous cells found in the breast’s milk-producing
glands (lobules), again confined within the lobules.

Model comparators

In situ breast cancer, often classified as stage 0, usually
presents with appropriate resection margins and a ratio
of tumour volume to size that enables effective manage-
ment through various surgical interventions. These inter-
ventions include lumpectomy, optionally accompanied
by follow-up irradiation or mastectomy. Lymph node
removal is not usually needed with lumpectomy. Post-
surgical initiation of hormone replacement therapy is an
additional treatment consideration, regardless of the sur-
gical approach employed. This study evaluated and com-
pared three available surgical alternatives: mastectomy,
lumpectomy without irradiation and lumpectomy with
irradiation.

Mastectomy is a type of surgery that involves the
removal of the entire breast. Mastectomy may be a treat-
ment option at any stage of breast cancer, including in
situ carcinoma depending on the doctor’s recommenda-
tion and the patient’s preferences [5, 6, 21]. This surgi-
cal method has existed for a long time and is still used in
many settings [22].

Lumpectomy, also known as BCS, is a more recent
surgical method developed in the early 1980s [23]. This
method involves the removal of only a portion of the
breast with cancerous cells or abnormal tissue. Follow-up
irradiation is typically recommended for patients after a
lumpectomy to limit breast cancer recurrence [23]. How-
ever, if no clinical value is expected, such as in the case of
elderly patients or those with significant health problems,
the surgeons may recommend against follow-up irradia-
tion, given the potential for more harm than benefits [24].
The Swedish National Cancer Registry (Cancerregistret)
dataset [20] utilised in this study did not stratify the types
of follow-up irradiation. As a result, we considered irra-
diation as a general follow up method to lumpectomy for
the purposes of this study.
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Perspectives and time horizon

In adherence to the guidelines provided by the National
Board of Health and Welfare, this study was designed
to capture the healthcare perspective and only included
healthcare costs [25]. Additionally, a broader societal
perspective was conducted to account for the indirect
costs impacting society at large.

We estimated the difference between the average diag-
nosis age of in situ breast cancer patients derived from
the Swedish National Cancer Registry data in 2020 (Can-
cerregistret) [20] (~58 years). Consequently, a 30-year
horizon was chosen to reflect the lifetime approach used
in this study.

Model structure

A six-state Markov model, adapted from Pobiruchin
et al. (2016) [27], was implemented in Microsoft Excel
(model available upon request). The model [27], previ-
ously validated to the German context and built upon a
previous model [28], offers several key benefits for our
study. Firstly, it accurately reflected the prognosis fol-
lowing initial surgical treatment for our hypothetical
cohort of Swedish in situ breast cancer patients, assum-
ing successful treatment in their first surgery. Secondly,
it was designed to utilise real-world data on breast can-
cer, aligning with our approach of calculating param-
eters using real-world evidence. Lastly, it differentiated
between remission and cancer-free states, enabling us to
assign unique utility values to these states.

Figure 1 shows a schematic representation of the model
structure. The model commences with all patients achiev-
ing a “cancer-free” status (State A) following their initial
successful surgical treatment: mastectomy, lumpectomy
with irradiation or lumpectomy without irradiation.
Given the high success rates of early-stage breast cancer
surgeries and similar outcomes of both mastectomy and
lumpectomy procedures [9], the model did not consider
complications from unsuccessful surgeries.

The remaining health states reflect the progression and
prognosis of in situ breast cancer after successful initial
treatment: “loco-regional recurrence” (State B), “metas-
tasis” (State D), and “death” (State F). Ipsilateral breast
cancer events were categorised as local or regional recur-
rence (State B), and contralateral breast cancer events
as metastases (State D) [29]. Patients entering remis-
sion after experiencing recurrence or metastasis tran-
sitioned to the respective “remission states” (“remission
after metastasis” [State C] and “remission after recur-
rence” [State E]). Importantly, these states are specific to
patients who do not revert to their pre-remission disease
state. This design eliminates the transitions from State
B (or D) back to State A, thereby simplifying the model.
Instances of repeated recurrence (second, third, etc.)
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State A:
Cancer free

State D:
Metastasis

State E:
Remission
metastasis

State B:
Local/Regional .

recurrence

State C:
Remission
recurrence

Fig. 1 6-state Markov model of the cost-utility analysis comparing in situ breast cancer surgical procedures in Sweden

were accounted for as a continuation in the respective
disease state.

Transition probabilities

Annual transition probabilities (tp) between states were
calculated to represent movements between the six-state
Markov model. Due to a specific focus on the Swed-
ish context, a targeted review was conducted to gather
evidence primarily from the Swedish or Scandinavian
context. However, studies from other contexts were
appropriately utilized when evidence from the Swedish
context was not available. Notably, the three interven-
tions differed primarily in their transition probabilities
from cancer-free (State A) to loco-regional recurrence
(State B) due to the difference in recurrence rates. Spe-
cifically, we assumed that, among the three event rates
originating from the cancer-free (State A), only the recur-
rence rate from cancer-free (State A) to loco-regional
recurrence (State B) can be significantly affected by the
primary surgery type undertaken. In contrast, very long-
term outcomes such as death from breast cancer and the
onset of metastasis were considered not directly influ-
enced by the surgery type following after achieving suc-
cessful surgical intervention.

From this point on, we used the abbreviated names
of the states and transition probabilities in the model to
reduce repetition in the text. For example, the transition
from cancer-free (State A) to loco-regional recurrence
(State B) will be denoted tpA2B. Their full meanings can
be found in Fig. 1; Table 1.

There was a significant difference in the loco-regional
recurrence rate between lumpectomy with and without
irradiation [17]. Consistent with other RCTs from the
US and the UK [9, 10], the recurrence rate escalated over
the years of follow-up, with a pronounced increase in the
first 5 to 10 years, gradually diminishing thereafter [15].
Consequently, to account for this time-dependent transi-
tion probability, tpA2B, the follow-up time was divided
into three periods: 0-5; 5-10 and 10+years.

The incidence of loco-regional recurrence in lumpec-
tomy with and without irradiation was collected from
Warnberg et al. (2014) [17], a Swedish RCT with a
20-year follow-up period. In the absence of a relevant
Swedish study offering reliable data on mastectomy, the
incidence of loco-regional recurrence in mastectomy
was based on an RCT from the US [9]. To handle con-
textual differences, we calculated the incidence rate ratio
between mastectomy and lumpectomy without irra-
diation (at 1.27) in the US study and applied this to our
model.

The incidence rates retrieved from the literature were
converted into annual transition probabilities using the
formula p=1 — exp(-rt) [30], where p is the transition
probability, r is the rate, and ¢ is the period of interest.
Since the incidence rate had a unit of “per 1,000 person-
years’, the value of ¢ would be one year (to also corre-
spond with the cycle length), and the value of r would be
the incidence rate divided by 1000. The transition prob-
abilities are listed in Table 2.

The model identified 16 unique transition probabili-
ties (see Table 1). Seven transition probabilities (tpA2B,
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Table 1 Parameters of the model and their distributions

Parameter description Name Deter-  Evidences & Explanation PSA Distribution*
ministic
value
Mean Age (at time entering the model) age 58 Patient dataset from Swedish Normal (SD: 11.8)
Cancer Registry data [20]
General Swedish population Mortality rate mor_gp Varies WHO (2021) [36] NA
on age
Annual transition probability of
patient remaining at cancer free tpA2A Varies =1-tpA2B-tpA2D-tpA2F NA
patient having loco-regional recurrence from cancer free tpA2B Varies See Table 2 Beta (54.84, 944.16)
patient developing metastasis from cancer free tpA2D 0.008 Cl:0.143 in 20-year followed up Beta (7.70,991.30)
(171
patient remaining at local/regional recurrence tpB2B 0.770 =1-tpB2C-tpB2F NA
patient getting remission after suffering local/regional recurrence  tpB2C 0.165 Cl:0.763 in 8-year followed up [31] Beta (164.52, 834.48)
patient dying from having local/regional recurrence tpB2F 0.065 Cl:0.49 in 10-year followed up [33] Beta (65.05, 933.95)
patient remaining remission after suffering local/regional tpC2C Varies =1-tpC2D-tpC2F NA
recurrence
patient developing metastasis after remission from local/regional  tpC2D 0.230 Cl:0.73 in 5-year followed up [34]  Beta (230.16, 768.84)
recurrence
patient remaining at metastasis tpD2D 0447 =1-tpD2E-tpD2F
patient getting remission after suffering metastasis tpD2E 0.375 Cl:0.609 in 2-year followed up [35] Beta (374.33,624.67)
patient dying from having metastasis tpD2F 0.178 Cl:0.86 in 10-year followed up [32] Beta (178.31,820.69)
patient remaining remission after suffering metastasis tpE2E Varies =1-tpE2F NA
dying without breast cancer tpA2F Varies =mor_gp NA
tpC2F
tpE2F
remaining death tpF2F 1.000 NA
Costs from healthcare perspective (in SEK)
baseline cost—mastectomy cam 87,670 Patient dataset from Swedish Gamma (656.50,
National Cancer Registry data [20]  133.54)
baseline cost—Ilumpectomy without irradiation cal_wo 27,655 & Socialstyrelsen (2020) [41] Gamma (4,253.80,
6.50)
baseline cost—lumpectomy with irradiation cal_w 50,352 Gamma (6,217.04,
8.10)
at State B, mastectomy cbm 17,680 Gamma (26.70,
662.20)
at State B, lumpectomy (either with or without irradiation) cbl 87,670 Gamma (42,749.59,
2.05)
at State D, all alternatives cdm 499,343  Lidgren et al. (2008) [40] Gamma
cdl_wo (1,386,844.91,0.36)
cdl
Other costs from societal perspective
informal care cost infocare 10,003 Lidgren et al. (2008) [40] NA
productivity gained (moving from mastectomy to lumpectomy in  prod 4,104 Norum et al. (1997) [12] NA

first 10-year followed-up)
Utility weights

State A, mastectomy uam 0.84 Norum et al. (1997) [12] Beta (839.16, 159.84)

State A, lumpectomy (either with or without irradiation) ual 0.87 Norum et al. (1997) [12] Beta (869.13, 129.87)

State B ub 0.78 Lidgren et al. (2007) [39] Beta (778.22,220.78)

State C uc 0.81 Assumptions: Average of State A Beta (808.69, 190.31)
and B

State D ud 0.69 Lidgren et al. (2007) [39] Beta (684.32, 314.69)

State E ue 0.76 Assumptions: Average of State A Beta (761.74, 237.26)
and D

Annual discounting rate

costs (%) cDR 3% Edling and Stenberg (2003) [44] NA

benefits (%) oDR 3% Edling and Stenberg (2003) [44] NA

NA indicates not applicable; SD, standard deviation; SEK, Swedish krona
*PSA distributions presented with the format: “distribution type (alpha, beta)”
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Table 2 Transition probabilities from State A (Cancer free) to
State B (Loco-regional recurrence) (tpA2B)

Incidence of local/regional recurrence by surgical methods and
years of followed-up (per 1000 person-year) (Based on Fisher et al.
(2002) [9] and Warnberg et al. (2014) [17])

Years of followed-up ~ Mastectomy Lumpec- Lumpec-
tomy without ~ tomy with
irradiation irradiation

0-5 56.46 71.70 36.90

5-10 26.77 34.00 2430

10-30 7.09 9.00 830

Annual transition probabilities from State A to State B (tpA2B)*

Years of followed-up ~ Mastectomy Lumpec- Lumpec-
tomy without  tomy with
irradiation irradiation

0-5 0.055 0.069 0.036

5-10 0.026 0.033 0.024

10-30 0.007 0.009 0.008

*tpA2B were calculated from incidence rate of loco-regional recurrence using
the formula: p=1 - exp(-rt), recommended by Briggs et al. (2006) [30]

tpA2D, tpB2C, tpB2F, tpC2D, tpD2E, and tpD2F) out of
the 16 were calculated based on cumulative incidence
from clinical trials [9, 17, 31-35] and converted using
the following formula: p=1 - exp(-rt) [30]. Six transi-
tion probabilities were calculated by subtracting the
other transition probabilities (tpA2A, tpB2B, tpC2C,
tpD2D, tpE2E, and tpF2F) from 100% (see Table 1). The
remaining three transition probabilities (tpA2F, tpC2F,
and tpE2F) were considered similar to the probabilities
of dying without breast cancer and were thus assumed
to be equal to the age-specific mortality rate of the gen-
eral Swedish population in 2020, derived from the World
Health Organisation (WHO) website (2021) [36].

In addition, we accounted for the probability of dying
from natural causes by adding the age-specific mortality
rate of the general Swedish population [36] to all states
except State F (death) in every year of follow-up.

Cost estimation

Costs were estimated from both the healthcare and soci-
etal perspectives, in line with the recommendations from
the Second Washington panel and the Swedish Dental
and Pharmaceutical Benefits Agency (TLVAR) [37, 38].
All costs were valued in 2020 Swedish Krona (SEK), and
were only accumulated in State A, State B, and State D,
while remission states (State C and State E), and death
state (State F) were assumed to incur no cost. The costs
calculation were based on an individual-level patient cost
dataset from the 2020 Swedish National Cancer Registry
(Cancerregistret) [20] and other relevant supporting evi-
dence [12, 13, 39, 40] (see Table 1). The cancer registry
data are available upon request.
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Costs from the healthcare perspective

Costs from the healthcare perspective included the cost
of surgery, hospitalisation, and follow-up irradiation (in
case of lumpectomy with irradiation). Notably, adjuvant
chemotherapy costs were included within the hospitalisa-
tion costs.

Baseline costs (before entering State A) accumulated
during the first surgical treatment. Costs of surgery and
hospitalisation were calculated based on the individual-
level patient dataset from National Cancer Registry data
in 2020 [20]. The dataset contained more than 5,000
patients undergoing lumpectomy and mastectomy. After
restricting the analysis to only in situ cases, 96 (13.24%)
have had a mastectomy, and 629 (86.76%) have had a
lumpectomy.

Nevertheless, the dataset did not categorise patients
according to whether they had lumpectomy with or with-
out irradiation. To get around this, we identified and used
the respective Swedish diagnostic-related group cost for
lumpectomy without irradiation of 36,439 SEK in 2020
[41] to separate the two lumpectomy alternatives. Con-
sequently, there were 240 (38.16%) lumpectomy without
irradiation cases, and 389 (61.84%) cases with irradiation,
among the total 629 cases of lumpectomy.

The average costs of mastectomy, lumpectomy without
irradiation, and lumpectomy with irradiation were 87,670
SEK (SE: 3421.64), 27,655 SEK (SE: 424.02), and 50,352
SEK (SE: 638.59), respectively (see Table 1). While treat-
ment costs varied across Sweden, these in-country cost
variations were not significant. Additionally, a sensitivity
analysis was conducted to account for these cost differ-
ences (see the section on sensitivity analysis).

At the loco-regional recurrence state (State B), the
patients could receive different treatments based on
their previous surgery. Recurrence after mastectomy
was treated with adjuvant therapy, including radiation
therapy and/or chemotherapy according to the rec-
ommended standard treatment guidelines. Radiation
therapy costs, on average, 5,523 SEK [41]. The cost of
hospitalization was assumed to be similar to a lumpec-
tomy with irradiation, averaging 12,157 SEK per episode,
based on the Swedish National Cancer Registry data [20].
Consequently, the total cost of a mastectomy alternative
in this state was 17,680 (see Table 1).

Total mastectomy was usually recommended for
patients with loco-regional recurrence after lumpectomy.
Therefore, the total cost for each of the two lumpectomy
alternatives at State B was assumed to be the same as that
of a mastectomy episode, at 87,670 SEK.

Metastasis state (State D) accounted for the highest
cost due to its complication. The cost of metastasis was
assumed to be equal for all three surgical alternatives.
We considered the most cost-effective treatment option
based on a study by Lidgren et al. [40] at 425,174 SEK in
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2005. This cost was calculated from a societal perspec-
tive, including the formal healthcare cost and informal
care from family and friends. After adjusting for informal
care costs and inflation, the healthcare cost for State D
was 499,343 SEK (see Table 1).

The consumer price index (CPI) is the most widely
used measure of inflation, which measures the overall
change in consumer prices over time [42]. We applied the
inflation calculator for Sweden provided by the World-
Data [43] to convert all prices before 2020 to their rela-
tive amounts in 2020.

Costs from the societal perspective

From the societal perspective, we considered costs asso-
ciated with transportation, informal care, and productiv-
ity gains.

Transportation and informal care cost in the metastatic
breast cancer state were estimated to be 8,350 SEK annu-
ally in 2005 in Sweden [40], and 10,003 SEK in 2020 after
adjusting for inflation. We assumed that this cost was
similar to the caregiver cost of the more extended hospi-
talisation options of a mastectomy and lumpectomy with
follow-up radiation therapy. For lumpectomy without
irradiation, the cost was assumed to be halved at 5,002
SEK (see Table 1).

Productivity gains were estimated based on a study
from Norway [12]. When comparing mastectomy and
lumpectomy in the first 10 years of follow-up, the pro-
ductivity increased by 1% annually [12]. Based on this
figure and the average salary of Swedish women in 2020
[36], annual productivity gained equalled 4,104 SEK per
person (discounted) in the first 10 years for those receiv-
ing lumpectomy as their first surgery (see Table 1).

Utility estimation

Health outcomes were estimated in terms of quality-
adjusted life years (QALYs) as recommended by TLVAR
[44]. To the best of our knowledge, no existing study in
Sweden has reported QALY weights between lumpec-
tomy and mastectomy. Therefore, we applied a study
from the Norwegian context [12] to derive the QALY
weights for health State A. Following successful treat-
ment with mastectomy, lumpectomy without irradiation,
or with irradiation, the respective QALY weights were
0.84, 0.87, and 0.87 [12] (see Table 1).

The QALY weights for “loco-regional recurrence state”
(State B) and “metastasis state” (State D) were taken
from a Swedish study [39] and established as 0.78 and
0.69, respectively. The QALY weight for “remission after
loco-regional recurrence state” (State C) was assumed to
be the average of States A and B. In contrast, the QALY
weight for “remission after metastasis” (State E) was the
average of States A and D (see Table 1).
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Discounting

The annual discount rate for both cost and QALYs was
set at 3% as recommended by the general guidelines for
economic evaluations from TLVAR [44].

Cost-effectiveness analysis

The average cost-effectiveness ratios were computed for
each surgical strategy by dividing the total 30-year cost
by the corresponding QALYs for each procedure. To
provide a more comprehensive comparison between the
strategies, an incremental cost-effectiveness ratio (ICER)
was calculated for each pair of competing strategies.
The ICER was computed by dividing the costs difference
between the two alternatives (e.g. A and B) by their cor-
responding difference in effects (QALYs in this study).

Costy — Costpg

ICER =
¢ QALY sgained, — QALY sgainedp

According to the recommended guidelines [45], all domi-
nated strategies were excluded from the ICER computa-
tion. An intervention is considered dominated when it
is less effective and more costly compared to an alterna-
tive intervention (“strongly dominated”) or the expected
additional benefits (health outcomes) are derived at a
higher marginal cost than necessary (“extendedly domi-
nated”) [45].

Our study adhered to the guidelines set by the Swed-
ish National Board of Health and Welfare [25], in which
ICERs were segregated into four categories. Costs below
100,000.00 SEK per QALY gained were categorised as
low, costs between 100,000.00 and 499,999.00 SEK as
moderate, costs between 500,000.00 and 1 million SEK as
high, and costs exceeding 1 million SEK (equivalent to US
$108,652) per QALY gained as very high.

Sensitivity analysis
Probabilistic sensitivity analysis (PSA) was performed
to handle uncertainties. All inputs were varied accord-
ing to the statistical distributions obtained from the
patient-level dataset and relevant studies referenced (see
Table 1). Utilising Excel VBA, the Monte Carlo simula-
tion technique was used to randomly generate values
from the joint distributions of costs, utilities, and transi-
tion probabilities across 1,000 iterations.

The probabilistic analysis results were presented using
a cost-effectiveness plane (CE plane) and a cost-effective-
ness acceptability curve (CEAC). The CE plane graphi-
cally depicts the outcomes of 1,000 random simulations,
representing the uncertainty surrounding the determin-
istic cost-effectiveness value. The CEAC, on the other
hand, represents the likelihood of one alternative being
more cost-effective than another, in relation to a range of
potential willingness-to-pay (WTP) thresholds.
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Results

Table 3 presents the results of the deterministic cost-
effectiveness analysis (CEA) of the interventions under
consideration. Following up on one in situ breast cancer
patient in Sweden for 30 years after undergoing mastec-
tomy, lumpectomy without irradiation, and lumpectomy
with irradiation as the first surgical treatment resulted in
an average of 11.21, 11.24 and 11.80 discounted QALYs,
respectively.

From a healthcare perspective, the total costs per
patient for the three alternatives averaged 1,178,710
SEK, 628,859 SEK and 857,430 SEK, respectively (see
Table 3 A). As a result, the average costs per QALY for
mastectomy, lumpectomy without irradiation, and
lumpectomy with irradiation were 105,182 SEK, 55,970
SEK, and 72,646 SEK, respectively. Considering that
mastectomy resulted in the lowest QALYs and the high-
est costs after the hypothetical 30-year follow-up, it was
deemed to be dominated by two lumpectomy alterna-
tives, and thus excluded from the ICER computations.

From a societal perspective, the related costs per
patient for mastectomy, lumpectomy without irradia-
tion, and lumpectomy with irradiation were estimated at
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1,374,774 SEK, 691,882 SEK and 1,018,486 SEK, respec-
tively (see Table 3 A). This resulted in a cost per QALY
of 122,678 SEK, 61,579 SEK, and 86,292 SEK, respec-
tively. Similar to the healthcare perspective analysis,
mastectomy was dominated by the two lumpectomy
alternatives.

When comparing lumpectomy without irradiation to
lumpectomy with irradiation, the QALYs increased by
0.57 units for an individual patient over the 30-year fol-
low-up period. Concurrently, the total costs increased
by 228,572 SEK from a healthcare perspective and by
326,603 SEK from a societal perspective. As a result, the
ICER for lumpectomy without irradiation compared to
lumpectomy with irradiation was 402,994 SEK/QALY
gained from the healthcare perspective. According to
Swedish guidelines [25], this ICER falls into the “moder-
ate cost per QALY gained” category. From a societal per-
spective, the ICER was slightly higher at 575,833 SEK/
QALY gained, categorising it as “high cost per QALY
gained” [25] (see Table 3 A).

Table 3 Costs, Utilities and ICER between alternatives in 30-year lifetime approach (discounted)

A. Deterministic Results

30-year followed up Mastectomy Lumpectomy with-  Lumpectomy with 1vs.2 2vs.3 1vs.3
(1) out irradiation irradiation
(2) (3)
QALY 11.21 11.24 11.80 0.03 0.57 0.60
Total cost (SEK) 1,178,710 628,859 857,430 -549,852 228,572 -
(Healthcare perspective) 321,280
Total cost (SEK) 1,374,774 691,882 1,018,486 —682,891 326,603 356,288
(Societal perspective)
ICER (Healthcare perspective) Dominated 402,994 Domi-
by 2* nated
by 3*
ICER (Societal perspective) Dominated 575,833 Domi-
by 2* nated
by 3*
B. Probabilistic Results
30-year followed up Mastectomy Lumpectomy with-  Lumpectomy with 1vs.2 2vs.3 1vs.3
(1) out irradiation irradiation
(2) (3)
QALY 10.56 10.67 11.01 0.11 035 045
95%Cl (5.52-13.75) (5.61-13.80) (5.71-14.50)
Total cost (SEK) 1,342,074 826,459 1,008,674 -515,614 182,215 -
(Healthcare perspective) 333,399
95%Cl (630,402-1,745,438) (343,150-1,257,338) (459,686-1,391,397)
ICER (Healthcare perspective) Dominated 527,841 Domi-
by 2% nated
by 3*
ICER (Societal perspective) Dominated 777,640 Domi-
by 2% nated
by 3*

Clindicates confidence interval; ICER, incremental cost-effectiveness ratio (unit: SEK/QALY gained); QALY, quality-adjusted life years; SEK, Swedish krona

*Mastectomy is dominated
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Sensitivity analysis results

Table 3B shows the results of the PSA. The sensitivity
analysis further substantiated the deterministic finding
that mastectomy was dominated by the two lumpectomy
alternatives. The mean QALYs accrued after the 30-year
follow-up after mastectomy were the lowest, and the
mean costs of mastectomy were the highest among the
three investigated alternatives.

Figure 2 presents the CE plane for the PSA results.
Notably, mastectomy consistently accumulated higher
costs than the other two alternatives in every simulation,
with all the simulated points for mastectomy located in
the second and third quadrants of the CE plane.

When comparing mastectomy to lumpectomy without
irradiation, most of the simulated points showed nega-
tive incremental QALYs (see Fig. 2A). In contrast, most
simulated points indicated a positive incremental QALY
when mastectomy was compared with lumpectomy with
irradiation (see Fig. 2B).

When lumpectomy without irradiation was com-
pared with lumpectomy with irradiation, the total costs

A. Lumpectomy without irradiation vs. Mastectomy (ref)
Healthcare perspective

® PSpoints @ Probability mean Deterministic mean

120 1.00 080 0.60 0.40 020 0.00 0.20 0.40 0.60 0.80 1.00

Incremental cost (000s SEK)

-1000
Incremental QALY
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consistently increased in all the simulated points. Like-
wise, the incremental QALY increased in most simulated
points (see Fig. 2C).

Figure 3 displays the CEAC for lumpectomy with radia-
tion compared to lumpectomy without irradiation from
both healthcare and societal perspectives. When com-
pared with lumpectomy without irradiation, lumpec-
tomy with irradiation only started exhibiting the slightest
(>0) probability of cost-effectiveness at a WTP threshold
of 200,000 SEK per QALY gained from both healthcare
and societal perspectives. From the healthcare perspec-
tive, increasing the WTP threshold from 300,000 SEK to
2 million SEK per QALY gained substantially increased
the probability of cost-effectiveness of lumpectomy with
irradiation from 22% to approximately 95% compared to
lumpectomy without irradiation (see Fig. 3).

However, while the probability of cost-effectiveness
of lumpectomy with irradiation compared to lumpec-
tomy without irradiation increased with increasing WTP
threshold from a societal perspective, it consistently fell
short of the equivalent probability from a healthcare

B. Lumpectomy with irradiation vs. Mastectomy (ref)
Healthcare perspective

® PSpoints @ Probability mean @ Deterministic mean

o
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C. Lumpectomy with irradiation vs. without irradiation (ref)
Healthcare perspective
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Fig. 2 Cost-effectiveness planes comparing each pair of three alternatives under healthcare perspective



Pham et al. Cost Effectiveness and Resource Allocation (2023) 21:86 Page 10 of 13

Lumpectomy without irradiation vs. with irradiation (Ref)
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Fig. 3 Cost-effectiveness acceptability curve (CEAC) comparing lumpectomy without and with irradiation

perspective. For example, at a WTP threshold of 2 mil-
lion SEK per QALY gained, the likelihood of lumpectomy
with irradiation being cost effective from a societal per-
spective was approximately 88%, compared to 95% from a
healthcare perspective.

Discussion

The present study aimed to evaluate the cost-effectiveness
of current surgical treatments for in situ breast cancer in
Sweden from both healthcare and societal perspectives
using a lifetime horizon (30 years) approach. The results
showed that mastectomy was more costly and less effec-
tive (dominated) than the two lumpectomy alternatives.
Additionally, lumpectomy with irradiation was “moder-
ately” cost-effective compared to lumpectomy without
irradiation from the healthcare perspective, given the
recommendation by the Swedish guidelines [25].

The study findings are consistent with those of Lidgren
et al. [13], who suggested that the costs of mastectomy
were higher than lumpectomy due to longer hospitalisa-
tion episodes. This cost difference between mastectomy

and lumpectomy was even more prominent from the
societal perspective, since the productivity gained was
included in our study. Furthermore, the reimbursement
based on the Swedish diagnosis related group (DRG) is
higher for mastectomy than lumpectomy [41]. Smith
et al. [46] also argued that there is a higher complica-
tion rate in invasive mastectomy surgery compared to
lumpectomy, which might contribute to the higher costs
of mastectomy in our applied dataset.

In contrast, Mufoz et al. [47] highlighted that lumpec-
tomy with irradiation is the costliest treatment option
due to higher physician fees plus radiation costs. How-
ever, this study only accounted for the baseline cost of
hospitalisation, surgery, and irradiation, without consid-
ering additional costs related to complications, recon-
structions, and informal care. Although the hospital
dataset used in this study did not differentiate between
a procedure with complications and without compli-
cations, we strongly assumed that this was adequately
captured by the DRG prices and, therefore, can be con-
sidered a reliable estimate.
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Lumpectomy with irradiation had the highest esti-
mated QALY accruing over the 30-year period, with an
increment in QALYs of 0.6 compared to the mastectomy
option. Moreover, although we considered the same
QALY weight for lumpectomy with and without irra-
diation at the beginning of the analysis, after a 30-year
period, the difference was 0.57 in QALYs gained when
comparing lumpectomy without irradiation to lumpec-
tomy with irradiation. To the best of our knowledge, this
study is among the first to studies compare the differ-
ences in QALYs between lumpectomy and mastectomy in
Sweden using a lifetime approach. As a result, there were
no other relevant studies to compare and corroborate
our findings. However, a Turkish study [48] that applied
a Markov model and a limited 10-year time horizon
revealed QALYs gained of 0.58 when comparing mastec-
tomy with lumpectomy, which can be considered similar
to our study.

The major strength of the present study is that we
applied a comprehensive six-state Markov model devel-
oped by Pobiruchin et al. (2016) [27]. The model closely
resembled well the prognosis of early breast cancer
patients after surgery. Additionally, the evidence used to
derive the input parameters to populate the model was
primarily based on Swedish registry data combined with
relevant previous studies. Adding time dependency to the
transition probability moving from State A to State B can
mimic the real-world recurrence rate according to the
length of the follow-up period, as suggested in previous
RCTs [10, 17]. Finally, no assumptions were made regard-
ing the 16 transition probabilities used in the model; to
our knowledge, the best available evidence informed all
the 16 transition probabilities (see Table 1).

Nevertheless, the study is also prone to some limi-
tations. First, we applied a complex six-state Markov
model, which requires more data sources to inform the
input parameters. Consequently, not all input param-
eters were informed by sources from the Swedish con-
text. While we acknowledge the impact of contextual and
health system differences on costs and QALY weights,
and ultimately the model results, this could only be par-
tially avoided in cases in which we could not find relevant
sources from Sweden.

Second, the QALY weights between lumpectomy and
mastectomy in State A were based on a study from the
Norwegian context [12]. The same study was conducted
more than 20 years ago and can be considered outdated.
Undoubtedly, with rapid technological advancement,
improved training and skill of surgeons, better manage-
ment of complications and healthcare becoming more
patient centric, treatment outcomes are progressively
improving. While this could have impacted the relevant
transition probabilities, it was adequately addressed in
the PSA.
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Third, the incidence of loco-regional recurrence in
mastectomy from an RCT from the US [9] was used to
derive the transition probability (tpA2B) from the “can-
cer free” state (State A) to the “loco-regional recurrence”
state (State B), due to the fact that there is no reliable
evidence in Sweden for this. To address the limitation of
borrowing evidence from another setting, we used the
incidence ratio of recurrence between lumpectomy and
mastectomy instead of using the actual incidence from a
US study (see more in the Method section).

Finally, the individual patient dataset from the National
Cancer Registry data in 2020 [20] used to derive the cost
parameters has limitations. Since it is a population-based
registry, it lacks details about the demographics and clin-
ical characteristics of the patients. This limits our capac-
ity to analyse other variables that may affect the choice of
the surgical methods.

The net effect of lacking reliable evidence is the rela-
tively wide ranges of QALYs, costs, and ICERs in PSA
results (see Table 1). Despite these wide variations, the
average value of 1,000 simulations from the PSA was sim-
ilar to that of deterministic results.

Conclusions

Our study demonstrates the dominance of lumpectomy
over mastectomy. This reveals that more costly and less
effective mastectomy should be considered only when
lumpectomy options are infeasible. These scenarios could
include instances where the in situ cancer is widespread
(multicentric), the affected area is considerably large, or
the BCS fails to remove the pre-cancerous cells entirely
[49].

Moreover, our research indicates that lumpectomy
with radiation is “moderately” cost-effective compared
with lumpectomy without follow-up radiation therapy.
Nevertheless, to comprehensively evaluate the economic
impacts, we suggest a detailed budget impact analysis
that factors in the prevalence of in situ breast cancer in
Sweden.

The insights gained from this study have implications
for future research and decision-making. First, this study
is one of the first to compare the cost-effectiveness of
surgical methods for in situ breast cancer in Sweden; fur-
ther research should be facilitated to build more reliable
parameters for the model. Based on the limitations and
uncertainties of this study, future trials should be con-
ducted to determine the necessary parameters for the
model.

Second, future studies should be conducted in differ-
ent contexts to derive more precise results, thus guiding
the selection of the most appropriate treatment option
within a specific context. We believe that the results of
this study will contribute to the decision-making process
considering lumpectomy with irradiation in in situ breast
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cancer treatment, especially where mastectomy is still the
most common surgical method.

Finally, from our standpoint, health economic assess-
ments remain crucial not only for new health technolo-
gies and treatments, but also for reassessing existing ones
to evaluate whether they are worthy of continuation or
if better alternatives are available. This consideration is
especially pertinent given the variations in the context.

List of abbreviations

BCS Breast conserving surgery

CEA Cost-effectiveness analysis

CEAC Cost-effectiveness acceptability curve
DRG Diagnosis related group

ICER Incremental cost-effectiveness ratio
PSA Probability sensitivity analysis

QALY Quality-adjusted life year

RCT Randomized controlled trial

SEK Swedish Krona

TLVAR  The Swedish Dental and Pharmaceutical Benefit Agency
WHO World Health Organization

WTP Willingness-to-pay

Acknowledgements
Not applicable.

Authors’ contributions

PDP developed the model, analysed and interpreted the patient data from the
Swedish cancer registry, provided by LL. PDP also wrote up the manuscripts.
LL provided the patient dataset for analysis and supervised the whole study.
MM refined the model and supported in data analysis. All authors contributed
to the final version of the manuscript. All authors are health economists,

who are familiar with the cost-effectiveness analysis and modelling in health
economics.

Funding
Not applicable.

Data Availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
'Department of Epidemiology and Global Health, Ume& University,
90185, Umead, Sweden

Received: 4 July 2023 / Accepted: 2 November 2023
Published online: 10 November 2023

References

1. WHO, Globocan. 2020: Sweden. World Health Organization; 2020. https://gco.
iarc.fr/today/data/factsheets/populations/752-sweden-fact-sheets.pdf.

2. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and

20.

21.

22.

23.

24.

25.

Page 12 of 13

Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

Debela DT, Muzazu SG, Heraro KD, Ndalama MT, Mesele BW, Haile DC, et al.
New approaches and procedures for cancer treatment: current perspectives.
SAGE Open Med. 2021;9:20503121211034366.

National Cancer Institute. Surgery Choices for Women with DCIS or Breast
Cancer 2022 https:.//www.cancer.gov/types/breast/surgery-choices.

Al -Gaithy ZK, Yaghmoor BE, Koumu MI, Alshehri KA, Sagah AA, Alshehri HZ.
Trends of mastectomy and breast-conserving Surgery and related factors in
female Breast cancer patients treated at King Abdulaziz University Hospital,
Jeddah, Saudi Arabia, 2009-2017: a retrospective cohort study. Annals of
Medicine and Surgery. 2019;41:47-52.

Lindqvist R, Méller TR, Stenbeck M, Diderichsen F. Do changes in surgical
procedures for Breast cancer have consequences for hospital mean length of
stay? A study of women operated on for Breast cancer in Sweden, 1980-95.
Int J Technol Assess Health Care. 2002;18(3):566-75.

Statista. Share of breast-conserving surgeries in Sweden from

2015 to 2021 https://www.statista.com/statistics/972132/
share-of-breast-conserving-surgeries-in-sweden/.

Wilmoth MC, Townsend J. A comparison of the effects of lumpectomy versus
mastectomy on sexual behaviors. Cancer Pract. 1995;3(5):279-85.

Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et al.
Twenty-year follow-up of a Randomized Trial comparing total mastectomy,
lumpectomy, and Lumpectomy plus irradiation for the treatment of invasive
Breast Cancer. N Engl J Med. 2002;347(16):1233-41.

Ford HT, Coombes RC, Gazet JC, Gray R, McConkey CC, Sutcliffe R, et al.
Long-term follow-up of a randomised trial designed to determine the need
for irradiation following Conservative Surgery for the treatment of invasive
Breast cancer. Ann Oncol. 2006;17(3):401-8.

Chow R, Pulenzas N, Zhang L, Ecclestone C, Leahey A, Hamer J, et al. Quality
of life and symptom burden in patients with Breast cancer treated with
mastectomy and lumpectomy. Support Care Cancer. 2016;24(5):2191-9.
Norum J, Olsen JA, Wist EA. Lumpectomy or mastectomy? Is breast conserv-
ing Surgery too expensive? Breast Cancer Res Treat. 1997;45(1).07-14.
Lidgren M, Wilking N, Jénsson B. Cost of Breast cancer in Sweden in 2002. Eur
J Health Econ. 2007;8(1):5-15.

Ivergard M, Strom O, Borgstrom F, Burge RT, Tosteson ANA, Kanis J.
Identifying cost-effective treatment with raloxifene in postmenopausal
women using risk algorithms for fractures and invasive Breast cancer. Bone.
2010;47(5):.966-74.

Sabale U, Ekman M, Thunstrom D, Telford C, Livings C. Economic evalua-
tion of fulvestrant 500 mg compared to generic aromatase inhibitors in
patients with advanced Breast Cancer in Sweden. PharmacoEconomics.
2017;1(4):279-90.

Autier P, Koechlin A, Smans M, Vatten L, Boniol M. Mammography screen-
ing and Breast Cancer mortality in Sweden. JNCI: J Natl Cancer Inst.
2012;104(14):1080-93.

Warnberg F, Garmo H, Emdin S, Hedberg V, Adwall L, Sandelin K; et al. Effect
of radiotherapy after breast-conserving Surgery for ductal carcinoma in

situ: 20 years follow-up in the randomized SweDCIS trial. J Clin Oncol.
2014,32(32):3613-8.

Anell A, Glenngdrd AH, Merkur S. Sweden health system review. Health Syst
Transit. 2012;14(5):1-159.

WHO. International Statistical Classification of Diseases and Related Health
Problems 10th Revision (ICD-10): World Health Organization. 2016 https://icd.
who.int/browse10/2016/en#/R96.1.

Socialstyrelsen. Cancerregistret 2023 https://www.socialstyrelsen.se/
statistik-och-data/register/cancerregistret/.

Haukka J, Byrnes G, Boniol M, Autier P. Trends in Breast Cancer mortality in
Sweden before and after implementation of Mammography Screening. PLoS
ONE. 2011;6(9):e22422.

Freeman MD, Gopman JM, Salzberg CA. The evolution of mastectomy surgi-
cal technique: from mutilation to medicine. Gland Surg. 2018;7(3):308-15.
Lakhtakia R. A brief history of Breast Cancer: part I: Surgical domination
reinvented. Sultan Qaboos Univ Med J. 2014;14(2):e166-9.

Shapiro CL, Recht A. Side effects of Adjuvant treatment of Breast Cancer. N
EnglJ Med. 2001;344(26):1997-2008.

Swedish National Board of Health and Welfare. Nationella Riktlinjer for
Hjartsjukvard: Halsoekonomiskt Underlag Bilaga. 2018 https://www.social-
styrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-
riktlinjer/2018-6-28-halsoekonomiskt-underlag.pdf.


https://gco.iarc.fr/today/data/factsheets/populations/752-sweden-fact-sheets.pdf
https://gco.iarc.fr/today/data/factsheets/populations/752-sweden-fact-sheets.pdf
https://www.cancer.gov/types/breast/surgery-choices
https://www.statista.com/statistics/972132/share-of-breast-conserving-surgeries-in-sweden/
https://www.statista.com/statistics/972132/share-of-breast-conserving-surgeries-in-sweden/
https://icd.who.int/browse10/2016/en#/R96.1
https://icd.who.int/browse10/2016/en#/R96.1
https://www.socialstyrelsen.se/statistik-och-data/register/cancerregistret/
https://www.socialstyrelsen.se/statistik-och-data/register/cancerregistret/
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2018-6-28-halsoekonomiskt-underlag.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2018-6-28-halsoekonomiskt-underlag.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2018-6-28-halsoekonomiskt-underlag.pdf

Pham et al. Cost Effectiveness and Resource Allocation

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

(2023) 21:86

World Bank. Life expectancy at birth—Sweden 2022 https://data.worldbank.
org/indicator/SPDYN.LEOO.IN?locations=SE.

Pobiruchin M, Bochum S, Martens UM, Kieser M, Schramm W. A method

for using real world data in Breast cancer modeling. J Biomed Inform.
2016;60:385-94.

Blank PR, Schwenkglenks M, Moch H, Szucs TD. Human epidermal growth
factor receptor 2 expression in early Breast cancer patients: a Swiss cost—
effectiveness analysis of different predictive assay strategies. Breast Cancer
Res Treat. 2010;124(2):497-507.

Alkner S, Tang MH, Brueffer C, Dahlgren M, Chen Y, Olsson E, et al. Contra-
lateral Breast cancer can represent a metastatic spread of the first primary
Tumor: determination of clonal relationship between contralateral breast
cancers using next-generation whole genome sequencing. Breast Cancer
Res. 2015;17(1):102.

Briggs A, Sculpher M, Claxton K. Decision Modelling for Health Economic
Evaluation. Oxford, UNITED KINGDOM: Oxford University Press; 2006.

Wu X, Baig A, Kasymjanova G, Kafi K, Holcroft C, Mekouar H, et al. Pattern

of local recurrence and distant Metastasis in Breast Cancer by Molecular
Subtype. Curéus (Palo Alto CA). 2016;8(12):e924-e.

Valachis A, Carlqvist P Ma'Y, Szilcz M, Freilich J, Vertuani S et al. Overall survival
of patients with metastatic Breast cancer in Sweden: a nationwide study. Br J
Cancer. 2022.

Witteveen A, Kwast AB, Sonke GS, MJ 1, Siesling S. Survival after locoregional
recurrence or second primary Breast cancer: impact of the disease-free
interval. PLoS ONE. 2015;10(4):e0120832.

Nielsen HM, Overgaard M, Grau C, Jensen AR, Overgaard J. Loco-regional
recurrence after mastectomy in high-risk Breast cancer—risk and prognosis.
An analysis of patients from the DBCG 82 b&c randomization trials. Radiother
Oncol. 2006;79(2):147-55.

Galli G, Tessari A, Porcu L, Bregni G, Paolini B, Carcangiu ML, et al. Complete
remission in metastatic Breast cancer: expecting the unexpected-results of a
cross-sectional study. Breast Cancer. 2017,24(4):635-41.

WHO. Global Health Observatory data repository. 2021. https://apps.who.int/
gho/data/view.main.61600.

Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M, et al.
Recommendations for Conduct, Methodological Practices, and reporting of
cost-effectiveness analyses: second panel on cost-effectiveness in Health and
Medicine. JAMA. 2016;316(10):1093-103.

Swedish National Board of Health and Welfare. Andring i Tandvards- och
Lakemedelsformansverkets Allméanna rad (TLVAR 2003:2) om Ekonomiska

Page 13 of 13

Utvérderingar. 2017 https://studylibsv.com/doc/1013149/tlvar-2017-1--
-tandv9%C3%A5rds—-och-19%C3%A4kemedelsf9%C3%B6rm%C3%A5nsver
ket.

39. Lidgren M, Wilking N, Jénsson B, Rehnberg C. Health related quality of life in
different states of Breast cancer. Qual Life Res. 2007;16(6):1073-81.

40. Lidgren M, Wilking N, Jonsson B, Rehnberg C. Cost-effectiveness of HER2
testing and trastuzumab therapy for metastatic Breast cancer. Acta Oncol.
2008;47(6):1018-28.

41, Socialstyrelsen. NordDRG 2020: Socialstyrelsen; 2020 https://www.social-
styrelsen.se/statistik-och-data/klassifikationer-och-koder/drg/viktlistor/.

42, Investopedia. Consumer Price Index (CPI) Explained: What It Is and How It's
Used: Investopedia; 2023 https://www.investopedia.com/terms/c/consumer-
priceindex.asp.

43, WorldData. Inflation rates in Sweden: WorldData; 2023 https://www.world-
data.info/europe/sweden/inflation-rates.php.

44. Edling A, Stenberg A. General guidelines for economic evaluations from
the Pharmaceutical benefits Board (LFNAR 2003: 2). Solna: Pharmaceutical
Benefits Board (LFN); 2003.

45. Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL. Methods
for the Economic Evaluation of Health Care Programmes. Oxford University
Press; 2005.

46.  Smith BD, Jiang J, Shih Y-C, Giordano SH, Huo J, Jagsi R, et al. Cost and Com-
plications of local therapies for early-stage Breast cancer. JNCI: J Natl Cancer
Inst. 2017;109(1):djw178.

47. Mufoz E, Shamash F, Friedman M, Teicher |, Wise L. Lumpectomy vs mas-
tectomy: the costs of breast preservation for Cancer. Archives of Surgery
(Chicago 1960). 1986;121(11):1297-301.

48. Buylkdamgaci-Alogan G, Elele T, Hayran M, Erman M, Kilickap S. A decision-
analytic model for early stage Breast cancer: lumpectomy vs mastectomy.
Neoplasma. 2008;55(3):222-8.

49.  America Cancer Society. Treatment of Ductal Carcinoma
in Situ (DCIS). 2021 https://www.cancer.org/cancer/types/
breast-cancer/treatment/treatment-of-breast-cancer-by-stage/
treatment-of-ductal-carcinoma-in-situ-dcis.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=SE
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=SE
https://apps.who.int/gho/data/view.main.61600
https://apps.who.int/gho/data/view.main.61600
https://studylibsv.com/doc/1013149/tlvar-2017-1---tandv%C3%A5rds--och-l%C3%A4kemedelsf%C3%B6rm%C3%A5nsverket
https://studylibsv.com/doc/1013149/tlvar-2017-1---tandv%C3%A5rds--och-l%C3%A4kemedelsf%C3%B6rm%C3%A5nsverket
https://studylibsv.com/doc/1013149/tlvar-2017-1---tandv%C3%A5rds--och-l%C3%A4kemedelsf%C3%B6rm%C3%A5nsverket
https://www.socialstyrelsen.se/statistik-och-data/klassifikationer-och-koder/drg/viktlistor/
https://www.socialstyrelsen.se/statistik-och-data/klassifikationer-och-koder/drg/viktlistor/
https://www.investopedia.com/terms/c/consumerpriceindex.asp
https://www.investopedia.com/terms/c/consumerpriceindex.asp
https://www.worlddata.info/europe/sweden/inflation-rates.php
https://www.worlddata.info/europe/sweden/inflation-rates.php
https://www.cancer.org/cancer/types/breast-cancer/treatment/treatment-of-breast-cancer-by-stage/treatment-of-ductal-carcinoma-in-situ-dcis
https://www.cancer.org/cancer/types/breast-cancer/treatment/treatment-of-breast-cancer-by-stage/treatment-of-ductal-carcinoma-in-situ-dcis
https://www.cancer.org/cancer/types/breast-cancer/treatment/treatment-of-breast-cancer-by-stage/treatment-of-ductal-carcinoma-in-situ-dcis

	﻿In situ breast cancer surgeries in Sweden: lumpectomy or mastectomy?—a cost-effectiveness analysis over a 30-Year period using Markov model
	﻿Abstract
	﻿Highlights
	﻿Introduction
	﻿Methods
	﻿Study setting
	﻿Model comparators
	﻿Perspectives and time horizon
	﻿Model structure
	﻿Transition probabilities
	﻿Cost estimation
	﻿Costs from the healthcare perspective
	﻿Costs from the societal perspective
	﻿Utility estimation
	﻿Discounting
	﻿Cost-effectiveness analysis
	﻿Sensitivity analysis

	﻿Results
	﻿Sensitivity analysis results

	﻿Discussion
	﻿Conclusions
	﻿References


