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Thesis at a glance

Study

Aim

Results

Conclusion

Study I: Age and
Referral Route Impact
the Access to
Diagnosis for Women
with Advanced
Ovarian Cancer

To evaluate the
timeline from the first
consultation with
symptoms to
reasonable suspicion
of cancer.

The median time was
24 days. Specialized
care had a 70%
decrease in delay
compared to primary
care. Older age had a
55% increase in delay.

First consultation in
primary care, a
planned visit, or older
age were associated
with delay to
diagnosis.

Study II: Safe to save
blood in ovarian
cancer surgery - time
to change transfusion
habits

To assess patient
recovery after the
implementation of
patient blood
management.

The number of
patients transfused
was reduced from
83% to 52% without
increasing severe
complications.

Patient recovery was
not negatively
impacted by the
reduction of red blood
cell transfusions and
the introduction of
patient blood
management.

Study llI: Iron
deficiency restrains
the short-term
recovery in patients
undergoing surgery for
advanced ovarian
cancer

To evaluate the
effects of preoperative
anemia and iron
deficiency on short-
term recovery and
surgical outcome.

Patients with iron
deficiency had a
higher risk of severe
complications (odds
ratio 2.47). Suboptimal
surgery increased in
patients with iron
deficiency.

Iron deficiency might
serve as a possible
marker of higher
tumor burden and may
predict an elevated
risk of severe
postoperative
complications.

Study IV: Treatment
Patterns and
Outcomes in Older
Patients with Ovarian
Cancer: A Real-World
Data Analysis

To assess surgical
tolerance,
postoperative
outcomes and overall
survival in patients
aged > 70 years.

Radical surgery was
achieved in 61% of
patients aged 70-79
years, and in 44% of
patients aged > 80
years. Increasing age
was associated with a
shorter restricted
mean survival time at
36 months.

With increasing age,
the patient was less
likely to undergo
radical surgery. There
was no difference in
severe complications,
but survival after
surgery decreased
with higher age.
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Populédrvetenskaplig sammanfattning

Aggstockscancer ir den attonde vanligaste cancerformen bland kvinnor globalt och
har den hogsta dodligheten av alla gynekologiska maligniteter. I Sverige insjuknar
cirka 700 kvinnor &rligen. De flesta patienter upplever symptom fore diagnos, men
eftersom symptomen ofta ar ospecifika och vaga, diagnosticeras ungefér 80% av
patienterna i ett avancerat stadium nir sjukdomen redan har spridit sig.
Femarsoverlevnaden for dggstockscancer i Sverige ligger runt 50%.

Den rekommenderade priméra behandlingen for avancerad &dggstockscancer ér
kirurgi f6ljt av cellgiftsbehandling. Kirurgin &r omfattande och innebér att
dggstockar, dggledare, livmoder, tarmkédx samt s& mycket som mgjligt av den
spridda tumoren avldgsnas.

Om primér kirurgi inte &r mojligt - till exempel pé grund av nedsatt allméntillstand
eller utbredd tumorspridning - behandlas patienten forst med cellgifter for att
krympa tumdren. Dérefter genomgér patienten kirurgi foljt av ytterligare
cellgiftsbehandling. Manga patienter som diagnostiseras i ett avancerat stadium ar
paverkade av sin sjukdom, vilket ofta yttrar sig som lagt blodvérde och jérnbrist.
InfSr en stor operation &r det avgdrande att optimera patientens allméntillstdnd for
att forbéttra forutsittningarna for en god dterhdmtning. Med stigande &lder okar
dven risken for andra kroniska sjukdomar, vilket kan paverka patientens hédlsa och
operationsformaga.

I de fall dér patienten beddms vara oférmdgen att klara av ndgon form av kirurgi
ges enbart cellgiftsbehandling for att krympa tumdren sa mycket som mojligt. Om
patienten inte heller bedoms klara av cellgiftsbehandling ges endast stodjande
behandling.

Syfte och Studier

Syftet med denna avhandling &r att utvérdera vilka faktorer som paverkar ledtiden
till diagnosen édggstockscancer. Vidare undersoks hur faktorer som lagt blodvirde,
jarnbrist, blodtransfusioner och alder paverkar &4ggstockscancerpatienternas
aterhdmtning efter kirurgin.

Studie I undersokte tidsintervallet fran det att patienten sokte vard med symptom
till dess att en mycket stark misstanke om #dggstockscancer foreldg. Resultaten
visade att édldre patienter ofta hade ett ldngre tidsintervall jaimfort med yngre
patienter. Tidsintervallet var ldngre om patienten sdkte p& vardcentral jaimfort med
om det forsta besoket skedde inom specialiserad vard, som pa ett sjukhus eller hos
en privat gynekolog. Akuta mottagningsbesok hade ett kortare tidsintervall jAimfort
med planerade mottagningsbesok. Néstan hidlften av patienterna sokte initialt for
buksmdrtor.
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Studie II utvirderade patienternas aterhdmtning efter kirurgi efter att riktlinjer for
Patient Blood Management (PBM) hade inforts. PBM syftar till att optimera
anvindningen av transfunderat blod i varden. Detta uppnés genom medicinering
som minskar blodfrlusten under operation, restriktivare blodtransfusioner samt
behandling av jarnbristanemi med jarninfusioner fore eller efter operation. Studien
visade att antalet patienter som behdvde blodtransfusioner minskade avsevirt efter
inforandet av PBM. Blodvirdet infor start av cellgiftsbehandling (cirka tre veckor
efter operationen) sjonk nagot efter inforandet av riktlinjerna. Antalet
komplikationer 6kade dock inte, och vardtiden forkortades med ett dygn.

Studie III undersokte hur lagt blodvarde och jérnbrist fore operationen péverkade
aterhdmtningen efter kirurgi. Studien visade att nir jérnbristen Okade hos
patienterna, okade risken for att de inte skulle kunna genomgé radikal kirurgi.
Jarnbrist fore kirurgi kan darfor markera en mer spridd sjukdom. Jarnbrist, med eller
utan anemi, var associerat med en storre risk for svara komplikationer efter kirurgin.
Jarninfusioner givna kort fore eller efter kirurgin tenderade att upprétthélla
blodvirdet infor den efterfoljande kemoterapin.

Studie I'V analyserade hur vil patienter 70 &r och dldre tolererar kirurgi jamfort med
yngre patienter. Resultaten visade att med stigande alder 6kar risken for att all tumor
inte kan opereras bort, och att patienterna inte kan ges all planerad kemoterapi.
Patienter som var > 80 &r hade kortare operationstid. Det fanns ingen skillnad i
antalet svara komplikationer mellan de olika aldersgrupperna som definierades i
studien, (under 70 &r, 70—79 &r samt > 80 &r). Overlevnaden efter start av behandling
med kirurgi och kemoterapi minskade med stigande alder.

Slutsatser

Aldre patienter och de som forst sokte vard i primirvarden fick ofta viinta lingre tid
innan de fick sin diagnos. Nér patienterna genomgick operation visade det sig att de
nya rutinerna for PBM som minskade behovet av blodtransfusioner tolererades vél.
Jarnbrist fore operationen kan vara ett tecken pa att tumorbordan ar storre och att
risken for komplikationer efter operationen dédrmed okar. Slutligen, med stigande
alder blev det svérare att genomfora radikal kirurgi, det vill séga att fa bort all tumor,
och overlevnaden 36 manader efter operationen minskade med aldern.
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Abstract

Background

Epithelial ovarian cancer (EOC) is the eighth most common cancer among women
globally and represents the most lethal gynecological malignancy. In Sweden,
approximately 700 women are diagnosed with ovarian cancer annually. Most
patients receive a diagnosis at an advanced stage, which is associated with a poor
prognosis; the five-year survival rate in Sweden is around 50%. Symptoms are often
vague and non-specific, contributing to delays in diagnosis. Anemia and iron
deficiency are frequently observed before surgery. Complete cytoreduction is
recognized as one of the most critical prognostic factors for survival. However, the
surgery is often extensive, leading to an increased risk of perioperative blood loss
and postoperative complications.

Aims of the studies

Study I: To identify factors affecting the diagnostic timeline from the first physician
consultation for predefined symptoms to reasonable suspicion of ovarian cancer.

Study II: To evaluate how the gradual implementation of Patient Blood Management
(PBM) clinical routines affects patients’ recovery.

Study III: To assess if preoperative anemia and iron deficiency impact short-term
recovery after debulking surgery and the surgical outcome.

Study IV: To evaluate surgical tolerance, postoperative outcomes, and overall
survival in patients aged > 70 years compared to younger patients.

Materials and methods

All studies were retrospective cohort studies conducted on patients with Advanced
Ovarian Cancer (AOC) who were referred to or underwent surgery at Skéane
University Hospital in Lund.

Study I: Included 249 patients diagnosed with AOC between January 2017 and
December 2019. The study specifically examined the time interval between the first
consultation for symptoms and the reasonable suspicion of cancer.

Study II: Included 354 patients with AOC who underwent surgery between January
2016 and December 2021. The gradual implementation of PBM clinical routines
was assessed by dividing the cohort into three consecutive periods.

Study III: Included all patients (n=262) who underwent surgery for AOC between
January 2020 and December 2023. The cohort was stratified into four groups based
on preoperative anemia and iron deficiency.

Study IV: Included 486 patients with AOC referred between January 2018 and
December 2023. Patients were stratified into three age groups, <70 years, 70-79
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years and >80 years. Restricted Mean Survival Time (RMST) was calculated for 12,
24, and 36 months.

Results

Study I: The median time from first consultation to reasonable suspicion of cancer
was 24 days. Older age was associated with an increase in delay of the geometric
mean by 54.7%. Consultation in specialized care resulted in a 70% decrease in time
delay compared to primary care. Emergency consultations had a 52.2% decreased
delay when compared to planned consultations.

Study II: Among the 354 patients, the proportion of patients receiving one or more
units of red blood cell (RBC) transfusion decreased from 83% to 52% during the
study period (p <0.001). The mean difference in hemoglobin before the start of
chemotherapy was -1.32 g/L. (95% CI -3.93 to -0.22) between the first and last
group. The median time of length of hospital stay decreased from 8.5 days to 7.5
days (p 0.002). There was no difference in severe complications across the three
groups (adjusted odds ratio 0.55 (95% CI 0.26-1.17)).

Study III: Among patients with preoperative iron deficiency anemia, 24%
underwent suboptimal surgery (with > 1 cm of residual disease), compared to 6%
of patient with no iron deficiency and 8% of patients with no anemia, (p 0.005). Iron
deficiency, with or without anemia, was associated with a higher rate of severe
complications, compared to patients without iron deficiency (adjusted odds ratio
2.47 (95% CI 1.11-5.50)).

Study IV: Of the 486 patients, 38.4 % were aged 70-79 years and 13.4% were aged
> 80 years. The rate of achieving complete cytoreductive surgery decreased with
age (72.6% in patients <70 years, 61.4% in patients who were 70-79 years, and in
43.5% of patients aged > 80 years). There was no difference in severe complications
across the age groups. RMST at 36 months decreased with age.

Conclusions

Patients who were older patients and those who initially presented with symptoms
in primary care had more often experienced a longer time interval to diagnosis. For
patients undergoing surgery, PBM clinical routines and the reduction of RBC
transfusions were well tolerated. Preoperative iron deficiency might indicate a
higher tumor burden and an increased risk for postoperative complications.
Furthermore, the likelihood of radical surgery decreased with increasing age, and
the survival rate at 36-months after surgery also decreased with age, but selected
older patients may still benefit from surgery.
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CD
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CPP
CT
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EOC
ERAS
FIGO
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MDT
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Overall survival
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Progression free survival
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Restricted Mean Survival Time
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Introduction

Advanced Ovarian Cancer

Epidemiology

Ovarian cancer is the eighth most common cancer in women worldwide and is the
most lethal gynecological malignancy. Globally, more than 324 000 new cases were
diagnosed, and over 206 000 deaths occurred in 2022 (1). The age-standardized
incidence rates show geographical variation, with the highest rates found in Eastern
Europe and Northern Europe and lowest incidence is in Africa (2). While the
incidence is declining in Northern Europe and North America, it is increasing in
parts of Eastern Europe and Asia (3). By 2050, the global incidence is predicted to
increase by 55%, with the largest growth expected in low- and middle-income
countries (4). In Sweden, approximately 700 new cases of ovarian cancer are
diagnosed annually (5). Ovarian cancer can affect women of all ages, yet it is most
common in postmenopausal women, with a median age of 65 years at diagnosis (6).

ASR (World) per 100 000

I 5.2-15.3
I 6.5-8.2
55-6.8
41-55
0.7-4.1

[N Not applicable
No data

Figure 1. Worldwiede estimated age-standarized incidens rates for ovarian cancer of all ages in 2022.
Source GLOBOCAN 2022. Graph production: IARC (https://gco.iarc.who.int/today) World Health
Organization.
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Prognosis of Ovarian Cancer

For accurate prognostication, it is essential to divide the tumor into early and late
stages using the FIGO (International Federation of Gynecology and Obstetrics).
Stage I describes the tumor confined to the adnexa, and Stage Il involves disease
present within the pelvis (7). These two early stages are associated with a five-year
overall survival (OS) of 70-90%. Unfortunately, most patients (80%) are diagnosed
at an advanced stage (FIGO stage III and IV), where the tumor has spread to lymph
nodes and the abdominal cavity (stage III) or when distant metastases are present
(stage IV). In these late stages, the five-year OS drops significantly to 20-40% (7-
9).

— 1 Ih— 1 — v — X0

—

100%

75%

50%

Relative survival

0%

0 1 2 3 4 5
Year after diagnosis

Figure 2. Relative survival rates in ovarian, fallopian tube and primary peritoneal cancer by FIGO
stage, based on diagnoses 2012-2024. Source: Swedish Quality Registry of Gynecological Cancer
(RCC). Blue: Stage |, yellow: Stage I, dark blue: Stage lll, green: Stage 1V, red: Stage X/0.
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Risk Factors and Protective Factors

Hereditary factors account for roughly 22-25% of epithelial ovarian cancer (EOC)
cases (10). The most common genetic risk factor is a germline mutation in the
BRCAI and BRCA2 tumor suppressor genes, associated with hereditary breast and
ovarian cancer syndrome, which accounts for around 10-15% of EOC (11,12).
Carriers of BRCA1 face a 30-60% increased lifetime risk of EOC, while the risk for
BRCA2 carriers is 10-25% (13). Consequently, prophylactic salpingo-
oophorectomy is recommended for risk reduction in women with BRCAI/2
mutations (14). Other genetic factors linked to hereditary ovarian cancer include
Lynch syndrome (mismatch repair genes), Li-Fraumeni syndrome (7P53) and
Peutz-Jeghers syndrome (STK11) (12).

Specific conditions also pose a risk. Endometriosis is associated with an increased
risk of clear cell and endometrioid ovarian cancer (15). Menopausal hormone
therapy (MHT) in postmenopausal women has been described as a risk factor, as
oestrogen has a carcinogenetic effect on the ovary, though progestogen may offer
some mitigating effect (16,17). Factors that increase the lifetime number of
menstrual cycles, and ovulations, such as early menarche, late natural menopause,
and infertility, are associated with an increased risk of ovarian cancer (3). A history
of pelvic inflammatory disease has also been associated with increased risk (18).
Furthermore, lifestyle factors such as obesity and smoking have been shown to
increase the risk of some histological types of ovarian cancer (3). Conversely,
factors that reduce ovulation, such as oral contraceptives, pregnancy, and
breastfeeding, have been shown to reduce the risk of ovarian cancer (10).

Tumor Histopathology

Ovarian cancer, encompassing fallopian tube and primary peritoneal cancer, is a
heterogeneous disease with varied tumor characteristics. EOC constitutes 90% of
all ovarian cancer, while non-epithelial ovarian cancer - consisting of germ cell and
sex cord stromal tumors - represents around 10% (7). As the main focus of this
thesis, EOC is divided into five main histological subtypes; high grade serous
carcinoma, endometrioid carcinoma, clear cell carcinoma, mucinous carcinoma and
low-grade serous carcinoma (19).

A dualistic model has been proposed classifying EOC into two groups, Type I and
Type II tumors, which progress along two disticnt tumorigenic pathways (20-22).

Type I tumors include low-grade serous carcinoma, endometrioid carcinoma, clear
cell carcinoma, mucinous carcinoma and Brenner tumors. These carcinomas
develop stepwise from benign precursor lesions, such as endometriosis and
cystadenomas, to borderline tumors and subsequently to invasive carcinomas.
Endometrioid carcinomas and clear cell carcinomas can be developed from
endometriosis. Type I tumors are genetically stable and grow slowly. Mutations can

17



be seen in, BRAF, KRAS, PTEN, ERBB2, PIK3CA, CTNNBI, ARIDIA and in the
DNA mismatch repair (MMR) genes. These carcinomas are often diagnosed at an
early stage and carry a good prognosis. However, when diagnosed at an advanced
stage, the prognosis is poor (22).

Type II tumors include high-grade serous carcinoma, carcinosarcoma and
undifferentiated carcinoma. Most Type II tumors develop from precursor lesions in
the fallopian tubes, specifically serous tubal intraepithelial carcinoma (STIC), and
then disseminate to the ovaries and peritoneum. These tumors are highly aggressive,
spread rapidly, and are typically diagnosed at and advanced stage. They have a poor
prognosis and account for 90% of deaths from ovarian cancer. Type II tumors are
characterized by high chromosomal instability with 7P53 mutations. Homologous
recombination deficiency (HRD), including BRCA mutations, is common in these
tumors (20, 22). TP53 mutations can be found in fallopian tube epithelial cells,
referred to as the p53 signature, and are considered to precede STIC. It is important
to note that 7P53 mutations alone are insufficient to cause cancer and can also be
found in benign fallopian tubes (23).

Table 1. Feautures of the five major subtypes of epithelial ovarian carcinoma (Kurman et al 2016, Kossa
et al 2018).

High-grade | Low-grade Endometrioid | Clear-cell Mucinous
serous serous carcinoma carcinoma carcinoma
carcinoma | carcinoma
Frequency 70% <5% 10% 5-10% 2-3%
Immunophenotype | CK7+, CK7+, CK7+, Napsin A+, CK7+,
CK20, WT1+, ER+ PAX8+, WT1-, p53-, CK20-,
PAX8+, CK20-, WT1- ER- ER-, PR-,
WT1+ WT1-
Precursor lesion STIC Low-grade Endometriosis | Endometriosis | Borderline
malignant mucinous
potential lesions
lesions
Molecular TP53, BRAF, PTEN, ARID1A, KRAS,
abnormalities BRCA1/2 KRAS ARID1A PIK3CA HER2
Prognosis Poor Intermediate | Favourable Intermediate Good

Ovarian Cancer Staging

In the majority of cases ovarian cancer is diagnosed at an advanced stage after
spreading to the pelvis or abdomen. Ovarian, fallopian tube and primary peritoneal
cancer are surgically and pathologically staged according to the FIGO classification
system (7).
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Table 2. FIGO staging classicifation system of the ovary, fallopian tube and peritoneum (Prat et al 2014).

Stage I: Tumor confined to ovaries or fallopian tube(s)

IA: Tumor limited to one ovary (capsule intact) or fallopian tube; no tumor on ovarian or fallopian
tube surface; no malignant cells in the ascites or peritoneal washings

IB: Tumor limited to both ovaries (capsule intact) or fallopian tubes; no tumor on ovarian or fallopian
tube surface; no malignant cells in the ascites or peritoneal washings

IC: Tumor limited to one or both ovaries or fallopian tubes, with any of the following:
IC1: Surgical spill

IC2: Capsule ruptured before surgery or tumor on ovarian or fallopian tube surface
IC3: Malignant cells in the ascites or peritoneal washings

Stage Il: Tumor involves one or both ovaries or fallopian tubes with pelvic extension (below
pelvic brim) or peritoneal cancer

IIA: Extension and/or implants on uterus and/or fallopian tubes and/or ovaries

1IB: Extension to other pelvic intraperitoneal tissues

Stage lll: Tumor involves one or both ovaries or fallopian tubes, or peritoneal cancer, with
cytologically or histologically confirmed spread to the peritoneum outside the pelvis and/or
metastases to the retroperitoneal lymph nodes

11IA1: Positive retroperitoneal lymph nodes only (cytologically or histologically proven)
11IA1(i) Metastasis up to 10 mm in greatest dimension
11IA1(ii) Metastasis more than 10 mm in greatest dimension

IIA2: Microscopic extrapelvic (above the pelvic brim) peritoneal involvement with or without positive
retroperitoneal lymph nodes

11IB: Macroscopic peritoneal metastasis beyond the pelvis up to 2 cm in greatest dimension, with or
without metastasis to the retroperitoneal lymph nodes

I1IC: Macroscopic peritoneal metastasis beyond the pelvis more than 2 cm in greatest dimension,
with or without metastases to the retroperitoneal lymph nodes (includes extension of tumor to
capsule of liver and spleen without parenchymal involvement of either organ)

Stage IV: Distant metastasis excluding peritoneal metastases

Stage IVA: Pleural effusion with positive cytology

Stage IVB: Parenchymal metastases and metastases to extra abdominal organs (including inguinal
lymph nodes and lymph nodes outside of the abdominal cavity)
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Symptoms and Diagnosis

Symptoms

Given that the majority of patients with EOC are diagnosed at an advanced stage
(FIGO stage III and IV), their prognosis is poor (9). More than 90% of patients
experience symptoms prior to the ovarian cancer diagnosis, sometimes several
months before it is confirmed (24, 25). Symptoms are frequently diffuse and non-
specific; the most common include abdominal or pelvic pain, bloating, increased
abdominal size, urinary tract symptoms, loss of appetite, and fatigue. Due to their
diffuse nature, these symptoms are often wrongly attributed to other causes or
simply the normal ageing process. Symptoms that are of recent onset, more frequent,
or more severe are, however, more likely to be caused by ovarian cancer (24). A
study by Chan et al. demonstrated that more than 70% of patients with early-stage
EOC presented with one or more symptom. The most common symptom observed
is abdominal or pelvic pain (26).

The time to diagnosis is significantly affected by how the physician interprets these
symptoms - whether as alarming or vague. Among women with gynecological
cancer, diagnostic delays can occur because cancer is not suspected or a benign
disease is suspected instead (27). A study by Baun et al. showed that only one third
of ovarian cancer patients presenting with symptoms to a general practitioner were
urgently referred to cancer patient pathway (CPP). Patients with comorbidities or
those presenting with non-specific vague symptoms face a longer time interval to
diagnosis (28).

The FIGO stage at diagnosis remains one of the most important prognostic factors
for the patient (9). Efforts to detect ovarian cancer at earlier stages have included
screening programs using vaginal ultrasonography combined with biomarkers such
as CA125 in asymptomatic patients. However, these efforts have not impacted
survival. Two large randomized trials, the Prostate Lung Colorectal Ovarian
(PLCO) and the UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS),
which screened asymptomatic postmenopausal women with vaginal ultrasound and
CA125, showed no reduction in mortality rate (29, 30). Therefore, screening for
ovarian cancer in the general population is not recommended using current
screening modalities (30-32).

Cancer Patient Pathway

In 2015, the first official CPPs were introduced into Swedish cancer care. The CPP
for ovarian cancer was implemented in Sweden in 2016, covering patients with
primary ovarian cancer, fallopian tube and primary peritoneal cancer. The system
mandates that referral and further investigation should be well organized and

20



conducted without unnecessary waiting time. When a patient presents with
predefined alarm symptoms and the physician suspects ovarian cancer, the patient
is referred to a gynecologist for a filter function within 10 days. Both general
practitioners and other specialists can refer patients to this filter function.

The predefined alarm symptoms include increased abdominal size, abdominal or
pelvic pain, frequent need to urinate, venous thromboembolism, loss of appetite,
change in bowel habits, and newly diagnosed irritable bowel syndrome in women
aged > 50 years. The filter function involves a gynecological examination, CA125
measurement, vaginal ultrasonography, and calculation of the Risk of Malignancy
Index (RMI) (33, 34). If a reasonable suspicion of ovarian cancer is confirmed, the
patient undergoes further investigation with computed tomography (CT) of the
thorax, abdomen and pelvis, and sometimes a guided tumor biopsy. Subsequently,
the patient is referred to a tertiary cancer center for a multidisciplinary team (MDT)
meeting. The mandated lead time from well-founded suspicion of ovarian cancer to
the start of treatment is 24 days for Primary Debulking Surgery (PDS) and 22 days
for chemotherapy (34).

Alarm
symptoms

Primary care Specialized care
Gynecologist .
Filter function (Gynecological exam, E?azor}able susP'ct:_lontOf i:ncer Cﬂ?mpme‘:xtjom‘)grapzy Ofl ﬁ_"e
CA125, vaginal ultrasound) aolcanceypatenipatiiay orax, abdomen and pelvis
Primary debulking surgery (24 days) Multidisciplinary team meeting Referral to tertiary center

Chemotherapy (22 days)

Figure 3. Overview of the cancer patient pathway for ovarian cancer. Adapted from Regionala
cancercentrum.

Imaging Modalities

Ultrasound

Transvaginal ultrasound examination is the imaging method of choice for
investigating patients with adnexal tumors and those with symptoms suggestive of
an adnexal mass (35). To increase diagnostic accuracy, the International Ovarian
Tumor Analysis (IOTA) group, has recommended using standard terminology and
definitions to describe adnexal tumors (36). Ultrasound may also be used for pre-
operative assessment of tumor extent and resectability in the abdomen (37).
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Computed tomography and magnetic resonance imaging

CT is the most frequently used imaging modality for pre-operative assessment of
the disease extent, including predicting tumor load, tumor localization, and the
likelihood of complete resection (38, 39). Although highly available, CT has
disadvantages, such as limitations in detecting small-volume carcinomatosis and in
characterizing primary tumors (38). Magnetic resonance imaging (MRI), however,
can be useful for differentiating between benign, malignant, and borderline tumors,
and for detecting small peritoneal metastases (40).

Histopathological Diagnosis

Tru-cut biopsy

Tru-cut biopsy can be used to obtain a tissue sample to determine the
histopathological type of the tumor. This is necessary for patients where primary
surgery is not possible or when the tumor histology is unclear. Ultrasound-guided
tru-cut biopsy is recommended due to its sensitivity and low risk of complications.
It can be performed using different approaches: transvaginal, percutaneous,
transrectal, and transcervical. CT or MR guidance can be used if it provides easier
access to the tumor (41).

Frozen section

A frozen section is performed when an intraoperative histopathological diagnosis is
required to determine the extent of the surgery (42). This technique is particularly
useful in early-stage ovarian cancer without a definitive preoperative diagnosis, as
tru-cut biopsy is not recommended in these cases due to the risk of dissemination
(41, 43). While frozen section has a high accuracy, it can sometimes underestimate
malignancy (44).

Multidisciplinary Team (MDT) Meeting

The Swedish national guidelines recommend that all patients with advanced ovarian
cancer (AOC) to be referred to an MDT meeting to determine the preferred
treatment strategy (45). The MDT meeting is held weekly and involves a
collaboration of different specialties, including gynecological oncology surgeons,
gynecological oncologists, radiologists, and pathologists with special expertise in
gynecological oncology, along with nurses and coordinators.
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Prehabilitation

Prehabilitation is defined as the process, starting from diagnosis up to surgery, that
aims to improve patients' physiological reserve and functional capacity. This is
achieved through nutritional optimization, physical exercise, and psychological
support to help patients withstand surgical stress, improve post-operative outcome,
and facilitate recovery (46). Because the time between diagnosis and surgery is
relatively short, a multimodal approach is often employed (47). This approach
typically includes assessment of nutritional status (using albumin level),
psychological and physiological status, screening and correction of preoperative
anemia, and smoking cessation (47, 48). The process may involve contact with a
dietitian, physiotherapist and contact nurse. In several surgical fields, prehabilitation
has been shown to decrease the rate of postoperative complications (49-51). Patients
with AOC are often malnourished due to the high tumor burden (52).

Smoking Cardiopulmonary
cessation exercise

Psychological Physiological

support exercise
anxiety activity
Nutritional optimization

Figure 4. Multimodal prehabilitation before surgery.

Despite the potential benefits, there are few studies on prehabilitation before ovarian
cancer surgery, and those that exist have relatively small sample sizes. Multimodal
prehabilitation has been shown to increase patients’ physical function and decrease
emotional stress before ovarian cancer surgery (53). Moreover, prehabilitation is
associated with fewer Red Blood Cell (RBC) transfusions during surgery, a shorter
hospital stay, shorter time to the start of adjuvant chemotherapy, and better tolerance
for adjuvant chemotherapy (54-56). This thesis primarily focuses on preoperative
anemia and iron deficiency.
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The Enhanced Recovery After Surgery (ERAS) programs comprise preoperative,
perioperative, and postoperative strategies designed to improve postoperative
recovery (57, 58). In the context of AOC, the implementation of ERAS guidelines
has been associated with a decreased length of hospital stay and fewer readmissions
(59).

Patient Blood Management (PBM)

PBM is a person-centred approach introduced in many clinical settings that aims to
improve patient outcomes by managing and preserving patients' own blood. PBM
strategies include the detection and treatment of preoperative anemia, minimizing
blood loss, and optimizing the patient’s physiological reserve. Furthermore, PBM
advocates for a more restrictive policy regarding RBC transfusions (60). PBM has
been demonstrated to be associated with improved clinical outcome, including a
reduced rate of complications and RBC transfusions (61).

Anemia

According to the World Health Organization, anemia is defined as a hemoglobin
(Hb) level <120 g/L for non-pregnant women and Hb<130 g/L for men (62). Iron
deficiency anemia is the most common type of preoperative anemia observed in
patients undergoing gynecological surgery (63).

Anemia is common in patients with AOC, with preoperative anemia reported in 30-
40% of patients (64, 65). Patients receiving Neoadjuvant Chemotherapy (NACT)
have an elevated risk of preoperative anemia and a corresponding increased risk of
perioperative RBC transfusions (66). Preoperative anemia is linked to an increased
risk of RBC transfusions, postoperative complications, and poor recovery (65, 67).
Similarly, patients who develop postoperative anemia have been shown to have a
higher risk of postoperative morbidity and mortality (68). Anemia in cancer patients
is multifactorial, potentially caused by nutritional deficiencies, chronic
inflammation, and chemotherapy-induced myelosuppression (69).

Iron Deficiency

Iron is essential for Hb synthesis and myoglobin synthesis in muscle tissue. Total
body iron is around 4 g; half of this binds to ferritin in the spleen, liver, and bone
marrow, while the other half is utilized by red blood cells and muscle tissues. Iron
circulates bound to transferrin in the plasma and is stored in cells as hemosiderin or
ferritin (70).

Hepcidin, primarily produced in the liver, regulates iron homeostasis. Hepcidin
expression decreases iron levels by reducing dietary absorption and inhibiting iron
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release from macrophages. As an acute-phase reactant, hepcidin is upregulated by
infection and inflammation (71).

Transferrin saturation (TSAT) measures the amount of iron bound to transferrin in
the blood (71). Total iron-binding capacity (TIBC) measures the capacity at which
transferrin binds with iron in the blood. TSAT is calculated using the formula:
TSAT (%)=(Serum iron level x100)/TIBC (70). Iron deficiency can be defined as
TSAT < 0.20 or serum ferritin < 30 pg/L. Ferritin, being an acute phase reactant,
can be elevated in cancer patients due to inflammation (71, 72).

TSAT <0.20 or Treatment with
Ferritin < 30 pg/L intravenous iron
Hb <120 g/L —

Low Megalobl_astic

. anemia

L. TsAT>020 — Vitamin By
Folate
N Other anemia
ormal

Figure 5. Algorithm for anemia and iron deficiency.

Absolute iron deficiency is characterized by depleted iron stores insufficient to
maintain erythropoiesis, defined as TSAT < 0.20 or ferritin < 30 pg/L, Hb > 130
g/L. and low hepcidin. Iron sequestration involves normal iron but inadequate
mobilization of iron due to increased demands, defined as ferritin > 100 pg/L and
TSAT < 0.20, CRP may be increased. Inflammation and iron deficiency is caused
by reduced availability or supply of iron for erythropoiesis, defined as ferritin 30-
100 pg/L, TSAT < 0.20, CRP > 5mg/L, and increased hepcidin (71).

Table 3. Characteristics of different types of iron deficiency. Adapted from Shah et al 2023.

Iron status Definition Laboratory findings

Absolute iron deficiency Depleted iron stores Hb >130 g/L, ferritin < 30 ng/L or
TSAT <0.20

Iron deficiency anemia Insufficient iron availability Hb <130g/L, ferritin < 30 pg/L or
TSAT < 0.20

Iron sequestration Insufficient mobilisation of iron | Ferritin >100 pg/L and TSAT < 0.20

(Functional iron stores, increased demand.

deficiency) Normal iron stores.

Iron deficiency and Reduced supply or availability Ferritin 30-100 pg/L, TSAT < 0.20

inflammation of iron
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Treatment of Anemia

Screening

Screening for anemia and its underlying cause, such as iron deficiency, is
recommended for all patients undergoing elective major surgery (73). According to
a consensus statement by Munoz et al., treating anemia before surgery is
recommended if Hb<130 g/L and the expected blood loss exceeds 500 ml (74).

Tranexamic Acid

Administration of tranexamic acid (TXA) reduces perioperative blood loss and RBC
transfusions during major elective abdominal and pelvic cancer surgery (75). In
cytoreductive surgery for AOC, TXA has demonstrated the same effect, resulting in
reduced perioperative blood loss and transfusion rates (76). The European Society
of Gynecological Oncology recommends perioperative TXA use to reduce blood
loss (77). No adverse effects have been reported following a preoperative single
dose of TXA (76).

Red Blood Cell Transfusion

Blood transfusions can exert an immunosuppressive effect, and perioperative RBC
transfusions are associated with an increased risk of morbidity and mortality (78,
79). However, one study by Hunsicker et al. did not show an increased risk of cancer
recurrence among AOC patients receiving perioperative RBC transfusions (80).
Conversely, a recent study demonstrated that RBC transfusions are associated with
decreased OS survival in patients with ovarian cancer (81).

Intravenous Iron

Preoperative administration of intravenous iron to correct iron deficiency anemia
has been shown to reduce the rate of RBC transfusions and enhance iron stores in
patients undergoing major abdominal surgery (82). For optimal -efficacy,
intravenous iron administration is recommended four weeks before surgery,
although it can still be given in close proximity to the surgical date (73).
Specifically, administration 10 days before surgery has also been shown to
positively affect the Hb level (83). ERAS guidelines recommend intravenous iron
for correcting preoperative anemia (57). This is also recommended by The European
Society of Gynecological Oncology (77). Intravenous iron treatment can also be
considered postoperatively to correct iron deficiency anemia (84). Generally,
intravenous iron is well tolerated with a low rate of adverse effects (85).
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Epithelial Ovarian Cancer Treatment

Surgical Treatment

The preferred treatment for EOC is PDS followed by six cycles of chemotherapy. If
PDS is not feasable, the recommendation shifts to Neoadjuvant Chemotherapy
(NACT) for three cycles, followed by Interval Debulking Surgery (IDS), and then a
further three cycles of chemotherapy, potentially including additional angiogenesis
inhibitors. Complete resection of the tumor, leaving no macroscopically visible
residual disease is the single most important prognostic factor (86, 87). Higher
residual disease burden is associated with decreased Progression-Free Survival
(PFS) and OS compared with less residual disease (88). Despite treatment, around
70% of patients with AOC relapse within three years (31).

Surgical Treatment in Early-Stage Ovarian Cancer

In early-stage ovarian cancer, the diagnosis and histological subtype are often
unknown preoperatively. For young patients, fertility-sparing surgery is frequently
undertaken by leaving the non-tumorous adnexa in place. If the histology is
unknown, the tumor should be removed by unilateral minimal invasive salpingo-
oophorectomy. Once final histological results are available, a second surgery can be
planned. Staging procedures may then include hysterectomy, bilateral salpingo-
oophorectomy, omentectomy, peritoneal biopsies, cytological analysis,
appendectomy (critical in mucinous cancer), and systematic pelvic and para-aortic
lymph node dissection (which can be omitted in mucinous carcinoma, low-grade
serous carcinoma, and low-grade endometrioid) (39, 89).

Fertility-Sparing Surgery

Fertility-preserving surgery can be offered to patients seeking to maintain their
fertility who have low-grade stage IA tumors (low-grade serous, endometrioid,
mucinous) and some IC1 stage tumors. The recommended approach is unilateral
salpingo-oophorectomy with surgical staging, including peritoneal biopsies and
cytological analysis (39, 90).

Surgery for Advanced Ovarian Cancer

For AOC, the standard recommended treatment is PDS, provided the patient is fit
for surgery and there is a high likelihood of complete cytoreduction. Since low-
grade serous carcinoma shows a diminished response to chemotherapy, PDS is the
preferred treatment if optimal surgery (< lcm residual disease) can be achieved. If
complete cytoreduction is unlikely or the patient is unfit for surgery, IDS is
recommended (39).
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Two randomized trials, CHORUS and EORCT, found that NACT with IDS was
non-inferior to PDS in terms of both PFS and OS (86, 91). However, neither study
could definitively identify a more favourable treatment because of the heterogenous
surgical quality across participating sites. NACT followed by IDS can reduce the
risk of complications by decreasing the tumor burden and the complexity of the
subsequent surgery (92). Preliminary data from the Trial of radical upfront surgical
therapy (TRUST) study in AOC showed that PDS conferred a longer PFS, although
there was no statistical advantage for OS compared to IDS. These findings support
PDS as the treatment of choice in non-frail patients with advanced EOC and good
chance of achieving tumor rest=0 (93). The Lymphadenectomy in ovarian
neoplasms (LION) trial demonstrated no survival benefit from systematic
lymphadenectomy of non-suspicious lymph nodes in patients with advanced disease
(94).

The outcome of cytoreductive surgery is classified as: complete cytoreductive
surgery (no macroscopically residual disease), optimal cytoreductive surgery (1-10
mm of residual disease), or suboptimal cytoreductive surgery (> 10 mm of residual
disease) (87). Studies indicate that ultra-radical surgery increases the rate of
complete cytoreductive surgery, and some of these studies have shown an improved
OS for those patients (95, 96) Conversely, a study by Falconer et al. reported that
while ultra-radical surgery increased the rate of complete resection of all visible
tumor, it did not lead to improved survival (97). Ultra-radical surgery is associated
with increased postoperative complications, with no difference found between
patients undergoing PDS and IDS (98).

Beyond standard procedures, ultra-radical surgery may involve extensive
procedures outside of the pelvis and upper abdominal procedures (99, 100).
Extensive surgery is often required to achieve macroscopic radicality and includes
procedures such as hysterectomy, salpingo-oophorectomy, omentectomy, pelvic
peritonectomy, appendectomy, bowel resection, lymphadenectomy, diaphragm
stripping, ureteral resection, splenectomy, liver resection, and cholecystectomy. The
Aletti surgical complexity score can be used to assess the complexity of the surgery
(101).
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Table 4. Aletti surgical complexity score (Aletti et al 2007).

Procedure

Points

Hysterectomy and bilateral salpingo-oophorectomy

Omentectomy

Pelvic lymphadenectomy

Paraaortic lymphadenectomy

Pelvic peritonectomy

Abdominal peritonectomy

Small bowel resection

Large bowel resection

Diaphragm stripping/resection

Splenectomy

Liver resection

Rectosigmoidectomy, anastomosis

winINININ[alalalalalaa

Complexity score groups

Points

Low
Intermediate
High

<3
4-7
>8

Postoperative Complications

The risk of postoperative complications within 30 days of surgery increases with
intermediate and high surgical complexity scores and low preoperative albumin
levels (102). The most common severe complication is pleural effusion, with 4% of
AOC patients undergoing surgery requiring pleural fluid drainage (92, 102).
Patients undergoing PDS exhibit a higher complication rate compared to those
undergoing IDS (92). Increasing age and cardiovascular comorbidity are associated
with a higher risk of severe complications (103). Specifically, age > 80 years is
associated with a particularly high risk of severe complications (104). Postoperative
complications occurring within 30 days are frequently classified using the Clavien-

Dindo classification system (105).
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Table 5. Clavien-Dindo classification system (Clavien-Dindo et al 2004).

Grade Definition

| Any deviation from the normal postoperative course without the need for
pharmacological treatment or surgical, endoscopic and radiological interventions.
Acceptable therapeutic regimens are: drugs as antiemetics, antipyretics, analgesics,
diuretics and electrolytes and physiotherapy. This grade also includes wound
infections opened at the bedside

1] Requiring pharmacological treatment with drugs other than such allowed for grade |
complications. Blood transfusions and total parenteral nutrition are also included

1] Requiring surgical, endoscopic or radiological intervention

llla Intervention not under general anesthesia

IlIb Intervention under general anesthesia

\ Life-threatening complications (including CNS complications) requiring IC/ICU
management

IVa Single organ dysfunction (including dialysis)

Vb Multi organ dysfunction

Vv Death of a patient

Oncological Treatment

Chemotherapy

The standard treatment involves six cycles of intravenous carboplatin (AUCS5) and
paclitaxel (175mg/m*) administered every third week, as per Swedish National
Guidelines (106, 107). If NACT is used, three cycles are given before surgery, and
three cycles complete the treatment after surgery (45). Adjuvant chemotherapy may
be omitted in some cases of earliest-stage ovarian cancer; it is not recommended for
low-grade serous, low-grade endometrioid, and mucinous ovarian cancer. For other
histological subtypes, adjuvant chemotherapy is recommended, contingent on
whether the patient has undergone full staging with pelvic and para-aortic
lymphadenectomy. If the patient is unfit for surgery or the tumor burden remains
too extensive after NACT, they receive palliative chemotherapy (PC) (39). Patients
with a poor performance status who are unable to tolerate chemotherapy are given
best supportive care (BSC).

Angiogenesis Inhibitors

The vascular endothelial growth factor (VEGF) promotes angiogenesis, which, in
turn, facilitates cancer progression and growth. Bevacizumab is a humanized
monoclonal antibody targeting VEGF. Studies have shown that Bevacizumab
improves PFS and OS in patients with a high risk of progression and in those with
FIGO stage IV (108). In Sweden, Bevacizumab is recommended as an addition to
standard chemotherapy for patients with EOC FIGO stage IV and stage IIIC with
non-radical surgery (45).
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Poly (ADP) Ribose Polymerase (PARP) Inhibitors

PARP inhibitors target PARP enzymes, which play an essential role in repairing
DNA single-strand breaks. The BRCAI and BRCA2 genes are critical tumor
suppressors involved in DNA double-strand break repair via the homologous
recombination repair pathway. Cancer cells exhibiting homologous recombinant
deficiency (HRD) rely on PARP enzymes for DNA repair (109). Patients with
BRCA1/2 mutations have been shown to achieve a longer PFS when treated with
PARP inhibitors after standard chemotherapy for AOC (110). The PAOLA-1 study
demonstrated that administering Olaparib combined with Bevacizumab and
standard chemotherapy to AOC patients with HRD-mutated tumors significantly
increased PFS (111). Maintenance treatment with PARP inhibitors is recommended
for patients with HRD mutations (FIGO stage III and IV) who show a complete or
partial response to platinum combination therapy (45).

Older Patients and Ovarian Cancer Treatment

Global life expectancy is projected to increase over the next three decades (112).
Consequently, the population in high-income countries like Sweden is aging. Life
expectancy in Sweden is 85.3 years for women and 82.3 years for men (113). Over
40% of women are aged over 70 years when they receive their ovarian cancer
diagnosis (114). A recent study indicated that older patients (defined as age >80
years) are less likely to receive standard treatment and face a worse prognosis
compared to younger patients. However, when older patients do receive standard
treatment, age is no longer a risk factor for worse OS (115). Older patients more
frequently undergo less extensive surgery and are less likely to undergo radical
cytoreductive surgery (115-117).

Comorbidities, such as respiratory disease and cognitive impairment, are more
prevalent among older patients, and these have been associated with an increased
rate of complications and mortality after surgery (115, 118). Yet, comorbidities have
not been shown to influence the choice of treatment (119). For older patients,
specifically aged 70 years or older, the presence of comorbidities and advanced
disease stage with a large tumor burden can minimize the chance of radical or
optimal resectability. In such cases, NACT with IDS should be considered (39, 120).
Patients aged >80 years have a higher risk of postoperative complications compared
to younger patients and show a better OS when undergoing IDS versus PDS (104).
For patients >70 years, vulnerability assessment is recommended, including
evaluation of nutrition, Eastern Cooperative Oncology Group (ECOG) performance
status, comorbidities, medication, and physiological well-being, though this should
not delay the start of treatment. It is recommended that older patients be offered
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standard treatment; both debulking surgery and chemotherapy whenever possible
(39).

Frailty is defined as increased vulnerability caused by a decline in physiological
functions in multiple organ systems and a lack of resilience (121). Common
manifestations of frailty include exhaustion, weakness, diminished physical activity,
and weight loss (122). In ovarian cancer patients, frailty is associated with an
increased risk of postoperative severe complications and a poor survival (123). The
risk of frailty increases with age, with 45% of patients aged > 80 years being frail
(124). Therefore, careful selection of patients for surgical treatment is essential; an
ongoing trial evaluating different instruments for assessment of frailty before
surgery among AOC patients (125).
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A1ims

The overall aims of this thesis were threefold: to evaluate the factors that delay the
time to diagnosis, to determine how to optimize patients for surgery, and to assess
how older patients tolerate surgery for advanced ovarian cancer.

Study 1

To evaluate the diagnostic timeline from the first presentation of symptom to a
physician (in primary care or specialized care) to the point of reasonable suspicion
of ovarian cancer. The secondary aim was to examine the possible role of age, mode
of appointment, mode of consultation, histological subtype, CA125 level and place
of residence.

Study 11

To investigate if the rate of RBC transfusions is reduced after implementation of
PBM clinical routines and if the postoperative complication rate is affected. The
secondary aim was to evaluate whether the Hb level before chemotherapy can be
maintained.

Study 111

To assess if preoperative anemia and iron deficiency affect postoperative recovery,
including complications, length of hospital stay, and complete administration of
chemotherapy. The secondary aim was to examine if iron deficiency can predict a
worse outcome compared to patients with no iron deficiency, and if iron infusions
close to surgery impact the short-term recovery.

Study IV

To evaluate the surgical tolerance, postoperative outcomes and OS in patients > 70
years compared to younger patients. The secondary aim was to assess the impact of
different modes of treatment in patients > 80 years.
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Materials and Methods

Study Population

All four studies in this thesis are retrospective cohort studies. The study population
consisted of patients with AOC (FIGO stage III and IV) who were treated or referred
to Sk&ne University Hospital Lund between January 2016 and December 2023.
Patients seeking health care at a regional hospital or in primary care who have a
suspected ovarian malignancy are referred to a tertiary centre. Skane University
Hospital Lund is the tertiary center for gynecological cancer for Sodra
sjukvérdsregionen (Southern healthcare region), which includes Skéne, Blekinge,
and Kronoberg, covering a population of 1,8 million people (126). Study I and IV
include patients with all modes of treatment. Study II and III include only patients
undergoing PDS or IDS.

Halland

Kronoberg

Blekinge

Figure 6. Sodra sjukvardsregionen (Southern healthcare region).
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Study 1

Patients diagnosed with primary AOC between January 1, 2017 and December 31,
2019, having a International Statistical Classification of Disease and Related Health
Problems (ICD-10) code of C57.0 malignant neoplasm of fallopian tube, C56.9
malign neoplasm of unspecified ovary, C49.5 malignant neoplasm of connective
and soft tissue of pelvis or C76.2 malignant neoplasm of abdomen were included.
Data were collected from electronical medical records (Melior) of Region Skéne.

Advanced stage ovarian cancer
(FIGO llI-IV)
n=252

I Insufficient data
n=3

Patients included
n=249

Figure 7. Flow chart of the study population.

Recorded variables included; the site of the first consultation (primary care or
specialized care), the time interval between the first consultation with predefined
symptoms and reasonable suspicion of ovarian cancer, symptoms at the first
consultation, whether the first consultation was an emergency or a planned
appointment, age of the patient at diagnosis, date of reasonable suspicion of ovarian
cancer, mode of treatment, histological subtypes, CA125 level before diagnosis and
place of residence. If the patient was referred the same day from a general
practitioner in primary health care to the emergency department, primary health care
was recorded as the first consultation. The specialized care group included
consultation with a gynecologist in private health care and consultation at the
hospital, regardless of the specialty.

The predefined symptoms were modified from the alarm symptoms and findings
according to the CPP for ovarian cancer in Sweden 2020. These symptoms included:
abdominal/pelvic pain, increased abdominal size/bloating, loss of appetite, urinary
urgency, change in bowel habits, respiratory problems/coughing,
abnormal/postmenopausal bleeding, venous thromboembolism, or an incidental
finding. Included symptoms were new within the last 13 months before first
consultation. If the patient presented with more than one symptom, the main
symptom that led the patient to seek health care was recorded.

For the statistical analysis, the data were log-transformed as they were skewed and
had outliers. A multivariable log-linear regression model was used to evaluate
factors that could affect the time interval.
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Study II

Patients who underwent omentectomy between January 1, 2016, and December 31,
2021 were identified from the Orbit IT-system and included according to the
following criteria: epithelial AOC, including primary peritoneal and fallopian tube
cancer, and primary- or interval debulking surgery.

Exclusion criteria were open-close cases, ovarian cancer FIGO stage I and 11, and
diagnoses other than ovarian cancer. Patients who underwent debulking surgery for
ovarian cancer but did not have AOC were also excluded.

The following variables were recorded from electronical medical records: RBC
transfusions, operating time, age, estimated blood loss, body mass index, Hb level
before surgery and before start of chemotherapy, time from surgery to start of
chemotherapy, length of hospital stay, PDS or IDS, FIGO stage, histological
subtype, administration of TXA, administration of intravenous iron, complications
within 30 days postoperatively, residual tumor, Aletti surgical complexity score,
ECOG performance status, and the American Society of Anesthesiologists physical
status classification system (127).

Patients undergoing

omentectomy Other diagnosis than ovarian cancer
n=622 n=127
I Borderline (n=27)
Endometrial cancer (n=69)
Patients with ovarian Other malignancy (n=16)
cancer Benign (n=15)
n=495

l— Early-stage ovarian cancer (FIGOI-II)
n=85

Advanced stage ovarian
cancer (FIGO llI-IV)

n=410 .
Recurrent disease or open-close

b Surgery

. ) n=56
Patients with advanced
ovarian cancer included
n=354

Figure 8. Flow chart of the study population.

Complications were classified according to the CD classification and grouped into
no or minor complications (CD 0-2) and severe complications (CD > 3) (105). If a
patient had more than one complication, the most severe one was registered.
Surgical procedures were classified according to the Aletti surgical complexity
score (low, intermediate and high).

PBM clinical routines were gradually implemented at the department.
Preoperatively administered intravenous TXA (1000 mg), was introduced in 2016
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and became standard before major laparotomies in 2018. Screening for iron
deficiency anemia and administration of intravenous iron (1000 mg or 1500 mg of
intravenous ferric derisomaltose (Monofer, Pharmacosmos, Denmark)) were
introduced at the end of 2019. According to regional guidelines, patients with Hb
<130 g/L and iron deficiency, and an expected blood loss of > 500 ml received
intravenous iron. Intravenous iron was administered according to the gynecologist’s
decision, up to 21 days before surgery or while the patients was in the hospital. More
restrictive RBC transfusion guidelines (Hb < 70 g/L, or Hb <80 g/L for patients with
comorbidities) were implemented gradually during this time period. RBC
transfusions occurred either perioperatively or postoperatively while the patient was
still in the hospital, and were chosen by the senior consultant responsible for the
patient.

For the statistical analysis, the cohort was divided into three consecutive periods:
the reference group (2016-2017), 2018-2019, and 2020-2021. Logistic regression
was used, both unadjusted and adjusted for age, operating time, Aletti surgical
complexity score and ECOG score. To compare Hb level before chemotherapy the
model was adjusted for number of days between surgery and chemotherapy and
estimated blood loss.

Study I

Included patients with AOC undergoing debulking surgery between January 1,
2020, and December 31, 2023. Exclusion criteria were recurrent disease and open-
close surgery. Data were collected from Melior and Orbit. The variables recorded
were: Hb before surgery and before the start of chemotherapy, age, preoperative
ferritin and TSAT, operating time, RBC transfusions, estimated blood loss, time
from surgery to the start of chemotherapy, length of hospital satay, PDS or IDS,
FIGO stage, Aletti surgical complexity score, residual disease, histological subtype,
complications (CD classification) within 30 days postoperatively, administration of
intravenous iron, ECOG, and whether chemotherapy cycles were reduced or
complete.

Patients were screened for iron deficiency anemia before surgery. If diagnosed, they
were administered intravenous iron (1000 mg or 1500 mg) before surgery, within
the first week postoperatively, or both, with a minimum of seven days between
administrations. Anemia was defined as Hb <120 g/L and divided into two groups:
mild anemia (Hb 100-119 g/L) and moderate to severe anemia (Hb <100). Iron
deficiency was defined as TSAT < 0.20. Absolute iron deficiency was defined as
ferritin <30 pg/L and functional iron deficiency was defined as ferritin > 30 pg/L
and TSAT < 0.20.
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The cohort was divided into three group based on the Hb value, and for another
analysis, into four groups stratified by both Hb level and TSAT. Descriptive statistic
were used to compare the groups. Log linear regression models were performed to
compare the rate of severe complications.

Advanced stage ovarian
cancer (FIGO llI-IV)

n=273 Recurrent disease

I— n=7

» Open-close surgery
l n=4

Patients included
n=262

Figure 9. Flow chart of the study population.

Study IV

Patient diagnosed with AOC between January 1, 2018, and December 31, 2023,
were included. Treatment recommendations were proposed at a MDT meeting for
the majority of patients. The cohort was stratified into four treatment groups: PDS,
IDS, PC and BSC. Patients who underwent open-close surgery prior to or after
chemotherapy, were categorized in the PC group. Systematic BRCA testing,
including both somatic and germline mutations, were implemented in 2018. Clinical
and patient characteristic retrieved included: age at diagnosis, FIGO stage,
histological subtype, ECOG, albumin, CA125 and Hb level before start of treatment,
body mass index, social status, BRCA mutation, operating time, estimated blood
loss, residual tumor, Aletti surgical complexity score, length of hospital stay after
surgery, time from surgery to the start of chemotherapy, complications (CD
classification) within 30 days, readmission within 30 days after surgery, date of start
of treatment, date of death, and whether the patient received all six cycles of
chemotherapy or if chemotherapy was reduced. Reduced chemotherapy dose was
defined as administering only one of the drugs or dose reductions. Recurrence was
defined by cytology/biopsy or by high suspicion on radiology.

The cohort was stratified into three age groups: < 70 years, 70-79 years and > 80
years. OS was calculated from start of treatment to the date of death.

Descriptive statistics were used to compare the three age groups. Kaplan-Meier
curves were performed for survival analysis, and survival probabilities were
estimated at 12, 24 and 36 months. The log-rank test was performed for statistical
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significance. Due to violation of the proportional hazard assumption (crossing of
survival curves), Restricted Mean Survival Time (RMST) was calculated at 12, 24,
and 36 months. Propensity score matching was performed based on ECOG and age
to compare survival between modes of treatment.

Ethical Considerations

All four studies were retrospective non-intervention studies with no impact on the
patient’s health or treatment. Informed consent was not required. Patient data were
anonymous and could not be traced to any individual patient. All data were handled
according to the World Medical Association’s Declaration of Helsinki 2013. The
studies were approved by the Swedish Ethical Review Authority.

Study 1
Approved by the Swedish Ethical Review Authority (Dnr 2019-04450).

Study I and 111
Approved by the Swedish Ethical Review Authority (Dnr 2021-04223)

Study 1V
Approved by the Swedish Ethical Review Authority (Dnr 2025-00586-01)
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Results

Study 1

A total of 249 patients were included. The median age of women needing a
consultation was 72 years. Median age did not differ between patients whose first
consultation was in primary care and those in specialized care. Almost two-thirds
of patients (66%) had their first consultation with a physician in primary care, and
34% in specialized care. About 50% of all patients had a planned visit.

The median time from first consultation with a physician to reasonable suspicion of
cancer was 24 days. The median time interval from first consultation to reasonable
suspicion of cancer was 10 days in specialized care versus 41.5 days in primary care,
(p <0.001) (Table 6).

Table 6. Days from first consultation to reasonable suspicion of cancer.

Characteristics | N (%) Geometric mean Median (IQR)
Age (years) <1 61 (24.5%) 13.7 15 (4-35)
Q1-Q3 133 (53.4%) | 22.7 29 (9-71)
>Q3 55 (22.1%) 27.6 37 (10.5-77)
Mode of consultation Primary care 164 (65.9%) | 33.0 41.5 (15.8-85.8)
Specialized care | 85 (34.1%) 8.7 10 (3-23)
Type of consultation Emergency 116 (46.6%) | 12.7 14.5 (4-37)
Planned 133 (53.4%) | 324 43 (17-85)

Consultation in specialized care was associated with a 70% decrease in time delay
(95% CI -78.8 to -57.4) compared to primary care. Older age (comparing the first
to third quartile) was associated with a 54.7% longer time interval (95% CI 16.6-
105.3). Emergency consultations were associated with a 52.2% decrease in delay
(95% CI-65.9 to -32.9). Almost half of the patients (45%) presented with abdominal
or pelvic pain. No significant difference in the time interval was found when
comparing the different predefined symptoms.
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Study 11

There was no difference in patient characteristic between the three time periods. The
Hb level before surgery fluctuated between 120 and 123 g/L, and the median age
was 68-69 years.

After PBM clinical routines implementation, the percentage of transfused patients
decreased from 83% to 52%, (p <0.001). There was a significant decrease in the
number of units of RBC transfusions between the reference group and the 2020-
2021 group, (p < 0.001) (Figure 10).
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Figure 10. Percentage of patients transfused with units of red blood cells.

Operating time was reduced from a median of 348 minutes to 214 minutes when
comparing the reference group and the 2020-2021 group. The estimated blood loss
was also significantly reduced. The median length of hospital stay decreased from
8.5 days to 7 days between the reference group and the 2018-2019 group, (p<0.001).
There was no difference in the Aletti surgical complexity score between the three
groups (p 0.167).

The mean Hb level before chemotherapy decreased from 118.9 g/L in the reference
group to 115.2 g/L in the 2020-2021 group (p 0.005). This significant decrease

remained in an adjusted linear regression model. The unadjusted odds for CD > 3
decreased over the study period (OR 0.55 for 2020-2021 vs reference (95% CI 0.23-
0.85)), but this finding was no longer significant in the adjusted model.
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Study I

Of the 262 patients, 42% had preoperative anemia, with 8% having moderate to
severe anemia (Hb level < 100 g/L). No association was found between severe
complications, (CD > 3) and anemia. However, the length of hospital stay was
longer among patients with moderate to severe anemia (median 11 days) compared
to patients with no anemia or mild anemia, (median 7 days) (p 0.032).

Most patients with iron deficiency had a functional type (97%). Patients with iron
deficiency (TSAT <0.20), with or without anemia, were younger (median age 63-
65 years) compared to patients with no iron deficiency (median age 69-70 years).
Patients with iron deficiency anemia, Hb <120 g/L and TSAT <0.20, were less likely
to have radical or optimal surgery; 24% had residual disease (> 1 cm after surgery)
compared to 6-8% in patient with no anemia or no iron deficiency, (p 0.005)
(Table7).

Table 7. Clinical characteristics stratified by anemia and iron deficiency.

Hb <120 Hb <120 Hb > 120 Hb > 120 p-value
TSAT < 0.20 TSAT = 0.20 TSAT <0.20 TSAT > 020
Age (median) 63 (44-67) 70 (32-80) 65 (35-85) 69 (18-84) 0.026
range
Mode of surgery <0.001
PDS 41 (71%) 6 (13%) 91 (96%) 43 (88%)
IDS 17 (29%) 41 (87%) 4 (4%) 6 (12%)
Aletti score 0.026
Low (<3) 24 (41%) 19 (40%) 24 (25%) 13 (27%)
Intermediate (4-7) | 25 (43%) 24 (51%) 42 (44%) 27 (55%)
High (>8) 9 (16%) 4 (9%) 29 (31%) 9 (18%)
Residual disease 0.005
Radical 33 (57%) 31 (66%) 60 (63%) 40 (82%)
<1cm 11 (19%) 13 (28%) 27 (28%) 6 (12%)
>1cm 14 (24%) 3 (6%) 8 (8%) 3 (6%)
Clavien-Dindo 0.027
0-2 48 (83%) 42 (89%) 69 (73%) 44 (90%)
3-5 10 (17%) 5 (11%) 26 (27%) 5 (10%)

PDS: Primary debulking surgery, IDS: Interval debulking surgery, Hb: Hemoglobin, TSAT: Transferrin
saturation

Patients with iron deficiency had a higher rate of severe complications (17-27%)
compared to 10-11% among patients with no iron deficiency (p 0.027). In an
unadjusted logistic regression model, patients with iron deficiency had higher odds
risk for CD > 3, with an OR 2.65 (95% CI 1.25-5.62) compared to patient with no
iron deficiency. When adjusted for Aletti surgical complexity score, Hb level before
surgery, and operating time, this higher risk persisted OR 2.47 (95% CI 1.11-5.50).
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A difference was observed between patients undergoing PDS and IDS regarding
anemia and iron deficiency. Among PDS patients, 26% had anemia and 73% had
iron deficiency; in the IDS group 84% had anemia but only 31% had iron deficiency,
(p<0.001). All patients undergoing IDS (100%) completed all six cycles of
chemotherapy, whereas 91% of patients in the PDS group received all cycles (p
0.006). (Figure 11)

Patients who received intravenous iron had a decrease in Hb from Hb 118 g/L. before
surgery to Hb 114 g/L. before chemotherapy, compared to a decrease from 128 g/L.
to 118 g/L in patients who did not receive intravenous iron. In this cohort, only 12
patients were administered intravenous iron more than two weeks before surgery.
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Primary debulking surgery Interval debulking surgery

Anemia Iron deficiency Iron deficiency anemia

Figure 11. Prevalence of anemia, iron deficiency, and iron deficiency anemia in patients undergoing
primary and interval debulking surgery (p < 0.001).

Study IV

Of all 485 included patients, 48% were <70 years, 38% were 70-79 years and 14%
were > 80 years. Median ages were 58, 75 and 83 years respectively.

The proportion of patients undergoing PDS decreased with age (64% in the youngest
group, 49% in the 70-79 years group, decreasing to 23% in the oldest group). PC
and BSC increased with age (PC up to 43% and BSC up to 22% in the >80 group)
(p <0.001).

Of patients who started NACT, 73% of the < 70 years fulfilled the planed IDS,
compared to 52% in the 70-79 group and 50% in the oldest group. The majority of
NACT patients who did not undergo surgery (63-89%) were due to insufficient
response to chemotherapy, where radical or suboptimal surgery was deemed
unlikely because of heavy tumor burden.
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The rate of achieving complete cytoreductive surgery declined with age; 73% in the
youngest group, 61% in the 70-79 group, and 43% in the > 80 group (p 0.026). In
patients aged 70-79 years, there was no significant difference in achieving radical
surgery between PDS and IDS, 60% and 66% respectively (p 0.823). In patients >
80 years there was a trend towards a higher rate of complete resection for patients
undergoing IDS compared to PDS, 63% vs 33 %, but it was not statistically
significant (p 0.399). There was no difference in severe complications (CD > 3)
across the three age groups (< 70 years 13%, 70-79 years 18% and > 80 13%), (p

0.494) (Table 8).

Table 8. Surgery characteristics stratified by age.

<70 years 70-79 years > 80 years p-value
n=201 n=127 n=23
Operating time (min) median 215 (55-657) 204 (61-620) 140 (90-282) <0.001
Aletti score 0.074
Low (<3) 53 (26.4%) 46 (36.2%) 10 (43.5%)
Intermediate (4-7) 105 (52.2%) 63 (49.6%) 12 (52.2%)
High (>8) 43 (21.4%) 18 (14.2%) 1(4.3%)
Residual disease 0.026
Radical 146 (72.6%) 78 (61.4%) 10 (43.5%)
<1cm 39 (19.4%) 32 (25.2%) 8 (34.8%)
>1cm 16 (8.0%) 17 (13.4%) 5(21.7%)
Clavien-Dindo 0.494
0-2 174 (86.6%) 104 (81.9%) 20 (87.0%)
3-5 27 (13.4%) 23 (18.1%) 3 (13%)
Complete chemotherapy 0.001
Yes 191 (95.0%) 113 (89.7%) 17 (73.9%)
No 10 (5.0%) 12 (10.3%) 6 (26.1%)

Patients > 80 years, had a significantly shorter operating time (140 min) compared
to 251 min and 204 min in the younger groups (p <0.001). The extent of the surgery
did not differ between the groups (p <0.074). It was less likely for older patients >
80 years to receive all six cycles of chemotherapy (74%) compared to 95% and 90%
in the younger cohorts, (p 0.001).

OS decreased with increasing age. Patients < 70 years undergoing PDS or IDS had
the highest 36-month survival rates (74% and 61% respectively). In patients aged >
80 years, 36-month survival was 43% for PDS and 48% for IDS, compared to 11%
for PC and 0% when receiving BSC.
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Table 9. Restricted Mean Survival Time (RMST) by age group and treatment modality at 12, 24 and 36
months.

Treatment 12 months 24 months 36 months
< 70 years PDS 11.53 22.33 31.91
IDS 11.48 21.65 29.95
PC 7.64 11.50 14.07
BSC 0.00 0.00 0.00
70-79 years PDS 11.41 21.68 30.34
IDS 11.31 20.24 25.67
PC 8.76 13.10 14.96
BSC 0.20 0.20 0.20
> 80 years PDS 7.60 13.20 18.80
IDS 10.50 19.38 25.67
PC 9.00 11.46 12.75
BSC 1.57 1.57 1.57

PDS: Primary debulking surgery, IDS: Interval debulking surgery, PC: Palliative chemotherapy, BSC:
Best supportive care
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Discussion

Study 1

Ovarian cancer carries the worst prognosis and the highest mortality rate among
gynecological malignancies (1). Symptoms associated with ovarian cancer are non-
specific and are sometimes attributed to the normal aging process instead of
signaling a malignant disease with an adverse outcome (24, 128).

The results of this study showed that almost half of the patients experienced
abdominal or pelvic pain at their first consultation with a physician, and the second
most common symptom was increased abdominal size or bloating. Notably,
abdominal pain, increased abdominal size, and urinary frequency have been shown
to have a low predictive value (25). Studies refute the earlier term “silent killer” as
up to 95% of patients have symptoms prior to diagnosis, with more than one third
having symptoms for over seven months (129). Even in early-stage ovarian cancer,
more than 70% of women experience symptoms prior to diagnosis (26).

Older patients exhibited a significantly longer time interval from the first physician
consultation to a reasonable suspicion of cancer. The median time interval was more
than twice as long as that in the younger age group. The majority (66%) of patients
diagnosed with AOC had their first appointment within primary health care.
Consequently, consultation in specialized health care resulted in a significantly
shorter time interval to reasonable suspicion of cancer compared to primary care.

Unsurprisingly, the time interval to reasonable suspicion of cancer was significantly
shorter when patients initially presented at an emergency visit. This is likely because
the more severe symptoms at presentation caused the physician to immediately
suspect a malignant disease. However, studies have shown that emergency visits
and consultations at the emergency department are associated with a worse
prognosis, as these patients more often present with an advanced stage of the disease
(130, 131). Correspondingly, patients with poorer survival typically have a shorter
time to diagnosis (132). Our results indicated that patient receiving BSC often had
a shorter time to diagnosis, which is likely due to more severe symptom leading to
a faster referral.
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Due to the retrospective nature of the study, we lack information regarding the
severity of symptoms at presentation or the time period between the onset of
symptoms and the first consultation with health care. Furthermore, there is no
difference in the time to diagnosis between Type I and Type Il tumors, and the
symptoms are similar (133).

The absence of effective screening methods for early ovarian cancer and the fact
that most patients are diagnosed at an advanced stage contribute to the severe
prognosis. Studies on various screening methods have failed to show a reduction in
mortality rate, leading to the current recommendation against screening in the
general population (31, 32). While reducing the time to diagnosis after symptoms
has not been shown to improve survival or cause a stage shift (132, 134), earlier
detection could allow a higher proportion of patients to undergo state-of-the-art
treatment with cytoreductive surgery and complete chemotherapy, leading to a
better survival at the individual level.

Limitations of this study include not knowing the onset of symptoms or if the
patients had contact with another health care profession before consulting a
physician. Confounders such as comorbidity and performance status, as well as the
relatively small number of patients included, are also limitations. A key strength,
however, was that the study included all patients diagnosed with AOC referred to
Lund during a three-year time period.

Study II-III

In these cohorts, approximately 50% of patients had anemia before surgery.
Moderate to severe anemia was detected in 8% of patients. This finding is
comparable to other studies, where 40% of AOC patients have anemia before
surgery, and 9% of patients with solid tumors have moderate to severe anemia (65,
72). Patients with ovarian cancer more often have anemia before surgery compared
to patients undergoing surgery for benign gynecological conditions or other
gynecological malignancies (65). Patients undergoing IDS were more likely to have
anemia before surgery compared to those undergoing PDS, a finding consistent with
previous studies (66).

Around 60% of patients in the third study had iron deficiency. More than one-third
of patients had preoperative iron deficiency without anemia, and the majority of
those underwent PDS. Most patients presented with functional iron deficiency, with
absolute iron deficiency present in only a small portion, which alignes with previous
reports (72).

Interestingly, patients with iron deficiency (with or without anemia) had a higher
risk for postoperative severe complications compared to patients without iron
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deficiency. Furthermore, patients with iron deficiency and normal Hb levels had the
highest rate of severe complications. This suggests that iron deficiency itself might
be more strongly associated with postoperative morbidity and complications than
anemia alone. Conversely, iron deficiency anemia was associated with a higher risk
of residual disease (= 10 mm). These findings may indicate a possible correlation
between iron deficiency and heavy tumor load. In other words, a higher tumor load
might correlate with iron deficiency, which could hold prognostic value concerning
resectability. It has long been established that residual tumor after debulking surgery
is one of the strongest prognostic factors in ovarian cancer (87).

The PBM clinical routines were implemented gradually, resulting in a significant
reduction in estimated blood loss after the introduction of TXA as standard pre-
surgical medication, as previously shown (76, 135). Patients undergoing major
abdominal surgery who receive RBC transfusions are generally older, have more
comorbidities, and undergo longer operating times (136). In our study, however,
there was no difference in median age between the three groups. A confounding
factor concerning operating time could be the trend towards shorter times following
the LION study results, which indicated that systematic lymphadenectomy after
debulking surgery was no longer beneficial (94).

The number of patients receiving RBC transfusions decreased throughout the study
period. In the reference group, 83% of patients received one or more RBC
transfusions, compared to 52% in the last group of the study period. Since this study
included only patients with AOC, the transfusion rate may be higher than in other
studies that include patients with early-stage ovarian cancer (137). The most
substantial decrease was observed following the routine introduction of TXA
administration before surgery and when the operating time decreased. The number
of units of RBCs transfused per patient also decreased during the study period. The
largest reduction was seen in patients transfused with three or more units of RBCs,
which decreased from 48% to 17%. Studies have linked perioperative RBC
transfusions in ovarian cancer patients undergoing debulking surgery to decreased
survival (78, 81). Nevertheless, another study found no decrease in OS and no
increased risk of recurrence among ovarian cancer patients receiving RBC
transfusions (80). In our study, no significant difference in severe complications was
observed, although there was a trend toward fewer complications. Moreover, RBC
transfusions are associated with a higher risk of surgical site infections (79).

The median length of hospital stay decreased by one day during the study period.
This reduction may be attributed to fewer RBC transfusions, but it could also be
influenced by other concurrent factors, such as lower estimated blood loss, shorter
operating time, and the tendency towards fewer severe complications. Prolonged
length of hospital stay is associated with reduced survival, and RBC transfusions
are linked to increased hospital stays (81, 138). The Hb level before the start of
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chemotherapy decreased by 1.32 g/L during the implementation of PBM clinical
routines, an amount likely lacking clinical significance.

In the third study, half of the patients with anemia received intravenous iron before
surgery, but most received it only a few days prior. For optimal response,
intravenous iron administration is recommended four weeks before surgery (73).
However, receiving intravenous iron 10 days before surgery may still be beneficial
(83). The largest increase in Hb, from baseline before surgery to the start of
chemotherapy, was seen in patients with moderate to severe anemia. Studies have
shown that the most substantial response to intravenous iron occurs in patients with
more severe anemia (139, 140).

Postoperative anemia has been shown to increase the risk of morbidity within 90
days after surgery, and increase readmission and frailty within 30 days
postoperatively in patients undergoing major abdominal surgery (68, 141).
Intravenous iron is also recommended for the treatment of postoperative anemia,
and should be initiated no later than before discharge (73).

In our study, patients receiving intravenous iron had a higher rate of severe
complications. These patients also had the lowest TSAT levels (an indicator of iron
deficiency), which was, in turn, related to complications. Due to the retrospective
nature of the study, we cannot determine if these patients were administered iron
because of complications or if the complications were casually related to
intravenous iron administration. A recent study showed that colorectal cancer
patients experienced more mild complications after receiving intravenous iron.
However, factors such as missing Hb values and potential selection bias between
the groups might hinder the interpretation of these results (142). Conversely, another
study showed fewer mild complications and a decrease in postoperative anemia one
month after surgery when preoperative anemia was treated with intravenous iron
(143). A prospective randomized study is currently underway to evaluate the effect
of preoperative intravenous iron in gynecological cancer patients with iron
deficiency anemia (144).

The limitations of these studies include a lack of information on whether the patient
experienced symptoms of anemia, adverse effects after RBC and intravenous iron
administration, and the gynecologist’s individual decision to treat anemia, despite
local guidelines. Furthermore, data such as Hb before chemotherapy and TSAT
before surgery were missing for a few patients in both studies. A major strength of
these studies, however, was that all surgeries were performed at a tertiary cancer
center by experienced gynecological oncologists.
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Study IV

Older patients are less likely to receive the standard treatment for AOC, which
includes a combination of cytoreductive surgery and six cycles of platinum and
paclitaxel (115, 145). Increasing age is associated with polypharmacy, worse
performance status, and more comorbidities (145, 146). We observed that the
proportion of patients undergoing cytoreductive surgery decreased with increasing
age, with more patients received PC or BSC instead. This trend was especially
pronounced among patients aged >80 years, where only 35% underwent either PDS
or IDS. In this oldest age group, over one-third of patients had ECOG 2 or more,
along with a higher proportion of patients having anemia and lower albumin levels
compared to the younger groups. There was also a tendency for patients aged 80 or
older to be more frequently diagnosed with FIGO stage IV. These factors
collectively disadvantage older patients regarding their suitability for surgery
compared to younger patients.

In the older group (=80 years), 21% had more than 1 cm of residual disease after
surgery, compared to only 8% in patients younger than 70 years. Patients aged 70-
79 years underwent suboptimal surgery (more than 1 cm of residual disease) in 13%
of cases. Previous studies have also reported an increased rate of residual disease in
older compared to younger patients; specifically, 25% of patients aged > 70 years
underwent suboptimal surgery compared to 13% among patients younger than 70
years (117). There was a tendency toward less extensive surgery with increasing
age, and patients >80 years had a significantly shorter operating time, which aligns
with previous findings in patients over 70 years (147).

Patients aged > 80 years appeared to have a lower tolerance for chemotherapy
compared to younger patients, as they were less likely to receive all six cycles of
chemotherapy after undergoing cytoreductive surgery. Studies have shown that
patients over 75 years are less likely to receive all six cycles of chemotherapy, a
trend that increases with age (115). Following the decision for NACT, patients aged
70 year or above were less likely to undergo cytoreductive surgery; only 50 % them
ultimately underwent IDS. This is comparable to a recent study where 65% of
patients aged 70 years or older underwent IDS after receiving NACT (104). The
most common reason for not proceeding to IDS after NACT was insufficient
response to chemotherapy, where radical or suboptimal surgery was deemed
unlikely due to the heavy tumor burden.

There were clear differences in OS based on the treatment mode and age group.
Surgery was associated with the longest 36-month survival time across all age
groups. However, in patients aged > 80 years, the advantage of IDS over PC was
not statistically significant, potentially due to the small sample size. In patients
younger than 80 years, PDS and IDS had comparable survival outcomes, with OS
being slightly better for those undergoing PDS. These trends were confirmed by the
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calculated RMST. Preliminary data from the TRUST study showed a longer PFS in
patients who underwent PDS compared to IDS, but no significant difference in OS
(93). For patients aged > 80 years, a better OS is reported when undergoing IDS
compared to PDS (104). In our study, older patients aged >80 years seemed to have
a better OS when undergoing IDS compared to PDS, although the results were not
statistically significant. The small number of patients included in this group could
contribute to this result. Patients undergoing IDS often require less extensive
surgery than those undergoing PDS, which may explain why older patients have a
better tolerance for IDS. Patients >75 years benefit from IDS compared to
chemotherapy alone, achieving a better OS (148). Since older patients more often
have comorbidities and a worse performance status, comparing these two treatment
groups becomes difficult. Therefore, evaluating physical function rather than
chronological age is important for selecting the right older patients for surgery.

A limitation of this study was the small number of patients included, particularly in
the oldest age group. Furthermore, the short follow-up time limited the possibility
of interpreting the survival curves. A strength of the study is that the treatment
decisions were made in the majority of cases at an MDT meeting, ensuring clinical
relevance and consistency.
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Conclusions

52

Most patients are referred from primary care with suspicion of advanced
ovarian cancer. The timeline from diagnosis is shorter if the patient first
consults specialized care.

Unfortunately, older patients with symptoms who initially seek a physician
in primary care can experience a longer delay in the diagnosis of ovarian
cancer.

By implementing clinical guidelines consistent with PBM, RBC
transfusions can be reduced without causing any major short-term
disadvantage to the patient’s recovery. Although hospital stay was reduced
by one day, a slight increase in the rate of anemia was also found.

Iron deficiency anemia is associated with a higher rate of residual disease
after surgery for advanced ovarian cancer. Moreover, iron deficiency,
regardless of the presence of anemia, is associated with severe postoperative
complications. Iron deficiency might therefore be used as a marker for more
advanced disease and complex surgical procedures.

Administration of intravenous iron before or after surgery appears to help
maintain the Hb level leading up to the start of chemotherapy.

Increasing age is associated with a lower likelihood of undergoing
cytoreductive surgery, especially among patients aged >80 years. With
increasing age, patients are less likely to achieve complete cytoreduction,
and the likelihood of suboptimal surgery increases.

Cytoreductive surgery, encompassing both PDS and IDS, is associated with
increased survival in patients younger than 80 years. Importantly, patients
aged > 80 years can still benefit from IDS.



Future Aspects

Further research should evaluate if other factors are associated with a longer time to
diagnosis and if educational programs can successfully shorten the time to
diagnosis. Further investigation is needed to determine the impact of preoperative
iron deficiency on surgical outcome, as a correlation between iron deficiency and a
higher tumor load may exist. A prospective study is currently ongoing to validate
the data from study III in a different cohort of ovarian cancer patients. A prospective
study is also necessary to evaluate the role of intravenous iron in impacting recovery
for advanced ovarian cancer patients undergoing surgery. Finally, further
investigation is required to optimize treatment strategies specifically for patients
aged 80 years or older.
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