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Pelvic Exenteration for Recurrent and Persistent Cervical
Cancer

Lei Li, Shui-Qing Ma, Xian-Jie Tan, Sen Zhong, Ming Wu

Department of Obstetrics and Gynecology, Peking Union Medical College Hospital, Peking Union Medical College, Chinese Academy of Medical Sciences,
Beijing 100730, China

Background: Pelvic exenteration (PE) for primary and recurrent cervical cancer has resulted in favorable survival outcomes, but there
are controversies about specific prognosis factors, and up to now, there have been no published reports from China. This study aimed to
share our experiences of PE, which were performed in a single institution.

Methods: From January 2009 to January 2016, 38 patients with recurrent or persistent cervical cancer were included in the study, and
they were followed up until January 2017. Epidemiological and clinicopathological characteristics of patients were compared for survival
outcomes in univariate and Cox hazard regression analysis.

Results: There were thirty-one and seven patients with recurrent and persistent cervical cancer, respectively. The median age of patients
was 45 years (range 29-65 years). Total, anterior, and posterior PE consisted of 52.6%, 28.9%, and 18.4% of cases, respectively. Early and
late complications occurred in 21 (55.3%) patients and 15 (39.5%) patients, respectively. Two (5.3%) patients died due to complications
related to surgeries within 3 months after PE. The median overall survival (OS) and disease-free survival (DFS) were 28.5 months (range
9-96 months) and 23 months (range 4-96 months), respectively, and 5-year OS and DFS were 48% and 40%, respectively. Cox hazard
regression analysis showed that, the margin status of the incision and mesorectal lymph node status were independent risk factors for
OS and DFS.

Conclusion: In our patients with recurrent and persistent cervical cancer, the practice of PE might achieve favorable survival outcomes.
Trial Registration: ClinicalTrials.gov, NCT03291275; https://clinicaltrials.gov/ct2/show/NCT03291275?term=NCT03291275&rank=1.
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radiotherapy for the same anatomy sites is contraindicated,
the control effects of systemic chemotherapy have been very
poor.['121 For selected patients, radical en bloc resection
(pelvic exenteration [PE]) is the only potentially curative
treatment option with favorable survival outcomes although
at cost of high-morbidity rates.!'*'*!3] There are no published
reports from China about the practice of PE, so we are
publishing the first such report to introduce our experiences

INTRODUCTION

With the improvement of strategies for managing cervical
cancer and the prevalence of HPV vaccines, incidence
and mortality rates in developed countries have decreased
significantly.l'! Nevertheless, 8% of patients present
with Stage IV cancer at diagnosis,” and their 5-year
survival has been only 9.3-21.6%.5! For early-stage

cervical cancer, a radical hysterectomy and resection of
the retroperitoneal lymph nodes have had similar effects
compared with radiotherapy. For locally advanced
cervical cancer, concurrent chemoradiotherapy (CCRT) is
more appropriatel® and has been the primary treatment
for about 70% of patients.””? Recurrence rates for patients
with Stages IB, 1IA, 1IB, III, and IV have been 10%, 17%,
23%, 42%, and 74%, respectively.'” The 5-year overall
survival (OS) has been <5%. In patients for whom repeated
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These surgeries were all performed at the Department of
Obstetrics and Gynecology, Peking Union Medical College
Hospital (PUMCH).

MeTtHoDS

Ethical approval

The Institutional Review Board of PUMCH approved
this study (No. ZS-1428). The registration number is
NCT03291275 (clinicaltrials.gov). All procedures performed
in the study involving human participants were in accordance
with the ethical standards of the institutional and/or national
research committee and with the 1964 Declaration of
Helsinki and its later amendments or comparable ethical
standards. Informed consent was obtained from all individual
participants included in the study.

Study participants

From January 2009 to January 2016, PE was performed
on 40 patients, 38 of whom were patients with recurrent
or persistent cervical cancer. Before surgeries, all patients
accepted detailed counseling about plans, complications, and
prognosis of PE, and all gave consent. All patients accepted
detailed evaluations and assessments and were excluded
if they had complications related to the morbidity of the
cardiovascular and respiratory or urinary systems and if they
had the American Society of Anesthesiologists score >1.['4]

Data collection

All patients were followed up in specific schemes and all
survival data were recorded up to January 2017. Data of OS
and disease-free survival (DFS) were achieved from outpatient
clinics and/or telephone interviews. Epidemiological and
clinical characteristics such as pathological subtype, age, and
history of previous treatment were collected from medical
records. Indications of PE included recurrent cervical
cancer diagnosed through pathological evidence from a
needle core biopsy or direct biopsy, and persistent cervical
cancer that imaging or biopsy showed was refractory to
systemic chemotherapy or (chemo) radiotherapy. All patients
agreed to undergo imaging evaluation from computed
tomography (CT), magnetic resonance imaging (MRI), or
positron emission tomography (PET) to confirm lesions
within the pelvic floor and/or pelvic wall. Any suspicious
distant metastasis is regarded as a contraindication for PE.

As for the extent of surgery, PE procedures were divided into
anterior PE (removal of the entire bladder, uterus, and vagina
in patients for whom the bladder was involved), posterior
PE (removal of the uterus, vagina, and the involved part of
the colorectum), and total PE (removal of the involved part
of the bladder, colorectum, and other pelvic lesions). As
for the surgical extent relevant to the levator ani muscles,
PE procedures were divided into Type I (above the levator
ani muscles), Type II (within the levator ani muscles),
and Type III (below the levator ani muscles).["! As for
whether surgeries involved lesions of the pelvic wall, PE
procedures were divided into laterally extended endopelvic
resection (LEER)!' or not LEER.

The involved organs, surgical level, and anatomical changes
will determine which procedure of intestinal diversion
to use (colorectal anastomosis or colostomy), urinary
diversions (ureterocutaneostomy, Bricker’s ileal conduit,
and Miami pouch), and how to reconstruct the pelvic floor
(vulvar reconstruction plus vaginal tamping or vulvar and
vaginal reconstruction).

Perioperative adjuvant therapies included systemic
chemotherapy, radiotherapy or synchronous chemotherapy
and radiotherapy ([chemo] radiotherapy), and their
combinations. Complications of PE requiring admission
to the hospital included early complications (defined as
conditions developing within 30 days of PE) and late
complications (defined as conditions developing more
than 30 days after PE). These conditions included wound
problems (dehiscence or infection), infections (sepsis or
abscess of specific sites), urinary system complications
(obstruction, fistula, renal failure, or leakage of anastomosis),
gastrointestinal (GI) system complications (ileus, obstruction,
and leakage of anastomosis), venous thromboembolism, and
infection or breakdown of the vulvar flap.

All surgical specimens were kept for pathological
examinations. We paid special attention to the following
pathological characteristics: marginal status of the incision,
the diameter of tumors, lymphovascular space invasion
(LVSI), and metastasis to mesorectal and retroperitoneal
lymph nodes.

Statistical analysis

All data were collected using Microsoft Excel, and analyzed
using SPSS version 19.0 (SPSS Inc., New York, USA).
Comparisons were made using the y? test or Fisher’s exact
test and the Mann-Whitney U-test. Univariate analysis of
the impact of epidemiological and clinical characteristics
on survival outcomes was performed using Kaplan-Meier
tests. Cox hazard regression analysis was used to determine
the independent risk factors for survival outcomes.

ResuLts

Epidemiological and preoperative clinical characteristics
of patients

From January 2009 to January 2016, 38 patients with
recurrent or persistent cervical cancer underwent open PE.
The median age of patients was 45 years (range 29—65 years).
Nine (23.7%) patients were 50 years or older and two (5.3%)
were 60 years or older. With respect to the primary
International Federation of Gynecology and Obstetrics
staging, there was one (2.6%) case of IA not specified,
one (2.6%) of 1A2, seven (18.4%) of IB1, ten (26.3%) of
IB2, four (7.9%) of ITA, 12 (31.6%) of [IB, and one (2.6%)
each of IIIA, IIIB, and IVA, respectively. CT, MRI, and PET
scans were applied in three, 13, and 34 patients, respectively.
Most of the patients had squamous carcinoma (78.9%) and
recurrent cancer (81.6%). The median length of DFS after
primary treatment for cervical cancer was 13 months (range
0—156 months). For 31 patients with recurrent disease,
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two (6.4%), 15 (48.4%), and eight (25.8%) patients received
systemic chemotherapy only, (chemo) radiotherapy only, and
systemic chemotherapy plus CCRT, respectively, during the
periods of primary therapy. For seven patients with persistent
disease, one (14.3%), two (28.6%), and four (57.1%)
received systemic chemotherapy only, (chemo) radiotherapy
only, and systemic chemotherapy plus CCRT, respectively,
as the primary therapy or salvaged treatment. Other patient
characteristics are listed in Table 1.

Procedures, adjuvant therapy, and complications of
pelvic exenteration

Surgical characteristics are listed in Table 2. After initial
surgical exploration, no PE procedure was abandoned. Total,
anterior, and posterior PE consisted of 52.6%, 28.9%, and
18.4% of cases, respectively. Eleven patients accepted LEER
for lesions of the pelvic wall: four, six, and one with the left,
right, and bilateral pelvic wall involved, respectively; these
were all patients with recurrent disease. Intestinal diversion

Table 1: Epidemiological and preoperative clinical
characteristics of patients and their impact on the
survival outcomes by Kaplan-Meier tests

n (%)

Characteristics Impact

on 0S*

Impact
on DFS*

Pathology subtype
Squamous carcinoma 30 (78.9) 0.963 0.586
6 (15.8)

2(5.3)

Adenocarcinoma
Adenosquamous carcinoma
Recurrent or persistent diseases

Persistent diseases 7 (18.4) 0.001 0.003
31 (81.6)

45 (29-65)  0.865 0.765

Recurrent diseases
Age of PE (years), median (range)
Surgical stage

Before or on 2010 8 (21.1) 0.663 0.593
After 2010 30(78.9)
History of surgeries of uterus
None 14 (36.8) 0.585 0.841
LRH 3(7.9)
RH 14 (36.8)
TAH 7(18.4)
History of adjuvant therapy
None 6(15.8) 0.826 0.489
Systemic chemotherapy only 3(7.9)
Chemoradiotherapy only 16 (42.1)
Systemic chemotherapy + CCRT 11 (28.9)
Adjuvant therapy before PE
None 14 (36.8) 0.655 0.253
Systemic chemotherapy only 15 (39.5)
Chemoradiotherapy only 3(7.9)
Systemic chemotherapy + CCRT 6 (15.8)

DEFS after primary treatment

<12 months 22 (57.9) 0.599 0.482
>12 months 16 (42.1)
*Univariate analysis. CCRT: Concurrent chemoradiotherapy;

DEFS: Disease-free survival; LRH: Laparoscopic radical hysterectomy;
OS: Overall survival; PE: Pelvic exenteration; RH: Radical
hysterectomy; TAH: Total abdominal hysterectomy.

procedures were performed in 27 patients, including
colorectal anastomosis (nine cases) and colostomy (18 cases).
Urinary diversion procedures were performed in 31 patients,
including ureterocutancostomy (two cases), Bricker’s
ileal conduit (22 cases), and Miami pouch (seven cases).
Procedures to reconstruct the pelvic floor were performed
in 15 patients, including vulvar reconstruction plus vaginal
tamping (12 cases) and vulvar and vaginal reconstruction
(three cases).

A total of 32 patients stayed in the Intensive Care Unit for
more than 2 days. All patients except two received blood
transfusions. Most patients accepted adjuvant treatment of
systemic chemotherapy (60.5%) or CCRT (10.5%).

There were 21 (55.3%) patients and 15 (39.5%)
patients with early and late complications, respectively
[Tables 2 and 3]. For early complications, sepsis and pelvic
abscess resulted in two deaths, 25 days and 77 days after
PE, respectively, which were considered surgery-related
mortalities. Except for the hospital stay after PE (P =0.011
for occurrence of early complications), the following
factors were all unrelated categories and frequencies of
complications (all P> 0.05): types and levels of PE; whether
or not LEER was applied; specific procedures for intestinal/
urinary diversion and reconstruction of the pelvic floor;
adjuvant therapy after PE; and estimated blood loss and
transfusion volumes of surgeries.

Pathological characteristics

All surgical specimens were accepted through pathological
examinations [Table 2]. All patients achieved complete
resection (R0), defined as a circumferential resection margin
of 1 mm or greater. The median diameter of tumors was
4.5 cm (range 2—11 cm). Preoperative imaging revealed
pelvic lesions in 11 patients, which were all confirmed
by pathological examination. For anterior, posterior,
and total PE, there were 22.2% (2/9), 60.0% (3/5), and
23.1% (3/13) patients with positive mesorectal lymph nodes,
respectively (P =0.257). For Levels I, II, and I1I, there were
0(0/4),28.6% (2/7), and 18.5% (5/27) patients with positive
margin of incisions, respectively (P = 0.501). In the study,
preoperative evaluation about the relationship of lesions
with the pelvic wall (yes or no) and different types of PE
(Type 1, 11, and III) had no impact on the status of mesorectal
lymph nodes and margins (all P> 0.05).

Survival outcomes

Two (5.3%) patients died within 3 months after PE. One
patient, with persistent disease, developed complications,
with a leak of the colorectal anastomosis and then sepsis, and
died 39 days after total PE. The other patient, with recurrent
disease, also developed complications, with pelvic abscess
of unknown origin, and died 77 days after total PE and
reconstruction of the pelvic floor. These two patients had no
lesions of the pelvic wall. We judged that the two deaths were
related to PE surgeries. For the remaining 36 patients, after
a median of 28.5 months’ follow-up (range 12-96 months),
21 (58.3%) showed evidence of recurrence and 19 (52.8%)
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Table 2: Procedures, adjuvant therapy, and complications of PE and pathological characteristics and their impact on
the survival outcomes by Kaplan-Meier tests

Characteristics n (%) Impact on 0S* Impact on DFS*
Type of PE
Anterior PE 11 (28.9) 0.114 0.187
Posterior PE 7(18.4)
Total PE 20 (52.6)
Level of PE
Level I 4 (10.5) 0.668 0.312
Level II 7 (18.4)
Level 11T 27 (71.1)
LEER
Yes 11 (28.9) 0.658 0.151
No 27 (71.1)
Intestinal diversion
None 11 (28.9) 0.759 0.568
Colorectal anastomosis 9(23.7)
Colostomy 18 (47.4)
Urinary diversion
None 7(18.4) 0.003 0.005
Ureterocutaneostomy 2(5.3)
Tleal conduit (Bricker) 22 (57.9)
Pouch (Miami) 7(18.4)
Reconstruction of pelvic floor
Yes 15(39.5) 0.991 0.559
No 23 (60.5)
Length of PE (min), median (range) 385 (120-615) 0.545 0.949
Estimated blood loss (ml), median (range) 1200 (400-5000) 0.753 0.285
Transfusion volumes (ml), median (range) 1600 (0-3600) 0.187 0.465
Hospital stay after PE (days), median (range) 28 (9-265) 0.400 0.604
Adjuvant therapy after PE
None 11 (28.9) 0.364 0.584
Systemic chemotherapy 23 (60.5)
Chemoradiotherapy 4 (10.5)
Early complication
Yes 21(55.3) 0.406 0.224
No 17 (44.7)
Late complication
Yes 15 (39.5) 0.740 0.862
No 23 (60.5)
Diameter of tumor
<S5cm 29 (76.3) 0.018 0.009
>5 cm 9(23.7)
LVSI
Positive 9(23.7) 0.036 0.014
Negative 29 (76.3)
Mesorectal lymph nodes (n = 27)
Positive 8(29.6) 0.008 0.019
Negative 19 (70.4)
Margin of incision
Positive 7(18.4) <0.001 <0.001
Negative 31 (81.6)
Retroperitoneal lymph nodes (n = 10)
Positive 5(50.0) 0.691 0.877
Negative 5(50.0)

*Univariate analysis. DFS: Disease-free survival; LEER: Laterally extended endopelvic resection; LVSI: Lymphovascular space invasion; OS: Overall
survival; PE: Pelvic exenteration.
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Table 3: Early and late complications sorted by
descriptive analysis

Complications n

Early complications

— N
oS =

Wound dehiscence and/or infection
Tleus

Leakage of colorectal anastomosis
Venous thromboembolism
Ureteral fistula

Obstruction of urinary system
Sepsis

Death

Pelvic abscess

S N U Y RV

Necrosis of vulvar flap

—_
W

Late complications
Leakage of colorectal anastomosis
Tleus
Pyelonephritis
Ureteral fistula
Vesical fistula
Venous thromboembolism

— N = N L

Renal failure

died of recurrence. Among patients with recurrence,
16 (76.2%) of 21 recurrences were confined within the
pelvic cavity, and five (23.8%) of 21 showed evidence
of distant metastasis including in the lung (three cases),
liver (one case), and bone (one case).

The median OS was 28.5 months (range 9-96 months),
and the median DFS was 23 months (range 4-96 months).
Among patients with recurrence, the median DFS was
12 months (range 4-43 months). Five-year OS and DFS
were 48% and 40%, respectively. In univariate analysis,
recurrence or persistent diseases, procedures of urinary
diversion, the diameter of tumor, LVSI, metastasis to
mesorectal lymph nodes, and marginal status of incision
were significant risk factors for both OS and DFS
[Tables 1 and 2]. Eventually, all seven patients with
persistent cervical cancer that was refractory to primary
therapy died: one death was due to complications of
surgery, and the median OS and DFS for the other six
patients were 16.0 months (range 9-33 months) and
9.5 months (6—24 months), respectively. For patients with
recurrent cervical cancer, the 5-year OS and DFS were 58%
and 49%, respectively.

In Cox proportional-hazards regression, the margin
status of incisions and mesorectal lymph node status
were independent risk factors for survival outcomes.
Compared to patients with negative margins of incision,
patients with positive margins had higher risks of
mortality (relative risk [RR]: 8.7, 95% confidence interval
[CI]: 1.9-40.6, P = 0.006) [Figure la] and recurrence
(RR: 9.2, 95% CI: 2.0-41.5, P = 0.004) [Figure 2a].
Compared to patients with negative mesorectal lymph
nodes, patients with metastasis of mesorectal lymph
nodes had higher risks of mortality (RR: 3.9, 95%

CIl: 1.1-14.1, P = 0.037) [Figure 1b] and recurrence
(RR:3.5,95% CI: 1.1-11.2, P=0.037) [Figure 2b]. Among
patients with positive mesorectal lymph nodes or positive
margins (13 patients), 8% had both 3-year OS and DFS.
Among patients with negative mesorectal lymph nodes and
negative margins (17 patients), 81% had 5-year OS and 64%
had 5-year DFS.

Discussion

Choices of treatment plans have been limited for recurrent
and advanced cervical cancer. A Cochrane database systemic
review found no evidence to help women make informed
decisions about exenterative surgery for recurrent cervical,
endometrial, vaginal, or vulvar malignancies.!'”? When local
recurrence occurs, treatment options are limited due to the
frequent use of pelvic irradiation for primary cervical cancer.
Reirradiation of the same anatomic site is contraindicated,
and chemotherapy is ineffective at controlling tumors located
within the previously irradiated tissue, which tends to be
less vascularized.["?! In 1948, Alexander Brunschwig for
the first time proposed exenteration of all pelvic organs to
manage pelvic malignancies.'®") According to surgical
criteria and patients, 5-year OS varied between 20% and
50%, despite high morbidity rate.l'” Recently, 5-year OS
was approximated at 60% with tolerable morbidity.[?%2!
For patients with recurrent cervical cancer confined to
the pelvic floor without distant metastasis, PE and even
LEER was worthy of consideration if patients were in good
condition and a favorable nutritional state.['*'>!3] Based
on the extensive characteristics and high morbidity of PE,
multiteam collaboration and elaborative management and
follow-up were crucial for successful surgery and patient
recovery. In this study, we reported on a large cohort of PE
procedures for cervical cancer, most of which were performed
in PUMCH. In this study, despite a mortality rate of 5.3%
comparable with previous reports, we achieved favorable
survival outcomes. These data of morbidity, mortality,
and quality of life provided evidence for discussion with
patients about deciding to have PE. Some authors found that
complications after PE shorten patients’ length of survival.*!]
Surgical numbers of physicians®®! and Level III PE with
reconstruction of the pelvic floor®%! were independent
risk factors for complications. In this study, other factors
relevant to surgery (except for hospital stay) and adjuvant
therapy were not related to categories and frequencies of
complications. These conflicts will be clarified in a further
study with a larger cohort of patients.

Margin status had been proven in systemic reviews to be
the most important factor for survival.?*2¢ Modern imaging
does not accurately identify local extensions of microscopic
disease and is inadequate for preoperative planning
of the extent of resection.[”’ Magrina and Stanhope!*”
proposed the subclassification of the exenteration groups
into Type I (supralevator), Type II (infralevator), and
Type III (with vulvectomy), which has been helpful in
facilitating an understanding of the extent of resection of
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Figure 1: OS curves of the patients described by Kaplan-Meier tests. (a) OS of positive and negative margins of the incisions (y>=19.325, P value of
log-rank test <0.001). (b) OS of positive and negative mesorectal lymph nodes (?= 7.060, P value of log-rank test is 0.008). OS: Qverall survival.
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Figure 2: DFS curves of the patients described by Kaplan-Meier tests. (a) DFS of positive and negative margins of the incisions (2=18.524, P value of
log-rank test <0.001). (b) DFS of positive and negative mesorectal lymph nodes (2=5.909, P value of log-rank testis 0.019). DFS: Disease-free survival.

the pelvic structures and the anatomical changes associated
with each operation. We failed, however, to find a significant
relationship between the surgical level and marginal status
of incisions. Other risk factors of survival included the size
of tumors,!*! DFS after primary treatment,!'!) pathological
subtypes of malignancies, metastasis to the mesorectal®-3!!
or retroperitoneal >33 lymph nodes, and LVSI. We checked
all these factors in the study and found that metastasis to
mesorectal lymph nodes and marginal status of the incision
remained independent risk factors both for OS and DFS.
According to our analysis, preoperative lesion status had no
impact on the pathological outcomes. Although there was no
significance between types of PE and status of mesorectal
lymph nodes, most patients (60%) who had posterior PE
had positive lymph nodes, suggesting that mesorectal lymph
node involvement is a common finding in patients with rectal
wall involvement.B*

Few reports mentioned concerns of persistent cervical
cancer being refractory to systemic chemotherapy or
radiotherapy.****! In univariate analysis, recurrent or primary
disease was a significant factor for survival outcomes, and
no patients with persistent disease refractory to primary
treatment survived longer than 33 months, while the 5-year

OS and DFS of recurrent patients were 58% and 49%,
respectively. This finding suggests that the nature of cervical
cancer was critical for selecting eligible patients for PE,
since median OS of these patients was only 16 months.
Although for patients with histopathologically confirmed
Stage VA cervical cancer, exenteration is a valid alternative
to primary chemoradiation,!'!! the role of PE after primary
systemic chemotherapy and/or radiotherapy is not clear,
possibly because of compromised healing of irradiated
or necrotic tissue and use of complex reconstructive
techniques.!'”

Existing lesions of the pelvic wall have long been regarded
a contraindication for PE. Recently, however, based on the
theory of morphogenetic fields of embryonic development
in locoregional cancer spread,”*® the role of LEER in the
surgical treatment of pelvic malignancies including cervical
cancer has been proven by some reports.l'*3”] The only
contraindication for LEER was involvement of the sciatic
nerve.*®3% In this study, we found that LEER patients had
similar survival outcomes and complications compared with
non-LEER patients in the univariate analysis, which further
improves the feasibility and safety of LEER for the recurrent
cervical disease. It is worth noting that in the present study,
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no patients with persistent cervical disease refractory to
primary therapy accepted LEER.

The primary shortcoming of this study is lack of analysis
of quality of life. Most patients with recurrent or advanced
malignancies and their relatives would be more concerned
with the quality of life, rather than the length of survival.
Despite the increasing survival time, PE causes extensive
effects on patients’ physical, mental, and self-image features.
Data from Dessole et al.* suggested the existence of
several unmet needs, including increased insomnia, poor
attitude to disease, financial difficulties, high levels of
gastrointestinal symptoms, with an obvious significant
impact on global health status, body image, role functioning,
social functioning, and emotional functioning. Although
40% of patients exhibited significant levels of distress at
prehospital admission, PE candidates showed an adaptive
range of coping mechanisms, and there were no correlations
between clinical and psychological variables.*! Further,
quality of life and related patient-reported outcomes
improved rapidly after PE surgery. For 9 months after
surgery, these outcomes were comparable with those of
similar patients who did not have surgery; thereafter, there
was a decline in patients who did not have exenteration.*

In conclusion, in a cohort of cervical cancer patients who had
PE, which was all performed in a single center, metastasis
to mesorectal lymph nodes and positive margin of incision
were independent risk factors for survival outcomes. At the
cost of about 50% morbidity and 5% mortality, patients
achieved favorable survival.
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