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Abstract

Purpose The need for sentinel lymph node biopsy (SLNB) in clinically node-negative (cNO) patients is currently questioned.
Our objective was to investigate the cost-effectiveness of a preoperative noninvasive lymph node staging (NILS) model (an
artificial neural network model) for predicting pathological nodal status in patients with cNO breast cancer (BC).

Methods A health-economic decision-analytic model was developed to evaluate the utility of the NILS model in reducing
the proportion of cNO patients with low predicted risk undergoing SLNB. The model used information from a national reg-
istry and published studies, and three sensitivity/specificity scenarios of the NILS model were evaluated. Subgroup analysis
explored the outcomes of breast-conserving surgery (BCS) or mastectomy. The results are presented as cost (€) and quality-
adjusted life years (QALYs) per 1000 patients.

Results All three scenarios of the NILS model reduced total costs (—€93,244 to —€398,941 per 1000 patients). The
overall health benefit allowing for the impact of SLNB complications was a net health gain (7.0-26.9 QALY per
1000 patients). Sensitivity analyses disregarding reduced quality of life from lymphedema showed a small loss in total
health benefits (0.4-4.0 QALYs per 1000 patients) because of the reduction in total life years (0.6—6.5 life years per
1000 patients) after reduced adjuvant treatment. Subgroup analyses showed greater cost reductions and QALY gains in
patients undergoing BCS.

Conclusion Implementing the NILS model to identify patients with low risk for nodal metastases was associated with sub-
stantial cost reductions and likely overall health gains, especially in patients undergoing BCS.
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BC Breast cancer

ALN  Axillary lymph node
SLN Sentinel lymph node
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SLNB Sentinel lymph node biopsy
ALND  Axillary lymph node dissection
BCS Breast-conserving surgery

HR Hormone receptor

HER2 Human epidermal growth factor receptor 2
ANN  Artificial neural network

NILS  Noninvasive lymph node staging

ER Estrogen receptor

QALY Quality-adjusted life year

QoL Quality of life

ICER  Incremental cost-effectiveness ratio
Introduction

Most breast cancer (BC) patients present with local dis-
ease in the breast without distant metastases at diagnosis.
Routinely, clinical and radiological assessments of axillary
lymph node (ALN) status are performed. Since the nega-
tive predictive value of imaging, most commonly axillary
ultrasound, is considered insufficient [1, 2] in patients with
negative findings, ALN staging via sentinel lymph node
(SLN) biopsy (SLNB) is recommended for all clinically
node-negative (cNO) patients [3, 4]. However, for most BC
patients, SLNB will result in benign findings, and therefore,
the SLNB was only diagnostic and not therapeutic.

Although SLNB is the standard of care, it is not perfect
and has a well-established false-negative rate of 10% [5],
implicating that the SLNB technique is associated with a
risk of leaving metastatic nodes behind. Although SLNB
is a minor surgical procedure, especially in comparison to
axillary lymph node dissection (ALND), it is still associated
with both short- and long-term side effects along with high
health care costs. Postoperative swelling, paresthesia, and
symptoms associated with arm morbidity, i.e., lymphedema
and symptoms of arm swelling, are reported complications
[6,7].

In recent years, the role of axillary surgery, including
SLNB, has been explored and questioned. In patients with
c¢NO BC and 1-2 positive SLNs (including macrometas-
tases > 2 mm), the presented results from the Z0011 trial
showed no superior survival for patients treated with SLNB
alone compared with patients undergoing ALND, support-
ing the use of only SLNB in patients with 1-2 metastatic
lymph nodes who receive breast-conserving surgery (BCS)
and postoperative adjuvant therapy [8]. Moreover, although
SLNB provides staging of the axilla, molecular biology is
more informative and indicative for the choice of systemic
treatment [9]. As a consequence, according to recent ASCO
guidelines, SLNB is not recommended for a patient of higher
age (=70 years) presenting with cNO, hormone receptor
(HR)-positive, and human epidermal growth factor receptor
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2 (HER2)-negative BC if the patient will receive adjuvant
endocrine treatment [3, 4].

There is a clear trend of management of the axilla in BC,
tending toward minimizing axillary surgery and even omit-
ting SLNB. The SOUND trial [10], which randomized early
BC patients (T1cNO) to receive either SLNB or observa-
tion alone, may prove that performing SLNB in low-risk
BC patients is futile. In both the INSEMA trial [9] and the
BOOG 2013-08 trial [11], BC patients undergoing BCS
(T1-2cNO) were randomized to receive or not receive SLNB.
The results of these trials are highly anticipated.

Better tools for predicting the SLN status in cNO BC
could reduce the occurrence of unbeneficial SLNBs in
patients with a low risk of having any SLN metastasis. We
developed an artificial neural network (ANN) model, the
noninvasive lymph node staging (NILS) prediction model,
producing a probability score of a patient being node nega-
tive [12]. A validation study is currently being conducted
(ISRCTN14341750), and the study protocol has been pub-
lished [13]. Before broadly implementing new health care
technologies and decision tools such as the NILS model,
careful considerations of costs and health consequences are
needed in addition to information on efficacy and safety [14,
15].

Our aim was to investigate the cost-effectiveness of
implementing the NILS model for predicting pathological
nodal status (pN) in patients with cNO BC stratified by mas-
tectomy and BCS.

Methods
The NILS prediction model

The model is based on ten clinicopathological parameters of
which age and eight other parameters (tumor size, multifo-
cality, estrogen receptor status, histological type, progester-
one receptor status, mode of detection, tumor localization in
the breast, and Ki-67 positivity) are easily accessible from
mammograms and core needle biopsies for the prediction
of nodal status in cNO BC patients. The 10th parameter,
vascular invasion, was included in the original NILS model
and can be predicted by the other included variables [12].

Health economic model

We developed a health economic model to analyze the
cost-effectiveness of the NILS model in patients with
cNO BC without preoperative chemotherapy. The popu-
lation was divided into groups with positive and nega-
tive pathological nodal statuses (pN + and pNO0), in which
pN + BC was defined as BC with micrometastases or
macrometastases, and pNO BC included NO (i+) BC,
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i.e., isolated tumor cells [16]. According to The South
Sweden Regional Tumor Registry, 32% of women with
c¢NO BC have pN + BC. This proportion was used in the
model [17].

The standard of care staging procedure based on SLNB
is shown in Fig. 1A. The sensitivity and specificity of
SLNB to detect pN +and pNO BC were used to calcu-
late the proportions of true positive, false negative, false
positive, and true negative diagnoses. The model used
a sensitivity of 92.3% based on a Swedish multicenter
study of SLNB in ¢cNO BC patients [5] and a specificity
of 100% (Table S1).

The diagnostic process for the NILS model, in which
SLNB is only performed after N 4 disease is predicted
from the NILS model, is shown in Fig. 1B. Here, the
sensitivity and specificity for both the NILS model and
SLNB were used to calculate the proportions of positive
and negative diagnoses. Three scenarios for the accuracy
of the original NILS model for the prediction of lymph
node status (NO versus N +) were analyzed based on the
results from Dihge et al. [12]. Three cutoffs for classifica-
tion of ALN status (NO versus N +) were set in the pub-
lished original NILS model [12]: 1) based on maximized
negative predictive value aimed at identifying individu-
als with a very low probability of axillary disease and
2-3) based on the accepted FNR (5-10%) for the SLNB
technique.

e Scenario 1: 99% sensitivity and 11% specificity
e Scenario 2: 95% sensitivity and 25% specificity
e Scenario 3: 90% sensitivity and 37% specificity

The NILS model was developed to identify individu-
als with a very low probability of axillary disease, and
the model displayed high sensitivity but low specific-
ity. Thus, many patients with benign nodal status (pNO)
would be subjected to further standard SLNB. Although
not ideal, the current classification indicates appropriate
cautiousness of the current model.

Fig. 1 Decision tree model: A a
Standard of care using SLNB s+
as the staging procedure, as

represented by the decision tree

model. B Using the NILS pre-

diction model to predict nodal st
status, where SLNB will only

be performed after a positive

NILS prediction model result,

as represented by the decision SLe-
tree model

A sine-

False negative

v SINB+

True positive

False positive

True negative

Treatments

All patients diagnosed with pNO BC (true negative and false
negative) were assumed to follow the same treatment pro-
gram. Radiotherapy after BCS and HER2-targeted therapy
was assumed to be administered regardless of ALN status.
On the other hand, receipt of ALND, radiation after mas-
tectomy, extended hormonal therapy beyond 5 years, and
adjuvant chemotherapy was assumed to be affected by the
ALN status. All patients diagnosed with pN +BC were
assumed to undergo subsequent ALND after SLNB, in line
with current national guidelines [16]. The model includes
the risks of lymphedema, seroma, and infection as complica-
tions following SLNB and ALND (Table S1). We used the
following rates of lymphedema in the model: 0.4% without
axillary surgery, 6.3% after SLNB, and 22.3% after SLND
and ALND [18, 19].

Survival and recurrence

The yearly BC mortality and recurrence rate were based on
10-year survival and recurrence data from the Swedish Mul-
ticenter Cohort Study [20]. Increased mortality and recur-
rence rates for false negatives due to omitted radiotherapy,
chemotherapy, and extended hormonal treatment (ER +BC)
were derived from EBCTCG meta-analyses [21-23]. BC
mortality and recurrence were calculated over 10 years in
the model. Age-adjusted all-cause mortality based on life
table data from Statistics Sweden was included in a life-long
perspective in the model.

Health care costs

The health economic model included costs of surgery, adju-
vant treatments, recurrence, metastatic disease, and compli-
cations related to SLNB and ALND (Table S1). The surgical
costs were calculated from data from a series of 1405 BC
surgeries performed during 2018-2020 in Region Skéane,
Sweden. No extra costs from the use of routinely collected
data from mammography and core needle biopsy reports
were considered. No cost for using the NILS model was
included in the analysis.

b SLNB +

D True positive

A siNB-

False negative

alse negative
SLNB +
e <False positive
pNO SLNB -

True negative
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Table 1 Scenario 1-3 results: Summarized incremental results (in a cohort of N=1000)

Scenario 1 Scenario 2 Scenario 3

Events

SLNB -78 -186 -284

ALND -3 -15 -30

Recurrence 0.6 3.2 6.3

Breast cancer deaths 0.1 0.3 0.6
Costs (€)

SLNB -72,884 -173,801 -265,000

ALND -12,660 -63,301 -126,602

Surgical complications -11,998 -31,362 -50,318

Adjuvant therapy -7655 -38,276 -76,551

Recurrence 7224 36,119 72,238

Metastatic disease 4729 23,646 47,292
Total cost (€) -93,244 -246,974 -398,941
Life years -0.6 -3.2 -6.5
Quality-adjusted life years

Edema QoL decrement of 0.1 7.0 17.3 26.9

No edema QoL decrement -0.4 -2.0 -4.0
Cost-effectiveness

Edema QoL decrement of 0.1 Dominant Dominant Dominant

No edema QoL decrement

Less costly,
health loss

Less costly,
health loss

Less costly,
health loss

I:I Results in favour of NILS model

|:| Results in favour of SLNB model

Abbreviations: SLNB (sentinel lymph node biopsy), ALND (axillary lymph node dissection), QoL(quality of life)

Quality of life

Health effects are measured in quality-adjusted life years
(QALYSs), a measurement of effect that combines both the
length of life and the quality of life (QoL). All included QoL
data were measured by the generic QoL instrument EQ-5D
[24]. Age-adjusted quality of life weights for the Swedish
general population were used [25]. The analysis included
QoL decrements for adjuvant chemotherapy, recurrence of
BC [26], and lymphedema (Table S1). There is uncertainty
regarding the impact of lymphedema on QoL. One study
reported a decrease of 0.1 [27], while another study found
no impact on QoL [28]. The results are therefore presented
both with and without a life-long QoL decrement of 0.1 for
lymphedema. An additional analysis investigated the mini-
mum QoL decrement for lymphedema at which the NILS
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model would lead to gains in total QALYs in all three sce-
narios compared with standard of care.

Cost-effectiveness

Cost-effectiveness was measured by incremental changes in
QALYs and health care costs. An intervention was dominant
if it led to both health gains and cost reductions. All costs and
health gains were discounted with an annual discount rate
of 3% in accordance with Swedish national guidelines [29].

Results
Compared to standard of care (i.e., SLNB for all cNO

patients), using the NILS model for prediction of ALN
status reduced the number of SLNBs, and the difference
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Table 2 Scenario 1-3 results: Costs (thousands of euros), life years and QALY (in a cohort of N=1000)

Scenario  Scenariol Scenario Scenario2 Scenario Scenario 3 | Standard
1 Difference 2 Difference 3 Difference | of Care
Costs (1,000 €)
Surgery
BCS 2687 0 2687 0 2687 0 2687
Mastectomy 1992 0 1992 0 1992 0 1992
SLNB 862 -73 761 -174 669 -265 934
ALND 1253 -13 1203 -63 1139 -127 1266
Adjuvant therapy
Radiotherapy 2117 -4 2103 -18 2086 -35 2121
Chemotherapy 1324 -4 1309 -19 1290 -38 1328
HER2-targeted 3229 0 3229 0 3229 0 3229
Hormone 201 0 200 -2 198 -4 202
Cost of events
Recurrence 2467 7 2496 36 2532 72 2459
Z/i':;:zt:“c 7935 5 7954 24 7977 47 7930
Edema 209 -10 192 -26 176 -43 219
Infection 54 0 53 -1 53 -2 55
Seroma 30 -1 28 -4 26 -6 31
Total Costs 24,360 -93 24,206 -247 24,054 -399 24,453
Health benefits
Life Years 14,370.9 -0.6  14,368.3 -3.2 14,365.1 -6.5 | 14,371.6
QALYs
Survival 11,183.7 -0.5  11,181.7 -2.5 11,179.3 -5.0 | 11,184.2
Chemotherapy -43.5 0.1 -43.0 0.6 -42.4 1.2 -43.6
Recurrence -9.3 0.0 -9.4 -0.1 -9.6 -0.3 -9.3
Edema -147.5 7.4 -135.6 19.3 -124.0 30.9 -154.9
Total QALYs 10,983.4 7.0 10,993.7 17.3 11,003.3 26.9 | 10,976.4

|:| Results in favour of NILS model

D Results in favour of SLNB model

Abbreviations: BCS (breast-conserving surgery),SLNB (sentinel lymph node biopsy), ALND (axillary lymph node

dissection), HER2 (human epidermal growth factor receptor 2), QALY (quality-adjusted life year)

was higher with lower sensitivity and higher specificity of
the NILS model (i.e., as represented by Scenarios 1 to 3);
SLNB was omitted for 78 (7.8%) and 284 (28%) of 1000
patients in Scenarios 1 and 3, respectively (Table 1). The
reduction of SLNB based on the NILS model was associ-
ated with a reduction in total costs compared to the standard
of care of € 93,244 (Scenario 1) to € 398,941 (Scenario 3)
per 1000 patients, primarily due to lower costs of surgery

(SLNB and subsequent ALND) and associated complica-
tions but also as a result of an expected reduction in the
use of adjuvant therapies (Table 2). However, implementa-
tion of the NILS model also led to lost life years (0.6 to 6.5
life years per 1000 patients) and 0.1-0.6 more BC-related
deaths than the standard of care due to a somewhat higher
risk of undetected pN + BC resulting in more recurrences
and metastatic disease. When the life-long lymphedema QoL
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Table 3 Scenario 1-3 results: Summarized incremental results (in a cohort of N=1000); subgroups were based on breast surgery procedure
(breast-conserving surgery N = 1000 and mastectomy N = 1000)

Scenario 1 Scenario 2 Scenario 3
Subgroup: Breast conserving surgery (N=1,000)
Events
SLNB -82 -194 -294
ALND -3 -13 -26
Recurrence 0.1 0.5 1.0
Breast cancer deaths 0.0 0.2 0.4
Costs (€)
SLNB -76,414 -180,860 -274,529
ALND -11,166 -55,829 -111,658
Surgical complications -12,404 -31,801 -50,507
Adjuvant therapy -3652 -18,259 -36,518
Recurrence 1137 5683 11,365
Metastatic disease 3069 15,343 30,685
Total cost (€) -99,430 -265,724 -431,162
Life years -0.4 -2.1 -4.2
Quality-adjusted life years
Edema QoL decrement of 0.1 7.5 18.6 29.1
No edema QoL decrement -0.2 -1.1 -2.2
Cost effectiveness
Edema QoL decrement of 0.1 Dominant Dominant Dominant
Less costly, Less costly, Less costly,
No edema Qol. decrement health loss health loss health loss
Subgroup: Mastectomy (N=1,000)
Events
SLNB -71 -171 -263
ALND -4 -18 -37
Recurrence 2.0 9.9 19.8
Breast cancer deaths 0.1 0.6 1.2
Costs (€)
SLNB -66,260 -159,339 -245,477
ALND -15,722 -78,608 -157,217
Surgical complications -11,257 -30,462 -49,930
Adjuvant therapy -18,447 -92,236 -184,473
Recurrence 22,664 113,321 226,642
Metastatic disease 9739 48,694 97,388
Total cost (€) -79,284 -198,631 -313,066
Life years -1.3 -6.7 -13.4
Quality-adjusted life years
Edema QoL decrement of 0.1 5.9 13.5 20.3
No edema QoL decrement -1.0 -4.8 -9.6
Cost effectiveness
Edema QoL decrement of 0.1 Dominant Dominant Dominant
Less costly, Less costly, Less costly,
No edema Qol. decrement health loss health loss health loss

|:| Results in favour of NILS model
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|:|Results in favour of SLNB model

Abbreviations: SLNB (sentinel lymph node biopsy), ALND (axillary lymph node dissection), QoL (quality of life)
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decrement was set to 0.1, the intervention led to a gain in
total QALYs (7.0 to 26.9 QALYs) (Table 1). In contrast,
when the lymphedema QoL decrement was set to zero, the
intervention led to a loss in total QALY's (0.4 to 4.0 QALYs
per 1000 patients) compared with the standard of care.
Assuming a life-long QoL decrement of — 0.013 or more
resulted in positive QALY gains in all scenarios, and the
NILS model was dominant.

The subgroup analyses showed that implementing the
NILS model may be particularly cost effective in patients
undergoing BCS (Table 3).

Discussion

The NILS model evaluated in this study was developed
to predict ALN status with the aim of reducing SLNB in
patients with a low predicted risk of nodal metastasis. Limit-
ing the number of patients undergoing surgery could reduce
health care costs and lead to gains in quality of life through
a reduction in cases of lymphedema. Our analyses describe
the impact on health benefits and costs of using the NILS
model under different plausible scenarios. In a cohort of
1,000 patients, the health economic model predicted overall
benefits of using the NILS model compared to standard of
care with cost savings in the range € 93,000 to € 399,000
and a health gain in the range of 7-27 QALYs, depending
on levels of sensitivity and specificity of the NILS model
(Table 2).

Using the NILS model to guide SLNB decisions would
particularly benefit patients undergoing BCS due to the low
expected mortality in this subgroup. Additionally, there was
a low expected impact of false negative nodal prediction
in this patient group since external breast irradiation was
generally performed regardless of ALN status. In addition,
according to recurrence data from the ACOSOG Z0011
trial [8], it can be expected that while irradiating the breast,
the lower part of the axilla will also receive radiation. The
economic evaluation assumed that false negative guidance
from the NILS model would not alter the clinical decision to
give adjuvant radiotherapy in the BCS subgroup, an assump-
tion not applicable to patients undergoing mastectomy. Our
results are therefore of clinical importance, showing that
the omission of SLNB is also most cost effective in this
subgroup. In patients undergoing diagnostic lumpectomy
with a finding of invasive cancer, the NILS model could
also be applied postoperatively to assess the probability of
non-malignant lymph nodes.

Our results support the validity of ongoing clinical
trials (SOUND/INSEMA/BOOG), which will hopefully
provide more knowledge regarding the safety of omitting
SLNB in early BC with clinical and ultrasound-negative
axillary findings [9-11]. Moreover, in the subgroup of

patients > 70 years with ¢cNO, HR +, and HER2- BC, the
updated Canadian ASCO guidelines recommend omission
of SLNB if adjuvant endocrine treatment is prescribed [3,
4]. McEvoy et al. performed cost-effectiveness analyses
comparing observation versus SLNB in this particular sub-
group of patients (postmenopausal patients with HR +/
HER2- T1-T2¢NO BC) [30] and found that observation
resulted in lower costs and higher QALY in patients with
NO or N1 BC. These results are in line with our results,
although our study population was not as narrowly defined,
and included breast cancer patients of all ages regardless
of tumor size and HR/HER?2 status.

The Swedish guidelines still recommend SLNB in all
cNO patients, while, for example, the Canadian ASCO
guidelines [3] have been updated recently. The considera-
tion of only chronological age, not biological age, might
raise concerns for a similar implementation in a European
context. Regional data show that 32% of the cohort is esti-
mated to belong to this subgroup (ER + and HER2- disease
and age > 70 years) [31], and if the ASCO guidelines would
be applied, these patients would not be under considera-
tion for the NILS model. We hypothesize that omitting the
subgroup fulfilling the Canadian ASCO guidelines from the
analysis will only marginally influence the result of the cost-
effectiveness analysis.

Restricting the analysis to patients younger than 70 years
might strengthen the results, since younger patients have
more life years with lymphedema. This assumes that the
expected QoL loss from complications due to surgery out-
weighs the risk of recurrence and early death due to BC. In
a scenario with negligible impact on QoL from complica-
tions of surgery, SLNB might be more favorable in younger
patients given that they have more time at risk for recurrence
and a larger expected number of life years lost in the case of
death due to BC.

It is important to consider a patient’s individual prefer-
ences and make clinical decisions on a patient-to-patient
basis [3]; our NILS model provides an individualized esti-
mated probability of healthy lymph node status. The pre-
sented health economic model highlights that there may
be a trade-off in health to consider, reduced well-being for
women burdened by lymphedema vs. reduced length and
quality of life for a smaller number of women with unde-
tected recurring BC.

Our analysis highlights a dilemma in the care of BC,
in which alternative strategies are associated with risks of
negative consequences. Both SLNB and the NILS model are
associated with an observed false-negative rate in the ability
to detect nodal pathologies in BC and patients with a low
risk of N +disease. The current standard of care provides
SLNB to all cNO patients, and the false-negative rate is gen-
erally considered to be approximately 10% [32, 33], ranging
from 5 to 23% [34], implying that the SLNB technique is
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associated with a risk of leaving metastatic nodes behind.
Moreover, the risk of lymphedema after SLNB is not neg-
ligible (Supplementary Material 1). Hence, women choos-
ing this option are not guaranteed to avoid negative health
outcomes. In addition, logistical constraints (availability of
radiopharmaceuticals), costs, and surgery resources are allo-
cated to patients in whom benefits are clearly limited, i.e., in
patients undergoing BCS. The alternative, to limit the num-
ber of patients with identified low risk who undergo SLNB,
is associated with a slightly increased risk of undetected
N+ BC. Our analyses depicted three alternative scenarios
and described how this risk may translate to lost life years
per 1000 patients from a 10-year perspective. Furthermore,
the same group of patients who do not undergo SLNB will
not be at risk for lymphedema. In addition, it is likely that
undetected ALN metastases identified during observation
will be actively and effectively treated at the time of detec-
tion, indicating that surveillance merely delays curable
treatment.

Impact of lymphedema on QoL

Previous studies have demonstrated that complications and
costs associated with SLNB significantly impact patients’
quality of life [35, 36]; however, few studies have used
generic instruments suitable for health economic evalua-
tion. In our study, the impact of lymphedema on quality of
life had a central role in the analyses. The NILS model led
to a positive gain in total QALYSs in all three scenarios if
the lymphedema QoL decrement was larger than or equal
to 0.013. In other words, the expected QoL decrement from
lymphedema could be relatively small, and the health gains
from the reduced risk of lymphedema could still outweigh
the increased risk of recurrence and mortality.

Strengths and limitations

We present the results from a model-based study where the
model structure and data inputs were reported in a transpar-
ent way in the main text with additional information in the
supplementary material. Among the strengths of the study
is that we explored three different scenarios with alternative
thresholds for acceptable sensitivity and specificity in the
application of the NILS model. The inclusion of BC patients
regardless of subtype is also a strength, as it provides broader
generalizability. One limitation of our study is that all patients
were assumed to be treated according to standard regimens/
clinical guidelines, thereby disregarding patients” and car-
egivers” preferences and deviations from given BC treatment
that are present in a real-world setting. However, according to
national registers with comprehensive coverage, the majority
of patients are treated according to clinical guidelines, and
we therefore estimate the influence of treatment deviations,
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on a group level, to be insignificant. Moreover, for consist-
ency with the first publication of the NILS model [12], we
included patients with tumors of all sizes in this study. In the
context of ongoing clinical trials that have restricted inclu-
sion to patients with tumors <2 cm (SOUND) and <5 cm
(INSEMA and BOOG), the broad criteria in our study could
be considered a limitation. However, in the original NILS
dataset, only 5 of 800 patients had tumors>5 cm [12], and
these large tumors are therefore assumed to be of minor influ-
ence on the operation of the NILS model and subsequently
the results of this cost-effectiveness analysis.

Future perspective

The NILS model is currently being validated, and the web
interface is being thoroughly evaluated. This health eco-
nomic study further strengthens the utility of future imple-
mentation of the NILS model, and such an analysis was a
prerequisite for policy-makers to make informed decisions
regarding future implementation.

Conclusion

Compared to the standard of care of SLNB in all cNO BC
patients, the adoption of an ANN decision tool, such as
the NILS model presented here, for predicting ALN sta-
tus in patients with cNO BC can reduce health care costs
from surgery and drugs and provide gains in quality of
life, with particularly pronounced effects in patients under-
going BCS. The NILS model was dominant in terms of
costs and QALYs compared with standard of care when
the life-long lymphedema QoL decrement was set to 0.1.
When excluding the lymphedema QoL decrement, the
NILS model resulted in lower total costs and QALY's than
standard of care and was most cost effective in the sub-
group of patients undergoing BSC. The evaluation of costs
and quality-of-life outcomes when omitting SLNB will
complement the upcoming results of ongoing clinical trials
and provide a foundation for clinical guidelines.
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