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Abstract

Objective Splenectomy is regularly performed in total and distal pancreatectomy due to technical reasons, lymph node dis-
section and radicality of the operation. However, the spleen serves as an important organ for competent immune function, and
its removal is associated with an increased incidence of cancer and a worse outcome in some cancer entities (Haematologica
99:392-398, 2014; Dis Colon Rectum 51:213-217, 2008; Dis Esophagus 21:334-339, 2008). The impact of splenectomy in
pancreatic cancer is not fully resolved (J Am Coll Surg 188:516-521, 1999; J Surg Oncol 119:784-793, 2019).

Methods We therefore compared the outcome of 193 pancreatic cancer patients who underwent total or distal pancreatec-
tomy with (Sp) or without splenectomy (NoSp) between 2015 and 2021 using the StuDoQIPancreas registry of the German
Society for General and Visceral Surgery. In addition, we integrated our data into the existing literature in a meta-analysis
of studies on splenectomy in pancreatic cancer patients.

Results There was no difference between the Sp and NoSp groups regarding histopathological parameters, number of exam-
ined or affected lymph nodes, residual tumor status, or postoperative morbidity and mortality. We observed a significantly
prolonged survival in pancreatic cancer patients who underwent total pancreatectomy, when a spleen-preserving operation
was performed (median survival: 9.6 vs. 17.3 months, p =0.03). In this group, splenectomy was identified as an independent
risk factor for shorter overall survival [HR (95%CI): 2.38 (1.03 — 6.8)]. In a meta-analysis of the existing literature in com-
bination with our data, we confirmed splenectomy as a risk factor for a shorter overall survival in pancreatic cancer patients
undergoing total pancreatectomy, distal pancreatectomy, or pancreatic head resection [HR (95%CI): 1.53 (1.11 — 1.95)].
Conclusion Here, we report on a strong correlations between removal of the spleen and the survival of pancreatic cancer
patients undergoing total pancreatectomy. This should encourage pancreatic surgeons to critically assess the role of sple-
nectomy in total pancreatectomy and give rise to further investigations.
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Introduction esophageal cancer, Pultrum et al. observed a significant dif-

ference in the 2-year survival rate, favoring the no-splenec-

Multiple studies have reported on the outcome of cancer
patients when a splenectomy was performed as part of
tumor resection. In colorectal cancer, avoidance of splenec-
tomy was associated with superior patient survival [1]. For
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tomy group [2]. In 1999, Schwarz et al. described a survival
benefit of pancreatic cancer patients when a spleen preserv-
ing pancreatic resection was performed [3]. Still, splenec-
tomy is often performed as part of total or distal pancreatic
resection. The reasons include technical difficulties of spleen
preservation, radicality of the operation, tumors adjacent to
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splenic hilus, and completeness of lymph node removal.
Several studies proved that preservation of the spleen is fea-
sible and safe in pancreatic cancer patients [4-7]. Direct
infiltration of the spleen can be assessed reliably by preop-
erative CT scan [8]. Also, the number of lymph nodes in the
splenic hilus is rather small, and they are rarely affected by
pancreatic cancer [8—10]. In addition, recent data suggest
an impaired anti-tumor immune response after splenectomy
in murine pancreatic cancer models [11, 12]. We therefore
analyzed the impact of splenectomy on the long-term out-
come of pancreatic cancer patients undergoing total or distal
pancreatectomy.

Material and methods
Retrospective registry study and survival analysis

We retrospectively analyzed data from the Studies, Docu-
mentation, and Quality Center (Studien-, Dokumentations-
und Qualititszentrum, StuDoQ) of the German Society for
General and Visceral Surgery (DGAV) from 2015—2021.
Patients with histologically confirmed pancreatic ductal
adenocarcinoma, who underwent either total or distal pan-
creatic resection with curative intention, were included in
the study. This study was approved by the ethics committee
of the Technical University Munich (2022-408-S-NP).

Group comparison (splenectomy yes vs. no) was done
by chi-square or student’s-t test, when applicable. Kaplan-
Meier curves were used to illustrate patient survival, with
log rank test for statistical differences. A Cox proportional
hazards regression model was used for multivariate analysis
of patient survival regarding splenectomy and histopatho-
logical features.

Meta-analysis

A systematic literature search was performed in relevant
databases (Google Scholar, PubMed, Cochrane Library)
for the search term [("pancreatic cancer" OR "pancreatic
ductal adenocarcinoma" OR "pancreatic malignancy") AND
("Splenectomy") AND ("Distal pancreatectomy” OR "total
pancreatectomy” OR "left pancreatectomy") AND ("Out-
come" OR "Outcomes")]. A total of 4.539 Studies (PubMed
74, Google Scholar 4.460, Cochrane Library 5) were identi-
fied. After title and abstract screening, only three studies
could be identified addressing this topic, from which two
included sufficient outcome data to be implemented in a
meta-analysis. Hazard ratio and standard error was approxi-
mated by given p-values, number of included patients, and
noted observations. A random effects model was used to cal-
culate a combined hazard ratio (HR). All statistical analysis
was performed using the software R and R Studio.
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Results
Patient cohort

We included a total of 193 patients with histologically con-
firmed pancreatic ductal adenocarcinoma who underwent
either distal or total pancreatectomy in our analysis (for all
details see Table 1). The mean age of the patient cohort was
66.2 years, 59% of the patients were male. There was no
significant difference in the distribution of patients by sex or
gender across the two groups. Clinically, there was no differ-
ence in new-onset diabetes or preoperative CA19-9 levels.

Splenectomy was performed in 45.6% (47/103) of the
patients undergoing distal pancreatectomy and in 43.4%
(39/90) of the patients undergoing total pancreatectomy.
For all distal pancreatectomies the spleen preservation was
performed by Warshaw procedure. Overall, the two groups
exhibited no significant difference in operation time (Sp:
339.0 min, noSp: 337.9 min, p=0.96). The mean operating
time for distal pancreatectomy was 23.2 min longer in the
no splenectomy group (sp: 252.9 min, noSp: 276.0 min,
p=0.33). In the case of total pancreatectomy, the mean
operating time was found to differ by 37.0 min, with sple-
nectomy being the slower operation, although this differ-
ence did not reach statistical significance (Sp: 442.8 min,
noSp: 405.8 min, p=0.16). Furthermore, no significant
differences were observed in intraoperative blood trans-
fusions (Sp: 0.64, noSp: 0.56, p=0.74), or the incidence
of postoperative bleeding, defined as the requirement for
more than three blood transfusions during the postopera-
tive course (Sp: 10.5, noSp: 13.1, p=0.74).

There was no difference in tumor size (pT), involvement
of lymph nodes (pN), grading (G), or resection status (R)
between the two groups. The mean number of lymph nodes
examined in the two groups were also comparable [Sp: 27
(range 1—63), noSp: 28 (range 2 — 115), p=0.66]. Fur-
ther, there was no significant difference in the number of
affected lymph nodes (Sp: 3.0, noSp: 2.3, p=0.33) or the
percentage of affected to total number of examined lymph
nodes (Sp; 14.0%, noSp: 17.3%, p=0.67). Additionally,
the postoperative morbidity and mortality based on the
Clavien Dindo Classification in the Sp and noSP group
did not differ between the groups (supplementary Fig. 2).

Splenectomy is associated with a shorter overall
survival

Median survival of patients in the combined cohort of dis-
tal and total pancreatectomy was 11.6 months in the sple-
nectomy group (n=286), compared to 17.3 months in the
control group (n=107) with spleen-preserving operation
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Table 1 Patient cohort
characteristic and comparison
of histopathological parameters
between the two patient cohorts
with and without splenectomy.
Chi-square or student’s-t test
was used for the calculation of
p values

No Splenectomy Splenectomy P value

Number of patients 107 86

Sex of the Patients (male/female) 59/48 49/37 091
Mean age of Patients (years) 66.4 65.8 0.71
Newly diagnosed diabetes (%) 10.3 7.0 0.58
Preoperative CA19-9 levels 223.9 430.1 0.10
Number of total pancreatectomies 51 39

Number of distal pancreatectomies 56 47

pT 0.54
pTO 3 0

pT1 (n) 13 10

pT2 (n) 35 28

pT3 (n) 45 42

pT4 (n) 10 6

pTx 1 0

pN 0.33
pNO (n) 43 31

pN1 (n) 47 34

pN2 (n) 17 21

R 0.12
RO (n) 74 60

R1 (n) 24 25

R2 (n) 0

Rx (n) 1

G 0.19
Gl (n) 1 2

G2 (n) 43 33

G3 (n) 30 34

Gx (n) 33 17

L 0.67
LO (n) 55 45

L1 (n) 51 41

Lx (n) 1 0

Pn 0.14
Pn0 (n) 27 13

Pnl (n) 79 73

Pnx (n) 1 0

\Y% 0.60
VO (n) 72 34

V1 (n) 61 25

Vx (n) 1 0

Number of examined lymph nodes (median, range) 28.1 2-115) 27.0(1 - 63) 0.66
Number of affected lymph nodes (median, range) 2.3(0-32) 3.0(0-37) 0.33
Percent affected lymph nodes (median, range) 17% (0 — 100) 14% (0 —70) 0.67
Mean operating time overall (minutes) 337.9 339.0 0.96
Mean operating time distal pancreatectomy (minutes) 276.0 252.9 0.33
Mean operating time total pancreatectomy (minutes) 405.8 442.8 0.16
Mean intraoperative blood transfusion (number) 0.64 0.56 0.74
Postoperative bleeding (%) 13.1 10.5 0.74
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Fig.1 Preservation of the spleen is associated with a prolonged
overall survival of pancreatic cancer patients who undergo total pan-
createctomy. We observed a significantly longer overall survival in
the combined and in the total pancreatectomy group. There was no

(p=0.03) (Fig. 1A). Here, splenectomy was associated
with reduced patient survival (Hazard Ratio 1.7, 95%CI
1.05-2.2, p=0.03) independent of pT, pN, R status
(Fig. 2A). In the subgroup analysis of total and distal
pancreatectomy, only total pancreatectomy showed a sig-
nificant association with patient survival (p =0.03) with a
median survival of 9.6 vs. 20.8 months in the splenectomy
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Fig.2 Multivariate analysis. Splenectomy as independent risk factor
for a shorter overall survival of pancreatic cancer patients in the com-
bined cohort (A) and the total pancreatectomy cohort alone (B). A
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significant survival difference in the distal pancreatectomy group.
Kaplan-Meier curves illustrate patient survival. Log rank was used to
calculate p-values

vs. no splenectomy group, respectively (Fig. 1B). Further,
splenectomy in patients who underwent total pancreatec-
tomy was identified to be a highly prognostic marker for a
shorter overall survival, independent of pT-, pN, R status,
postoperative morbidity and mortality and center volume,
in a multivariate analysis [HR (95%CI): 2.64 (1.03 — 6.8)]
(Fig. 20).

B - Total Pancreatectomy

splenectomy ?ﬁ=1 03) Reference -
ms:aw ( 1.032 1645.5) '—'—‘ 0.044*
pT };\1I=23) Reference .
IIS:B.?) (0 7 27812,5) - 0.182
Iﬁasn (0.33 4 7.6) '—'—‘ 0.481
N-16) (073513 - 0.115
PN ?’&70) Reference .
W:sn (0.951617.4) + 0.07
W-s8) (068%%3) S i) 0.206
R 2& 130) Reference .
Mag) (095"%49) (= 0,069
;ﬁ:z) (3.2: 1 %Z?G.Z) L 0.004 **
?A’I‘f?’)"mn mm?o. 151 19420.8) ’——'—' 0.583
c_postop_clavien ,{Iid,%)‘ Reference n
W 0ty '—'l—' 0668
/{7:"250)35 (o.oz? '-797. 7) '—H 0.836
R (048%508) ) 0324
?r{/a:dv?fa ( 1.22517026.5) j— 0.027*
m-_dzﬁdb (0309-‘9:163&0) '—l—' 0.198

rade 5 (death)  504.00 ——
Ns3) <0.001

(45.91 - 5532.5)

n lication 1.36 }

WP N 027 X6  —— Ln e
size ?’e(:] 102) Reference "

>=50 0.64 -:

(N=87) (029~ 1.4) H 0278

# Events: 45; Global p-value (Log-Rank): 8.285e-11
AIC: 267.41; Concordance Index: 0.88

Cox proportional hazards regression model was used for multivariate
analysis. Four patients were excluded with pTO or pTx as pT status
due to small group size
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To fit our data into the existing literature, we conducted
a meta-analysis of studies with data on long-term outcome
after resected pancreatic cancer with information on sple-
nectomy. In a systematic literature search, we identified two
matching studies with sufficient data. Yang et al. did not
observe a significant difference between the splenectomy
and no splenectomy group in their retrospective analysis of
patients undergoing total pancreatectomy for resection of
pancreatic cancer [4]. In contrast, Schwarz et al. performed
a retrospective study on patients undergoing resection of
the pancreatic head, tail, or total resection and found that,
independent of the performed operation, there was a sig-
nificant survival difference between the two groups, in favor
of patients without splenectomy [3]. We fitted the available
data from the existing studies, including our own, into a
meta-analysis. Also here, splenectomy was evident as risk
factor for a shorter overall survival [HR (95%CI): 1.53 (1.11
—1.95)] in a random effects model (Fig. 3).

Discussion

Resection of the tumor is the only potentially curative treat-
ment of pancreatic cancer. In the context of left or total
pancreatectomy removal of the spleen is often performed
due to the anatomical proximity of the spleen to the pan-
creatic tail and affection of the splenic vessels by the tumor.
Spleen preservation can either be performed through sparing
of the splenic artery and vein or by vessel resection. The
preservation of the splenic vessels can be surgically chal-
lenging, especially in malignant pancreatic disease, where
tumor free resection margins are a pivotal factor for patient
outcome. In 1988 Warshaw originally described a pancre-
atic resection technique with preservation of the spleen but
resection of the splenic vessels, based on the preservation
of the short gastric- and the left gastroepiploic vessels tak-
ing advantage of splenic collateral blood flow [5]. Today,
multiple studies have proven the safety and effectiveness
of this procedure in open and laparoscopic surgery with no
differences in early postoperative outcome [6, 13—16]. Our
findings align with this conclusion, as we could not identify
any disparities in postoperative morbidity and mortality (see

HR SE n_Sp n_noSp

Yang 2019 1.04 0.30 21 38
Schwarz 1999 1.64 0.17 37 289
Our analysis 1.85 0.30 86 107

supplementary Fig. 2). Additionally, no significant differ-
ences were observed in terms of operative time or periop-
erative blood loss in the patient cohort under investigation.
In total pancreatectomy, where spleen preservation is most
challenging, we observed a shorter operation time compared
to simultaneous splenectomy, although this difference did
not reach statistical significance. This is probably due to the
fact that the Warshaw technique was performed in all cases,
eliminating the need for time-consuming exposure of the
splenic vessels.

Besides technical reasons, a radical lymph node dissec-
tion, including the lymph nodes in the hilus of the spleen,
is a reason for splenectomy in pancreatic cancer surgery,
especially because nodal involvement is directly correlated
with patient outcome. In our study we did not observe any
difference between in the number of examined and affected
lymph nodes between the splenectomy and no splenectomy
group. This is in line with a retrospective analysis of lymph
node involvement in patients who underwent total spleno-
pancreatectomy by Collard et al., who found a low median
number of only two lymph nodes in the splenic hilus, with
40% of the patients with no lymph nodes detectable at all.
None of the hilus lymph nodes were positive for metastasis
in this study [8]. Navez et al. described only one case of pos-
itive lymph node metastasis in a group of 85 patients with
pancreatic adenocarcinoma of the body or the tail, and Kim
et al. reported four positive hilar lymph nodes in a cohort of
97 cases of pancreatic cancer [9, 10].

Further, direct infiltration of the spleen by pancreatic
tumors of the tail presents a reason for splenic removal. It
has been shown that this can be reliably predicted in the
preoperative CT [8]. Therefore, cases for potential spleen
preservation should be preoperatively assessed for direct
splenic infiltration. In our patient cohort, we did not observe
any difference in the residual tumor/margin status between
the splenectomy and no splenectomy group.

In a large cohort study of cancer-free veterans by Kristin-
son et al., splenectomy was associated with an increase in
cancer incidence and risk of cancer death [17]. This observa-
tion was confirmed by Sun et al. in their population-based
cohort study of patients undergoing splenectomy for trau-
matic and nontraumatic indications [18]. In both groups,

95%-Cl Weight Resection

1.04 [0.45;1.63] 27.9% total
1.64 [1.30; 1.98] 44.1% total, distal, head
1.85 [1.26; 2.44] 28.0% total, distal

Fig.3 Meta-analysis of studies on long-term outcome after pancre-
atic resection with or without splenectomy. Random effects model
shows an increased risk for shorter overall survival if splenectomy is

1.53 [1.11; 1.95] 100.0%
1

2 25

performed. HR =Hazard Ratio, SE = Standard Error, n_Sp=number
of operations with splenectomy, n_noSp=number of spleen-preserv-
ing operations
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splenectomy was associated with a higher risk for overall
cancer development [18]. When splenectomy was a part
of tumor resection of patients with colorectal or esopha-
geal cancer, it was associated with poorer patient progno-
sis [1, 2]. In pancreatic cancer, Schwarz et al. reported a
significantly prolonged survival of patients who underwent
a spleen-preserving operation for pancreatic cancer with
curative intention. These results are in line with our data;
however, Schwarz et al. included distal and total pancrea-
tectomies, and additionally pancreatic head resections (pan-
creatoduodenectomy). They reported a median survival of
12.2 versus 17.8 months in the splenectomy (n=37) vs.
the spleen-preserving group (n=289), respectively [3]. In
their multivariate analysis, splenectomy was found to be an
independent factor for a shorter survival. Interestingly, the
survival benefit was independent of the performed opera-
tion [3]. In our data, the survival benefit of patients with-
out splenectomy was prominent in the total pancreatectomy
group, while we did observe little to no effect in the distal
pancreatectomy group. The same observation was reported
in a Dutch outcome analysis of patients with pancreatic can-
cer who underwent distal pancreatectomy. In line with our
data, splenectomy did not show a significant association with
patient survival in this subgroup [19]. However, the propor-
tion of spleen-preserving compared to spleen-resecting sur-
gery in this study was rather small (17 vs. 124) and the study
may therefore lack the statistical power to detect survival
differences [19]. In contrast to our data, the retrospective
analysis of Yang et al. did not detect a difference in long-
term survival of pancreatic cancer patients undergoing total
pancreatectomy between the spleen preservation (Warshaw
technique) and splenectomy group (n=38 vs. 21, p=0.905)
[4]. We analyzed the above-mentioned studies from Schwarz
et al. [3] and Yang et al. [4] in a meta-analysis (Rooij et al.
[19] did not include p values). Here, splenectomy was identi-
fied as an independent risk factor for an inferior long-term
survival. However, our study is certainly limited by its ret-
rospective nature. It is crucial to acknowledge that a sig-
nificant constraint of this study is the use of overall patient
survival data. While overall survival and progression-free
survival are closely correlated for pancreatic cancer patients,
given the unfavorable prognosis and high recurrence rate,
this introduces another potential source of bias that limits
the generalisability of our conclusions. Additionally, infor-
mation on tumor location and indication for total pancrea-
tectomy (tumor location, size, high-risk pancreaticojejunos-
tomy, or no residual functioning pancreas), indication for the
chosen technique (spleen preservation/resection), and perio-
perative treatment regime (neoadjuvant/adjuvant treatment)
was not included in the StuDoQIPancreas registry. Another
data that was not sufficiently reported in the database was
the information on pre- and postoperative oncologic treat-
ment. This remains a major limitation of the study, as this
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is of crucial importance to the tumor recurrence and with
that to overall survival. Due to the limitations mentioned
above, we cannot make a general recommendation for spleen
preservation in ductal pancreatic cancer. Prospective, rand-
omized trials with recurrence-free survival data are needed
to provide clear guidelines.

Our systematic review shows that the impact of spleen
removal on pancreatic cancer outcomes is poorly studied
and the underlying mechanisms remain unknown. In the
human organism, hematologic changes can be observed
after splenectomy [20]. However, it is not known how this
affects the course of malignant disease, such as pancreatic
cancer. One pioneering study by Hwang et al. observed a
significant increase in tumor growth after removal of the
spleen in their murine pancreatic cancer model [11]. In the
splenectomy group, they additionally observed a lower ratio
of effector T cells (CD8+/CD4 +) to immunosuppressive
regulatory T cells (FOXP3 +), suggesting an impaired anti-
tumor immune response [11]. It may be that this impaired
immune system leads to a less effective anti-tumor immune
response, especially when severe diabetes co-exists e.g.
after total pancreatectomy [21]. However, further evidence
is needed to understand and potentially circumvent these
changes induced by splenectomy.

Conclusion

In conclusion, spleen preservation is associated with a
prolonged survival of pancreatic cancer patients undergo-
ing total pancreatectomy independent of other established
risk factors. Our data is in line with a few previous reports
on a survival benefit, when a spleen-preserving surgery is
performed.

However, as a result of the above-mentioned limitations,
no reliable causality between splenectomy and a survival
benefit of patients after pancreatic surgery can be established
based on our results. Nevertheless, the strong correlations
found should encourage pancreatic surgeons to critically
assess the role of splenectomy in total pancreatectomy and
give rise to further investigations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00423-024-03570-y.
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