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Abstract. — OBJECTIVE: Peritoneal cancer
is an uncommon form of terminal malignancy
with substantial morbidity and mortality. While
both young and elderly population groups with
peritoneal cancer are treated by joint cytore-
ductive surgery and hyperthermic intraperito-
neal chemotherapy, studies suggest that they
might have a differential prognostic outcome in
terms of postoperative morbidity and mortality.
To date, only one review has attempted to eval-
uate the comparative impact of postoperative
complications and overall mortality in these age
groups. However, a recent publication of several
high-quality cohort trials needs an update of the
existing consensus. To compare the impact of
cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy on postoperative com-
plications and overall mortality in younger and
elderly population groups.

MATERIALS AND METHODS: A systematic
search of the academic literature was performed
according to the PRISMA guidelines across five
databases: Web of Science, EMBASE, CEN-
TRAL, Scopus, and MEDLINE. A random-effect
meta-analysis was conducted to evaluate the
comparative outcomes between the impact of
cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy on postoperative com-
plications and overall mortality in younger and
elderly population groups.

RESULTS: From 963 studies, 16 eligible
studies that evaluated the comparative out-
comes of morbidity and mortality between
3067 young and 878 elderly patients undergo-
ing cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy were included.
A meta-analysis revealed higher risks of post-
operative complications (Odds ratio: 1.18, 95%
C.l: 0.90 to 1.55) and overall mortality (3.28,
1.93 to 5.5) for elderly patients as compared to
the younger patients undergoing cytoreduc-
tive surgery and hyperthermic intraperitone-
al chemotherapy. There were no differences
in risks of the onset of anastomotic leakage
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(1.0, 0.47 to 2.14) and duration of hospital stay
(Hedge’s g: 0.02, -0.08 to 0.14) between elderly
and younger patients undergoing cytoreduc-
tive surgery and hyperthermic intraperitoneal
chemotherapy.

CONCLUSIONS: The study provides updated
evidence regarding poor postoperative morbidi-
ty and mortality outcomes in elderly patients as
compared to younger patients undergoing cy-
toreductive surgery and hyperthermic intraperi-
toneal chemotherapy and may help clinicians to
better stratify the risks associated with the con-
ventional management of peritoneal carcinoma-
tosis in elderly population groups.

Key Words:
Hyperthermic intraperitoneal chemotherapy, Cy-
toreductive surgery, Aging, complications, Mortality.

Introduction

Peritoneal cancer is an uncommon form of
terminal malignancy'2. According to the National
Cancer Institute, the onset of peritoneal malig-
nancy starts by direct invasion of free cancer cells
in the serosa and stomata lining of the peritone-
um (i.e., that covers the abdominal cavity) either
on its own or from the adjoining gastrointestinal,
gynecological organs®*. Epidemiological studies
have reported that peritoneal cancer occurs with
an incidence rate of around 3% to 7%>°, and is
associated with a high mortality rate”®.

Typical management of peritoneal cancer in-
volves cytoreductive surgery alongside hyper-
thermic intraperitoneal chemotherapy as stan-
dardized means of treatment>*!°. However, re-
cent studies have suggested that while these rad-
ical procedures might be beneficial for younger
population groups, they are not as effective
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for elderly patients®''>. Studies have reported
that elderly patients undergoing cytoreductive
surgery and hyperthermic intraperitoneal che-
motherapy exhibit high postoperative morbidity
(i-e., 20 to 80%) and mortality rates (i.e., 3% to
28%) as compared to their younger counterparts
(i.e. morbidity: 12% to 25 %, mortality 1% to
5%)"317. Tt is possible that increased risks of
postoperative complications and overall mortal-
ity in elderly population groups are caused by
the aggressive nature of the cytoreductive sur-
gery and the chemotoxicity of chemotherapeutic
drugs?.

To date, several cohort studies have attempt-
ed to compare the postoperative morbidity and
mortality-related outcomes between young and
elderly patients undergoing cytoreductive sur-
gery and hyperthermic intraperitoneal chemo-
therapy!!12161821 These studies report a lack of
consensus regarding the impact of aging on post-
operative complications in patients undergoing
cytoreductive surgery and hyperthermic intraper-
itoneal chemotherapy. While some studies report
lower rates'®!°, or no differences'®? in the rate of
postoperative complications in younger patients
undergoing cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy, other studies
show comparatively higher events of postoper-
ative complications in elderly patients'!>21-3-24,
Similarly, there is a lack of consensus regarding
postoperative mortality between younger and el-
derly patients undergoing cytoreductive surgery
and hyperthermic intraperitoneal chemothera-
py. While some studies had reported a stronger
negative influence on postoperative mortality in
elderly patients!!:12:152021.2425 " gthers had reported
a negligible difference between younger and el-
derly cohorts??,

To the best of our knowledge, only one sepa-
rate review study has attempted to evaluate the
postoperative morbidity, and mortality-related
impact between elderly and young patients un-
dergoing cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy’. However,
since the publication of this review, several
high-quality retrospective cohort studies have
been published that too have evaluated the com-
parative outcome of postoperative complications
and mortality between elderly and young pa-
tients''%1%20 The aim of this systematic review
and meta-analysis is to summarize the current
state of evidence regarding the risks of post-
operative complications and mortality between
elderly and young patients undergoing cytore-

ductive surgery and hyperthermic intraperito-
neal chemotherapy. These findings will help to
deduce best practice guidelines (i.e., preopera-
tive and postoperative), especially for nursing
professionals, and surgeons, for effective reduc-
tion morbidity and mortality-related outcomes
in elderly patients with peritoneal cancer under-
going cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy.

Materials and Methods

We adhered to the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Me-
ta-Analyses) guidelines (Moher, Liberati, Tet-
zlaff, Altman, & The, 2009) for performing this
meta-analysis.

Data Search Strateqgy

The literature search was performed in five
scientific databases (Web of Science, MEDLINE,
CENTRAL, EMBASE, and Scopus) from incep-
tion till April 2021 using a combination of MeSH
keywords including “hyperthermic intraperito-
neal chemotherapy”, “HIPEC”, “cytoreductive
surgery”, “elderly”, “young”, “complications”,
“postoperative complications”, and “mortality”.
Additional relevant studies were identified by
manual search of bibliography sections of the
included studies. The inclusion criteria were as
follows:

1. Studies reporting comparative outcomes of
postoperative complications and mortality be-
tween elderly and young patients undergoing
cytoreductive surgery and hyperthermic intra-
peritoneal chemotherapy.

2. Studies of human participants.

3. Case-control studies, prospective cohort trials,
or retrospective cohort trials.

4. Studies published in peer-reviewed scientific
journals.

5. Studies published in English.

Screening was performed by two independent
reviewers, and cases of disagreements were re-
solved by discussions with a third independent
reviewer.

Quality Assessment

Risk of bias in the included studies was ap-
praised using the Newcastle Ottawa scale?’. This
tool evaluates the outcomes for selective report-
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ing, confounding bias, measurement of outcomes,
and incomplete data availability as threats that
can instigate instigating. Methodological quality
was independently assessed by two reviewers,
and cases of disagreements were resolved by dis-
cussions with a third independent reviewer.

Data Analysis

A within-group meta-analysis was performed
using CMA, Comprehensive Meta-analysis ver-
sion 2.0%* based on the random-effects mod-
el?. Odds ratio was calculated to evaluate the
postoperative complications (> grade 3 Clavien
Dindo classification) and mortality between el-
derly and young patients undergoing cytoreduc-
tive surgery and hyperthermic intraperitoneal
chemotherapy. Subgroup analyses were carried
out to compare the outcomes between studies
reporting different cut-off ages to segregate
their young and elderly sample. Heterogeneity
among the studies was assessed by g I? statistics.
I? between 0-25% was considered indicative of
negligible heterogeneity, 25%-75% - of mod-

erate heterogeneity, and >75% - of substantial
heterogeneity*®. The method of Hozo et al’! was
used for the studies that provided the descriptive
statistics as median and range to convert it into
mean and standard deviation. Publication bias
was evaluated by Duval and Tweedy’s trim and
fill procedure? that imputes studies from either
side of the plotted graph to identify any unbiased
effect. The significance level was determined at
5% for this study.

Results

A search across five academic databases pro-
vided a total of 950 studies. Additional 13
studies were identified during the screening of
the reference sections of the included studies.
A total of 16 studies met the inclusion criteria
(Figure 1). All of the included studies were
retrospective cohort studies!!:!»!3:16.18-263032 " The
data were extracted in a tabular format and sum-
marized in Table 1.
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the PRISMA flowchart.
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Table I. Demonstrates the details of the included studies.

Type Sample Primary Description of Hospital stay | Mortality
Study Country of study descriptive tumor Anastomosis | Complications complications (days) (n)
Keyes et al. UK Retrospective | <65:53 <65: <65:3 <65:19 Hemorrhage, anastomotic <65:13 <65:1
(2021) cohort study >65: 69 Multiple >65:1 >65: 14 leak, bowel obstruction, >65:14.5 >65:0
>065: venous thromboembolism,
Multiple pulmonary embolism,
sepsis, surgical site infection
Zhou et al. China Retrospective | <65:75 <65: <65:2 <65: 15 Arrhythmia, pneumonia, <65:14.8+5.1 <65:0
(2021) cohort study (35F, 40M) Colorectal >65:1 > 657 pleural effusion, >65:192+74 >65:0
>065:25 >65: anastomotic leakage,
(12F, 13M) Colorectal gastrointestinal hemorrhage,
renal failure, urinary
retention, abdominal abscess,
rectovaginal fistula,
wound infection,
intraabdominal hemorrhage
Zambrano-Vera USA Retrospective | <65:28 < 65: Multiple - <65:9 Abdominal seroma, <65:10 <65:0
etal. (2021) cohort study >65: 14 > 65: Multiple >65:7 abdominal abscess, wound >65:13 >65:5
dehiscence, wound infection,
pancreatic leak, pancreatic
fistula, gastric perforation,
intestinal fistula, bowel leak,
ureteral leak, intraabdominal
bleeding, supraventricular
tachycardia, cardiac arrest,
hypotension, pulmonary
embolism, stroke, acute
respiratory distress syndrome
Ezzedine et al. France Retrospective | <65: 65 > 65: Multiple <65:9 <65:18 Hemorrhage, tumor <65:26.7+194 65: 0
(2021) cohort study (31F, 34M) < 65: Multiple >65:2 >65:6 perforation, intestinal injury, |>65:22.4+10.3 >65:4
>65:30 diaphragmatic breach
(15F, 15M)
Turgeon et al. USA Retrospective | < 65: 850 < 65: Multiple <65:152 - - 65: 6
(2020) cohort study (527F, 323M) | >65: Multiple >65: 55 >65:6
>65:240
(119M, 121M) -
Continued
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Table | (Continued). Demonstrates the details of the included studies.

Type Sample Primary Description of Hospital stay | Mortality
Study Country of study descriptive tumor Anastomosis | Complications complications (days) (n)
Oemrawsingh Netherlands | Retrospective | <65:77 < 65: Multiple <65:4 <65:8 Anastomotic leakage, <65: 18 <65:1
etal. (2019) cohort study (40F, 37M) > 65: Multiple >65:2 >65:12 intra-abdominal bleeding, >065:17 >05:4
>65:45 abscess, wound infection,
(24F, 21M) wound dehiscence,
pneumonia, pulmonary
embolism, urinary
tract infection
Naffouje and USA Retrospective | <65:24 < 65: Multiple - <65:4 - <65: 11.17£6.37 <65:0
Salti (2018) cohort study (17F, 11M) > 65: Multiple >65:5 >65:11.35+6.3 >65:3
>65:69
(38F, 31M)
Arslan et al. Turkey Retrospective | <65: 69 <65:1 <65:45 <65:23 - <65:17+11.8 <65:5
(2018) cohort study (38F, 31M) Colorecta >65:25 >65:9 >65:16.8+14.3 >065:4
>65:31 >65:
(18F, 13M) Colorectal
Wong et al. Singapore Retrospective | <65: 159 < 65: Multiple <65:1 <65:45 Pneumonia, pneumothorax, |<65: 14 <65:1
(2018) cohort study (121F, 38M) >65: Multiple >65: >065:6 postoperative ileus, surgical ~ |>65: 13.5 >065:2
>65:18 site infection, bleeding,
(12F, 6M) urinary tract infection, deep
vein thrombosis, fever,
chemical peritonitis, increase
serum creatinine, burst
abdomen, fistula formation,
perforation of viscera
Kitai et al. Japan Retrospective | <70:28 <70: - <70: 1 <70:6 Anastomotic leakage, - <70:0
(2017) cohort study (18F, 10M) >70: Multiple >70: >70:7 peritonitis, bleeding, >70:2
>70: 14 respiratory failure
(7F, TM)
Continued



Table | (Continued). Demonstrates the details of the included studies.

Type Sample Primary Description of Hospital stay | Mortality
Study Country of study descriptive tumor Anastomosis | Complications complications (days) (n)
Alyami et al. France Retrospective | <70: 704 <70: Multiple - <70:270 Intraabdominal abscess, <70:20 <70: 19
(2016) cohort study (503F, 201M) | >70: Multiple >70:77 digestive fistula, intraabdominal | > 70: 20 >70: 10
>70: 188 bleeding, incisional dehiscence,
(122F, 66M) wound infection, anemia, deep
vein thrombosis, cardiac
arrhythmia, digestive arterial
thrombosis, pancreatitis,anorexia,|
acute respiratory distress
syndrome, renal insufficiency
and need for dialysis
Beckert et al. Germany Retrospective | <70: 352 <70: Multiple <70: 11 <70: 163 Fever, anastomotic failure, - <70:19
(2015 cohort study | (130F,222M) | >70: Multiple >70:0 >70: 22 surgical site infection, burst >70: 1
>70: 29 abdomen, pancreatic fistula,
(7F, 22M) pulmonary embolism,
pneumonia, pleural effusion,
small bowel fistula, biliary
leakage, deep vein thrombosis,
increase in serum creatinine,
HIPEC associated leucopenia
Y. Huang et al. Australia Retrospective | < 65: 487 < 65: Multiple - <65:214 - <65:22.5 <65:10
(2015) cohort study (289F, 198M) | > 65: Multiple >065:49 >065:22 >05:4
>65:124
(60F, 64M)
Continued



Table | (Continued). Demonstrates the details of the included studies.

Type Sample Primary Description of Hospital stay | Mortality
Study Country of study descriptive tumor Anastomosis | Complications complications (days) (n)
Spiliotis et al. Greece Retrospective | <70:70 <70: Multiple - <70:29 Pulmonary embolism, - <70:1
(2014) cohort study >70: 30 >70: Multiple >70: 15 hypertension, atrial fibrillation, >70:1
pneumonia, leukopenia,
prolonged ileus, urinary tract
infection, haemorrhage,
peritonitis, pancreatic fistula,
drainage of intraabdominal
collection
Tabrizian et al. USA Retrospective | <65: 135 < 65: Multiple <65:85 <65:29 Intraabdominal abscess, <65:11.7+15.5 65: 4
(2013) cohort study (77F, 58M) > 65: Multiple >065: 16 >65:6 wound infection, >65:12.6+15.8 >65:8
>65:35 intraabdominal leak, abscess,
(17F, 18M) pulmonary embolism, deep
vein thrombosis, respiratory
failure, bleeding
Macri et al. Italy Retrospective | <65:19 < 65: Multiple - <65:4 Intestinal fistula, anastomotic | < 65: 19.1 <65:1
(2011) cohort study >65: 11 > 65: Multiple >65:3 leakage, bowel perforation >65:15.6 >65:

M: Mean: S.D: Standard deviation, F: Female, M: Male, HIPEC: Hyperthermic intraperitoneal chemotherapy.
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Participant Information

Data from 3945 (2230F, 1547M) patients were
included in the 16 studies. Of them, 3067 (1791F,
1163M) patients were in the young group, and 878
(439F, 384M) patients were in the old group. Four
studies did not report the gender distribution of
their sample'*?>263, In the included sample the age
distribution was provided in two different manners:
12 studies had reported the age cut-off between
younger and elderly participants at 65 years
1112.15.16.18-21.25.3335 and 4 studies had reported the
cut-off at 70 years??23-2426,

Quality Assessment for Cohort Studies

Risk of bias in the methodology of the cohort
studies was assessed using the Newcastle Ottawa
scale (Table II), and the overall risk was found to
be low in all the included studies (Figure 2).

Publication Bias

Duval and Tweedy’s trim and fill method
were used to determine missing studies accord-
ing to the random effect model on either side of
the mean effect of the funnel plot. As shown in
Figure 3, one study was missing on the left side
of the mean effect. After using trim and fill,
the imputed point estimates and the 95% con-
fidence interval were 1.18 (0.90 to 1.55) for the
included studies based on the overall random
effect models. The publication bias is reported
in Figure 3.

Meta-Analysis Report

Postoperative complications (> grade 3 Cla-
vien Dindo classification).

The outcome of overall survival was reported
by 16 studies. We observed an increased odds ra-
tio suggestive of increased risks of postoperative
complication for elderly patients as compared to
the younger patients (Figure 4) (Odds ratio: 1.18,
95% C.I: 0.90 to 1.55, p=0.21), with negligible
heterogeneity (1% 15.4%). In addition, subgroup
analysis was performed with separate compara-
tive evaluation for studies reporting the cut-off
age at 65 and 70 years.

65-Year Cut-Off

The outcome of postoperative complications in
elderly (=65 years) and younger (<65 years) pa-
tients were reported by 12 studies. We observed
a marginally reduced odds ratio suggesting in-
creased risks of postoperative complications in

younger patients as compared to the older patients
(Figure 5) (Odds ratio: 1.02, 95% C.I: 0.75 to 1.38,
p=0.88), with negligible heterogeneity (1%: 2.4%).

70-Year Cut-Off

The outcome of postoperative complications of
elderly (>70 years) and younger (<70 years) pa-
tients were reported by four studies. We observed
a higher odds ratio suggesting increased risks
of postoperative complications in older patients
as compared to the younger patients (Figure 6)
(Odds ratio: 2.37, 95% C.I: 0.99 to 5.67, p=0.052),
with moderate heterogeneity (I%: 27.06%).

Mortality

The outcome of overall survival was reported
by 15 studies. We observed an increased odds ra-
tio suggesting higher risks of mortality for elderly
patients as compared to younger patients (Odds
ratio: 3.28, 95% C.I: 1.93 to 5.58, p<0.001), with
negligible heterogeneity (1% 3.1%) (Figure 7).
We next performed subgroup analysis in which
separate comparative evaluation of mortality was
done for studies reporting the cut-off age at 65
and 70 years.

65-Year Cut-Off

The outcome of mortality of elderly (>65 years)
and younger (<65 years) patients was reported
by eleven studies. We observed a reduced odds
ratio suggesting increased risks of mortality in
elderly patients as compared to the younger pa-
tients (Figure 8) (Odds ratio: 4.1, 95% C.I: 2.16
to 8.01, p<0.001), with negligible heterogeneity
(1% 2.06%).

70-Year Cut-Off

The outcome of mortality in elderly (=70 years)
and younger (<70 years) patients were reported
by four studies. We observed a higher odds ratio
for the elderly group suggesting increased risks
of mortality in elderly patients as compared to the
younger patients (Figure 9) (Odds ratio: 1.94, 95%
C.I: 0.97 to 3.88, p=0.058), with no heterogeneity
(1% 0%).

Anastomotic Leakage
The outcome of anastomotic leakage was re-

ported by nine studies. We observed an odds
ratio of 1.006 suggesting negligible risks of anas-



Table Il. Risk of bias for individual studies based on the Newcastle Ottawa scale.

Selection Comparability Outcome
Representative Selection Outcome of
of the of Ascertainment | interest does Assessment Adequacy
exposed external of not present Main Additional of Sufficient of Total
Study cohort cohort exposure at start factor factor outcome follow up follow up | (9/9)
Keyes et al. (2021) + + 0 + + + 0 + + 7
Zhou et al. (2021) + + 0 + + + 0 + + 7
Zambrano-Vera et al. (2021) + + 0 + + + 0 + + 7
Ezzedine et al. (2021) + + 0 + + + 0 + + 7
Turgeon et al. (2020) + + 0 0 + + 0 + + 6
Oemrawsingh et al. (2019) + + 0 + + + 0 + + 7
Naffouje and Salti (2018) + + 0 + + + 0 + + 7
Arslan et al. (2018) + + 0 + + + 0 + + 7
Wong et al. (2018) + + 0 0 + + 0 + + 6
Kitai et al. (2017) + + 0 0 + + 0 + + 6
Alyami et al. (2016) + + 0 0 0 + 0 + + 5
Beckert et al. (2015) + + 0 0 + + 0 + + 6
Y. Huang et al. (2015) + + 0 + + + 0 + + 7
Spiliotis et al. (2014) + + 0 0 + + 0 + + 6
Tabrizian et al. (2013) + + 0 + + + 0 + + 7
Macri et al. (2011) + + 0 0 + + 0 + + 6
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Sufficient follow up
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Additional factor
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Figure 2. Demonstrates the risk of bias according to the Newcastle Ottawa scale for cohort studies.

tomotic leakage for elderly patients as compared
to the younger patients (Figure 10) (95% C.I: 0.47
to 2.1, p=0.98), with no heterogeneity (I1*: 0%). In
addition, we also performed subgroup analysis
in which separate comparative evaluation was
performed for studies reporting the cut-off age at
65 and 70 years.

65-Year Cut-Off
The outcome of anastomotic leakage between
elderly (>65 years) and younger (<65 years) pa-

tients were reported by seven studies. We ob-
served an odds ratio of 1.02 suggesting no risks
of anastomotic leakage in elderly patients as
compared to the younger patients (Figure 11)
(95% C.I: 0.42 to 2.45, p=0.96), with negligible
heterogeneity (1% 10.5%).

70-Year Cut-Off

The outcome of anastomotic leakage in elderly
(>70 years) and younger (<70 years) patients were
reported by two studies, with a ratio of 1.02, sug-

0.0

0.2

0.6

Standard Error

0.8

-2.0 -1.5 -1.0 0.5

Log odds ratio

—_—

00 05 10 15 20

Figure 3. Demonstrates the publication bias by Duval & Tweedy’s trim and fill method.
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Study name Statistics for each study Odds ratio and 95%Cl

Odds Lower Upper

ratio limit limit Z-Value p-Value
Keyes etal. (2021) 65 0456 0202 1.026 -1.898 0.058 +
Zhou etal. (2021) 65 1556 0550 4403 0.832 0.405 L
Zambrano-Veraetal. (2021) 65 2111 0567 7.855 1.115 0.265 =
Ezzedine et al. (2021) 65 0653 0229 1859 -0.799 0424 L
Turgeon et al. (2020) 65 1365 0964 1934 1751 0.080 H -
Oemrawsingh etal. (2019)65 3.136 1.170 8408 2272 0.023 L
Naffouje and Salti (2018)65 ~ 0.391 0.096 1.596 -1.309 0.191 =
Arslan etal. (2018) 65 0818 0325 2059 -0426 0.670 L
Wong et al. (2018) 65 1267 0448 3580 0446 0.656 L
Kitai etal. (2017) 70 3667 0920 14617 1.841 0.066 =
Alyami et al. (2016) 70 1115 0803 1548 0651 0515 I
Beckert etal. (2015) 70 3644 1518 8750 2893 0.004 T
Y. Huang etal. (2015) 65 0.833 0558 1.246 -0.888 0.374
Spiliotis et al. (2014) 70 1414 0599 3339 0.790 0.430 ——
Tabrizan et al. (2013) 65 0.756 0287 1995 -0564 0.572 L
Mecrietal. (2011) 65 1406 0250 7.896 0.387 0.699 =

1.186 0906 1.552 1242 0.214 ’

01 0.2 05 1 2 5 10

Figure 4. Demonstrates the forest plot for studies comparing postoperative complications between young and elderly patients
undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds ratios are presented as black
boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents higher risks of postoperative
complications for the elderly group, a lower odds ratio represents higher risks of postoperative complications for the younger
group (65: 65 years cut-off, 70: 70 years cut-off).

gestive of no increased risk of anastomotic leak- Duration of Hospital Stay
age in elderly patients as compared to younger The duration of hospital stay was reported by
patients (Figure 12) (95% C.I: 0.13 to 7.7, p=0.98), 12 studies. There was a small positive effect size
with no heterogeneity (1%: 0%). suggesting negligible differences in the duration
Study name Statistics for each study Odds ratio and 95%Cl
Odds Lower Upper
ratio limit limit Z-Value p-Value
Keyes et al. (2021) 65 0.456 0.202 1.026 -1.898 0.058 —
Zhou et al. (2021) 65 1556 0.550 4.403 0.832 0.405 L
Zambrano-Veraetal. (2021) 65  2.111 0567 7.855 1.115 0.265 1
Ezzedine et al. (2021) 65 0.653 0.229 1.859 -0.799 0.424 L
Turgeon et al. (2020) 65 1.365 0964 1.934 1.751 0.080 -.—
Oemrawsingh et al. (2019) 65 3.136 1.170 8408 2272 0.023 =
Naffouje and Salti (2018) 65 0.391 0.096 1.596 -1.309 0.191 =
Arslan et al. (2018) 65 0.818 0.325 2059 -0.426 0.670 i
Wong et al. (2018) 65 1267 0.448 3.580 0.446 0.656 i
Y. Huang et al. (2015) 65 0.833 0558 1.246 -0.888 0.374 B
Tabrizian et al. (2013) 65 0.756 0.287 1.995 -0.564 0.572 i
Macrl et al. (2011) 65 1406 0.250 7.896 0.387 0.699 =
1.023 0.753 1.389 0.146 0.884 ’
01 02 05 1 2 5 10

Figure 5. Demonstrates the forest plot for studies comparing postoperative complications between young (<65 years) and
elderly (>65 years) patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds ratios
are presented as black boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents
higher risks of postoperative complications for the elderly (>65 years) group, a lower odds ratio represents higher risks of
postoperative complications for the younger (<65 years) group (65: 65 years cut-off, 70: 70 years cut-off).
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Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Kitai etal. (2017) 70  15.000 2.722 82.668 3.110 0.002
Alyami et al. (2016) 70 1.115 0.803 1.548 0.651 0.515
Beckert et al. (2015) 70 3.644 1.518 8.750 2.893 0.004 —
Spiliotis et al. (2014) 70 1.414 0.599 3.339 0.790 0.430
2373 0992 5.677 1.942 0.052 -
01 02 05 1 2 5 10

Figure 6. Demonstrates the forest plot for studies comparing postoperative complications between young (<70 years) and
elderly (=70 years) patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds ratios
are presented as black boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents
higher risks of postoperative complications for the elderly (=70 years) group, a lower odds ratio represents higher risks of

postoperative complications for the younger (<70 years) group (65: 65 years cut-off, 70: 70 years cut-off).

of hospital stay between elderly patients and
younger patients (Figure 13) (Hedge’s g: 0.0295%
C.I: -0.08 to 0.14, p=0.66), with negligible hetero-
geneity (I%: 8.6%). In addition, we also performed
subgroup analysis in which separate comparative
evaluation was performed for studies reporting
the cut-off age at 65 years (i.e., only one study
had evaluated the outcome at 70-year cut-off
range).

65-Year Cut-Off

The duration of hospital stays in elderly (>65
years) and younger (<65 years) patients were
reported by 11 studies. We observed a small
positive effect size suggesting negligible differ-
ences in the duration of hospital stay between
elderly patients and younger patients (Figure 14)
(Hedge’s g: 0.03, 95% C.I: -0.10 to 0.18, p=0.60),
with negligible heterogeneity (1% 6.2%).

Study name Statistics for each study Odds ratio and 95%Cl

Odds Lower Upper

ratio limit limit Z-Value p-Value
Keyes et al. (2021) 65 0.252 0.010 6.306 -0.839 0.401 &
Zambrano-Vera et al. (2021) 65 33.000 1.665 654.081 2294  0.022
Ezzedine et al. (2021) 65 22245 1.157 427.738  2.057  0.040
Turgeon et al. (2020) 65 3.607 1.153 11.287 2204 0.028 L
Oemrawsingh et al. (2019)65  7.415 0.802 68.541 1.766  0.077 -
Naffouje and Salti (2018) 65 2579 0.129 51.757 0.619 0.536 =
Arslan et al. (2018) 65 1.896 0.473 7.610 0.903 0.367
Wong et al. (2018) 65 19.750 1.696 229.997 2382 0.017
Kitai et al. (2017) 70 11.400 0.509 255.169 1.535 0.125
Alyami et al. (2016) 70 2025 0925 4433 1766 0.077 T——
Beckert et al. (2015) 70 0.626 0.081 4.850 -0.448 0.654 L
Y. Huang et al. (2015) 65 1590 0.490 5.157 0.772 0.440
Spiliotis et al. (2014) 70 2379 0.144 39.344 0606 0.545 =
Tabrizian et al. (2013) 65 9.704 2726 34.543 3508  0.000 —.
Macr et al. (2011) 65 4.000 0.319 50229 1.074 0.283

3.287 1936 5582 4.405 0.000 <=
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Figure 7. Demonstrates the forest plot for studies comparing mortality between young and elderly patients undergoing
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds ratios are presented as black boxes whereas
95% confidence intervals are presented as whiskers. A higher odds ratio represents higher risks of mortality for the elderly
group, a lower odds ratio represents higher risks of mortality for the younger group (65: 65 years cut-off, 70: 70 years cut-off).
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Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value
Keyes et al. (2021) 65 0.252 0.010 6.306 -0.839 0.401 =
Zambrano-Vera et al. (2021) 65 33.000 1.665 654.081 2.294 0.022
Ezzedine et al. (2021) 65 22.245 1.157 427.738 2.057 0.040
Turgeon et al. (2020) 65 3607 1.153 11287 2204 0.028 1
Oemrawsingh et al. (2019) 65 7415 0.802 68541 1.766 0.077 Ly
Naffouje and Salti (2018) 65 2579 0129 51.757 0.619 0536 =
Arslan et al. (2018) 65 1896 0473 7.610 0.903 0.367 *
Wong et al. (2018) 65 19.750 1.696 229.997 2.382 0.017
Y. Huang et al. (2015) 65 1590 0490 5157 0.772 0.440 .l
Tabrizian et al. (2013) 65 9.704 2726 34543 3.508 0.000 ——H
Macri et al. (2011) 65 4000 0.319 50.229 1.074 0.283 L
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Figure 8. Demonstrates the forest plot for studies comparing mortality between young (<65 years) and elderly (=65 years)
patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds ratios are presented
as black boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents a higher risk of
mortality for the elderly (=65 years) group, a lower odds ratio represents higher risks of mortality for the younger (<65 years)
group (65: 65 years cut-off, 70: 70 years cut-off).

Discussion

The present systematic review and meta-anal-
ysis provides updated evidence regarding post-
operative morbidity and mortality outcomes in
young and elderly patients undergoing cytore-
ductive surgery, and hyperthermic intraperito-
neal chemotherapy. We report worse outcomes

for elderly patients in terms of postoperative
complications and overall mortality as compared
to younger patients. In subsequent subgroup
analyses, we also report that for both cut-off
ages (65 and 70 years) there were higher risks
of postoperative complications and mortality
for the elderly population groups as compared
to younger population groups. No differences

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper

ratio  limit limit Z-Value p-Value
Kitai et al. (2017) 70 11.400 0.509 255.169 1.535 0.125 |
Alyami etal. (2016)70 2.025 0925 4433 1.766 0.077 —i—
Beckertetal. (2015)70 0.626 0.081 4.850 -0.448 0.654 =
Spiliotis etal. (2014) 70 2.379 0.144 39.344 0.606 0.545

1949 0977 3887 1895 0058 >
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Figure 9. Demonstrates the forest plot for studies comparing mortality between young (<70 years) and elderly (=70 years)
patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds ratios are presented
as black boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents higher risks of
mortality for the elderly (=70 years) group, a lower odds ratio represents a higher risk of mortality for the younger (<70 years)
group (65: 65 years cut-off, 70: 70 years cut-off).
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Study name Statistics for each study Odds ratio and 95%ClI

Odds Lower Upper

ratio  limit limit Z-Value p-Value
Keyes et al. (2021) 65 0245 0.025 2426 -1.202 0.229 L
Zhou et al. (2021) 65 1521 0.132 17525 0.336 0.737 L
Ezzedine et al. (2021) 65 0444 0.090 2197 -0995 0.320 L
Oemrawsingh et al. (2019) 65 0.849 0.149 4830 -0.185 0.853 L
Arslan et al. (2018) 65 2222 0802 6.159 1535 0.125 .
Wong et al. (2018) 65 19.750 1.696 229.997 2.382 0.017
Kitai et al. (2017) 70 2077 0120 35894 0.503 0.615 L
Beckert et al. (2015) 70 0.503 0.029 8756 -0.471 0.638
Tabrizian et al. (2013) 65 0.495 0.234 1.050 -1.833 0.067
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Figure 10. Demonstrates the forest plot for studies comparing outcome of anastomotic leakage between young and elderly
patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds ratios are presented
as black boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents higher risks of
anastomotic leakage for the elderly group, a lower odds ratio represents higher risks of anastomotic leakage for the younger
group (65: 65 years cut-off, 70: 70 years cut-off).

were observed in the incidences of anastomotic festations*-4. Patients with peritoneal cancer

leakage and overall duration of hospital stay
between two groups.

Management of peritoneal cancer is con-
sidered particularly challenging for clinicians,
surgeons and nursing professionals because of
its poor prognosis, and heterogeneous mani-

irrespective of their age, are often treated with
a similar approach i.e., cytoreductive surgery
and hyperthermic intraperitoneal chemothera-
py'®**¥. However, recent studies increasingly
suggest that while younger patients fare better
when subjected to such aggressive interventions,

Study name Statistics for each study Odds ratio and 95%Cl

Odds Lower Upper

ratio limit limit Z-Value p-Value
Keyes et al. (2021) 65 0.245 0.025 2426 -1.202 0.229 L
Zhou et al. (2021) 65 1521 0.132 17525 0.336 0.737 L
Ezzedine et al. (2021) 65 0.444 0.090 2197 -0.995 0.320 )
Oemrawsingh et al. (2019)65 0.849 0.149 4830 -0.185 0.853 L
Arslan et al. (2018) 65 2222 0802 6.159 1535 0.125 .
Wong et al. (2018) 65 19.750 1.696 229.997 2.382 0.017
Tabrizian et al. (2013) 65 0.495 0234 1.050 -1.833 0.067

1.022 0425 2456 0.049 0.961 4;»
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Figure 11. Demonstrates the forest plot for studies comparing outcome of anastomotic leakage between young (<65 years)
and elderly (>65 years) patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds
ratios are presented as black boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents
higher risks of anastomotic leakage for the elderly group, a lower odds ratio represents higher risks of anastomotic leakage for
the younger group (65: 65 years cut-off, 70: 70 years cut-off).
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Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Kitai etal. (2017) 70  2.077 0.120 35.894 0.503 0.615 ’ F
Beckert etal. (2015) 70 0.503 0.029 8.756 -0.471 0.638
1.024 0.136 7.700 0.023 0.982 [
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Figure 12. Demonstrates the forest plot for studies comparing outcome of anastomotic leakage between young (<70years)
and elderly (>70years) patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The odds
ratios are presented as black boxes whereas 95% confidence intervals are presented as whiskers. A higher odds ratio represents
higher risks of anastomotic leakage for the elderly group, a lower odds ratio represents higher risks of anastomotic leakage for
the younger group (65: 65 years cut-off, 70: 70 years cut-off).

elderly patients often experience higher rates Beckert et al?® in their study of a cohort rep-
of postoperative complications (i.e. anastomosis resentative of the German population, report-
leakage, longer duration of hospital stay) and ed higher postoperative complication rates in
mortality®!h12:15:16, elderly patients (76%) as compared to younger
In the present systematic review, almost all patients (46%) undergoing cytoreductive sur-
the included studies had reported worse post- gery and hyperthermic intraperitoneal chemo-
operative outcomes in terms of complications therapy. The authors reported that their elderly
for elderly patients undergoing cytoreductive cohort also exhibited higher Clavien-Dindo
surgery and hyperthermic intraperitoneal che- grade >III level complications as compared to
motherapy as compared to younger patients. their younger counterparts. The authors sug-
Study name Statistics for each study Hedges's g and 95% Cl
Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Keyeset al. (2021) 65 0.133 0.182 0.033 -0.223 0.489 0.734 0.463
Zhou et al. (2021) 65 0.759 0.235 0.055 0.298 1.221 3.227 0.001 —l—
Zambrano-Vera et al. (2021) 65 0.259 0.322 0.104 -0.373 0.891 0.803 0.422
Ezzedine et al. (2021) 65 -0.250 0.220 0.048 -0.680 0.181 -1.136 0.256
Oemrawsingh et al. (2019) 65 -0.088 0.187 0.085 -0453 0.278 -0.470 0.638
Naffouje and Salti (2018) 65 0.028 0.235 0.055 -0.432 0.489 0.120 0.904
Ardan et al. (2018) 65 -0.016 0.215 0.046 -0436 0405 -0.073 0.942
Wong et al. (2018) 65 -0.043 0.248 0.061 -0.528 0.442 -0.174 0.862
Alyami et al. (2016) 70 0.000 0.082 0.007 -0.161 0.161 0.000 1.000
Y. Huang et al. (2015) 65 -0.044 0.100 0.010 -0.240 0.153 -0.433 0.665
Tabrizian et al. (2013) 65 0.058 0.189 0.036 -0.313 0.428 0.305 0.760
Macrl et al. (2011) 65 -0.301 0.371 0137 -1.027 0426 -0.811 0.417
0.026 0.059 0.003 -0.089 0.141 0.436 0.663
-2.00 -1.00 0.00 1.00 2.00

Figure 13. Demonstrates the forest plot for studies comparing outcome of duration of hospital stay between young and elderly
patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. The Hedge’s g is presented as
black boxes whereas 95% confidence intervals are presented as whiskers. A higher effect size represents longer duration of
hospital stay for the elderly group, a lower effect size represents longer duration of hospital stay for the younger group (65: 65
years cut-off, 70: 70 years cut-off).
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Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper

g error  Variance  limit limit ZValue p-Value
Keyeset al. (2021) 65 0.133 0.182 0.033 -0.223 0489 0.734 0463
Zhou et al. (2021) 65 0.759 0.235 0.055 0298 1.221 3227  0.001 —a
Zambrano-Vera et al. (2021) 65 0.259 0.322 0.104 0373 0.891 0.803 0422
Ezzedine et al. (2021) 65 -0.250 0.220 0.048 -0.680 0.181 -1.136 0.256
Oemrawsingh et al. (2019) 65 0.088 0.187 0.035 -0.453 0278 -0.470 0.638
Naffouje and Salti (2018) 65 0.028 0.235 0.055 -0.432 0489 0.120 0.904
Ardan et al. (2018) 65 0.016 0.215 0.046 -0.436 0405 -0.073 0942
Wong et al. (2018) 65 -0.043 0.248 0.061 -0.528 0442 -0.174 0.862
Y. Huang et al. (2015) 65 0.044 0.100 0.010 -0.240 0.153 -0.433 0665
Tabrizian et al. (2013) 65 0.058 0.189 0.036 -0.313 0428 0.305 0.760
Macr et al. (2011) 65 -0.301 0.371 0.137 -1.027 0.426 -0.811 0.417

0.038 0.073 0.005 -0.106 0.181 0513  0.608
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Figure 14. Demonstrates the forest plot for studies comparing outcome of duration of hospital stay between young (<65
years) and elderly (=65 years) patients undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy.
The Hedge’s g is presented as black boxes whereas 95% confidence intervals are presented as whiskers. A higher effect size
represents longer duration of hospital stay for the elderly group, a lower effect size represents longer duration of hospital stay
for the younger group (65: 65 years cut-off, 70: 70 years cut-off).

gested that the main possible reason behind
the higher rates of postoperative complications
was the delayed wound healing capabilities of
the aged cohort. Similarly, Kitai et al** reported
significantly higher rates of postoperative com-
plications (i.e., grade 4 to 5) in their elderly co-
hort as compared to their younger cohort. Here,
the authors attributed the higher rates of post-
operative complications, especially in terms
of respiratory failure in the elderly patients to
age-related systemic complications observed
pre-operatively in their cohort. The authors
also mentioned that because of a higher num-
ber of co-existing comorbidities, the elderly
patients required longer surgery times as com-
pared to their younger counterparts (surgery
time of 676 min for elderly patients versus 607
minutes for young patients), potentially leading
to more postoperative complications*’. In this
present meta-analysis, we confirm these find-
ings and report higher risks of postoperative
complications (Odds ratio: 1.18) in the elderly
patients undergoing cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy as
compared to their younger counterparts. More-
over, in further subgroup analyses, we also
found that studies reporting the cut-off age
at 65 (OR: 1.02) and 70 (OR: 2.37) years both
detected higher risks of postoperative compli-
cations in their elderly cohort. However, there
was no significant difference in the rates of

anastomotic leakage (OR: 1.00) and overall du-
ration of hospital stay (g: 0.02) between the two
groups. It is possible that a relative difference
in terms of the number of studies analyzing
these outcomes could be the reason behind this
differential outcome. Further studies to eluci-
date these aspects in greater details are needed.

In the current review we also attempted to
develop a consensus regarding the mortali-
ty-related outcomes in younger and elderly
patients undergoing cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy.
We observed that in the included studies there
was a general lack of consensus regarding the
mortality-related outcomes in two groups of
patients. A retrospective cohort study by Ez-
zedine et al'! reported that among 95 patients
undergoing cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy for peri-
toneal metastases, there was significantly high-
er mortality in elderly patients as compared to
younger patients (p=0.03). Similarly, Wong et
al*' reported a higher rate of 90-day mortality
in their elderly cohort (11.1%) as compared
to their younger cohort (0.23%). The authors
attributed this high mortality rate to the nega-
tive influence of hyperthermic intraperitoneal
chemotherapy on the renal function of their
elderly cohort (i.e., increased serum creatinine
levels), and suggested that the systemic toxicity
promoted by hyperthermic intraperitoneal che-
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motherapy resulted in renal insufficiency and,
ultimately, led to higher mortality outcomes
in their elderly cohort. On the other hand,
Beckert et al*, and Spiliotis et al*® reported no
differences in the events of mortality between
their younger and their elder cohort. However,
this lack of difference may be explained by
the smaller sample size of the older cohort
as compared to the younger cohort in these
studies. For instance, in the case of Beckert et
al* while 352 patients were evaluated in the
younger cohort only 29 patients were included
in the elderly cohort. Similarly, for Spiliotis et
al?¢, 70 patients were evaluated in the younger
cohort while only 30 patients were evaluated in
the elderly cohort. Our meta-analysis reports
higher risks of postoperative mortality (OR:
3.28) in elderly patients undergoing cytoreduc-
tive surgery and hyperthermic intraperitoneal
chemotherapy as compared to the younger pa-
tients. Subsequent subgroup analyses further
confirmed that the risks of postoperative mor-
tality were high for elderly patients in both
types of studies reporting the cut-off age at 65
(OR: 4.16), and 70 years (OR 1.94).

Despite being a novel study, this systematic
review and meta-analysis has several limita-
tions. First and foremost, this study was not
pre-registered in a systematic review repository
such as PROSPERO York or Joanna Briggs
Institute, which may raise concerns about the
validity of this current review*. Several at-
tempts were made by us to register this present
review, but due to the current COVID-19 pan-
demic crisis, registration times at the repos-
itories have been extended by more than one
year. Secondly, we observed that the included
studies in our review had segregated the young
and elderly population groups at different cut-
off ages. While 9 studies had reported the age
cut-off at 65 years!l121516182L235 " only 4 studies
had reported the cut-off at 70 years?***2. In our
analyses of postoperative complications, there
was a moderate heterogeneity detected in one of
the subgroup analyses i.e., 70-year cut-off age.
Therefore, we recommend our readers interpret
these findings carefully as we cannot rule out
the possibility of incurring bias. Further studies
to address these limitations (i.e., by reporting
similar cut-off ages) would allow clinicians to
better interpret the morbidity and mortality-re-
lated risks imposed by cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy
on elderly population groups.
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Conclusions

We provide updated evidence of poor morbid-
ity and mortality outcomes in elderly patients
undergoing cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy as compared
to their younger counterparts. The study also
provides novel evidence of no difference in the
incidences of anastomotic leakage and overall
duration of hospital stay between younger and
elderly patients undergoing cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy.
Taking into account the existing literature*?, we
recommend the development of multidisciplinary
task forces that include specialized nursing pro-
fessionals and oncologic surgeons to develop
best practice guidelines for improving prognostic
outcomes for patients undergoing cytoreductive
surgery and hyperthermic intraperitoneal chemo-
therapy.
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