Role of secondary cytoreduction in recurrent

ovariah cancer

The majority of ovarian cancer patients will recur despite aggressive initial debulking surgery followed by
platinum- and taxane-based chemotherapy. At present, there is no standard of care for management of
these patients. Secondary cytoreductive surgery may be offered to patients with disease recurrence after
a disease-free interval of 6-12 months, during which time they demonstrate a complete response to primary
therapy and have no evidence of disease. The key is to be able to accurately predict preoperatively which
patients have the greatest likelihood of being completely cytoreduced. Although the existing literature
is limited, it does show a consistent survival benefit, specifically in patients undergoing maximal
cytoreduction to no gross evidence of disease. This article discusses various selection criteria that have
been demonstrated to be predictive of successful surgery, as well as various prognostic factors that
influence survival following secondary cytoreductive surgery.
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Theoretical background for primary

& secondary surgical cytoreduction

An estimated 21,550 women are diagnosed with
ovarian cancer annually in the USA [1); it is the
leading cause of gynecologic cancer-related
deaths, with approximately 14,600 deaths per
year. For advanced ovarian cancer, the therapeu-
tic role of primary cytoreductive surgery with the
aim of complete resection followed by platinum-
and taxane-based chemotherapy is well estab-
lished [2]. The concept of surgical cytoreduction
for ovarian cancer can be traced back to Meigs
in 1934, who first proposed that the efficacy of
postoperative irradiation could be enhanced
by surgical removal of as much disease as pos-
sible 3]. In 1975, Griffiths published a landmark
study that was the first to clearly demonstrate
the inverse relationship between postopera-
tive residual tumor size and overall survival [4].
More contemporary studies by Hoskins ez al.,
reporting for the Gynecologic Oncology Group
(GOGQG), further demonstrated that there is
a maximal diameter of residual disease above
which extensive efforts at cytoreduction do not
improve survival, thus helping to define the term
‘optimal cytoreduction’ in primary ovarian can-
cer [5]. Moreover, there is a continuum below
this threshold, such that progressive reduction in
maximal diameter of residual disease is associ-
ated with improved overall survival time, with
the best survival outcome seen in those patients
that have maximal cytoreduction to no gross
evidence of residual disease [6].
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The survival benefit associated with surgical
cytoreduction is thought to be related to several
theories of tumor cell kinetics and the develop-
ment of drug resistance (7-9]. As hypothesized by
the Gompertzian cell growth curve model, there
is an increased rate of growth in the earlier part
of the curve when tumors are relatively small [10].
As a result, the log-kill of tumors by chemo-
therapy is thought to be greater in small-volume
tumors made up of rapidly growing and divid-
ing cells. Theoretically, surgical cytoreduction
works by removing large tumors with a relatively
small growth fraction and leaving behind much
smaller (or microscopic) tumors with a rela-
tively greater growth fraction (higher proportion
of actively dividing cells), making them more
susceptible to the effects of cytotoxic chemo-
therapy. In addition, reduction in the tumor
size may decrease the adverse metabolic effects
of the tumor on the host, potentially leading to
improved patient comfort and performance sta-
tus. Furthermore, tumor debulking may enhance
tumor perfusion, resulting in improved drug
delivery to the target tissues. Finally, according
to the Goldie—Coldman hypothesis, decreasing
the number of viable tumor cells will decrease
the rate of somatic mutations that often per-
petuate drug resistance [11]. Thus, cytoreductive
surgery is thought to both remove existing resis-
tant tumor cells and decrease the spontaneous
development of additional resistant cells.

Despite aggressive initial primary surgical
tumor cytoreduction followed by platinum- and
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taxane-based chemotherapy, the majority of
advanced-stage ovarian cancer patients will ulti-
mately recur [12,13]. The theories used to explain
the survival benefit of primary cytoreductive
surgery are also thought to apply to surgical
cytoreduction in the recurrent setting. Berek
was the first to introduce the term ‘secondary
cytoreduction’ in 1983 [14]. This initial report
included a heterogeneous collection of patients.
Subsequent studies have more clearly defined
the clinical scenario in which a repeat attempt
at surgical tumor removal may provide an asso-
ciated survival benefit. Specifically, secondary
cytoreductive surgery is currently defined as an
operative procedure performed in patients with
recurrent ovarian cancer after completion of pri-
mary treatment and a disease-free interval (DFI)
usually longer than 6-12 months, for the purpose
of removing as much tumor as possible in order to
augment the effectiveness of subsequent chemo-
therapy. It is this patient population that is the
subject of this article. This article will not address
surgery for patients with persistent or progressive
disease who do not respond to first-line therapy,
as secondary surgery is not associated with sig-
nificant survival benefit but does carry a signifi-
cant risk of operative morbidity (24%) [15]. Thus,
a period of time after initial therapy without any
biochemical, clinical or radiological evidence of
disease is one of the more important selection
criteria in identifying appropriate candidates for
attempted secondary surgical cytoreduction.

Complete resection as the goal of
secondary cytoreductive surgery

The concept of ‘optimal debulking’ in primary
ovarian cancer refers to removal of tumor burden
below a certain threshold of maximal diameter of
residual disease, above which there is no survival
advantage to surgical cytoreduction despite the
amount of surgical effort invested. In the primary
surgery setting, it is well accepted that ‘optimal
cytoreduction’ is most commonly defined as
residual disease measuring a maximum of 1 cm,
although recent literature indicates that maximal
cytoreduction to no gross evidence of disease is
associated with the greatest survival benefit [16].
The ideal surgical objective, in terms of the maxi-
mal diameter of residual disease, is not as well
defined in the setting of cytoreductive surgery for
recurrent ovarian cancer.

Consequently, the question is often posed: what
should the goal be for surgical cytoreduction in
recurrent ovarian cancer? Much of the literature
on secondary cytoreductive surgery for recurrent
ovarian cancer consists of small, retrospective,
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single-institution studies with a range of optimal
debulking definitions from no gross evidence of
disease to residual disease smaller than 2 cm. The
larger studies reported on at least 100 patients
having some period of complete clinical remission
before undergoing secondary surgical cytoreduc-
tion [17-21]. Eisenkop ez al. looked at 106 patients
and found that maximal cytoreduction to no gross
evidence of disease was possible in 82% of patients
and was associated with a significant improvement
in survival (17). In the largest series addressing sur-
gery for recurrent ovarian cancer, Harter ez al.,
reporting for the Descriptive Evaluation of pre-
operative Selection Kriteria for Operability in
Recurrent Ovarian Cancer (DESKTOP) trial,
studied 267 patients and concluded that only com-
plete resection was associated with a prolonged
survival after secondary cytoeduction [18]. A total
of 50% of patients were completely cytoreduced
in this study. Scarabelli ez 2/. and Zang er al.
demonstrated a survival benefit for both com-
plete cytoreduction to no gross disease as well as
‘optimal cytoreduction’ to less than 1 cm in great-
est dimension, with a complete resection rate of
36 and 9%, respectively [1920]. Other investiga-
tors have advocated that residual disease less than
0.5 cm should be the surgical objective for second-
ary cytoreductive operations [21]. For example, in
a study of 153 patients in which 41% of patients
were completely cytoreduced, Chi ez a/. noted a
significant survival benefit for residual disease
measuring a maximum of 0.5 cm [21]. Based on
the totality of the available data, the most reason-
able and objectively verifiable surgical objective
for secondary cytoreductive surgery for recurrent
ovarian cancer seems to be no gross evidence of
disease. If complete resection is not possible, the
surgeon can aim to cytoreduce the patient to less
than 1 cm, bearing in mind that anything above
this would instead be considered palliative surgery.

Selection criteria to predict successful
surgical outcome

The selection criteria to predict successful sur-
gical outcome are outlined in Box 1. The key to
maximizing survival outcome and minimizing
the number of unnecessary or unsuccessful sur-
gical procedures is accurate patient selection. It
is important to counsel patients appropriately
regarding the morbidity associated with further
surgery followed by chemotherapy versus chemo-
therapy alone. In 1998, five groups of experts
met at the Second International Ovarian Cancer
Consensus Conference to provide guidelines
on various topics based mainly on expert opin-
ion rather than the literature [22]. The criteria
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established for candidates for secondary cyto-
reductive surgery were as follows: DFI longer than
12 months, response to first-line therapy, poten-
tial for complete resection based on preoperative
evaluation, good performance status and younger
age. While these empiric criteria are intuitively
accurate, they lacked verification from the scien-
tific literature. As a result, subsequent investigators
have made more rigorous attempts to define clini-
cally useful parameters by which to select patients
for attempted secondary surgical resection. The
largest series addressing surgical selection criteria
are the DESKTOP I and II trials (18,23]. In the
largest study, which was completed in 2006, the
Arbeitsgemeinschaft Gynaekologische Onkologie
(AGO) group published the DESKTOP 1
trial, a multi-institution retrospective study of
267 patients that identified the following pre-
dictors for successful surgical cytoreduction:
good performance status (Eastern Cooperative
Oncology Group [ECOG] performance sta-
tus 0), no residual disease after surgery for pri-
mary treatment or initial International Federation
of Gynecology and Obstetrics (FIGO) stage I/11
disease, and absence of ascites greater than 500 ml
in the preoperative workup [18]. Complete resec-
tion was achieved in 79% of patients who met all
of these criteria compared with 43% in patients
who did not meet all criteria. The DESKTOP II
trial was undertaken to prospectively validate
the AGO scoring system [23]. Patients who had
a good performance status, complete resection of
disease at primary surgery and absence of ascites
were defined as having a positive score. A positive
score resulted in a complete resection rate of 76%
in the setting of recurrent ovarian cancer, thereby
validating the score. However, the original study
reported a 43% complete resection rate in patients
who did not meet these criteria, demonstrating
that patients who do not meet criteria should be
informed of the lower success rate of complete
resection but should not be excluded from second-
ary cytoreductive surgery based strictly on their
preoperative AGO score. AGO is planning a
randomized Phase III trial comparing secondary
surgery plus chemotherapy versus chemotherapy
alone in patients with platinum-sensitive recur-
rent ovarian cancer, the results of which will be
valuable in validating the use of secondary surgery.

A follow-up article of the DESKTOP trial
determined that the presence of peritoneal
carcinomatosis was associated with a decreased
likelihood of complete surgical resection, with
rates of 26 and 74% in the presence and absence
of carcinomatosis, respectively [24]. Importantly,
carcinomatosis had no adverse effect on prognosis
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Disease-free interval longer than 12 months.
Response to first-line therapy.

Potential for complete resection based on preoperative evaluation.

Good performance status.
Younger age.

No residual disease after surgery for primary treatment.
Initial International Federation of Gynecology and Obstetrics stage I/l disease.

Absence of ascites greater than 500 ml.
Absence of peritoneal carcinomatosis.

Size of largest recurrent tumor less than 10 cm.
Absence of preoperative salvage chemotherapy.
Solitary site of recurrence.

if complete resection was achieved. The 2-year
survival rate of patients with peritoneal carcino-
matosis who were completely debulked was 77%,
which is similar to the 2-year survival rate of 81%
in patients without peritoneal carcinomatosis
whose disease was completely resected.

A significant number of single-institution
studies have offered additional criteria that may
be useful in selecting appropriate surgical can-
didates for secondary cytoreduction, although
they remain controversial. Upon multivariate
analysis, Eisenkop ez a/. found that the following
factors were predictors of complete resection: size
of largest recurrent tumor smaller than 10 cm,
absence of preoperative salvage chemotherapy
and a good performance status [17]. A retro-
spective review of 38 patients by Gronlund ez al.
reported that a solitary site of tumor recurrence
was independently associated with complete
cytoreduction [25]. Improved resection rates with
solitary versus multiple sites of recurrence have
been supported elsewhere in the literature [7,20].

One of the most well-studied factors to be used
as a preoperative selection criterion is the DFI, or
the time from the completion of chemotherapy
to the diagnosis of recurrence. The precise DFI
is variable depending on the study. Interestingly,
the DESKTOP trial did not detect any impact
on predicting successful surgical cytoreduction
when comparing DFIs of 6-12 months versus
longer than 12 months [18]. Although the DFI
has not been shown to be a good predictor of
successful surgical cytoreduction, there is some
evidence to support its role as a prognostic fac-
tor for survival following surgical cytoreduction,
which will be discussed later [17,21,26-28].

How frequently can successful surgery
be performed?

The likelihood of successful secondary surgical
resection for recurrent ovarian cancer depends
on both the patient selection criteria employed,
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which can be variable, and the complexity of the
operation required to achieve the stated surgical
objective. Most patients with recurrent ovarian
cancer are already status posthysterectomy and
bilateral salpingo-oophorectomy, and many non-
gynecologic procedures are often required to
achieve complete surgical cytoreduction, which
include bowel resection, lymph node dissection,
diaphragm stripping or resection, liver resection
and splenectomy. Repeat laparotomy after exten-
sive initial tumor debulking and chemotherapy for
secondary cytoreduction is challenging and the
rates of resection vary widely. Most series reported
optimal debulking rates, defined as no gross evi-
dence of disease to less than 2 cm, between 40
and 60% [8,21,22,29-32], although two series have
described optimal resection rates of greater than
80% [28,33]. In terms of complete resection, studies
have reported rates ranging from 40% (21,2526 34]
to as high as 80% [17). This wide variation is
probably attributable to patient selection criteria
employed, surgeon experience, extent of surgery
required, surgical objective in terms of residual
disease smaller than 1 cm versus no gross evidence
of disease and institutional approach.

Prognostic factors to predict
prolonged survival after

secondary cytoreduction

Prognostic factors to predict prolonged survival
after secondary cytoreduction are outlined in
Box 2. The therapeutic value of surgery for recur-
rent ovarian cancer is widely debated, as it is
difficult to quantify the impact of surgical cyto-
reduction in relation to other factors, including
the biology of the disease and potential patient
selection bias. In an effort to address some of these
issues, Bristow ¢z al. conducted a meta-analysis of
2019 patients from 40 study cohorts in order to
determine the effect of multiple prognostic fac-
tors on overall survival among cohorts of patients
undergoing surgical cytoreduction for recurrent
ovarian cancer [35]. The only statistically signifi-
cant clinical variable independently associated
with survival was the proportion of patients

Complete surgical cytoreduction.

Longer disease-free interval.

Absence of ascites greater than 500 ml.

Absence of peritoneal carcinomatosis.

Limited number of sites of recurrence.

Size of largest recurrent tumor less than 10 cm.

Absence of salvage chemotherapy.

Platinum-based chemotherapy following secondary cytoreduction.
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undergoing complete surgical cytoreduction.
This effect was quantified such that after control-
ling for all other factors, each 10% increase in the
proportion of patients undergoing complete surgi-
cal cytoreduction was associated with a 3-month
increase in median cohort survival time (Ficure 1).
Although the role of DFI was not shown to
be a reliable predictor of successfully perform-
ing secondary surgical cytoreduction in the
DESKTORP trial [18], there is a significant body of
evidence to support that a longer DFI is associated
with an improved survival [1721,26-28,36]. Most
studies in the literature use a 6-month DFI as a
cut-off in order for a patient to be a candidate for
secondary surgical cytoreduction. Eisenkop ez al.
found that improved survival was associated with
longer DFIs when comparing 6-12 versus 13-36
versus more than 36 months [17]. In a study cohort
of 153 patients, Chi ez al. used a statistical analysis
termed smoothing techniques to demonstrate that
survival was significantly improved after second-
ary surgical cytoreduction in longer DFI groups
and identified cut-off points of 6-12, 13-30 and
over 30 months [21]. Similar findings of significant
survival impact associated with longer DFIs have
been reported [26-28.36), although other data did
not detect any impact on survival [730,3738].
Multiple prognostic factors for prolonged
survival that have been investigated refer to pre-
operative tumor burden and include absence of
ascites, absence of peritoneal carcinomatosis,
number of sites of recurrence and tumor diameter
of recurrent disease. With regard to ascites, the
DESKTORP trial found ascites less than 500 ml
was a positive predictive factor of survival on both
univariate and multivariate analyses [18]. Chi ez al.
reported ascites was significantly associated with
survival on univariate but not multivariate ana-
lysis [21]. As discussed earlier, Harter e# a/. demon-
strated that the presence of carcinomatosis is a reli-
able predictor for the inability to completely resect
a patient, but if complete resection is achieved,
the survival rate is similar to completely resected
patients who did not have peritoneal carcino-
matosis [24]. Thus, the presence of carcinomatosis
does not directly impact survival as much as it
impacts the ability to perform successful surgery.
Similarly, having multiple sites of recurrence has
been associated with a decreased rate of success-
ful surgical cytoreduction and an associated nega-
tive impact on survival [20]. Several studies have
reported a decreased survival with multiple sites
of disease recurrence [8,21,3¢]. Chi et a/. found
that patients with a single site of recurrence had
a median survival of 60 months compared with
42 months with multiple sites of recurrence and
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28 months for patients with carcinomatosis [21].
Salani er al. demonstrated that patients with
one or two radiographic recurrence sites had an
improved median survival time of 50 months
compared with patients with three to five sites,
whose median survival time was 12 months [36].
Another potential prognostic factor reported by
some studies to adversely affect survival is larger
tumor diameter ranging from 5 to 10 cm [14,17:28],
although the association of tumor size to survival
is still controversial [8,31,33,34,38].

Only a few studies have evaluated the asso-
ciation of chemotherapy with survival [17.18].
Eisenkop ez al. noted a survival disadvantage for
patients who received salvage chemotherapy before
undergoing secondary cytoreductive surgery, with
amedian survival of 25 months for patients receiv-
ing salvage chemotherapy versus 48 months for
patients not receiving salvage chemotherapy before
secondary surgery [17]. The DESKTOP trial exam-
ined the type of postoperative chemotherapy given
to patients following secondary surgical cyto-
reduction and reported that women who received
platinum-based chemotherapy had a significantly
improved survival over patients treated with other
chemotherapy regimens [18]. This can be explained
by the fact that most patients who are candidates
for secondary cytoreduction have, by definition,
platinum-sensitive disease.

Role of hyperthermic intraperitoneal
chemotherapy in recurrent
ovarian cancer
Hyperthermic intraperitoneal chemotherapy
(HIPEC) is an aggressive locoregional treat-
ment modality currently being investigated in
the setting of advanced and recurrent ovarian
cancer. The ability of hyperthermia to increase
the response to cytotoxic agents has been shown
in human cell lines and animal models [39.40].
Spratt ez al. were the first to look at the feasibility
of its clinical use for peritoneal carcinomatosis
in a patient with pseudomyxoma peritonei [41].
The median overall postrecurrence survival in
patients undergoing secondary cytoreductive sur-
gery without HIPEC is approximately 30 months,
ranging from 10 to 62 months [3s5]. In the larg-
est series to date on HIPEC in ovarian cancer,
Bereder ez al. reported a median overall survival
of 46 months in patients with their first episode
of recurrence [42). In a systematic review of cyto-
reductive surgery and HIPEC in primary and
recurrent ovarian cancer Bijelic ¢z al. reported
a median overall survival ranging from 22 to
54 months. They reported that seven out of
14 studies analyzed showed that patients who
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Figure 1. Simple linear regression analysis of median cohort overall survival

versus proportion of patients in each cohort undergoing complete

cytoreductive surgery for recurrent ovarian cancer. Circle size is proportional

to the number of subjects in each study.
Reproduced with permission from [3s].

underwent complete cytoreduction had the great-
est benefit [43]. Mostly platinum compounds have
been used in HIPEC for ovarian cancer, but de
Bree er al. noted promising results for docetaxel
HIPEC in the setting of recurrent disease [44).
Although the consensus statement by Helm ez al.
concluded that HIPEC at the time of surgery for
ovarian cancer has potential, there is no random-
ized evidence to support any additional survival
benefit with HIPEC compared with second-
ary cytoreductive surgery followed by standard
intravenous chemotherapy in the recurrent ovar-
ian cancer setting [45]. In addition, cytoreductive
surgery in combination with HIPEC is associated
with significant severe morbidity, with rates of up
to 40%, and mortality, with rates of 0-10% [46].
Further research is needed to determine the role
of HIPEC in recurrent ovarian cancer follow-
ing secondary cytoreductive surgery. HIPEC in
ovarian cancer is not recommended outside of
prospective controlled trials.

Future perspective

At present, the use of secondary cytoreductive
surgery for patients with recurrent ovarian cancer
is not supported by level I or II evidence; never-
theless, the existing literature does show a consis-
tent survival advantage in patients who undergo
complete cytoreduction. Both AGO and the GOG
are currently performing prospective randomized
trials comparing surgery and chemotherapy with
chemotherapy alone for patients with recurrent
ovarian cancer. The results of these trials will be
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critical in further evaluating and defining the role
of secondary surgical cytoreduction in recurrent
ovarian cancer. Hopefully, such information will
help physicians to counsel their patients accord-
ingly and to offer a secondary debulking procedure
as appropriate. Determining accurate preoperative
selection criteria continues to be a challenge and
warrants further research. The role of heated intra-
peritoneal chemotherapy is still unknown and
requires a prospective randomized trial.

For those patients who undergo success-
ful secondary cytoreductive surgery and later
experience disease recurrence, there is a small
but growing body of literature proposing a role
for tertiary cytoreduction in a highly select

Theoretical background for primary & secondary surgical cytoreduction
The inverse relationship between postoperative residual tumor size and overall patient survival for primary ovarian cancer was reported
in the landmark paper by Griffiths in 1975.
Theories to help explain the benefit of tumor debulking include: reducing tumors from large slowly growing tumors to small rapidly
dividing tumors more susceptible to the effects of chemotherapy, decreasing adverse metabolic events, enhancing perfusion and drug
delivery, and decreasing the number of viable cells with potential for spontaneous mutations that can lead to drug resistance.

Secondary cytoreductive surgery is defined as an operative procedure performed in patients after completion of primary treatment and a
disease-free interval of at least 6 months with the goal of debulking as much tumor as possible.

Complete resection as the goal of secondary cytoreductive surgery
‘Optimal debulking’ refers to removal of tumor burden below a threshold above which there is no survival advantage.

group of patients [4748]. Similar to secondary
cytoreduction, the amount of residual disease
following tertiary cytoreductive surgery has
demonstrated significant prognostic significance.
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Maximal cytoreduction in primary ovarian cancer is being emphasized to provide the greatest survival advantage, although the concept
of optimal debulking is well accepted in primary ovarian cancer as a maximum of 1 cm. The benefit of cytoreduction is still controversial
in recurrent ovarian cancer.
Based on the literature, the goal of secondary surgical cytoreduction should be complete gross resection of all visible disease.
Selection criteria to predict successful surgical outcome
It is critical to be able to accurately predict preoperatively which patients will have the greatest probability of successful cytoreduction.
Consensus statements giving preliminary selection criteria were published in 1999, largely based on expert opinion.
The Descriptive Evaluation of preoperative Selection Kriteria for Operability in Recurrent Ovarian Cancer (DESKTOP) trial is the largest
series to date on secondary cytoreductive surgery in ovarian cancer and reported the following factors to be predictive of successful
cytoreduction: good performance status, no residual disease after primary surgery or International Federation of Gynecology and
Obstetrics stage I/l disease, and absence of ascites greater than 500 ml.
Other literature supports these additional selection criteria: longer disease-free interval, absence of carcinomatosis, small size of tumor
and absence of preoperative salvage chemotherapy.
How frequently can successful surgery be performed?
Careful selection of patients is the key to successful cytoreduction.
Secondary surgery is challenging given the setting of re-exploration and the frequent need to perform many nongynecologic procedures,
including bowel resection, diaphragm resection, liver resection and splenectomy.
Most series report rates of 40-60% for optimal cytoreduction and 40% for complete cytoreduction, although some studies report rates
as high as 80% for optimal or complete cytoreduction.
Prognostic factors to predict prolonged survival after secondary cytoreduction
The existing literature, although retrospective, consistently shows a survival advantage with complete resection of disease.
Other prognostic factors include: longer disease-free interval, absence of ascites, absence of carcinomatosis, fewer and smaller lesions,
absence of salvage chemotherapy and administration of platinum-based chemotherapy following secondary cytoreduction.
Role of hyperthermic intraperitoneal chemotherapy in recurrent ovarian cancer
The role of hyperthermic intraperitoneal chemotherapy in recurrent ovarian cancer has not been determined.
It is also important to keep in mind the reported severe morbidity rates of up to 40% and mortality rates of 0-10%.
Future perspective
The results of ongoing prospective randomized trials comparing secondary surgery and chemotherapy to chemotherapy alone in
recurrent ovarian cancer will help to more clearly define the role of secondary surgical cytoreduction.
Further work is needed to determine accurate preoperative selection criteria that can help to predict which patients will be able to
undergo successful complete cytoreduction.
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