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DISCUSSION

In this study, we observed no difference in surgical outcome during the first 16 weeks
after combined skin-sparing mastectomy and implant-based breast reconstruction
between consecutively treated women receiving adjuvant chemotherapy in this
period and those who did not. We found the moment of occurrence of complications,
nor their severity, to be influenced by the onset of chemotherapy. Our study was
intentionally limited to combined skin-sparing mastectomy and immediate implant-
based reconstruction to minimize the impact of other variables.

Adjuvant Chemotherapy and Immediate Breast Reconstruction

Little is known of the possible influence of adjuvant chemotherapy on the short-
term outcome of combined skin-sparing mastectomy and implant-based breast
reconstruction, and the information available is contradictory. To date, only Dolen
et al.® specifically reported on comparing the outcome of such combined procedure
in women receiving adjuvant chemotherapy with women who did not. They found
premature removal of the tissue expander used for breast reconstruction immediately
after skin-sparing mastectomy to occur significantly more often in women treated
with adjuvant chemotherapy (69/348) than in women who did not receive any form
of chemotherapy (32/256, p=0.02) but not significantly more often than in women
receiving only neoadjuvant chemotherapy (51/295, p=0.12).8

From previous work by other authors, some indications of such comparison may
additionally be extracted. As such, Caffo et al."” observed no difference in prevalence
of surgical complications when comparing 52 immediately reconstructed breasts in
women treated adjuvantly to 55 such breasts in nonadjuvantly treated women. In
all women, however, the mastectomy was not performed in a skin-sparing fashion
and initially only tissue expanders were used. Equally, McCarthy et al.® found the
administration of neoadjuvant or adjuvant chemotherapy not to be significantly
predictive of complications after expander/implant-based immediate breast
reconstruction (p=0.26) in their comparison of 416 women who received chemotherapy
and 468 women who did not. Again, the mastectomies they performed in these 884
women were not executed in a skin-sparing fashion and only tissue expanders were
used initially.?

In a series of (total) skin-sparingly operated women, Peled et al.’® observed a
statistically significant increased infection rate among 41 women who received adjuvant
chemotherapy compared with 65 women who did not receive any chemotherapy.
Unfortunately, the authors did not differentiate their observations in accordance with
the reconstructive techniques (implant, pedicled or free TRAM, DIEP). The fraction of
implant loss these authors observed among the adjuvantly treated women (7/32) did
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not differ significantly from that observed among their controls (8/45, p=0.69)."° Still,
their study was too limited to allow firm conclusions.

Comparing between 93 women who received adjuvant chemotherapy and 677 women
who did not receive chemotherapy, Frey et al'® observed no significant difference in
surgical complications after combined nipple-sparing mastectomy and immediate
breast reconstruction, except for hematoma. In most of the women in both groups
(83.7% and 71.5%, respectively), the reconstruction was implant based, but the authors
did not differentiate their observations in accordance with the technique used (implant
vs autologous vs a combination of both)."® Contrastingly, from a study by Chattha
et al.’” it may be extracted that the infection rate after immediate implant-based
reconstruction was 16 of their 95 cases (16.8%) treated with adjuvant chemotherapy
and compared to 29 of 289 cases (10.0%) of immediate implant reconstructions treated
without any form of chemotherapy (p=0.07).

In general, Kronowitz et al.° concluded based on a review of the literature that most
studies of chemotherapy in patients treated with any form of immediate breast
reconstruction did not find significant prolonged problems with wound healing and no
need for premature cessation of chemotherapy as a result of wound healing problems.®
These data seem to be consistent with ours but are difficult to interpret as various
techniques of reconstruction were included and only a few patients were reconstructed
with an implant. Differentiating between the various breast reconstruction techniques,
Oh et al.” more specifically concluded that adjuvant chemotherapy is not a risk factor
for complications or reconstructive failure in expander/implant breast reconstruction.
The authors pleaded for further studies that include larger cohorts of patients as
these would be invaluable to validate previous findings and to more clearly identify
patient characteristics that predispose to chemotherapy-related complications.” With
our current report, we try to address this plea.

Onset of Complications Relative to the Onset of Adjuvant Chemotherapy
Even less information is available regarding the moment of onset of early postoperative
complications relative to the onset of adjuvant chemotherapy. The report by Peled et al.'®
suggests that such chemotherapy was not a significant risk factor for infection because
half of the 18 infections observed in the adjuvantly treated group occurred before
the initiation of adjuvant chemotherapy. Likewise, Rey et al.?° reported no significant
difference in the fraction of complications before and after onset of chemotherapy after
92 combined mastectomies and immediate reconstruction by use of a tissue expander
(n=18) or an implant (n=74). Still, Dolen et al.® observed that the tissue expander was
removed after an average of 78-day postmastectomy in their group of women who
received adjuvant chemotherapy. This was well after the onset of chemotherapy (a
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mean of 39 days after the mastectomy) and significantly later than in the control group
(mean, 58 days, p=0.005).8

Potential Methodological Limitation

Before we present the clinical implication of our observations, a potential limitation
of our methodology needs to be addressed. The distribution of most patient- and
procedure-related characteristics differed significantly between the interventional group
and the controls, indicating a selection of women to undergo adjuvant chemotherapy.
We included the data on all these women, although this resulted in a much larger
number of women in the control group as compared with the number of adjuvantly
treated women. This was done to prevent any bias that might have been caused by
selection of a case-matched control group and to obtain more power of analysis. The
selection to receive chemotherapy probably influenced the outcome of surgery and,
hence, our observations. We previously showed a BMI over the mean of 24 kg/m?,
general health factors, tobacco abuse, and simultaneous contralateral skin-sparing
mastectomy not to be significant risk factors for postoperative complications, whereas
age over the mean age of 43 years and a surgical specimen weight over the mean of
548 grams were.”? In the current study, the lower average age may have positively
influenced the outcome in the interventional group, whereas the higher average weight
of the surgical specimen may have negatively influenced it.

In addition, we previously showed more of the patient- and procedure-related
characteristics to significantly increase the risk of implant loss (ie, age over the mean
age of 43 years, BMI over the mean of 24 kg/m?, tobacco abuse, general health factors,
surgical specimen weight over the mean of 548 grams).”” In the current study, again, 2
of these characteristics (ie, higher BMI and higher specimen weight) may have acted as
risk factor for increased loss of implant in the interventional group, whereas another
(ie, lower age) may have acted protectively against implant loss.

So far, we did not objectify the statistical significance of nipple-sparing mastectomy on
the prevalence of postoperative complications. Nipple-sparing is mastectomy accepted
to carry an inherently greater risk for mammary skin flap necrosis compared with skin-
sparing mastectomy.?'-2

However, women who are selected for nipple-sparing mastectomy typically demonstrate
a more favorable risk profile based on relative contraindications for nipple-sparing
techniques.?"?* They present relatively young with a lower BMI and their breasts are
less ptotic and less voluminous. Those who smoke, furthermore, tend to be rejected
for a nipple-sparing approach.?'?2 Their selection for a nipple-sparing approach may
favor the overall outcome of such approach.

Likewise, it has so far not been objectified whether invasive mammary carcinoma
presents a higher risk of postoperative complications than DCIS. Some evidence
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suggests that invasive cancers may present such a risk.® In our previous work,
we observed a significant difference in postoperative complications between
prophylactically operated women and therapeutically operated women (odds ratio,
1.55, p=0.04), but not in implant loss (odds ratio, 0.93, p=0.78)."> Because we did not
differentiate between invasive carcinoma and DCIS, it remains unknown what kind of
postoperative risks invasive mammary carcinoma presents in comparison to DCIS.
Still, clinical practice implies the selection of women to undergo adjuvant chemotherapy,
and hence, the selection and its potential bias are a given fact. Accepting this premise,
the interventional group in our hands proves to encounter postoperative complications,
unscheduled surgery and, even, loss of implants in frequencies comparable with the
control group.

Clinical Implications

Most cytotoxic agents induce some degree of bone marrow suppression and women
undergoing adjuvant chemotherapy are more likely to have anemia, thrombocytopenia,
and increased risk for infection.” It has been generally accepted that chemotherapy
should be postponed to at least 28 days postoperatively to prevent an increased
risk of wound healing complications.” Increasing numbers of women are undergoing
immediate breast reconstruction as the use of tissue expanders increased dramatically
over the last decade. The immediate use of the permanent implant has only seen
moderate increase, so far, likely as a result of surgeons’ preference or the increased use
of the nipple-sparing technique.?* Even in this era of increasing evidence regarding their
association with anaplastic large cell lymphoma, we feel that textured biodimensional
implants still offer the best modality of implant-based breast reconstruction because
of their reliable long-term morphology.

The current study shows that the application of adjuvant chemotherapy did not
increase the rate of complications associated with breast surgery when the onset of
chemotherapy was scheduled after the third postoperative week. Nor did its onset
induce the occurrence of postoperative complications. The only statistically significant
difference (p=0.02) in outcome observed between the interventional group and the
controls was the fraction of breasts that needed one additional, unscheduled surgical
intervention (Table 3). It implies that a significantly higher fraction of breasts that
were exposed to chemotherapy needed only one such intervention to solve the
postoperative major complication, whereas unexposed breasts in the control group
needed more than one. It remains unknown whether this reflects that the complications
in the interventional group are less severe or that they are easier to manage.

We additionally found that chemotherapy was started a mean of 4.3 weeks (range, 0.2-
10.6) after unscheduled surgery in the 35 breasts in which such surgery was performed
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before the start of chemotherapy. In our institute, we strive to initiate chemotherapy
within 6 weeks after mastectomy. Unscheduled surgery did not postpone the start of
chemotherapy at a mean of 3.4 weeks (range, 0.2-5.7) after combined mastectomy and
immediate reconstruction in 24 of these breasts, whereas initiation of chemotherapy
was postponed in the other 11 breasts until a mean of 2.2 weeks (range, 1-6 weeks)
after the ideal 6-week-period because of the unscheduled surgery. In the remaining
6 of the 41 breasts, unscheduled surgery was performed a mean of 2.2 weeks (range,
0.6-3.6) after initiation of chemotherapy. In none did it postpone further treatment. In
general, we do not postpone the start of chemotherapy until full healing has occurred.

Most importantly, adjuvant chemotherapy did not result in a significant increase of the
most relevant outcome measure: loss of implant. Therefore, we conclude that equally to
other women who have to undergo mastectomy, women who have to undergo adjuvant
chemotherapy can potentially benefit from combined skin-sparing mastectomy and
immediate implant-based breast reconstruction.
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ABSTRACT

Purpose

To compare immediate with delayed breast reconstruction in the setting of post-
mastectomy radiotherapy (PMRT) in terms of the total number of interventions and
time required for breast cancer clearance and contour restoration.

Methods

The long-term prevalence and number of plannable and urgent interventions required
in women receiving PMRT to finish 372 nipple-sparing or skin-sparing mastectomies
combined with immediate implant-based breast reconstruction ([N]JSSM/IIBR) were
compared to those required for 18 mastectomies and delayed breast reconstruction
(DBR) performed between 2013 and 2019.

Results

Re-interventions were required in 239 of the 372 breasts (64%) after [N]SSM/IIBR,
whereas all 18 DBRs (100%) implicitly required at least one re-intervention (p<0.001).
Mastectomy and reconstruction necessitated a mean of 2.24 interventions per breast
after [N]JSSM/IIBR, which was significantly less than the mean of 3.72 interventions per
breast after DBR (p<0.001). Breast contour reconstruction was achieved in 14.3 months
after [N]JSSM/IIBR, and in 38.6 months after DBR (p<0.001). [N]SSM/IIBR required
more class U3 urgent re-interventions than DBR (22% vs. 4%, p=0.002), whereas DBR
necessitated more class P3 plannable re-interventions (5% vs. 16%, p=0.004). Initiation
of PMRT is not postponed after [N]JSSM/IIBR (10.1 weeks) compared to DBR (14.0 weeks).

Conclusions

Women potentially needing PMRT should be informed pre-operatively that [N]JSSM/IIBR
with PMRT may be associated with 22% severe complications and 8% failure. Still, [N]
SSM/IIBR prior to PMRT required less interventions and was less time-consuming than
DBR following PMRT. Therefore, the potential need of re-interventions should not be
the reason for refraining from [NJSSM/IIBR in these women.
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INTRODUCTION

Combined nipple-sparing or skin-sparing mastectomy ([N]JSSM) and immediate breast
reconstruction is aesthetically superior to delayed breast reconstruction (DBR) because
of the conservation of the recognizable skin envelope and inframammary fold. It
provides better quality of life by immediate restoration of the feminine body contour,
self-image, and sexuality."?

From the patient’s perspective it, furthermore, is associated with less physical distress,
time investment and psychosocial stress because of the possibility to finish surgical
treatment in one intervention.?® Some women, even, prefer sole mastectomy to
breast reconstruction to avoid additional interventions.” In these women, immediate
reconstruction may prevent permanent loss of contour as a result of treatment
fatigue.? For logistic, technical, and morbidity reasons, the majority of such immediate
breast reconstructions is implant-based rather than based on autologous tissue
transplantation.’?#

Immediate implant-based breast reconstruction (IIBR) in the setting of post-mastectomy
radiotherapy (PMRT) remains controversial, as it can potentially be associated with two
main problems.*” First, PMRT may increase the postoperative complication rate and
worsen the aesthetic outcome of [N]SSM combined with [IBR and, second, an eventful
outcome of combined [N]SSM/IIBR may delay the initiation of PMRT.

Previously, we showed that PMRT is not associated with a higher number of short-term
and long-term complications following [N]SSM/IIBR and that [N]SSM/IIBR does not delay
PMRT initiation.®?

To date, however, we did not assess whether immediate or delayed reconstruction is
preferred in the setting of PMRT in terms of prevalence of long-term complications
and re-interventions. Such an assessment is indicated because it offers the patient a
perspective on the total number of interventions that may be required for breast cancer
clearance and breast contour restoration. As such, it may enhance reaching a shared
decision regarding the treatment. Therefore, we compared the prevalence and number
of interventions required to finish [N]JSSM/IIBR to those required for mastectomy and
DBR, in women who received PMRT.
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METHODS

Patients

Immediate reconstruction group and delayed reconstruction group

Since January 1%t, 2013, we routinely offer [N]JSSM/IIBR to all women presenting with
primary breast cancer irrespective of an indication for PMRT. Between 2013 and 2019,
372 breasts in 370 such women were treated in our institute with PMRT after combined
[NJSSM/IIBR and could be included in the immediate reconstruction group (IR-group) for
analysis. In the same period another 18 women underwent sole mastectomy and PMRT
for primary breast cancer, which was followed by delayed reconstruction only long after
completion of oncologic treatment (delayed reconstruction group, or DR-group).

Surgical treatment and PMRT

Mastectomy, immediate implant-based breast reconstruction, and PMRT

All 372 breasts in the IBR group were operated on in a standardized fashion.®™
Skin-sparing mastectomy was performed in 215 breasts (58%) and nipple-sparing
mastectomy was performed on the other 157 breasts (42%). The mastectomy was
combined with a sentinel node procedure in 233 breasts (63%) and with immediate
axillary lymph node dissection in 100 breasts (27%).

Immediately following [N]SSM, a direct-to-implant approach (n=356, or 96%) was
performed using a textured, high-cohesive gel-filled permanent prosthesis (Natrelle
style 410; Allergan®) implanted in a subpectoral dual-plane position. For a two-staged
approach (n=16, or 4%), a saline solution-filled tissue expander was inserted (Natrelle
style 133; Allergan®). No acellular dermal matrix or synthetic mesh was used. Antibiotic
prophylaxis and wound drainage were applied in all women. PMRT started at a mean
of 10.1 weeks after mastectomy, with a median dose of 4256 cGy given in 10 to 25
fractions. Mean follow-up after combined [N]SSM/IIBR was 54.6 months (Table 1).

Mastectomy, PMRT, and delayed breast reconstruction

Modified radical mastectomy including the nipple-areolar complex and surplus skin
was performed in all 18 breasts in the DBR group. Mastectomy was combined with a
sentinel node procedure in 6 of the 18 breasts (33%) and with immediate axillary node
dissection in 11 breasts (61%). Antibiotic prophylaxis and wound drainage were applied
in allwomen. PMRT started a mean of 14.0 weeks after the mastectomy, with a median
radiation dose of 4256 cGy, also given in 10 to 25 fractions.

Secondary breast reconstruction started on average 22.0 months (range, 10 - 59
months; SD, 13.73) after mastectomy by means of implantation of a tissue expander
(n=1), a hybrid technique using a thoracodorsal flap (n=1) or latissimus dorsi flap
(n=6) in combination with a tissue expander,'""? or microsurgical DIEP free flap (n=10)
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transplantation.’* Mean follow-up after initiation of delayed reconstruction was 53.3
months (Table 1).

Data gathering and analysis

Baseline characteristics

Data on patient-related and treatment-related characteristics that may act as risk factors
for an eventful outcome of breast reconstruction were retrieved from a prospectively
maintained digital database. These included age, smoking habits, breast cancer stage,
and PMRT (Table 1). Locally advanced stage breast cancer was defined as stage IlIA
or higher'1

Table 1 - Mean (range; standard deviation) or number (percentage) of baseline characteristics
among our study groups. Statistically significant p-values are provided in bold print.

Characteristic Immediate breast Delayed breast p-value

reconstruction reconstruction

(n=372) (n=18)
Age [years]® 447 (22 -72;9.81) 43.8(25-61;10.0) 0.651
BMI [kg/m?]? 241 (16.7 -43.4;3.77) 26.5(17.2-41.9; 6.14) 0.098
Comorbidity® 49 (13%) 7 (39%) 0.008
Tobacco use® 26 (7%) 3(17%) 0.141
Previous BCS¢ 33 (9%) 2 (11%) 0.670
Invasive carcinoma 367 (99%) 18 (100%) 1.000
Advanced stage breast cancer® 192 (52%) 13 (72%) 0.096
Contralateral surgery’ 68 (18%) 0 (0%) 0.052
PMRT initiation® 10.1(2-72;8.04) 14.0 (4 - 35, 9.57) 0.172
PMRT dosage [cGy]" 4256 (3000 - 5000) 4256 (3000 - 5000) 0.100
Follow-up' 54.6 (3-102;22.02) 53.3(7 - 84; 25.65) 0.980

PMRT: post-mastectomy radiotherapy

a: Mean of women instead of breasts

b: Diabetes mellitus, obesity, cardiovascular, pulmonary or hematologic disorder, and/or rheumatoid arthritis
c: Negative in case patient stopped smoking >6 months pre-operative

d: BCS = breast conserving surgery without (neo-)adjuvant radiotherapy

e: Invasive carcinoma stadium IllA or higher

f: Initial reconstructive procedure combined with simultaneous contralateral breast surgery

g: Mean PMRT initiation in weeks after mastectomy

h: Median (with range) PMRT dosage in Grays

i: Follow-up (in months) since initial reconstructive intervention
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Outcome measures

The primary outcome measures were the number of breasts requiring re-interventions,
the mean number of (re-)interventions per breast, and the time needed for breast cancer
clearance and breast contour restoration.'®” Only interventions requiring surgery under
general anesthesia were assessed as objective benchmarks for clinically significant
events. This study was performed from the patient’s perspective on the total number
of interventions. Therefore, this number of interventions comprised the [NJSSM/IIBR
procedure in the IR-group, the mastectomy and secondary reconstruction in the DR-
group, and all plannable and urgent surgical re-interventions on the reconstructed
breast during follow-up in both groups.”'® Plannable re-interventions were defined as
expected and elective components of the reconstruction process and included second
stage procedures to replace a temporary expander, correction of capsular contraction
to be expected after PMRT, and long-term cosmetic breast mound enhancements such
as scar revision or lipofilling. Furthermore, we included the replacement of an implant
for autologous tissue. Urgent re-interventions were defined as revisions resulting from
acute complications such as hematoma, abscess or skin necrosis, and vascular re-
interventions (Clavien Dindo class 3b).2°

As secondary outcome measures, both the plannable and the urgent re-interventions
were classified according to severity (Table 2) and the frequency of implant
replacements and reconstruction failure were recorded. Reconstruction failure was
defined as a lack of reconstructed breast contour at the end of our study period. Nipple
reconstruction or areolar tattooing were not scored as separate interventions as they
are routinely done under local anesthesia.'®!

Table 2 - Classification of plannable and urgent re-interventions according to surgical impact.

Plannable re-interventions

Class P1 - lipofilling; liposuction; scar revision

Class P2 - capsulotomy; capsulorrhaphy; planned implant' insertion, revision or removal

Class P3 - addition of latissimus dorsi or lateral thoracodorsal flap

Class P4 - autologous free flap breast reconstruction (DIEP or TRAM)

Class P5 - planned re-resection and immediate reconstruction for recurrence/residual disease

Urgent re-interventions

Class U1 - resection of nipple-areola necrosis or limited mammary skin necrosis

Class U2 - hematoma or seroma revision with preservation of implant; vascular re-intervention
Class U3 - implant revision or removal for infection, necrosis, hematoma; flap loss

" =implant: prosthesis or tissue-expander
Abbreviations: DIEP: Deep Inferior Epigastric Perforator; TRAM: Transverse Rectus Abdominis Muscle
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Statistical analysis

The distribution of baseline characteristics between both groups was compared using
the Mann-Whitney U test for continuous variables, and the Fischer’s Exact test for
dichotomous variables.

The fraction of breasts requiring at least one surgical intervention after mastectomy,
the fraction of replacements and reconstruction failure, and the fraction of plannable
and urgent interventions in both groups were compared using the Fischer’s Exact
test. The Mann-Whitney U test was used to compare the groups in terms of the mean
number of (re-)interventions required per breast and the mean time required for breast
cancer clearance and contour restoration. These statistical tests were used to correct
for the small number of breasts in the DR-group and difference in sample size between
both groups. All statistical analyses were performed using SPSS (Version 29.0; SPSS
Inc., Chicago, Illinois, United States) and p-values of 0.05 or less were accepted as
statistically significant.

RESULTS

Baseline characteristics
All patient- and treatment-related characteristics, including PMRT dose, of both groups
were comparable except for the fraction of comorbidities (Tables 1 and 3).

Table 3 - Distribution of breast cancer stages among both study groups.

Immediate breast Delayed breast

reconstruction reconstruction

(n=372) (n=18)
Breast cancer stage n % n % p-value
Stage | 10 3% 0 0% 1.000
Stage IIA 75 20% 3 17% 1.000
Stage IIB 88 24% 2 1% 0.267
Stage IIIA 113 30% 9 50% 0.115
Stage 1B 57 15% 3 17% 0.747
Stage IV 22 6% 1 6% 1.000
Non-staged? 7 2% 0 0% 1.000

a: DCIS (n = 5), phyllodes tumor (n = 1), and a solitary metastasis of long carcinoma (n = 1)
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Outcome measures

Re-interventions under general anesthesia were required in 239 of the 372
breasts (64%; 95%-Cl 59-69%) after [N]JSSM/IIBR (Figure 1). In the DR-group, all 18
reconstructions (100%; 95%-Cl 87-100%) implicitly required at least one re-intervention
after the mastectomy (p<0.001) (Figure 2). Likewise, all tissue expander-based [N]SSM/
[IBR implicitly required at least one re-intervention, but 133 out of the 356 permanent
prosthesis-based [N]JSSM/IIBR (37%) only needed the initial combined procedure to
finish breast reconstruction (Figure 1).

Figure 1 - Interventional paths of breasts undergoing nipple- or skin-sparing mastectomy
and immediate implant-based reconstruction.
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Figure 2 - Interventional paths of breasts undergoing modified radical mastectomy and
delayed breast reconstruction.
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MRM: modified radical mastectomy; BR: breast reconstruction.

Atotal of 832 interventions were required in the IR-group (n=372), or 2.24 (95%-Cl 2.10-
2.37) interventions per breast (Table 4). This number was significantly less than the 67
interventions performed in the 18 DBR group, or 3.72 (95%-Cl 3.22-4.23) intervention
per breast (p<0.001). This difference reflected the difference between 693 plannable
interventions among the 372 immediately reconstructed breasts (1.86 per breast;
95%-Cl 1.76-1.96), and 60 such interventions among the 18 delayed reconstructions
(3.33 per breast; 95%-Cl 2.91-3.75; p<0.001). Contrastingly, the fraction of 139 urgent
interventions among the 372 IBRs (0.37 per breast; 95%-Cl 0.30-0.44) matched the 7
urgent interventions among the 18 delayed reconstructions (0.39 per breast; 95%-Cl
0.16-0.62; p=0.92).

Breast contour reconstruction was achieved in a mean of 14.3 months (95%-Cl 12.4-
16.3) after [N]JSSM/IIBR, and in a mean of 38.6 months (95%-Cl 30.6-47.0) after the
mastectomy in the DR-group (p<0.001) (Table 4).
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Table 4 - Interventions, re-interventions, replacements, reconstruction failures, and time required
for treatment among our study groups. Statistically significant p-values are provided in bold print.

Immediate breast Delayed breast p-value
reconstruction reconstruction
(n=372) (n=18)
Total number of interventions? 832 67
Interventions per breast® 2.24(1-10;1.33) 3.72(2-6;1.02) <0.001
Breasts requiring re-intervention© 239 (64%) 18 (100%) <0.001
Number of re-interventions¢ 460 49
Re-interventions per breast? 1.24(0-9;1.33) 2.72(1-5;1.02) <0.001
Number of replacements® 50 (13%) 0 (0%) 0.146
Reconstruction failure 30 (8%) 0 (0%) 0.381
Months required for treatment’ 14.3(0-92;19.0) 38.6(12-64; 16.8) <0.001

a: Total of interventions required for mastectomy and breast reconstruction in that group

b: Mean number of interventions per breast in that group

c: Re-interventions after mastectomy (delayed group) or combined [N]JSSM-IBR (immediate group)
d: Mean number of re-interventions per breasts in that group

e: Number of breasts in which the implant was fully replaced by an autologous flap

f: Mean time span from (combined) mastectomy to final reconstruction intervention

The distribution of re-interventions over the classes of severity indicates that the
significant difference between the number of plannable interventions in both study
groups may particularly be caused by the significantly higher prevalence of Class P3
capsulotomy, capsulorrhaphy, and plannable implant revision or removal in the DR-
group (5% vs 16%; p=0.004) (Table 5). Of the urgent re-interventions, the prevalence
of Class U3 implant revision or removal for infection, necrosis, hematoma, and flap loss
was significantly higher (22% vs 4%; p=0.002) in the IR-group (Table 5).

Fifty of the 372 implants (13%) were replaced for autologous tissue in the IR-group, and
latissimus dorsi or lateral thoracodorsal flaps were added for a hybrid reconstruction
in 18 others (5%). Additionally, three latissimus dorsi or lateral thoracodorsal flaps
were used for breast mound enhancement after partial fat necrosis (n=1) or total flap
failure (n=2) of DIEP flaps used in this group. In 17 of the 18 breasts in the DR-group
(94%), a purely autologous (n=10) or hybrid implant/autologous (n=7) reconstruction
was performed (Figure 2).

Breast reconstruction eventually failed in 30 of the 372 IBRs, whereas a breast contour
was achieved for all 18 breasts in the DR-group (p=0.381).
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Table 5 - Plannable and urgent re-interventions according to class of surgical impact® among
both study groups. Statistically significant p-values are provided in bold print.

Immediate breast Delayed breast
reconstruction reconstruction
(N=460 re-interventions) (N=49 re-interventions)
Class of re-intervention? n % (n/N) n % (n/N) p-value
Plannable re-intervention
Class P1 124 27% 12 24% 0.865
Class P2 125 27% 12 24% 0.738
Class P3 21 5% 8  16% 0.004
Class P4 47 10% 10 20% 0.052
Class P5 4 1% 0 0% 1.000
Urgent re-intervention
Class U1 15 3% 0 0% 0.382
Class U2 24 5% 5 10% 0.184
Class U3 100 22% 2 4% 0.002

a: See Table 2 for the classification of re-interventions

DISCUSSION

In this study, we found that a significantly lower percentage of breasts undergoing PMRT
after the [NJSSM/IIBR required at least one re-intervention (64%), compared to those
that were reconstructed after PMRT (100%; p <0.001). Partly, this may be explained
by the implicit additional need of the initial reconstructive procedure in the DR-group
following mastectomy, whereas this reconstructive procedure is combined in the same
procedure as the mastectomy in the IR-group. Even when the initial reconstructive
procedure would be ignored in the DR-group, however, the number of breasts requiring
at least one re-intervention after [NJSSM/IIBR (64%) would still be significantly lower than
thatin the DR-group (16/18 or 89%; p=0.040). This holds true even though we observed
significantly more Class U3 re-interventions after immediate reconstruction (100/460,
or 22%), than after delayed reconstruction (2/49, or 4%). Class U3 re-interventions
and the related complications may have caused physical and psychosocial distress to
these women, and 8% of immediate reconstructions resulted in reconstruction failure.
Breast reconstruction often is a multistage process with rates of re-interventions after
the initial reconstructive procedure reportedly varying from 37% to 88%.5782" The
Mastectomy Reconstruction Outcomes Consortium (MROC) reported that in 22 to
39% of the patients at least one breast complication occurred within the first two
years postoperatively, depending on the technique of reconstruction and whether or
not they had radiotherapy.?? In a Canadian population-based study, Roberts et al.’8
observed that three or more re-interventions were even required in 35% of 3,972
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patients during a mean follow-up of 5.1 years. The authors later reported at least
one urgent re-intervention on the breast in 48% of 3,066 women who underwent
immediate or delayed reconstruction.” This risk was comparable for both immediate
and delayed reconstruction (p=0.47), but they reported a significantly increased risk
of re-interventions in case of PMRT (p<0.001)."”

Of main interest in terms of the number of interventions potentially required for a
woman to rid herself of breast cancer and have her breast contour restored, we found
that significantly less interventions per breast were needed to achieve mastectomy
and breast reconstruction in the IR-group. This reflects that significantly less plannable
interventions were needed after [N]SSM/IIBR.

Again, the observed higher number of plannable interventions in the DBR group can
partly be explained by the implicit occurrence of an isolated mastectomy in this group
with a secondary reconstruction as first re-intervention.

There is a lack of reports detailing the average number of operations required for breast
reconstruction,’”?" and even less is reported on the quantitative impact of PMRT on this
number.’” In 2014, Eom et al.”! were the first to report a mean number of 2.34 (range, 1-9)
of interventions required in a group of 182 immediate breast mound reconstructions.
The mean number of interventions required among 72 delayed reconstructions was
higher, but not significantly so (2.46; p=0.69).2" Reporting from their plastic surgical
perspective, however, the authors apparently did not record the initial mastectomy
as an intervention in their DR-group. Including this mastectomy to acknowledge the
patients’ perspective would increase the mean number in their DR-group to 3.46, which
likely is significantly higher than the mean of 2.34 interventions in their IB-group. These
numbers match our observed averages of 3.72 per breast in our DR-group and 2.24
in our IB-group.

Roberts et al.'® explicitly mentioned that they reported on the mean number of re-
interventions after the initial breast reconstructive procedure. Again, no significant
difference was observed between this mean number for immediate reconstruction (2.4)
versus delayed reconstruction (2.3) from this plastic surgical perspective.’”® Because
the authors did not consider the combined mastectomy and reconstruction in the IR-
group, nor the sole mastectomy and subsequent initial reconstructive procedure in the
DR-group as interventions, their reported numbers appear to reflect that significantly
less interventions were required to finish combined mastectomy and immediate
reconstruction than to finish mastectomy and subsequent delayed reconstruction.
Our observed permanent implant replacement rate of 13% and reconstruction failure
rate of 8% in the IBR group after 4.6 years of follow-up compares to the previously
reported 7-year implant replacement rate of 17% and removal rate of 13% by Shumway
etal. in 2020.2
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Potential limitations

As a potential methodological limitation, we note that there is a difference between
group sizes. We included the data on all consecutively treated women in both groups
even though this resulted in a much larger number of women in the IR-group than in
the DR-group. This was done to prevent any potential selection bias of a case-matched
control study, to obtain more power of our statistical analysis, and to prevent loss of
valuable information. The number of women in the DR-group is limited (n=18) because
our policy is to offer [NJSSM/IIBR, irrespective of possible PMRT indication. To correct for
this limitation, we used Fisher’s Exact and Mann Whitney-U tests. The significant p-values
observed indicates that the difference between groups is real and substantial enough
to be detected even in a limited sample. This is supported by the lack of overlapping
confidence intervals of the primary outcome results. We, furthermore, restricted our
assessment to women who were treated in one institute during a restricted period of
time to minimize institutional and heterogeneity biases, as well as surgical performance
biases.’® As in any observational study, in general, selection bias may exist. Although
randomization would overcome this pitfall, this cannot be accomplished in breast
reconstruction given the oncological and preferential considerations of each patient,
and institutional practice patterns for the choice of reconstruction.

Second, we did not assess the distribution of (neo-)adjuvant chemotherapy as a risk
factor because we previously found no difference in surgical complications between
women undergoing (neo)adjuvant chemotherapy, and those who did not.?3? We,
furthermore, observed that the pre- and post-operative oncological characteristics
we assessed (fraction of carcinomas, tumor stage, PMRT dosage, etcetera) did not
significantly differ between the IR-group and the R-group.

Third, we only scored the interventions performed on the reconstructed breast.
Autologous flap donor site re-interventions or symmetrizing procedures to the
contralateral breast were not assessed. We did so to prevent confusion regarding the
definition of procedures to be included. As such, previous reports on re-interventions
have been inconsistent as in some patients such procedures were scored as an
additional intervention, while in other patients they were not.”'82" Furthermore, such
secondary re-interventions may not been scored because they were performed in other
hospitals, leading to an underestimation of the re-intervention rates.’

Last, our study was not designed to explore causative differences between immediate
implant-based and delayed autologous reconstruction and the relatively small DR-group
would have underpowered any analysis in that regard.'® Future analysis is needed to
elicit the factors contributing particularly to urgent reoperations, as these are a relevant
target for quality improvement.'s
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Clinical implications of our observations

We prefer to perform [N]SSM/IIBR in women presenting for a primary mastectomy.
Preservation of the mammary integumental architecture reduces the number of re-
interventions and improves the cosmetic appearance of the breast, thereby diminishing
the need for secondary skin flap addition or expansion and remodeling after PMRT.* We
routinely perform a sub-pectoral implantation because autologous reconstruction is
associated with an additional donor site and an extended, more complicated procedure
with a longer recovery time.>*2> This way, we have been able to ensure that adjuvant
treatment is not postponed by possible complications of the combined procedure 2
In case the patient persists in her preference for autologous reconstruction, we will
replace the implant for a flap only after any adjuvant therapy has been completed.* This
approach offers our patients the advantage of preventing any time without a breast
and finishing their reconstruction in significantly less time than required to finish a
DBR (14.3 vs. 38.6 months; p<0.001). With it, we achieve a relatively high ratio of 83%
of IBRs among women who undergo mastectomy.® Our first alternative is to delay an
autologous reconstruction until after completion of mastectomy and PMRT in order to
prevent radiation damage to the autologous flap.

The number of interventions needed often exceeds the number expected. An
unexpected number of additional interventions required after mastectomy and
reconstruction may well lead to increase of postsurgical morbidity, decrease of
patient satisfaction, and reduction of the patient’s quality of life.”'® Therefore, women
should be actively informed on the number of operations that might be required when
they make their reconstruction choices at the beginning of oncological treatment.?’
Choosing between immediate or delayed reconstruction in the setting of PMRT remains
complex and necessitates shared decision-making. This process also requires detailed
information on the long-term complications and re-interventions with both procedures
to provide patients a perspective on the total number of interventions needed for
cancer clearance and contour restoration.

We have now shown that combined [N]SSM/IIBR in the setting of PMRT is favourable
in terms of the total number of interventions and time investment a woman needs for
the oncological and reconstructive treatment. Even though PMRT may lead to clinically
relevant risks of plannable and urgent re-interventions and, even, reconstructive failure
after [N]JSSM/IIBR, the majority of these patients ultimately retain their implant-based
reconstruction with only a minority of patients requiring conversion to an autologous
reconstruction.>® Furthermore, we confirmed that immediate breast reconstruction
does not delay start of PMRT. Still, the results of our study should not be interpreted
as immediate implant-based reconstruction to be superior to delayed autologous
reconstruction for women requiring PMRT. Rather, we recommend an open and
individualized approach to all patients in deciding on their optimal strategy.’
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In conclusion, women who might be facing PMRT should pre-operatively be
informed that [N]JSSM/IIBR with subsequent PMRT was associated with 22% severe
complications and 8% reconstruction failure. Still, [NJSSM/IIBR prior to PMRT required
less interventions than delayed breast reconstruction following PMRT and proved less
time consuming, even when the initial mastectomy is ignored. Therefore, we feel that
the potential need of re-interventions should not be considered an impediment against
such immediate reconstruction when a woman might be facing PMRT.
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General discussion and future perspectives
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The breast cancer team at the Antoni van Leeuwenhoek hospital (AVL) considers
immediate breast reconstruction to be superior to delayed breast reconstruction or
no reconstruction at all. Consequently, the strategy is to consistently offer immediate
implant-based breast reconstruction (IIBR) to all eligible women undergoing nipple- or
skin-sparing mastectomy ([N]JSSM). The goal is to preserve the native skin envelope
and inframammary fold to achieve a more natural result, and minimise the number of
women who (temporarily) remain without a breast contour.

The aim of this thesis was to analyse the results of [NJSSM/IIBR in a large patient cohort
to determine whether our strategy is effective in terms of the fraction of breasts in which
a breast contour is reconstructed, safe in terms of postoperative morbidity, and efficient
in terms of investment needed by women to achieve a final result. The effectiveness,
then, can be measured by the uptake of IIBR and the rate of these reconstructions that
ultimately resulted in a present breast contour which is acceptable to the patient at
end of study period. Safety was assessed by the rate of short-term complications and
implant loss. Efficiency was determined by the number of interventions, re-interventions
and the total time needed to achieve an acceptable breast contour.

EFFECTIVENESS OF OUR STRATEGY

Uptake of [N]JSSM/IIBR

Current national and international guidelines recommend that breast reconstruction
should be offered to all women undergoing mastectomy to restore a feminine breast
contour."? European guidelines recommend that immediate breast reconstruction should
be performed in at least 40% of women undergoing a mastectomy for breast cancer.?
In light of these recommendations, our strategy is to offer [NJSSM/IIBR to all women who
are not burdened with the previously proven ‘unfortunate triad’ (smoking, BMI >25kg/
m2, and an expected mastectomy specimen weight >500 grams).* This strategy proves
effective, as the uptake of such immediate reconstruction is 83% among all women
undergoing [N] SSM for breast cancer or prophylactic reasons in the AVL (Chapter 2).
This percentage of 83% is significantly higher than the average of 29% in all reporting
Dutch hospitals (Figure 1).° This national average does not meet the European guideline
recommending immediate breast reconstruction for at least 40% of mastectomy
patients, leaving a considerable number of women in the Netherlands without its
benefits. This disparity is also demonstrated by other studies showing global I1IBR
rates ranging from 5 to 42%,°% with higher rates observed in in cancer centres that
are comparable to the AVL.? The large inter-hospital variability in The Netherlands is
defined by a variety of factors and is lower as age increases and in case of poor tumour
characteristics.'®"" The preferences, skill level and experience of oncologic and plastic
surgeons have also been suggested as possible explanations.'”'? More information and
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education is needed to identify and address potential underlying causes and ensure
that immediate breast reconstruction is offered to a higher percentage of women
requiring mastectomy.

Figure 1 - NABON Breast Cancer Audit Scatterplot for IBR uptake in 2020.°
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Figuur 7. Percentage patiénten met invasief borstkanker dat een directe reconstructie onderging na ablatio (y-as) tegen het ziekenhuis
volume (x-as).

Percentage of patients with invasive breast cancer undergoing immediate reconstruction following mastectomy
(y-axis) versus hospital volume (x-axis), in 2020. Dotted line indicates the 29% average breast reconstruction
rate.® The pink line represents the 40% guideline for immediate breast reconstruction as recommended
by European guidelines.? The Netherlands Cancer Institute-Antoni van Leeuwenhoek hospital reports a
substantially higher immediate breast reconstruction rate of approx. 75-80% (highlighted with a circled area).

Uptake of [N]SSM/IIBR with adjuvant radiotherapy

The inter-hospital variability in The Netherlands is likely to be even larger in women
who (potentially) require adjuvant radiotherapy. Dutch oncologic or plastic surgeons
tend not to offer immediate breast reconstruction to these women,"'* particularly not
when additional risk factors are present.””

Adjuvant radiotherapy lowers the rate of immediate breast reconstruction
internationally as well.#821617 For example, Razdan et al. found a 31% IBR rate in a large
study on 752,156 women, but when adjuvant radiotherapy is indicated a 23% IBR rate
is observed."” Instead, reconstruction is performed only after oncologic treatment is
completed, leading to a higher rate of delayed reconstruction in most Dutch hospitals
(10.2%) compared to the AVL (4%; Chapter 3).®

Receiving information on all reconstructive options is crucial, as preoperative
information is necessary to make an informed decision regarding the preferred type
of reconstruction.’22 A Dutch study reported that providing information to breast
cancer patients significantly increases (odds ratio, 13.87) the uptake of immediate
breast reconstruction.” Still many women do not know what options are available.
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This problem is even larger for women potentially undergoing adjuvant radiotherapy as
these women are often already written off because of the expected poorer results after
radiotherapy."”?32* Correspondingly, Tung et al. demonstrated a significant reduction
in overall breast reconstruction uptake when radiotherapy is indicated (from 48% to
32%). This decrease is even more pronounced for immediate reconstruction (from
70% to 39%).°

We found that 61 out of 490 (12%) women undergoing post-mastectomy radiotherapy for
primary breast cancer did not consult a plastic surgeon prior to mastectomy (Chapter 3).
Either their oncologic surgeon, or the patient, had already decided against immediate
breast reconstruction. The ‘unfortunate triad’, smoking, overweight, and breast weight
>500gr, may explain non-referral for 3 of these 61 women. It will remain unknown
which percentage of the remaining 58 women would still have chosen to undergo
[NJSSM/IIBR in case they had had such consultation with the plastic surgeon. Among
the women facing radiotherapy who did consult a plastic surgeon pre-mastectomy
in the AVL, [N]JSSM/IIBR uptake was 75%. Therefore, our IIBR uptake only dropped
8% (from 83% to 75%) when radiotherapy is indicated. Another 54 of the remaining
122 non-immediately reconstructed women (44%) consulted a plastic surgeon post-
mastectomy to discuss secondary delayed reconstruction. Ultimately, 19% of the
women undergoing mastectomy and adjuvant radiotherapy did not undergo any form
of breast reconstruction.

To become better informed on the driving forces behind patients’ uptake of [N]JSSM/
IIBR, the determinants influencing the decision for immediate, delayed, or no breast
reconstruction were assessed (Chapter 3).

Contrary to our expectations, radiotherapy, other oncological characteristic, or
comorbidities were rarely the reasons for refraining from reconstruction; patient
preference was the primary determinant. Flitcroft et al. explored that patient preference
encompasses a wide range of reasons.? The same group highlighted that women
who forgo immediate reconstruction often do not pursue reconstruction at a later
stage because of a so-called ‘treatment fatigue'.?® This underscores the importance of
understanding why some patients decline immediate reconstruction, allowing us to
better inform and assist them in making decisions aligned with their values and needs.
We aim to ensure they do not unintentionally miss the chance of undergoing IIBR and
potentially regret their decision.

Breast contour presence with and without adjuvant radiotherapy

As second measure of effectivity of our strategy, the rate of reconstructions that
ultimately resulted in a present and acceptable breast contour at end of study period
was assessed. We found that long-term breast contour restoration was achieved in
93.3% of women treated with [N]JSSM/IIBR in the AVL, after a mean follow-up of 5.2 years
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(Chapter 2). In cases where the nipple was spared during mastectomy, a breast contour
was present in 97.6%. Even in the subgroup of women undergoing post-mastectomy
radiotherapy, we still found 89% to have retained the reconstructed breast contour,
showing that IIBR is not just a temporary option but a long-lasting one (Chapter 2).
Hence, our strategy proved effective in prevention of reconstructive burnout, which is
defined by Halani et al. as the absence of breast mound creation, incomplete major
revisions, or lost to follow-up after immediate breast reconstruction.?’

SAFETY OF OUR STRATEGY

Complications and implant loss of [N]SSM/IIBR

Based on the assessment by Woerdeman et al.,* [N]SSM/IIBR was no longer offered
to women who smoke and present with a BMI>25kg/m? and an expected mastectomy
specimen weight of >500gr.

To evaluate the safety of the combined procedure in the group of women who did
undergo [N]SSM/IIBR, we recorded short-term complications requiring unscheduled
surgery and implant loss in all breasts undergoing [N]JSSM/IIBRs at the AVL between
2019 and 2019 (Chapter 4). This series included 1,989 breasts in 1,512 women who
underwent mastectomy for (pre)malignant disease and for prophylactic reasons. We
found 21% complications requiring surgery and 5.3% implant loss in the first 16 weeks
(Chapter 4). In Chapter 5, we specifically investigated the short-term complications
associated with 1,012 DTI-IIBRs following [N]SSMs performed for (pre-)malignant disease
between 2013 and 2019. This study assessed complications necessitating unplanned
surgical interventions and implant loss within the first 16 weeks post-surgery. We
observed 24% complications requiring unscheduled surgery (238/1,012) and 6% implant
loss (61/1,012). This relatively high rate of complications in both studies may primarily be
explained by our proactive approach to address complications as early as possible in
order to prevent implant loss. Furthermore, our definition of ‘short-term’ was 16 weeks,
rather than the 4, 6, or 12 weeks used in comparable reports,*?¢32 capturing a broader
range of complications over time.

In this thesis, we also investigated the risk factors associated with complicated
outcomes (Chapter 4). It was shown again that smoking more than doubled the risk
of both complications and implant loss. Therefore, smoking cessation should always
be strongly recommended because of its far-reaching consequences. The other most
significant predictors for complications were specimen weight greater than 492 grams
and mastectomy performed by a non-staff oncologic surgeon, which both resulted in
a 1.8-fold higher risk of complications. Age over 44 years led to a 1.8-fold higher risk
of implant loss.
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Contrastingly, nipple-sparing rather than skin-sparing mastectomy and the direct-to-
implant rather than the two-stage approach were shown not to significance change the
rate of complications or implant loss (Chapter 4). Nipple preservation is historically
accepted to carry an increased risk of necrosis, infection and subsequent implant
loss.3*2% In this study we dispel these concerns and other studies in the literature
confirm these outcomes.??#53¢ |n the Netherlands, a two-staged tissue-expander
method is predominantly used, partly because the second operation offers an
opportunity of simultaneous fat grafting to enhance the aesthetic outcome of the
reconstructed breast, and partly because of fear to increase necrosis resulting from
pressure of a relatively large implant on the fragile skin flaps. However, this increased
risk of complications is not observed in our current study on almost two thousand
breasts as we found no statistical difference in both groups. Various other studies
affirmed these findings.3>3738

Likewise, adjuvant chemotherapy did not significantly influence the rate of short-term
minor and major complications and implant loss of [N]JSSM/IIBR (Chapters 4 and 6). In
Chapter 6, we also found that [N]JSSM/IIBR did not postpone the initiation of adjuvant
chemotherapy with a mean initiation time of 4.3 weeks postoperatively, aligning with
current national guidelines and results from other studies.3%4°

Complications and implant loss of [N]SSM/IIBR with adjuvant radiotherapy
In Chapter 5, we compared the number of complications and implant loss in the first
16 postoperative weeks of 273 breasts undergoing [NJSSM/IIBR with post-mastectomy
radiotherapy to 739 similarly operated breasts without radiotherapy. We observed an
implant loss rate of 5.9% in women undergoing post-mastectomy radiotherapy, which
was not significantly different from the non-irradiated group (6.1%). Additionally, no
increase of complications requiring unscheduled surgery was observed among women
that underwent radiotherapy (20.5%) compared to those that did not (24.6%) (Chapter 5).
These observations were validated in the much larger series of 1,989 breasts in 1,512
women over a slightly longer period (Chapter 4). Other than in Chapter 5, we also
assessed confounding factors to make sure we have assessed the independent
influence of post-mastectomy radiotherapy on short-term complications. We found
comparable rates of implant loss (6.2% vs. 5.2%) and complications (20% vs. 21%)
in women undergoing adjuvant radiotherapy and those who did not (Chapter 4).
Initiation of adjuvant radiotherapy was not delayed after [NJSSM/IIBR when compared
to mastectomy alone (Chapters 5 and 7). Given these observations, we consider our
strategy to be justifiably safe in terms of complications requiring unscheduled surgery
and implant loss. Additionally, we feel that the persisting fear that when the mastectomy
is combined with IIBR the initiation of oncologic treatment may be postponed in case
complications arise could be refuted.
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EFFICIENCY OF OUR STRATEGY

Revision surgeries following [N]JSSM/IIBR

To assess whether offering IIBR to all women judged eligible to undergo [N]SSM is
efficient, we assessed the long-term outcomes in terms of the number of interventions,
re-interventions and the total time needed to achieve an acceptable breast contour. We
found that 40% of all [NJSSM/IIBRs did not require any revision surgery after this initial
combined procedure (Chapter 2). Revision surgery was required in the other 60%,
which confirms that breast reconstruction often is a multistage process with revision
surgery rates ranging from 37% to 88%.%¢4145 A final reconstructive result was achieved
at a median time of 5.2 months.

Since we found five risk factors (age, radiotherapy, specimen weight, implant volume,
and smoking) to independently significantly contribute to the risk of revision surgery
(Chapter 2), and the fact that [N]JSSM/IIBR often is a multistage process, we conclude
that completely avoiding revision surgery is almost only achievable by refraining from
[NJSSM/IIBR. Therefore, while completely avoiding revision surgery is nearly impossible,
it is essential to thoroughly counsel women presenting for mastectomy with clear
information on all reconstructive options and their corresponding risks.

A lower percentage of revision surgeries was observed after nipple-sparing
mastectomy compared to skin-sparing mastectomy, possibly because preservation
of the nipple-areola complex results in a relatively larger skin envelop allowing less
tension upon wound closure (Chapter 2). Additionally, maintaining the natural breast
contour including the nipple-areolar complex may enhance patient satisfaction
and postoperative quality of life,*4” in that way, decrease the demand of ‘touch-up’
procedures.*® Likewise, with the direct-to-implant (DTI) approach applied in 93% of all
[NJSSM/IIBRs a significant reduction of the rate of breasts requiring revision surgery in
comparison with the two-staged approach was observed. A breast contour could be
achieved in one procedure in 43% of all women applying the DTl approach (Chapter 2).
DTI reconstruction, moreover, involves less additional revisions following the first
reoperation (in 30%) compared to the tissue-expander reconstructions (in 52%)
(Chapter 2). Accordingly, after refuting the first argument for not opting for a DTI
approach because of the fear of more complications, also the second argument, it
being an opportunity of simultaneous fat grafting to enhance the aesthetic outcome
of the reconstructed breast,?” could be refuted. In our study, a tissue-expander does
not sufficiently prevent the need for subsequent revisions. A recent Dutch study by
Becherer et al. confirmed our findings with a lower short- and long-term revision rate
and more breasts being reconstructed within the planned number of operations in
the DTI group.® Besides being safe and effective, a DTl reconstruction provides the
benefit of preventing nipple malposition during the expansion process when inserting
and expanding a tissue-expander.*® Our recommendation for IIBR to all centres in the
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Netherlands is to use this DTI method unless a woman desires a larger breast than
would fit in the available skin envelope.

Revision surgery following [N]JSSM/IIBR and adjuvant radiotherapy
Post-mastectomy radiotherapy significantly increased the risk of both experiencing
revision surgery (OR 1.51), and of ending up without a breast contour (OR 1.71) after
a mean follow-up of 5.2 years (Chapter 2). Thus, the fact that radiotherapy indeed
poses a larger risk for adverse outcomes cannot be ignored. Still, even in the presence
of adjuvant radiotherapy long-term breast contour reconstruction was present in 89%
and this result was even achieved in one procedure in 33%. In the latter 67% revision
surgeries were necessary (Chapter 2). Women undergoing radical modified mastectomy
and adjuvant radiotherapy who want to undergo secondary delayed reconstruction
after finalization of the oncological treatment, face an implicit 100% revision surgery rate
to achieve a breast contour (Chapter 7). In Chapter 7 we observed that these delayed
breast reconstructions required significantly more interventions and longer treatment
time to rid themselves from breast cancer and to reconstruct a breast compared to
breasts undergoing immediate reconstruction.

PRACTICAL SPIN-OFF

The currently presented large cohort of 1,989 [N]SSM/IIBRs even allowed to determine a
risk profile of women who run an increased risk of short-term complications (Chapter 4).
Based on the proven statistically significant pre-operatively presenting risk factors age,
smoking, comorbidity and implant volume, a cumulative risk algorithm for short-term
complications and implant loss was developed.

The algorithm was provided as a practical and visual tool for plastic surgeons and
women facing mastectomy to assess whether it is safe to offer [N]JSSM/IIBR during
the preoperative consultation in the outpatient clinic (Chapter 4). It may be helpful
in reaching a shared decision regarding the strategy to be followed and may help the
patient to gain control over her decision regarding breast reconstruction. Women who
feel and are better informed with higher levels of information make better treatment
decisions, achieve improved surgical and psychosocial outcomes, and experience less
decisional regret and conflict.'*2"22°05" |t is even considered that the benefits of breast
reconstruction are not solely due to the (aesthetic) outcome but also due to control
over the decision for reconstruction or not.>>? However, even though our goal was to
develop this algorithm to enhance shared decision-making, we found an almost 70% risk
of experiencing complications and almost 20% of losing the implant when you are both a
smoker, older and have a large implant, due to the combined effect of these factors. These
rates are exceptionally high. Therefore, we state that shared decision-making does not
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absolve the surgeon of the responsibility of providing well-informed recommendations
based on their clinical experience and the objective data from their own hospital.

LESSONS (TO BE) LEARNED

Based on all observations in this thesis, our strategy of offering [N]JSSM/IIBR to all
women who are not burdened with the ‘unfortunate triad’ of proven risk factors, is
safe, effective, and efficient, even with the almost exclusive use of the direct-to-implant
method. We feel that the only indication for a two-stage tissue-expander approach is
a lack of available skin envelope to fit the preferred size of implant. Information and
education may be needed to propagate the direct-to-implant approach.

In the AVL, [NISSM/IIBR is offered to all women undergoing post-mastectomy
radiotherapy as it is not considered a contraindication but rather a challenge to
achieve an optimal surgical outcome, not exclusively focusing on its risk. In the Dutch
breast reconstruction guideline from 2019," it was still discouraged to perform IIBR
when adjuvant radiotherapy is indicated; however, the recently updated guideline
from 2024 no longer advises against [N]SSM/IIBR but recommends informing these
women on all reconstructive options and balance the advantages and disadvantages
in case radiotherapy is administered.>® Internationally, the NICE guideline has already
incorporated a recommendation to offer IIBR irrespective of the expectation of post-
mastectomy radiotherapy.>* Our findings support this development. Consequently,
we conclude that women potentially undergoing post-mastectomy radiotherapy
should always be informed preoperatively that [N]JSSM/IIBR with radiotherapy may
be associated with a higher risk of long-term revision surgery and reconstruction
failure. However, when considering all women undergoing adjuvant radiotherapy, [N]
SSM/IIBR requires fewer (re-)interventions and is less time-consuming compared to
delayed breast reconstruction. Because simply comparing outcomes in irradiated
breasts to non-irradiated breasts overlooks the fact that radiotherapy is a necessary
therapy in their cancer treatment that cannot be avoided or altered as for example
smoking. It is important to determine in each irradiated patient which surgical approach
offers the most durable result while keeping the required surgical procedures under
general anaesthesia to a minimum, as each surgery carries its risks. In this thesis, IIBR
does not even exhibit inferior results compared to DBR. Therefore, post-mastectomy
radiotherapy should not be considered a valid argument to advise against [NJSSM/
[IBR. We aim to shift the perspective, encouraging the ‘challenge’ to be viewed as a
‘chance’ to offer [NJSSM/IIBR to all eligible women in order to provide these women
with a satisfactory reconstructive outcome. If this ‘chance’ is not taken, the possibility
of achieving this desired outcome will be implicitly missed.
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Performing [N]JSSM/IIBR avoids the need for a larger and more invasive initial procedure:
immediate autologous reconstruction. However, following [N]JSSM/IIBR, all options for
autologous tissue breast reconstruction are still open. If the patient is dissatisfied,
experiences discomfort, or after implant loss, an autologous reconstruction can still
be performed at a later stage. A currently executed long-term study reveals that after
a follow up of 5.2 years only 10% of all breasts proceed to autologous reconstruction
after [N]JSSM/IIBR (MMLK, unpublished data). Patient preference is the main reason for
this conversion in half of these women. However, if the patient is satisfied with the IIBR,
the extensive procedure is permanently avoided. An unnecessary major surgery is then
prevented while achieving a final reconstructive result with the benefit of preserving
the mammary skin envelope and natural inframammary fold.

CONCLUDING OURSTRATEGY AS EFFECTIVE, SAFE, AND EFFICIENT

The results presented in this thesis demonstrate that [N]JSSM/IIBR with predominant use
of the DTI method is acceptably or, even, favourably effective, safe and efficient. Even in
the context of adjuvant radiotherapy and chemotherapy, [N]JSSM/IIBR still provides a
convincing number of women with a satisfactory outcome. We recommend preserving
the nipple when oncologically and technically feasible, as the rate of complications
is low, with less revision surgery required and a more frequently achieved breast
contour at the end of the study period. The direct-to-implant approach can be applied
in all women except in those who prefer an implant size larger than the available skin
envelope can fit. It was discussed that [N]JSSM/IIBR does not entirely prevent any use
of autologous tissue transfer after the oncological treatment has been completed,
however, in the fast majority of the patients a large autologous reconstruction with
donor site scars and extra morbidity can be prevented. Given this, we recommend to
consistently offer [N]JSSM/IIBR to all women except to those who are burdened by all
three of our previously defined exclusion triad of risk factors: smoking, large breasts,
and having an overweighed BMI. Our strategy bypasses any practical limitations of
finance, staff, and operating time and has proven to have no interference with the
initiation of adjuvant oncological therapy.

The observations presented in this thesis may be helpful in the propagation of [N]SSM/
[IBR in the rest of the Netherlands aiming to increase the national average IIBR rate.
This can be achieved by shifting the perspective from viewing potential complexities
as ‘challenges’, to recognizing them as potential ‘chances’ to achieve a satisfactory
reconstructive result. We especially want to pioneer in offering IIBR to all eligible women
undergoing mastectomy in cases where adjuvant radiotherapy may be indicated.
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FUTURE PERSPECTIVES

The AVL has a leading role in innovative practices in breast cancer treatment. In breast
cancer surgery it pioneers techniques like the MARI-procedure to reduce an invasive
axillary lymph node dissection or leads in the high-volume rate of IIBR following nipple-
sparing mastectomy, especially in women undergoing the combined procedure for
prophylactic reasons or when adjuvant radiotherapy is indicated. The AVL is committed
to improve surgical care and keep research up-to-date. The research presented in this
thesis focused on the surgical outcome of [N]JSSM/IIBR to determine to what level this
strategy can be viewed as effective, safe, and efficient. It was beyond the scope of this
thesis to additionally assess many other aspects of the application of this strategy. Such
assessments are suggested as topics of future research, again in terms of effectiveness,
safety, and efficiency.

Next level effectiveness: patient satisfaction and quality of life

To assess the effectiveness of our strategy, a present breast contour at the end of the
study period as completion of the reconstruction process was accepted as a measure
of reconstruction success.

However, reconstruction success involves a second aspect: whether the patient is
satisfied with the reconstructive result. As such, more research has to be done into
postoperative patient satisfaction and quality of life using patient-reported outcome
measures (PROMs) like the BREAST-Q.>>%¢ For future research, it would be highly
insightful to combine qualitative data with quantitative surgical data from the same
cohort of patients. This approach would provide a holistic view of the surgical, aesthetic,
emotional, and psychological outcomes of breast reconstruction. It will help the plastic
surgeon to inform a woman facing mastectomy on the outcomes of the various surgical
strategies, including no reconstruction, during shared decision-making. For example,
Browne et al. described that implant-related complications did not always reduce
quality of life in women undergoing [NJSSM/IIBR as breast appearance and emotional/
physical well-being remained intact.”” It would be interesting to additionally assess
these outcomes in our patient cohort.

Advancing safety with insights into ALCL, BIl, and implant rupture

The safety of [NJSSM/IIBR was evaluated in this thesis by examining short-term
complications.

Moreover, oncologic outcomes were assessed, demonstrating that [NJSSM/IIBR is
oncologically safe in terms of (local) recurrence and metastastatic disease (Chapter
2). The association with the very rare but severe Breast Implant-Associated Anaplastic
Large Cell Lymphoma (BIA-ALCL) has not been investigated and still needs to be
evaluated in our patientgroup. During our study period, Allergan® implants were used
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for [N]JSSM/IIBR. In 2019, these implants in particular were associated with BIA-ALCL.
The risk of BIA-ALCL is 1 in 7.000 women once a woman with a breast implant reaches
the age of 75 years old.*®%° At least 52 confirmed cases in Dutch women were found to
date.®® Subsequently, Allergan® implants were banned in Europe and these implants
are no longer used in the AVL. Some women in the AVL requested implant exchange
or removal because of the fear for this rare but severe consequence of this Allergan®
implant. Even though the risk of BIA-ALCL is extremely small and the condition being
treatable, its severity justifies more research into early diagnosis or prevention and the
association with (micro)textured compared to smooth implants. Currently, the risk of
BIA-ALCL is brought up in the preoperative consultation.

Likewise, Breast Implant Iliness (BIl), even though not presented in this thesis, remains
a topic of interest and receives frequent media attention in the Netherlands. Bll is a
constellation of non-specific symptoms reported by some women with silicone breast
implants, yet its aetiology remains unclear.’! Hypotheses on its development includes
the phenomenon Autoimmune Syndrome Induced by Adjuvant (ASIA) in which silicone
acts as an adjuvant, the silicone particle migration itself, biofilm-associated chronic low-
grade inflammation, or potential psychosomatic origins.®#% However, real evidence to
substantiate these theories is lacking.t* Given the rising prevalence of implant-based
reconstructions following mastectomy and its positive impact of quality of life of
women with breast cancer, it is important to gain evidence-based information of BIl.
Currently, the AREOLA collaboration involving oncological breast surgeons of the AVL
are examining the risk of Bll and autoimmune diseases in breast cancer patients with
and without silicone breast implants.®’

Besides spontaneous leakage, implant shells may rupture which results in macroscopic
silicone leakage outside the implant intracapsular or extracapsular through the entire
female body. The U.S. Food and Drug Administration (FDA) and the Health and Youth
care Inspectorate of the Netherlands both recommend to regularly perform screenings
for silent ruptures and to discuss removal or replacement of the ruptured implant with
your plastic surgeon in case associated symptoms present.5>

Optimizing (personalized) efficiency and outcomes in breast reconstruction
More combined quantitative and qualitative research is needed to detect whether
immediate or delayed breast reconstruction is more efficient, when risk factors are
present. A large-scale matched control study across Dutch hospitals could compare
IBR and DBR more effectively by analysing a more extended patient population that
can be generalized to other populations. Recently, there has been growing debate
regarding the optimal plane for breast implant placement, specifically the shift from
submuscular to prepectoral positioning. Historically, submuscular placement was
preferred due to its advantage in reducing capsular contracture and providing better
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implant coverage. However, prepectoral placement of the implant offers preservation
of the pectoral major muscle in its native position, which can prevent animation
deformity problems and improve arm range of motion and strength. It eliminates the
need for muscle elevation and disinsertion for pocket creation, which not only reduces
postoperative pain but also surgical complexity.®” Procedure time will be significantly
shorten which itself reduces risk of complications and implant loss. As prepectoral
placement continues to gain prominence, it represents a promising evolution in implant-
based reconstruction which necessitates future research into all three key aspects:
effectiveness, safety, and efficiency, which is currently being investigated in the AVL.
Autologous fat transfer reconstruction (AFT), reconstructing a breast with lipofilling
alone, also gained prominence over the last years after being an adjunct to other
reconstruction methods earlier. AFT appears to be a safe and cost-effective
reconstruction method. A higher sensibility of the breasts compared to implant-based
reconstructions can be achieved, while not seriously affecting donor sites as in other
autologous reconstruction options.®®%° Also the dual benefit of body contouring makes
AFT an appealing and efficient alternative to implant-based approaches.

To improve efficiency, Artificial Intelligence (Al) may be used more frequently in plastic
surgical practise. First, quality of life assessment should be further integrated in
outpatient clinic consultations before and after mastectomy and breast reconstruction.
Ideally, these should be incorporated in the automated forms in electronic patient
records (EPR) and using a computerized adaptive test format, to make assessment
on these topics easier, with less administration burden, without losing reliability of
the assessment, and consequently increasing response rates.”® Second, cumulative
impact algorithms could be incorporated in the EPR for an immediate overview of the
estimated risk as all relevant information can instantly be retrieved from the charts.
Such advancements would enable more efficient decision-making and treatment
planning. Third, as Al proved to be able to play a role in MRI-scan interpretation,”" it
may potentially be used to predict mastectomy skin flap thickness on preoperative
scans to assess the possibility to perform a prepectoral [IBR or predict the complexity
of the combined procedure. Based on this, it may be possible to anticipate whether
the procedure could be performed by a non-staff or staff surgeon.

Moreover, complications such as skin-necrosis may be predicted, radiation fields for
radiotherapy could be delineated more precisely, and the extend of radiation-induced
damage on the breast reconstruction might be predicted through algorithms. Finally, Al-
driven technologies such as apps using 3D-imaging and Virtual Reality could help visualize
how a breast reconstruction with or without adjuvant radiotherapy might look over
time. These tools would enhance patient education regarding the anticipated aesthetic
changes and clarify the patient's expectations, which are critical for overall satisfaction.
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Chapter 9

English Summary

Currently, a mastectomy is performed in 40% of women with primary breast cancer in the
Netherlands. National and worldwide guidelines recommend that breast reconstruction
should be offered to all these women to restore the feminine breast contour and potentially
enhance patient satisfaction and quality of life. Immediate breast reconstruction
allows a woman to leave the operating room with a reconstructed breast. Immediate
breast reconstruction by use of an implant is preferred over immediate autologous
reconstruction or delayed breast reconstruction in the Antonivan Leeuwenhoek hospital
(AVL). In the AVL, an immediate implant-based breast reconstruction (IIBR) is offered to
all women undergoing nipple- or skin-sparing mastectomy ([N]JSSM) unless they have
all three of our previously defined ‘exclusion criteria triad”: smoking and a BMI>25kg/m?
and an expected breast volume of >500g." Since 2013, PMRT is no longer regarded as
a contraindication for [NJSSM/IIBR in the AVL, but rather as a challenge for an optimal
outcome. Therefore, always offering [N]JSSM/IIBR also applies in case post-mastectomy
radiotherapy (PMRT) or chemotherapy may be indicated. This approach gives us the
chance to achieve an exceptionally high IIBR rate of 83% in the AVL (Chapter 2). We deploy
a prospective maintained database to analyze a unique large, uniformly treated, single
center patient cohort in terms of safety, effectivity, and efficiency.

In Chapter 2, the long-term outcomes of IIBR in women undergoing [N]JSSM in the AVL
were assessed in terms of revision surgery and reconstruction failure. Furthermore, the
risk factors predictive for these outcomes were determined. A large term patient cohort
of 1,989 [N]SSM/IIBRs in 1,512 women was analysed. In 93% the direct-to-implant (DTI)
method was used. We found a 93% breast contour presence at end of a mean follow-up of
5.2 years. This result was achieved in only one procedure in 40% of all breasts. In the other
609%, revision surgery was necessary to achieve that result. The mean number of revision
surgeries of all [IBRs is 1.2 per breast. Reconstruction failure, defined as permanent absence
of a breast, was recorded in 6.7% of all breasts. Multivariable analyses showed age older
than 44 years and PMRT as independent risk factors for both outcomes. Smoking and large
breast or implant size are risk factors for revision surgery, but not for reconstruction failure.
Performing nipple- rather than skin-sparing mastectomy demonstrated lower rates of both
outcomes and DTI-IIBRs performed better than tissue-expander IIBRs in terms of revision
surgery. We conclude that despite long-term reconstruction failure rates are extremely low
and 40% of all [NJSSM/IIBRs did not require any revision surgery.

Although breast reconstruction in the setting of PMRT is controversial, we offer [NJSSM/
IIBR to all women regardless of PMRT indication. Nevertheless, some of these women do
not undergo reconstruction. The aim of Chapter 3 was to assess the uptake of breast
reconstruction in women who undergo PMRT, examine the characteristics associated with
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this uptake, and record the determinants of forgoing breast reconstruction. We analysed
a patient cohort of 490 women treated at the AVL for breast cancer, who underwent
mastectomy and PMRT. Of those, 88% consulted a plastic surgeon pre-mastectomy and
44% post-mastectomy. This resulted in an 81% breast reconstruction (BR group) rate: 75%
underwent IIBR and 6% underwent delayed breast reconstruction. The remaining 19% did
not undergo breast reconstruction (non-BR). The non-BR group differed from the BR group
in terms of patient-related characteristics, and not in oncological diagnosis and history
(including PMRT specifications). As determinants for non-BR, we found patient preference
as the major determinant (in 59%) and not the oncological status (including PMRT).

In Chapter 4, a comprehensive analysis of the risk factors associated with short-term
adverse outcomes after [NJSSM/IIBR is provided in order to inform physicians and patients
on these outcomes to guide shared decision-making by also introducing a novel cumulative
risk algorithm. A large patient cohort of 1,989 [N]JSSM/IIBRs in 1,512 women treated in
the AVL was analysed for complications requiring surgical re-intervention or implant loss
within the first 16 postoperative weeks. The risk factors associated with these outcomes
were also defined. We found a 21.3% short-term complication rate and a 5.3% implant
loss rate. Smoking was the strongest risk factor with a 2.7- and 2.3-fold increased risk
for complications and implant loss, respectively. Age over 44 years significantly increased
the risk for implant loss with an odds ratio of 1.80. Complications were associated with
mastectomy performed by a non-staff oncologic surgeon, specimen weight over 492 grams,
implant volume higher than 422 grams, comorbidity, and procedure time longer than 143
min. PMRT, (neo-)adjuvant systemic treatment, and therapeutic versus prophylactic [N]
SSM were not associated with either outcome. A cumulative risk algorithm was developed
based on the statistically significant and preoperatively presenting risk factors: smoking,
age, implantvolume, and comorbidity. The algorithm showed an 11% complication and 3%
implant loss rate without any of the risk factors, and 50% complications and 17% implant
loss if all four risk factors were present. In conclusion, we judge [N]JSSM/IIBR to be a safe
enough procedure while taking the risks into account.

The advice against [NJSSM/IIBR in women undergoing PMRT, because potential
complications and poor results, has never been justified before. In Chapter 5, we
present our short-term outcomes of 1,012 breasts undergoing [N]JSSM for oncological
reasons with IIBRs using the DTl approach in women with and without PMRT. We
compared the number of complications requiring re-intervention and implant loss
within the first 16 postoperative weeks occurring after 273 [N]JSSM/DTI-1IBR with PMRT
(PMRT group) to those occurring in 739 similarly operated breasts that did not undergo
PMRT (control group). There were no statistically significant differences observed in
short-term complications (20.5% vs. 24.6%) and implant loss (5.9% vs. 6.1%) between
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both groups. The total number of re-interventions was statistically significantly higher in
the control group. We conclude that we found no prove for a higher risk of short-term
complications in case PMRT is indicated. Therefore, we feel that refraining from [N]SSM/
[IBR in these women cannot be justified and we advise that it should be offered to all
women regardless of the need for PMRT.

In Chapter 6, we compare the short-term complications within the first 16 weeks
following [N]JSSM/IIBR in women undergoing adjuvant chemotherapy versus those who
did not. There was no difference observed in short-term complications which required
re-intervention in women with chemotherapy (31.7%) and women without (29.4%).
Most importantly, there was no statistically significant difference in terms of implant
loss (7.2% vs. 6.7%, respectively). Initiation of chemotherapy was not postponed as
the mean initiation time was 4.3 weeks aligning with current guidelines. In conclusion,
women requiring adjuvant chemotherapy can safely have the benefit of [NJSSM/IIBR.

Delayed breast reconstruction is an alternative option for breast reconstruction in
women undergoing PMRT. In Chapter 7, we present our comparison of the long-term
prevalence, total number of (re-)interventions and time required for breast cancer
clearance and contour restoration in breasts undergoing immediate (n=372; lIBR) and
delayed (n=18; DBR) breast reconstruction in the setting of PMRT in the AVL. Mean follow-
up was 54.6 in the IIBR group and 53.3 months in the DBR group. Re-interventions were
required in 64% of all IIBRs, whereas 100% of the DBRs implicitly required at least one
re-intervention. We observed that these IIBRs required significantly less interventions
(2.24 per breast) to rid themselves from breast cancer and to reconstruct a breast
compared to those in the DBR group (3.72 per breast). Likewise, the time to achieve a
final reconstructive result varied significantly, with IIBR being less time-consuming (14.3
vs. 38.6 months). Initiation of PMRT was not postponed in the IIBR group. We conclude
that women facing PMRT should be informed that [N]JSSM/IIBR may pose challenges
but requires less (re-)interventions and is less time-consuming than DBR.
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Nederlandse Samenvatting

Momenteel wordt in Nederland bij 40% van de vrouwen met primair borstkanker een
mastectomie uitgevoerd. De aanbeveling van nationale en internationale richtlijnen
is dat een borstreconstructie aan al deze vrouwen moet worden aangeboden om de
vrouwelijke borstcontour te herstellen en de patiénttevredenheid en kwaliteit van leven
te verbeteren. Een directe borstreconstructie stelt een vrouw in staat de operatiekamer
te verlaten met een gereconstrueerde borst. In het Antoni van Leeuwenhoek ziekenhuis
(AVL) wordt een directe borstreconstructie met behulp van een implantaat verkozen
boven een uitgestelde reconstructie of een directe reconstructie met autoloog weefsel.
Een directe borstreconstructie met implantaat (IIBR) wordt aangeboden aan alle
vrouwen die een tepel- of huidsparende mastectomie ([N]JSSM) ondergaan, tenzij zij
voldoen aan alle drie van onze eerder gedefinieerde ‘exclusie criteria triade”: roken, een
BMI >25 kg/m2 en een verwacht resectiegewicht van de borst van =500 gram.! In het
AVL wordt sinds 2013 postmastectomie radiotherapie niet langer beschouwd als een
contra-indicatie voor [N]JSSM/IIBR, maar eerder als uitdaging om een optimaal resultaat
te behalen. Dus ook wanneer postmastectomie chemotherapie of radiotherapie
mogelijk nodig is wordt deze [N]SSM/IIBR aangeboden.

Door deze aanpak behaalt het AVL een uitzonderlijk hoog IIBR-percentage van 83%
(Hoofdstuk 2). In dit proefschrift maken wij gebruik van een prospectief bijgehouden
database om een unieke, grote, uniform behandelde patiéntenpopulatie uit één
centrum (het AVL) te analyseren op het gebied van veiligheid, effectiviteit en efficiéntie.

In Hoofdstuk 2, zijn de lange termijn uitkomsten onderzocht van vrouwen die een [N]
SSM/IIBR hebben ondergaan in het AVL. Hier in is gekeken naar alle heroperaties en de
hoeveelheid gefaalde reconstructies en werden de voorspellende risicofactoren voor
deze twee uitkomstmaten bepaald. Een groot patiénten cohort van 1989 [N]JSSM/IIBRs
bij 1512 vrouwen werd geanalyseerd. In 93% van de gevallen werd er direct een prothese
geplaatst (direct-to-implant (DTI) methode). Wij vonden een borstcontourbehoud van
93,3% aan het einde van een gemiddelde follow-up van 5,2 jaar. Dit werd in één ingreep
bereikt in 40% van alle borsten. Bij de overige 60% waren wel heroperaties nodig
om dit resultaat te behalen. Er waren gemiddeld 1,2 heroperaties nodig per borst in
de gehele [N]JSSM/IIBR groep. Reconstructie falen, gedefinieerd als het permanent
ontbreken van een borstcontour op eind van de studie periode, werd bij 6,7% van alle
borsten gevonden. Multivariabele analyses toonden aan dat een leeftijd ouder dan
44 jaar en adjuvante bestraling zorgden voor een hoger risico op beide uitkomsten.
Roken en een grotere borst- of implantaat waren risicofactoren voor heroperaties,
maar niet voor reconstructie falen. Het uitvoeren van een tepelsparende in plaats van
een huidsparende mastectomie zorgde voor een lager risico op beide uitkomsten, en
[IBRs met de DTI methode hadden minder heroperaties nodig dan de IIBRs met een
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tissue-expander. Wij concluderen dat de hoeveelheid gefaalde reconstructies zeer laag
is en dat in 40% van alle [N]JSSM/IIBRs er geen heroperaties nodig zijn gedurende een
lange follow-up van gemiddeld 5,2 jaar.

Hoewel het uitvoeren van een directe borstreconstructie indien er een
bestralingsindicatie is controversieel is, wordt in het AVL ongeacht de (mogelijke)
bestralingsindicatie nagenoeg altijd een [N]SSM/IIBR aangeboden. Desondanks
ondergaat er nog steeds een deel van deze vrouwen geen borstreconstructie. Het
doel van Hoofdstuk 3 was om na te gaan hoeveel borstreconstructies worden verricht
bij vrouwen die ook adjuvant bestraald worden. Daarnaast werd onderzocht welke
kenmerken samenhangen met het wel of niet ondergaan van een borstreconstructie en
welke redenen er zijn om af te zien van een reconstructie. Een cohort van 490 vrouwen
die in het AVL worden behandeld voor borstkanker met een mastectomie en adjuvante
bestraling is geanalyseerd. Voor de mastectomie had 88% een consult gehad met de
plastisch chirurg en na de mastectomie nog 44%. Dit zorgde ervoor datin 81% van alle
vrouwen er een borstreconstructie was uitgevoerd (BR-groep): 75% onderging een IIBR
en 6% onderging een uitgestelde borstreconstructie. De resterende 19% onderging geen
borstreconstructie na de mastectomie (non-BR-groep). De non-BR-groep verschilde van
de BR-groep op basis van patiéntkenmerken en niet op het gebied van oncologische
kenkmerken (inclusief verschillende bestralingseigenschappen). Als redenen
voor non-BR was patiéntvoorkeur de belangrijkste factor (in 59% van de gevallen).
Oncologie (inclusief bestralingsfactoren) was geen grote voorspeller van non-BR.

In Hoofdstuk 4 zijn de risicofactoren onderzocht voor een gecompliceerde uitkomst
op korte termijn na een [N]SSM/IIBR. Tevens is een nieuw cumulatief risico algoritme
geintroduceerd met als doel artsen en patiénten beter te informeren en samen beslissen
te ondersteunen. Een groot patiénten cohort van 1989 [N]JSSM/IIBRs bij 1512 vrouwen
die in het AVL zijn behandeld werd geanalyseerd. Er is gekeken naar de hoeveelheid
complicaties die een heroperatie nodig hadden om deze te herstellen en de hoeveelheid
implantaat verlies in de eerste 16 weken na de operatie. Nadien werden de risicofactoren
voor deze uitkomsten gedefinieerd. In 21,3% van de borsten was er een heroperatie
nodig vanwege een complicatie en 5,3% verloor het implantaat als gevolg hiervan.
Roken bleek de sterkste risicofactor voor beide uitkomsten, met een 2,7 keer zo grote
kans op complicaties en 2,3-voudig verhoogd risico op implantaatverlies. Een leeftijd
boven de 44 jaar verhoogde het risico op implantaatverlies (odds ratio=1,80), maar
niet op het krijgen van complicaties zelf. Een verhoogd risico op heroperaties vanwege
complicaties werd gevonden indien de mastectomie uitgevoerd werd door een niet-staf
oncologisch chirurg, een resectiegewicht boven 492 gram, een implantaatvolume groter
dan 422 gram, comorbiditeit en een operatieduur langer dan 143 minuten. Adjuvante
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bestraling, (neo-)adjuvante systemische behandeling en een mastectomie wegens
borstkanker versus preventieve mastectomie waren niet geassocieerd met een van
beide uitkomsten. Op basis van de statistisch significante en preoperatief bekende of
aanwezige risicofactoren (namelijk roken, leeftijd, implantaatvolume en comorbiditeit)
werd een cumulatief risico algoritme ontwikkeld. In het algoritme was zichtbaar dat
indien je geen van alle risicofactoren had dat je 11% kans had op complicaties en 3%
op implantaatverlies. Indien bij een patiént alle 4 de risicofactoren aanwezig waren
was er in 50% een complicatie zichtbaar en een in 17% werd het implantaat verloren.
Alles tezamen beoordelen wij [N]JSSM/IIBR als een voldoende veilige procedure met
inachtneming van de risico’s.

Dat een [N]SSM/IIBR bij vrouwen die bestraling moeten ondergaan wordt afgeraden,
vanwege mogelijke complicaties en slechte resultaten, was nooit eerder echt
gerechtvaardigd. In Hoofdstuk 5 worden de korte termijn uitkomsten gepresenteerd
van 1012 borsten die een [N]SSM ondergingen vanwege borstkanker met een [IBR met
directe plaatsing van een prothese (DTI) in het AVL. Deze vrouwen zijn vergeleken op
basis van het wel of niet ondergaan van postmastectomie radiotherapie. Het aantal
heroperaties vanwege een complicatie en implantaatverlies binnen de eerste 16
weken na de operatie zijn vergeleken tussen 273 [N]SSM/DTI-1IBRs met radiotherapie
(PMRT-groep) en 739 op dezelfde manier geopereerde borsten zonder radiotherapie
(controlegroep). Er was geen statistisch significant verschil in korte termijn complicaties
(20,5% vs. 24,6%) en implantaatverlies (5,9% vs. 6,1%) tussen beide groepen. Het
totaal aantal heroperaties was statistisch significant hoger in de controlegroep. Wij
concluderen dat wij geen bewijs hebben gevonden voor een verhoogd risico op korte
termijn complicaties bij vrouwen die bestraald worden. Daarom achten wij het niet
gerechtvaardigd om [N]JSSM/IIBR bij deze vrouwen af te raden en adviseren daarom
deze procedure aan alle vrouwen aan te bieden ongeacht de bestralingsindicatie.

In Hoofdstuk 6 vergelijken wij de korte termijn complicaties binnen de eerste 16 weken
na de [N]SSM/IIBR bij vrouwen die adjuvante chemotherapie ondergingen met vrouwen
die dit niet ondergingen. Er werd geen statistisch significant verschil waargenomen in
de hoeveelheid heroperaties vanwege een complicatie op korte termijn tussen vrouwen
met (31,7%) of zonder chemotherapie (29,4%). Het belangrijkste is dat er geen statistisch
significant verschil gezien was in de hoeveelheid implantaatverlies (7,2% vs. 6,7%). De
startvan de chemotherapie werd niet uitgesteld, aangezien de gemiddelde starttijd 4,3
weken bedroeg, wat in lijn is met de huidige richtlijnen. Concluderend kunnen vrouwen
die adjuvante chemotherapie moeten ondergaan veilig profiteren van [N]JSSM/IIBR.
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Bij vrouwen die bestraald moeten worden na hun mastectomie is een uitgestelde
borstreconstructie ook een optie. In Hoofdstuk 7 zijn de lange termijn prevalentie,
totaal aantal (her)operaties, en de tijd die nodig is voor het verwijderen van borstkanker
en het herstel van de borstcontour gepresenteerd in borsten die direct (n=372; IIBR)
of uitgesteld (n=18; DBR) gereconstrueerd zijn in het AVL die ook adjuvant bestraald
werden. De gemiddelde follow-up was 54,6 maanden in de [IBR-groep en 53,3 maanden
in de DBR-groep. Een heroperatie was nodig in 64% van alle 1IBRs, terwijl in 1700% van
de DBRs (impliciet aan een DBR) een heroperatie vereist was. Daarnaast hadden deze
[IBRs significant minder ingrepen nodig (namelijk 2,24 per borst) om borstkanker te
verwijderen en een borst te reconstrueren in vergelijking met de DBR-groep (3,72
per borst). Daarnaast was er een significant verschil in de tijd om tot een definitief
reconstructief resultaat te komen, waarbij lIBR minder tijd in beslag nam (14,3 vs.
38,6 maanden). De start van postmastectomie radiotherapie werd niet uitgesteld in
de lIBR-groep. Wij concluderen dat vrouwen die bestraling moeten ondergaan zeker
geinformeerd moeten worden dat [NJSSM/IIBR uitdagingen met zich mee kan brengen,
maar ten opzichte van DBR indien er bestraald moet worden minder (her)operaties
vereist en minder tijd kost.
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4. Skin-sparing completing mastectomy and immediate hybrid breast reconstruction is In progress
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Hoewel men altijd zegt dat uiteindelijk alleen jij verantwoordelijk bent voor je
proefschrift, voelt dat als allesbehalve. Het is een voorrecht om deze mensen in mijn
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zondagochtend om 07:00), waren essentieel voor het succes van mijn onderzoek en
dit boek. De eindeloze “Waarde M", “Upwards and Onwards! JJ*, “Alweer een mijlpaal!”,
“wat wil je nou eigenlijk hiermee zeggen, M? Zeg dat dan!”, “Korter.....", of de befaamde “to
bear” zal ik niet snel vergeten. Door jouw aanpak en gedrevenheid ben ik geinspireerd
en zeker voor 40% minder langdradig geworden. Dit boek was er nooit geweest zonder
jou. Ik houd het simpel: dank JJ!

En mijn promotor, Prof. Dr. Corstiaan Breugem. Ondanks jouw drukke
agenda begeleidde jij mij, een onervaren student, bij mijn onderzoek in de
mammareconstructieve plastische chirurgie. Het gebied wat niet verder van jouw
leerstoel kan liggen: de kinder-plastische chirurgie. Tijdens tegenslagen stond je altijd
achter mij en bracht jij mij de Plasterdam groep: eerst met een beetje tegenzin,
maar later een waardevol, gezellig en leuk kennisnetwerk in de plastische chirurgie

in Amsterdam. Je leerde mij dat met genoeg doorzettingsvermogen alles mogelijk is.

Dank aan de promotiecommissie, Prof. dr. Marie-Jeanne Vrancken Peeters, Prof.
dr. Emiel Rutgers, Prof. dr. Chantal van der Horst, Prof. dr. Liesbeth Boersma, Prof.
dr. René van der Hulst, Prof. dr. Mark-Bram Bouman, dat u de tijd heeft genomen dit
werk te beoordelen en mij de kans geeft het in het openbaar te verdedigen.

Aan alle vrouwen die toestemming gaven voor analyse van hun gegevens en dat
daardoor dit onderzoek mogelijk werd: bedankt. Dit werk is niet alleen van mij, maar

ook een beetje van jullie!

Aangezien ik geen vaste werkplek had en tussen mijn coschappen soms maar een
aantal dagen had om onderzoek te doen, bood de maatschap plastische chirurgie
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van het AVL - Joris, Martine, Marieke, Marije, Caroline vdZ, Caroline V, Sophie,
Marin, Annelotte, en ook natuurlijk Brigitte en Yvonne, mij deze gezellige plek. Ik heb
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100 keer dank aan iedereen van 03: jullie hebben mijn laatste 1,5 jaar PhD zo ontiegelijk
veel leuker gemaakt. Een paar hoogtepunten: de immer gevraagde en nooit verrassende
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In het bijzonder kamertje 10: lieve kamergenootjes,

Mand, mijn partner-in-crime van de vrijdagmiddag WOG, de kamer verbouwing, B&B
perikelen, en de onvergetelijke befaamde belsessie. De door ons in het leven geroepen
vrijdag-snackdag was een feestje. Ons onderzoek was waarschijnlijk sneller gegaan als
we niet bij elkaar op de kamer hadden gezeten maar het was de verloren tijd meer dan
waard! Veel dank voor deze verrijking in het AVL.

Stijn(tje), SoundCloud-dreuner en tevens professioneel jongleur! Big thanks dat je me
hebt overgehaald om naar O te komen en bij jullie op de kamer te komen zitten en voor
alle "je weet wat ik nu zou zeggen of doen” momentjes - zeer verhelderend. Dank dat
je altijd wilde luisteren naar mijn/onze onwijze vrouwenproblemen (cute) en ook sorry
dat je het altijJd moest doen met nagellak geur. Pesten van elkaar deden we zeker, maar

that's where good friends are for toch!

Chantal, ofwel Chanti, thanks voor het nooit overslaan van een lunch in Tiffs, de mega
gezellige whiteboard schilderingen inclusief de croissant in een zeer bijzondere vorm,
het eindeloze advies geven op persoonlijk- en onderzoekvlak, de enorme hoeveelheid
filmpjes en foto's van Bob en Fred, en het opkrikken van elkaars burgerpunten.
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Hallo Hallo, PartyBus! Jullie, Liz, Els, Mand, Char, Maddie, Tess, Lot, Joos, Ing, waren
het zonnetje tijdens de donkere regenachtige PhD dagen. Ik heb genoten van de
heerlijke setjes, ADE, en de PartyBus-reis.

Dank aan alle coauteurs van mijn stukken, met in het bijzonder Astrid, Frederieke,
Hester, Marie-Jeanne, en Annelotte (met een extra diepe buiging voor jouw
begeleiding!). Jullie tijdige bijdragen en constructieve samenwerking hebben het proces
verlicht. Vrouwen power!!l

Bedankt aan Inge van Wijk en Jordi, voor het vergemakkelijken van mijn MD/PhD traject.

Ravi, Danny, Romy, Cait en Vincent vd Noort, voor het helpen met de
onoverkomelijke SPSS en statistiekproblemen. En Romy & 'de Raaf en de Merel' voor
alle zuidelijke gezelligheid op U1.

Plasterdam: een echte toevoeging om een plastische groep vanuit het Amsterdam
UMC te hebben naast al het heelkundige geweld in het AVL: Dank aan Ginger Beau,
Elsa, Pip, Marleen, Jess, Myrthe, Lasse, Elou, Melle.

Lieve nieuwe RKZ collega’s, heb enorm veel zin in de komende tijd met jullie! Wat een
warm bad om in aan te komen.

Lieve Dramices, Eef en Fem, ofwel Ger en Brink. Ons drietalletje heeft in de laatste
jaren al veel doorstaan. Veel hoogtepunten maar helaas ook dieptepunten. Ik ben
zo dankbaar voor onze vriendschap en zo trots op hoe wij altijd elkaar door deze
dieptepunten heen hebben geloodst. We maken altijd tijd voor elkaar, wat net zo
bijzonder als lastig is als je kijkt naar onze agenda’s... [k kijk uit naar nog veel jaren met
oneindige liefde, support, en plezier.

Lieve Suus, Hunnert, Saar, Luc, Pieno, Sap, Jac, Dames 8, DIVjes, Kimmie, Cait, Es,
Em, Goat, Sphinx ‘17, bedankt voor het aanhoren van mijn niet altijd even inspirerende
gezeur over mijn (wat mij betreft) te lang durende onderzoekstraject en voor jullie niet
altijd even begrijpelijke borstreconstructieve materie. Jullie waren er altijd als het lastig
was (en da was wel ff soms), flexibel als nodig (sorry voor alle afzeggingen begin 2025)
en vrolijkten mij op als nodig. Dank daarvoor, love jullie!

Lieve Anne Merijn, (en Sappie voor de connectie maken!) dank voor je tomeloze inzet
om de kaft van mijn boekje zo enorm te laten stralen. Je hebt een gave om in iemands
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hoofd te kijken en het precies zo te laten worden als een ras perfectionist het voor
ogen had. Ik ben er super blij mee!

Lieve Familie, met in het bijzonder Els, en Oma Marianne. Dank jullie wel voor
jullie liefdevolle en oprechte steun en het altijd vragen naar elke kleine stap die ik
zette in mijn traject, maar ook het met een schuine wenkbrauw kijken naar alle gekke
plannen die ik dan weer gemaakt had. Jullie hielden mij scherp en bewust van al mijn
eigenaardigheden. Ik hoop dat ik later net zo mag worden als jullie.

Familie de Pee, ik was al een onwijze bofkont dat Joost in mijn leven is gekomen, maar
wat ben ik blij dat er zo'n familie aan vasthangt. Dank voor jullie eindeloze interesse,
warmte, gezelligheid, en goede wijnen.

Laar en Tess, mijn lieeeve paranimfen!

Lieve Tess, mijn twinsister from another mister (de overeenkomsten blijven eng). Dank
je wel voor alle gezellige ‘kof-momentjes, het rode curr of bospad met sambal-soep
mede-enthousiasme, de anxiety en menti B-sparsessies, mind-soothing kattenfilmpjes,
feestjes, sportlesjes, lunchies, en het altijd luisteren naar elkaars geklaag over de drukte
tijdens ons onderzoek (welke een hoop minder was als we minder tijd hadden besteed
aan pheeeet, beans en biscuits). Duizend ballen tegelijkertijd houd je hoog, en alsnog
maak je altijd tijd voor mij en nu ook om mijn paranimf te zijn. Ik weet zeker dat wij, als
we later old cat ladies zijn, terug zullen kijken op een hele lange prachtige vriendschap.

Liefste allerbeste vriendinnetje en ‘zusje’ Laar. Er zijn niet zoveel momenten in
elkaars leven die wij niet met elkaar gedeeld hebben, zelfs nu je in Oslo woont. Een
onbezorgde start van een vriendschap in de kleuterklas waar jij nog ronddraaide in
een zonnebloemen jurk (IYKYK) en ik al mijn cactussen op de hoek van mijn tafel liet
doodgaan. Ik kan mij geen leven zonder jou voorstellen, en dus ook geen haar op mijn
hoofd die er aan dacht om jou niet aan mijn zijde te hebben vandaag. Jij bent de rots
in de branding die je iedereen toe wenst, met peptalks van Oprah Winfrey niveau als
ik weer een mental breakdown had, en de beste en coolste vriendin ooit! Jeg elsker

deg, beste vennine min!

Een speciale plek in het dankwoord hebben vaak de ouders van de promovenda,
maar in mijn geval misschien nog wel een stukje specialer. Jullie zijn altijd mijn grote
voorbeeld geweest. Als klein meisje was ik altijd al diep onder de indruk van jullie banen
als chirurg en jullie gaven mij daarmee ook perspectief. Mijn droom om ook arts te
worden ontstond en direct wist ik wat ik kon verwachten van die droom. Ik wist altijd
precies wat ik wilde en was niet bang om dit na te jagen, dat waren jullie immers ook
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nooit geweest. En mooi bijkomend: ik deinsde nooit terug voor andermans mening of
scherpe opmerkingen, daar had paps mij immers al in getraind ;). Toen ik onderzoek
ging doen bij de maatschap van mama was papa altijd onze grootste cheerleader (en
tevens soms mediator). Maar niks kan evenaren hoe mijn moeder, Leonie Woerdeman,
haar onvoorwaardelijke steun heeft geboden in dit traject. Mams, hoewel we elkaar de
helft van de tijd achter het behang konden plakken en onze communicatie niet altijd op
éénlijn lag, ben je in dit lange traject altijd mijn steun en toeverlaat geweest. Wat zijn we
beiden blij dat dit nu tot een eind gekomen is, maar wat mogen we ook enorm blij zijn
met hoe leuk deze periode geweest is. Elke dag met je moeder koffie drinken op werk en
meermaals samen op congres naar Barcelona of Londen gaan: dat is toch fantastisch?
En lieve Bro, lieve Woody, hoewel we vroeger geen beste vrienden waren, groeien we
steeds dichter naar elkaar toe. Hoe hard je het ook probeert te ontkennen, we lijken
met de dag meer op elkaar. Ik ben trots om jouw zus te zijn. Op een dag sta jij ook hier,

ik weet het zeker. Nu jij nog!

Lieve Joost, zonder jou was dit proefschrift waarschijnlijk nooit tot een einde gekomen.
Met jouw onvoorwaardelijke steun en begrijp was je altijd mijn regenboog en zonnestraal
thuis, vooral wanneer dingen anders liepen dan ik wilde of had gehoopt (wat regelmatig
gebeurde). Je positiviteit, relativeringsvermogen en eindeloze geduld gaven mij rust
op momenten dat ik het weer eens somberder inzag dan nodig. Ondanks alle drukte
vonden we altijd tijd voor avontuur, zoals de onvergetelijke reis door Australié met onze
verloving in Tasmanié. Dank je voor je verlichting op de minder mooie dagen, het duwtje
in de juiste richting en het bieden van mijn thuis, ongeacht welke wendingen het leven
soms nam. Nu mijn PhD eindelijk is afgerond, kan ik niet wachten om samen met jou
verder te dromen over de volgende hoofdstukken van ons eigen verhaal. ¥

182



Appendices

183



Curriculum Vitae

Merel Marianne Leonie Kooijman was born on
September 20, 1996, in Amsterdam, the Netherlands.
She grew up in Amsterdam with her parents and
younger brother, Wout, and completed her secondary
education at the Fons Vitae Lyceum. In 2014, her interest
in research and oncology originated when conducting a
high school thesis (profielwerkstuk) at the Netherlands
Cancer Institute-Antoni van Leeuwenhoek hospital (AVL)

in Amsterdam under supervision of Prof. dr. EEM.A.
Bleiker and Dr. L.A.E. Woerdeman, on the significance of the nipple in women undergoing
mastectomy for breast cancer and breast reconstruction.
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later plastic surgery. This interest was sparked by the enthusiasm of her parents
(Leonie, plastic surgeon; HJ, orthopaedic surgeon). In 2017, she pursued this interest
through her bachelor’s thesis, conducting a literature review on the short-term
complications of nipple- or skin-sparing mastectomy and immediate implant-based
breast reconstruction ([NJSSM/IIBR) in the context of post-mastectomy radiotherapy.
ldentifying a gap in available data, she, two years later, addressed this deficiency for
her master thesis, collecting and analysing women undergoing [NJSSM/IIBRs at the
AVL under the supervision of Dr. JJ. Hage. This experience deepened her passion for
plastic surgery, particularly in improving clinical outcomes for women undergoing this
combined procedure.

In 2020, she started her PhD candidacy under the supervision of Prof. Dr. C.C. Breugem
and Dr.]J. Hage in the Department of Plastic and Reconstructive Surgery at the AVL/
Amsterdam UMC. As she had not yet obtained her medical degree, she combined her
PhD trajectory with her clinical internships through the MD/PhD program at the Vrije
Universiteit/Amsterdam UMC. She completed her senior plastic surgical internship at
the Spaarne Gasthuis in Haarlem, an internship in plastic surgery, dermatology, and
ENT at the Tribhuvan University Teaching Hospital Kathmandu in Nepal, and concluded
with a dermato-oncology internship at the AVL. Merel obtained her medical degree in
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