
Vol.:(0123456789)

Techniques in Coloproctology           (2024) 28:35  
https://doi.org/10.1007/s10151-024-02911-9

ORIGINAL ARTICLE

Evaluating geographical disparities on clinical outcomes 
following cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy

Adrian Siu1,2 · Daniel Steffens1,2 · Nabila Ansari1,3 · Sascha Karunaratne1,2 · Henna Solanki1 · Nima Ahmadi1,3 · 
Michael Solomon1,2,3 · Brendan Moran4 · Cherry Koh1,2,3

Received: 13 December 2023 / Accepted: 4 February 2024 
© The Author(s) 2024

Abstract
Background  Rural Australians typically encounter disparities in healthcare access leading to adverse health outcomes, 
delayed diagnosis and reduced quality of life (QoL) parameters. These disparities may be exacerbated in advanced malig-
nancies, where treatment is only available at highly specialised centres with appropriate multidisciplinary expertise. Thus, 
this study aims to determine the association between patient residence on oncological, surgical and QoL outcomes following 
cytoreductive surgery (CRS) and hyperthermic intra-peritoneal chemotherapy (HIPEC).
Methods  A retrospective analysis was conducted on consecutive patients undergoing CRS and HIPEC at Royal Prince Alfred 
Hospital from January 2017 to March 2022. On the basis of their postcode of residence, patients were stratified into metro-
politan and regional groups. Data encompassing demographics, oncological, surgical and QoL outcomes were compared. 
Statistical analysis included chi-square test, t-tests and Kaplan–Meier survival curves.
Results  Among the 317 patients, 228 (72%) were categorised as metropolitan and 89 (28%) as regional. Metropolitan patients 
presented higher rates of recurrence (61.8% versus 40.0%, p = 0.014) and shorter overall mean survival [3.8 years (95% CI: 
3.44–4.09) versus 4.2 years (95% CI: 3.76–4.63), p = 0.019] compared with regional patients. No other statistically significant 
differences were observed in oncological, surgical and QoL outcomes.
Conclusions  Most oncological, surgical and QoL parameters did not differ by geographical location of patients undergoing 
CRS and HIPEC for peritoneal malignancies at a high-volume quaternary referral centre. Observed differences in recurrence 
and survival may be attributed to the selective nature of surgical referrals and variable follow-up patterns. Future research 
should focus on characterising referral pathways and its influence on post-operative outcomes.

Keywords  Cytoreductive surgery · Hyperthermic intraperitoneal chemotherapy · Peritoneal malignancy · Surgical 
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Introduction

Collectively, the Australian population enjoys the advan-
tages of a robust and affordable healthcare system, lead-
ing to higher life expectancies and favourable populational 
health when compared with similarly developed nations 
[1]. However, for approximately 30% of Australians resid-
ing in regional locations [2], their healthcare experiences 
and health outcomes differ from those in metropolitan areas. 
Unfortunately, owing to the unique geography of Australia, 
regional residents often need to travel large distances to 
access their nearest primary or secondary healthcare facil-
ity. As a consequence of this, rural communities often 
experience an amplification of multiple indicators of health 

 *	 Adrian Siu 
	 adriansiu7@hotmail.com

1	 Surgical Outcomes Research Centre (SOuRCe), Royal 
Prince Alfred Hospital, C/O Royal Prince Alfred Hospital, 
Missenden Road, PO Box M 157, Camperdown, NSW 2050, 
Australia

2	 Faculty of Medicine and Health, Central Clinical School, The 
University of Sydney, Sydney, NSW, Australia

3	 Department of Colorectal Surgery, Royal Prince Alfred 
Hospital, Sydney, NSW, Australia

4	 Peritoneal Malignancy Institute, North Hampshire 
Foundation Trust, Basingstoke, UK

http://crossmark.crossref.org/dialog/?doi=10.1007/s10151-024-02911-9&domain=pdf


	 Techniques in Coloproctology           (2024) 28:35    35   Page 2 of 9

disparities, and studies have demonstrated reduced quality 
of life (QoL), elevated rates of mortality [3–5] and worse 
median overall survival (94 versus 104 months, p < 0.001) 
for colon cancer outcomes when compared with urban com-
munities [6].

Despite experiencing poorer health outcomes and reduced 
life expectancy in regional Australia, these patients often 
face limited access to healthcare services, with studies 
revealing significantly longer delays in accessing specialist 
care [7, 8]. To address this healthcare disparity, innovative 
care models have been trialed, including visiting medical 
specialists, expansion of telehealth and virtual capabilities 
and increasing health infrastructure [9, 10]. However, as 
these innovations continue to evolve, review studies have 
highlighted the multifaceted nature of rural healthcare pro-
vision, with major challenges related to ethnicity, socio-
economic status and inadequate communication within the 
health system [11, 12]. Additionally, while these innovative 
models may suffice for acute pathologies, some complex 
conditions require a multidisciplinary approach and highly 
specialised care. In these situations, it often becomes neces-
sary for the patient to travel to quaternary centres to receive 
this level of care. An example of this specialised and com-
plex pathology is the management of peritoneal malignancy.

The majority of peritoneal malignancies occur as a result 
of trans-coelomic metastasis from an advanced primary can-
cer into the peritoneal cavity. Most frequently, this involves 
tumours of the appendix, stomach, colon, ovaries, pancreas 
or gallbladder [13]. To manage peritoneal malignancy, 
the optimal therapeutic approach often includes adopting 
multimodal therapy, encompassing surgical intervention, 
chemotherapy and targeted therapy, which has shown a 
survival benefit when compared with traditional pallia-
tive approaches (60 months versus 4–12 months) [14, 15]. 
In the standard procedure, these patients undergo cytore-
ductive surgery (CRS) and hyperthermic intraperitoneal 
chemotherapy (HIPEC). The former involves multiple peri-
tonectomy procedures and visceral resections to remove all 
macroscopic disease and the latter for the elimination of 
microscopic disease [16]. Although CRS and HIPEC are 
considered the gold-standard for managing colorectal peri-
toneal malignancy, ongoing debate and criticism continues 
regarding the potential of this strategy resulting in high mor-
bidity and mortality [16, 17].

To ensure maximal benefit from CRS and HIPEC, 
early diagnosis of peritoneal malignancy is imperative and 
requires a multidisciplinary team that includes surgeons, 
medical oncologists, anaesthesiologists, intensivists, radi-
ologists and pathologists [16]. However, the challenges of 
geographic remoteness, complex socio-cultural barriers, 
limited experience and varying levels of healthcare infra-
structure [18] may negatively impact the early diagnosis 
of peritoneal malignancy in regional settings. While there 

continues to be research on reducing healthcare disparities 
in these communities, there is limited data regarding the 
outcomes of patients who travel considerable distances to 
access this highly specialised treatment.

Therefore, the purpose of this study is to explore the 
influence of patient residence on post-operative outcomes 
after CRS and HIPEC for peritoneal malignancy. The pri-
mary outcomes were oncological parameters [peritoneal car-
cinomatosis index (PCI) and completeness of cytoreduction 
(CC)], surgical outcomes [length of stay (LOS), complica-
tions and overall survival] and QoL measurements.

Methods

Study design and setting

A retrospective cohort study of patients who underwent 
CRS and HIPEC at Royal Prince Alfred Hospital, Sydney, 
Australia, was conducted from April 2017 to March 2022. 
Recommended reporting guidelines from the Strengthen-
ing the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines were followed [19]. Relevant ethical 
and governance approval were obtained from the Sydney 
Local Health District Human Ethics Review Committee 
(2019/ETH07574).

All patient demographics, oncological, surgical and 
recurrence data originated from the PREMIER (Peritonec-
tomy Surgical Research Program) database, which routinely 
collects information on oncological parameters and surgi-
cal outcomes. A waiver of ethical consent was approved to 
access this de-identified data. For the QoL measurements 
of this study, consecutive patients were invited to partici-
pate by their surgeon during their assessment for CRS and 
HIPEC. Only patients with baseline questionnaire responses 
and informed and written consent were included in the study.

Participants

The inclusion criteria consisted of patients who were plan-
ning to undergo CRS and HIPEC for peritoneal malignancy, 
able to provide informed consent, and had the ability to com-
plete a self-reported questionnaire either independently or 
with the assistance of relatives/caregiver. The exclusion cri-
teria were patients who declined participation in the study, 
were missing baseline questionnaire responses, or resided in 
inter-state locations outside of New South Wales, Australia.

Outcomes

The Australia Statistical Geography Standard-Remoteness 
Area (ASGS-RA) classification was used to stratify patients’ 
postcode of residence into “metropolitan”, “regional” and 
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“remote” [20]. This measure of remoteness is based on road 
distance from populated locations to five categories of ser-
vice centres and uses population as a proxy for measuring 
availability of services. Patients who resided in a “major 
city” according to ASGS-RA were classified as “metropoli-
tan”, while patients who resided in “inner regional”, “outer 
regional”, “remote” and “very remote” were classified as 
“regional”.

The oncological parameters were PCI and CC scores. 
The PCI is a standardised score used in peritoneal metas-
tases that quantifies the extent of disease in 13 different 
abdominopelvic regions and ranges from 0 to 39 [21, 22]. 
Intra-operatively, a score of “0” is designated as no disease, 
“1” as disease up to 0.5 cm, “2” as disease up to 5 cm and 
“3” as disease that is a confluence of unresectable disease 
or > 5 cm. The CC score is a prognostic indicator and cat-
egorises the residual disease at the end of cytoreductive 
surgery, ranging from CC-0–CC-3. A score of CC-0 indi-
cates no residual disease after CRS, CC-1 indicates residual 
tumour nodules (< 2.5 mm), CC-2 indicates residual tumour 
nodules between 2.5 mm and 2.5 cm and CC-3 for persist-
ing tumour nodules > 2.5 cm or confluence of unresectable 
disease [23]. For all pathologies [excluding pseudomyxoma 
peritonei (PMP)], the CC score was stratified into CC = 0 
and CC > 0. However, owing to the phenotypical and bio-
logical differences of PMP and other peritoneal pathologies, 
the CC score was re-stratified into CC ≤ 1 and CC ≥ 2 [24].

The surgical outcomes included blood loss (mL), blood 
transfusion status, post-operative complications, length 
of stay in the intensive care unit (ICU), post-operative 
length of stay (LOS) and severity of complications (using 
Clavien–Dindo classification [25]). The principle of Cla-
vien–Dindo classification is based on the therapy needed to 
treat the complication and ranges from grade I (any devia-
tion from the post-operative course) to grade V (death of 
a patient) [26]. The severity of complications was dichot-
omised into minor (grade I–II) or major (grade III–V). 
Survival data was captured from the Australian Registry of 
Births, Deaths & Marriage. The overall survival was cal-
culated in years from the date of surgery till death or last 
time of recorded contact with the patient, censured in June 
2023. The duration of follow-up was taken from the date of 
surgery to June 2023.

The QoL data was measured using the 36-item Short-
Form Survey version 2 (SF-36v2) [27]. The SF-36v2 tool 
is a reliable and valid tool, which has been extensively used 
in patients undergoing CRS and HIPEC [28, 29]. This QoL 
data was collected longitudinally at various time points: pre-
operatively, prior to discharge and 3, 6 and 12 months after 
surgery. The SF-36v2 produces two summary health scores: 
the physical component score (PCS), which is comprised of 
the domains physical functioning, role physical, bodily pain 
and general health, and the mental component score (MCS), 

which includes the domains vitality, social functioning, role 
– emotional and mental health. The non-standardised range 
of each domain is 0–100, with 0 being the lowest QOL for 
that domain and 100 the highest QOL. These scores are nor-
malised to the general population through linear transforma-
tion [with a mean score of 50, standard deviation (SD) 10] 
in accordance with the SF-36 scoring manual [30]. A higher 
standardised score indicates better QOL parameters.

Statistical analyses

Statistical analysis was performed using IBM SPSS® Statis-
tics version 29. Descriptive analyses were undertaken, and 
all parameters were reported separately for three groups 
of patients (overall, metropolitan and regional). Categori-
cal variables were reported in frequency (percentage), and 
continuous variables were summarised using either mean 
and SD or median and interquartile range (IQR). Difference 
between metropolitan and regional groups for demographics, 
oncological, surgical and QoL parameters were evaluated 
using chi-square test for categorical variables and t-test for 
continuous variables. Kaplan–Meier survival curves were 
used to estimate overall survival, with differences between 
groups assessed by the log rank test. All statistical tests con-
sidered a p-value of < 0.05 to be significant.

Results

Patient characteristics

A total of 351 patients underwent CRS and HIPEC from 
April 2017 to March 2022. Of these, 15 patients had no 
baseline QoL data, and 19 patients were excluded, as they 
listed an inter-state postcode of residence. The final included 
cohort consisted of 317 patients (90%), and the majority 
(72%, n =  28) were classified as metropolitan. Overall, 
the mean age was 54.4 (SD: 13.7) years, and 138 patients 
were male (43.5%). The primary tumour pathology was 
colorectal cancer (44.8%, n = 142), followed by appendix 
adenocarcinoma (22.1%, n = 70), pseudomyxoma peritonei 
(16.7%, n = 53) and other peritoneal malignancies [ovarian 
(6.6%, n = 21), small bowel adenocarcinoma (1.9%, n = 6) 
and peritoneal mesothelioma (5.7%, n = 18)]. The primary 
discharge destination for the cohort was home (90.5%, 
n = 287), and 23/317 (7.3%) required re-admission into a 
hospital following discharge (Table 1).

Completion rates for the QoL questionnaire were 75.4% 
(239/317) pre-operatively, 74.0% (233/315) prior to dis-
charge, 63.0% (194/308) at 3 months, 61.4% (178/290) at 
6 months and 51.3% (118/230) at 12 months. For all patients, 
the mean follow-up time was 2.46 years (SD: 30.3 months). 
Missing QoL data were not imputed.
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Oncological parameters

The median PCI was similar in the metropolitan group 
compared with regional group (12 versus 13, p = 0.484). 
When comparing PCI severity, there was a higher propor-
tion of metropolitan patients with PCI < 15 compared with 
regional patients; however, this was not statistically sig-
nificant (56.6% versus 52.8%, p = 0.544). Excluding PMP 

patients, a score of CC-0 was achieved in the majority of 
metropolitan (84.1%, n = 159) and regional patients (80.0%, 
n = 60). In PMP patients only, a clearance score of CC-0 or 
CC-1 was achieved in the majority of metropolitan patients 
(87.2%, n = 34) and all regional patients (100%, n = 14, 
p = 0.309; Table 2). No statistical differences were observed 
between metropolitan and regional patients for all oncologi-
cal parameters.

Table 1   Patient characteristics 
(n = 317)

Data presented as mean ± standard deviation or frequency (percentage)
*Sample < 317 indicates missing data
**Small bowel adenocarcinoma (n = 6), primary peritoneal (n = 1) and other pathologies (n = 6)

Variables Overall (n = 317) Metropolitan (n = 228) Regional (n = 89) p-Value

Age, years 54.4 ± 13.7 54.0 ± 13.3 55.5 ± 14.8 0.368
Sex 0.115
 Female 179 (56.5%) 135 (59.2%) 44 (49.4%)
 Male 138 (43.5%) 93 (40.8%) 45 (50.6%)

Pathology 0.286
 Pseudomyxoma peritonei 53 (16.7%) 39 (17.1%) 14 (15.7%)
 Appendix adenocarcinoma 70 (22.1%) 46 (20.2%) 24 (27.0%)
 Colorectal 142 (44.8%) 103 (45.2%) 39 (43.8%)
 Ovarian 21 (6.6%) 19 (8.3%) 2 (2.2%)
 Peritoneal mesothelioma 18 (5.7%) 11 (4.8%) 7 (7.9%)
 Other** 13 (4.1%) 10 (4.4%) 3 (3.4%)

Discharge destination 0.501
 Home 287 (90.5%) 208 (91.2%) 79 (88.8%)
 Rehabilitation/other hospital 30 (9.5%) 20 (8.8%) 10 (11.2%)

30-day re-admission 0.088
 Yes 23 (7.3%) 13 (5.7%) 10 (11.2%)
 No 294 (92.7%) 215 (94.3%) 79 (88.8%)

Table 2   Oncological parameters 
between metropolitan and 
regional patients (n = 317)

Data presented as median (interquartile range) or frequency (percentage). PCI peritoneal cancer index, CC 
completeness of cytoreduction, PMP pseudomyxoma peritonei
*Sample < 317 indicates missing data

Variables Overall (n = 317) Metropolitan (n = 228) Regional (n = 89) p-Value

Neoadjuvant chemotherapy 0.230
 Yes 17 (5.4%) 15 (6.6%) 2 (2.3%)
 No 92 (29.0%) 65 (28.5%) 27 (30.3%)
 Missing 208 (65.6%) 148 (64.9%) 60 (67.4%)

PCI score 12 (6–24) 12 (6–23) 13 (7–13) 0.484
PCI severity 0.544
 PCI < 15 176 (55.5%) 129 (56.6%) 47 (52.8%)
 PCI f 15 141 (44.5%) 99 (43.4%) 42 (47.2%)

CC score (excluding PMP) 0.469
 CC = 0 219 (83.0%) 159 (84.1%) 60 (80.0%)
 CC > 0 45 (17.0%) 30 (15.9%) 15 (20.0%)

CC score (only PMP) 0.309
 CC ≤ 1 48 (90.6%) 34 (87.2%) 14 (100.0%)
 CC ≥ 2 5 (9.4%) 5 (12.8%) –
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Surgical outcomes

The mean blood loss for metropolitan and regional patients 
was 1548.0 and 1561.4 mL, respectively (p = 0.955), and a 
similar proportion required blood transfusion (52.2% ver-
sus 59.1%, p = 0.270). Post-operatively, most metropolitan 
(76.1%, n = 172) and regional patients (77.3%, n = 68) expe-
rienced at least one post-operative complication; however, 
most of these were considered minor (grade I–II) in both 
groups (65.5% and 59.4%, respectively) [25]. The mean 
ICU LOS was similar for metropolitan and regional groups 
(5.3 and 5.2 days, respectively). Comparing groups, met-
ropolitan patients recorded a mean post-operative LOS of 
21.0 days (SD: 16.7) and regional patients 20.1 days (SD: 
10.8, p = 0.619; Table 3).

Survival and recurrence

Mean overall survival was worse in the metropolitan group, 
at 3.77  years (95% CI: 3.44–4.09) compared with the 
regional group, at 4.20 years (95% CI: 3.76–4.63, p = 0.019; 
Fig. 1). Further comparison of the overall survival rate 
found that the metropolitan group was worse compared 
with regional group for 1-year (84.6% versus 85.9%), 2-year 
(69.1% versus 79.2%), 3-year (54.2% versus 75.9%) and 
5-year survival (44.1% versus 58.4%). For recurrence, met-
ropolitan patients had higher rates compared with regional 
patients (61.8% versus 40.0%, p = 0.012; Table 4).

Quality of life measurements

The PCS and MCS are presented from baseline to 12 months 
in Table 5. Comparing groups, metropolitan and regional 
patients recorded mean baseline PCS of 47.3 (SD: 9.3) and 

46.7 (SD: 10.6), respectively, and MCS of 47.4 (SD: 9.9) 
and 48.0 (SD: 11.6), respectively (p = 0.690). From pre-
discharge to 12 months, QoL scores gradually increased to 
above baseline levels for both groups, except for the PCS 
for metropolitan patients [47.3 (SD: 9.3) versus 46.3 (SD: 
10.4)]. The QoL scores between groups at similar time 
points were mostly comparable, with no statistically sig-
nificant differences.

Discussion

In this study of patients undergoing CRS and HIPEC, 
most oncological parameters, surgical outcomes and QoL 
measurements were equally favourable in metropolitan and 
regional groups. These results are promising, considering 
that previous research had demonstrated delayed oncologi-
cal diagnosis owing to limited healthcare access and lower 
health literacy in regional Australia [31, 32]. These chal-
lenges were further compounded by unique obstacles that 
regional patients face when seeking specialised surgical 
care, including psycho-social issues linked to separation, 
logistical issues related to travel, finding time off work and 
accommodation expenses [33, 34]. However, when examin-
ing oncological parameters in the current study, there were 
no statistical differences for PCI and CC score. This sug-
gests that regional patients who were referred and treated 
at a specialist quaternary referral centre could expect to 
achieve oncological outcomes similar to those of metropoli-
tan patients. Additionally, these promising results may also 
be a consequence of Australia’s focus towards centralising 
specialist surgical care [35].

The majority of surgical outcomes, including LOS and 
complication rates revealed no significant differences 
between the groups. Further analysis in the post-operative 

Table 3   Surgical outcomes 
between metropolitan and 
regional patients (n = 317)

Data presented as mean ± standard deviation or frequency (percentage), LOS length of stay
*Sample < 317 indicates missing data

Variables Overall (n = 317) Metropolitan (n = 228) Regional (n = 89) p-Value

Blood loss, mL* 1551.8 ± 1854.9 1548.0 ± 2030.0 1561.4 ± 1316.2 0.955
Blood transfusion* 0.270
 Yes 171 (54.1%) 119 (52.2%) 52 (59.1%)
 No 145 (45.9%) 109 (47.8%) 36 (40.9%)

Post-operative complication* 0.827
 Yes 240 (76.4%) 172 (76.1%) 68 (77.3%)
 No 74 (23.6%) 54 (23.9%) 20 (22.7%)

Severity of complication* 0.376
 Grade I–II 153 (63.8%) 112 (65.5%) 41 (59.4%)
 Grade III–V 87 (36.2%) 59 (34.5%) 28 (40.6%)

ICU LOS, days 5.3 ± 3.3 5.3 ± 3.3 5.2 ± 3.3 0.749
Post-operative LOS, days* 20.8 ± 15.3 21.0 ± 16.7 20.1 ± 10.8 0.619
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period revealed higher rates of recurrence for metropolitan 
patients. This was also reflected in the overall survival 
rate (Table 4), with longer survival for regional patients 
(Fig. 1). One systematic review by Ireland et al. [18], while 
not specifically focusing on CRS and HIPEC, reported 
inconsistent levels of evidence of survival disparities on 
the basis of geographical status for colorectal cancer in 
Australia. Other oncological studies have reported no 
significant geographical influence on predicting survival 

for colorectal cancer, attributing this to improvements in 
regional health infrastructure [36, 37].

In this study, there were no measurable advantages for 
metropolitan patients compared with regional patients 
treated by CRS and HIPEC in a peritoneal malignancy. 
To better understand the recurrence and survival patterns, 
several points of discussion warrant further review. Firstly, 
some regional patients received follow-up care from their 
referring surgeon, potentially leading to variations in 

Number of patients at risk for each time interval 

  Overall Metropolitan Regional 

1-year N=268 N=192 N=76 

2-year N=170 N=117 N=53 

3-year N=98 N=62 N=36 

4-year N=53 N=38 N=15 

5-year N=18 N=16 N=2 

Fig. 1   Kaplan–Meier analysis of the overall survival after CRS and HIPEC, where n = 228 for metropolitan and n = 89 for regional (n = 317)

Table 4   Overall survival rates 
and recurrence

Bold values denote statistical significance at p < 0.05 level
*Sample < 317 indicates missing data. 

Overall (n = 317) Metropolitan (n = 228) Regional (n = 89) p-Value

Mean overall 
survival, years 
(95% CI)

3.98 (3.70–4.25) 3.77 (3.44–4.09) 4.20 (3.76–4.63) 0.019

Overall survival rates (%)
 1-year 85.2% 84.6% 85.9%
 2-year 72.0% 69.1% 79.2%
 3-year 60.4% 54.2% 75.9%
 5-year 48.3% 44.1% 58.4%

Recurrence,* frequency (%) 0.014
 Yes 94 (56.0%) 76 (61.8%) 18 (40.0%)
 No 74 (44.0%) 47 (38.2%) 27 (60.0%)

Follow-up time, 
years ± SD

2.46 ± 1.44 2.40 ± 1.47 2.60 ± 1.38 0.280
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follow-up protocols. Combined with the likelihood of lim-
ited experience of managing CRS and HIPEC patients, the 
detection of recurrence in regional patients might be delayed 
or diminished. Metropolitan patients were more likely to 
be followed-up with by the treating CRS and HIPEC sur-
geon. Additionally, follow-up protocols may have also been 
influenced by coronavirus disease 2019 (COVID-19) travel 
restrictions in 2020–2021, which limited movement and 
ability to attend diagnostic imaging or in-person follow-up 
appointments within New South Wales.

Secondly, another factor that may have impacted survival 
rate is lower health literacy in regional Australia [38], which 
is associated with poorer health outcomes and underutilisa-
tion of healthcare services [39]. Hence, the regional patients 
that were referred to our specialist surgical centre likely rep-
resented a selective subset of the regional population that 
was comparatively healthier, was more financially capable 
and possessed higher levels of health literacy. Collectively, 
these factors allowed for smoother navigation of the surgi-
cal referral pathway. Additionally, these findings emphasise 
the multi-faceted nature of health literacy disparities, where 
the literature highlights the considerable, but not entirely 
understood, influence of socio-demographic factors [38]. 
Therefore, the regional patients in this study were likely to 
be highly selective; this could be a contributing factor to the 
observed survival difference.

Nevertheless, the findings of this study indicate that 
regional patients may achieve equally favourable outcomes 
as metropolitan patients, particularly for pre-operative and 
intra-operative surgical outcomes and oncological param-
eters. However, as patients return to their primary residence 
in the post-operative period, they may encounter limited 
healthcare and support services [40], potentially affecting 
their post-operative QoL [41]. In our study, there were no 
statistically significant differences in QoL scores between 
metropolitan and regional patients up to 12 months post-
operatively. When examining QoL by their components, all 
scores were higher than baseline except for metropolitan 
physical component score. This gradual rise above baseline 
may also reflect the multi-disciplinary approach afforded to 
CRS and HIPEC patients at a specialised quaternary referral 
centre. In addition to review by medical and surgical spe-
cialists, patients receive evaluations from surgical nursing 
staff, psychologists, physiotherapists and other allied health 
professionals at multiple stages of the perioperative period. 
Consequently, these services remain accessible to regional 
patients after discharge, potentially contributing to the simi-
lar QoL results observed.

Strengths and limitations

Owing to the retrospective nature of this study, several 
limitations warrant further discussion. Firstly, only patients 
who were recommended for surgery and were referred to 
our specialised quaternary referral centre were considered 
for CRS and HIPEC, excluding those who were not referred 
but may have still benefited from surgery. This raises the 
possibility of selection bias and may have contributed to 
subtle differences between groups for oncological, surgical 
and QoL outcomes. Secondly, the single-centre method-
ology limits the generalisability of these findings to other 
healthcare facilities. However, given the scarcity of CRS and 
HIPEC research in Australia, these findings are considered 
significant.

The major strengths of this study were the high number 
of patients who consented for baseline analysis, standardised 
protocol of CRS and HIPEC, and comprehensive follow-up 
data from a reliable hospital database. Future studies are 
required to describe patient pathways where surgery was not 
recommended and to better understand referral pathways for 
regional and rural patients to centralised specialist surgical 
centres.

Conclusions

The findings of this study indicate that geographical location of 
patients undergoing CRS and HIPEC at a high-volume quater-
nary centre had no discernible impact on oncological, surgical 

Table 5   Longitudinal quality of life outcomes at multiple time points

Data presented as mean ± standard deviation
*Sample < 317 indicates missing data

Overall Metropolitan Regional p-Value

Physical component score (PCS)
 Baseline* 47.1 ± 9.6

(n = 239)
47.3 ± 9.3
(n = 171)

46.7 ± 10.6
(n= 68)

0.678

 Pre-discharge* 35.6 ± 8.7
(n= 233)

35.5 ± 8.6
(n= 168)

35.9 ± 9.0
(n = 65)

0.806

 3 months* 44.0 ± 9.5
(n = 176)

44.1 ± 9.5
(n = 126)

43.8 ± 9.4
(n = 50)

0.863

 6 months* 46.0 ± 9.8
(n = 155)

45.6 ± 9.8
(n= 110)

46.7 ± 9.8
(n= 45)

0.523

 12 months* 47.3 ± 10.1
(n = 100)

46.3 ± 10.4
(n = 71)

49.6 ± 9.1
(n = 29)

0.142

Mental component score (MCS)
 Baseline* 47.6 ± 10.4

(n = 239)
47.4 ± 9.9
(n = 171)

48.0 ± 11.6
(n = 68)

0.690

 Pre-discharge* 44.5 ± 11.5
(N = 233)

44.5 ± 11.3
(N = 168)

44.3 ± 12.2
(N = 65)

0.928

 3 months* 47.6 ± 10.6
(n = 176)

47.6 ± 10.8
(n= 126)

47.5 ± 10.3
(n = 50)

0.934

 6 months* 48.4 ± 9.6
(n= 155)

48.5 ± 9.6
(n= 110)

48.1 ± 10.5
(n = 45)

0.790

 12 months* 48.4 ± 11.0
(n = 100)

48.0 ± 10.5
(n = 71)

49.5 ± 12.2
(n = 29)

0.554
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and QoL outcomes. For regional patients, their pre-operative 
and intra-operative surgical and oncological outcomes were 
similar to their metropolitan counterparts and reflect the trend 
towards centralisation of specialised oncological services. 
While there were differences in recurrence and survival, these 
findings may be a consequence of a number of factors, includ-
ing non-standardised follow-up protocols, public health man-
dates during COVID-19 and varying levels of health literacy. 
Additionally, selection bias could have influenced these results 
since this study only included selective patients who were 
referred to our highly specialised centre and underwent surgi-
cal treatment. Therefore, further research should prioritise the 
characterisation of surgical referral pathways from regional and 
rural locations. Regardless of geographical residence, this study 
suggests that, when receiving CRS and HIPEC in experienced 
peritoneal malignancy centres, there are no measurable advan-
tages for metropolitan patients compared with regional patients.
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