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Purpose

The goals of immediate postmastectomy breast reconstruction are to minimize deformity and
optimize quality of life as perceived by patients. We prospectively evaluated patient-reported
outcomes (PROs) in women undergoing immediate implant-based or autologous reconstruction.

Methods

Women undergoing immediate postmastectomy reconstruction for invasive cancer and/or carci-
noma in situ were enrolled at 11 sites. Women underwent implant-based or autologous tissue
reconstruction. Patients completed the BREAST-Q, a condition-specific PRO measure for breast
surgery patients, and Patient-Reported Outcomes Measurement Information System-29, a generic
PRO measure, before and 1 year after surgery. Mean changes in PRO scores were summarized.
Mixed-effects regression models were used to compare PRO scores across procedure types.

Results

In total, 1,632 patients (n = 1,139 implant, n = 493 autologous) were included; 1,183 (72.5%)
responded to 1-year questionnaires. After analysis was controlled for baseline values, patients who
underwent autologous reconstruction had greater satisfaction with their breasts than those who
underwent implant-based reconstruction (difference, 6.3; P < .001), greater sexual well-being
(difference, 4.5; P = .003), and greater psychosocial well-being (difference, 3.7, P = .02) at
1 year. Patients in the autologous reconstruction group had improved satisfaction with breasts
(difference, 8.0; P = .002) and psychosocial well-being (difference, 4.6; P = .047) compared with
preoperative baseline. Physical well-being of the chest was not fully restored in either the implant
group (difference, —3.8; P=.001) or autologous group (—2.2; P=.04), nor was physical well-being of
the abdomen in patients who underwent autologous reconstruction (—13.4; P < .001). Anxiety and
depression were mitigated at 1 year in both groups. Compared with their baseline reports, patients
who underwent implant reconstruction had decreased fatigue (difference, —1.4; P=.035), whereas
patients who underwent autologous reconstruction had increased pain interference (difference, 2.0;
P = .006).

Conclusion

At 1 year after mastectomy, patients who underwent autologous reconstruction were more satisfied
with their breasts and had greater psychosocial and sexual well-being than those who underwent
implant reconstruction. Although satisfaction with breasts was equal to or greater than baseline
levels, physical well-being was not fully restored. This information can help patients better un-
derstand expected outcomes and may guide innovations to improve outcomes.
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of life (QOL). After years of declining use of
mastectomy in favor of breast-conserving surgery,

rates of mastectomy are now increasing in tandem
2-6

Breast cancer affects one in eight women during
their lifetimes." Although most women survive
breast cancer, many must contend with the long-
term effects of surgery on body image and quality

with the increasing use of bilateral mastectomy.
This trend is likely driven by fear of recurrence,’
more-sophisticated imaging modalities,>” and
advances in reconstructive techniques.'®'" During
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the 1980s, less than 20% of patients who underwent mastectomy
received immediate reconstruction, but rates of reconstruction have
steadily increased since then.'*'*

Breast reconstruction can help restore body image and al-
leviate distress associated with mastectomy.'>'® Although the
literature to compare the options for breast reconstruction is
substantial,'” ** few studies have evaluated patient perceptions of
outcomes. Such information is important to help new patients
understand the expected results of reconstruction and make in-
formed decisions. Previous efforts to assess patient-reported out-
comes (PROs) have relied on generic measures or ad hoc surveys
with limited evidence of reliability, validity, or ability to detect
clinically meaningful change.”*** The development and use of the
BREAST-Q—a validated PRO instrument designed specifically for
patients who undergo breast surgery—have helped address this gap
in knowledge.”>*®

Another limitation of the existing literature is the absence of
baseline assessment of body image and QOL. Women who undergo
immediate breast reconstruction may begin the process at different
levels of satisfaction with their breasts and QOL. To meaningfully
compare the outcomes of reconstruction, baseline status must be
taken into account. In addition, the majority of studies to assess the
outcomes of reconstruction have been single-center experiences. A
multicenter trial may help elucidate whether choice of procedure
predicts outcomes and also may allow procedure type to be dis-
tinguished from surgeon and institution factors.

The Mastectomy Reconstruction Outcomes Consortium
(MROC) is a 5-year, prospective, multicenter study designed to
address these knowledge gaps in breast-reconstruction outcomes
research. The objective of this substudy was to prospectively
evaluate and compare satisfaction and QOL 1 year after mastec-
tomy and immediate reconstruction within and between autolo-
gous breast reconstruction and implant-based breast reconstruction.
This information can directly support shared medical decision
making and guide innovation in the care of patients with breast
cancer.

Study Population

Patients were recruited as part of the MROC study. This project
involved 57 plastic surgeons at 11 academic and private practice sites across
the United States and Canada. Nine of 11 centers were academic in-
stitutions; two were private practices. Appropriate institutional review
board or research ethics board approval was obtained from all sites.

Women were eligible to participate in the MROC study if they were
age 18 years or older and undergoing first-time, immediate or delayed,
bilateral or unilateral postmastectomy breast reconstruction for cancer
treatment or prophylaxis. Women undergoing reconstruction after pre-
vious failed attempts were excluded because of potential confounding
effects. Choice of reconstructive procedure was based on patient and
surgeon preference and was not randomly assigned. Patients were excluded
if they did not complete a baseline (ie, preoperative) questionnaire.

In this MROC substudy, only patients with a cancer diagnosis (ie, not
patients undergoing prophylactic mastectomy) and those undergoing
immediate reconstruction were included. Patients who experienced re-
constructive failure (flap loss or removal of tissue expander [TE] or
implant) were excluded, because this was a small (n = 25) and hetero-
geneous group. Patients who changed reconstructive methods after initial
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immediate reconstruction were excluded, as were patients who had not
completed removal of their TE and exchange for implant at the time of
the 1-year questionnaire or who had their exchange procedure less
than 3 months before the survey. Patients who had a mixed approach
to reconstruction (bilateral reconstruction with unilateral implant and
unilateral flap) also were excluded. Because of the small sample size,
patients undergoing superior gluteal artery perforator, inferior glu-
teal artery perforator, or latissimus dorsi flap reconstruction were
excluded.

Patient Recruitment

Patients were screened for eligibility by research staff and approached
in person before reconstruction. Written informed consent was obtained
from all participants. Enrollment took place between February 2012 and
July 2015 (Fig 1).

Questionnaire Administration

Patients completed the BREAST-Q and Patient-Reported Outcomes
Measurement Information System (PROMIS) —29 before (up to 30 days
before surgery) and 1 year after surgery. Patients were encouraged to
complete the questionnaires electronically. If they were unable to do this,
a paper/pencil version was provided either in clinic or by mail.

Dependent Variables

The primary outcomes of interest were BREAST-Q and PROMIS-29
scores. The BREAST-Q (reconstruction module) is a condition-specific
PRO instrument that measures breast-related QOL and satisfaction in
patients undergoing breast reconstruction. The BREAST-Q is a Rasch-
developed measure; details of development and validation have been
published elsewhere.”””® We focused on the following five BREAST-Q
domains: satisfaction with breasts, psychosocial well-being, sexual well-
being, physical well-being (chest and upper body), and physical well-being
(abdomen). Each domain score was obtained by transforming the scale
item responses with the Q-score software program. The transformed scores
range from 0 to 100, and higher scores indicated greater satisfaction or
QOL.

PROMIS-29 scores were collected with the PROMIS Profile-29
(version 1), a self-administered survey system for evaluation of patient-
reported symptoms and QOL. The details of the development and
validation of this system have been published elsewhere.”! We used
a short profile form that consisted of seven primary domains: de-
pression, anxiety, physical function, pain interference, fatigue, sleep
disturbance, and satisfaction with participation in social roles. Each
domain score was obtained by transforming the original survey item
responses with a prespecified algorithm. A higher domain score in-
dicated that more of the concept was measured. For negatively worded
concepts, such as depression, a higher score indicated worse function;
for positively worded concepts, such as physical function, a higher
score indicated better function.

Primary Predictor and Covariates

The primary independent variable was procedure type (autologous v
implant reconstruction). Demographic variables included age, race, eth-
nicity, education level, annual household income, marital status, and
employment status. Clinical characteristics included body mass index
(BMI), laterality, lymph node procedures, comorbidities (defined by
Charlson comorbidity score’®), and radiation and chemotherapy. Lymph
node biopsy was defined as none, sentinel node biopsy only, and axillary
lymph node dissection. Radiation therapy was defined as none, radiation
before reconstruction, and radiation during or after reconstruction. Che-
motherapy was defined as treatment received during or after reconstruction
and none.
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Enrollment

Patients enrolled in MROC
as of April 2016

Study cohort
(n =1,632)

(N = 4,464)
Excluded (n =2,832)
Did not meet inclusion criteria (n =2,156)
Enrolled patients (n = 2,308) fit the following Prophylactic mastectomy (n =300)
inclusion criteria for this analysis: Delayed reconstruction (n =262)
Breast cancer diagnosis Did not complete baseline survey  (n = 1,360)
Undergoing immediate breast | Lessthan 1 year of follow-up (n =234)
reconstruction Additional exclusion criteria (n = 676)
Completed baseline survey Excluded types of reconstruction (n=223)
1-year follow-up since Patients in TE/l group did not (n =428)
the initial reconstruction undergo TE exchange 3 months Fig 1. Study flow diagram. MROC,
prior to 1-year survey Mastectomy Reconstruction Outcomes
Reconstructive failure (n = 25) Consortium; TE, tissue expander; TE/I, TE/,
tissue expander implant.

Implant reconstruction
(n =1,139)

Autologous reconstruction

|
(n = 493)

Analysis

Sample Size Calculation and Statistical Methods
Full descriptions of sample size calculation and statistical method-
ology are provided in the Appendix (online only).

In total, 2,308 patients in the MROC study had a breast cancer
diagnosis, underwent immediate reconstruction, and completed
a baseline survey (Fig 1). Of these, 676 were excluded according to
the criteria listed in the Methods; 1,632 patients remained eligible.
Of these eligible patients, 1,139 (69.8%) had implant-based re-
construction, and 493 (30.2%) had autologous reconstruction
(Table 1). Of the included patients, 1,183 completed a 1-year ques-
tionnaire (72.5% response rate). A comparison of responders and

Table 1. Patients by Procedure Type

ProcedureType No. (%) of Patients (N = 1,632)
Implant

DTI 87 (56.3)

TE/I 1,052 (64.5)
Autologous

PTRAM 75 (4.6)

FTRAM 69 (4.2)

DIEP 294 (18.0)

SIEA 55 (3.4)

Abbreviations: DIEP, deep inferior epigastric perforator; DTI, direct to implant;
FTRAM, free transverse rectus abdominis muscle; PTRAM, pedicled transverse
rectus abdominis muscle; SIEA, superficial inferior epigastric artery; TE/I, tissue
expander/implant.

jco.org

nonresponders is provided in the Appendix (Tables Al and A2, online
only). Clinical and demographic characteristics are listed in Table 2.

Mean PRO scores at baseline and 1 year, as well as the mean
difference in PRO scores before and after surgery, are listed in
Table 3. At 1 year postreconstruction, patient satisfaction with
breasts and psychosocial well-being were equal to (for implant) or
better than (for autologous) baseline levels. Sexual well-being was
restored among patients who underwent autologous but not
implant reconstruction (mean difference pre- to postsurgery, —5.2;
P =.005). Physical well-being of the chest was not fully restored
in either group (implant, —3.8 [P = .001]; autologous, —2.2
[P = .038]), nor was physical well-being of the abdomen for pa-
tients who underwent autologous reconstruction (—13.4; P < .001).
For patients in both implant and autologous groups, anxiety and
depression were improved at 1 year. Compared with baseline
measures, patients in the autologous group reported significantly
increased levels of pain interference (P = .006), and patients in the
implant group reported decreased fatigue (P = .035).

Table 4 lists the results of a mixed-effects regression model for
each PRO domain score. When analysis was controlled for baseline
values of the outcome measure and other covariates, autologous
reconstruction was associated with higher levels of breast satis-
faction than implant reconstruction (estimated mean difference in
score between autologous and implant, 6.3; P < .001) and higher
psychosocial and sexual well-being (mean differences, 3.7 and 4.5,
respectively). Physical well-being of the chest did not differ sig-
nificantly between patients in the implant and autologous groups.
Within the implant procedural subgroups (two-stage TE/implant
and direct to implant), when analysis was controlled for baseline
outcome and other covariates, no significant differences emerged
between these two subgroups in postoperative year-1satisfaction or
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Table 2. Clinical and Demographic Characteristics of the Study Cohort by Procedure Type
Procedure Type
Characteristic Overall (N = 1,632) Implant (n = 1,139) Autologous (n = 493) P*
Age, years, mean (SD) 49.9 (9.9) 48.9 (10.3) 52.3 (8.6) < .001
BMI, kg/m?, mean (SD) 26.3 (5.4) 25.1 (56.0) 28.9 (56.3) < .001
Race .305
White 1,424 (88.2) 1,002 (88.9) 422 (86.5)
Black 90 (5.6) 61 (5.4) 29 (5.9)
Other 101 (6.3) 64 (5.7) 37 (7.6)
Hispanic or Latino ethnicity 92 (5.7) 73 (6.5) 19 (3.9) .040
Education < .001
High school or less 166 (10.2) 80 (7.0) 86 (17.5)
Some college 261 (16.1) 157 (13.8) 104 (21.2)
College degree 710 (43.7) 495 (43.6) 215 (43.8)
Master/doctoral degree 489 (30.1) 403 (35.5) 86 (17.5)
Income < .001
< $50,000 265 (16.8) 149 (13.5) 116 (24.2)
$50,000-$99,000 503 (31.8) 310 (28.1) 193 (40.3)
= $100,000 813 (51.4) 643 (58.3) 170 (35.5)
Married or partnered marital status (v common law) 1,280 (78.8) 894 (79.0) 386 (78.3) 734
Employment status 325
Full time (including student) 936 (568.1) 646 (57.3) 290 (59.9)
Part time 217 (13.5) 161 (14.3) 6 (11.6)
Unemployed 458 (28.4) 320 (28.4) 138 (28.5)
Bilateral reconstruction 869 (563.2) 700 (61.5) 169 (34.3) < .001
Lymph node biopsy .002
None 246 (15.1) 151 (13.3) 5 (19.3)
SLNB 968 (59.3) 676 (59.4) 292 (59.2)
ALND 418 (25.6) 312 (27.4) 106 (21.5)
Charlson comorbidity index = 1 (v> 1) 1,461 (89.5) 1,043 (91.6) 418 (84.8) < .001
Smoking status < .001
Nonsmoker 1,060 (65.4) 774 (68.6) 286 (58.1)
Previous smoker 517 (31.9) 328 (29.1) 189 (38.4)
Current smoker 44 (2.7) 27 (2.4) 17 (3.5)
Radiation < .001
Before reconstruction 148 (9.1) 63 (5.5) 5(17.2)
During/after reconstruction 243 (14.9) 128 (11.2) 115 (23.3)
None 1,241 (76.0) 948 (83.2) 293 (69.4)
Chemotherapy during or after reconstruction 480 (29.4) 309 (27.1) 171 (34.7) .002
Postoperative complication
Majort (with or without minor¥) 211 (12.9) 107 (9.4) 104 (21.1) < .001
Minort only 152 (9.3) 72 (6.3) 80 (16.2)
None 1,269 (77.8) 960 (84.3) 309 (62.7)
NOTE: Values are No. (%) unless otherwise indicated.
Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index; SD, standard deviation; SLNB, sentinel lymph node biopsy.
*Continuous variables were compared between implant and autologous with the two-sample ttest, and categoric variables were compared with the x? test. The Pvalue
denotes the significance of overall association between patient characteristics and procedure type.
TRefers to complications that require rehospitalization and/or reoperation.
$Refers to complications that only require outpatient treatment.

QOL, as measured by the BREAST-Q or PROMIS-29 domains
(results based on mixed-effects regression model, not shown).
Similarly, within the autologous tissue reconstruction subgroups
(pedicled transverse rectus abdominis muscle, free transverse
rectus abdominis muscle, deep inferior epigastric perforator, and
superficial inferior epigastric artery), no significant differences in
1-year PRO scores were noted across the four procedure subgroups
(results based on mixed-effects regression model, not shown).

Women who undergo mastectomies for breast cancer treatment make
difficult decisions about their preferred method of reconstruction with

4 © 2017 by American Society of Clinical Oncology

only limited information about the expected results and the
comparative effectiveness of different techniques. The key find-
ing of this study is that women who are candidates for and
who choose immediate abdominally based autologous recon-
struction report greater satisfaction with their breasts and
greater psychosocial and sexual well-being 1 year after mas-
tectomy surgery compared with women who choose implants.
In the United States, an increasing number of breast recon-
structions are performed with implantsl4’33’34; however, this
study raises the question of whether patient health care value is
being maximized by this approach. The reasons for the greater
use of implants are multifactorial but reflect patient prefer-
ences for a shorter operation,”” quicker recovery, and avoid-
ance of donor site morbidity.*® In addition, some surgeons who

JOURNAL OF CLINICAL ONCOLOGY



Table 3. Summary of Patient-Reported Outcomes at Baseline and Year 1 Postreconstruction in Patients After Implant or Autologous Reconstruction
Baseline Year 1 Difference
No. of Unadjusted Mean No. of Unadjusted Mean Mean
Patient-Reported Outcome Measure Patients (SD) Patients (SD) (95% CI)* P
BREAST-Q: Satisfaction with breast
Implant 1,132 64.9 (21.2) 795 64.0 (16.8) 0.6 (—4.7 t0 5.9) 792
Autologous 491 59 (20.7) 388 67.8 (17.2) 8.0 (3.9t0 12.2) .002
BREAST-Q: Psychosocial well-being
Implant 1,131 72.4 (17.5) 791 71.8 (19.0) 0.6 (—2.8t0 4.1) 704
Autologous 492 68.4 (18.4) 386 74.7 (19.2) 4.6 (0.1 t0 9.1) .047
BREAST-Q: Physical well-being, chest
Implant 1,132 80.0 (14.0) 791 76.7 (14.5) —3.8 (=5.5to —2.1) .001
Autologous 493 76.5 (15.5) 386 74.9 (15.1) —-2.2 (=431t —0.1) .038
BREAST-Q: Physical well-being, abdomen
Implant 1,129 91.3 (12.4) — — — —
Autologous 491 87.6 (15) 378 74.5 (19.1) —13.4 (-16.8 to —10.0) < .001
BREAST-Q: Sexual well-being
Implant 1,104 59.1 (18.3) 756 53.0 (21.1) —5.2 (=84 to —2.1) .005
Autologous 477 54 (20.9) 370 55.4 (19.8) 1.2 (=19 t0 4.3) 420
PROMIS: Physical function
Implant 1,135 53.3 (6.6) 777 52.2 (6.8) -1.3(=2.0to —0.6) .003
Autologous 492 52.4 (7.1) 385 50.1 (7.2) -22 (=331t —1.2) .001
PROMIS: Anxiety
Implant 1,136 59.1 (8.8) 775 49.7 (9.4) —9.4 (-10.3 to —8.4) < .001
Autologous 493 58.3 (8.8) 383 50.4 (9.6) —7.8 (-89 to —6.7) < .001
PROMIS: Depression
Implant 1,135 49.8 (8.3) 776 47.3 (8.0) —2.2(=3.11t0 —1.4) < .001
Autologous 493 49.7 (8.5) 385 47.9 (8.2) -1.7 (-3.2 to —0.3) .021
PROMIS: Fatigue
Implant 1,137 49.4 (9.9) 773 47.9 (10.1) —1.4 (=27 to —0.1) .035
Autologous 493 50.5 (9.9) 383 50.3 (9.4) -0.1 (=1.2t0 1.0) .865
PROMIS: Sleep disturbance
Implant 1,135 51.9 (3.6) 772 52.0 (3.8) 0.1 (0.3 t0 0.5) 701
Autologous 493 52.1 (3.5) 383 52.5 (4.1) 0.1 (=0.4 t0 0.7) .662
PROMIS: Satisfaction with participation in social roles
Implant 1,136 52.0 (9.5) 773 53.0 (9.9) 0.7 (0.2 to 1.6) 102
Autologous 492 51.2 (9.4) 384 51.5 (9.2) 0.5 (=1.0 to 2.0) 494
PROMIS: Pain interference
Implant 1,133 45.5 (7.1) 773 46.0 (7.5) 0.9 (0.3 t0 2.0) 125
Autologous 493 46.4 (7.7) 384 48.4 (8.4) 2.0(0.7t0 3.2) .006
NOTE. No. of patients with implant procedure = 1,139; No. of patients with autologous procedure = 493.
Abbreviations: PROMIS, Patient-Reported Outcomes Measurement Information System; SD, standard deviation.
*Mean difference calculated as year 1 minus baseline on the basis of a mixed-effects regression model that adjusted for sites and was weighted by the inverse of
predicted response probability of the outcome at year 1.

perform breast reconstruction do not even offer autologous
tissue options, or they limit it to those who are perfect can-
didates.>* Moreover, implant reconstructions often are linked
with bilateral mastectomies, because the combination of the two
restores symmetry and alleviates the anxiety of a possible future
contralateral breast cancer.”®’® However, proponents of au-
tologous tissue reconstruction suggest that, by replacing like
with like, a more natural-looking and -feeling breast can be
achieved. Our results support this contention. In addition, the
superiority of autologous reconstruction in this regard is supported
by several cross-sectional studies that use the BREAST-Q,*>”’
which have demonstrated more durable results with autologous
tissue as the reconstructive breast ages. Health care value is defined
as the relationship between cost and quality across the full cycle
of care for the medical condition of a patient, so health policy
changes should be aligned to steer patients, providers, and the
medical system in the direction of the greatest value.”® In this
study, we report outcomes at 1 year; longer-term follow up of

jco.org

this patient cohort will shed more light on differences between
reconstructive methods over time.

This study also provides new insights about how women feel
and function both before and after surgery. An important finding
is that patients who underwent implant reconstruction reported
satisfaction with their breasts at 1 year that was similar to baseline.
In addition, patients with autologous reconstruction reported
being more satisfied with their breasts than they were before
surgery. This improvement may relate to the fact that patients who
are eligible for flap reconstruction often have higher BMIs and
large breasts. In such patients, reconstruction often is accompanied
by a contralateral symmetrical breast reduction, and this might
contribute to patient happiness about the size and shape of their
breasts overall. Future research to explore potential reasons for this
finding would be worthwhile.

A concerning finding was that physical well-being at 1 year did
not return to baseline levels for women in either group. On both
the BREAST-Q and PROMIS-29, patients reported worse physical

© 2017 by American Society of Clinical Oncology 5



Table 4. Adjusted Mean Difference Between Procedure Types in 1-Year
Postreconstruction Patient-Reported Outcomes

Adjusted Mean
(95% CI) Difference* P

Patient-Reported Outcome

BREAST-Q domaint

Satisfaction with breast 6.3 (3.411t09.09) < .001
Psychosocial well-being 3.7 (0.73 to 6.76) .015
Physical well-being: Chest 1.6 (—0.57 to 3.68) 152
Sexual well-being 4.5 (1.52 to 7.48) .003

PROMIS-29 domain#

Physical function —0.6 (—1.51 to 0.39) .249

Anxiety 0.7 (—=0.75 to 2.08) .356
Depression 0.4 (=0.70 to 1.45) 497
Fatigue 0.9 (—=0.51 to 2.35) .207

0.3 (—0.29 to 0.86) 324
0.1 (=1.36 to 1.67) 916
1.1 (0.01 to 2.25) .048

Sleep disturbance
Satisfaction with participation in social roles
Pain interference

NOTE. Difference measured is between autologous and implant procedures.
Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information
System.

*Obtained from fitting a separate mixed-effects regression model with a de-
pendent variable as the corresponding patient-reported outcome at 1 year
postoperatively. Each model included as covariates baseline values of the
outcome variable, age, body mass index, procedure type, race, ethnicity, edu-
cation, income, marital status, employment status, laterality, lymph node biopsy,
Charlson comorbidity index, radiation, and chemotherapy. Also included were
random intercepts for study sites (hospitals). Results were weighted by the
inverse of predicted response probability of patient-reported outcomes at year 1.
tFor BREAST-Q scales, a positive value indicates that autologous outcomes are
superior to those of implants.

FFor PROMIS-29 scales, a positive value indicates more of the construct being
measured.

well-being of the chest and worse physical function at 1 year. For
example, in the BREAST-Q, they described pain and tightness at
1 year, and patients in the implant group reported more symptoms
than those in the autologous group. These results likely relate to
that the significant nerve disruption®*' from surgery and that
requirement of elevation of the pectoralis, and often serratus,
muscle for implant reconstruction.*” In addition, patients who
underwent autologous reconstruction reported abdominal dis-
comfort and weakness, likely related to dissection of the rectus
fascia muscle and motor nerves.

This study reveals an important unmet need in reconstructive
breast surgery. Specifically, although current techniques may re-
store how a woman looks, they do little to address how she feels
physically. As women increasingly choose mastectomy instead of
breast-conserving therapy, it is especially important to share in-
formation about the PROs of the various options—specifically, the
physical morbidities associated with mastectomy and recon-
struction—during preoperative counseling. Much work remains to
understand and improve physical well-being after mastectomy
surgery. This analysis, for example, was underpowered to de-
termine whether different approaches to harvest the abdominal
flap may result in less abdominal morbidity. For patients who
undergo implant reconstruction, new techniques, such as pre-
pectoral placement of implants (which minimizes muscles dis-
section and stretching) may be beneficial, but rigorous PRO data
are still lacking.*>**

It is important to consider not only the statistical significance
of our findings but also the extent to which these differences are
clinically meaningful. For the BREAST-Q and PROMIS-29 domain

6 © 2017 by American Society of Clinical Oncology

scores, there are no widely accepted minimally important differ-
ences (MIDs). However, for each of the T-score scale domains of
the PROMIS-29 used in this study, differences of two, five, and
eight points can be considered small, medium, and large effect
sizes, respectively, as defined by Cohen.*™*” There were no MIDs in
QOL between patients in the autologous and implant groups, as
measured by any of the PROMIS-29 domains. However, for both
procedure types, within-group improvement in anxiety during the
1-year period was larger than the medium effect size. Similarly, the
distribution-based MID can be applied to the BREAST-Q. Because
the standard deviation of BREAST-Q domain scores is approxi-
mately 20 at baseline for the satisfaction with breast and sexual
well-being domains, the MID can be defined as four points for
a between-group difference and 10 points for a change over time
for these domains. For the psychosocial well-being domain, in
which the standard deviation is approximately 18 points, the MID
is 3.6 for a between-group difference and nine for a change after
surgery. On the basis of these definitions, autologous procedures
show a statistical difference and MID compared with implant
procedures in terms of satisfaction with breast, psychosocial well-
being, and sexual well-being. An additional benefit of the BREAST-
Q is that it was developed with Rasch psychometric methods,
which improve the ability to interpret the clinical impact of dif-
ferences across procedures. This is because Rasch scales have an
empiric item order and provide accurate interval-level data (ie, one
unit on the scale represents the same magnitude measured across
the whole scale). In this study, patients who underwent implant
reconstruction reported mean satisfaction with breasts of 64. With
Rasch-derived clinical meaning tables, this can be interpreted as
moderate satisfaction with how bras fit. In comparison, the mean
score for women who underwent autologous reconstruction was
68, which means that they were very satisfied with how bras fit and
with how their reconstructed breasts feel to the touch.

The strengths of this study are its multicenter design, the
collection of preoperative PRO data to determine baseline statuses
of patients, the high response rate,*®*’ and the use of a breast-
specific PRO measure (the BREAST-Q) calibrated to detect dif-
ferences in outcomes across reconstructive procedures on im-
portant patient-centered concerns. To our knowledge, this is the
largest prospective study of PROs after immediate breast re-
construction to date. This study also has limitations. As previously
noted, the relatively small number of patients in some proce-
dure groups required collapse across categories or exclusion of
groups from analysis. We also did not include patients whose
reconstruction had failed because of the small number (n =25) and
heterogeneous clinical outcomes. The generalizability of our study
results, therefore, is limited to patients who successfully completed
reconstruction. Future studies should build on these findings and
achieve greater patient numbers to allow for meaningful com-
parisons of procedural subtypes. This population also had rela-
tively limited ethnic and racial diversity, and the participating sites
were largely academic, high-volume centers. For instance, more
than 50% of patients underwent bilateral mastectomies, which is
higher the national average®”>" and may reflect patterns of practice
in more urban, academic practices. These factors also may limit the
generalizability of our findings.

Our study had a nonrandomized clinical trial design—choice
of reconstructive method was based on patient characteristics and
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preferences. Observed difference in outcomes between procedure
types, therefore, may be influenced by certain patient and surgeon
preferences. Although analysis was adjusted for variables known to
be predictive of outcomes,”>>> such as radiation and laterality, it
is possible that additional demographic and clinical variables not
measured in this study may influence outcomes and thus introduce
bias. Another consideration is that patients who had two-stage
implant reconstruction generally would have had relatively recent
surgery at the time of the 1-year outcome assessment, whereas
patients who had autologous reconstruction would have had a year
to recover; this may bias the finding that physical well-being of the
chest and upper body was superior in patients in the autologous
reconstruction group. This study did not include a control pop-
ulation of patients who underwent mastectomy without recon-
struction or breast-conserving therapy; thus, interpretation of
findings is limited to a comparison of the outcomes of post-
mastectomy reconstruction techniques.

In summary, the results of this prospective, multicenter study
suggest that women who are candidates for and who choose
immediate abdominal-based autologous reconstruction are more
satisfied with their breasts 1 year after surgery and experience
better breast-related QOL than women who undergo implant-
based reconstruction. This study also provides evidence that im-
mediate reconstruction restores the look and feel of a woman’s
breasts, as evidenced by patient-reported satisfaction with their
breasts that was equal to or greater than preoperative levels. Re-
construction does not, however, undo the physical morbidity of

mastectomy surgery and, in the case of implant surgery, may even
contribute to symptoms of pain and tightness. Improvement in
physical well-being after mastectomy surgery is an important area
for future research and innovation. The findings from this study
may inform the advancement of reconstruction techniques and
also may be shared with patients to improve the understanding of
expected outcomes and enhance the ability to make informed
decisions.
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Appendix

Sample size was considered in the original National Institutes of Health proposal on the basis of the total number of re-
construction procedures performed at the participating sites in 2009; an approximately 80% 2-year response rate was assumed.
Statistical power to detect the difference in outcomes between implant- and natural tissue-based procedures on the basis of the
projected sample size also was considered. With the projection of 75% of patients to undergo an implant-based procedure patients
versus 25% to undergo a natural tissue—based procedure, and given a within-surgeon-site correlation of 0.002, we expected to have
83% power to detect a between-procedure difference of 0.135 standard deviation by using a .01-level two-sided test.

Statistical Analysis

Participants were categorized into two groups: (1) autologous tissue reconstruction with tissue transfer from the lower
abdomen (pedicled transverse rectus abdominis muscle, free transverse rectus abdominis muscle, superficial inferior epigastric
artery, and deep inferior epigastric perforator flaps) and (2) implant reconstruction (direct to implant and two-stage tissue
expander/implant).

Patient characteristics between the two procedure groups (autologous v implant) were analyzed with the two-sample ¢ test for
continuous variables and the x* test for categoric variables. Mean patient-reported outcome (PRO) scores at baseline and at 1 year
after surgery, as well as the mean difference in PRO scores before and after surgery, were summarized separately for patients who
underwent implant and autologous procedures. For each PRO domain measure, 1-year outcome scores were modeled with a series
of mixed-effects regression models. Each model included procedure type and baseline values of the corresponding outcome variable
as well as patient demographic and clinical characteristics. Each model also included centers (hospitals) as random intercepts to
account for between-center variability. The parameter estimate of the procedure type from the model provided the adjusted
expected outcome difference between procedures at 1 year. PRO scores at 1 year were missing for approximately 30% of patients.
Baseline characteristics of the responders and nonresponders were compared, and, to reduce potential bias from missing PROs at
1 year, analyses were weighted by the inverse of the probability of response. Specifically, the probability of response was estimated on
the basis of data from all eligible study participants, by using a separate logistic regression model for each outcome measure, in
which the dependent variable was an indicator of nonmissing response status and the predictors included baseline patient
characteristics as well as baseline values of the outcome variable. All statistical analyses were performed with SAS 9.4 (SAS Institute,
Cary, NC), and statistical significance was set at .05.
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Table A1. Clinical and Demographic Characteristics of Patients by Survey Response Status at 1 Year Postoperation
Variable Respondents Nonrespondents P*
Age, years, mean (SD) 50.2 (10.0) 49.2 (9.8) .081
BMI, kg/m?, mean (SD) 26.0 (5.2) 27.0 (5.8) < .001
Race
White 1,061 (90.8) 363 (81.4) < .001
Black 46 (3.9) 44 (9.9)
Other 62 (5.3) 39 (8.7)
Ethnicity
Hispanic or Latino 56 (4.8) 36 (8.1) .012
Non-Hispanic or Latino 1,102 (95.2) 408 (91.9)
Education
High school or less 121 (10.3) 45 (10.1) 147
Some college 176 (14.9) 85 (19.0)
College degree 531 (45.0) 179 (40.0)
Master/doctoral degree 351 (29.8) 138 (30.9)
Income
< $50,000 176 (15.4) 89 (20.3) .026
$50,000-$99,000 359 (31.4) 144 (32.9)
= $100,000 608 (63.2) 205 (46.8)
Marital status
Married or partnered 944 (79.9) 336 (75.8) .073
Not married or partnered 237 (20.1) 107 (24.2)
Employment status
Full time (including student) 679 (58.1) 257 (58.0) 195
Part time 167 (14.3) 50 (11.3)
Unemployed 322 (27.6) 136 (30.7)
Laterality
Unilateral 574 (48.5) 189 (42.1) .020
Bilateral 609 (51.5) 260 (57.9)
Lymph node biopsy
None 186 (15.7) 60 (13.4) 448
SLNB 693 (58.6) 275 (61.2)
ALND 304 (25.7) 114 (25.4)
Charlson comorbidity index
=1 1,067 (90.2) 394 (87.8) 150
> 116 (9.8) 55 (12.2)
Smoking status
Nonsmoker 775 (65.8) 285 (64.2) .808
Previous smoker 371 (31.5) 146 (32.9)
Current smoker 31 (2.6) 13 (2.9)
Radiation
Before reconstruction 97 (8.2) 51 (11.4) .030
During/after reconstruction 189 (16.0) 54 (12.0)
None 897 (75.8) 344 (76.6)
Chemotherapy
During/after reconstruction 353 (29.8) 127 (28.3) .538
None 830 (70.2) 322 (71.7)
NOTE: Values are No. (%) unless otherwise indicated.
Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index; SD, standard deviation; SLNB, sentinel lymph node biopsy.
*Continuous variables were compared between respondents and nonrespondents with the two-sample ttest, and categoric variables were compared with the x? test.
The P value denotes the significance of overall association between patient characteristics and procedure type.
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Table A2. Procedure Type and Response Rate by Site

MROC Center

No. of Patients

No. (%) With Autologous Procedure

No. (%) of Respondents at 1 Year

University of British Columbia
Brigham and Women's Hospital
Georgia Institute for Plastic Surgery
Georgetown University Hospital
University of Manitoba

MD Anderson Cancer Center
University of Michigan
Northwestern Memorial Hospital
Memorial Sloan Kettering Cancer Center
The Ohio State University

St Joseph Mercy Ann Arbor

Total

15
233
19
64
225
191
114
192
425
122
32
1,632

15 (100)
70 (30)
15 (79)
6 (9.4)
212 (94.2)
37 (19.4)
36 (31.6)
11(6.7)
31 (7.3)
47 (38.5)
13 (40.6)
493

11 (73.3)
182 (78.1)
14 (73.7)
55 (85.9)
198 (88)
140 (73.3)
97 (85.1)
130 (67.7)
259 (60.9)
70 (57.4)
27 (84.4)
1,183

Abbreviation: MROC, Mastectomy Reconstruction Outcomes Consortium.

© 2017 by American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY



