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Abstract

Objective—Intestinal perforation is associated with high morbidity and mortality in gynecologic
oncology patients. We investigated potential factors associated with survival after perforation
which may influence treatment recommendations.

Methods—A retrospective review of all gynecologic oncology patients experiencing intestinal
perforation between 1993-2007 was performed. Demographics, cancer history, presenting
symptoms, vital signs, laboratory values, and management of perforation were collected, and acute
physiology and chronic health evaluation Il (APACHE 1) scores were calculated for each patient.
Factors affecting survival from the time of perforation were analyzed using Kaplan Meier method
and univariate and multivariate Cox proportional hazard models. Student’s t-test and chi-square
analysis were also utilized to evaluate potential associations.

Results—Fifty-three patients met the inclusion criteria. No difference in survival was found
based on disease site, history of radiation therapy, presenting symptoms, smoking history, or
presence of bowel procedures performed during the most recent abdominal surgery prior to
perforation. APACHE 1l score, disease status, body mass index and treatment method of
perforation were found to be significant prognostic factors for survival. After multivariate Cox
regression analysis, only APACHE Il scores remained significantly associated with an increased
risk of death. Median survival of patients with APACHE Il scores <15 was 28.13 months
compared to 2.90 months in patients with scores = 15 (p<0.0001).

Conclusion—Many factors must be examined when determining the management of intestinal
perforation in gynecologic oncology patients. Clinicians should consider the APACHE Il score in
their assessment to assist risk stratification and treatment planning of these patients.

© 2009 Elsevier Inc. All rights reserved.

"Corresponding author: Diane C. Bodurka, MD, 1515 Holcombe, Unit 1362, Houston, TX 77030, USA, Phone: 713-563-3358, Fax:
713-792-7586, dcbodurka@mdanderson.org.

Conflict of Interest Statement
The authors declare that there are no conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Tung et al.

Page 2

Introduction

Methods

Peritonitis due to intestinal perforation is a clinically life-threatening condition associated
with high morbidity and mortality. Bacterial contamination of the peritoneal cavity usually
leads to abscess formation potentially followed by sepsis with reported mortality rates
ranging from 11 to 81%.[1-3]. Patients often present with symptoms such as abdominal pain
or distention, fever, and tachycardia. Factors associated with high morbidity and mortality
include the use of corticosteroids, immunosuppression, and malnutrition; early recognition
and treatment of sepsis is essential to improve patient outcome.[1, 2, 4] Surgical intervention
is often required to control the septic focus, but individualized treatment comparing the risks
and benefits of surgery to more conservative management must be considered.

Studies evaluating risk of death from bowel perforations in the gynecologic oncology patient
population have been limited thus far. Most evaluations have focused primarily upon
patients with cervical cancer who have received radiation therapy.[5, 6] Several case reports
and case series have examined the potential association between intestinal perforation and
taxane-based chemotherapy.[7—-10] Additionally, the use of bevacizumab in the gynecologic
oncology population has been found to increase the risk of perforation as well.[11]
However, no other risk factors or prognostic identifiers for bowel perforation have been
found in this patient population. Our study aimed to determine if other clinical and
laboratory factors were associated with patient outcome in gynecologic oncology patients
who experience this potentially lethal complication.

After obtaining approval from the Institutional Review Board, we reviewed the medical
records of all patients at The University of Texas MD Anderson Cancer Center between
1/1/1993 to 12/31/2007 who were identified as having a gynecologic malignancy and
intestinal perforation. The following ICD-9 codes were used to identify gynecologic
oncology patients with intestinal perforation; 569.83, 180.0, 180.1, 180.8, 180.9, 182.1,
182.8, 183.0, 183.2, 183.4, 183.5, 183.8, 183.9, 184.0, 184.4, 184.8, and 184.9. Data
abstracted from the medical records included demographic information, pertinent medical
and surgical history, date of original cancer diagnosis, cancer treatment history, and date of
and status at last contact. Additional data obtained included presenting symptoms, laboratory
values, and disease status at the time of intestinal perforation, as well as method of
perforation management.

All diagnoses of bowel perforation were made based upon a combination of clinical
examination and radiologic evidence. Vital signs and presenting clinical symptoms,
including abdominal pain, fever, nausea/vomiting, and abnormal bowel movements, were
recorded on the date of perforation diagnosis. Laboratory data, including white blood cell
(WBC) counts, absolute neutrophil counts (ANC), hematocrit levels, electrolytes, and
arterial blood gases, were also collected within 24 hours of intestinal perforation. Acute
physiology and chronic health evaluation Il (APACHE II) scores were calculated according
to the method of Knaus et al.[12] An albumin level measured within one week of perforation
was considered a marker for patient nutritional status at the time of perforation. Body mass
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index (BMI) was calculated using the patient’s height and weight recorded closest to the
time of intestinal perforation. Operative notes were examined, and potential causes for
perforation were recorded. Patients were classified into four categories based on possible
etiologies: 1) iatrogenic, 2) tumor-related, 3) colitis, appendicitis, or proctitis, or 4)
unknown.

Statistical analyses were performed using SPSS 15.0 software (SPSS, Chicago, IL).
Descriptive statistics were utilized to describe the study cohort. The chi-square test was used
to analyze associations between categorical variables. Continuous variables were evaluated
using the student’s t-test. Survival time was defined from the date of diagnosis of intestinal
perforation to the date of last contact or date of death. The log-rank test was used to compare
differences in Kaplan-Meier survival curves based upon potential prognostic factors.
Univariate and multivariate analysis was performed using Cox proportional hazards
regression. Factors with a p-value of < 0.10 on univariate analysis were included in the
multivariate analysis. P-values less than 0.05 were considered statistically significant, and
all tests were two-sided.

Over 28,000 gynecologic oncology patients were treated at our institution during the study
time period, and 53 patients (0.19%) met the inclusion criteria for the study. The median
patient age was 56 years (range 31-90 years) with a median BMI of 25.0 (range 16.2-44.6).
Table 1 presents patient demographic characteristics. Patients who were diagnosed with rare
gynecologic cancer diagnoses were classified as “other” and included one patient with
pelvic spindle cell carcinoma and one patient with adenocarcinoma of the rectovaginal
septum. Four patients were found to have synchronous primaries at the time of the initial
staging surgery. Two patients had synchronous ovarian and endometrial cancer, one patient
had concomitant cervical and endometrial cancer, and one patient was found to have
synchronous endometrial and colon cancer.

After diagnosis of intestinal perforation, 47 (88.7%) of patients were treated with surgical
intervention with 6 (11.3%) patients managed conservatively. The etiology for the
perforation was unknown for 29 (54.7%) of patients, but 8 (15.1%) patients were found to
have tumor invading bowel serosa. Seven (13.2%) patients were suspected to have colitis,
appendicitis, or proctitis as the inciting factor for perforation, and 9 (17.0%) had iatrogenic
perforations or perforations diagnosed within 2 weeks after staging surgery, colonoscopy, or
intraperitoneal catheter placement.

Twenty-three (43%) patients were receiving active chemotherapy at the time of intestinal
perforation with 10 (19%) patients receiving taxane-based treatment (TC). One patient
received bevacizumab and capecitabine two days prior to perforation, and a second patient
had received combination carboplatin, paclitaxel, and bevacizumab approximately 4 weeks
prior to perforation. Seventy-seven percent of cervical cancer and 63% of uterine cancer
patients were not under active treatment compared to patients with ovarian/primary
peritoneal and other cancers, 35% and 33%, respectively. Cervical and uterine cancer
patients were combined into a single category due to small sample sizes. When patients were

Gynecol Oncol. Author manuscript; available in PMC 2014 December 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Tung et al.

Page 4

categorized either as ovarian/primary peritoneal/other cancers or cervical/uterine cancer, the
association between disease site grouping and treatment status was statistically significant at
p<0.01. No difference in age, BMI or race was found when comparing those receiving active
treatment at the time of perforation to those not on active treatment.

Neither disease site nor history of prior abdominal or pelvic radiotherapy impacted survival
from the time of perforation. Twenty-eight patients (52.8%) had a history of radiation
therapy with perforations occurring as follows: 7 small bowel perforations with 1
documented perforation in the distal jejunum, 8 ileal perforations, 8 rectosigmoid
perforations, 2 appendiceal perforations, and 3 perforations in unknown locations. Based on
available records, it is difficult to determine the precise proportion of perforations which
occurred in the irradiated fields. However, all 28 patients had a history of pelvic
radiotherapy, and 25 of these perforations could have occurred within the standard pelvic
fields.

When examined in a univariate fashion, there was no statistically significant difference in
survival from the time of perforation with respect to smoking history, history of bowel
surgery or injury during the most recent abdominal surgery prior to perforation, or patients’
presentation with abdominal pain, nausea/vomiting, fever, abnormal bowel movements,
potential perforation etiology, or site of bowel perforation. However, patients who were
without evidence of disease or who were newly diagnosed with a gynecologic malignancy
were found to have a median survival time of 24.7 and 28.1 months, respectively, compared
to patients with stable or progressive disease with a median survival time of 3.67 months
from the time of perforation (p=0.006). Patients who underwent surgery for treatment of
their bowel perforation had a longer median survival time compared to patients who were
treated conservatively, including observation (13.7 months compared to 0.50 months,
p=0.007). Survival from the time of perforation differed when compared by BMI groups
(p-0.013). Patients with a normal BMI (18.5-25.0 kg/m?2) had the longest survival time of
68.0 months, compared to underweight (BMI <18.5 kg/m?) and overweight patients (BMI
25.1-30.0 kg/m?), 14.10, and 13.7 months. Patients who were obese (BMI >30.0) had the
shortest survival time of 2.47 months.

Prognostic factors examined by Cox regression in a univariate fashion are listed in Table 2.
BMI, disease status, WBC, bicarbonate level, APACHE Il, and treatment of perforation
were all significantly associated with risk of death. When these variables, along with cancer
treatment at the time of intestinal perforation, were included in a multivariate regression,
only APACHE Il scores remained significantly associated with an increased risk of death
(HR=1.20, 95%CIl 1.12, 1.29). Patients who had APACHE Il scores < 15 had a median
survival of 28.13 months compared to a survival of 2.90 months in those with scores =15
(p<0.0001) (Figure 1).

Discussion

Scoring systems are important tools necessary to allow objective and systematic assessment
of disease severity and prognostic prediction. The choice of therapy may be influenced after
consideration of the clinical assessment in conjunction with disease severity according to
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these scoring systems. However, no ideal or generally accepted scoring system exists for
intestinal perforation. The APACHE Il score was originally calculated as an admission score
to intensive care units independent of treatment. The initial utility of the scoring system was
not intended to evaluate the efficacy of therapy or interventions. However, an increasing
number of studies are utilizing APACHE Il longitudinally for patient evaluation since the
patient’s status and APACHE Il score may alter after treatment. In our study, we found
disease status, treatment approach of intestinal perforation, APACHE Il score and BMI to be
significantly associated with prolonged survival time after intestinal perforation, but after
multivariate analysis, only APACHE II scores remained statistically significant.

Several studies have examined potential prognostic factors which influence patient outcome
after intestinal perforation. Renal function, white blood cell count, and acid-base status have
been found to be potential markers for prognosis.[13] Scoring systems including APACHE
I, Mannheim peritonitis index (MPI), and peritonitis index of Altona (PIA I1) have also
been evaluated to predict mortality in patients with peritonitis.[12, 14-16] However, only
the APACHE |1 scoring system has been validated to assess prognosis with pre-operative
data.[12]

APACHE was a physiologically based classification system initially designed in the 1970’s
as a method to stratify patients based on severity of illness in an intensive care setting. [17]
This system incorporated 33 physiologic characteristics and was viewed to be too complex
thus allowing for the evolution of the revision, APACHE Il. The new version incorporates a
point-based system evaluating 12 routine physiologic measurements (temperature, blood
pressure, respiratory rate, heart rate, serum sodium, hematocrit, WBC count, serum
creatinine, and arterial blood gases) as well as age and health status.[12] The presence of
severely compromised cardiopulmonary, hepatic, renal, or immunologic function adds
points to the APACHE Il score. The Glasgow Coma Scale (GCS) to assess neurologic
function and the presence of acute renal failure also contribute to the final score. The
maximum APACHE Il score is 71, but the highest calculated APACHE 11 score to date is
55.[12]

Studies have found that increasing APACHE Il scores correlate with subsequent risk of
hospital death in the intensive care setting, as well as with several other disease processes,
including intestinal perforation.[12, 14, 18-21] APACHE Il scores can be used to compare
studies evaluating patients of similar physiologic changes and diseases and is a useful
marker to predict mortality rates in defined patient groups and diagnostic categories. Several
studies have attempted to evaluate the ability of APACHE Il to predict outcome for the
individual patient in an intensive care setting. [15, 22—-24] Marks et al. conducted a
prospective study of 568 patients admitted to the intensive care unit (ICU) comparing
outcome predictions based on APACHE Il scores with the subjective assessment by a
physician and nurse at the time of admission.[24] They found the clinician’s evaluation to be
a more powerful outcome predictor than the APACHE 11 scores, emphasizing that the
APACHE 11 score can be applied to stratify patient groups in an ICU setting to predict
overall outcome but should not be used for the individual patient. However, this study
evaluated a heterogenous patient population and included patients admitted to a mixed

Gynecol Oncol. Author manuscript; available in PMC 2014 December 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Tung et al.

Page 6

medical and surgical intensive therapy unit. The application of APACHE Il scores to predict
individual patient outcome in a more homogenous population requires further exploration.

Previously, Ohmann et al. conducted a large prospective multi-centered trial of 271 patients
with confirmed peritonitis at laparotomy and reported that the APACHE Il was superior to
the MPI and PIA Il in its ability to define risk groups and its reliability.[15] A significant
correlation and linear relationship between APACHE 11 score and mortality was detected.
Additionally, when measured preoperatively, the APACHE 11 score accurately risk stratified
patients with duodenal perforation and was found to predict both mortality and morbidity
after multivariate analysis.[21] Horiuchi et al. evaluated 26 patients who underwent
emergency surgery for colorectal perforation over 12 years and found that survivors had
significantly lower mean APACHE I1 score of 10.4 compared to 19.3 in non-survivors (p
<0.001).[25] Patients with untreated abscesses and APACHE Il scores < 15 had a 1.7%
mortality risk compared to 78% in patients who had scores =15 (p<0.0001).[26] These data
are consistent with the results observed in our study. We found that increasing APACHE I
scores were correlated with shorter survival times from the date of diagnosis of intestinal
perforation to the date of death or last contact. Patients with APACHE Il scores < 15 had a
median survival time of 28 months compared to a median survival time of 3 months in
patients with scores > 15.

During the time of initial patient presentation, clinicians often inquire about specific
symptoms to assist in patient diagnosis, treatment, and risk stratification. When we
compared patients with APACHE 11 scores < 15 to those with scores =15, there did not
appear to be a statistically significant difference in age or presenting symptoms such as
abdominal pain, fever, nausea/vomiting, or abnormal bowel movements prior to intestinal
perforation diagnosis (Table 3). However, patients with APACHE Il scores =15 did have a
significantly higher mean BMI compared to those with lower APACHE 11 scores. Ironically,
the albumin levels and nutritional status between the two groups was not significantly
different. This indicates that although nutritional status is important in a patient’s ability to
recover overall, other co-morbidities associated with elevated BMI levels may play a more
significant role in the mortality risk after intestinal perforation.

In addition to patient demographics and presenting symptoms, most clinicians also examine
and consider baseline laboratory values to aid in diagnosis and clinical management. We
found that patients with normal WBC counts and normal acid/base status tended to have
longer median survival times from time of diagnosis of perforation compared to those with
abnormal levels. However, after multivariate analysis, these factors did not appear to
influence survival with the same significance as the APACHE Il score. Additionally,
patients with APACHE Il scores = 15 had higher mean WBC and creatinine levels and
lower mean bicarbonate levels than those with scores <15 (Table 3). Furthermore, the odds
of patients with higher APACHE |11 scores being actively treated for their disease at the time
of intestinal perforation was 3.88 times greater than those with lower APACHE Il scores.

Due to its retrospective nature, there are inherent limitations to this study. Unmeasured
potentially confounding factors may exist which influence patient health status and outcome.
It is difficult to ascertain the relationship between exact timing of symptom onset with
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patient presentation and perforation diagnosis. Patients may have had symptoms associated
with perforation prior to the time of presentation. Those who sought medical attention
earlier in their disease course likely received medical intervention sooner and, thereby, may
have had better outcomes. Additionally, arterial blood gas values were not available for all
patients, and acid/base status for those patients was estimated utilizing measured bicarbonate
levels. Although substitution with bicarbonate is appropriate, it may not reflect the true
APACHE Il score.[12] While it is difficult to make definitive conclusions based on the
overall small patient population included in this study, our results are similar to those
demonstrated by prior investigators.[21, 25, 26]

Gynecologic oncologists traditionally consider the possibility of intestinal perforation in the
differential diagnosis of patients presenting with abdominal pain and associated symptoms.
However, several factors must be considered when determining the management approach,
such as potential immunosuppression with recent chemotherapy, global health status, and
disease status. As healthcare resources become increasing limited, the identification of
potential mortality risk factors after intestinal perforation becomes essential since they
would help guide treatment plans, and the implementation of a prognostic risk stratification
system would aid in patient counseling after such a life-threatening event. We found that
disease status, BMI within normal range, and surgical management of perforations were
found to have improved survival times after perforation. However, after multivariate
analysis, none of these factors play as significant a role as the APACHE Il score. Our data
indicate that patients with higher APACHE Il scores at the time of intestinal perforation
have shorter survival times after diagnosis of perforation. Further studies are needed to
validate the prognostic ability of APACHE 11 scores in gynecologic oncology patients with
intestinal perforations and to examine additional potential prognostic factors which may help
guide treatment management of perforation in this patient population.
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Table 1

Patient Characteristics (n=53)

Age”™ (range) 56 years (31-90)
BMI™ (range) 26.2 kg/m? (16.2-44.6)
Cancer diagnosis (%)
Cervical 21(39.6)
Uterine 8 (15.1)
Ovarian/Primary peritoneal 18 (34.0)
Other 2(3.8)
Synchronous cancer 4 (7.6)
# prior chemo regimens”™ (range) 0.87 (0-8)

History of radiation treatment

Yes 28 (52.8)
No 25 (47.2)
Months from last abdominal surgery to bowel perforation* (range) 37.64 (0-462)

Bowel injury during last abdominal surgeryJr

Yes 16 (30.2)

No 24 (45.3)
Disease status at time of perforation

No evidence of disease (NED) 16 (30.2)

Newly diagnosed1 12 (22.6)

Progressive/Stable disease? 25(47.2)

Receiving treatment at time of perforation

Yes 23 (43.3)

No 30 (56.6)
White blood cell count (WBC)™ 12,800/uL
Absolute neutrophil count (ANC)™ 10,500/pL
Bicarbonate (HCO%") * 24.14 mEQIL
Creatinine™ 1.1 mg/dL
Hematocrit”™ 32.58%
Albumin 2.58 g/dL

*
Mean values
Diagnosis at time of perforation or patients receiving primary chemotherapeutic regimen
Evidence of worsening or stable disease on recent radiographic imaging or at time of surgery

TData missing for 13 patients
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Univariate Cox Regression Analysis

Table 2

latrogenic (reference)§

Gynecol Oncol. Author manuscript; available in PMC 2014 December 04.

Variable | HR | 95% ClI | p-value
BMI (kg/m?)t | 1.07 | 1.02,1.12 | <0.01
Age (yrs) | 1.00 | 0.97,1.03 | 0.87
XRT (nolyes) | 0.99 | 0.51,1.93 | 0.98
Prior bowel surgery/injury™ (nofyes) | 0.55 | 024,123 | 0.14
Cancer treatment at time of perforation (no/yes)Jr | 182 | 0.92,3.60 | 0.08
Disease site

Cervical (reference) 0.87

Uterine 0.74 | 0.24,2.26

Ovarian/primary peritoneal 1.09 | 0.50, 2.36

Other 1.26 | 0.45,3.54
Disease status’

NED (reference category) <0.01

Progressive/stable 3.10 | 1.34,7.21

Newly diagnosed 1.13 | 0.41,3.14
Abdominal pain (no/yes) | 1.54 | 0.58, 4.07 | 0.38
Fever (no/yes) | 1.64 | 0.83,3.23 | 0.15
Nausea/vomiting (no/yes) | 0.91 | 0.41,2.01 | 0.82
Bowel movements

Normal (reference) 0.96

Abnormal 0.98 | 0.47,2.05
WBC (per 1,000 WBCs/uL) T | 104 | 1.01,1.07 | 0.02
HCO3 (per mEQ/L)T | 0.92 | 0.86, 1.00 | 0.04
Albumin (g/dL) | 086 | 054,137 | 052
APACHE 1t | 1.20 | 1.12,1.29 | <0.01
Treatment of perforationJr

Conservative (reference) 0.01

Surgical 0.29 | 0.11,0.76
Suspected perforation cause

0.17
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Variable | HR | 95% ClI | p-value
Tumor 2.00 | 0.63, 6.36
Unknown 1.74 | 0.65, 4.66
Colitis/appendicitis/proctitis 0.56 | 0.13,2.36

Location of perforation

Sigmoid/Rectum

Small bowel (reference)

Ascending/Transverse/Descending Colon 1.94

1.23

0.80, 4.72
0.54,2.79

0.32

Variables included in multivariate Cox regression analysis

*
Bowel surgery/injury at the time of most recent abdominal surgery prior to intestinal perforation
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Abbreviations: BMI, body mass index; XRT, radiation therapy; WBC, white blood cells; HCO3, bicarbonate; NED, no evidence of disease.

§Iatrogenic causes include those diagnosed within 2 weeks of after staging surgery, colonoscopy, or intraperitoneal catheter placement
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Comparison of Patients with APACHE 11 scores < 15 versus scores = 15

Table 3

Characteristic

| APACHE Il <15 | APACHE 11 215 | p-value

Age (years)™ | 55.47 | 56.71 | 0.761
BMI (kg/m?)* | 24.28 | 28.72 | 0.012
LOS (days)” | 2559 | 1865 | 0.299
Albumin (g/dL)” | 2.65 | 2.44 | 0.331
WBC (10%uL)* | 10.29 | 18.06 | 0.011
ANC (10%uL)" | 8.31 | 15.07 | 0.011
HCO3- (MEQ/L)* | 25.56 | 21.12 | 0.002
Creatinine (mg/dL)”* | 0.74 | 1.72 | <0.001
Disease status

NED 13 3 0.059
Stable/Progressive 12 12

Newly Diagnosed 9 2

Active treatment

No 23 6 0.038
Yes 11 11

*
Mean values

Page 13

BMI = body mass index, LOS = length of hospital stay, WBC = white blood cell count, ANC = absolute neutrophil count, HCO3- = bicarbonate,
NED = no evidence of disease

Gynecol Oncol. Author manuscript; available in PMC 2014 December 04.



