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Abstract
Background  The American College of Surgeons Oncology Group Z0011 trial showed that complete axillary lymph node 
dissection (cALND) did not improve survival benefits in patients with one or two tumour-involved sentinel lymph nodes 
and undergoing breast conservation. Still, a considerable number of the Z0011-eligible patients continue to be treated with 
cALND in various countries. Given the potential economic gain from implementation of the Z0011 recommendations, we 
quantified population-level impacts of omitting cALND among Z0011-eligible patients in clinical practice.
Methods  This 2-year economic analysis adopted both the perspective of patients under statutory insurance and the societal 
perspective, using data collected prospectively from 179 German breast cancer units between 2008 and 2015. The estima-
tion of cost savings and health gain relied on a single decision tree, which considered three scenarios: clinical practice at the 
baseline; actual implementation in routine care; and hypothetical full implementation in all eligible patients.
Results  Data for 188,909 patients with primary breast cancer were available, 13,741 (7.3%) of whom met the Z0011 inclusion criteria. 
The use of cALND decreased from 94.3% in 2010 to 46.9% in 2015, resulting in a gain of 335 quality-adjusted life-years and a saving 
of EUR50,334,756 for the society. Had cALND been omitted in all eligible patients, the total gain would have been more than double.
Conclusions  The implementation of the Z0011 recommendations resulted in substantial savings and health gain in Germany. 
Our findings suggest that it is beneficial to introduce additional policy measures to promote further uptake of the Z0011 
recommendations in clinical practice.
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Key Points for Decision Makers 

Although the Z0011 trial showed that complete axillary 
lymph node dissection (cALND) did not improve sur-
vival benefits in early breast cancer patients, a consider-
able number of Z0011-eligible patients continue to be 
treated with cALND in various countries.

Our economic evaluation estimated that the implementa-
tion of Z0011 recommendations from 2011 to 2015 in 
Germany resulted in substantial savings (EUR50,334,756) 
and health gain (335 QALY) for the society.

Our findings suggest that the introduction of additional 
policy measures to promote further uptake of the Z0011 
recommendations in clinical practice would be beneficial 
in Germany and in similar contexts.
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1 � Background

In breast cancer, complete axillary lymph node dissection 
(cALND) was recommended for patients with tumour-
affected sentinel lymph nodes (SLNs) until the publica-
tion of the American College of Surgeons Oncology Group 
Z0011 trial in 2010. The Z0011 trial randomised 891 women 
with T1/2 invasive breast cancer and one or two positive 
SLNs undergoing breast conservation to sentinel lymph 
node dissection (SLND) with or without cALND. The trial 
showed that SLND alone resulted in non-inferior 5-year 
loco-regional control, disease-free survival and overall sur-
vival rates comparable to SLND and cALND [1–4]. Subse-
quent prospective randomised trials confirmed that cALND 
can be safely omitted in clinically node-negative patients 
with micro-metastases in SLNs [5] or when axillary radia-
tion is given after SLND [6–8].

Following the publication of the Z0011 trial results, the 
use of cALND among the patients who meet the Z0011 
inclusion criteria (hereafter referred to as Z0011-eligible 
patients) has declined globally [9–15]. Since cALND 
bears high direct medical costs [16] and is associated 
with substantial secondary morbidities [17, 18], omit-
ting this procedure among eligible patients is expected 
to save costs and concurrently improve health. The direct 
medical costs of cALND were estimated at approximately 
EUR3,331 in a micro-costing study in France [16]. More-
over, both short- and long-term secondary morbidities are 
more frequent in patients undergoing SLND and cALND 
than SLND alone [17–20]. Lymphedema, a chronic mor-
bid condition with arm swelling and restriction of move-
ment occurs in 20% of patients undergoing cALND ver-
sus 5.6% of patients undergoing SLND [17], leading to a 
decline in quality of life [21] and productivity loss among 
patients [22].

Still, cALND continues to be performed among a con-
siderable proportion of Z0011-eligible patients in Ger-
many and in other high-income countries [12, 13, 15, 23]. 
For example, two studies reported that the proportion of 
cALND remained high, at about 44% in Australia between 
2011 and 2017 [12], and at 77% in Hong Kong between 
2014 and 2019 [23]. Given that breast cancer is the most 
prevalent cancer worldwide, impacting nearly 7.8 mil-
lion women at the end of 2020 [24], it is important to 
understand the magnitude of cost savings and health gain 
from the implementation of the Z0011 recommendations 
in clinical routine care. This evidence on population-level 
impact not only helps health professionals and patients 
fully appreciate the benefits of omitting cALND but also 
establishes the evidence on the value of additional policy 
measures which promote the further uptake of the Z0011 
recommendations into clinical practice. We identified 

only one study which assessed the hypothetical cost sav-
ings resulting from implementing the Z0011 recommen-
dations and did it only with reference to a single hospital 
in the USA [25]. To provide policy traction and promote 
the further uptake of the Z0011 recommendations into 
clinical practice, we quantified the population-level 
impact of omitting cALND among the Z0011-eligible 
patients. Specifically, our economic evaluation assessed 
both the actual and the potential cost savings and health 
gain of implementing the Z0011 recommendations into 
clinical practice of breast cancer care in Germany. We 
expect to strengthen the existing evidence base and to 
enhance the translation of the Z0011 recommendations 
into routine clinical practice.

2 � Method and Data

2.1 � Study Design and Data Sources

In our economic evaluation, we estimated the cost savings 
and health gain attributable to the implementation of the 
Z0011 recommendations into the routine management of 
breast cancer patients in Germany. Our retrospective analysis 
adopted both the perspective of a patient insured under the 
German statutory insurance (hereafter referred to as statu-
tory insured patient) and a societal perspective. The per-
spective of statutory insured patients considered the direct 
medical costs incurred within the health sector (e.g., person-
nel, equipment, and drugs) paid by either the social health 
insurance or by the patients during the provision of the surgi-
cal procedure and of the treatment for subsequent morbidi-
ties. Accordingly, our cost calculation of statutory insured 
patients included the patient co-payment for in-patient care 
[26] and patient out-of-pocket payments for prescriptions 
which were not reimbursed by social health insurance. The 
assessment from the societal perspective additionally con-
sidered non-medical costs incurred outside the health sec-
tor (e.g., productivity loss, travel costs, and out-of-pocket 
payments) owing to the secondary morbidities induced by 
cALND. We applied a decision-modelling approach [27] and 
estimated both cost savings and quality of life improvement 
in a single decision tree model, as described below.

Guided by the current literature that both short- and long-
term morbidities associated with SLND and cALND con-
centrated in the first two years after the surgery [17, 18], our 
model captured the relevant morbidities and associated costs 
for two years. We selected 2015, the most recent year of our 
main dataset, to be the base year of our analysis.

We used data from a nationally representative dataset of 
188,909 patients diagnosed with primary breast cancer from 
179 breast cancer units, which were prospectively collected 
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between 2008 and 2015 in Germany [13]. Detail on the data 
quality and validation process has been reported by Hennigs 
et al [13]. The final dataset used for this analysis consisted 
of 13,741 patients (7.3% of all breast cancer patients), who 
had pT1/2cN0M0 invasive breast cancer with one or two 
tumour-involved SLNs and underwent breast-conserving 
surgery and adjuvant radiotherapy representing the Z0011 
inclusion criteria. Further details on the patient characteris-
tics are reported by Hennigs et al [13].

2.2 � Decision Tree Model

Our choice to build a decision tree model was informed by 
the fact that the overall survival, diseases-free survival and 
loco-regional control are non-inferior between patients who 
are treated with SLND alone or SLND and cALND [27]. 
Thus, only the differences in costs and subsequent morbidi-
ties between the two groups should be considered and a deci-
sion tree is appropriate to model such differences.

In line with our research questions (estimating both actual 
and potential benefits of the implementation of the Z0011 
recommendations), our decision tree has three arms reflect-
ing three scenarios: clinical practice at baseline (2008–2010) 
prior to the publication of the Z0011 trial results (baseline 
scenario) in which almost every patient received cALND; 
actual practice of cALND from 2011 to 2015 (actual imple-
mentation scenario); and hypothetical practice in which 
cALND would have been omitted in all Z0011-eligible 
patients (full implementation scenario). Entering each arm 
of our decision tree are Z0011-eligible patients (with T1/2 
tumours and one or two positive SLNs undergoing breast 
conservation), who then undergo two treatment possibili-
ties: SLND alone or SLND and cALND. The probability 
of patients entering the SLND alone group or the SLND 
and cALND group is based on the annual uptake reported 
in the time-trend analysis by Hennigs et al, which served as 
the basis for the implementation effect estimates adopted 
in our decision tree [13]. The decision tree structure was 
presented in Fig. 1.

Following the axillary procedures, patients enter either 
one of three mutually exclusive health states: cancer free 
without any morbidity, cancer free with short-term mor-
bidities, and cancer free with long-term morbidities. The 
probabilities of patients entering either of these three health 
states and other epidemiological parameters were informed 
by existing studies, which were identified via literature 
searches on different topics, including clinical effectiveness 
of cALND and SLND, secondary morbidities, costs and 
cost-effectiveness of these two axillary surgical procedures. 
Studies were selected with preference being given to system-
atic reviews based on meta-analysis, randomised controlled 
trials and observational studies conducted in similar settings. 

We reported our model epidemiological estimates and their 
data sources in Table 1.

Given that our decision tree model considered only the 
associated secondary morbidities on which the current evi-
dence is of adequate quality, our model included only infec-
tion and seroma for short-term morbidities, which last for 
one month [18, 28] and secondary lymphedema as long-term 
morbidity, which lasts longer than 12 months [17]. The prob-
ability of developing infection and seroma following SLND 
alone (11%) versus SLND and cALND (15%) was informed 
by both a randomised controlled trial [28] and a systematic 
review with meta-analysis [18]. Similarly, the probability 
of lymphedema after SLND alone (5.6%) and versus after 
SLND and cALND (20%) was informed by an existing sys-
tematic review with meta-analysis [17]. Only the propor-
tions of patients who need out-patient treatment (90%) and 
in-patient treatment (10%) for infection and seroma were 
informed by direct consultation with two senior clinicians, 
who have more than ten years of working experience in 
breast cancer treatment.

2.3 � Cost Estimation

We adopted a mixed approach to costing and followed three 
steps [29]. First, informed by clinical guidelines [30] and the 
two aforementioned experts, we identified all costs related 
to the two surgical procedures (SLND and cALND) and the 
treatment costs (both in-patient and out-patient care) of the 
resulting morbidities. In the analysed dataset, SLND was 
performed together with breast conserving surgery (BCS) for 
nearly all patients (97.35%). Complete axillary lymph node 
dissection was performed together with BCS and SLND in 
the same procedure (after frozen section and confirmation 
of a positive SLN) or as a separate procedure following BCS 
and SLND. In addition, following either SLND or cALND, 
patients might be re-operated, with differing re-excision 
rates following either SLND or cALND.

Second, we measured the actual utilisation of the surgi-
cal procedures. Specifically, for the SLND alone group, 
we calculated the proportion of patients who underwent 
SLND in the same or separate procedure with BCS. For 
the SLND and cALND group, we calculated the propor-
tion of patients who underwent cALND in the same or 
separate procedure with BCS and SLND. We also calcu-
lated the re-operation rates for the two groups using the 
same dataset of 13,741 patients described above. Table 2 
reports the average use of SLND and cALND between 
2010 and 2015 calculated from the analysed data.

Third, we identified the average cost for each proce-
dure and treatment of associated morbidities from existing 
data sources and relevant publications. For in-patient care 
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procedures, we first determined the correct diagnosis-related 
group (DRG) codes and then obtained the yearly unit costs 
for the corresponding procedures from 2010 to 2015. We 
retrieved all the annual unit costs of the concerned pro-
cedures from the Institute for the Hospital Renumeration 

System (InEK) data portal [31], an official open data source 
providing information on the costs of all DRGs in Germany.

For out-patient procedures, we derived the mean cost of a 
visit for treating wound infections and seroma from the cur-
rent medical fee schedule [32]. We obtained the estimates on 
the annual direct and indirect costs of treating lymphedema 

Fig. 1   Decision tree structure for assessing the population-level impact of omitting cALND among early breast cancer women in Germany. 
cALND complete axillary lymph node dissection, SLND sentinel lymph node dissection

Table 1   Model parameters on health-related quality of life, epidemiological estimates and their data sources

cALND complete axillary lymph node dissection, HrQoLW health related quality of life weight, SLND sentinel lymph node dissection

Parameters Estimates for SLND Estimates for cALND Sources

Short-term morbidities
 Wound infections and seroma up to 1 month 11% 15% Glechner et al. 2013 [18]

Long-term morbidities
 Lymphedema up to 24 months 5.6% 20% Disipio et al. 2013 [17]

HRQoLW
 Cancer free state 0.87 0.87 Rautalin et al. 2018 [35]
 Disutility due to lymphedema − 0.094 − 0.094 Beaulac et al. 2002 [21]
 Disutility due to infection and seroma − 0.03 − 0.03 Assumption (minimum 

clinical difference) 
[36]
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including productivity loss, travel costs and out-of-pocket 
payments from an existing micro-costing study in Germany 
[22]. In this micro-costing study, the authors had used the 
human capital approach to value the productivity loss due 
to lymphedema. Table 3 reports the average costs of all pro-
cedures and treatments used in our analyses.

Finally, we combined data on utilisation reported in 
Table 2 with the information on average costs reported 
in Table 3 to value the costs associated with SLND and 
cALND.

2.4 � Outcome Estimation

We adopted quality-adjusted-life-year (QALY) as health out-
come measure. A QALY combines in a single index meas-
ure length of life and quality of life [33]. Given that the 
survival outcomes are almost equivalent, our calculation of 

QALYs considered only differing morbidities between the 
two groups. Specifically, QALYs are calculated by multiply-
ing the duration of time spent in a health state by the health-
related quality of life weight (HRQoLW) (i.e., utility score) 
associated with that health state [34]. Health-related qual-
ity of life weight of the breast cancer free state (0.87) was 
obtained from an existing study, which used the EQ-5D-3L 
questionnaire and elicited quality of life for different breast 
cancer states from 840 patients in Sweden [35]. We derived 
the disutility weight due to lymphedema from an existing 
study in the USA, which applied the Functional Assessment 
of Cancer Therapy-Breast (FACT-B) instrument to assess the 
quality-of-life change due to secondary lymphedema among 
women who were affected by early breast cancer. This study 
reported that compared to women who did not experience 
lymphedema, the quality of life of women who experienced 
lymphedema decreased on average 13.6 (122.7–109.1) 

Table 2   Model estimates on 
the average utilisation of SLND 
and cALND from analysed data 
(N = 13,741) between 2010 and 
2015

BCS breast conserving surgery, cALND complete axillary lymph node dissection, HRQoLW health related 
quality of life weight, SLND sentinel lymph node dissection

Use of surgical procedures Estimates

Patients in the SLND group (N) 4,071
 % patients undergoing SLND in the same procedure with BCS 97.3
 % patients undergoing SLND in a separate procedure from BCS 2.7
 % re-excision in the SLND group 11.4

Patients in the cALND group (N) 9,670
 % patients undergoing cALND in the same procedure with BCS and SLND 63.4
 % patients undergoing cALND in a separate procedure from BCS and SLND 34.6
 % patients undergoing cALND in a separate procedure from BCS which is performed in a 

separate procedure from SLND
2.0

 % re-excision in the cALND group 17.2

Table 3   Estimates on the average costs of surgical procedures from 2010 to 2015 and treatment costs associated with cALND and SLND and 
their respective data sources

BCS breast conserving surgery, cALND complete axillary lymph node dissection, DRG diagnosis-related group, HRQoLW health related quality 
of life weight, n/a not applicable, SD standard deviation, SLND sentinel lymph node dissection

Procedures DRG code Unit costs (EUR) Source

Mean SD

BCS J25Z 2,629 791 InEK data portal [31]
SLND J25Z 2,629 791
cALND R13B 3,327 1,395
BCS + SLND JO7B 3,890 1,004
BCS + SLND + cALND J23Z 4,317 1,295
BCS + cALND J23Z 4,317 1,295
In-patient care of infection and seroma X62Z 1,525 796
Out-patient care visit of infection and seroma n/a 60 ± 20% Medical fee schedule [32]
Annual direct treatment cost of lymphedema (2010) n/a 4,445 3,762 Gutknecht et al. 2017 [22]
Annual indirect cost (productivity loss, travel costs and out-

of-pocket payments) of lymphedema (2010)
n/a 1,338 6,776
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points out of a total of 144 possible points using the FACT-B 
instrument. Accordingly, we estimated the disutility weight 
of lymphedema to be − 0.094 (− 13.6/144) [21]. Since we 
found no data, we assumed the disutility weight of infection 
and seroma to be − 0.03 based on the minimum important 
difference in utility [36]. We report HRQoLWs used in the 
model and their data sources in Table 1.

2.5 � Statistical Analyses

First, we conducted deterministic analyses, which are the 
point-estimate analyses using the mean estimates of all 
model parameters reported in Tables 1, 2 and 3. Specifically, 
we calculated the average cost incurred and QALY accrued 
per patient for each of the three scenarios (the baseline, the 
actual implementation and the full implementation). We then 
compared both the actual implementation scenario and the 
full implementation scenario to the baseline scenario by 
estimating the incremental costs saved and the incremental 
QALYs gained per patient under each corresponding sce-
nario. The comparison of the actual implementation sce-
nario to the baseline scenario assessed the actual savings and 
health gain from the observed uptake of the Z0011 recom-
mendations in routine care, while the comparison of the full 
implementation scenario to the baseline scenario assessed 
the potential savings and health benefits had the Z0011 rec-
ommendations been implemented fully.

We performed the analysis for each year and applied the 
corresponding yearly estimates on the cALND utilisation 
rate and the unit cost of the related procedures. Given that 
the average inflation rate from 2010 and 2015 in Germany 
was almost zero [37], we did not adjust costs incurred in 
different years to the base year before we calculated the 
cumulative economic gain. Also, since our analysis adopted 
a two-year time horizon, we did not discount costs saved nor 
health benefits accrued in the second year.

Second, we extrapolated our model findings, applying the 
proportion of Z0011-eligible patients estimated from the data-
set (7.3%) on the national breast cancer cases to estimate the 
cumulative cost savings and QALYs gained in Germany [38].

Third, in the analysis reflecting the perspective of statu-
tory insured patients, we valued a QALY at EUR19,890, 
based on the concept of value of statistical life year and 
the marginal production of health care spending [39]. In 
the analysis reflecting the society perspective, we val-
ued a QALY at EUR40,000, based on the mean estimate 
reported in empirical work using the well-being valua-
tion approach [40]. Accordingly, the monetary value of 
health benefits was estimated by multiplying the number 
of QALYs gained by the value of a QALY (EUR19,890 for 
the perspective of statutory insured patients and 40,000 for 
the societal perspective).

Fourth, given the uncertainty in the estimated value of 
a QALY, we calculated the cumulative economic gain for 
both study perspectives for four different QALY values 
(EUR17,562 and EUR19,890, which were the minimum 
value and the mean value of a QALY reported in [39], 
EUR40,000 and EUR60,000, which were the mean value 
and the maximum value of a QALY reported in [40]). 
Since applying different values for a QALY inevitably 
changes the total economic gain for all three scenarios in 
a similar manner, we only applied the approach for the full 
implementation scenario.

Finally, we conducted one-way sensitivity analyses 
(SA) by varying one model parameter at a time to examine 
the impact of each parameter on the base results [27]. In 
addition, we examined the joint uncertainty of all model 
parameters using probabilistic sensitivity analyses (PSA) 
relying on a Monte Carlo simulation with 5,000 iterations. 
In each iteration, model parameters were sampled from the 
assigned mathematical distribution (gamma for cost param-
eters and beta for epidemiological parameters) within the 
range specified in Table 2 and the arbitrary range of ± 20% 
for one model estimate (average cost of an out-patient care 
visit of infection and seroma) reported in Table 3. We pre-
sented the one-way SA results on a Tornado diagram, and 
the PSA results on a cost-effectiveness scatter plot graph.

2.6 � Model Validation and Reporting

Following the guidance on the modelling good research 
practice [41], we checked the face validity and internal valid-
ity of the model by inspecting whether all parameters influ-
enced the model according to the expectations. We reported 
our analysis following the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) [42].

3 � Results

3.1 � Deterministic/Point‑Estimate Analysis Results

Tables 4 and 5 report the deterministic analysis results 
from the perspective of statutory insured patients. Specifi-
cally, Table 4 shows costs saved and QALYs gained per 
patient from 2011 to 2015 under the actual implementation 
scenario and the full implementation scenario compared 
with the baseline (clinical practice before Z0011 trial). In 
2015, the baseline scenario incurred an average cost of 
EUR8,130 and accrued 0.8229 QALY per patient, while 
the corresponding estimates were EUR4,960 and 0.8561 
QALY under the full implementation, and EUR6,537 and 
0.8396 QALY under the actual implementation. Relative 
to the baseline scenario, the full implementation scenario 
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would have saved EUR3,170 per patient and the actual 
implementation scenario saved EUR1,593 per patient 
in 2015. Concurrently, in comparison with the baseline 
scenario, the actual implementation and the full imple-
mentation gained 0.0167 QALY and 0.0332 QALY per 
patient, respectively, in 2015 (Table 4). Under the actual 
implementation, the costs saved and QALYs gained vary 
by year dependent on the use of cALND.

In Table 5, we report the population-level costs saved 
and QALYs gained from the perspective of statutory 
insured patients. Relative to the baseline scenario, the 
actual implementation scenario resulted in a cost saving of 
EUR8,224,511 and a gain of 86.20 QALY in 2015 alone, 
while the corresponding estimates under the full implemen-
tation scenario were EUR16,362,307 and 171.37 QALYs. 
During the entire study period from 2011 to 2015, in relation 
to the baseline, the actual implementation scenario saved 
totalled EUR32,029,495 and 335.25 QALYs, equating a 
total economic gain of EUR38,697,543. The full implemen-
tation scenario would have saved a total of EUR82,943,129 
and 868.68 QALY, equating a total economic gain of 
EUR100,221,068.

From the societal perspective, which also includes 
non-medical costs (e.g., productivity loss, travel costs), 
our model estimated that the baseline scenario entailed a 
higher average cost of EUR8,814 and accrued the same 
QALY (0.8229) per patient as reported for the perspective 
of statutory insured patients in Table 4. Our model estimated 
that the total gain for the society from 2011 and 2015 was 
EUR50,334,756 under the actual implementation scenario; 
it would have been EUR130,367,237 under the full imple-
mentation scenario. Details of the results from the societal 
perspective are reported in Tables 6 and 7.

As visualised in Fig. 2, applying different values for a 
QALY changes the total economic gain accordingly. Specifi-
cally, when a QALY is valued at the minimum (EUR17,562), 
the gain under the full implementation scenario decreases 
to EUR98,199,048 for statutory insured patients and to 
110,876,003 for the society. In contrast, when a QALY is 
valued to the maximum (EUR60,000), the gain increases 
to EUR135,063,859 for statutory insured patients and 
147,740,814 for the society.

Table 4   Costs saved and QALY gained per patient from the perspective of statutory insured patients from 2011 to 2015

cALND complete axillary lymph node dissection, QALY quality-adjusted life-years

Implementation scenario Cost (EUR) Incremental Cost 
(EUR)

Effect (QALY) Incremental Effect 
(QALY)

cALND rate (%)

Full implementation scenario 4,960 − 3,170 0.8561 0.0332 0.00
Actual implementation scenario
 2015 6,537 − 1,593 0.8396 0.0167 46.9
 2014 6,737 − 1,393 0.8375 0.0146 52.9
 2013 6,790 − 1,340 0.8369 0.0140 54.4
 2012 7,033 − 1,097 0.8344 0.0115 61.7
 2011 7,420 − 710 0.8303 0.0074 73.2

Baseline scenario in 2010 8130 0.8229 94.3

Table 5   Costs saved and QALY gained at the population level from the perspective of statutory insured patients from 2011 to 2015

QALY quality-adjusted life-year

Year Number of all breast 
cancer patients

Number of Z0011 
patients

Actual implementation scenario relative to 
the baseline in 2010

Full implementation scenario relative to 
the baseline in 2010

Cost saved (EUR) QALY gained Cost saved (EUR) QALY gained

2015 70,707 5,162 − 8,224,511 86.20 − 16,362,307 171.37
2014 71,031 5,185 − 7,225,094 75.70 − 16,437,284 172.15
2013 71,887 5,248 − 7,033,403 73.47 − 16,635,371 174.23
2012 72,351 5,282 − 5,793,359 60.74 − 16,742,745 175.35
2011 72,449 5,289 − 3,753,128 39.14 − 16,765,423 175.59

Sum − 32,029,495 335.25 − 82,943,129 868.68
Total gain 38,697,543 100,221,068
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Table 7   Costs saved and QALYs gained at the population level from the societal perspective from 2011 to 2015

QALY quality-adjusted life-year

Year Number of all breast 
cancer patients

Number of patients meet-
ing the Z0011 trial

Current implementation Full implementation

Cost saved (EUR) QALYs gained Cost saved (EUR) QALY gained

2015 70,707 5,162 9,481,570 86.20 − 18,863,107 171.37
2014 71,031 5,185 − 8,329,347 75.70 − 18,949,544 172.15
2013 71,887 5,248 − 8,108,405 73.47 − 19,177,906 174.23
2012 72,351 5,282 − 6,678,824 60.74 − 19,301,691 175.35
2011 72,449 5,289 − 4,326,696 39.14 − 19,327,836 175.59

Sum − 36,924,841 335.25 − 95,620,084 868.68
Total gain 50,334,756 130,367,237

Fig. 2   Cumulative economic gain under the full implementation scenario calculated for four different values of QALY from omitting complete 
axillary lymph node dissection among early breast cancer women in Germany from 2010 to 2015. QALY quality-adjusted life-year

Table 6   Costs saved and 
QALYs gained per patient from 
the societal perspective from 
2011 to 2015

QALY quality-adjusted life-year

Policy options Cost (EUR) Incremental 
cost (EUR)

Effect (QALY) Incremental 
effect (QALY)

Full implementation of the Z0011 trial 5,160 − 3,655 0.8561 0.0332
Current implementation of the Z0011 trial
 2015 6,977 − 1,837 0.8396 0.0167
 2014 7,208 − 1,606 0.8375 0.0146
 2013 7,269 − 1,545 0.8369 0.0140
 2012 7,550 − 1,265 0.8344 0.0115
 2011 7,996 − 818 0.8303 0.0074

The baseline scenario in 2010 8,814 0.8229
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3.2 � Sensitivity Analysis (SA) Results

The one-way SA results revealed that duration of 
lymphedema, cost of cALND performed in the same proce-
dure with BCS and SLND and probability of lymphedema 
following cALND procedure were the three most influential 
parameters shaping cost savings. For the health gain, the 
model parameters related to lymphedema including disutility 
of having lymphedema, the probability of developing sec-
ondary lymphedema following cALND, and this probability 
following SLND were the three most influential. Details of 
one-way SA results are presented in the Supplementary file

For PSA results, almost all 5,000 pairs of the incremen-
tal costs and effects lay in the southeast quadrant of the 
cost-effectiveness plane (Figs 3, 4), indicating that both the 
actual implementation and the full implementation scenarios 

have lower costs and more QALYs relative to the baseline 
scenario.

4 � Discussion

To our knowledge, our study is the first attempt worldwide to 
determine both the cost savings and health improvement of 
omitting cALND among Z0011-eligible patients, using data 
from a representative and high-quality database in Germany 
[13]. Our analysis indicated that the declining use of cALND 
(from 94.3% in 2010 to 46.9% in 2015) saved a total of about 
EUR38,697,543 (EUR1479 per patient) for the statutory 
insured patients and about EUR50,334,756 (EUR1,924 per 
patient) for the society between 2011 and 2015. Such savings 
were equivalent to approximately 4.5–5.8% of the average 

Fig. 3   Incremental cost-effectiveness ratios scatter plot of the current implementation scenario versus the baseline scenario for 2015
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healthcare costs attributed to breast cancer care (EUR33,237 
per patient) in Germany [43].

Similar patterns in cost reduction and health improvement 
were observed for other invasive surgical procedures, for 
example, the watch-and-wait approach in the management 
of rectal cancer [44, 45] or minimally invasive versus open 
surgery techniques in the treatment of degenerative lumbar 
spinal conditions [46]. Similarly, a recent cost‐effectiveness 
study demonstrated that observation was superior to sentinel 
lymph node biopsy for postmenopausal breast cancer women 
with negative axillary ultrasound [47].

Given the current context of the rampaging COVID-19 
pandemic [48] and the widespread consequences of climate 
change on health [49], policy makers and health care manag-
ers are pushed into a serious situation to make rational use of 
scarce resources. Our study contributes important evidence 
for evidence-based policy making, which potentially pro-
motes the efficient use of healthcare resources. Specifically, 

our study showed that omitting cALND among Z0011-eli-
gible patients produced both substantial cost savings and 
health gain. This finding is novel and important to promote 
the further uptake of the Z0011 recommendations into rou-
tine clinical care. Having the full knowledge of all relevant 
benefits and harms of cALND for Z0011-eligible patients 
may facilitate the surgeons and patients to make rational 
decisions on their treatment options and opt for not doing 
cALND as recommended by the Z0011 trial. Furthermore, 
our estimates on the benefits of implementing the Z0011 
recommendations into clinical practice establish powerful 
evidence on the population-level impact of translating the 
results of practice-changing trials like Z0011 into clinical 
practice, thus highlighting the importance of conducting and 
providing grants for such trials.

In addition, we found that the hypothetical full imple-
mentation scenario produced a much larger gain (more than 
two-fold) compared to the actual implementation scenario. 

Fig. 4   Incremental cost-effectiveness ratios scatter plot of the full implementation scenario versus the current implementation scenario for 2015
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This finding is of particular importance and suggests that 
it is beneficial to introduce additional policy measures to 
promote the further uptake of the Z0011 recommendations 
in routine care such as the Choosing Wisely Campaign to 
de-implement the low-value breast cancer surgery in the 
USA [50].

Our findings should be appraised against several 
methodological considerations. First, our model has not 
included all the possible morbidities following cALND. 
Since we only focused on the morbidities for which exist-
ing data are of adequate quality (e.g., wound infections, 
seroma and secondary lymphedema), we might under-
estimate the true gain of omitting cALND by ignoring 
other secondary morbidities such as restricted motion and 
paraesthesia [18]. Second, our cost assessment is based 
on the costs of statutory insured patients, who account for 
87.7% of the population in Germany [51]. Nonetheless, 
since costs for patients insured privately may be higher 
than those set in the public system, we need to acknowl-
edge that real gains could be even higher than the gains 
detected in our study. Third, we derived the HRQoLW 
for the cancer-free state and the disutility weight of 
lymphedema from existing studies conducted in other 
countries [21, 35]. Therefore, these weights might not 
reflect the true utilities for the German population. Still, 
since these weights were applied equally for both groups 
(cALND and SLND), we expect the uncertainty of these 
weights not to affect our core results on the incremental 
gain of one intervention compared to the other. Lastly, 
our economic analysis specifically illustrated the impact 
of the Z0011 trial results on the costs and population 
health in Germany. Although we analysed national data, 
we assume on the one hand that the results are principally 
transferable to other developed countries with similar 
health care systems. On the other hand, the exact numbers 
cannot be directly applied to other settings, given that our 
model inputs are based on specific data from Germany.

5 � Conclusion and Recommendation

The actual implementation of the Z0011 recommendations 
into routine practice resulted in substantial cost savings 
and concurrently improved patient health at the population 
level in Germany. Our findings suggest that the introduc-
tion of additional policy measures to promote the further 
uptake of the Z0011 recommendations in routine care 
(e.g., updating treatment guideline or conducting infor-
mation events to show the full benefits of omitting cALND 
among Z0011-eligible patients) will produce a much larger 
gain to both statutory insured patients and the society in 
Germany and similar context.
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