
ORIGINAL ARTICLE – PERITONEAL SURFACE MALIGNANCY

Outcomes for Elderly Ovarian Cancer Patients Treated
with Cytoreductive Surgery Plus Hyperthermic Intraperitoneal
Chemotherapy (CRS/HIPEC)

Katherin Zambrano-Vera, MD, Armando Sardi, MD, FACS , Felipe Lopez-Ramirez, MD,

Michelle Sittig, RN, Carlos Munoz-Zuluaga, MD, Carol Nieroda, MD, Vadim Gushchin, MD, FACS, and

Teresa Diaz-Montes, MD, MPh, FACOG

Department of Surgical Oncology, Mercy Medical Center, The Institute for Cancer Care at Mercy, Baltimore, MD

ABSTRACT

Background. Women 65 years of age or older with

epithelial ovarian cancer (EOC) are thought to have a

worse prognosis than younger patients. However, no con-

sensus exists concerning the best treatment for ovarian

cancer in this age group. This report presents outcomes for

patients treated with cytoreductive surgery (CRS) plus

hyperthermic intraperitoneal chemotherapy (HIPEC).

Methods. A prospective database of EOC patients treated

with CRS/HIPEC (1998–2019) was analyzed. Periopera-

tive variables were compared by treatment including

upfront CRS/HIPEC, neoadjuvant chemotherapy plus CRS/

HIPEC (NACT ? CRS/HIPEC), and salvage CRS/HIPEC,

and by age at surgery (\ 65 and C 65 years). Survival

analysis was performed, and outcomes were compared.

Results. Of the 148 patients identified, 42 received upfront

CRS/HIPEC, 48 received NACT ? CRS/HIPEC, and 58

received salvage CRS/HIPEC. Each group was subdivided

by age groups (\ 65 and C 65 years). The median overall

survival (OS) after the upfront CRS/HIPEC was

69.2 months for the patients \ 65 years of age versus

69.3 months for those C 65 years of age. The OS after

NACT ? CRS/HIPEC was 26.9 months for the patients

\ 65 years of age versus 32.9 months for those

C 65 years of age, and the OS after salvage CRS/HIPEC

was 45.6 months for the patients\ 65 years of age versus

23.9 months for those C 65 years of age. The median

progression-free survival (PFS) after upfront CRS/HIPEC

was 41.3 months for the patients\ 65 years of age versus

45.4 months for those C 65 years of age. The PFS after

NACT ? CRS/HIPEC was 16.2 months for the patients

\ 65 years of age versus 11.2 months for those

C 65 years of age, and the PFS after salvage CRS/HIPEC

was 18.7 months for the patients\ 65 years of age versus

10 months for those C 65 years of age. The median fol-

low-up period for the entire cohort was 44.6 months [95%

confidence interval (CI) 34.7–60.6 months].

Conclusion. Age and feasibility of complete cytoreduc-

tion should be considered when treatment methods are

selected for elderly patients. A carefully selected elderly

population can benefit significantly from aggressive treat-

ment methods.

Ovarian cancer is a leading cause of death among U.S.

women, with an increased incidence and worse outcomes

for patients older than 65 years.1,2 A population projection

for the next decade has estimated the number of adults

65–74 years of age will almost double.3 This presents

challenges for those providing care because this age group

has historically been excluded from clinical trials and

aggressive surgical treatment4 due to underestimation of

life expectancy after the age of 70 years and a supposed

increase in morbidity and mortality.

The current standard treatment for epithelial ovarian

cancer (EOC) is complete cytoreduction followed by

chemotherapy.5 Although prior studies have shown the

benefit of intraperitoneal chemotherapy in terms of overall

survival (OS) for peritoneal disease,6,7 concerns of

increased toxicity and complications have discouraged its
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use. Current evidence in randomized studies8,9 shows the

appealing benefit of cytoreductive surgery (CRS) plus

hyperthermic chemotherapy (HIPEC) over cytoreduction

alone for primary and recurrent disease in terms of OS and

progression-free survival (PFS), without increased mor-

bidity. Evidence has already shown improved survival with

CRS/HIPEC for other peritoneal surface malignancies in

younger patients.10–12 However, the available data are

sparse regarding outcomes for older patients treated with

CRS/HIPEC. It remains unknown whether they would

benefit from a different treatment protocol than that used

for their younger counterparts. We compared the outcomes

between EOC patients younger than 65 years and those

65 years of age or older treated with CRS/HIPEC.

METHODS

A prospective institutional database of EOC patients

treated with CRS/HIPEC between 1999 and 2018 was

reviewed. The cohort was divided into three different

groups by treatment including upfront CRS/HIPEC,

neoadjuvant chemotherapy plus CRS/HIPEC (NACT ?

CRS/HIPEC), and salvage CRS/HIPEC. Each treatment

group was stratified by age at surgery, establishing a cutoff

age value of \ 65 years and C 65 years according to the

definition of elderly by the World Health Organization

(WHO).13

Study Design

This review analyzed all the patients with histopatho-

logic, clinical, and radiographic evidence of International

Federation of Gynecology and Obstetrics (FIGO) stage 3 or

4 epithelial ovarian, fallopian tube, or primary peritoneal

tumors referred for CRS/HIPEC. The patients were cate-

gorized into three groups based on treatment. The upfront

CRS/HIPEC group comprised patients with a new diag-

nosis who were deemed candidates for CRS. The

NACT ? CRS/HIPEC group consisted of patients not

initially considered candidates for CRS due to extensive

disease or poor performance status as defined by an Eastern

Cooperative Oncology Group (ECOG) score higher than 2.

The salvage CRS/HIPEC group included patients referred

to undergo CRS/HIPEC treatment for disease recurrence

after failing single or multiple surgeries and/or

chemotherapy regimens.

Patients were considered CRS/HIPEC candidates if

complete cytoreduction was considered feasible based on

their medical history, physical exam, tumor markers [car-

bohydrate antigen (CA) 125, CA 19-9, carcinoembryonic

antigen (CEA)], imaging, and/or diagnostic laparoscopy,

and if their performance status was considered

acceptable (ECOG B 2).8,14 Both OS and PFS were ana-

lyzed in the univariable analysis for the three treatment

groups and stratified by age cohorts (ages\ 65 and C 65

years) together with other perioperative variables, which

are listed in Table 1.

CRS/HIPEC

The CRS procedure was performed as previously

described by our group.10 The peritoneal cancer index

(PCI) was estimated as low tumor load if the PCI was

lower than 20 or high if the PCI was 20 or higher. The

completeness of cytoreduction (CC) score was determined

after tumor resection, with CC-0 defined as no visible

evidence of tumor, CC-1 defined as residual nodules

smaller than 2.5 mm, CC-2 defined as residual tumor

2.5 mm to 2.5 cm in size, and CC-3 defined as residual

tumor larger than 2.5 cm.

The HIPEC procedure was performed as a closed tech-

nique using carboplatin (800 mg/m2), melphalan (50 mg/

m2), or mitomycin-C (40 mg) as the chemotherapy agents

heated to 41–43 �C for 90 min. The intraperitoneal

chemotherapy agents were selected by the surgeon based

on histologic features and chemoresistance in the

NACT ? CRS/HIPEC and salvage groups. Generally,

carboplatin was used during upfront HIPEC according to

the National Comprehensive Cancer Network (NCCN)

guidelines.15 Melphalan was used for chemoresistance

patients, and mitomycin-C was selected for mucinous-like

tumors. Surgical complications were assessed using the

Clavien–Dindo classification of surgical complications.16

Systemic Chemotherapy

The upfront CRS/HIPEC group received six cycles of

adjuvant platinum-based chemotherapy. The NACT ?

CRS/HIPEC group received three cycles of platinum-based

chemotherapy before evaluation for possible CRS/HIPEC

and three additional cycles after surgery. The salvage group

received a variable number of platinum-based chemother-

apy regimens before consideration for CRS/HIPEC.

Follow-Up Evaluation

The clinical follow-up evaluation included physical and

radiographic examination as well as tumor marker assess-

ment. The postoperative follow-up assessments occurred 3

and 6 weeks after discharge, every 3 months for the first

2 years after adjuvant systemic chemotherapy, every

6 months for 5 years, and annually until year 10 without

evidence of recurrent disease.

K. Zambrano-Vera et al.
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Survival Analysis

The Kaplan–Meier method was used to estimate OS and

PFS for the patients younger than 65 years and those

65 years of age or older in each treatment group. The OS

was calculated from the date of CRS/HIPEC to the last

follow-up visit or the date of death. The PFS was defined as

no evidence of disease by clinical assessment, imaging,

and/or elevated tumor markers and calculated from the date

of surgery to the date of recurrence or the date of death,

whichever occurred first. The patients with incomplete

cytoreduction after CRS/HIPEC were excluded from the

PFS analysis.

The log-rank test was used to compare survival out-

comes. Survival analysis stratified by treatment group and

age at treatment was performed. A Cox proportional-haz-

ards regression was fitted using a stepwise variable

inclusion, with categorical age fixed into the model to

assess the effect of age on OS with adjustment by con-

founders. Statistical significance was indicated by a p value

lower than 0.05.

Ethics

Institutional Review Board approval was obtained for all

the patients as part of an ongoing prospective observational

study.

RESULTS

Of the 148 EOC patients identified by this study, 42

(28.4%) were treated with upfront CRS/HIPEC, 48 (32.4%)

with NACT ? CRS/HIPEC, and 58 (39.2%) with salvage

CRS/HIPEC. Descriptive statistics are presented in

Table 1.

Upfront CRS/HIPEC

Among the 42 patients who underwent upfront CRS/

HIPEC, 28 (66.7%) were younger than 65 years, and 14

(33.3%) 65 years of age or older. Medical comorbidities

were reported for 19 patients (67.8%)\ 65 years of age

and 10 patients (71.4%) C 65 years of age (p = 0.81).

Complete cytoreduction (CC-0/1) was achieved for 25

patients (89.3%)\ 65 years of age versus 14 patients

(100%) C 65 years of age (p = 0.20). The median PCI was

24 [interquartile range (IQR) 17.5–30.0] for the patients

\ 65 years of age versus 28.5 (IQR 22.0–34.0) for the

patients C 65 years of age (p = 0.15). Clavien–Dindo

grades 3 and 4 surgical complications at 90 days were

reported for 9 patients (32.1%)\ 65 years of age versus 7

patients (50%) C 65 years of age (p = 0.26) (Table 2).

Postsurgical systemic chemotherapy included various

treatment regimens, including taxane/platinum regimens

with or without bevacizumab, which were administered to

25 patients (89.3%)\ 65 years of age versus 10 patients

(71.4%) C 65 years of age (p = 0.14). Chemotherapy

toxicity included pancytopenia (n = 1) for the patients\
65 years of age. Anaphylactic shock (n = 1) and chronic

kidney disease (n = 1) were reported for the patients

C 65 years of age.

Neoadjuvant Chemotherapy Plus CRS/HIPEC

A median of three (IQR 3–5) neoadjuvant taxane/plat-

inum-based chemotherapy cycles were performed for 48

patients: 21 (43.7%) patients\ 65 years of age and 27

patients (56.3%) C 65 years of age. The regimens used for

both age groups were paclitaxel/carboplatin (87.5%) and

docetaxel/carboplatin (12.5%). Comorbidities were repor-

ted for 15 patients (71.4%)\ 65 years of age versus 22

patients (81.5%) C 65 years of age (p = 0.41). The median

PCI was 19 (IQR 11.5–27.2) for the patients\ 65 years of

age versus 20 (IQR 12.2–27.5) for the patients C 65 years

of age (p = 0.92). Complete cytoreduction (CC0/1) was

achieved for 20 patients (95.2%)\ 65 years of age versus

27 patients (100%) C 65 years of age (p = 0.25). Grade 3

or 4 complications at 90 days were reported for three

patients\ 65 years of age versus four patients C 65 years

of age (p = 0.96; Table 2).

The postsurgical systemic chemotherapy included vari-

ous treatment regimens, including taxane/platinum-based

therapy with or without gemcitabine or bevacizumab

administered to 20 patients (95.2%)\ 65 years of age

versus 19 patients (70.4%) C 65 years of age (p = 0.03).

Toxicity due to chemotherapy was reported for one patient

younger than 65 years with severe anemia and thrombo-

cytopenia. The chemotherapy toxicities among the

patients C 65 years of age included severe anemia (n = 2),

numbness and paresthesia (n = 1), severe allergic reaction

(n = 1), and severe leucopenia (n = 1).

Salvage CRS/HIPEC

Salvage CRS/HIPEC was administered to 58 patients:

39 patients (67.2%)\ 65 years of age and 19 patients

(32.8%) C 65 years of age. Comorbidities were reported

for 26 patients (66.7%)\ 65 years of age versus 15

patients (78.9%) C 65 years of age (p = 0.33). Previous

taxane/platinum-based systemic chemotherapy (median, 6

cycles; IQR, 3–6 cycles) had been administered to 25

patients (63%)\ 65 years of age versus 18 patients

(86%) C 65 years of age (p = 0.07). The median PCI was

26 (IQR 10.2–33.7) for the patients\ 65 years of age

K. Zambrano-Vera et al.
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versus 17 (IQR 6.2–24.7) for the patients C 65 years of

age (p = 0.11).

Complete cytoreduction was achieved for 33 patients

(80.7%)\ 65 years of age versus 19 patients

(100%) C 65 years of age (p = 0.07). Six patients younger

than 65 years ((15.4%) experienced incomplete cytore-

duction (CC-2 for 3 patients and CC-3 for 3 patients), with

a median PCI of 30.5. Of the six patients with incomplete

cytoreduction, two are currently alive with disease 12 and

41 months, respectively, after CRS/HIPEC, and four

patients died of disease 3, 11, 16, and 17 months, respec-

tively, after CRS/HIPEC.

Grades 3 and 4 complications at 90 days were reported

for 11 patients\ 65 years of age versus 4 patients C 65

years of age (p = 0.56; Table 2). The postsurgical systemic

chemotherapy included various treatment regimens,

including taxane/platinum with or without gemcitabine for

26 patients (66.7%)\ 65 years of age versus 7 patients

(36.8%) C 65 years of age (p = 0.03).

Overall Survival and Progression-Free Survival

The median OS by treatment group was 69.3 months for

the upfront CRS/HIPEC group, 32.9 months for the

NACT ? CRS/HIPEC group, and 45.6 months for the

salvage CRS/HIPEC group (p = 0.07). The median OS was

56.2 months for the patients\ 65 years of age versus 33.5

for the those C 65 years of age (p = 0.09). The median OS

after upfront CRS/HIPEC was 69.2 months for the

patients\ 65 years of age versus 69.3 months for those

C 65 years of age (p = 0.39), after NACT ? CRS/HIPEC

was 26.9 months for the patients\ 65 years of age versus

32.9 months for those C 65 years of age (p = 0.69), and

after salvage CRS/HIPEC was 45.6 months for the

patients\ 65 of age versus 23.9 months for those C 65

years of age (p = 0.27).

The median PFS by treatment group was 45.4 months

for the upfront CRS/HIPEC group, 11.9 months for the

NACT ? CRS/HIPEC group, and 12.7 for the salvage

CRS/HIPEC group. The median PFS by age was

24.9 months for the patients \ 65 years of age versus

10.8 months for those C 65 years of age (p\ 0.01). The

median PFS after upfront CRS/HIPEC was 41.3 months for

the patients \ 65 years of age versus 45.4 months for

those C 65 years of age (p = 0.15), after NACT ? CRS/

HIPEC was 16.2 months for the patients\ 65 years of age

versus 11.2 months for those C 65 years of age (p = 0.41),

and after salvage CRS/HIPEC was 18.7 months for the

patients \ 65 years of age versus 10.0 months for those

C 65 years of age (p = 0.02).

The median follow-up period for the entire cohort was

44.6 months (95% CI 34.7–60.6 months). The median

follow-up period was 57.6 months (95% CI

46.8–75.0 months) for the upfront CRS/HIPEC group,

31.4 months (95% CI 23.1–57.1 months) for the

NACT ? CRS/HIPEC group, and 44.6 months (95% CI

36.9–65.3 months) for the salvage CRS/HIPEC group. The

survival curves are shown in Figs. 1, 2 and 3.

Mortality

No 90-day mortality was observed in the group

\ 65 years old. In the group C 65 years old, 30-day

mortality was observed for one of the upfront CRS/HIPEC

patients, two of the NACT ? CRS/HIPEC patients, and

two of the salvage CRS/HIPEC patients. In the group

C 65 years old, the overall 30-day mortality rate was 8.3%,

and the 90-day mortality rate was 13.3% (Table 2).

Multivariable Analysis

The variables were analyzed independently, and then a

multivariable regression model was fitted for OS, with 148

subjects presenting with 65 events. The variables included

were categorical age (\ 65 and C 65 years), treatment

group (upfront CRS/HIPEC, NACT ? CRS/HIPEC, and

salvage CRS/HIPEC), FIGO stage (3 or 4), categorical PCI

at exploration (\ 20 and C 20), presence of major 90-day

postoperative complications (Clavien–Dindo 3–5), and

adjuvant chemotherapy. The hazard risk (HR) for cate-

gorical age in the univariable model was 1.53 (95% CI

0.94–2.49). After adjustment for covariates in the multi-

variable model, the categorical age HR was 1.49 (95% CI

0.83–2.67).

DISCUSSION

The prognosis of EOC generally is considered poor for

patients 65 years of age or older because they often present

with distant metastasis and advanced stage of disease.4,17

The OS at 5 years is estimated to be one-half that observed

for women younger than 65 years.18 Elderly patients are

not always offered aggressive treatment options, such as

CRS or even administration of chemotherapy, due to

concerns of increased toxicity and worse outcomes.19

Moreover, the lack of elderly women enrolled in clinical

trials has led to undertreatment and underestimation of life

expectancy.1,20,21

The current standard of care for ovarian cancer consists

of CRS followed by six cycles of systemic taxane/plat-

inum-based chemotherapy.22 Upfront neoadjuvant

chemotherapy followed by interval debulking surgery is

offered as an alternative for patients with inoperable dis-

ease, but the evidence of superior outcomes in current

K. Zambrano-Vera et al.



clinical trials is scarce.23 The use of CRS/HIPEC as upfront

therapy has been suggested, but its efficacy derived from

randomized trials is scant.8

The rationale behind using CRS/HIPEC is derived from

the success demonstrated in the treatment of peritoneal

carcinomatosis from other malignancies such as appen-

diceal mucinous tumors, mesothelioma, colorectal cancer,

and in-uterine sarcoma.11,24–27 Van Driel et al.8 demon-

strated the effectiveness of neo-adjuvant chemotherapy and

CRS/HIPEC for ovarian cancer, with PFS improved by

3.5 months and OS by 11.8 months versus surgery alone.

Our findings are among those of the limited reports pre-

senting outcomes by age for advanced epithelial ovarian

patients treated with CRS/HIPEC.

Factors Associated With Poor Outcomes

Age is stigmatized as the main reason for increased

morbidity from aggressive treatment of senior patients,4

sometimes excluding other factors such as frailty, func-

tional and social statuses, comorbidities, and nutritional

state.28 Frailty, defined as a clinical decrease in physiologic

reserve and an increase vulnerability to stressors, is

FIG. 1 Kaplan–Meier overall and progression-free survival curves,

and risk tables by treatment group and age in the entire cohort.

Censoring is described as vertical lines in the curves and parenthesis

in the risk tables. a Overall survival by the different treatment groups,

b progression-free survival by the different treatment groups,

c overall survival by age group, d progression-free survival by age

group

FIG. 2 Kaplan–Meier overall survival curves and risk tables by age

in the three different treatment groups. Censoring is described as

vertical lines in the curves and parenthesis in the risk tables. a Overall

survival by age in the upfront CRS/HIPEC group, b overall survival

by age in the NACT ? CRS/HIPEC group, c overall survival by age

in the salvage CRS/HIPEC group. CRS cytoreductive surgery, HIPEC
hyperthermic intraperitoneal chemotherapy, NACT neoadjuvant

chemotherapy
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characterized as an exclusive condition of senior patients.29

Kumar et al.29 showed that frail patients had a shorter OS

than non-frail patients, as well as a higher propensity for

major complications and an increased risk of death within

90 days after surgery. However, these outcomes were

proven to be independent of age and linked to cancer

itself.28,29 Although frailty was not addressed in our anal-

ysis, available studies have excluded it as a predictor

variable, and we foresee the need to include frailty in

patient selection and treatment choice regardless of age,

which might help to overcome age bias and associated

confounding factors.

Comorbidities are associated with more complex care

needs and worse outcomes.30 Although older people usu-

ally have more comorbidities or even more severe

comorbidities,21,31 younger patients also present with

comorbidities, sometimes resulting from the cancer and

related treatments.19,21,31,32 Studies have suggested a rela-

tionship between comorbidities and increased morbi-

mortality, as well as a longer hospital stay and higher

hospital readmission rates.13,32 Although we found a high

distribution of comorbidities in our study, our median

hospital stay for the patients age 65 years of age or older

was 11 days (IQR 8.0–15.0 days), with no difference found

regardless of treatment group (p = 0.27). This is similar to

the reports established by the Chicago Consensus on

Peritoneal Surface Malignancies,33 which stated that the

average normal hospital stay is 14 days or less for a peri-

toneal malignancy center. Although these findings could be

related to multiple factors such as extent of cytoreduction,

perioperative complications, slower recovery, and need for

reoperation,34 none of the current studies suggest a cutoff

age to consider for a standard length of hospital stay for

older patients undergoing CRS/HIPEC. These findings

should be considered and addressed in future studies.

Predictors of Survival

Completeness of cytoreduction is considered the stron-

gest predictor of survival for younger patients.22,35 Up to

90% of patients with incomplete cytoreduction relapse

18–24 months after primary treatment.14 Previous studies

have shown an optimal cytoreduction rate of only 50% for

patients older than 70 years.36 In contrast, our complete

cytoreduction rate was 100% for patients age 65 years or

older versus 88.6% for patients younger than 65 years

(p = 0.01). This may be the result of strict patient selection

criteria together with surgical expertise, which has been

linked to lower mortality and morbidity.22,35 In our study,

although the rate of cytoreduction was high for the elderly

patients, this probably was upset by the higher mortality

rates of 8.3% and 13.3% respectively 30 and 90 days after

CRS/HIPEC. Although our mortality rate was not far from

that reported in other studies, ranging from 0% to 10%,37

cardiovascular disease was noted to be the leading cause of

death among these patients, which encourages further

assessment of comorbidities preoperatively and strengthens

the importance of patient selection. Nonetheless, our

median OS for the patients 65 years of age or older,

regardless of treatment, was 33.5 months versus

56.2 months for the patients younger than 65 years

(p = 0.09). Consistent with what Chang and Bristow38

demonstrated, the patients who underwent radical proce-

dures had a significantly better OS (38%) than those who

opted for conservative measures, (9%) (p\ 0.001). Van

Driel et al.8 showed that CRS/HIPEC is a safe treatment

approach with little effect on increased morbi-mortality or

longer OS and PFS when complete cytoreduction is

achieved.

In our multivariable analysis, age of 65 years or older

was not significantly associated with a higher mortality

(HR 1.53; 95% CI 0.94–2.49), and this effect was main-

tained even after adjustment for treatment groups, PCI,

completeness of cytoreduction, 90-day major

FIG. 3 Kaplan–Meier progression-free survival curves and risk

tables by age in the three different treatment groups. Censoring is

described as vertical lines in the curves and parenthesis in the risk

tables. a Progression-free survival by age in the upfront CRS/HIPEC

group, b progression-free survival by age in the NACT ? CRS/

HIPEC group, c progression-free survival by age in the salvage CRS/

HIPEC group. CRS cytoreductive surgery, HIPEC hyperthermic

intraperitoneal chemotherapy, NACT neoadjuvant chemotherapy
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complications, and use of adjuvant chemotherapy in the

final multivariable regression (Table 3). The mortality rate

for the patients 65 years of age or older within 90 days

after CRS/HIPEC was reported for eight patients [upfront

CRS/HIPEC (n = 4), NACT ? CRS/HIPEC (n = 2), and

salvage CRS/HIPEC (n = 2)], with a median age of

69.5 years (IQR 67.0–70.2 years) and a median PCI of 22

(IQR 18.0–32.0). Two of these patients had known cardiac

comorbidities (aortic stenosis and mitral regurgitation), and

presumably at least five died of cardiovascular disease. We

encourage assessment of frailty during patient selection,

especially in the presence of severe comorbidities,21,28

which will help to distinguish frailty due to advanced age

from frailty due to comorbidities, poor performance status,

or high burden of disease.39 This might be the real pivoting

point for patients 65 years of age or older who live beyond

the first 12 months and for those young patients who die

sooner.39

The American Society of Clinical Oncology recom-

mended NACT as a first-line treatment for women with a

high perioperative risk profile and a low likelihood of

optimal debulking.39,40 Elderly patients with presumably

increased morbidity and mortality are more likely to be

offered this conservative approach before surgery.23,39

TABLE 3 Effect size from the Cox proportional-hazards regression

Total (n = 148) Deaths Univariable Multivariable

HR 95% CI p value HR 95% CI p value

Age at surgery (years)

\ 65 88 35 1.00 0.09 1.00 0.18

C 65 60 30 1.53 0.94–2.49 1.49 0.83–2.67

Comorbiditiesb

Absent 42 18 1.00 0.37 – – –

Present 106 47 0.78 0.45–1.35 – –

Treatment group

Upfront CRS/HIPEC 42 15 1.00 1.00

NACT ? CRS/HIPEC 48 21 2.01 1.04–4.09 0.04 2.86 1.36–6.01 \ 0.01

Salvage CRS/HIPEC 58 29 1.93 1.03–3.61 0.04 2.17 1.03–4.56 0.04

FIGO stageb

III 100 46 1.00 0.36 – – –

IV 48 19 1.29 0.74–2.25 – –

PCI

\ 20 59 17 1.00 0.02 1.00 \ 0.01

C20 89 48 1.92 1.10–3.34 2.68 1.42–5.06

Completeness of cytoreduction

CC-0/CC-1 138 58 1.00 \ 0.01 1.00 \ 0.01

CC-2/CC-3 10 7 2.94 1.33–6.53 3.41 1.39–8.31

Pathology LN statusb

Negative 69 29 1.00 0.71 – – –

Positive 79 36 1.09 0.6–1.79 – –

Major 90-day complicationsa

Absent 107 42 1.00 0.05 1.00 \ 0.01

Present 41 23 1.65 0.99–2.76 2.07 1.20–3.58

Adjuvant chemotherapy

Absent 46 23 1.00 \ 0.01 1.00 \ 0.01

Present 102 42 0.47 0.28–0.79 0.38 0.19–0.71

Bold values indicate statistical significance when p value\ 0.05

HR hazard ratio, CI confidence interval, CRS cytoreduction, HIPEC hyperthermic intraperitoneal chemotherapy, LN lymph node, NACT
neoadjuvant chemotherapy, FIGO International Federation of Gynecology and Obstetrics, PCI peritoneal carcinomatosis index
aGrades III–Vdenote surgical complications according to Clavien–Dindo classification
bNot included in the multivariable model after stepwise selection
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However, few studies have evaluated the outcomes of

upfront NACT for senior patients.39 Our study showed no

statistical difference in OS (p = 0.69) or PFS (p = 0.41)

between the age groups for this treatment approach, with a

5-year survival rate of 21.5% for the patients younger than

65 years versus 27.4% for the patients older than 65 years.

This agrees with the report of Chang and Bristow38 that

despite a good initial chemotherapy response, only 20–25%

of patients were long-term survivors. This also reflects the

reality that regardless of age, patients who undergo NACT

as a first-line therapy are typically at higher risk, with a

greater burden of disease, a lower performance status, and

increased morbidity and mortality.

Up to 70% of patients with ovarian cancer experience

recurrence after treatment,41 indicating that the optimal

management remains uncertain because the response of

recurrent disease to treatment is unpredictable.42 Moreover,

the selection criteria for a choice treatment method depends

on factors such as chemotherapy resistance, stability of the

disease, and patient functional status.14 Surgeons have used

CRS as upfront therapy for recurrent disease37 only when

complete cytoreduction is feasible and the chemo response

to platinum agents is good.41 However, a survival benefit of

this approach has not been demonstrated.41 Furthermore,

outcomes have been studied and reported only for young

patients,17 and more research is needed to clarify the

applicability of these findings to senior patients.

In our study, salvage CRS/HIPEC was considered as an

alternative for patients who failed standard therapies,

including debulking surgery and multiple regimens of

chemotherapy. The selection criteria for CRS/HIPEC

included assessment of the feasibility of complete cytore-

duction, with consideration of performance status. We

demonstrated a 5-year OS rate of 46% for patients younger

than 65 years versus 36.2% for those 65 years of age or

older, with no statistical difference found (p = 0.27).

Although lower survival trends were identified in the

elderly group, meaningful survival is observed with

advanced age even after disease recurrence. This is com-

parable with reports from other studies, with median OS of

37.0–48.9 months and 5-year survival rates of 35% to

41.3% for recurrent patients treated with CRS/HIPEC.43

This accords with the findings of Warschkow et al.,37 who

reported that the benefit from maximal cytoreduction in

HIPEC also was noticeable for recurrent disease. A sta-

tistically significant difference for PFS was shown between

age subgroups (p = 0.02) of salvage CRS/HIPEC patients

(Fig. 3). We hypothesize that this is due to the hetero-

geneity of treatments for recurrent disease and a more

aggressive tumor biology distribution observed in the

elderly group. This effect is concordant with what Jor-

gensen et al.4 demonstrated in terms of the impact that age

has on OS and PFS, which was poor only during the first 16

and 10 months, respectively. Of special note, two patients

age 65 years or older were alive without evidence of dis-

ease at respectively 10 and 14 years. Thorough analysis of

these patients showed that one patient underwent a second

CRS/HIPEC (PCI, 8) 5 years after the initial CRS/HIPEC

(PCI, 34). The other patient experienced recurrence

7 months after her first debulking surgery and received

systemic chemotherapy before CRS/HIPEC. Both patients

experienced complete cytoreduction. The explanation for

these outcomes might range from the role of aggressive

cytoreduction and tumor biology to discrepancies between

the surgeons about the extent of maximum cytoreduction.

CONCLUSIONS

Randomized trials are needed for further characteriza-

tion of the role that CRS/HIPEC plays in the treatment of

senior patients with recurrent disease.42 With careful

patient selection, CRS/HIPEC can be safely performed for

senior patients, with improved survival. Moreover, the

most important factor for patient selection should be the

feasibility of cytoreduction. Thus, age must be taken into

consideration only in conjunction with other determinants

of clinical scenario such as frailty, comorbidities, and

performance status, and not as an independent factor. As

the senior population continues to grow, our findings can

be used as a guide for further research. We encourage the

enrollment of senior patients in future randomized studies

to help overcome age bias and ensure adequate guidelines

for treatment.
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