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Purpose. The relation between tumor sites of pancreatic ductal adenocarcinoma (PDAC) and recurrence was not fully investigated
before. We aimed to describe the differences of recurrent patterns in PDAC of head and body/tail after curative surgery. Methods.
The recurrent patterns of PDAC were compared and the associations with clinical characteristics were analyzed in these patients.
Prognostic factors of overall survival (OS) and progression-free survival (PFS) were analyzed and validated. Predictive systems
were constructed and measured by the area under the AUC curve and concordance index (C-index). Results. A total of 302 PDAC
patients were included in this study, including 247 patients with PDAC of head and another 55 patients with PDAC of body/tail.
Patients who developed tumor recurrence within 24 months after resection had significantly shorter OS in both groups. Liver
metastasis occupied most of the tumor progressions and diminished while local recurrence increased gradually over time. The
variation trends were similar for patients in both groups while these changes were more pronounced for patients in the head
group. Local recurrence and liver-only metastasis seemed to indicate a better OS. Furthermore, predictive systems for OS and PFS
prediction based on independent risk factors were established and showed significant higher values of AUC and C-indexes
compared with the TNM stage system. Conclusions. Different characteristics of progressions for PDAC of head and body/tail
suggested biological heterogeneity. The exploration of these variations helps to provide personalized management of recurrence
in PDAC.

recurrence [5, 6] and the 5-year survival rate was less than
10% [7].
Different sites of tumors were shown to have different

1. Introduction

As a lethal disease with increasing morbidity, pancreatic

ductal adenocarcinoma (PDAC) is predicted to cause the
second most number of cancer-specific deaths by 2030 [1].
Surgery provides the best chance to obtain prolonged sur-
vival while this option is eligible for only 20% of all PDAC
patients [2]. The late diagnosis, rapid tumor progression, and
early tumor recurrence after treatment contributed to the
high inoperability and poor prognosis of PDAC [3, 4].
Although treatment strategies have been improving all
along, most patients relapse and succumb to this disease.
After surgery, up to 80% of patients suffered from early

characteristics [8, 9], indicating that tumor locations may
affect carcinogenesis in a tissue greatly. In terms of PDAC,
the discrepancies of ontogeny would lead to great varia-
tions in cell composition and blood supply in PDAC of the
head and body/tail [10]. Because of the absence of specific
symptoms, PDAC in the body/tail of pancreas is generally
larger and more likely to develop metastases at diagnosis
[11]. Besides, more aggressive tumor biology was indicated
in PDAC of the body/tail [12]. These differences may
greatly impact recurrent patterns between PDAC of head
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and body/tail. Similarly, previous studies have shown that
multiple anatomic sites of PDAC may contribute to the
varied survival of patients [13, 14]. However, the relations
between primary tumor site and recurrence timing and
patterns of PDAC have not been investigated yet. Con-
sidering the close relationship between prognosis and
progression in PDAC [4], exploration of the differences in
risk factors, timing, and patterns of progressions can help
personalized treatment.

2. Patients and Methods

2.1. Patients. As a continuous study of our previous re-
search, the inclusion and exclusion criteria were reported
before [4]. Briefly, all patients who were pathologically
confirmed PDAC and had received radical resection from
2008 to 2018 at Sun Yat-sen University Cancer Center
(SYSUCC) were retrospectively included in this study. Ex-
cluded patients were those with metastatic diseases detected
at diagnosis by radiological examination. Those with mi-
croscopic or macroscopic incomplete resection or missing
follow-up information were also excluded from this study.
The resection margin for radical resection was defined as
1.5-2mm, which was the same as previous studies
[4, 15, 16]. This study was conducted in accordance with the
ethical standards of Helsinki Declaration and was approved
by the Institutional Review Board of SYSUCC.

2.2. Data Collection. All included patients had received radical
resection and the pathological diagnosis of PDAC was finished
by an experienced pancreatic pathologist. The following
pathological factors were analyzed, including tumor size, dif-
ferentiation, lymph node (LN) metastasis, LN total and positive
number, satellite foci, vascular, lymph vessel, perineural and
adjacent organ invasion, and combined venous resection.
Lymph node ratio (LNR) is defined as the ratio between the
number of positive LNs and the total number of examined LNs.
In addition, the associated radiological and clinical variables,
which had been described in our previous studies [4], were
collected within 7 days before surgery in this study [4].

2.3. Recurrence Patterns. Information on recurrence pat-
terns was obtained through strict follow-up after surgery.
Either radiological or histological evidence was required for
the diagnosis of recurrence of disease. The specific recur-
rence pattern was defined as the first location of recurrence.
Similar with the study of Groot et al. [6], five categories were
included. The “Liver-only,” “Lung-only,” and “Others”
metastases referred to the isolated hepatic, pulmonary re-
currence, and isolated recurrence in other less common
areas, respectively. In addition, “Local + distant” or “Mul-
tiple” metastases referred to local recurrence, and isolated
distant metastasis happened simultaneously or as multiple
distant metastases, respectively.

2.4. Survival Outcomes and Statistical Analysis. The follow-
up of patients occurred at the outpatient clinic of our
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hospital. In general, follow-up strategies consisted of regular
chest computed tomography (CT), abdominal CT, and
CA19-9 test, at least every 2 months during the first year
after surgical resection and every 3 months thereafter.
Occasional additional imaging modalities, such as magnetic
resonance imaging (MRI) and positron emission tomog-
raphy/CT (PET/CT), were selectively performed to deter-
mine patterns of recurrence. Patients who had LN
metastases or other risk factors, including macrovascular or
microvascular invasion, and lymph vessel invasion, were
recommended to receive chemotherapy. Two survival out-
comes were analyzed in this study, including progression-
free survival (PFS) and overall survival (OS), defined as the
time from surgery to progression and death, respectively, or
last follow-up. In addition, post-progression survival (PPS),
defined as the time from first tumor progression to death or
last follow-up, was also evaluated in this study. The date of
the last follow-up was at the end of May 2019. Kaplan-Meier
method was used to estimate survival and the differences of
survival were compared with the log-rank test. Factors that
were statistically significant in the univariable analysis and
least absolute shrinkage and selection operator (LASSO)
logistic regression were candidates for entry into a multi-
variable analysis. Area under the receiver operating char-
acteristic (ROC) curves (AUC) and concordance index (C-
index) of the multimarker algorithms were calculated to
compare the predictive efficacy of risk factors with that of the
tumor-node-metastasis (TNM) stage system. All P values
were two-sided and P values < 0.05 were considered sig-
nificant. R software version 3.6.1 (R Development Core
Team; http://www.r-project.org) was used to conduct all
statistical analyses.

3. Results

3.1. Patients. Between 2008 and 2018, 355 patients under-
went surgical resection and were histologically confirmed
PDAC at SYSUCC. A total of 53 patients who did not meet
the criteria for inclusion were excluded from this study: 10
patients with microscopic or macroscopic incomplete re-
section, 12 patients with second primary tumors, and 31
patients with incomplete follow-up information. Finally,
there were a total of 273 patients who were diagnosed with
resectable diseases and another 29 patients diagnosed with
borderline resectable diseases. All patients have received
radical resection (RO resection). All patients were followed
up for more than 1 year and the median follow-up time was
24.7 months [95% confidence interval (CI) 20.3-29.1] after
surgery. Tumor recurrence was detected in a total of 173
(57.3%) patients while there was no recurrence in 129
(42.7%) patients. For patients with and without recurrence,
the median follow-up time was 13.8 and 40.6 months, re-
spectively (Table 1).

3.2. Timing of Recurrence. According to the primary tumor
sites, patients were sorted into the head and body/tail
groups, respectively. There were 247 patients in the head
group and another 55 patients in the body/tail group. A total
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TasLE 1: Clinicopathological characteristics of patients with PDAC stratified by tumor site.

Tumor site Tumor site
Characteristics Characteristics
Head 0% N p Head 0% N p
tail tail

Whole cohort 247 55 302 Macrovascular Absence 231 42 273 <0.001

Age <60 years 140 24 164 0.099 invasion Presence 16 13 29
& >60 years 107 31 138 Microvascular Absence 162 44 206 0.039

Gender Male 97 22 119 1.000 invasion Presence 85 11 96
Female 150 33 183 Lymoh vessel invasion Absence 125 15 140 0.031

Recurrence Absence 148 26 174 0.098 ymp Presence 122 40 162
Presence 99 29 128 Perineural invasion Absence 127 19 146 0.026

Absence 111 18 129 ural mv Presence 120 36 156
2-6M 54 18 72 Adjacent organ Absence 247 23 270 <0.001

Time to recurrence 6-12M 46 11 57 0.211 invasion Presence 0 32 32
12-24 M 23 3 26 0 135 38 173 0.140

>24 M 13 5 18 LNR 0-0.16 58 8 66

Absence 148 26 174 >0.16 54 9 63
Local 32 7 39 Satellite foci Absence 243 44 287 <0.001

Liver-only 39 10 49 Presence 4 11 15
Recurrence patterns Lung-only 8 4 12 0.157 IA 49 5 54 <0.001

Other sites 2 3 5 1B 64 10 74

Local +distant 11 3 14 TNM stage ITIA 22 13 35

Multiple 7 2 9 1IB 71 8 79

LN metastasis Absence 136 38 174 0.070 11T 41 19 60
Presence 111 17 128 Imaging tumor size <2 97 7 104 <0.001

. Absence 245 55 300 2-4 123 18 141

LN5 metastasis Presence ) 0 ) 1.000 (cm) o4 7 30 57
. Absence 243 55 298 . . Absence 133 42 175 0.002

LN6 metastasis Presence 4 0 4 1.000 Imaging LN metastasis Presence 114 13 127
. Absence 242 54 296 Imaging vascular ~ Absence 209 25 234 <0.001

LN7 metastasis Presence 5 1 6 1.000 invasion Presence 38 30 68
. Absence 241 53 294 <0.5 139 38 177 0.216

LN8 metastasis Presence 6 2 8 0.641 Imaging LN size (cm)  0.5-1 55 9 64

. Absence 239 53 292 >1 53 8 61
LN9 metastasis Presence 8 > 10 100 0 154 45 199 0.022

. Absence 247 48 295 PI 1 76 8 84

LN10 metastasis Presence 0 . - <0.001 ) 17 N 19
. Absence 247 47 294 <3.32 153 44 197 0.012

LN11 metastasis Presence 0 3 3 <0.001 NLR 53.32 94 1 105
. Absence 213 55 268 <3.32 79 21 100 0.429

LNI2 metastasis Presence 34 0 34 0001 dNIR 5332 168 34 202
. Absence 178 53 231 <98.13 21 15 36 <0.001

LNI3 metastasis Presence 69 2 71 0001 PLR 59813 226 40 266
. Absence 227 54 281 0 54 11 65 0.857

LN14 metastasis Presence 20 1 21 0.141 PNI 1 193 44 37
. Absence 241 53 294 <1000 158 48 206 0.001

LN15 metastasis Presence 6 ) 3 0.641 SII 1000 89 7 9%
. Absence 231 53 284 0 157 45 202 0.033

LN16 metastasis Presence 16 2 18 O mGPS 1 60 7 6

. Absence 238 55 293 2 30 3 33
IN17 metastasis Presence 9 0 g 0373 WEBC <10 227 53 280 0.389

LN18 metastasis Absence 244 52 296 0.076 >10 20 2 22
Presence 3 3 6 ’ ALB (g/L) <35 43 3 46 0.023

0 135 38 173 & >35 204 52 256
Positive LN number 1-3 83 12 95 0.142 <3 157 45 202 0.011

>4 29 5 34 CRP (ng/L) >3 90 10 100
Pancreatic membrane Absence 163 20 183 <35 49 10 59 0.853

<0.001  CA19-9 (U/ml)

invasion Presence 84 35 119 >35 198 45 243
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TaBLE 1: Continued.
Tumor site Tumor site
Characteristics Characteristics
Head BOG.IY/ Head Body/ N P
tail tail
<2 82 6 88 <5 172 33 205 0.201
Tumor size (cm) 2-4 125 21 146 <0.001 CEA (ng/ml) >5 75 2 97
>4 40 28 68 . . Absence 229 54 283 0.216
Well 0 2 2 HBY infection Presence 18 1 19
Tumor differentiation Moderate 125 28 153 0.010 Chemothera No 134 26 160 0.373
Poor 122 25 147 124 Yes 113 29 142
Absence 241 54 295 . Absence 212 47 259 0.543
Hemorrhage Presence 6 1 , 0626 Biliary fistula Presence 35 3 43
. Absence 193 48 241 . . . Absence 225 54 279 0.091
Pancreatic fistula Presence 54 7 61 0.141 Abdominal infection Presence 22 1 23

M, month; LN, lymph node metastasis; LNR, lymph node ratio; TNM, tumor-node-metastasis stage; PI, prognostic index; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; SII, systemic immune-inflammation index; mGPS, modified Glasgow Prognostic
Score; WBC, white blood cell count; ALB, albumin; CRP, C-reactive protein; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; HBV,

hepatitis B virus.

of 140 and 24 patients in the head and body/tail groups were
younger than 60 years, respectively. Male patients accounted
for 40% of all patients in both groups. The median values of
tumor size were 3.5cm (range 1.0-8.9) and 3.9 cm (range
2-10) in the head and body/tail group, respectively. The
mean number of LN retrieved is 12.89 and the median value
is 12. Similar ratios of LN metastasis were observed in both
groups.

Overall, among 173 patients who had developed re-
currences, most patients had done so within 24 months.
Patients with tumor progressions had significantly shorter
survival than those without recurrences. In terms of survival
comparisons, patients in the head group seemed to have
longer OS while the survival differences were not significant
(Figure 1). It was shown that patients who developed re-
currence within 24 months had significantly shorter OS than
those beyond 24 months, while PPS did not differ signifi-
cantly between these two groups. In addition, patients had
similar OS and PPS when they developed recurrences within
6, 6-12, or 12-24 months after surgery. Similar results were
also obtained in PDAC patients of both groups (Figure 1).

3.3. Patterns of Recurrence. A total of six types of recurrence
were recorded for progression. Liver metastasis occupied
most of the tumor progression types, followed by local
progression, local and distant progression, and lung me-
tastasis. Metastases in other sites or multiple metastases
contributed to only a small part of all tumor progressions.
Similar proportions of recurrence patterns were observed in
both groups. The comparisons of distributions for these
recurrence patterns in the whole, head, and body/tail groups
are shown in Figure 2. The proportions of tumor progression
seemed to decrease over time and most progressions hap-
pened within one year after surgery. In addition, this de-
scend range was more obvious in patients of the head group,
compared with those in the body/tail group. In terms of
specific recurrence pattern, it was shown that within 6
months after surgery, liver-only metastasis was the major
form of tumor progression. As time went on, the

proportions of liver-only metastasis decreased gradually
while local recurrence and lung-only metastasis contributed
to more and more progressions (P < 0.001). This trend could
be observed in the whole, head, and body/tail groups, and it
was more obvious in patients of the head group. In addition,
these changes could also be reflected in the correlations of
different patterns of recurrences, which are shown in Fig-
ure 3. The development of liver-only metastasis showed
significantly negative relations with other kinds of pro-
gression patterns and these relationships were more obvious
in the early progression group (earlier than 1 year since
surgery) than those in the late progression group (later than
1 year since surgery) among patients in the whole, head, and
body/tail groups.

Varied progression patterns contributed to different cu-
mulative survival rates. It was indicated that patients with
multiple metastases shared significantly shorter OS and PPS
than those with other types of progression patterns, whereas
the survival rates of local, lung only, liver only, other sites, and
local plus distant metastases were similar in patients of the
head and body/tail groups (Table 2). The pairwise compari-
sons of OS and PPS for different types of progression patterns
were also conducted. Local recurrence and liver-only me-
tastasis seemed to indicate a better OS while patients with
local recurrence and lung-only metastasis obtained a little
longer PPS than those with other types of tumor progressions.
However, these survival benefits were not significant for
patients with PDAC in the head and body/tail groups.

3.4. Risk Factors for OS and PFS. For patients in the head
group, the 1-, 2-, and 3-year OS and PFS were 81.7%, 59.9%,
and 48.3%, and 51.7%, 37.5%, and 33.2%, respectively.
Similarly, the 1-, 2-, and 3-year OS and PPS were 76.1%,
50.7%, and 40.6%, and 31.4%, 24.4%, and 9.3%, respectively,
for patients in the body/tail group. Although no significant
variations in OS for patients in the head and body/tail groups
were observed, those in the head group had significantly
longer PFS, compared with patients in the body/tail group
(P = 0.002).
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FiGure 1: Overall survival (OS) and post-progression survival (PPS) analysis for PDAC patients. OS stratified by tumor site (a), tumor
progression (b), and time period to tumor progression (c). PPS stratified by time period to tumor progression (d) in all PDAC patients. OS
and PPS stratified by time period to tumor progression in PDAC patients of the head (e, f) and body/tail (g, h).
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FiGure 2: Distribution of tumor progression patterns at different time points and their survival analyses. The proportions of tumor
progression patterns (a, b). The OS (c) and PPS (d) stratified by tumor progression patterns in all PDAC patients. The proportions of tumor
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tumor progression patterns (i, j). The OS (k) and PPS (1) stratified by tumor progression patterns in PDAC patients of the body/tail.
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FIGURE 3: The heat maps of correlation coefficient (a) and the associated P values (b) of tumor progression patterns. The development of
liver-only metastasis showed significantly negative relations with other kinds of progression patterns and these relationships were more
obvious in the early progression group (earlier than 1 year since surgery) than those in the late progression group (later than 1 year since

surgery) among the whole, head, and body/tail groups.

LASSO regression was conducted based on 48 high-
dimensional radiological and pathological data to investigate
the prognostic factors (Figure 4). Seven variables were se-
lected for OS prediction in both groups, including local
progression, liver-only or lung-only metastasis, local plus
distant recurrences, tumor differentiation, LN16 metastasis,
and imaging tumor size. In terms of PFS prediction, the

selected predictors were TNM stage, local progression, liver-
only metastasis, lung-only metastasis, local plus distant
recurrences, multiple recurrences, LN16 metastasis, invasion
of back membrane in pancreas, imaging tumor size, number
of positive LN, and LNR for patients in the head group, and
pathological tumor size, imaging vascular invasion, and
imaging LN size for patients in the body/tail group.
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FIGURE 4: Feature selection using the least absolute shrinkage and selection operator (LASSO) cox regression model. LASSO coefficient
profiles of 48 variables against the log (Lambda) sequence and tuning parameter selection in the LASSO model used 10-fold cross-validation
via minimum criteria for survival (PDAC of the head, OS (a, b), and PFS (c, d); PDAC of the body/tail, OS (e, f), and PES (g, h)).

Factors that were positive in the LASSO regression and
univariable analysis were included and analyzed in the
multivariable analysis. It was illustrated that decreased time
interval to progression (HR=18.34, 95% CI 7.00-48.05,
P <0.001), LN16 metastasis (HR=2.51, 95% CI 1.02-6.17,
P =0.046), tumor differentiation (HR=3.52, 95% CI
1.45-5.31, P = 0.002), local progression (HR=7.09, 95% CI
3.65-13.90, P < 0.001), liver-only metastasis (HR = 11.49, 95%
CI 5.35-24.40, P <0.001), lung-only metastasis (HR =4.78,
95% CI 1.87-12.35, P = 0.010), and local plus distant re-
currence (HR=4.21, 95% CI 1.14-15.55, P = 0.031) were
independent predictors for reduced OS (Table 3). Moreover,
CEA (HR=1.79, 95% CI 1.17-2.73, P = 0.007), chemother-
apy (HR =0.48, 95% CI 0.30-0.75, P = 0.001), imaging tumor
size (HR=1.703, 95% CI 1.20-3.65, P = 0.029), local pro-
gression (HR=13.64, 95% CI 7.28-25.57, P <0.001), liver-
only metastasis (HR = 18.63, 95% CI 10.51-33.04, P < 0.001),
lung-only metastasis (HR=19.31, 95% CI 7.05-52.88,
P <0.001), local plus distant recurrence (HR =13.54, 95% CI
5.91-31.02, P < 0.001), multiple metastases (HR =33.96, 95%
CI 13.14-87.81, P <0.001), and TNM stage (HR =4.40, 95%
CI 1.54-12.60, P =0.006) were identified as independent
predictors for PES for patients in the head group (Table 4). As
for PDAC of the body/tail, decreased time interval to pro-
gression, local progression, liver-only metastasis, and tumor
differentiation were identified as independent predictors for
OS. In addition, it was shown that NLR, mGPS, pathological
tumor size, and imaging LN size were able to predict PFS for
PDAC of the body/tail. In terms of surgery-related compli-
cations, no significant relationships with OS and PFS were
observed.

3.5. Performance of Prediction for OS and PFS. The predictive
power of significant predictive factors was further validated.
It was indicated that the values of AUC for 1-, 2- and 3-year
OS and PES prediction were 0.720, 0.734, and 0.801, and
0.749, 0.749, and 0.748, respectively, for patients in the head
group. It was shown that compared with the 8™ TNM stage
system, higher values of AUC for the predictive factors were
observed. Moreover, significantly higher values of C-indexes
were also observed for OS (0.688, 95% CI 0.623-0.753) and
PFES (0.800, 95% CI 0.760-0.840) for PDAC of head (both
P <0.050). In terms of PDAC in the body/tail group, the
selected predictive factors also exhibited significantly higher
values of AUC and C-indexes compared with the 8" TNM
stage system (Table 5).

4, Discussion

As the main reason for poor prognosis, tumor recurrence is
the major reason for PDAC after surgery. Similar to those
from other studies [6, 17], it was observed that 57.3% of
patients had developed recurrence which would lead to
significantly poorer survival. Most progressions occurred
within 2 years at distant sites, suggesting that PDAC was a
systemic disease at the time of surgery. Therefore, it is
important to explore the timing and patterns of PDAC after
surgery. Considering the differences of tumor origin, the
characteristics and survival impact of recurrences in PDAC
of head and body/tail may be different. This study compared
the timing and patterns of recurrences and investigated the
relation between recurrence characteristics and survival in
PDAC in the head and body/tail groups for the first time.
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The analysis of recurrence timing and patterns, which are
two important aspects of tumor progression, may help to
explore the unique biological behaviors of PDAC. (Table 5)

Similar with timing distribution of progression in all
patients, tumor progression occurred mainly in the first two
years after surgery and this was a linear trend of decrease in
recurrence probabilities over time for patients with PDAC of
head and body/tail. Around 10.4% of progressions could also
be observed 2 years after surgery, showing that recurrence-
free survival for two years did not mean cure for PDAC. In
addition, the recurrence rate was even higher in PDAC of
body/tail. Compared with tumors in the head, those in the
body/tail was more likely to progress at two years after
surgery. This could be due to the late onset of symptoms of
body/tail, leading to more finding of recurrence in two years
after surgery.

Further analysis for the distribution of progression
patterns in PDAC was also conducted. Liver-only metastasis
and local recurrence contributed to most of disease pro-
gressions for PDAC in the both groups. In addition, when
time period to metastasis was considered, it was shown that
local recurrence increased gradually and represented a
majority of tumor progression forms in two years after
surgery. On the contrary, most of liver-only metastasis
occurred in the first two years after surgery and diminished
over time. This trend for liver-only metastasis was more
obvious for all PDACs and PDAC in the head group,
compared with those in the body/tail group. Significantly,
negative correlations were also observed between liver-only
metastasis and other types of tumor progression. Apart from
local recurrence, the ratios of lung-only metastasis also
increased along with time and PDAC of body/tail was more
likely to develop lung-only metastasis compared with PDAC
of head. In terms of local plus distant metastasis and multiple
metastases, they were mostly observed in early period after
surgery in small groups of patients. Considering the changes
of progression patterns over time, patients could benefit
from the changes of treatment focus during the periods of
follow-up for PDAC.

Apart from the varied distributions of timing and pat-
terns of tumor progressions, there were also survival dif-
ferences among different timing and patterns of
progressions. Among all types of tumor progression, local
recurrence had the longest OS of 29.37 months in the whole
groups of patients and 27.6 months in the head group, re-
spectively, followed by other and lung-only metastases. With
regard to tumor progression, similar with other studies [5],
liver-only metastasis contributed to the shortest PFS, which
was similar with that for PDAC with local + distant and
multiple metastases. Considering the high prevalence of liver
metastasis, which may lead to most of local + distant and
multiple metastases, it was reasonable for the similarities of
survival rates among these progression types. Although liver-
metastasis had the poorest PES, its median PPS was as long as
14.7 months and was only shorter than that of local recur-
rence. Apart from local recurrence, patients with lung or
other metastases also had relatively long PES or PPS, re-
spectively, which contributed to significantly longer OS than
that of patients with liver-only, local + distant and multiple
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metastases. Compared with liver or lung metastases, a larger
tumor bed and the functional preservation of other metas-
tases were necessary for obtaining longer survival [18]. These
survival results were consistent among all PDAC patients and
those in the head and body/tail groups. In addition, con-
sidering the less aggressive nature and slow growth pattern of
local regression and lung-only metastasis, additional treat-
ment could also provide some space for survival elevation in
patients with subsequent lung-only metastasis or local
recurrence.

In the further analysis of the impact of radiological and
pathological factors on OS and PFS, it was shown that PDAC
in both groups shared most of the risk factors, including time
period to progression, tumor differentiation, local progres-
sion, and liver-only metastasis. Apart from these risk factors,
LN16, lung-only, and local plus distant metastases also in-
dicated significantly poorer survival for PDAC patients in the
head group. In addition, the prognostic factors of PFS were
also explored in this study. It was indicated that CEA, che-
motherapy, local regression, liver-, lung-, local, and distant
metastases were independent factors of PFS for PDAC in the
head group, while NLR, mGPS, pathological tumor size, and
LN size predicted PFS in PDAC in the body/tail group.
Decreased time to progression, which reflected a more ma-
lignant nature of the disease, indicated poorer survival in both
head and body/tail groups, and it was more obvious for the
latter. Similar to our study, a pool study of 692 PDAC patients
also showed decreased survival due to the decreased time to
tumor progression [6]. Besides, poorly differentiated tumor
also indicated poor OS in patients. It was shown that epi-
dermal growth factor and E-cadherin could be released by
poorly differentiated tumors, enhancing the ability to develop
distant metastases [19]. In terms of the recurrence patterns,
survival of PDAC in the body/tail group was more likely to be
affected by local recurrence and liver metastases, which acted
as the main forms of disease progression, while the prognosis
of PDAC in the head group could be influenced by multiple
types of disease progressions. Elevated level of CEA and
increased size of tumor or metastatic LNs were significantly
associated with poor survival, indicating that PDAC patients
with these unfavourable characteristics may need to receive
more strict follow-up strategies and additional specific
therapy to prolong survival. Consistent with the results from
the study by Groot [20], our results also illustrated that
chemotherapy was helpful for increasing PFS for PDAC
patients in both groups. The elimination of potential disease
by chemotherapy might contribute to prolonging survival
after surgery. However, chemotherapy was not shown as an
independent predictor for OS. Controversial results con-
cerning chemotherapy on OS of PDAC were observed and the
variations of length and regimens of chemotherapy, along
with the selection biases, could potentially lead to these
conflicting results [21, 22]. Probably, more insights con-
cerning survival benefit from uniformed regimens and pe-
riods of chemotherapy in prospective studies are needed.

The predictive systems for OS and PFS prediction were
established in this study. Additional independent risk factors
were included in the predictive systems, guaranteeing the
enhanced strength of the predictive system, compared with



Journal of Oncology

the TNM system. On the other hand, the differences of
prognosis for PDAC in both groups indicated that probably
individual predictive system was needed for these two kinds
of diseases, which was reflected by the variations of pre-
dictive factors specially designed for PDAC of head and
body/tail, respectively. It is well-known that precise pre-
diction of survival is essential for individual treatment.
Clinicians can perform evaluation of survival rates based on
these independent risk factors and specialize in the adjuvant
therapies, which are helpful for personalized medicine.

There were several limitations to this study. First, some
variables, including specific treatment after surgery, the time
period and regimen of chemotherapy, were still unavailable
for this study. The inclusion of these variables would further
improve the feasibility of the predictive system of survival for
PDAC. Second, only the first recurrence was recorded in this
study. Third, tumor progressions would be greatly affected
by the length of the follow-up period. A longer time period
of follow-up was also needed for a more precise overview of
tumor progression after surgery. Finally, further validation
based on prospective cohorts with more patients was needed
for the present study.

5. Conclusions

In conclusion, the comparisons of the timing and patterns of
recurrences and investigation of the relations between re-
currence characteristics and survival in PDAC of the head
and body/tail were conducted in this study for the first time.
It was shown that there were some differences in the re-
currence timing and patterns of progressions for PDAC of
head and body/tail. The associated risk factors for OS and
PFS were selected for these two kinds of diseases, respec-
tively. Furthermore, specialized predictive systems were also
established and were shown to exhibit great predictive power
for survival prediction. The conduction of the predictive
system would be greatly helpful for the personalized man-
agement for PDAC of head and body/tail after surgery.
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