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HIGHLIGHTS

« Increasing PCl is a predictor of splenectomy.

 Splenectomy is a procedure important for complete cytoreduction for primary ovarian cancer.

* Prognosis of hilar/capsular compared to parenchymal spleen metastasis is similar.

* Splenectomy is an indicator of tumour burden and surgical complexity necessary to achieve complete cytoreduction.
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Available online 8 May 2025 unknown. The aim of this study was to evaluate the impact of splenectomy on surgical outcomes, complications

and overall survival (OS) in primary OC surgery.
Methods. This prospective observational cohort study comprised patients with stage IIIC-IV OC who under-

g?;ﬁg;d;ncer went primary CRS. Cases and controls were defined based on whether splenectomy had been performed or
Splenectomy not. Comparisons between the groups were made using logistic regression models, receiver-operator character-
Peritoneal cancer index istics and survival analyses i.e. Kaplan-Meier and Cox proportional hazard models.

Surgery complications Results. Splenectomy was performed in 206/354 (58 %) patients, and among these - 170 (82.5 %) spleen
Primary cytoreduction metastases were identified. High peritoneal cancer index (PCI) was an independent predictor of splenectomy

(aOR = 1.27 [95 % CI: 1.21-1.34]), with a PCI cut-off of 16 indicating need for splenectomy (AUC = 0.884).
Splenectomy, PCI and surgical complexity score were all independent predictors of high-grade postoperative
complications. Splenectomy, high PCI and completeness of cytoreduction were independent predictors of
worse OS. Type of spleen metastasis (hilar/capsular versus parenchymal) did not influence OS.

Conclusions. Splenic metastatic involvement is common in OC and splenectomy is predicted by high PCI.
Survival prognosis is equally impaired by all types of spleen metastasis. Splenectomy is an indicator of high
tumour burden, high surgical complexity and high-grade postoperative complications, impaired survival and, in-
directly, of cytoreduction success.
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1. Introduction

Ovarian cancer (OC) remains the deadliest gynaecologic cancer,
mainly due to the fact that the majority of patients are diagnosed at
advanced stages [1]. The corner stones of treatment are surgery and
chemotherapy, followed by maintenance therapy when indicated [2].
Complete cytoreductive surgery (CRS) has a central role in treatment
of OC [3], while overall survival (OS) is strongly correlated with the
size of residual tumour [4,5].

Various surgical procedures in the upper abdominal cavity are
required to achieve complete cytoreduction, including liver resection,
diaphragm stripping or resection, pancreatic resection and splenectomy
[6-13]. There is an enormous variation regarding the incidence of re-
ported splenectomies, i.e. 1.3-40.8 %, after primary OC surgery, while
the safety and prognosis of this procedure is largely unknown
[6-9,12,14]. Wang et al. recently published a metaanalysis regarding
splenectomy during OC surgery [14]. However, the heterogeneity of
included studies was high, the reported proportion of splenectomies
was low, and the number of patients included in the evaluation of the
procedure was low and, consequently, the authors suggested further
studies [14].

Moreover, results are conflicting regarding the prognosis depending
on the site of metastases in the spleen [12,15-17]. Splenic parenchymal
metastases due to haematogenous spread are rare [18], but can also
occur as consequence of the invasion from the hilum or through the
splenic notches [19]. Splenic parenchymal metastases are classified as
International Federation of Gynecology and Obstetrics (FIGO) stage
IVB, while capsular and hilar metastasis are not [20]. This implies that
further research of the indications for, safety and prognosis of splenec-
tomy, and the impact of the type of spleen metastasis on the patient's
prognosis is required.

Thus, we aimed to investigate the role of splenectomy for
cytoreduction success, identify predictors for the procedure, and the im-
pact of splenectomy on post-surgical complications and OS in primary
advanced OC.

2. Methods
2.1. Study design

This is a prospective observational cohort study. Eligible patients
were those who underwent CRS as upfront primary debulking surgery
(PDS) or interval debulking surgery (IDS) for advanced OC at Uppsala
University Hospital from July 2014 to July 2023. The study was approved
by the Swedish Ethical Review Board Dnr. 2018/071 (2018-03-07),
2020-06392 (2021-03-24) and 2024-02437-01 (2024-06-11). Patient
data and surgery-related data were collected prospectively and were
complemented with histopathology and follow-up data.

2.2. Patients' characteristics

All patients were recruited at Uppsala University Hospital, Sweden, a
European Society of Gynaecological Oncology (ESGO) certified Centre of
Excellence for Advanced Ovarian Cancer Surgery and a tertiary centre
for ovarian cancer surgery in Cancer Region Middle Sweden with
approximately 2.1 million inhabitants. Treatment decisions were
made at multidisciplinary conferences including gynaecologic tumour
surgeons, oncologists, radiologist and pathologist, and are based on
the extent of the ascites and pleural effusion, carcinosis, nutritional
and performance status.

2.3. Cytoreduction surgery
Upon laparotomy, the peritoneal cancer index (PCI) was evaluated

together with the decision for procedures to be performed to achieve
complete cytoreduction. This involved an inspection of spleen surface
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and hilum for any sign of macroscopic cancer spread, unless parenchy-
mal metastasis was suspected during preoperative radiology. Decision
to perform splenectomy were thus made upon inspection of the spleen
[9]. In case of splenectomy, a drain was placed under left side of the
diaphragm. On post-operative day 3-4, a sample was drawn from the
drain to compare amylase content in the drain with plasma amylase.
The drain was not removed until complete normalization of the levels
of the drain pancreas amylase. Delayed normalization of drain amylase
levels was managed as a pancreatic fistula [9]. All patients who under-
went splenectomy were subjected to vaccination against pneumococci
and meningococci starting within two weeks after surgery.

2.4. Inclusion and exclusion criteria

Inclusion criteria were histopathologic diagnosis of epithelial ovar-
ian, fallopian or primary peritoneal cancer, disease stage IlIC-IV accord-
ing to FIGO [20], undergoing primary CRS either as PDS or IDS with
complete surgery, i.e. completeness of cytoreduction score (CC) = 0,
or with the remaining lesions not exceeding 2.5 mm, or CC-1. Exclusion
criteria were non-epithelial ovarian cancer, stage I-IlIB disease, CC >1,
open-close laparotomies and surgery for recurrent disease. The decision
to exclude stage I1IB patients was based on low incidence (1/26, 3.8 %) of
splenectomy.

2.5. Study variables

Baseline data comprised age, body-mass index (BMI), comorbidity
index according to Charlson's Comorbidity Index (CCI) [21] and preop-
erative blood albumin level. CCI was not adjusted for age and we did not
include metastatic cancer in the score. Perioperative data included PCI
[22], FIGO stage, surgical complexity score (SCS) [23], CC [24], blood
loss and duration of surgery. Postoperative data included complications
until 30 days after surgery according to the Clavien-Dindo classification
[25], results of histopathological examination, date of the first postoper-
ative chemotherapy cycle and follow-up overall survival data. Compli-
cations were classified as high-grade if the Clavien-Dindo score was 3
or higher. Any infection, regardless of severity, or use of antibiotics
outside clinical routine was registered as postoperative infection. Pan-
creatic leakage was defined by elevated pancreatic amylase in the
drain, either placed intraoperative or postoperative. For every patient
who underwent splenectomy the result of the histopathological analy-
sis was noted and divided into three groups - no metastases, capsular
and/or hilar metastases and parenchymal metastases (with or without
capsular/hilar involvement). We classified capsular and/or hilar metas-
tases in one group and parenchymal as a separate group [16,20]. OS was
calculated from start of treatment, either date of surgery or start of neo-
adjuvant chemotherapy. Last survival event was documented in July
2024. Absence of information was recorded as missing, but was not
regarded as a reason for exclusion.

2.6. Statistical analysis

For patient characteristics and comparison between groups inde-
pendent sample t-test, Chi2-analysis and ANOVA with Tukey HSD
post-hoc analyses were performed. Factors related to complications,
splenectomy and splenic metastases were analysed with logistic regres-
sion. Survival analyses were performed with Kaplan-Meier estimation
with log rank test for significance and Cox regression models. Clinically
relevant variables were included in the logistic regression and Cox re-
gression models. To avoid over-fitting the model, the number of vari-
ables included in the adjusted models depended on the number of
patients who developed the analysed outcome and were selected
based on significance level in crude analyses. Correlation analysis was
performed to identify confounding variables and multicollinearity dur-
ing the multiple regression model analyses. Associations between PCI
and SCS (r = 0.67, p < 0.05), PCI and splenectomy (r = 0.65,
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p < 0.05) and SCS and splenectomy (r = 0.65, p < 0.05) made it impos-
sible to use the variables in the same regression model. Receiver-
operator characteristics (ROC) analysis with the evaluation of the area
under the curve (AUC) and identification of cut offs was performed for
PCl in relation to splenectomy. Statistical significance level was set to
p < 0.05. For statistical analysis IBM SPSS Statistics version 28.0.1.0
(142) was used.

3. Results
3.1. Patients' characteristics in relation to splenectomy

In total 605 patients underwent surgery for OC during the study
period. All in all, 354 patients met the inclusion criteria, of whom 206
(58.2 %) underwent splenectomy and 148 (41.8 %) did not (Fig. 1).
Patient characteristics in relation to the splenectomy procedure is pre-
sented in Table 1. Across both groups, mean age was around 64 years
and BMI was around 26. Seventy-five percent of the patients across
both groups had no comorbidity of significance [21]. Distribution of pa-
tients by type of primary surgery i.e. PDS and IDS, and preoperative al-
bumin levels was similar between groups (p > 0.05). The majority of
patients had high-grade serous cancer, approximately 80 % in both
groups. Of all high-grade complications 28 (44.4 %) were class 3a and
35 (55.6 %) class 3b-5, including three postoperative deaths (Table 1).

Patients who underwent splenectomy and those who did not,
differed in disease spread, surgery parameters and post-operative com-
plications. In detail, a higher proportion of stage IV disease was observed
in the splenectomy group. Patients with splenectomy had higher PCI
and SCS, longer duration of surgery and greater blood loss (p < 0.001).
In the splenectomy group, the proportion of CC-1 was higher compared
to CC-0 (p < 0.001). A two day increase in the mean time to start of
adjuvant chemotherapy was observed in the splenectomy group (p =
0.029) (Table 1).

3.2. Incidence and localisation of spleen metastasis

In 170/206 (82.5 %) patients who underwent splenectomy, spleen
metastases were identified (Table S1). Histopathologic analyses did
not confirm any spleen metastasis in 36 patients who underwent sple-
nectomy, of whom two cases had the procedure as a result of intraoper-
ative trauma. The majority of spleen metastases (85.3 %) was capsular or
hilar without involvement of the spleen parenchyma with an

Ovarian cancer
surgery

Tuly 2014-July 2023

Stage I-IITB R“““I. cat
e | T g

Stage IIC-IVB
eligible for PDS/IDS

Stage IIC-IV Stage INIC-IV
Open-close surgery CC2-3 CCO0-1 CCO-1
Splenectomy No splenectomy
{ n=18] n=6|

Fig. 1. Flow chart describing the process of patient inclusion and identification of study
cohort.
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Table 1
Patients', tumour-related, surgical and post-surgical characteristics comparison between
the cohorts that underwent splenectomy or not.

Patients and tumour Splenectomy No p
characteristics splenectomy

n = 206 n = 148

100 % 100 %
Age, years, Mean + SD 64.1 + 10.7 64.5 + 9.8 0.738°
[C195 %] [62.6-65.6] [62.9-66.1]
BMI (kg/m?), Mean =+ SD 26.0 £ 5.3 26.6 + 6.3 0.327%
[C195 %] [25.2-26.7] [25.6-27.6]
Missing data 1 0
Albumin (g/L), Mean 4 SD 346 + 4.2 349 + 4.6 0.597*
[C195 %] [34.0-35.2] [34.1-35.6]
Missing data 0 6
CCI, n(%)

0 156 (75.7) 113 (76.4) 0.921"

1 26 (12.6) 17 (11.5)

2 20 (9.7) 16 (10.8)

3 3(1.5) 2(14)

4 1(0.5) 0(0)

FIGO stage, n(%)

1ic 85 (41.3) 85 (57.4] <0.001"

IVA 15(7.3) 17 (11.5) 0.003*

IVB 106 (51.5) 46 (31.1)

PDS, n(%) 102 (49.5) 79 (53.4) 0.473"
IDS, n(%) 104 (50.5) 69 (46.6)

PCI, Mean + SD 225 + 6.8 11.0 +£ 65 <0.001%
[C195 %] [21.6-23.4] [9.9-12.1]

Missing data 2 15

SCS, Mean =+ SD 122 + 2.8 6.7 £ 34 <0.001*
[C195 %] [11.8-12.6] [6.2-7.3]

Missing data 0 0

CC-0, n(%) 166 (80.6) 141 (95.3) <0.001"
CC-1,n(%) 40 (194) 7 (4.7)

Duration of surgery (minutes), 3258 +£ 111.1 2343 + 91.0 <0.001°*
Mean + SD

[C195 %] [310.5-341.1] [219.6-249.1]

Missing data 1 0

Blood loss (ml), Mean + SD 576.6 & 3122 3914 4+ 2958  <0.001°
[C195 %] [531.7-621.5] [342.2-440.7]

Missing data 18 7

Histology, n(%)

High-grade serous 171 (83.0) 118 (79.7) 0.080"

Low-grade serous 21(10.2) 8 (5.4) 0.432%#

Clear-cell 5(24) 6(4.1)

Carcinosarcoma 6(2.9) 11(74)

Other (endometroid, mucinous, 3 (1.5) 5(3.4)
mesonephric-like)

High-grade complications, n(%) 50 (24.3) 13 (8.8) <0.001"

3a,n(%) 23(11.2) 5(3.4)

3b, n(%) 8(3.9) 4(2.7)

4,n(%) 16 (7.8) 4(2.7)

5,n(%) 3(1.5) 0(0.0)

Complications related to
splenectomy (of any grade)

Bleeding, n(%) 1(0.5) Not applicable

Pancreatic leakage, n(%) 26 (12.6)

- Without any high-grade 18 (69.2)

complication, n(%)
- With any high-grade 8(30.8)
complication, n(%)
Infection of any kind and grade,n 88 (42.7) 36 (24.3) <0.001"
(%)

- Clavien-Dindo <3, n(%) 85 (41.3) 34 (23.0)

- Clavien-Dindo >3, n(%) 3(1.5) 2(1.4) 0.934"
Post-op treatment (weeks), Mean 4.3 + 1.3 4.0 + 1.1 0.029*
+ SD
[C195 %] [4.1-4.5] [3.8-4.2]

Missing data 7 3

BMI=Body Mass Index. CCl = Charlson Comorbidity Index. FIGO=International Federa-
tion of Gynecology and Obstetrics. PDS=Primary debulking surgery. IDS=Interval
debulking surgery. PCI=Peritoneal Cancer Index. SCS=Surgical complexity score. CC=
Completeness of cytoreduction.

* Chi2-test.

S t-test.

# Between stage Ill and IV.

*# Between high-grade serous and other histology.
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overweight of capsular metastases. Parenchymal involvement was ob-
served in 14.7 % of cases (Table S1). Spleen metastases were equally
common in patients who had PDS or IDS (84.3 % vs 80.8 %, p = 0.503).

3.3. Predictive factors for splenectomy and spleen metastases

Intraoperative established FIGO stage IV (OR = 1.92 [95 % CI 1.25 to
2.95] and PCI (OR = 1.26 [95 % CI 1.20 to 1.32] were associated with
splenectomy in the univariable logistic regression analysis (Table 2A).
In the model adjusted for stage IV and high-grade serous ovarian cancer
histology, PCI (aOR = 1.27 [95 % CI 1.21 to 1.34]) and PDS (aOR = 0.49
[95 % CI1 0.26 to 0.92]) were associated with the risk of splenectomy.

In the splenectomy group, PCI (aOR = 1.11 [95 % CI 1.04 to 1.17] was
the only significant predictor of spleen metastasis in the model adjusted
for PDS vs IDS, stage IV and high-grade serous ovarian cancer (Table 2B).
We then identified cut-off values for PCl in relation to splenectomy, i.e. a
PCI score > 16 (sensitivity 84.3 %, specificity 78.2 %, AUC 0.884,
p < 0.001) for all CRS, being lower for IDS (PCI > 14, sensitivity 85.4 %,
specificity 70.8 %, AUC 0.852, p < 0.001) and higher for PDS (PCI > 19,
sensitivity 85.1 %, specificity 85.3 %, AUC 0.916, p < 0.001) (Table S2).

3.4. Risk of high-grade complications after splenectomy

High-grade complications were observed in 50 patients (24.3 %)
who had undergone splenectomy vs 13 (8.8 %) of control patients
(p < 0.001) (Table 1). A complication directly related to splenectomy
was pancreatic leakage. It was detected in 26 patients after splenec-
tomy, and all were conservatively managed. Five of these 26 patients
had undergone pancreas resection, while remaining cases were likely
due to damage during the splenectomy. Distal pancreas resection was
performed in another four cases during splenectomy, without signs of
leakage. Of those 26 patients, eight were classified as having high-
grade complications, i.e. respiratory insufficiency, sepsis, pleural effu-
sion and reoperation for other reason. One patient in the splenectomy
cohort was re-operated because of bleeding from a splenic artery
(Table 1). Postoperative infections were observed in 124/354 (35 %) pa-
tients. Infections of any kind and grade were twice as common in the
splenectomy group. Only five patients developed infections classified
as Clavien-Dindo complication grade 3 or higher, including two cases
of sepsis in the splenectomy group and one endocarditis in the control
group (Table 1, Table S3).

Further, in univariable logistic regression analysis we identified that
splenectomy, decreased level of albumin, increasing CCI-score, PDS, PCI
and SCS were predictors of high-grade post-operative complications
(Table 3). A significant correlation (r > 0.6) was identified between
splenectomy, SCS and PCI, therefore, SCS and PCI were excluded from
the model adjusted for age, BMI and albumin level. The adjusted
model identified CCI (aOR3 = 1.48 [95 % CI 1.04 to 2.13]), PDS

Table 2
PCI as a predictive factor for splenectomy.

A) Predictive factors for splenectomy

OR[95 % (I aOR [95 % CI]
PDS (IDS ref) 0.86[056-131]  0.49[0.26-0.92]
PCI 126[120-132]  1.27[1.21-134]
Stage IV (stage III ref) 1.92 [1.25-2.95] n.s.
High-grade serous (other histology ref) 1.24[0.72-2.13] n.s.
B) Predictive factors for spleen metastases after splenectomy

OR[95 % CI] aOR [95 % CI]
PDS (IDS ref) 1.28[0.62-2.64]  n.s.
PCl 110[1.04-1.16]  1.11[1.04-1.17]
Stage IV (stage III ref) 1.02 [0.49-2.11] n.s.
High-grade serous (other histology ref) 0.56 [0.19-1.70] n.s.

PDS=Primary debulking surgery, IDS=Interval debulking surgery, PCI=Peritoneal cancer
index, n.s. = not significant.

124

Gynecologic Oncology 197 (2025) 121-128

aOR3 = 3.83 [95 % CI 1.96 to 7.50] and splenectomy (aOR3 = 3.96
[95 % C1 1.96 to 7.98]) as independent predictors for high-grade postop-
erative complications (Table 3).

3.5. The role of splenectomy for survival of ovarian cancer

We analysed OS in relation to splenectomy and to the presence of
spleen metastases. We observed a median OS of 89.3 months in patients
who did not undergo splenectomy compared to 49.8 months for the
patients who underwent splenectomy (p < 0.001) (Table 4A). At the
same time, OS of patients who had splenectomy without confirmed me-
tastasis (36/206) was 86.1 months, comparable to the OS of the group
without splenectomy (p = 0.819) (Table 4A, Fig. 2). No difference in
0S was observed for patients who had capsular and/or hilar metastases
(46.4 months) compared to those with parenchymal involvement
(40.7 months), p = 0.993 (Fig. 2). We analysed disease and surgical pa-
rameters of the 36 patients without confirmed spleen metastasis after
splenectomy. Compared to the cases with confirmed spleen metastases,
they had similar PCI, SCS, proportion of CC 0, PDS and stage IV. Patients
with confirmed spleen metastases had a significantly higher PCI, inci-
dence of high-grade postoperative complications and shorter OS than
patients without spleen metastasis and those who did not undergo sple-
nectomy (Table 4A).

We thus performed a Cox regression analysis to identify indepen-
dent predictors of OS (Table 4B). In simple Cox regression analysis
age, increasing PCl, incomplete surgery, splenectomy and disease
stage IV were significant factors affecting OS negatively. Because of a
significant correlation (r > 0.6), either PCI or splenectomy was excluded
from the adjusted models. In the models adjusted for CCI, PDS vs IDS and
age, CC-1 (aHR1 = 1.77 [95 % CI 1.16 to 2.71]) and PCI (aHR1 = 1.03
[95 % CI 1.01 to 1.06]) or CC-1 (aHR2 = 2.00 [95 % CI 1.33 to 3.00])
and splenectomy (aHR2 = 1.71 [95 % CI 1.20 to 2.41]) were indepen-
dent predictors of worse OS (Table 4B).

At last, we analysed the incidence of relapse in relation to splenec-
tomy. Relapse was documented in 214 of 330 (64.8 %) of analysed
patients (Table S4). Relapse was diagnosed in 135/191 (70.7 %) of pa-
tients who underwent splenectomy and 79/139 (56.8 %) of patients of
the control cohort (p = 0.01). At the same time, incidence of secondary
surgery was significantly higher in the cohort that did not undergo sple-
nectomy (27/79-34.2 %) compared to those who underwent splenec-
tomy during primary surgery (26/135-19.2 %) (p = 0.02) (Table S4).

4. Discussion

This is, to our knowledge, the largest cohort study that demonstrate
that splenectomy during primary CRS for advanced OC is associated
with tumour burden, surgical complexity, high-grade postoperative
complications, impaired survival, and indirectly, of cytoreduction suc-
cess. PCI was identified as an independent strong predictor of splenec-
tomy and spleen metastases after splenectomy.

We confirmed that splenic involvement in advanced OC is common.
In our study, 58 % of patients with stage IIIC-IV disease underwent sple-
nectomy whereof 82.5 % had histopathological proven metastases in the
spleen. A previous autopsy study revealed that 47 % of OC patients had
spleen metastases [26], a result in line with ours regarding the incidence
of spleen metastasis in 48 % of patients. Other studies similar to ours by
inclusion criteria, study period and completeness of cytoreduction,
demonstrate the incidences of splenectomy of 40.8 % [12] and of
51.7 % [15]. Given that OS strongly correlates with macroscopic residual
disease [4,5,27], removal of a tumour-involved spleen is important for
patients prognosis. No splenic involvement was confirmed in 17.5 % of
cases when splenectomy was performed upon intraoperative suspicion
of metastasis. Those cases were characterised by higher PCI, SCS and
prevalence of stage IV than the no splenectomy cases, being more sim-
ilar to the group where splenic involvement was confirmed. A clinical
evaluation is not 100 % specific for detection of the spleen metastases,
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Table 3
Predictors of high-grade postoperative complications after primary ovarian cancer surgery.
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OR[95 % CI] aOR1[95 % CI]* aOR2 [95 % CI]™ aOR3 [95 % CI]™"

Age (years) 0.99 [0.96-1.01] n.s. n.s. n.s.

BMI (kg/m?) 1.01 [0.96-1.06] n.s. n.s. n.s.

Albumin (g/L) 0.94 [0.88-0.99] n.s. n.s. n.s.

ccl 1.42 [1.02-1.96) 1.63 [1.11-2.40] 1.53 [1.06-2.21] 1.48 [1.04-2.13]
PDS (IDS ref) 3.71[1.98-6.92] 3.29[1.62-6.67] 2.91[1.48-5.70] 3.83[1.96-7.50]
PCI 1.09 [1.05-1.13] 1.08 [1.04-1.13] $ $

Splenectomy (no splenectomy ref) 3.28 [1.71-6.29] $ $ 3.96 [1.96-7.98]
SCS 1.24 [1.14-1.35] $ 1.23[1.12-1.34] $

BMI=Body mass index, CCI=Charlson comorbidity index, PDS=Primary debulking surgery, IDS=Interval debulking surgery, PCI=Peritoneal cancer index, SCS = Surgical complexity

score, n.s. = not significant.
$ Not included in adjusted model.
* Adjusted for age, BMI, albumin. R2 0.215.
** Adjusted for age, BMI, albumin. R2 0.218.
** Adjusted for age, BMI, albumin. R2 0.193.

but is justified in the context of the goal of macroscopic radical surgery,
and no increased high-grade complications. Compared to other studies
the rate of no metastases in removed spleens is similar [15,16] or higher
[11]. Durmus et al. reported that 10/74 (13.5 %) of the removed spleens
were cancer free [15]. Magtibay et al. reported 28/112 (25 %) of patients
with no spleen metastasis or as missing data, making the result difficult
to interpret [16]. El Hajj reported metastases in 58 % of removed spleens,
while 30 % of spleens removed due to trauma were found to have me-
tastases [11]. Thus, our results correspond to earlier observations. We
identified the PCI as an independent predictor of splenectomy and
splenic metastases among patients undergone splenectomy. PCI has
earlier been demonstrated as a valid instrument for evaluation of the tu-
mour burden during ovarian cancer surgery, prediction of completeness

Table 4
Overall survival in relation to splenectomy, disease and surgery parameters.

of cytoreduction and occurrence of high-grade postoperative complica-
tions [28-30]. This emphasizes the importance of assessing the PCI
during ovarian cancer surgery.

The results of our study identified that high-grade complications
were almost four times more common after splenectomy. Despite the
ambition to extract the exact reason for the high rate of complications,
it turned out to be more difficult than expected. The correlations be-
tween splenectomy, PCI and SCS are so strong that it was not possible
to include them all in the same model. The identified correlation dem-
onstrated that splenectomy could act as surrogate marker for high PCI
and SCS, and indirectly, for the surgical effort towards the complete
cytoreduction. Thus, our belief is that it is the extent of the disease
that lies behind the higher risk of high-grade complications and not

A) Comparison of OS, disease and surgery parameters between study groups

No splenectomy Splenectomy p-value

n = 148 n = 206
Median OS, months 89.3 49.8 <0.001

No metastases Metastases * * -

n = 148 n =36 n =170
Median OS, months 89.3 86.1 46.4 <0.001 0.027 0.819
PCI,M + SD, 11.0 + 65 189 + 7.3 233 4+ 64 <0.001 0.001 <0.001
[95 %CI] [9.9-12.1] [16.5-21.4] [22.3-24.3]
SCS,M + SD 6.7 + 3.4 111+ 28 124 + 28 <0.001 0.061
[95 %Cl] [6.2-7.3] [10.2-12.1] [12.0-12.8]
CC-0 (%) 141 (95.3) 30 (83.3) 136 (80.0) <0.001 0.646
CC-1 (%) 7 (4.7) 6(16.7) 34 (20.0)
PDS (%) 79 (53.4) 16 (44.4) 86 (50.6) 0.618 0.503
IDS (%) 69 (46.6) 20 (55.6) 84 (49.4)
Stage IIIC (%) 85 (57.4) 15 (41.7) 70 (41.2) 0.011 0.957
Stage IV (%) 63 (42.6) 21 (58.3) 100 (58.8)
High-grade complications (%) 13(8.8) 3(8.3) 47 (27.6) <0.001 0.013 0.905
B) Disease and surgery-related predictive factors of OS

HR[95 % CI] aHR1™"" [95 % CI] aHR2™"" [95 % CI]

Age (years) 1.02 [1.01-1.04] 1.03[1.01-1.04] 1.03 [1.01-1.05]
CCI 1.14 [0.93-1.39] n.s. ns.
PDS (IDS ref) 0.80 [0.59-1.09] n.s. n.s.
PCI 1.04 [1.02-1.06] 1.03 [1.01-1.06] #
CC 1 (CCOref) 2.40[1.61-3.57] 1.77 [1.16-2.71] 2.00 [1.33-3.00]
Splenectomy (no splenectomy ref) 1.92 [1.37-2.68] # 1.71 [1.20-2.41]
FIGO stage IV (IIIC ref) 1.58 [1.15-2.16] ns. ns.

0OS=AO0verall survival, PCI=Peritoneal cancer index, SCS=Surgical complexity score, CC=Completeness of cytoreduction, PDS=Primary debulking surgery, IDS=Interval debulking

surgery.
CCl=Charlson comorbidity index, n.s. = not significant.

* All groups compared, i.e. No splenectomy, splenectomy without metastasis and splenectomy with metastasis.

** Splenectomy with metastasis compared to splenectomy without metastasis.
** Splenectomy without metastasis compared to no splenectomy.
o Adjusted for CCI, PDS, stage.
# Not included in adjusted model.
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Overall survival depending on splenectomy and metastatic pattern
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Fig. 2. Survival of the patients that did not undergo splenectomy compared to those who did and their metastatic pattern.

the splenectomy itself. Moreover, the subgroup of patients who under-
went splenectomy without confirmed spleen metastases did not have a
higher risk of high-grade complications compared to those who did not
undergo splenectomy, supporting our hypothesis that splenectomy is
not causative of higher morbidity but rather a confounding variable.
We have earlier demonstrated that PCI > 21 is a predictor for high-
grade complications [29] which corresponds to the present results. A
specific complication related to splenectomy was pancreatic leakage
managed by keeping the passive drain placed during CRS, until normal-
ised pancreas amylase levels in drainage fluid. Eight of the 26 cases had
high-grade complications; however, we could not directly connect
those to the pancreatic leakage. Additionally, the risk of severe infec-
tions after splenectomy is not reflected in our result with the same
risk of infections of Clavien-Dindo >3 in both analysed groups, however,
we have not analysed infections after the immediate post-operative
period.

Patients who underwent splenectomy during ovarian CRS had a
shorter OS, however we suggest the observation was rather confound-
ing than causative and our adjusted models showed that OS was related
to age, residual disease and extent of the disease, again reflected by PCI
and splenectomy. The previously mentioned meta-analysis concluded
that splenectomy did not affect OS, however, the heterogeneity in the
included studies was high and the authors suggested further
studies [14].

An observed two days delay in the start of adjuvant chemotherapy in
the splenectomy group has a doubtful clinical relevance. Data on the
prognostic impact of delayed adjuvant chemotherapy are not
completely clear, which time limit that's relevant [31-33] and argue
whether it is splenectomy itself that delays the start of adjuvant
treatment [8,9,34].

Splenic parenchymal metastases did not worsen the prognosis
compared to capsular and/or hilar metastases. All but one patient with
parenchymal involvement also had either capsular and/or hilar metas-
tases. This could of course be a result of haematogenous spread of ovar-
ian cancer but more likely the hypothesis of direct invasion from the
hilum and splenic notches [19]. Previous studies show conflicting re-
sults in the prognosis related to type of splenic involvement, i.e.
Magtibai et al. reported no significant difference in terms of OS between
parenchymal versus capsular/hilar splenic metastases [16]. On the other
hand, Bacalbasa et al. has reported a prognostic difference between
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parenchymal, hilar and capsular involvement [17]. The former had
only 47 patients in the primary CRS group with metastases in the spleen,
seven of whom with parenchymal metastases. Additionally, the follow
up time was short. We here report the result of a much larger cohort
than either of above-mentioned studies, with all of the 206 patients un-
dergoing splenectomy in a primary setting. Our findings can be an argu-
ment for continued discussions regarding the FIGO staging that
classifies parenchymal spleen metastases as FIGO stage IVB, and is a
subject for future studies.

The spleen is assumed to provide immunological defence against
tumour cells even though it is not clear how this mechanism might be
related to ovarian cancer [35-37]. In our study, OS of patients after sple-
nectomy without metastases did not differ from the OS of the patients
who did not undergo splenectomy. This could imply that the possible
antitumoral effect of the spleen in ovarian cancer is negligible, with
reservation of the smaller number of patients who underwent
splenectomy without any evidence of metastases on the histopatholo-
gical examination.

Because of the high proportion of patients undergoing splenectomy
in this study, and among them a high proportion of confirmed metasta-
ses in the spleen, it is also interesting to compare the OS with other pub-
lished studies. In our study, among patients who did or did not undergo
splenectomy, the incidence of CC-0 was 80 % and 95.3 % with median OS
of 46.4 and 89.3 months, respectively. Pergialiotis et al. [12] presented
0S among patients undergoing splenectomy during primary surgery
of 39 months (78 % complete CRS), compared to 68 months among pa-
tients not undergoing splenectomy (87 % complete CRS). Said et al. [8]
showed OS of 36 months in both groups, however, the study period
was during 2008-2015 and only approximately 50 % were CC-0, and in-
terestingly the incidence of splenectomy was only 2.5 %. One study with
a reported longer OS, than the previously mentioned was published by
Durmus et al. [15], where almost the entire cohort were stage IlIC and all
patients underwent PDS. In that study, OS after splenectomy compared
to no splenectomy was 45.2 and 75.3 months after 73 % and 84.1 % of
complete CRS, respectively. Other earlier published articles on the
same subject all showed shorter OS than in our present study
[9,38,39], however the inclusion criteria and study periods in those are
not entirely comparable. Further, new oncological treatments have suc-
cessively become available, affecting the prognosis. Finally, one can
argue that we preselected patients that had complete or almost



E. Karlsson, O. Vorobii, I. Silins et al.

complete cytoreduction correspondent to CC-0 and CC-1, yet there were
only six patients that were excluded from the study based on CC > 1
(Fig. 1).

5. Strengths and weaknesses

The strength of this study is that, to the best of our knowledge, it is
the largest series of patients subjected to splenectomy during primary
CRS for advanced ovarian cancer. The study analyses the results for a
tertiary centre for advanced ovarian cancer surgery performed by the
same team members providing homogeneity regarding surgical deci-
sions. As in other observational studies the risk of selection bias must
be considered and is difficult to adjust for. A randomized trial would,
however, not be possible for this research subject. Our findings contrib-
ute to the clinical research field with new insights of the role of splenec-
tomy, presence of spleen metastases and survival in advanced ovarian
cancer. A weakness of this study is the lack of knowledge of the potential
metastasis in non-removed spleens and because of that not possible to
analyse predictive factors for splenic metastases in the entire cohort.
As this is a single centre study and the incidence of splenectomy is
higher than in other studies, the result is not completely generalizable,
however it emphasizes that spleen metastases are common and this
should be considered for a complete CRS. Another weakness is that
other surgical procedures are not included in the analyses, however,
by including SCS it is in some way compensated for. It would have
been of interest to also include long term outcomes in terms of severe
infections; however, this would be a subject for a registry-based study.

6. Conclusion

Spleen metastases are very common in advanced ovarian cancer,
thus splenectomy during primary CRS should be performed when
splenic involvement is suspected to achieve complete cytoreduction.
PCl is an independent strong predictor of splenectomy. High-grade
postoperative complications after advanced ovarian cancer surgery are
related to comorbidity, timing of surgery and the extent of the disease.
Finally, splenic parenchymal metastases do not worsen the prognosis
compared to capsular and/or hilar metastases.
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