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Abstract
Objective: Recurrence of a mucinous ovarian neoplasm after resection is unusual but this does happen. If possible, a repeat surgical
removal of recurrent disease is the treatment of choice. The results of a repeat intervention are poor. A review of our results of treatment
of recurrent mucinous ovarian neoplasms was performed.
Methods: Our database of peritoneal surface malignancy patients was reviewed and those with mucinous ovarian neoplasms identified.
The clinical features, surgical procedures and chemotherapy treatments were reviewed. All follow-ups were updated.
Results: Four patients with recurrent mucinous ovarian neoplasms were identified. These were primary in the ovary and not metastatic
from a gastrointestinal primary site. Three were borderline and one was an invasive neoplasm. Resection using peritonectomy to remove
all visible disease maximized clearance and containment in all four patients. Also, extensive intraperitoneal lavage or perioperative
intraperitoneal chemotherapy was used in an attempt eliminate microscopic residual disease. Three patients have remained free of
disease for 23, 16, and 13 years. The fourth patient is now free of disease but less than 6 months postoperative.
Conclusion: Management of recurrent mucinous ovarian neoplasms with resections that utilize peritonectomy and strategies to
eliminate microscopic residual disease was associated with long-term disease-free survival. Benefits seen in these patients may have
implications for management of all recurrent mucinous ovarian neoplasms.
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Introduction
According to Seidman et al. borderline mucinous tumors comprise 1.0% of benign ovarian epithelial neoplasms. Invasive ovarian
mucinous neoplasms comprise 3% of invasive ovarian carcinomas [1]. The low grade tumors often occur in younger women and
are usually definitively treated by laparoscopic or open resection. Although unusual, recurrence does happen; this is estimated
at 8% of cases [2]. When recurrence is diagnosed a reoperative surgical procedure may be indicated. Progression of a recurrent
borderline mucinous neoplasm may be slow. Recurrence of an invasive mucinous ovarian carcinoma may be more aggressive
and has a poor outcome [3,4]. Other treatments such as radiation therapy or chemotherapy are regarded as usually ineffective for
recurrence of both low grade and high grade neoplasms [5]. Precise recommendations for management of recurrent mucinous
ovarian neoplasms other than reoperative surgery have not been published. Long-term results with treatment of recurrent
borderline disease are not available. This manuscript presents the experience with 4 patients who had recurrent mucinous ovarian
neoplasms. Long-term survival in the absence of recurrence is reported.

Materials and methods
A retrospective review of a prospective database of 1721 patients treated for peritoneal metastases was available. Seventy of these
patients were treated for ovarian malignancy and 64 of these were for recurrent ovarian cancer. Only 4 of these had a recurrent
mucinous ovarian neoplasm. Demographic information and clinical data were obtained from the patient database. Surgical
procedures performed and pathology reports were available for review. Continuous follow-up information was available on all 4
patients.
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Cytoreductive surgery with peritonectomy was performed by laparotomy through a long midline abdominal incision [6].
Peritonectomy provided a pre-peritoneal approach to disease recurrence in order to minimize the possibility for small volume
residual disease. Perioperative intraperitoneal chemotherapy was used if peritoneal metastases were at several sites [7]. If peritoneal
recurrence was limited to a single site extensive intraperitoneal lavage was used [8]. Chemotherapy used for intraperitoneal
administration was doxorubicin and cisplatin in two patients and melphalan in a third patient [9].
Data on these 4 patients was prospectively recorded and then retrospectively reviewed at an academic institution. All information
was from a single institution and the cases were consecutive. This research work has been reported in line with the PROCESS
criteria [10]. This study was registered as a case series on the www.researchregistry.com website with UIN 4409.

Patient presentation
Patient 1: A 30 year old woman developed an expanding mass while pregnant. In February 1994, at 26 weeks gestation, a transverse
lower abdominal incision was made and the abdomen opened vertically. The 12 cm left ovarian mass was fixed in the pelvis. As
the left ovary was being removed it ruptured and grossly contaminated the abdomen and pelvis. Pathology showed a mucinous
borderline cystadenoma of the ovary with focal microinvasion. The patient had a normal labor and delivery.
In January 1995, the patient was electively taken back to the operating room for a second-look procedure. A 2 cm mass was
removed from the cul-de-sac. A margin of excision was obtained using pelvic peritonectomy with sparing of the rectosigmoid
colon. By pathologic examination this showed a metastatic mucinous cystic neoplasm of low malignant potential. Mucinous
adenocarcinoma could not be ruled out. Drains and catheters were placed for early postoperative intraperitoneal chemotherapy
(EPIC) with cisplatin and doxorubicin [7]. The surgery and perioperative intraperitoneal chemotherapy were tolerated well and
the patient recovered without incident.
Early in 1997, the patient complained of right lower quadrant discomfort. By CT there was an 8 cm mass in the position of the
right ovary. In March of 1997 the patient was again explored through a midline abdominal incision. The right ovarian mass
was adherent to the surrounding structures. A greater omentectomy, pelvic peritonectomy and difficult right ureterolysis were
performed to resect the mass en bloc. A hysterectomy was performed. Extensive intraperitoneal lavage was used to assist in
the control of microscopic residual disease [8]. Because it was possible to perform an resection, perioperative intraperitoneal
chemotherapy was not used.
Again, pathology showed a borderline mucinous tumor of low malignant potential of Mullerian type. There were foci of superficial
invasion.
The patient recovered well following her third surgery and remains no evidence of disease with a normal quality of life 23 years
later.
Patient 2: A 74 year old woman in March of 1998 had a hysterectomy and right oophorectomy for benign disease. Then, in April
of 2001, she developed a swelling of her left lower extremity, which was caused by a deep vein thrombosis. She had a vena cava
filter placed. In the same month she had an abdominal exploration and removal of the left ovary. Pathology showed mucinous
carcinoma.
In September 2001, the mass in the left pelvis recurred. By CT the lungs and upper abdomen, as well as the liver, were normal.
There was a 14 cm mass that filled the pelvis and caused obstruction of the left ureter. There was some function of this kidney by
CT, but renogram showed that the function was greatly reduced.
In October 2001 the patient underwent a six-hour cytoreductive surgery. En bloc resection of this large solitary mass required
greater omentectomy, pelvic peritonectomy, bilateral ureterolysis, excision of apex of vagina and low colorectal anastomosis.
Thorough washing of the abdominopelvic space with 3 liters of 0.2% peroxide solution and an extensive intraperitoneal lavage
(10 liters) with normal saline was performed [8]. The intraabdominal and pelvic irrigation was performed prior to low colorectal
anastomosis and abdominal closure. A diverting ileostomy was avoided [11].
Pathology showed a mucinous adenocarcinoma of the left ovary invading the wall of the colon. The vaginal apex was not invaded
and six peri-tumoral lymph nodes were negative. The patient’s postoperative course was uneventful. She remains free of disease
with a normal quality of life 16 years later.
Patient 3: This 34 year old woman, as a very young child, had serous internal injuries to her abdomen after falling down stairs. This
resulted in multiple adhesions. Then in early 2002, she noted a swollen abdomen. A gynecologist performed debulking surgery
through a Pfannenstiel incision in April 2002. Pathology showed malignant cells compatible with adenocarcinoma. Cyst fluid
also showed adenocarcinoma. Shortly thereafter, this tumor started to progress. In September of 2004 she was requiring repeated
paracentesis. The abdomen was massively distended with bilateral ureteral obstruction and rectosigmoid colon obstruction from
external compression.
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In September 2004, the patient was taken to the operating room for cytoreductive surgery. She underwent 8 hours of surgery which
included greater omentectomy, pelvic peritonectomy, hysterectomy and bilateral salpingo-oophorectomy, and rectosigmoid colon
resection with low anastomosis. A diverting ostomy with the low colorectal anastomosis was avoided without complications [11].
En bloc resection was not possible and there was extensive tumor dissemination at the time of cytoreductive surgery. Consequently,
hyperthermic intraperitoneal chemotherapy (HIPEC) with 24 mg of doxorubicin and 80 mg of cisplatin was completed prior to
colorectal anastomosis and abdominal closure. Immunocytochemistry was positive for CEA and B72.3 and negative for cytokeratin
5/6 and calretinin. The diagnosis was massive mucinous ovarian neoplasm.
The patient recovered without incident from cytoreductive surgery plus HIPEC. She has no evidence of disease and a normal
quality of life 13 years later.
Patient 4: This 65 year old woman was diagnosed with a right-sided adnexal mass in 1985. A total abdominal hysterectomy and
bilateral oophorectomy was performed without incident. In July 2011, a pelvic mass was diagnosed and a resection was performed.
The pathology showed a benign mucinous ovarian neoplasm. By CT a pelvic mass was imaged and in July 2017 the patient
returned to the operating room for re-excision. The surgery was complicated by multiple enterotomies, deep vein thrombosis, and
8 weeks of hospitalization plus rehabilitation.
Repeat CT in April 2018 showed a bilateral right pelvic cystic mass 12 cm in greatest diameter and partial obstruction of the
right ureter and distorting the bladder and midrectum. Moderate pain was reported. In May 2018, the patient was taken back to
the operating room. She had a pelvic peritonectomy, right ureterolysis and resection of a 10 cm cystic tumor. No bowel resection
was necessary. The cystic tumor mass could not be removed intact and gross tumor contamination was caused by a piecemeal
resection. Prior to abdominal closure HIPEC with melphalan was used as an abdominal-pelvic lavage [12].
Postoperatively the patient suffered from repeat aspiration requiring a 26-day hospitalization and 3 weeks in a rehabilitation
facility. The patient has recovered and is currently fully ambulatory at one year postoperatively.
Review of the pathology of all three resections shows low grade mucinous neoplasm consistent with a borderline mucinous ovarian
neoplasm.
(Table 1) presents clinical features of these 4 patients. Our patients with recurrent mucinous ovarian neoplasm did not recur
again despite extensive borderline disease in 3 patients and a grossly invasive mucinous neoplasm into the rectosigmoid colon
in the third patient. The surgical approach to these patients with recurrent disease was an open laparotomy with wide exposure.
Peritonectomy provided a pre-peritoneal approach to disease fixed by tumor or by fibrous adhesions within the pelvis. In 2 of the
4 patients in order to contain and clearly resect the tumor mass completely, a rectosigmoid colon resection was necessary.
Patient
1

2

3

4

Age at diagnosis

30

74

34

Interval first to definitive
surgery (months)

11

6

29

85

Invasion

Superficial

Gross invasion

Superficial

Superficial

Bilateral

Yes

No

Yes

No

Perioperative Chemotherapy/
lavage

EPIC

EIPL

HIPEC

HIPEC

Rectosigmoid colon resection

None

Yes

Yes

No

Time to first recurrence
(months)

9

6

27

72

Survival (years)

22

16

13

*

Results

EPIC = Early Postoperative Intraperitoneal Chemotherapy; EIPL = Extensive Intraperitoneal Lavage; HIPEC =
Hyperthermic Intraperitoneal Chemotherapy; * = Patient Recently Placed into Follow-Up
Table 1: Clinical features of 4 patients with recurrent mucinous ovarian neoplasm

As shown in Table 1, all 4 of our patients had perioperative chemotherapy or extensive lavage to eradicate microscopic residual
disease at the resection site and at narrow margins of excision. In all patients en bloc resection was attempted but was not always
possible. These treatments were administered after the cytoreductive surgery but before intestinal reconstruction or abdominal
closure. Patient 1 received EPIC at her first cytoreduction and extensive lavage at a second cytoreduction. Patient 2 had extensive
intraperitoneal lavage (EIPL). Patient 3 and 4 had hyperthermic intraperitoneal chemotherapy (HIPEC).

Discussion
The results of surgical resection of a primary borderline (low grade) mucinous ovarian neoplasm are usually excellent. Resection
in the absence of tumor disruption and spillage is the proper treatment. Adjuvant radiation and chemotherapy is unlikely to
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add a therapeutic advantage [5]. In the small proportion of patients who recur, the optimal treatment strategies have not been
defined and the results of simple reoperative surgery have not been published. With recurrence of a borderline mucinous ovarian
neoplasm, a repeat surgical procedure is indicated but the surgical approach has not been described. Also, perioperative treatments
to minimize the likelihood of microscopic residual disease that may cause another episode of recurrence have not been reported.
The surgical approach that was used on our 3 patients with recurrent borderline mucinous ovarian neoplasm showed long-term
favorable results in 2 and the third patient is free of disease in follow-up of less than 6 months. Cytoreductive surgery with
peritonectomy and visceral resections were used as needed to avoid positive margins of resection and minimize residual mucinous
tumor cells. The second nuance that was utilized for these recurrent borderline ovarian mucinous neoplasms was a perioperative
intraperitoneal chemotherapy. This was to minimize the possibility of residual tumor cells that may remain after the best efforts
of tumor resection. The bed of the tumor resection and narrow margins of resection are at the greatest risk for subsequent disease
progression from microscopic tumor deposits. The local-regional strategy in one patient was EPIC and extensive intraperitoneal
lavage and in the other 2 was HIPEC. The optimal perioperative treatment for eradication of microscopic disease that is maximally
effective and maximally safe has not as yet been determined.
All 3 of our patients with borderline mucinous ovarian neoplasm had a large extent of recurrent minimally invasive mucinous
ovarian neoplasm. The disease was recurrent after a prior maximal surgical effort but in the absence of complete cytoreduction
and perioperative intraperitoneal chemotherapy. The outcome of such patients has not been well defined but repeated efforts
of debulking surgery have been expected in this clinical situation. With complete cytoreduction to no visible disease combined
with perioperative intraperitoneal chemotherapy, these patients have not required further interventions at 22 and 13 years postrecurrence.
In one of these recurrent mucinous ovarian neoplasms the disease was high grade and invasive into the rectosigmoid colon.
Resection en bloc with pelvic peritonectomy and rectosigmoid colon resection was possible. Because of the absence of peritoneal
metastases the cancer resection was augmented by EIPL [8]. In this single patient this combined treatment resulted in a long-term
benefit without adverse events.
The literature supports a poor prognosis of patients who develop a recurrence of a mucinous ovarian neoplasm. Cheng and
coworkers identified 21 patients with a secondary cytoreduction for recurrent mucinous epithelial ovarian cancer [3]. Only 7
of these 21 patients were optimally cytoreduced to residual disease less than or equal to one cm. The median survival time from
diagnosis of recurrent disease was 10 months. There was no significant difference in median survival between patients with optimal
or suboptimal secondary cytoreduction. Kajiyama and coworkers reported on an extremely poor post-recurrence outcome of 44
patients with recurrent ovarian mucinous neoplasms [4]. The five-year survival was only 6.9% and this was significantly poorer
than survival of patients with recurrent serous ovarian cancer (p=0.0006). These authors conclude that the clinical outcome after
recurrence of patients with recurrent mucinous ovarian cancer is extremely poor. Lederman and coworkers published a consensus
review of mucinous ovarian carcinoma. They suggested that the poor prognosis with relapse was related to the significantly poorer
response to platinum-based chemotherapy of the mucinous histology [5].
In our 4 patients a cytoreductive approach to tumor resection combined with perioperative intraperitoneal lavage using
chemotherapy or extensive irrigation was used to treat recurrent mucinous ovarian neoplasms. However, there may be some
clinical situations that may profit from a perioperative treatment for microscopic residual disease in the first resection of an
ovarian mucinous neoplasm. For example, our patient 1, the large tumor ruptured as it was being resected. There was irrigation
but evidently not enough to prevent recurrent disease within the cul-de-sac. If the tumor mass has caused spillage of tumor cells
either prior to or at the time of resection, a perioperative intraperitoneal lavage may improve the long-term disease-free survival.
It is not surprising that Ben-Ami and coworkers reported that intraoperative cyst rupture and cystectomy instead of adnexectomy
are two risk factors for recurrence of borderline mucinous ovarian neoplasms [2].
In the past, cytoreductive surgery with perioperative treatments to combat residual microscopic disease has not been used for the
management of recurrent ovarian neoplasms. Cytoreductive surgery consists of a complete resection of all visible disease from the
abdomen and pelvis and requires peritonectomy and resection of affected viscera [6,13]. Subsequently, lavage or intraperitoneal
chemotherapy is used to eliminate tumor cells that remain viable. Currently, diseases considered for this combined treatment are
pseudomyxoma peritonei [14], peritoneal mesothelioma [15], and peritoneal metastases of appendiceal [16], colorectal [17], and
ovarian [18,19] origin. Currently, neither borderline nor aggressive ovarian mucinous neoplasms are considered an indication for
these combined treatments. However, interest in unusual application of cytoreductive surgery and perioperative chemotherapy has
been published [20]. Goere and coworkers reported on 850 procedures for unusual cases performed in 781 patients, in 53 centers
worldwide. Nearly two-thirds of the procedures were performed for three indications: rare ovarian carcinoma (n=224), sarcoma
(n=189) and neuroendocrine tumors (n=127). For the three main indications, 5-year overall survival was significantly greater in
patients with peritoneal metastases from rare ovarian carcinoma (57.7%), than that of patients with peritoneal metastases from
neuroendocrine tumors (39.9%), and from sarcoma (29.3%) (p<0.0001). These combined treatments appear to be safe and effective
in patients with peritoneal metastases from unusual cancer sites of origin, and of special benefit from rare ovarian neoplasms.
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Mucinous neoplasms progressing as peritoneal metastases within the abdomen and pelvis have several characteristics in common.
These similarities occur despite different primary sites of the disease. Mucinous peritoneal metastases may arise from the ovary, as
in the 4 patients presented here, from the appendix [16], from the colon or rectum [17], from the urachus [21], and from other less
common primary sites [22]. Perhaps the characteristic most evident to a surgeon attempting to optimally cytoreduce mucinous
peritoneal tumor is the relative sparing of visceral (especially small bowel peritoneal surfaces) as compared to parietal peritoneal
surfaces. A large extent of disease may be present in the pelvis, paracolic sulcus, and in sub diaphragmatic spaces while small bowel
surfaces remain disease-free [23]. The pattern of peritoneal metastases may have implications for attempts at a visibly complete
cytoreduction.
A second characteristic that mucinous tumors with recurrent peritoneal metastases have in common is a wide spectrum of
biologic behavior. They may be invasive, of low malignant potential (borderline), or benign (non-invasive). In mucinous peritoneal
metastases, the extent of invasive biologic behavior may have profound implications for the success vs. failure of cytoreductive
surgery [22].
A third characteristic common to mucinous peritoneal tumors from different primary sites is the lack of response to systemic
chemotherapy. Mucinous ovarian cancer responds poorly or not at all to systemic chemotherapy [5]. Appendiceal mucinous
neoplasms, low grade or high grade, respond poorly to systemic chemotherapy and are treated with systemic chemotherapy only
as no other treatment options exist [24]. Lederman and coworkers, in their consensus statement on mucinous ovarian carcinoma,
identify the development of new and better systemic treatments as a highest priority for this disease [5].
Although new systemic treatments are currently not available pharmacologic studies suggest that intraperitoneal drug delivery
is expected to be more effective in mucinous as compared to non-mucinous tumors. Pharmacologic studies have shown that
intraperitoneal chemotherapy enters into mucinous tumor nodules to a greater extent than into firm peritoneal nodules [25].
Clinical support for this pharmacologic data exists. Bruin and colleagues showed that mucinous appendiceal neoplasms treated
with hyperthermic intraperitoneal chemotherapy survived better than appendiceal malignancies that lacked mucinous histology
[26]. The marked success in management of a predominantly mucinous neoplasm, pseudomyxoma peritonei, using cytoreductive
surgery with perioperative intraperitoneal chemotherapy further supports the hypothesis that intraperitoneal chemotherapy is
more effective for mucinous as compared to non-mucinous peritoneal metastases [25]. If this same pharmacologic step up in
chemotherapy diffusion into mucinous ovarian tumors exists, intraperitoneal chemotherapy may be as effective for mucinous
ovarian tumors as for mucinous appendiceal neoplasms.
Support for the new treatment plan for recurrent mucinous tumors is found in a recent manuscript by Mercier et al. [27]. They
corrected retrospective data on 77 mucinous ovarian tumors. The grade of the cancer was not provided in the manuscript. All
patients had an attempt at complete cytoreductive surgery and all patients had the HIPEC procedure. A 5-year survival of 69.6%
was reported. These authors conclude, as our results also suggest, that long-term survival with complete cytoreductive surgery plus
HIPEC is possible with recurrent mucinous ovarian tumors. Of course, en bloc resection is always a highest priority.

Summary
Although our report of these patients and the accompanying literature review suggest that a favorable outcome may be possible,
no randomized studies on recurrent mucinous ovarian neoplasms exist. All patients with a favorable outcome were approached
surgically with an attempt to remove all visible evidence of disease. The goal of resection of tumor was not resection of all tumor
nodules to 1 cm or less in diameter. Rather the goal of surgery was a complete visible clearance of disease. The goal for optimal
cytoreduction in these patients as compared to surgical goals in the past was markedly different. A second difference in treatment
strategy involved a perioperative irrigation with HIPEC to eradicate microscopic residual cancer cells that may persist after a major
dissection that involves much of the abdomen and the entire pelvis. This is the same strategy that has been associated with success
with several other mucinous tumor types [14,16,21,22]. The success of this new treatment strategy for recurrent mucinous ovarian
neoplasms is in marked contrast to the dismal outcome reported in the past [3-5]. Until more data becomes available complete
cytoreductive surgery plus a HIPEC procedure may be considered a preferred treatment option in these patients.
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