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Abstract

Background: Pancreatic solid pseudopapillary tumors (SPTs) are rare neoplasms with low-grade
malignancy. The main treatment for them is surgical resection. However, some SPTs relapse after
resection. The risk factors associated with the recurrences of resected SPTs remain controversial
to date. We performed a systematic review and meta-analysis to identify the risk factors of the
recurrences of pancreatic SPTs.

Materials and Methods: We searched PubMed, EMBASE, and the Cochrane Library from their
inception to December 2017. Studies that focused on the risk factors of postoperative relapses of
pancreatic SPTs were enrolled. Combined ORs with 95% Cls were calculated to evaluate the effects
of relevant factors investigated in eligible studies. Heterogeneity among combined results was
assessed by Cochran’s Q test and by the degree of inconsistency (I%). Statistical analyses were
performed by Review Manager (version 5.3) using random effects models.

Results: We included 10 studies, which enrolled 1091 patients. The pooled results suggested that
patients with larger tumors (diameter > 5cm), lymphovascular invasion, lymph node metastasis,
synchronous metastasis and positive margin were prone to suffer from the recurrences of SPTs. In
addition, some factors like gender, location of tumors, perineural invasion, calcification and capsular
invasion did not show any correlation with the relapses of resected SPTs.

Conclusion: Factors including a larger tumor size (diameter > 5cm), lymphovascular invasion,
lymph node metastasis, synchronous metastasis and positive margin may increase the risk of
recurrences of resected pancreatic SPTs. All SPTs should be excised and patients with high-risk
features should undergo a long-term follow-up.
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Introduction

Pancreatic solid pseudopapillary neoplasm,
originally identified by Frantz in 1959 [1], was defined
as solid pseudopapillary tumor (SPT) by the World
Health Organization (WHO) in 1996 [2]. SPTs are rare
tumors which occupy 1-3 % of all pancreatic tumors

and 10-15 % of cystic tumors of the pancreas [3]. The
pathogenesis and cellular derivation are still
unknown. An origin from quiescent pancreatic stem
cells [4] or genital ridge cells [5] has been proposed.
Owing to the advancement in diagnosis, there has
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been a 7-fold increase in the number of SPT cases
since 2000 compared with before and they are mainly
found in young women [6]. Additionally, symptoms
of SPTs are relatively nonspecific [7]. Pooled data
showed that overall 5-year survival was excellent ( >
95%), even in patients with liver metastases (15-20%)
[8]. According to the WHO 2000 histological criteria
[9], SPTs were wusually benign neoplasms with
potential malignancy which could be reflected by
precise perineural invasion, angioinvasion, or deep
invasion into the surrounding tissue. However, all
SPTs were reclassified as low-grade malignant
neoplasms in 2010 [10], because they can still present
with metastasis and recurrence though they do not
have malignant features mentioned above.

Pancreatic SPTs are uncommon tumors with low
malignant potential. Due to the low incidence, the
majority of literature about SPT was published by
case reports. As a result, the true biological behavior
of SPTs still remains unknown. Despite the low
malignancy, some SPTs did relapse and
characteristics according to the WHO criteria could
not provide precise prediction of recurrence after
surgical resection. Although some risk factors
associated with the relapses of resected SPTs have
been reported, the results are still controversial. So far,
no consensus on the risk factors for the recurrences of
SPTs has been established.

The main aim of this study was to identify risk
factors for postoperative recurrences in patients with
pancreatic SPTs in order to help determine
management and follow-up strategies for these
patients.

Materials and Methods

Literature search

We were intended to identify all relevant studies
in spite of language. We searched PubMed, EMBASE,
and the Cochrane Library from their inception to
December 2017. The search items solid
pseudopapillary tumor OR SPT was combined with
pancreas and NOT report [Title].

Criteria for inclusion and exclusion

Studies that
e included patients with pancreatic solid
pseudopapillary  tumors who underwent

surgical resection;

e investigated the recurrences of SPTs after
surgery;

e discussed the association between risk factors

and the recurrences of SPTs in postoperative
patients;

e and were published with full text would be
included in this meta-analysis.

The following criteria were applied to exclude studies
e literature reviews or case reports;
e too small sample size (n < 30);

e Jlack of sufficient or detailed data needed for
investigating the recurrence of SPT.

Study selection

Studies were screened for potential eligibility
according to title and abstract by two independent
investigators. Then full text of the papers which
appeared to be useful after initial scanning were
obtained for further evaluation. Disagreement was
resolved by consensus.

Quality assessment

The quality of the included studies was assessed
by two independent reviewers according to the
Newcastle-Ottawa Quality Assessment Scale (NOS)
for case-control studies [11]. The eight elements in the
NOS are assessed under three aspects: selection,
comparability and exposure. The high-quality choices
for each element are marked with one star, and then
the quality of each study was evaluated by the total
number of stars. The scale assigns a maximum of 9
stars to each study. Studies are considered to be of
high quality if they received five stars or more [12].

Data extraction

All relevant data from included studies were
carefully extracted by two independent researchers.
Disagreement was resolved by consensus. For each
individual study, the following data was extracted:

e General article information: authors, year of
publication, country, study design, study period,
mean/median age, percentage of female,
mean/median follow-up time, number of
patients enrolled in the study, number of
patients followed up.

e All potential risk factors mentioned in enrolled
studies and the number of patients of each group,
including age, gender, tumor size, lympho-
vascular invasion, location, perineural invasion,
calcification, lymph node metastasis, synchro-
nous metastasis, positive margin, capsular
invasion, presence of capsule, invasion to
adjacent extra-pancreatic organs, invasion to
peripancreatic tissue, pancreatic fat infiltration,
symptom, ki67 index, 2010 criteria, growth
pattern, pancreatic parenchyma invasion,
abdominal pain, abdominal trauma, tumor
rupture, tumor necrosis, stage IV condition,
microscopic malignant features, ENETS tumor
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stage, ENETS stage grouping and AJCC stage
grouping.
Data synthesis and analysis

Statistical analyses were performed by Review
Manager (version 5.3). Combined ORs with 95% Cls
were calculated for dichotomous data collected from
eligible studies. Forest plots were created to show the
pooled results. Heterogeneity among combined study
results was assessed by Cochran’s Q test and by the
degree of inconsistency (I2) [13]. Heterogeneity would
be considered significant if the P-value for Cochran’s
Q test was less than or equal to 0.1. As for I?, high
heterogeneity was defined as greater than 70%,
medium heterogeneity was defined as 50%-70%, and
low heterogeneity was defined as 0%-50% [14].
Relevant data was quantitatively summarized when a
factor was investigated in at least three studies.
Random effects models were applied because they
can provide more conservative results [15].
Publication bias was descriptively assessed by funnel
plot [16]. Furthermore, subgroup and sensitivity
analyses would be performed if necessary. P-value <
0.05 was considered statistically significant.

Results

Study selection

The study selection and identification progress
was shown in Fig. 1. 887 records were identified after
initial search. By screening title and abstract, 842
records were excluded and then 45 full-text articles
were assessed for eligibility. Finally, 10 studies were
eligible and enrolled in this meta-analysis. Other
articles were excluded due to the following reasons:
(a) literature reviews; (b) too small sample size (n <
30); (c) lacking significant data because they did not
focus on the recurrences of SPTs in postoperative
patients; (d) reselecting patients with stricter criteria
after initial selection.

Table 1. General characteristics of enrolled studies.

General study characteristics

The general characteristics of the included
studies are presented in Table 1. A total of 1091
patients were included in these studies. All of them
were retrospective cohort studies. 2 studies were
performed in China [17, 18], 3 studies were performed
in South Korea [19-21], 1 study was performed in
Brazil [22], 1 study was performed in Canada [23], 1
study was performed in France [24], 1 study was
performed in Italy and America [25] and 1 study was
performed in America [26].

Quality of studies

Quality assessment of the included studies is
shown in Table 1. All studies were of high quality.
Studies mainly lost stars for comparability because
the number of patients in experimental group was
relatively small. Studies also lost stars for selection
because patients enrolled were limited to single
center.

[ Records identified through database searching (n =887) ]

!

[ Records(title/abstract) screened (n =887) ]

——

[ Full-text articles assessed for eligibility (n =45) ]

Records excluded (n =842) ]

Full-text articles excluded (n =35):
Literature reviews (n=2)

Too small sample size (n=14)

Do not focus on the recurrence

of SPT (n=18)

Reselecting patients after initial
selection (n=1)

[ Study enrolled (n=10) ]

Figure 1. The flowchart of literature searching and selection.

Author Year Country study design  Study period Total Cases Female Meanage Mean follow NOSs
cases followed up (%) (years) up time (months)
Xu et al.[17] 2017 China retrospective 2008-2015 121 103 76.9 33.7 42.7 7
Xu et al.[18] 2016 China retrospective  2006-2014 148 116 79.1 30.8 32,6 7
Marchegiani et al.[25] 2016 Ttaly, USA retrospective  1986-2014 131 105 86.3 33* 62* 8
Irtan et al.[24] 2016 France retrospective 1996-2016 51 51 78 13.1* 65* 7
Serrano et al.[23] 2014 Canada retrospective 1999-2013 32 32 81.25 35.65 43* 7
Kang et al.[19] 2014 South Korea retrospective  1990-2008 351 317 90.3 36.8 Not mentioned 8
Hwang et al.[20] 2014 South Korea retrospective 1992-2012 45 45 80 149 34* 6
Estrella et al.[26] 2014 USA retrospective ~ Not mentioned 64 59 84 33 76* 7
Kim et al.[21] 2011 South Korea retrospective 1995-2007 114 114 86.9 36* 57* 7
Machado et al.[22] 2008 Brazil retrospective 1990-2005 34 34 79 23* 84 7

USA: the United States of America; *median; NOS: the Newcastle-Ottawa Quality Assessment Scale.
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Outcomes

Gender

Data on gender was pooled for eight studies [17,
19-24, 26]. The pooled data suggested that gender did
not have any influence on the postoperative
recurrences of SPTs (OR: 0.75 [0.30, 1.88]; P = 0.54)
(Fig. 2A). Heterogeneity was low (P = 0.96; 2= 0%). A
sensitivity analysis was conducted by a fixed effects
model. The pooled OR was 0.70 [0.29, 1.71] (p = 0.43).

Tumor size

Five studies reported on tumor size according to
two criteria, diameter > 5cm [17, 18, 26] and 8cm [19,
24, 26], respectively. The combined results indicated
that larger tumor size might increase the risk of
postoperative recurrences of SPTs regardless of
different criteria (OR: 4.74 [1.12, 20.05]; P = 0.03 (Fig.
2B). OR: 6.11 [2.29, 16.27]; P = 0.0003 (Fig. 2C)).
Sensitivity analyses were conducted using fixed
effects models. The pooled ORs were 5.22 [1.28, 21.26]
(P 0.02) and 5.99 [2.27, 15.80] (p = 0.0003).
Heterogeneity of both of them was low (P = 0.75; I? =
0%. P =0.50; I =0%).

Location

Location of tumor was investigated in six studies
[17, 19-21, 24, 26]. In the present study, pancreas was
divided into two parts: proximal pancreas (PP)
including uncinate process, head and neck and distal
pancreas (DP) including body and tail. The pooled
results suggested that the location of tumor did not
show any correlation with the risk of postoperative
relapses of SPTs (OR: 0.58 [0.26, 1.28]; P = 0.17) (Fig.
3A). A sensitivity analysis was conducted by a fixed
effects model. The pooled OR was 0.53 [0.24, 1.14] (p =
0.10). Heterogeneity was low (P = 0.79; I2 = 0%).

Lymphovascular invasion

Data on the lymphovascular invasion of tumor
was reported by five studies [17, 23-26]. The combined
data suggested that lymphovascular invasion could
increase the risk of postoperative relapses of SPTs
(OR: 10.54 [3.50, 31.77]; P < 0.0001) (Fig. 3B). A
sensitivity analysis was conducted using a fixed
effects model. The pooled OR was 9.14 [3.10, 26.92] (p
<0.0001). Heterogeneity was low (P = 0.62; 1> = 0%).

A Gender
Male Female 0dds Ratio Odds Ratio

Study or Subgroup Events Iotal Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Estrella, J. 5.2014 1 9 37 16.8% 0.52[0.05, 4.90) —_—

Hwang, J.2014 0 9 4 36 94% 0.38[0.02,7.71]

Itan, 5.2016 1 10 6 41 16.9% 0.65[0.07, 6.09] Y
Kang, C. M.2014 1 32 8 285 19.0% 1.12[0.14,9.23] —
Kim, C. W.2011 0 16 4 98 95% 0.64 [0.03,12.38] I
Machado, M. C.2008 1 7 1 27 10.0% 4.33[0.24, 79.58] -t
Serrano, P.E.2014 0 6 3 26 89% 0.52[0.02,11.33] -_—
Xu,Y.2017 0 26 3 80 94% 0.42 [0.02, 8.36] -_—
Total (95% CI) 113 630 100.0% 0.75[0.30, 1.88]
Total events 4 38 ) )

Heterogeneity. Tau®= 0.00; Chi*= 2.08, df=7 (P = 0.96), F= 0%

0.001 1000

s i 01 i 10

Testfor overall effect: Z= 0.62 (P = 0.54) Fayours [experimental] Favours [control]
B Tumor size (> 5 cm)
>5cm <=5cm Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Estrella, J. 5.2014 4 29 1 32 40.9% 4.96[0.52, 47.24) N .
Xu, M. Y.2016 4 69 0 79 240% 10.92[0.58, 206.63) N
Xu, Y.2017 2 48 1 57 351% 2.55[0.22, 28.99) B
Total (95% Cl) 144 168 100.0% 4.74 [1.12, 20.05] o
Total events 10 2
Heterogeneity: Tau®= 0.00; Chi*= 0.58, df= 2 (P = 0.75); F= 0% ; t t {

iy o 0.001 0.1 10 1000
Testfor overall effect =212 (P = 0.03) Favours [experimental] Favours [control]
C Tumor size (> 8 cm)

>8cm <=Bcm Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Estrella, J. 5.2014 4 20 1 41 18.7% 10.00[1.04, 96.48) o
Itan, 5.2016 4 13 3 21 334% 2.67[0.49,14.56] B e
Kang, C. M.2014 6 62 3 254 47.9% 8.96(2.18, 36.93] ——
otal (95% Cl) 0% . .29, 16.

Total (95% CI 95 316 100.0° 6.11[2.29, 16.27] -
Total events 14 7
Heterogeneity: Tau®= 0,00; Chi®= 1,38, df= 2 (P = 0.50); F= 0% =euu1 031 1’0 1000:

Test for overall effect: Z= 3.62 (P = 0.0003)

Favours [experimental] Favours [control)

Figure 2. Forest plots of association between relevant factors and recurrence of SPT. A: the association between the recurrence of SPT and gender. B: the
association between the recurrence of SPT and tumor size (diameter > 5 cm). C: the association between the recurrence of SPT and tumor size (diameter > 8 cm).
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A Location
PP DP 0Odds Ratio 0Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
Estrella, J. 5.2014 1 13 9 31 13.3% 0.20[0.02,1.81] - = .1
Hwang, J.2014 1 16 3 29 11.4% 0.58 [0.06, 6.06] —
Itan, 5.2016 3 26 4 25 24.4% 0.68[0.14,3.42) —
Kang, C. M.2014 3 98 6 219 31.9% 1.12[0.27, 4.58) .
Kim, C.W.2011 1 49 3 64 120% 0.42[0.04, 4.20] - & -
Xu,Y.2017 0 43 3 60 T71% 0.19[0.01, 3.75] _— o
Total (95% CI) 245 428 100.0% 0.58 [0.26, 1.28] P
Total events 9 28
Heterogeneity: Tau?= 0.00; Chi*= 2.43, df= 5 (P = 0.79); F= 0% u 001 0=1 ] 1:0 1ouu:
Testfor overall effect Z=1.36 (P = 0.17) Favours [experimental] Favours [control]
B Lymphovascular invasion
Yes No Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Estrella, J. 5.2014 3 7 40 21.0% 14.14[1.28,156.79] —
Irtan, 8.2016 2 B 4 42 336% 317 (0.47,21.24) N
Marchegiani, G.2016 1 4 1 101 135% 33.33[1.66,668.72)
Serrano, P.E.2014 1 2 2 30 125% 14.00[0.62,317.39] N . ——
Xu, Y.2017 2 10 1 93 194% 23.00([1.88, 282.11) —
Total (95% CI) 28 306 100.0%  10.54[3.50,31.77] il
Total events 9 15
Heterogeneity: Tau®= 0.00; Chi*= 2.62, df= 4 (P = 0.62); F= 0% Itmm 0{1 110 1uuu=
Testfor overall effect: Z= 4.18 (P < 0.0001) Favours [experimental] Favours [control)
C Perineural invasion
Yes No Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Estrella, J. 5.2014 4 18 6 26 40.7% 0.95[0.23, 4.01) ——
Itan, 8.2016 2 12 5 39 26.4% 1.36[0.23,8.10] S o —
Marchegiani, G.2016 0 5 2 100 85% 3.58([0.15,84.04) —
Serrano, P. E.2014 1 3 2 29 108% 6.75[0.41,110.71] —_
X, Y.2017 1 1 2 92 136% 4.50[0.37, 54.16) -1 =
Total (95% CI) 49 286 100.0% 1.79[0.71, 4.47]
Total events 8 17
Heterogeneity: Tau®= 0.00; Chi*= 2.47, df= 4 (P = 0.65), F= 0% =|1001 011 3 130 1nuu=

Testfor overall effect Z=1.24 (P=0.22)

Figure 3. Forest plots of association between relevant factors and recurrence of SPT. A: the association between the recurrence of SPT and location. B: the

Favours [experimental] Favours [control)

association between the recurrence of SPT and lymphovascular invasion. C: the association between the recurrence of SPT and perineural invasion.

Perineural invasion

Data on the perineural invasion of tumor was
available for five studies [17, 23-26]. The pooled
results showed that perineural invasion did not
increase or decrease the risk of postoperative
recurrences of SPTs (OR: 1.79 [0.71, 4.47]; P = 0.22)
(Fig. 3C). A sensitivity analysis was conducted by a
fixed effects model. The pooled OR was 1.60 [0.63,
4.03] (p = 0.32). Heterogeneity was low (P = 0.65; I? =
0%).

Calcification

Three studies [20, 23, 25] discussed the
calcification of tumor. The combined data reflected
that calcification did not influence the risk of
postoperative recurrences of SPTs (OR: 0.60 [0.10,
3.55]; P = 0.57) (Fig. 4A). A sensitivity analysis was
conducted using a fixed effects model. The pooled OR
was 0.56 [0.09, 3.25] (p = 0.51). Heterogeneity was low
(P=0.82,12=0%).

Lymph node metastasis

Lymph node metastasis of tumor was examined
in five studies [17, 23-26]. The pooled results indicated
that lymph node metastasis might increase the risk of
postoperative relapses of SPTs (OR: 6.58 [1.92, 22.57];
A sensitivity analysis was
conducted using a fixed effects model. The pooled OR
was 5.89 [1.76, 19.72] (p = 0.004). Heterogeneity was

P = 0.003) (Fig. 4B).

low (P =0.76; 12 =0%).

Synchronous metastasis

Three studies [17, 23, 25] investigated the
synchronous metastasis of tumor. The combined data
suggested that synchronous metastasis could increase
the risk of postoperative recurrences of SPTs (OR:

103.21 [8.20, 1298.97]; P = 0.0003) (Fig. 4C).

sensitivity analysis was conducted by a fixed effects
model. The pooled OR was 100.83 [17.84, 569.85] (p <

0.00001). Heterogeneity was low (P = 0.23; I2 = 31%).
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Positive margin

Data on the margin status was pooled for six
studies [19, 21, 23-26]. The pooled results reflected
that positive margin might increase the risk of
postoperative relapses of SPTs (OR: 6.78 [2.44, 18.78];

P = 0.0002) (Fig. 5A). A sensitivity analysis was
conducted using a fixed effects model. The pooled OR
was 6.82 [2.51, 18.55] (p = 0.0002). Heterogeneity was
low (P =0.96; I = 0%).

A Calcification

Yes No Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hwang, J.2014 0 3 4 42 325% 1.22(0.05, 27.68] —
Marchegiani, .2016 0 26 2 79 337% 0.58(0.03,12.58) — =
Serrano, P.E.2014 0 9 3 23 338% 0.31 [0.01, 6.58] e E—
Total (95% CI) 38 144 100.0% 0.60 [0.10, 3.55]
Total events 0 9

Heterogeneity. Tau?= 0.00; Chi*= 0.39, df= 2 (P = 0.82); F= 0% b + ' t {
i . 0.001 01 1 10 1000
Test for overall effect Z= 0.56 (P = 0.57) Favours [experimental] Favours [control]
B Lymph node metastasis
Yes No Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M.H, Random, 95% CI
Estrella, J. 5.2014 3 ] 7 38 47.0% 443[0.73,26.74) T
Itan, S.2016 0 1 7 50 140% 1.93(0.07,52.06]
Marchegiani, G.2016 0 1 2 104 129% 13.67[0.44,42525] ]
Serrano, P. E.2014 1 1 2 31 128% 3540[(1.12,1116.44] . S—
Xu,Y.2017 0 1 3 102 134% 9.48(0.32, 276.50] =t =
Total (95% CI) 10 325 100.0% 6.58[1.92, 22.57] “"
Total events 4 yal
Heterogeneity: Tau® = 0.00; Chi*= 1.88, df = 4 (P = 0.76), F= 0% b + t {
% ~ 0.001 01 10 1000
Test for overall effect: Z= 2.99 (P = 0.003) Favours [experimental] Favours [control]
C Synchronous metastasis
Yes No Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Marchegiani, G.2016 0 1 2 104 359% 13,67 [0.44, 425.25] —
Serrano, P. E.2014 2 2 1 30 357% 98.33(3.12, 3101.22) —_——
Xu, Y.2017 3 3 0 100 284% 1407.00([24.22,81751.01] _—*
Total (95% Cl) 6 234 100.0% 103.21[8.20, 1298.97] —enE——
Total events 5 3
ity: Tau®= 1.58; Chi*= =2(P=023);F= ; + + §
Heterogeneity. Tau®=1.58; Chi*= 2.92, df=2 (P=0.23); F= 31% 0001 01 10 1000

Test for overall effect Z= 3.59 (P = 0.0003)

Figure 4. Forest plots of association between relevant factors and recurrenc
association between the recurrence of SPT and lymph node metastasis. C: the

Favours [experimental] Favours [control]

e of SPT. A: the association between the recurrence of SPT and calcification. B: the
association between the recurrence of SPT and synchronous metastasis.

A

Positive margin

Yes No Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H.Random, 95% Cl M-H. Random, 95% CI

Estrella, J. 5.2014 1 2 9 42 126% 367 [0.21, 64.55) —

Itan, 5.2016 3 5 4 46 244% 15.75[2.00,123.86) .

Kang, C. M.2014 1 10 8 336 218% 456 [0.51, 40.37) -

Kim, C.¥.2011 1 8 3 106 182% 4.90 [0.45, 53.48] e B R G

Marchegiani, G.2016 0 2 2 103 96% 8.12(0.30,216.97) S I —

Serrano, P. E.2014 1 3 2 29 133% 6.75[0.41,110.71] -1 =

Total (95% CI) 30 662 100.0% 6.78 [2.44, 18.78] -

Total events 7 28

Heterogeneity: Tau® = 0.00; Chi*= 1.03, df= 5 (P = 0.96); F= 0% b t t |
0.001 0.1 1 10 1000

Testfor overall effect: Z= 3.68 (P = 0.0002) Favours [experimental] Favours [control)

B Capsular invasion
Yes No Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Itan, 5.2016 3 0 2 20 415% 1.50 [0.22,10.08] —

Marchegiani, G.2016 2 7 0 98 288% B89.55(3.82,2101.09) T —

Serrano, P. E.2014 3 14 0 18 297% 11.26[0.53,23854] -T—

Total (95% CI) 42 136 100.0%  8.86[0.77, 101.46] e

Total events g 2

Heterogeneity: Tau? = 2.78; Chi*= 5.01, df= 2 (P = 0.08); F = 60% P 502 051 150 560

Test for overall effect Z=1.75 (P = 0.08)

Figure 5. Forest plots of association between relevant factors and recurrence
association between the recurrence of SPT and capsular invasion.

Favours [experimental] Favours [control)

of SPT. A: the association between the recurrence of SPT and positive margin. B: the
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Capsular invasion

Three studies [23-25] mentioned the capsular
invasion of tumor. The pooled data indicated that
capsular invasion do not have any correlation with
the risk of recurrences of resected SPTs (OR: 8.86 [0.77,
101.46]; P = 0.08) (Fig. 5B). A sensitivity analysis was
conducted by a fixed effects model. The pooled OR
was 5.15 [1.38, 19.18] (p = 0.01). Heterogeneity was
medium (P = 0.08; I? = 60%). Given that only three
studies focused on this factor, subgroup analysis was
unfeasible.

Other factors

Data on the age of patients was available for
seven studies [17, 19-21, 23, 24, 26], while most of
them was shown by mean or median age, therefore
pooled results were unavailable. Some factors
investigated only in one or two studies could not be
summarized quantitatively. Xu et al [17] reported that
high-grade malignant tumor according to the WHO
2010 classification and peripancreatic fat infiltration
could be used to estimate the relapses of SPTs. Marc-
hegiani et al [25] found that an infiltrative growth
pattern and pancreatic parenchyma invasion might
increase the risk of postoperative recurrences of SPTs.
According to Irtan et al [24] , age under 13.5 years at
diagnosis was a risk factor of postoperative relapses
of SPTs. A report from Serrano et al [23] showed that
invasion to adjacent extra-pancreatic organs could
increase the risk of the recurrences of resected SPTs.
Kang et al [19] considered that microscopic malignant
features was significantly associated with the relapses
of SPTs. Presence of capsule was discussed in two
studies [23, 24] and both of them suggested that no
significant influence of capsule of tumor was found. A
study by Kang et al [19] indicated that the presence of
clinical symptoms might predict the relapses of SPTs,
while Kim et al [21] reported the contrary result.
Estrella et al [26] discovered that ENETS tumor stage,
ENETS stage grouping and AJCC stage grouping
were significant predictors of the postoperative
recurrences of SPTs. Kang et al [19] suggested that
stage IV condition (peritoneal seeding and distant
metastasis) was a predictive factor for recurrences of
resected SPTs. In additional to the factors mentioned
above, the ki67 index [17], invasion to peripancreatic
tissue [24], abdominal pain [24], abdominal trauma
[24], tumor rupture [24] and tumor necrosis [24] were
not found statistically related to the recurrences of
resected SPTs.

Publication bias

Given that a funnel plot should be based on at
least 10 studies [27], publication bias (Fig. 6) was
considered as unclear due to the limited number of

included studies.

Discussion

This is a systematic review and meta-analysis
that assessed the risk factors for postoperative
recurrences in patients with pancreatic SPTs. The
pooled results indicated that patients with larger
tumors (diameter > 5cm), lymphovascular invasion,
lymph node metastasis, synchronous metastasis and
positive margin were prone to surfer from the
recurrences of SPTs. In addition, some factors like
gender, location of tumors, perineural invasion,
calcification and capsular invasion did not increase or
decrease the risk of the relapses of resected SPTs. We
also identified many other factors associated with the
postoperative recurrences of pancreatic SPTs, such as
age, presence of capsule, invasion to adjacent extra-
pancreatic organs, invasion to peripancreatic tissue,
pancreatic fat infiltration, symptom, ki67 index, 2010
criteria, growth pattern, pancreatic parenchyma
invasion, abdominal pain, abdominal trauma, tumor
rupture, tumor necrosis, stage IV condition, micros-
copic malignant features, ENETS tumor stage, ENETS
stage grouping and AJCC stage grouping. However,
the effects of these factors might be inconclusive due
to the limited number of studies investigating them.

SPTs of the pancreas are rare neoplasms with
low-grade malignancy. Most of them present with
nonspecific symptoms, such as abdominal discomfort
or pain. Owing to the covert manifestations,
pancreatic SPTs are usually picked up by imaging
examinations [28]. Typical imaging characteristics of
pancreatic SPTs are described as encapsulated masses
with solid and cystic components and frequent
internal hemorrhage [29]. Although SPTs have typical
radiological features, some of them were still pre-
operatively misdiagnosed for pancreatic cystic
neoplasms [23]. As for the confusion between
pancreatic SPTs and cystic neoplasms, histological
differential diagnosis is crucial [30]. Atypical imaging
features including vascular invasion and invasion into
surrounding pancreatic parenchyma, peripancreatic
tissues and adjacent organs [31] are considered to be
relevant with their aggressive behavior, which may
cause the tumors to be prone to recur. Similarly,
aggressive behavior of SPT is also characterized by
some certain pathological features. According to
WHO 2000 criteria, SPTs are identified as malignant
with perineural invasion, vascular invasion and
invasion into peripancreatic tissues. WHO 2010 criter-
ia has defined all SPTs as low-grade malignant. In
addition, SPTs possess high-grade malignancy, which
is indicated by lesions with diffuse growth patterns,
increased nuclear atypia, relatively abundant mitosis,
and sarcomatoid carcinoma.
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Figure 6. Funnel plots for publication bias. A: the funnel plot of gender. B: the funnel plot of tumor size (diameter > 5 cm). C: the funnel plot of tumor size (diameter
> 8 cm). D: the funnel plot of location. E: the funnel plot of lymphovasular invasion. F: the funnel plot of perineural invasion. G: the funnel plot of calcification. H: the
funnel plot of lymph node metastasis. I: the funnel plot of synchronous metastasis. J: the funnel plot of positive margin. K: the funnel plot of capsular invasion.

Since the incidence of pancreatic SPTs is low, no
guidelines for clinical management and follow-up
strategies have been clearly established. Surgical
resection is still the main treatment and combination
of surgical resection and chemotherapy is also applied
[32]. Despite the low malignant potential, 9-15% of
them present with metastasis or local invasion [33]. As
a result, all SPTs should be recommended for
resection even in patients with metastasis because
these patients could still obtain good prognosis [34].
Given that previous reports have found their late
recurrence patterns [21, 35] and most relapses
occurred more than 5 years after resection, a > 5-year
follow-up is necessary after resections of SPTs with

high-risk features (larger tumors (diameter > 5cm),
lymphovascular invasion, lymph node metastasis,
synchronous metastasis and positive margin).
Additionally, surgical resection of tumor recurrence
could still provide good long-term results [21, 23].

The present study has some strengths and
limitations. One of the strengths is the presence of low
statistical heterogeneity in all combined results except
the medium heterogeneity of capsular invasion.
Additionally, random effects models were applied in
this meta-analysis to acquire more conservative
results. Our results were certified to be robust across
various sensitivity analyses by fixed effects models
(Table 2).
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Table 2. Pooled results and sensitivity analyses.

Risk Number Effects OR  95%CI P 12 Pu
factors of studies model
Gender 8 Random 0.75 0.30-1.88 0.54 0% 0.96
Fixed* 0.70  0.29-1.71 0.43 0% 0.96
Tumorsize 3 Random 4.74 1.12-20.05 0.03 0% 0.75
(5 cm) Fixed* 522 1282126 002 0% 0.75
Tumor size 3 Random 611 2.29-16.27 0.0003 0% 0.5
(8 cm) Fixed* 599 227-1580 0.0003 0% 05
Location 6 Random 0.58 0.26-1.28 0.17 0% 0.79
Fixed* 0.53 0.24-1.14 0.10 0% 0.79
Lymphovasc 5 Random 10.54 3.50-31.77  <0.0001 0% 0.62
ular invasion Fixed* 914 3.10-26.92  <0.0001 0% 0.62
Perineural 5 Random 1.79 0.71-4.47 0.22 0% 0.65
invasion Fixed* 1.60 0.63-4.03 0.32 0% 0.65
Calcification 3 Random 0.60 0.10-3.55 0.57 0% 0.82
Fixed* 0.56 0.09-3.25 0.51 0% 0.82
Lymph node 5 Random 6.58 1.92-2257 0.003 0% 0.76
metastasis Fixed* 589 1.76-19.72 0.004 0% 0.76
Synchronous 3 Random 1032 8.20-1298.97 0.0003 31 0.23
metastasis 1 %
Fixed* 100.8 17.84-568.85 <0.0000 31 0.23
3 1 %
Positive 6 Random 6.78 244-1878  0.0002 0% 0.96
margin Fixed* 6.82 251-1855  0.0002 0% 0.96
Capsular 3 Random 8.86 0.77-101.46 0.08 60 0.08

invasion %
Fixed* 515 1.38-19.18 0.01 60 0.08
%

*sensitivity analysis

This study also has several limitations. First of
all, the summarized results are based on only 10 or
fewer studies. Some reasons may be responsible for
this shortcoming. On one hand, relatively few studies
investigated the risk factors associated with the
relapses of resected pancreatic SPTs. Therefore,
additional well-designed studies about potential risk
factors of the recurrences of SPTs are greatly needed.
On the other hand, some potentially eligible studies
may not be included. Secondly, enrolled studies had
limitations. Most of them [17, 18, 20, 21, 23, 26] were
based on single institution. Two of them [20, 21] were
based on the same hospital, though the study period
and criteria including patients were different. Patients
of two studies were limited to pediatric patients [24]
and patients < 20 years old [20]. Only data on gender
was available in one study [22]. Similarly, Xu et
al[18]only investigated the association between tumor
size and the relapses of resected SPTs. Thirdly, due to
the low incidence rate of pancreatic SPTs, the number
of patients in experimental group was relatively
small, which leads the comparability between
experimental group and control group was weak.

Conclusion

This meta-analysis provided comprehensive
evidence that larger tumors (diameter > 5cm),
lymphovascular invasion, lymph node metastasis,
synchronous metastasis and positive margin could

increase the risk of postoperative recurrences of
pancreatic SPTs. Due to the low but actual malignant
potential, all SPTs should be excised, which could
provide positive prognosis. Patients in high-risk
subtype should undergo > 5-year follow-up with
routine examinations, especially considering that
resection of relapse can still offer a hopeful prognosis
and these patients can obtain long-term survivals.
Because of the limitations of our study, more and
further research regarding this topic are called for,
especially well-designed studies with large sample
sizes.
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