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Abstract

Background: Pelvic exenteration for locally advanced rectal cancer (LARC) and locally recurrent (LRRC) rectal cancer provides radical
resection and local control, but is associated with considerable morbidity. The aim of this study was to determine risk factors,
including nutritional status and body composition, for postoperative morbidity and survival after pelvic exenteration in patients
with LARC or LRRC.

Methods: Patients with LARC or LRRC who underwent total or posterior pelvic exenteration in a tertiary referral centre from 2003 to
2018 were analysed retrospectively. Nutritional status was assessed using the Malnutrition Universal Screening Tool (MUST). Body
composition was estimated using standard-of-care preoperative CT of the abdomen. Logistic regression analyses were performed to
identify risk factors for complications with a Clavien–Dindo grade of III or higher. Risk factors for impaired overall survival were cal-
culated using Cox proportional hazards analysis.

Results: In total, 227 patients who underwent total (111) or posterior (116) pelvic exenteration were analysed. Major complications
(Clavien–Dindo grade at least III) occurred in 82 patients (36.1 per cent ). High risk of malnutrition (MUST score 2 or higher) was the
only risk factor for major complications (odds ratio 3.99, 95 per cent c.i. 1.76 to 9.02 ) in multivariable analysis. Mean follow-up was
44.6 months. LRRC (hazard ratio (HR) 1.61, 95 per cent c.i. 1.04 to 2.48) and lymphovascular invasion (HR 2.20, 1.38 to 3.51) were inde-
pendent risk factors for impaired overall survival.

Conclusion: A high risk of malnutrition according to the MUST is a strong risk factor for major complications in patients with LARC
or LRRC undergoing exenteration surgery.

Introduction
Worldwide, rectal cancer is one of the most commonly diagnosed
cancers1,2. Approximately 10 per cent of patients with this dis-
ease present with locally advanced rectal cancer (LARC)3,4.
Despite improvements in the multimodal treatment of primary
rectal cancer, 4–8 per cent develop locally recurrent rectal cancer
(LRRC) after total mesorectal excision (TME)5–7. Radical resection
remains the cornerstone of curative treatment for primary and
locally recurrent rectal cancer8–10. Most patients with LARC or
LRRC are treated with neoadjuvant chemoradiotherapy (NACRT)
followed by surgical resection. Achieving radical resection of
LARC and LRCC is especially challenging when adjacent pelvic
organs are involved. In some patients, partial resection of the ad-
jacent organ is sufficient for a radical resection, but a multivisc-
eral anatomical resection is often needed (total (PPE) or posterior
(PPE) pelvic exenteration). TPE and PPE are major procedures, and
are associated with significant morbidity and (in-hospital)

mortality. Previous studies10–17 have shown that 30-day morbid-
ity and hospital mortality rates are higher after exenteration sur-
gery for rectal cancer than those after TME surgery (69 and 3 per
cent versus 21 and 0.6 per cent respectively).

Malnutrition and altered body composition are known pre-
dictive factors for postoperative complications and impaired
survival in patients with colorectal cancer18–26. Nutritional sta-
tus and body composition as risk factors in patients with
LARC or LRRC undergoing exenteration surgery have rarely
been described. Taken into account the high proportion of
patients who are exposed to severe surgery-related complica-
tions, risk factors for perioperative morbidity should be identi-
fied, and if possible corrected during the preoperative
assessment of these patients. The aim of this study was to
identify prognostic parameters for postoperative morbidity,
mortality, and survival in patients with LARC or LRRC under-
going pelvic exenteration surgery.
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Methods
Patients
For this retrospective cohort study, patients with LARC or LRCC,
who underwent curative TPE or PPE between January 2003 and
December 2018 at a tertiary referral centre in the Netherlands,
were identified from a prospectively maintained database.
Patient information was extracted retrospectively from medical
records. Survival data were retrieved from the municipal register.

All patients with LARC or LRCC were discussed in a multidiscipli-
nary tumour board meeting for advanced colorectal cancers com-
prising dedicated surgical, medical, and radiation oncologists and
radiologists. LARC was defined as rectal adenocarcinoma diagnosed
as cT4, with mesorectal fascia involvement, N2 disease and/or suspi-
cious extramesorectal lymph nodes, based on MRI. LRRC was de-
fined as recurrent rectal cancer within the pelvis, diagnosed either
by MRI or histology. Patients were referred to a dietitian if suspected
of having malnutrition, at the discretion of the treating physician.
Neoadjuvant therapy usually consisted of long-course radiation
therapy (either 25 � 2 Gy for LARC and LRRC, or 15 � 2 Gy for LRRC
if previously irradiated) with concomitant capecitabine (1500mg
twice daily). Tumours were restaged by CT of the thorax and abdo-
men and MRI of the pelvis 2 months after the last treatment.
Surgery was planned when curative treatment was still deemed fea-
sible (resectable tumour and no extensive distant metastases). All
patients included in this study were treated surgically and followed
up in the Erasmus MC Cancer Institute. TPE was defined as complete
resection of the rectum (with or without anal canal), bladder and
(partial) posterior vaginal wall, uterus, and adnexa (in women) or
the prostate and seminal vesicles (in men). PPE was defined as a re-
section of the rectum, posterior vaginal wall, uterus, and adnexa
without removal of the bladder.

The study was approved by the Erasmus MC local medical
ethics committee (MEC 2020–0104).

Variables and measurements
Data collected included: demographics (age, sex), treatment, and
disease characteristics. BMI was divided into low (below 20 kg/m2),
normal (20–25 kg/m2), and high BMI (over 25 kg/m2). Weight loss
was expressed as a percentage by calculating the difference be-
tween the patient’s weight before NACRT and before surgery
(((weightNACRT – weightsurgery)/weightNACRT) � 100 per cent) and
was categorized into weight loss of at least 5 per cent, or less than

5 per cent weight loss (or muscle gain). Nutritional status before
surgery was assessed using the Malnutrition Universal Screening
Tool (MUST). This tool was used to identify adults who were mal-
nourished or at risk of malnutrition based on three determinants
from patients’ records: unplanned weight loss, BMI, and absence
of nutritional intake for more than 5 days27. Risk of malnutrition
according to the MUST was categorized into three groups: score 0
(no risk), 1 (medium risk) and 2 or more (high risk). The Charlson
Co-morbidity Index (CCI) score was calculated and categorized by
using the 75th percentile as cut-off point. Albumin levels were
determined after chemoradiation. Hypoalbuminaemia was
defined by a serum albumin level below 35 g/l. The severity
of complications was graded according to the Clavien–Dindo
classification28.

Body composition measurement
Body composition was estimated by three muscle-related varia-
bles: skeletal muscle mass, muscle wasting, and skeletal muscle
density (SMD); these were obtained from routine abdominal CT
before and after radiation therapy. Low skeletal muscle mass
was defined as a low skeletal muscle index (SMI) using sex-
specific cut-off points as described previously in a large popula-
tion of patients with non-metastatic colorectal cancer29.The SMI
was estimated by measuring the total cross-sectional skeletal
muscle area at the level of the third lumbar vertebra (L3) on CT
images with a program developed in house (FatSeg) and was ad-
justed for body height30. Muscle loss was expressed by calculat-
ing the difference between the SMI before NACRT and the SMI
before surgery (((SMINACRT –SMIsurgery)/SMINACRT) � 100 per cent).
Muscle wasting was defined as that above the 75th percentile of
muscle loss compared with the other patients in this study. SMD
was expressed in terms of average Hounsfield units (HU) within
the measured skeletal muscle mass. Low SMD was defined using
HU cut-off points22, as shown in Fig. 1.

Outcomes of interest
The primary outcome of interest was complications with a
Clavien–Dindo grade of III or higher within 30 days after surgery.
The secondary outcome was overall survival.

Statistical analysis
Continuous data are reported as median (i.q.r.) and categorical
data as count (percentage). The Mann–Whitney U test was used

Fig. 1 Examples of abdominal CT images at the level of the third lumbar vertebra from patients with different types of body composition.

a Low skeletal mass and density and b normal skeletal mass and density.
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for comparison of continuous data, and the v2 test for categorical
data. Logistic regression analyses were carried out to identify pos-
sible risk factors for major complications. Univariable analyses
were performed of the individual variables. Age, sex, and varia-
bles with a significance level of P< 0.100 were included in multi-
variable analysis. BMI and weight loss were not included in the
multivariable analysis because these variables were already
determinants of the MUST. Overall survival was calculated from
the date of surgery until the date of last follow-up or death. It
was estimated using the Kaplan–Meier method and compared by
means of the log rank test. Adjusted risk factors for overall sur-
vival were calculated using multivariable Cox proportional haz-
ards analysis. Variables with P < 0.100 in univariable analysis
were included in the multivariable analysis. The level of statisti-
cal significance was set at P< 0.050. Statistical analyses were car-
ried out using SPSSVR version 25.0.0.1 (IBM, Armonk, NY, USA) and
R version 4.0.2 (R Project for Statistical Computing, Vienna,
Austria).

Results
In total, 227 patients were included. Baseline characteristics are

summarized in Table 1. Patients lost a median of 1.5 (i.q.r. –5 to

0.2) kg of total bodyweight, and a median of 0.48 ( �5.82 to 3.88)

per cent of skeletal muscle mass, during neoadjuvant treatment.

Muscle wasting was present in 38 patients with more than 5.8 per

cent skeletal muscle mass loss (above 75th percentile). A total of

58 patients were referred to a dietitian. The MUST was used in

208 patients, of whom 32 (15.4 per cent) had a MUST score of 2 or

higher. Of the patients with a MUST score of at least 2, 15 (47 per

cent) were referred to a dietitian. Major complications were more

prevalent in patients with a MUST score of 2 or higher than in

patients with a score below 2 (26 versus 9 per cent; P¼ 0.004).

Postoperative complications
In total, 171 patients (75.3 per cent) developed complications, of

whom 89 (39.2 per cent) had minor complications (grade I–II). Eighty-

Table 1 Baseline characteristics of patients according to Clavien–Dindo grade of complications

Total (n¼227) Grade < III (n¼145) Grade � III (n¼82) P†

Sex 0.180
M 92 (41) 54 (37) 38 (46)
F 135 (60) 91 (63) 44 (54)

Age (years)* 64 (55–71) 64 (56–71) 65 (55–70) 0.740
< 70 154 (68) 95 (66) 59 (72) 0.319
� 70 73 (32) 50 (35) 23 (28)

ASA fitness grade 0.753
I 51 (25) 32 (24) 19 (26)
II 124 (61) 78 (60) 46 (62)
III 30 (15) 21 (16) 9 (12)

BMI (kg/m2) 0.059
Low (< 20) 31 (14) 16 (11) 15 (19)
Normal (20–25) 91 (41) 60 (42) 31 (39)
High (> 25) 100 (45) 66 (46) 34 (43)

Weight loss (%) 0.065
< 5 149 (73) 101 (79) 48 (64)
5–10 33 (16) 16 (13) 17 (23)
> 10 21 (10) 11 (9) 10 (13)

MUST score 0.004
Low risk (0) 139 (67) 96 (73) 43 (57)
Medium risk (1) 37 (18) 24 (18) 13 (17)
High risk (� 2) 32 (15) 12 (9) 20 (26)

Charlson Co-morbidity Index score 0.397
< 5 168 (74) 110 (76) 58 (71)
� 5 59 (26) 35 (24) 24 (29)

Hypoalbuminaemia 31 (22) 18 (21) 13 (25) 0.621
Skeletal muscle mass 0.331

Normal 71 (36) 49 (39) 22 (32)
Low 124 (64) 77 (61) 47 (68)

Muscle wasting 38 (25) 25 (26) 13 (24) 0.845
Skeletal muscle density 0.286

Normal 83 (43) 58 (46) 26 (38)
Low 111 (57) 68 (54) 43 (62)

Neoadjuvant therapy 0.266
None 10 (4) 6 (4) 4 (5)
Chemoradiation 171 (75) 109 (75) 62 (76)
Radiotherapy alone 44 (19) 30 (21) 14 (17)
Chemotherapy alone 2 (1) 0 (0) 2 (2)

Tumour type 0.061
LARC 148 (65) 101 (70) 47 (57)
LRRC 79 (35) 44 (30) 35 (43)

Distant metastasis at presentation 35 (15) 23 (16) 12 (15) 0.806
Pelvic exenteration 0.103

Posterior 116 (51) 80 (55) 36 (44)
Total 111 (49) 65 (45) 46 (56)

(Lympho)vascular invasion 39 (19) 22 (25) 17 (14) 0.200
Radical resection (R0) 179 (79) 121 (83) 58 (71) 0.024

Values in parentheses are percentages unless indicated otherwise; *values are median (i.q.r.). Percentages may not total 100 due to rounding. MUST, Malnutrition
Universal Screening Tool; LARC, locally advanced rectal cancer; LRRC, locally recurrent rectal cancer. †v2 test, except Mann–Whitney U test.
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two patients (36.1 per cent) had major complications (grade III or
higher), of whom 11 (4.8 per cent) died within 30 days of surgery (grade
V). Fifty-eight patients (25.6 per cent) were readmitted within 90days
and five (9 per cent) died during readmission . The results of logistic re-
gression analyses are shown in Table 2. Low BMI (odds ratio (OR) 2.11,
95 per cent c.i. 0.96 to 4.64), weight loss of 5–10 per cent (OR 2.24, 1.04
to 4.80), MUST score at least 2 (OR 3.72, 1.67 to 8.29) and LRRC (versus
LARC) (OR 1.71, 0.97 to 3.00) were associated with major complications
in univariable analysis . In multivariable logistic regression analysis,
only MUST score at least 2 was associated with major complications
(OR 3.99, 1.76 to 9.02).

Overall survival
Mean follow-up was 44.6months. Median overall survival after exen-
teration for all included patients was 51.3 (95 per cent c.i. 42.4 to
70.0)months. Patients with low SMD had impaired overall survival
compared with those with normal SMD (5-year overall survival rates
37 and 53 per cent; P¼ 0.045). The outcomes of the Cox proportional
hazards analysis are shown in Table 3. Independent risk factors for im-
paired overall survival were LRRC (versus LARC) (hazard ratio (HR)
1.61, 95 per cent c.i. 1.04 to 2.48) and lymphovascular invasion (HR
2.20, 1.38 to 3.51). Overall survival curves for patients with LARC versus
those with LRRC, and among patients with or without lymphovascu-
lar invasion are depicted in Fig. 2. No significant association was found
between age, low SMD or distant metastasis at presentation and sur-
vival in multivariable analysis.

Discussion

In this retrospective cohort study, 82 patients (36 per cent) with
LARC or LRRC undergoing exenteration surgery developed major

complications. Nutritional status by MUST was a strong predictor
of major complications. Patients with a high preoperative risk of
malnutrition (MUST score at least 2) had a fourfold increased risk
of developing major complications compared with patients with
a low or medium risk of malnutrition. LRRC and lymphovascular
invasion are widely accepted as poor prognostic factors31–33 and
were the only two independent prognostic factors for impaired
survival in this cohort.

The major complication rates after pelvic exenteration in this
study are in line with those of previous studies10–16, which
reported 30-day major morbidity and mortality rates of 25–44 per
cent and 0–25 per cent respectively, and are considerably higher
than those of non-exenterative colorectal cancer surgery17. The
MUST score has been established as a predictor of impaired out-
come in colorectal cancer surgery34, but has not been investi-
gated in patients undergoing pelvic exenteration. Morbidity was
more common in patients with higher MUST scores, but this did
not seem to influence survival. The finding that BMI was not a
predictor of major complications was consistent with previous
results in colorectal cancer surgery35. Although TPE is technically
a more extensive procedure than PPE, it was not associated with
more major complications. Furthermore, major complications
were not significantly more common in patients with LRRC, even
though these patients had undergone oncological treatment pre-
viously. This finding appears to be in line with a larger series de-
scribing similar complication rates in patients with LARC or LRRC
undergoing pelvic exenteration36.

Of the body composition variables investigated, patients with
low SMD had impaired overall survival compared with those with
normal SMD; however, SMD was not independently associated
with survival in the multivariable analysis. Muscle wasting,

Table 2 Univariable and multivariable logistic regression analyses for major complications (grade III or higher)

Univariable analysis Multivariable analysis*

Odds ratio P Odds ratio P

Sex
M 1.00 (reference) 1.00 (reference)
F 0.69 (0.40, 1.19) 0.181 0.81 (0.44, 1.47) 0.481

Age (per year) 1.00 (0.98, 1.02) 0.889 1.00 (0.97, 1.02) 0.790
BMI (kg/m2) 2.11 (0.96, 4.64) 0.063 –†

Normal (20–25) 1.00 (reference)
Low (< 20) 1.81 (0.79, 4.17) 0.158
High (> 25) 1.00 (0.55, 1.82) 0.992

Weight loss (%)
< 5 1.00 (reference) –†

5–10 2.24 (1.04, 4.80) 0.039
> 10 1.91 (0.76, 4.81) 0.168

MUST score
Low risk (0) 1.00 (reference) 1.00 (reference)
Medium risk (1) 1.21 (0.56, 2.60) 0.626 1.22 (0.56, 2.63) 0.618
High risk (� 2) 3.72 (1.67, 8.29) 0.001 3.99 (1.76, 9.02) 0.001

Charlson Co-morbidity Index score � 5 1.30 (0.71, 2.39) 0.398
Hypoalbuminaemia 1.23 (0.54, 2.77) 0.621
Low skeletal muscle mass 1.36 (0.73, 2.53) 0.332
Muscle wasting 0.93 (0.43, 2.00) 0.845
Low skeletal muscle density 1.39 (0.76, 2.53) 0.287
Tumour type

LARC 1.00 (reference) 1.00 (reference)
LRRC 1.71 (0.97, 3.00) 0.062 1.58 (0.85, 2.95) 0.148

Pelvic exenteration
Posterior 1.00 (reference)
Total 1.57 (0.91, 2.72) 0.104

Values in parentheses are 95 per cent confidence intervals. *Nineteen patients with missing values were not included in multivariable analyses. †Already included
in the Malnutrition Universal Screening Tool (MUST). LARC, locally advanced rectal cancer; LRRC, locally recurrent rectal cancer.
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which has been associated with disease-free survival but not
with overall survival in patients with LARC undergoing neoadju-
vant treatment37, was neither associated with major complica-
tions nor overall survival in the present study. Sex, age, weight
loss, CCI score, hypoalbuminaemia, distant metastasis at presen-
tation, and radical resection were not predictive factors for mor-
bidity and survival, but have been described in larger studies
including patients with colorectal disease10,11,14,21,24,38,39.

This study has several limitations. First, it was a retrospective
analysis with a selected group of patients from a single centre. Its
retrospective nature meant that there was information missing
in some patient records (such as CT, serum level of albumin, and
weight loss). Serum albumin was not determined routinely at a
single fixed time before surgery, which resulted in a wide time
variation. Some potential confounders could not be corrected for,
including preoperative dietitian involvement and nutritional sup-
port. Low skeletal muscle mass was estimated based on radiolog-
ical muscle quality and quantity only, and was not confirmed or
further investigated by, for example, determination of muscle
strength or physical performance40. It should be noted that selec-
tion bias by eligibility screening for major pelvic surgery might
have influenced the outcomes in this study. For example, elderly
patients were treated only when considered exceptionally fit for
their age, whereas younger patients with unfavourable tumour

characteristics might have been more readily considered as a
candidate for exenteration surgery.

This study has provided important and useful insights for pre-
dicting complications and survival in patients with LARC and
LRRC, and the future potential for preoperative optimization strate-
gies, such as prehabilitation41–46. The present findings may contrib-
ute to a more accurate preoperative risk assessment in the future
for patients with LARC or LRRC undergoing pelvic exenteration sur-
gery. Further research is needed to determine whether preoperative
intervention by a dietitian and nutritional support in patients with
a high MUST score will diminish major complication rates in
patients undergoing pelvic exenteration. Not even half of the
patients in the present cohort with a high risk of malnutrition (47
per cent) had been referred to a dietitian for preoperative nutri-
tional support. This may leave room for improvement taken that a
high MUST score proved such a strong independent predictor of
major complications this study. The MUST score is very easily ap-
plicable and repeatable in daily clinical practice, which is an advan-
tage over measures such as body composition. A more accurate
risk assessment may help optimize patients’ physical status before
surgery to improve postoperative outcomes by identifying potential
targets for prehabilitation34,38,47.

Prehabilitation is a process to enhance and optimize a
patient’s functional capacity before surgery. The programme
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Fig. 2 Overall survival according to type of rectal cancer and presence of lymphovascular invasion

a Patients with locally advanced rectal cancer (LARC) versus locally recurrent (LRRC) rectal cancer and b patients with or without lymphovascular invasion. a P ¼ 0.003,
b P< 0.001 (log rank test).

Table 3 Univariable and multivariable Cox proportional hazard analysis for overall survival

Univariable analysis Multivariable analysis

Hazard ratio P Hazard ratio P

Female sex 0.82 (0.58, 1.18) 0.285
Age per year 1.02 (1.00, 1.04) 0.022 1.02 (1.00, 1.04) 0.142
MUST score � 2 1.30 (0.81, 2.08) 0.277
Low skeletal muscle mass 1.29 (0.86, 1.94) 0.217
Muscle wasting 1.40 (0.87, 2.24) 0.169
Low skeletal muscle density 1.49 (1.00, 2.20) 0.050 1.36 (0.88, 2.12) 0.172
LRRC (versus LARC) 1.70 (1.18, 2.45) 0.004 1.61 (1.04, 2.48) 0.032
Distant metastasis at presentation 2.00 (1.26, 3.17) 0.003 1.43 (0.81, 2.52) 0.213
Lymphovascular invasion 2.47 (1.61, 3.79) < 0.001 2.20 (1.38, 3.51) 0.001
Radical resection 0.80 (0.53, 1.21) 0.289

Values in parentheses are 95 per cent confidence intervals. *Fifty-two patients with missing values were not included in multivariable analyses. MUST,
Malnutrition Universal Screening Tool; LARC, locally advanced rectal cancer; LRRC, locally recurrent rectal cancer.
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consists of a combination of optimizing nutrition, exercising, and
restricting risk factors, usually in the setting of a multidisciplinary
team of medical specialists, dietitians, and physiotherapists. There
is growing evidence for improvement in postoperative outcomes in
patients with colorectal cancer after administering a prehabilita-
tion programme during neoadjuvant treatment41–46. A meta-analy-
sis46 found that even prehabilitation based on nutrition alone
decreased the length of hospital stay by 2 days. The first interna-
tional multicentre study48 investigating multimodal prehabilitation
for patients undergoing colorectal cancer surgery is ongoing.

This study has demonstrated that a high risk of malnutrition
(MUST score 2 or higher) is a strong risk factor for major morbid-
ity and mortality within 30 days after exenteration surgery in
patients with LARC or LRRC. Prehabilitation with nutritional sup-
port for patients at high risk of malnutrition might improve peri-
operative outcomes, and identification of other prehabilitation
targets merits further research.

Disclosure. The authors declare no conflict of interest.
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