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ABSTRACT

Objectives: The prognosis of ovarian cancer (OC), among other factors, depends on residual disease after primary de-
bulking surgery (PDS) and initial disease advancement. The main aim of our study was to evaluate the survival benefits
of splenectomy and diaphragmatic surgery in OC patients, when the procedures result in resection to no macroscopic
residual disease or minimal residual disease [tumor nodules below 2.5 mm according to Sugarbaker’s completeness of
cytoreduction score (CC) = 11.

Material and methods: The study included 25 OC patients after splenectomy procedures, 28 patients after diaphragmatic
surgery and 17 patients who had undergone both splenectomy and diaphragmatic surgery. Patients’ overall survival
(OS) was compared with residual disease-matched controls (47 patients) who had upper abdomen involvement but no
requirement for splenectomy and/or diaphragmatic surgery.

Results: Overall survival of patients after splenectomy was not significantly different from OS of patients who did not
required splenectomy (36.1 vs 31.6 months; p = 0.85). No differences in OS were observed between patients who did
and did not require diaphragmatic surgery (31.3 vs 41.8; p = 0.33). Similarly, we found no differences in OS between
patients who underwent both splenectomy and diaphragmatic surgery and those patients who did not require either
procedure (20.1 vs 31.6 months; p = 0.45). Splenectomies and diaphragmatic surgeries were associated with prolonged
hospitalization and length of surgery, however, no specific morbidity related to the procedures was observed.

Conclusions: In the cases of advanced OC, diaphragm and spleen involvement do not hamper patient prognosis when
adequately resected.
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INTRODUCTION

Ovarian cancer (OC) is the seventh most common cancer
worldwide. It is estimated that almost 250,000 patients are
diagnosed with ovarian cancer every year and that approxi-
mately 45% of cases have a five-year survival rate [1, 2]. Ovar-
ian cancer is often asymptomatic to begin with, therefore
most cases are already advanced at diagnosis [3]. Among all
newly diagnosed OC cases, it is estimated that only 20-30%
are early stage compared with 70% at stages lll and IV [4].
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Treatment of advanced OC is based on a combination
of surgery and chemotherapy. The most important goal
of surgical treatment in advanced OC is complete resec-
tion (i.e.,, no macroscopic residual disease) or when this
is not possible, “optimal cytoreduction” of the tumor (i.e.,
residual tumors less than 1 cm in diameter) [4]. The surgical
goal of OC treatment should be achieved during primary
debulking surgery (PDS) or during interval debulking sur-
gery (IDS) following neoadjuvant chemotherapy (NACT) [5].
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Patients following PDS or IDS without macroscopic residual
disease have been shown to have longer progression-free
survival (PFS) and overall survival (OS) compared with those
with sub-optimal cytoreduction [6].

Advanced OC affects the organs of the upper abdomen.
Upper abdominal involvement is generally considered in-
dicative of aggressive tumor biology [7]. Moreover, disease
in the upper abdomen is often unresectable, although many
patients can achievecomplete cytoreduction when proce-
dures such as splenectomy or diaphragmatic stripping are
performed [8]. However, OC prognosis is also related to how
advanced the cancer was prior to these procedures. A recent
study by Horowitz et al. [9], has shown that even when
complete or optimal cytoreduction is achieved, a high initial
disease burden results in a worse prognosis. These results
suggest that the more advanced the disease, the less benefit
thereis from surgery. However, more aggressive surgery may
be warranted if it results in no residual disease following
surgery [9, 10]. Although patients with OC have improved
survival rates following ultra-radical surgery, studies also
show that extensive surgical treatment may be associated
with postoperative complications [10-12].

Objectives
The aim of our retrospective analysis was to evaluate the
survival benefits of splenectomies and/or diaphragmatic
surgery in OC patients, when these procedures result in
either complete or “optima

|u

resection.

MATERIAL AND METHODS

We performed a retrospective analysis of patients who
underwent PDS due to primary OC surgery for advanced
ovarian cancer in the Clinical Division of Gynecological On-
cology of the Franciszek Lukaszczyk Oncological Center in
Bydgoszcz, Poland, between 2013 and 2017. Excluded were
patients who were operated on for borderline tumors, those
who had neoadjuvant chemotherapy, and thosewho had
surgery due to recurring disease. We included only those
patients who were diagnosed with advanced (at least IlIA)
OCwho had undergone PDS that resulted in either no gross
residual disease (CC = 0 score) or minimal disease (CC =1
score; tumor nodules below 2.5 mm after surgery) measured
according to Sugarbaker’s completeness of cytoreduction
(CC) surgery scoring [13].

Allthe patients had undergone longitudinal laparotomy
extending from the xiphoid process to the pubic bone.
Patients had undergone either bilateral/unilateral salpin-
goophorectomy and pelvic peritonectomy with retroperi-
toneal hysterectomy, or, in cases of a previous hysterectomy,
vaginal vault resection. Additionally, a total omentectomy
had been performed. Appendectomy was performed in
cases of tumor infiltration or where there was suspicion of

the mucinous type of ovarian cancer. Lymphadenectomy
had always been performed in cases where enlarged or
suspicious lymph nodes were found. In cases where the
lymph nodes were unchanged, the primary surgeon had
decided whether to perform lymphadenectomy. The re-
section of other organs was performed when necessary,
depending on the degree of tumor infiltration, in order to
remove all macroscopic lesions. In cases of diaphragmatic
surgery, either diaphragmatic stripping (the removal of the
diaphragmatic and upper abdomen peritoneum without
full thickness resection of the diaphragm) or diaphragmatic
resection (the removal of the diaphragmatic and upper
abdomen peritoneum with full thickness resection of the
diaphragm) were performed.

All surgeries were performed by accredited gynecologi-
cal oncologists (in most cases, LW.). In all cases, preoperative
bowel preparation with mechanical bowel and preoperative
enema was performed. All patients received an intravenous
antibiotic prophylaxis composed of first-generation cepha-
losporin and metronidazole. Perioperative gentamicin was
administered when bowel surgery was performed. Most pa-
tients who underwent extensive surgery received postopera-
tive parenteral nutrition. The administration of transfusions
of red blood cell (RBC) concentrates depended on each pa-
tient’s clinical performance; however, the majority of patients
whose postoperative hemoglobin concentration was below
8d/dL received RBC concentrates. Following surgery, patients
were scheduled for first-line chemotherapy consisting of in-
travenous carboplatin and paclitaxel. Anti-angiogenic treat-
ment composed of bevacizumab was administered only for
patients with suboptimal debulking (residual tumors > 1 cm),
therefore, patients meeting our study’s inclusion criteria had
not been treated with bevacizumab.

To compare the effects of splenectomy and diaphrag-
matic surgery on patient survival, the total study cohort
was divided, by identifyingboth those who had, and
those who had not undergone one or other of the above-
-mentionedprocedures, as well as those who had under-
gone both. Meaning, we identified three study groups and
three respective control groups; and we analyzed patient
outcomes in the following manner: study group 1: patients
who had splenectomies; control group 1: patients who had
not undergone splenectomies; study group 2: patients who
had undergone diaphragmatic surgery; control group 2: pa-
tients who had not undergone diaphragmatic surgery; study
group 3: patients who had undergone both splenectomy
and diaphragmatic surgery; control group 3: patients who
had not undergone either splenectomy or diaphragmatic
surgery.

Final histopathological diagnosis was undertaken on all
the tumors removed during surgeries, and each tumor was
classified according to the World Health Organization (WHO)
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Classification of Tumors. Disease stages were assessed ac-
cording to the 2014 International Federation of Gynecology
and Obstetrics (FIGO) classification system. Cases that had
been treated prior to 2014 were reclassified using FIGO’s
2014 classifications.

The following variables were compared between the
study and control groups: patient age, disease stage, rate
of bowel resections, residual disease, proportion of high
grade serous ovarian cancer, length of surgery and length
of hospital stay, surgery complexity score according to
Aletti et al. [14], the rate of serious adverse events (grade
3 or more according to the Clavien-Dindo classification [2]),
the median number of RBC concentrates transfused, and the
median overall survival (mOS) [14, 15].

The Mann-Whitney test was used to compare the groups
studied with respect to ordinal data. Nominal data com-
parisons between the groups were made using the Fisher-
exact test. The Freeman-Halton extension was used for 3 x 2
and 4 x 2 contingence tables. Information on any patients
who died was retrieved from the database of the National
Health System of Poland. Survival analyses were conducted
using the Kaplan-Meier survival curves and differences in
patients’mOS were compared using the log-rank test.

RESULTS
Patient characteristics

We identified 83 patients who met the study’s inclusion
criteria. Of these patients, 28 had undergone diaphragmatic-
surgery, 25 had undergone splenectomies,17 had under-
gone both diaphragmatic surgery and splenectomies, and
47 had undergone neither splenectomy or diaphragmatic
stripping/resection.

There were no differences in the distribution of patient
ages and disease stages between the analyzed groups of
patients (Tab. 1). The groups were similar to each other in
the rate of bowel resections and proportion of high-grade
serous carcinomas (Tab. 1). We found no difference in the
rates of no gross residual disease between patients who
had undergone and had not undergone splenectomies. On
the other hand, the patients who required diaphragmatic
surgery or diaphragmatic surgery and splenectomy revealed
lower rates of no gross residual disease when compared
to their respective control groups (Tab. 1). For patients
who underwent splenectomy or diaphragmatic surgery,
the duration of surgery and length of hospital stay were
significantly longer when compared to patients who had
neither of the above-mentioned surgical procedures (Tab. 1).
Similarly, when splenectomy or diaphragmatic stripping
were performed, the procedure resulted in higher surgical
complexity scores according to Aletti et al.[14] (Tab. 1). The
rates of serious adverse events and RBC transfusions were
similar between the studied groups and their respective

control groups (Tab. 1). The median follow-up period for
patients was 65 months days (range 0.2-81.0).

We found no differences in mOS between patients who
had a splenectomy, diaphragmatic surgery, or both proce-
dures when compared to their respective control groups
(Tab. 1). When the patients with no gross residual (CC = 0)
and minimal residual (CC = 1) disease were analyzed sepa-
rately, the difference in survival did not differ when com-
pared to controls. Survival curves for the analyzed study
groups and control groups are presented in Figure 1.

DISCUSSION

The most important prognostic factors in OC are ini-
tial disease burden and residual disease following surgery.
These two factors are related to each other, because initial
disease advancement influences the success of surgery and
the amount of residual disease. However, initial disease bur-
den has been shown to be an independent prognostic factor
in OC, while prognoses of patients with the same residual
disease following surgery are associated with preoperative
cancer burden [9]. However, in our study we have shown
that OS rates for OC patients following splenectomy and/
/or diaphragmatic surgery during PDS that result in no gross
residual (CC = 0) or minimal residual disease (CC = 1), are
similar to OS rates for OC patients with the same amount
of residual disease but without spleen and diaphragmatic
involvement.

Similar results were obtained by Eisenhauer et al. [8],
who found no difference in survival rates of patients with
extensive upper abdominal procedures, including splenec-
tomy and diaphragmatic stripping, when comparing to
patients with less extensive surgery with similar residual dis-
ease. In one of the largest studies concerning diaphragmatic
surgery in ovarian cancer, Muallem et al.[16], have shown no
difference in patient survival whether diaphragmatic resec-
tion/stripping was performed or not, in groups of patients
with similar residual disease. Furthermore, in a study by Said
et al. [17], the group of patients who underwent PDS with
splenectomy, despite having a higher number of complica-
tions after the surgery, showed no significant differences in
progression-free survival and OS when compared to patients
who did not require splenectomy.

In contrast to these results, in our previous study, we
found significantly shortened survival of OC patients who
underwent bowel resection compared to residual disease
matched patients without bowel surgery [18]. Shortened
survival was especially apparent in the group of patients
with ultra-radical surgery that included total colectomy
despite either no residual disease or minimal residual dis-
ease [10].These results suggest that despite higher initial
tumor burden, performing selected upper abdomen sur-
gical procedures can achieve similar survival outcomesto

www. journals.viamedica.pl/ginekologia_polska 809



Ginekologia Polska 2023, vol. 94, no. 10

00'L (%0) 0 (%177 1L 00'L (%0) 0 (%8°1) L 00°L (%0) 0 (7Y uondNIISqo [amog
00°L (%0) 0 (%171 00'L (%0) 0 (%8°1) L 00'L (%0) 0 %L DL uoneiopad [pmog
SIS9)UI0dRI0Y)
00'L (%0) 0 (%l L 00°L (%97€) L (%8°1) L LSO (%0) 0 (%¥°€) T paiinbai ey uoisnya [eina|d
00'L (%0) 0 (%0) 0 00'L (%9°€) L (%8°1) L 00°L (9%W) L %L1) L $1USA9 Jljoquis-0quioly |
SS°0 (%0) 0 (%t9) € (340) (%0) 0 (%5°9) € LS50 (%0) 0 (%r'€) sisdag
00'L (%6°S) L (%5°8) ¥ Lo (%EPL) ¥ (%6°0L) 9 LS50 (%8) T (%8€l) 8 uoldajul punop
SJUDAD SIDAPE IINS
00'L (%81) € (%12) 0L 810 (%S2) £ (%02) L1 ¥95°0 (9691) ¥ (9%¥2) 1 SJUDAS 9SIDAPE SNOLISS UM Sjudlied
1000 > (S1-6) Tl (01-9)¢ 1000>d (S1-2) 0L (01-9)¢ 1000 > (St=2)ol (01-9) £ 2105 Axa|dwiod A1abing
1000 > (08-8) €T (8TT-L) vl Loo=d (08-8) LT (8Tz-4) SL 00 (08-8) 61 (8TT-1) S1 Aeys [endsoy jo yibusT
(2bue) saanuIp
1000 > (00£-027) 0S€ (065-5T1) S¥T 1000 >d (00£-007) TS€E (065-5T1) S¥T 1000 > (00£-517) S¥E (519-5T1) 08T A136uns jo uoneing
(%9°21) € (%6°1€) S1 (%S52) £ (%1'62) 91 (%91) ¥ (%8TE) 61 ON
€5€°0 (%v'T8) vl (%1°89) T€ (%S2) LT (%6°0£) 6€ (%¥8) 1T (%T'£9) 6€ SIA
86/°0 181°0 132U UeLIEAO SNOJSS apelb ybiH
(%S592) €1 (%'0v) 61 (%¥°L£) 0T (%T'8€) LT (%09) 51 (%817¥) 9T L-20
€00 (%S€0) ¥ (%9'65) 8T 5000 (%9'87) 8 (%8°19) € €20 (%07) 01 (%T'SS) Te 0=2D
3seasIp [enpisay
000°L (%001) £L (%86) 9 S6C°0 (%001) 8¢ (%€6) LS 850 (%t6) €T (%L6) 95 UOI129531 [9MO( JO 31y
(%6°9) L (%12 L (%L01) € (%8°1) L (%) 1 (%98) S anl
(%0) 0 (%t9) € (%L (%€L) ¥ (%¥8) 1T (%T°£9) VAl
(%¥'T8) 1 (%C0L) €€ (%¥'1£) 0T (%LTL) OF (%) L 6€ plll]

(%6°S) L (%l6l)6 (%l'0) T (%¥91) 6 (%) L (%CLL) 0L 4
(%6°S) L (%L L (%9°€) L (%8°1) L (%TS) € %L1) L Vil
LLLO Leyo=d £5€°0 094
(9bues) ueipapy
y9z0=d (9£-97) 85 (98-9€) €9 opLo=d (9£-97) 85 (98-9¢€) 79 12S0 (9£-L€) 6S (98-9€) 79 aby

Lt = u K1abuns 8Z=u gs=u
L1 = u £136uns snewbesydelp £K13bans £A1361ns sZ=u 8s=u
dnewbesydeip pue  pue Awoldaua)ds >newbesydelp snewbesydelp Aworaua|ds Awoydaua|ds
anjead Awoydauaids yum oYUM anjead yum oYUM anjead yum mnoyum

pawnoysad A196ans

uawopge Jaddn jo ad£} ay3 03} Huipiodde ‘(W G°Z > SIINPOU Jowin}) SSeISIP [enpisal [ewiulw Jo [enpisal ssolb ou uj buninsai £1961ns bunjingap Asrewid pey oym syusned Jaoued uelieno Jo uosuedwo) °| ajqeL

www. journals.viamedica.pl/ginekologia_polska

810



Artur Skowyra et al., The impact of splenectomy and diaphragmatic surgeryon perioperative morbidity and overall survival of ovarian cancer patients

[S 1] SIUSAD DSISAPE SNOLISS SE PIPI0IBI IIM SYUIAS dsIdAPE 3peib dJow 10 331y} AJuo pue
‘uoedYISSe> OPUIQ-USIALD) 0} BulpI0dd. P33I0dal 319M SIUSAS SSISAPY [1] ‘|e 39 1119]y 03 BulpIodde passasse sem 2103s A1xa|dwod A196ins 3y ‘(€ 1] 9(eds A136ans (D) SAIINP3I0IAD JO SSaUR)R|dW0d 3Y) 03 BuIpIodIL ‘A136INS DU} J3Je WW §'Z MOJS]
S3|NPOU JowN) 03 SI3J31 | I 3|1ym K136ans a3 Jo3je 3seasip [enpisai ssob ou 0} spuodsaiiod 0 ‘2109134 *103s UOIIINP3I0IAD JO SSUSIS|AWOD 5433 eqIeBNS Buisn pajen|ens sem aseasip [enpisal A1961ns-3sod !s33e13uaU0d |13 Poojq Pal — Jgy

[eL=u] [6L=u] [oz=u] [lz=u] [SL=u] [9z=u]
(2buey) syyuoy
[BAIAINS |[BIDAO UBRIPSA|
(L=2D)
lzo=d (€65-€7) ¥'SL (£0L-91'1)9'LE cevro=d (6'7L-€7) 10T (L0L-91'1)9'LE ceo=d (EVS-€D) ¥'SL (6vL-91°1) 9'LE 9SEISIP [eNpIsal [eWlulW Y)m sjuslied

[F=u] [8z=U] [8=u] [re=u] oL=u] [ce=u]
(2buel) syzuopy
|BAIAINS [|RIDAO UBIPDIA
(0=2D)
Leo=d (§'59-1€) 8'LE (6'6,-T0) 8'LY 95z0=d (5°59-8'7) L'0€ (6'6,-T0) 071 95z0=d (cL-€0) 6'61 (66£-T0) T'LE 3seas1p [enpisal ss016 ou Yum sjuaied
(1D %S6) onel piezey
(€9£'7-0290) 60€°L (S6€'T-82£0) 0TE'L (€56'1-7£5°0) 650'L [BAIAINS
(@buel) syyuoy
sy'0=d (§'99-1'7) 10T (0'18-z0)9'LE gegp=d (§99-¥T) €LE (0'18-70) 8'LY €sg0=d (6vL-¥T) L'9E (0'18-T0) 9'LE |BAIAINS |[BI9AO UBIPIIN
8L0 (01-0) ¢ (81-0)¢ 6710 (01-0)¢ (81-0)¢ 8€L0 (01-0)¢ (81-0) T uolsnjsuei} 93es3usdu0d Sgy Uelpsiy
660 (%6°9) L (%l2) 1 00°L (%0) 0 (%0) 0 00°'L (%0) 0 (%0) 0 Ayjeriow Ae@ 001
00'L (%0) 0 (%0) 0 00'L (%0) 0 (%0) 0 00'L (9%0) 0 (%0) 0 Ayjenow Aeqg og
00°L (%0) 0 (%0) 0 €€0 (%97€) L (%0) 0 LS0 (%0) 0 (%¥°€) e dnowolseuy
660 (%6°9) L (%12 L 00l (%9°€) L (%8°1) L 00°'L (%) L %L 1L e|nisiy
00°'L (%0) 0 (%EY) T S0 (%0) 0 (%9€) T LS0 (9%0) 0 (%€) T SS9I5CR JIA|9d
00'L (%6'S) L (%€ V) T 00'L (%9°€) L (%9°€) T LS0 (%) L (%t'€) T 32USIY3P PUNOm

Lt = u K13buns gz=u §s=u
L1 = u £136uns >newbeiydelp K136ans £136ans Gz=u gS=u
cnewbeiydeip pue  pue fwoydaus|ds dnewbeiydeip snewbeirydeip Awoyda3ua|ds Awoydaua|ds
anjead Awoydaua|ds yum mnoyum anjead Yaum mnoyum anjead yum mnoyum

pawuoyiad L1961ns uswopge

42ddn jo ad£3 ay3 03 Huipiodde ‘(Ww §'Z > S3|NPOU JowN)) BSEISIP [BNPISAI [BLUIUIW JO [enpisai sso1b ou ul buninsas £196.ns bunjngap Arewnd pey oym syuasned isdued uerieno jo uostiedwo) *(‘3uod) | ajqerL

811

www. journals.viamedica.pl/ginekologia_polska



Ginekologia Polska 2023, vol. 94, no. 10

A Splenectomy D Diaphragmatic surgery G

Splenectomy and diaphragmatic

OandCC=1

=

40 60 40 60

Months

20

—_
oA
o
o

0 60
Months

0 20

Months

0 20

40 60 8 100 0 20 40 60 8 100 0 20 40 60 8 100
Months Months Months
C F 1
1004 1004
90 Group 904 Group
80 —0 80+ —0
704 vm o e 1 704 e e L
~ 60 60 i
I 504 50
O 40 = 40
30 T 304
20 20
o4 T 101 i
04, , , , , , 04, , , , , , 04, ' ' i ' '
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Months Months Months

Figure 1. Survival curves of ovarian cancer patients who had primary debulking surgery resulting in no gross residual or minimal residual disease
(tumor nodules < 2.5 mm), according to the type of upper abdomen surgery; A. Patients with both no gross residual (CC = 0) and minimal residual
disease (CC = 1). Group 0: patients who did not undergo splenectomy (n = 58), median overall survival (mOS) = 31.6 months (range: 0.2-81.0);
Group 1: patients undergoing splenectomy (n = 25), mOS = 36.1 months (range: 2.4-74.9), p = 0.853; B. Patients with no gross residual disease

(CC = 0). Group 0: patients who did not undergo splenectomy (n = 32), median overall survival (mOS) = 31.2 months (range: 0.2-79.9); Group

1: patients undergoing splenectomy (n = 10), mOS = 49.9 months (range: 23-72), p = 0.256; C. Patients with minimal residual disease (CC = 1).
Group 0: patients who did not undergo splenectomy (n = 26), median overall survival (mOS) = 31.6 months (range: 1.16-74.9); Group 1: patients
undergoing splenectomy (n = 15), mOS = 15.4 months (range: 2.3-54.3), p = 0.22; D. Group 0: patients who had no diaphragmatic surgery

(n =55), mOS = 41.8 months (range:0.2-81.0); Group 1: patients who had diaphragmatic surgery (n = 28), mOS = 31.3 months (range:2.4-65.5),

p = 0.338; E. Patients with no gross residual disease (CC = 0). Patients who had no diaphragmatic surgery (n = 34), mOS = 44 months
(range:0.2-79.9); Group 1: patients who had diaphragmatic surgery (n = 8), mOS = 30.7 months (range:2.8-65.5), p = 0.256; F. Patients with minimal
residual disease (CC = 1). Patients who had no diaphragmatic surgery (n = 21), mOS = 31.6 months (range: 1.16-70.7); Group 1: patients who had
diaphragmatic surgery (n = 20), mOS = 20.1 (range: 2.3-74.9), p = 0.256; G. Group 0: patients who had neither diaphragmatic surgery

nor splenectomy (n = 47), mOS 31.6 months (range:0.2-81.0); Group 1: patients who had both splenectomy and diaphragmatic surgery (n = 17),
mOS = 20.1 months (range:2.3-74.9), p = 0.450; H. Patients with no gross residual disease (CC = 0). Patients who had neither diaphragmatic surgery
nor splenectomy (n = 28), mOS 41.8 months (range: 0.2-79.9); Group 1: patients who had both splenectomy and diaphragmatic surgery

(n =4), mOS = 37.8 months (range: 3.4-65.5), p = 0.311; I. Patients with minimal residual disease (CC = 1). Patients who had neither diaphragmatic
surgery nor splenectomy (n = 19), mOS 31.6 months (range: 1.16-70.7); Group 1: patients who had both splenectomy and diaphragmatic surgery
(n=13), mOS = 15.4 months (range:2.3-59.3), p = 0.21

those patients with less advanced disease. However, in the similar residual disease who did not require bowel resection.

case of bowel surgery, despite complete tumor resection, We suggest the reason that some of the surgical procedures

patient prognosis is worse when compared to patients with are associated with patient survival while others are not,
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may be linked to surgery-related adverse events and/or
differences in tumor biology.

In our study, the duration of the operation and the
length of hospitalization were longer after the diaphrag-
matic procedures. This is also confirmed by other studies
[19, 20]. The prolongation of surgery with diaphragmatic
surgery is due to the greater complexity of cytoreductive
surgery. However, despite longer and more complex surgery,
no differences in the number of patients affected by severe
adverse events and no differences in specific adverse events
were found between the study groups. In a study by Mual-
lem etal. [16], regarding diaphragmatic surgery in advanced
OC, the authors reported higher rates of postoperative com-
plicationsin the group of patients who underwent diaphrag-
matic surgery compared to controls. However, the group of
patients in the above-mentioned study was not balanced
— the rate of bowel resection in the group of patients with
diaphragmatic surgery was significantly higher than in the
control group. In contrast, in our study, the rate of bowel
resection was similar between the study groups. Neverthe-
less, most of the adverse events reported in the Muallem et
al.[16], study were notdirectly related to the diaphragmatic
surgery. Only pleural effusion was significantly more com-
monly observed in the group of patients with diaphragmatic
surgery. In other published findings, the most common
complications that occur after cytoreductive surgeriesin the
upper abdomen with diaphragm stripping are pulmonary
complications, and the most frequently described compli-
cation in this group is pleural effusion [21, 22]. In a study
by Shuang Ye et al. [19], the authors reported pleural ef-
fusion, pneumonia, and pneumothorax in 25.8%, 16.1%,
and 7.3% (respectively) of patients following diaphragmatic
surgery [19]. Zapardiel et al. [20], demonstrated similar re-
sults; but the rate of pleural effusion after diaphragmatic
surgery in their study was as high as 37.9%. In our study,
we only found a few patients with pleural effusion that
required thoracocentesis. The low rate of pleural effusion in
our study can be explained by the lack of routine chest X-ray
examination and no pleural drainage following diaphrag-
matic surgery in our institution. Therefore, we only included
patients who required thoracocentesis due to symptomatic
hydrothorax.

Our study revealed a longer operation times and longer
duration of hospital stay when splenectomy was performed
during PDS. Similar results are found in work by other au-
thors [23]. However, in our splenectomy cases, we did not
find higher rates of adverse events compared with rates for
our non-splenectomy patients. Splenectomy can be associ-
ated with some specific adverse events, like overwhelming
post-splenectomy infection syndrome or pancreatic fistula
formation [24]. Although these complications may be fatal,
the results of our study and other studies suggest these

adverse events are infrequent [25]. Other adverse events
reported in ovarian cancer patients following splenectomy
include infection, formation of abscesses, anastomotic leaks,
deep vein thrombophlebitis, and portal vein thrombosis [26,
27]. However, these adverse events seem to be associated
with prolonged surgery and surgery complexity, and not
with splenectomy per se.

In summary, both splenectomy and diaphragmatic sur-
gery in OC patients are associated with prolonged surgery
times, however, specific severe adverse events are infre-
quent. This contrasts with bowel surgery, where serious
adverse events are more common postoperatively. In addi-
tion, serious adverse events associated with bowel resection,
like anastomotic leakage, may be fatal or result in delays in
adjuvant administering chemotherapy [18, 28].

The second reason for OC patients having differing
prognoses according to which surgical procedures are
performed, may be related to differences in tumor biology.
Although in recent years, our knowledge about the mo-
lecular mechanisms of ovarian cancer spread has increased
[29], little is known about the relationship between tumor
biology and the types of OC spread. OC is a heterogene-
ous disease. There are a number of histopathological types
of OC, and for each tumor type, the course of the disease
is different [30]. In addition, there are different molecular
subtypes within single histopathological types. The Can-
cer Genome Atlas (TCGA) Research Network distinguished
four transcriptional subtypes of high grade serous ovarian
cancer (HGSOC), namely: immunoreactive, differentiated,
proliferative, and mesenchymal [31]. Further analysis by
Konecny et al. [32], revealed differences in patient survival
rates among the types, showing that best survival is associ-
ated with the immunoreactive subtype, while the prolifera-
tive and mesenchymal types had the worst survival rates.
Wang et al. [33], also correlated surgical outcomes with
the molecular subtypes of HGSOC. They showed that the
mesenchymal subtype was associated with the lowest rate
of complete debulking, while patients suffering from the
immunoreactive subtype of HGSOC had the highest rate
of no gross residual disease. The lower rate of complete
resection in the case of mesenchymal subtype of HGSOC
may be caused by its different dissemination pattern. When
compared with other subtypes, the mesenchymal subtype is
more commonly characterized by an upper abdominal and
military dissemination pattern [33]. In a study by Ohsuga et
al. [34], patients with the mesenchymal subtype of HGSOC
were more commonly diagnosed at an advanced stage, had
ascites more frequently, showed diffuse peritoneal lesions,
and omental cake-like masses. All these features were less
frequently found in cases of the immunoreactive his-
topathological subtype of HGSOC [34]. Thus, it is pos-
sible that different types of OC are associated with
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diaphragm/spleen metastases while other types with bowel
involvement. Therefore, despite successful surgical resec-
tion, it is possible thatdiffering prognoses of OC patients
following diaphragm/spleen surgery and bowel resection
may be attributed to tumor biology. Currently, the decision
whether to perform cytoreductive surgery in OC is mainly
based on the technical possibilities of resection and on
the condition of patients. Growing evidence suggests that
tumor biology will be used in future for planning surgical
treatment of ovarian cancer [35]. We believe that future
novel research concerning tumor biology will also lead to
surgical treatments becoming more tailored to the tumor
biology of individual OC patients.

CONCLUSIONS

In conclusion, the results of our study suggest that
diaphragm and spleen involvement by OC do not hamper
patient prognosis when adequately resected. Therefore,
these procedures should be considered in OC patients when
cytoreduction to either no gross, or minimal residual dis-
ease is feasible. However, the association between surgical
procedures and patient prognosis requires further study.
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