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Abstract: Newly diagnosed high grade serous epithelial ovarian cancer (EOC) patients are treated with 

radical surgery followed by adjuvant platinum and taxane combination chemotherapy. In EOC patients where 

upfront surgery is contraindicated for medical reasons (e.g., comorbidities or poor performance status), or 

where complete cytoreduction cannot be achieved, neoadjuvant chemotherapy (NACT) prior to interval 

debulking surgery (IDS), and adjuvant chemotherapy is an alternative therapeutic option. There is currently 

a lack of consensus about who are the best candidates to receive NACT, and some authors have even 

suggested that this approach could be harmful in a subset of patients via promotion of early chemoresistance. 

Standard and novel imaging techniques together with a better molecular characterization of the disease 

have the potential to improve selection of patients, but ultimately well designed randomised clinical trials 

are needed to guide treatment decisions in this setting. The advent of new and effective treatment options 

(antiangiogenics and PARP inhibitors), now approved for use in the first line and relapse settings has opened 

the way to clinical trials aiming to investigate these agents as substitute or in addition to chemotherapy in the 

neoadjuvant setting in molecularly selected EOC patients. Here, we will review the evidence supporting the 

use of NACT in newly diagnosed EOCs, data highlighting the importance of its use in selected patients, new 

imaging methodologies and biomarkers that can guide patient selection. 
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Introduction

High grade serous epithelial ovarian cancer (EOC) of the 

ovaries, fallopian tubes, and peritoneum is the most common 

cause of death among women with gynaecologic malignancies 

and the fifth leading cause of cancer death in women in the 

United States (1). High grade serous ovarian cancer is the 

most common histologic subtype, accounting for over 70% 

of all EOCs (2). Three out of four women with EOCs are 

diagnosed with advanced disease (3), i.e., stage III (disease 

that has spread throughout the peritoneal cavity or that 

involves lymph nodes) or stage IV (disease spread to more 
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distant sites), and a percentage of them shows resistance to 

upfront systemic medical treatment (4-6). 

The majority of newly diagnosed EOC patients are 

treated with radical surgery, as initially proposed by Meigs 

at al. in 1934 and later by Griffiths et al. (7) in 1975, 

followed by six to eight cycles of adjuvant platinum and 

taxane combination chemotherapy (1). 

Most patients experience disease relapse within the 

first 5 years despite aggressive treatment at diagnosis, and 
approximately only a quarter of cases are cured (8). 

Three or more cycles of neoadjuvant chemotherapy 

(NACT) prior to debulking surgery and adjuvant 

chemotherapy is an alternative option for selected patients (9).

There is currently a lack of consensus about who are 

the best candidates to receive NACT followed by interval 

debulking surgery (IDS) and adjuvant chemotherapy 

(NACT-IDS), and how to best select them. Some authors 

have even suggested that this approach could be harmful in 

a subset of patients via promotion of early chemoresistance 

(5,6). Importantly, NACT offers the opportunity to test 

upfront chemosensitivity and to identify patients at higher 

risk of relapse. The advent of new and effective treatment 

options (antiangiogenics and PARP inhibitors), now 

approved for use in the first line and relapse settings (1), 

has opened the way to clinical trials aiming to investigate 

these agents as substitute or in addition to chemotherapy 

in the neoadjuvant setting in molecularly selected EOC 

patients. Neoadjuvant treatment before debulking surgery 

could also represent an optimal approach for testing new 

and effective treatments with the potential to accelerate 

drug development thanks to availability of pre- and post-

treatment tumor tissue (9). 

Here will review the evidence supporting the use of 

NACT in newly diagnosed EOCs, data supporting the 

use of this approach in selected patients, new imaging 

methodologies and biomarkers that can guide patient 

selection. 

Patient selection: NACT-IDS versus upfront 

surgery

The gold standard treatment for management of newly 

diagnosed EOC patients remains primary debulking surgery 

followed by platinum and taxane combination adjuvant 

chemotherapy (1). However, NACT followed by IDS 

could represent an equally effective and sometimes better 

tolerated alternative. Complete cytoreduction to no residual 

disease leads to the best prognosis (10), and it represents 

the single most important clinical endpoint which has been 

repeatedly associated with improved survival in patients 

undergoing debulking surgery. 

Initially, the European Organization for Research and 

Treatment of Cancer (EORTC) – National Cancer Institute 

of Canada (NCIC) trial randomised newly diagnosed EOCs 

with stages IIIC or IV ovarian, fallopian tube or primary 

peritoneal carcinoma to primary debulking surgery followed 

by adjuvant platinum-based chemotherapy or to NACT 

with three cycles of platinum-based treatment followed by 

IDS and adjuvant chemotherapy, if no disease progression 

was observed (11). Five years later, the CHORUS study, 

a very similar randomised trial of upfront surgery versus 

NACT was published (12). Both studies were non-

inferiority trials and demonstrated equivalent overall 

survival (OS) in both treatment arms; interestingly, there 

was less morbidity and mortality in the group receiving 

NACT versus the group receiving surgery. 

These two studies led to broad acceptance of NACT 

as an equally effective therapy option to the gold standard 

treatment with upfront radical surgery followed by adjuvant 

chemotherapy. 

The Japanese Clinical Oncology Group (JCOG) 0602 

trial again compared upfront radical surgery followed by 

eight cycles of chemotherapy with four cycles of NACT 

followed by IDS and four cycles of chemotherapy (13). In 

this study, the NACT group showed better surgery outcome 

than the group receiving upfront surgery: it was noted a 

shorter total surgery time per patient, shorter operation 

time, less abdominal organ resections, less blood loss during 

surgery, less requirement of albumin transfusion, and 

overall, less morbidity after surgery (13).

After these studies were published, the use of NACT 

gradually increased from 16% during 2003 to 2010 to 34% 

during 2011 to 2012 in stage IIIC disease, and from 41% 

to 62% in stage IV disease (14). However, these studies 

also opened several questions which will be discussed later 

in this review; the optimal therapeutic strategy for newly 

diagnosed EOCs remains still a matter of debate. 

In order to achieve complete debulking, more extensive 

upper abdominal surgical resections are often necessary, 

including partial pancreatectomy, stripping and/or resection 

of the diaphragm, partial/total splenectomy, partial liver 

resection. This implies that surgery in these patients is often 

a complicated procedure requiring specific surgical training 
in high volume centres (8). Lack of surgeon’s expertise has 

been identified as important factor for not receiving optimal 
surgical treatment by 38% of gynecologic oncologists in 
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a survey in Australia and New Zealand (15). Similarly, a 

low complete debulking rate was highlighted in both the 

EORTC-NCIC (11) and CHORUS (12) trials questioning 

the generalizability of these results and highlighting the 

importance of receiving IDS in specialized centres. The 

overall clinical conditions and comorbidities of a patient at 

diagnosis may also limit her chances to receive an optimal 

extensive debulking surgery. For this reason, it is important 

to receive an early diagnosis and a prompt treatment to 

avoid deterioration of clinical conditions. 

Considering the importance of disease debulking to no 

residual disease, NACT could be considered a standard 

option for a subgroup of women in whom upfront 

surgery is contraindicated for medical comorbidities, poor 

performance status or old age, or for those where imaging 

or laparoscopic staging of the disease suggests that complete 

cytoreduction is not achievable (9). 

Additional attempts to better define the subsets of 

EOCs patients which could benefit more from NACT than 
upfront surgery are ongoing (14,16). A more precise and 

widely accepted definition of unresectability, which would 

include clinical, imaging, biomarker criteria is urgently 

needed (17). An exploratory analysis of patients recruited in 

the EORTC-NCIC trial showed that serum CA-125, age, 

WHO performance status, tumor grade, tumor histology, the 

presence of a pelvic mass, or the presence of an omental cake 

are all not predictive of five-year survival rates independently 
by the modality of treatment and are not useful criteria to 

select patients for NACT versus upfront surgery (16). 

On the other hand, the size of the largest mass is 

prognostic for survival following primary surgery; patients 

carrying the largest tumor mass of a size <40 mm were 

found to have a higher five-year OS rate compared with 

those with larger tumor sizes (40 versus 14 percent, 

respectively) if receiving upfront surgery but not if receiving 

NACT (16). Moreover, women with stage IV disease 

had higher 5-year OS rates following NACT compared 

with primary surgery (16). In general, diffuse and/or deep 

infiltration of the small bowel mesentery, carcinomatosis 

involving the stomach and/or large parts of the small or 

large bowel, infiltration of the duodenum and/or parts 

of the pancreas, involvement of the large vessels of the 

hepatoduodenal ligament, celiac trunk or behind the porta 

hepatis, extensive diaphragmatic disease, suprarenal para-

aortic lymphadenopathy, multiple liver metastases requiring 

extended hepatectomy, >1 L ascites, extra-peritoneal 

metastases such as to lung and brain are all considered 

criteria of surgical unresectability (8).

However, it is important to note that the resectability/

unresectability of the disease ultimately depends on the 

specific surgical skills and experience of the operator; this 

has limited the use of universally accepted surgical/imaging 

criteria for the definition of resectability/unresectability, 

it has affected the interpretation of results of previous 

studies in this setting, and it should be an important factor 

to consider when designing future randomised studies. For 

example, the ongoing Trial of Radical Upfront Surgical 

Therapy in advanced ovarian cancer (TRUST), an open, 

randomized, controlled multi-center trial assessing overall 

survival after primary cytoreductive surgery versus NACT 

and subsequent IDS in patients with FIGO stage IIIB-IVB 

EOC, requires participating centers to fulfil specific quality 
assurance criteria (i.e., more than 50% complete resection 

rate in upfront surgery for FIGO IIIB-IVB patients, at least 

36 debulking surgeries per year, etc.). The trial aims to 

compare overall survival rates after complete resection both 

in the primary debulking and the NACT group in highly 

qualified ovarian cancer surgery centers (18). 
Additional important questions that remain to be 

answered are: (I) how to best stage newly diagnosed EOC 

patients (via imaging, laparoscopy, surgical staging) before 

deciding treatment approach (upfront surgery or NACT-

IDS); (II) how to best evaluate the presence of residual 

tumor after NACT (CT, PET-CT, circulating tumor DNA, 

or others); (III) how many cycles of NACT are optimal to 

achieve best outcome; (IV) how to personalize treatment 

type and treatment duration in patients receiving NACT (9).

Standard and novel imaging techniques together with 

a better molecular characterization of the disease have the 

potential to improve selection of patients, but ultimately 

well designed randomised clinical trials are needed to 

answer these questions.

Standard and novel methodologies to guide 

patient selection 

Standard methodologies 

Computed tomography (CT) is used as the standard 

evaluation method to stage advanced EOC, and assess 

response to treatment. In patients receiving NACT-IDS, 

response to treatment via CT is usually performed after 

2–3 cycles of chemotherapy. CT can only assess size of 

gross tumor mass or diffuse small nodules but not vitality 

of the tumor tissue, it lacks of reproducibility and suffers 

of operator subjectivity (19); changes in tumor size may 
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happen after the completion of treatment or never happen 

even when the tumor is sensitive to treatment. This 

ultimately means that many patients may receive multiple 

cycles of ineffective treatment or considered wrongly 

insensitive to treatment. Alternative methodologies to 

better assess tumor response are needed (19). Moreover, 

the availability of methodologies able to assess response to 

chemotherapy after only one cycle of treatment may rapidly 

identify insensitive patients and allow them to be promptly 

switched to a more effective alternative treatment (i.e., 

surgery); this could allow the development of an adaptive 

treatment approach based on the specific chemosensitivity 
of a patient in a more personalized fashion. 

It is important to note that the value of identifying 

early non-responder patients depends on whether this 

could inform clinical decision making, which includes 

the use of different treatment options in the same setting; 

unfortunately, there are currently no alternative neoadjuvant 

treatments to carboplatin and paclitaxel. The approval of 

new treatments in the first line setting (1), namely PARP 

inhibitors, may change this current limitation in the near 

future and it is likely that these novel agents will be soon 

tested in the neoadjuvant setting in selected patients 

with BRCA1/BRCA2 mutations or mutations in other 

genes of the DNA repair pathways. Moreover, additional 

novel targeted drugs, namely folate receptor antibodies, 

vaccines, T cell therapies, and chimeric antigen receptor T 

cells, are also being developed in EOCs with preliminary 

encouraging results (1); their approvals in the advanced 

disease may lead to rapid clinical development of these 

drugs in the neoadjuvant setting. 

Finally, a subset of patients (approximately 20%) with 

EOC are refractory and progress during NACT (20). 

Identifying molecular features predictive of response to 

chemotherapy may further improve patient selection at 

diagnosis and guide therapeutic decisions. 

Positron emission tomography (PET) imaging

Several studies have assessed whether 18F-FDG-PET 

imaging and changes in FDG uptake could predict 

sensitivity to NACT and patient outcome with encouraging 

results. For example, in a study by Avril et al. (21) there was 

a significant correlation between OS rate, and the metabolic 
response after the first and the third cycle of chemotherapy. 
The median OS for metabolic responders after the first 

cycle of chemotherapy was 38.3 months, compared with 

23.1 months for metabolic non-responders, and after the 

third cycle, the median OS was 38.9 months for metabolic 

responders compared with 19.7 months for metabolic 

non-responders. In another study (22), it was shown that 

decrease of omental SUVmax after NACT was associated 

with histopathological response but not PFS. PET imaging 

could also be useful for guiding decision about the optimal 

number of cycles of chemotherapy to use before surgery. 

For example, Martoni et al. (23) found that in patients with 

complete SUVmax response after 3 cycles, were 3 times 

more likely to achieve a complete pathological response 

and no residual disease after debulking surgery compared 

to those who didn’t achieve a complete metabolic response. 

All these studies suggest that PET imaging could be a 

useful technique to refine assessment of response to NACT; 
however further studies are needed to fully define the role 
of PET imaging in this setting.

Functional MRI imaging

Functional and advanced MRI techniques, such as diffusion-

weighted imaging (DWI), dynamic contrast-enhanced 

(DCE)-MRI and quantitative DCE-MRI histograms  

(24-27), may also have a role in the assessment of the 

response to NACT in newly diagnosed advanced EOC 

patients. These MRI-based techniques can be used to assess 

changes in tumor tissue components and architecture, tumor 

stroma and vascularity. For example, a study by Kyriazi  

et al. (28) found that patients responding to NACT showed 

a significant change in histogram parameters of apparent 

diffusion coefficient, an MRI parameter, after the first and 
third cycle of NACT, but no significant changes were found 
in patients non-responding to chemotherapy. 

Michielsen et al. demonstrated a superiority of whole 

body (WB)—diffusion-weighted (DWI)/MRI and an almost 

perfect interobserver agreement compared to CT in the 

prediction of incomplete resectability (29).

Finally, a recent study by Li et al. (30) in 56 patients with 

EOC found that whole solid tumor volume quantitative 

DCE-MRI histogram parameters could predict the 

recurrence of EOC and may be potential biomarkers for the 

prediction of EOC recurrence. All these studies suggest that 

advanced MRI techniques may be an important imaging 

tool with the potential to improve patient selection and 

response assessment in this setting.

Biomarkers

CA-125 levels correlate with response to chemotherapy 
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(31,32), and normalization of the levels of CA-125 prior to 

IDS are associated with improved survival after IDS (33).  

Absolute CA-125 levels, and CA-125 regression are 

known to predict outcome, post-operatively (33); thus 

CA-125 could be used to identify patients likely to benefit 
from NACT-IDS early after starting systemic treatment. 

However, whether early changes of CA-125 levels after one 

or two cycles of chemotherapy can be an early indicator 

of response to NACT or can be used to drive decisions 

regarding the number of cycles of chemotherapy to be 

used before IDS remains to be investigated in prospective 

studies. A very recent retrospective analysis carried out in 

105 patients with stage III–IV tubo-ovarian cancer treated 

with NACT found that a reduction of CA-125 levels during 

NACT, and as early as after the 2nd cycle of chemotherapy, 

is able to predict successful cytoreductive surgery and 

long-term clinical outcome in patients with advanced 

high grade serous and endometrioid ovarian cancer (34), 

suggesting that CA-125 could be a good biomarker to assess 

chemosensitivity of EOC patients undergoing NACT. 

The degree of response to NACT via histopathological 

analysis could also provide prognostic information (35-39), 

and several studies have confirmed the prognostic value of 

a complete pathological response (pCR) after NACT (36) 

similarly to what had been shown in breast cancer patients (40). 

Several groups have tried to refine histopathological 

assessment creating composite response scores, incorporating 

an assessment of necrosis, viable tumor cells, fibrosis, 

inflammatory changes with conflicting results (41-43). 
Importantly, the identification of a NACT response score 

to risk-stratify patients has the potential to optimize the 

postoperative management, consideration of maintenance 

treatment, or participation in clinical trials, with potential 

of improving long-term outcome.

Circulating tumor free DNA (ctDNA) is emerging as a 

minimally invasive ‘liquid biopsy’ tool to guide the use of 

targeted drugs, and support precision medicine. Circulating 

tumor DNA-genomic DNA fragments are released into the 

bloodstream after active secretion via cellular microvesicles 

or tumor cell lysis (44). Circulating tumor DNA can reflect 
tumor evolution and the genomic alterations present in 

primary and/or metastatic tumors. Circulating tumor DNA 

analysis could allow better molecular characterization and 

stratification of patients, monitoring of the therapeutic 

response, and open the opportunity for early intervention 

independent of detection by imaging modalities or clinical 

symptoms, and could also help with early identification 

of cancer, identify mechanisms of resistance to current 

treatment, and help to select patients likely to benefit from 
adjuvant treatment after radical surgery (44).

Increased tumor ctDNA it has been shown to be 

associated with poor survival rate and showed better 

sensitivity and specificity than CA-125 (45). Based on this 
evidence, future studies should assess whether early changes 

of ctDNA levels may be useful in identifying patients 

who are responding to NACT, whether next generation 

sequencing of ctDNA could identify patients to be treated 

with specific molecularly target treatments (i.e., PARP 

inhibitors), and whether persistence of ctDNA after IDS 

may identify patients more likely to relapse or likely to 

require a more intense and prolonged adjuvant treatment.

Homologous recombination (HR) DNA repair pathway 

is essential to preserve genomic integrity, allowing 

accurate repair of double-strand DNA breaks, and has 

been associated with the response to platinum and PARP 

inhibitor treatments and the overall outcome of patients 

with EOC (46). Approximately 15–25% of EOC patients 

carry germ-line mutations in BRCA1 or BRCA2 genes (47),  

and these mutations strongly associate with response 

to PARP inhibitor and platinum chemotherapy (46). 

Gorodnova et al. (48) proved that EOC patients with 

BRCA1/2 germ-line mutation show high sensitivity to 

platinum-based NACT, while Kessous et al. (49) reported 

that expression of three HR genes (BRCA2, TP53, and 

FANCB) associated with prolonged OS in EOC patients 

receiving NACT-IDS. Homologous recombination gene 

status could be a useful parameter to select patients more 

likely to benefit from platinum-based NACT or novel 

treatments like PARP inhibitors, and could guide selection 

of patients to be enrolled in future neoadjuvant trials. 

Recently Lee et al. (50) carried out a detailed analysis 

of primary tumors and multiple metastatic sites from 30 

patients with EOC who received upfront R0 resection (10 

patients) versus those who received standard intravenous 

carboplatin/paclitaxel NACT and achieved either excellent 

response (10 patients) or poor response (10 patients). 

Molecular and cellular differences between these clinically 

defined groups were studied by whole-genome sequencing 
(WGS), targeted deep sequencing, RNA sequencing (RNA-

seq), reverse-phase protein array (RPPA), mass spectrometry 

(MS)-based proteomics and phosphoproteomics, immune 

profiling, and integrated data analysis of the tumor tissue 

collected at diagnosis. Significant distinct molecular 

abnormalities, cellular changes and immune cell repertoire 

alterations between the groups were identified; these 

included higher rate of NF1 copy number loss, reduced 
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chromothripsis-like patterns, higher levels of strong-

binding neoantigens, and a higher number of infiltrated T 
cells in the R0 versus the NACT groups. This study opens 

the way to the identification of new molecular and cellular 
biomarkers that could be utilised to predict response to 

NACT and guide treatment decisions in newly diagnosed 

EOCs; further studies in a more numerous EOC patient 

population should be carried out in the future to build on 

these findings.
Finally, immune-biomarkers could also have an 

important role, and help with the identification of patients 
to be treated with NACT or with novel immunotherapy 

agents. Several studies have reported that tumor-infiltrating 
lymphocytes (TILs) are associated with an improved 

survival rate in EOC (51,52), not only at diagnosis but 

also after NACT (53). This was recently confirmed in a 

retrospective analysis of tumor tissue from 130 patients 

with EOC; women with higher CD3, PD-L1, and PD-1 

expression had improved OS (P=0.03, P=0.007, and P=0.02, 

respectively) (54). Moreover, PD-L1/PD-1 expression, 

regardless of being markers for immune suppressive 

pathways, seemed also to confer a survival benefit (54). 
Although, single agent anti-PD1/PDL1 and anti-

CTLA4 checkpoint inhibitor treatment has shown low 

response rates in relapsed EOCs (55), subsets of patients 

have benefitted. Combination phase 2 trials of anti-PD1/

PDL1 checkpoint inhibitors with PARPi in platinum 

sensitive relapses, and platinum resistance relapses (56) 

have shown more promising results and are currently being 

investigated in randomised trials. A randomised phase 2 

study investigating the combination of chemotherapy with 

anti-PDL1 and anti-CTLA4 checkpoint inhibitors in the 

neoadjuvant setting is currently ongoing and results are 

expected next year (NCT03249142). 

Conclusions

It is accepted that a subset of newly diagnosed EOC 

patients may benefit by NACT-IDS, while other patients 

require upfront surgery to achieve best outcome. However, 

precise patient selection criteria to guide therapeutic 

decisions in this setting are currently lacking. Complete 

surgical debulking with no residual disease remains the 

most important clinical endpoint that has been repeatedly 

associated with longer survival. Early diagnosis together 

with the availability of centralized centres with experience 

in surgical management of newly diagnosed EOCs are 

additional factors associated with best outcome. Better 

understanding of molecular pathogenesis of EOCs, the 

availability of new targeted treatments (e.g., PARPi) for 

patients with specific molecular alterations (e.g., BRCA1/2) 
has opened the way to new trials investigating the use of 

these agents in the neoadjuvant setting that can potentially 

change the current treatment paradigm. Novel imaging 

techniques and biomarkers (e.g., ctDNA) to monitor 

response to NACT can also open the way to a more 

personalized and adaptive treatment approach for newly 

diagnosed EOC patients.
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