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Abstract. Background/Aim: Survival of patients with
pancreatic cancer remains poor despite improvements in
therapeutic strategies. This study aims to create a novel
preoperative score to predict prognosis in patients with
tumors of the pancreaticobiliary head. Patients and
Methods: Data on 190 patients who underwent to
pancreaticoduodenectomy at Sapienza University of Rome
from January 2010 to December 2018 were retrospectively
analyzed. After exclusion criteria, 101 patients were
considered eligible for retrospective study. Preoperative
biological, clinical and radiological parameters were
considered. Results: Pancreatic ductal adenocarcinoma
[hazard ratio (HR)=1.995, 95% confidence interval
(Cl)=1.1-3.3; p=0.01], carbohydrate antigen 19.9 (CA 19.9)
>230 U/ml (HR=2.414, 95% CI=2.4-1.5, p<0.0001) and
Wirsung duct diameter >3 mm (HR=1.592, 95% CI=1.5-0.9;
p=0.08) were the only parameters associated with poor
prognosis. Through these parameters, a prognostic score
(PHT score) was developed which predicted worst survival
when exceeding 2 and better survival when <2. Conclusion:
The PHT score may have a potential impact on predicting
overall survival and consequently modulate the timing and
type of treatment (up-front surgery vs. neoadjuvant therapy)
patients are offered.
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Five-year survival of patients with pancreatic head tumors
(PHT) still remains one of the greatest challenges in recent
decades in the surgical/oncological field. In fact, although
postoperative mortality is decreasing, especially in high-
volume centers, 5-year survival has improved less significantly
(1-3). Thus, the assessment of actual results and the role of
surgery is hampered by a number of difficulties related to
biology, staging and phenotypic tumor typing. Morphological
investigation often proves inadequate for defining tumor
biology correctly and justifying different evolution or
responsiveness to adjuvant therapy of macroscopically similar
tumors. In addition, the preoperative differential diagnosis
between pancreatic ductal adenocarcinoma (PDAC) and distal
cholangiocarcinoma (DC) remains an unresolved problem
because differential diagnosis is often performed only after
surgical resection (4, 5). This aspect greatly influences the
long-term results, the two neoplasms having extremely
different evolution and prognosis but often being treated as a
single entity (6, 7). To date, the decision about the type of
treatment to use for these neoplasms has always been guided
by radiological decision, based on criteria that divide the
neoplasms into resectable, borderline resectable and
unresectable (8, 9). However, given the unsatisfactory results
in PDAC in terms of long-term survival, new parameters
associated with radiological parameters such as resectability
must be found, whilst the use of neoadjuvant therapies is
increasing even in patients with borderline resectable or
resectable tumors (10).

In this scenario, some preoperative prognostic parameters
may be useful for stratifying patients according to expected
survival and for deciding which patients should be
considered for upfront surgery or neoadjuvant chemotherapy.
This study aimed to create a prognostic score, composed
exclusively of pre-operative parameters, which allows
prediction of the prognosis of patients with pancreatic head
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tumors (PHT), and, through that, to identify which patients
are suitable for up-front surgical resection and which for
neoadjuvant chemotherapy.

Patients and Methods

Patient selection and areas of study. For this retrospective study 190
consecutive patients who underwent pancreaticoduodenectomy at
Sapienza University of Rome from January 2010 to December 2018
were analyzed. The inclusion criteria were diagnosis of pancreatic or
biliary cancer obtained by definitive postoperative histological
examination. Out of them, 89 cases with diagnosis of ampullary
carcinoma, non ampullary duodenal adenocarcinoma, pancreatic
metastasis, stage IV cancer and benign disease were excluded. Patients
with jaundice with a high level of carbohydrate antigen 19.9 (CA19.9)
were also excluded to prevent influence on marker validation.

Patients for whom follow-up was lost and patients who died due
to surgical complications were excluded. In total 101 patients,
divided into 66 with PDAC and 35 with DC were enrolled. In this
retrospective study, all patients underwent up-front surgery.

Long-term follow-up was considered for all patients. Preoperative
parameters were divided into three groups: Clinical, biological and
radiological. The clinical parameters included gender, age, American
Society of Anesthesiologists (ASA) score and body mass index (BMI)
(>25 kg/m? as cut-off for being overweight). The biological parameters
commonly examined preoperatively (analyzed within 1 month before
surgery) were serum CA19.9 level, nutritional and inflammatory
markers such as albumin, C-reactive protein (CRP), modified Glasgow
prognostic score, neutrophil lymphocyte ratio, and platelet lymphocyte
ratio. For each parameter, we considered cut-off values according to
literature (11-15). Radiological parameters included Wirsung duct
diameter measured at greatest dilation, pancreatic density and
Pancreatic Attenuation Index (PAI) as the ratio of pancreatic and
splenic density. As reported elsewhere, a Wirsung duct exceeding 3
mm was considered dilatated (16). Mean density values of pancreas
and spleen were calculated in basic conditions; values were calculated
automatically by system positioning on a region of interest where the
parenchyma was most represented at computed tomographic scan.
Density values =40 HU were considered as high density and <40 HU
as low density; with average ratio for pancreas/spleen of <0.54 as low
and 0.54 as high, respectively (16, 17).

Statistical analysis. Descriptive statistics were used to summarize
pertinent study information. Associations between categorical
variables were analyzed according to the Pearson chi-square test or
Fisher exact test, when appropriate.

The odds ratio (OR), hazard ratio (HR) and the 95% confidence
intervals (95% CI) were estimated using logistic regression and Cox
regression univariate model. A multivariate logistic regression and
proportional hazard model were developed using stepwise
regression (forward selection, enter limit and remove limit, p=0.10
and p=0.15, respectively) to identify independent predictors of
outcomes. The assessment of interactions between significant
investigational variables was taken into account when developing
the multivariate model.

Overall survival (OS) was estimated by the Kaplan—-Meier
product limit method from the date the surgical resection until death
both for cancer and other causes. Curves were reported for those
prognostic factors that were found to have independent influence at
the multivariate analysis. The log-rank test was used to assess
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Table 1. General features of study patients.

Parameter Category
Gender, n (%)

Male 62 (61.4)

Female 39 (38.6)
Age, years

Mean (range) 69 (44-87)
BMI, n (%)

>25 kgm? 38 (37.6)

<25 kg/m?2 63 (62.4)
Primary tumor, n (%)

PDAC 66 (65.3)

DC 35 (34.7)
Resectability, n (%)

Resectable 85 (84.16)

Borderline 16 (15.84)
ASA, n (%)

1 8(7.9)

11 59 (584)

11T 33 (32.7)

v 1(1)

ASA: American Society of Anesthesiologists; BMI: body mass index; DC:
distal cholangiocarcinoma; PDAC: pancreatic ductal adenocarcinoma.

differences between subgroups. Significance was defined at a p-
value of less than 0.05.

The log-OR and log-HR values obtained from the multivariate
model were used to derive weighting factors for a continuous
prognostic index, aimed at identifying differential risks of outcomes.
Coefficient estimates were ‘normalized’ by dividing by the smallest
one and rounding the resulting ratios to the nearest integer (18).
Thus, a continuous score assigning patients an ‘individualized’ risk
was generated. The score was dichotomized according to prognosis
with receiver operating characteristic (ROC) analysis for the best
cut-off point (19).

To address the multivariate model overfit and to validate the
results, a cross-validation technique evaluating the reproducibility
of the final multivariate model in predicting all outcomes was also
investigated using a re-sampling procedure (20). This technique
generates a number of simulation datasets (at least 100, each
approximately 80% of the original size) by randomly selecting
patients from the original sample to establish the consistency of the
model across less-powered patient samples. Risk classes were
generated on the basis of the combination of the risk factors found.

The ROC analysis allowed the predictive accuracy of the
prognostic mode to be assessed by the determination of the area
under the curve (21).

SPSS (version 21.0; IBM, Armonk, NY, USA) and MedCalc
(version 14.2.1; MedCalc software, Ostend, Belgium) licensed
statistical programs were used for all analyses.

Results

The study group (101 patients) was composed of 62 males
and 39 females, with a mean age of 69 (range=44-87) years.
There were 66 (65.3%) patients with PDAC, while there
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Table II. Univariate and multivariate (Cox regression) analysis.

Univariate Multivariate
Preoperative factor p-Value HR 95% CI p-Value*
Clinical Age Mean+SD 69 (8.78)
<69 39 (38.7) 0.16
>69 62 (61.3)
ASA Mean+SD 2.26+0.6
<2 67 (66.3) 0.29
>2 34 (33.7)
Gender Male 62 (61.4) 0.53
Female 39 (38.6)
BMI, kg/m2 <25 38 (37.6) 0.96
>25 63 (62.4)
Biological Primary PDAC 66 (65.3) <0.0001 1.995 1.1-33 0.01
DC 35 (34.7)
Albumin, g/ =35 50 (49.5) 0.31
<35 51 (50.5)
CRP, mg/dl <10 54 (53.5) 0.16
>10 47 (46.5)
mGPS 0-1 66 (65.3) 0.03 ns.
2 35 (34.7)
NLR <2.7 43 (42.5) 0.87
>2.7 58 (57.5)
PLR <146 43 (42.5) 0.80
>146 58 (57.5)
CA19.9, U/ml <230 49 (48.5) <0.0001 2414 24-15 <0.0001
>230 52 (51.5)
Radiological Wirsung duct, mm <3 34 (33.6) 0.001 1.592 1.5-09 0.082
>3 67 (66.4)
Pancreatic density <40 HU 78 (77.2) 0.06
>40 HU 23 (22.8)
PAI <0.54 35 (34.6) 0.60
>0.54 66 (654)

ASA: American Society of Anesthesiologists; BMI: body mass index; CA 19.9: carbohydrate antigen 19.9; CI: confidence interval; CRP: C-reactive
protein; DC: distal cholangiocarcinoma; HR: hazard ratio; mGPS: modified Glasgow Prognostic Score; NLR: neutrophil-lymphocyte ratio ; PAIL:
pancreatic attenuation index; PDAC: pancreatic ductal adenocarcinoma; PLR: platelet-lymphocyte ratio; SD: standard deviation. *A multivariate
logistic regression and proportional hazard model were developed using stepwise regression (forward selection, enter and remove limits, p=0.10
and p=0.15, respectively). Statistically significant p-values are shown in bold. N.s.: Not significant.

were 35 (34.7%) with DC. There were 38 patients with a
BMI greater than >25 kg/mz. As reported in Table I,
American Society of Anesthesiologists score of 2 and
patients with resectable tumors were prevalent (8).

At multivariate analyses, the only parameters independently
associated with an unfavorable prognosis were PDAC
(HR=1.995, 95% CI=1.1-3.3; p=0.01), CA19.9 >230 U/ml
(HR=2.414, 95% CI=2.4-1.5; p<0.0001) and Wirsung duct
diameter >3 mm (HR=1.592, 95% CI=1.5-0.9; p=0.082) as
shown in Table II. At multivariate analyses, prognostic factors
for worse survival were: PDAC (OR=2.159, 95% CI=0.8-
25.3;p=0.04) and CA 19.9 >230 U/ml (OR=9.253, 95%
CI=3.3-25.3; p<0.0001) at 1 year; PDAC (OR=3.560; 95%
CI=1.2-10.4; p=0.02) age (OR=7.000, 95% CI=1.8-26.4;
p=0.004) and pancreatic density <40 HU (OR=3.043, 95%

CI=0.9-94; p=0.05) at 3 years; and finally only PDAC
(OR=9.845,95% CI=1.9-49.5; p=0.006) at 5 years, as shown
in Tables III-V. Through the significant parameters for OS, a
prognostic score has been developed for stratify patients
according to the risk of poor prognosis.

Points were assigned for the PHT score ranged between 0
and 4 points as shown in Table VI. Using a cut-off PHT
score of 2 as estimated through the ROC curve, when the
score exceeded 2, a poor prognosis after up-front surgical
resection was predicted, while a better prognosis after
surgical resection was predicted when the score was <2 with
high accuracy (area under the curve of 76%).

Through the Kaplan—Meier estimator, survival of groups
with PHT scores of >2 and <2 were compared. The results
showed survival of those with PHT score of 2 or less was
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Table III. Univariate and multivariate analysis for 1-year overall survival (OS).

Univariate Multivariate
Preoperative factor 0OS, % p-Value HR 95% CI p-Value*
Clinical Total cohort Subgroup
Age, years <69 74% 0.48
>69 49%
ASA <2 62.6% 0.31
>2 50%
Gender Male 59.7% 0.94
Female 56.4%
BMI, kg/m? <25 57.1% 0.85
>25 60.5%
Biological Primary PDAC 48.8% 0.03 2.159 0.8-25.3 0.04
DC 77%
Albumin, g/l =35 68% 0.03 n.s
<35 49%
CRP, mg/dl <10 70% 0.01 n.s
>10 44.6%
mGPS 0-1 68.1% 0.005 n.s
2 40%
NLR <27 62.7% 0.31
>2.7 55.1%
PLR <146 58% 0.82
>146 58%
CA19.9, U/ml <230 83.6% <0.0001 9.253 33-253 <0.0001
>230 34.6%
Radiological Wirsung duct, mm <3 70% 0.042 n.s
>3 52.2%
Pancreatic density <40 HU 56.4% 0.51
>40 HU 65.2%
PAI <0.54 57.1% 0.73
>0.54 59%

ASA: American Society of Anesthesiologists; BMI: body mass index; CA 19.9: carbohydrate antigen 19.9; CI: confidence interval; CRP: C-reactive
protein; DC: distal cholangiocarcinoma; HR: hazard ratio; MGPS: modified Glasgow Prognostic Score; NLR: neutrophil-lymphocyte ratio ; PAI:
pancreatic attenuation index; PDAC: pancreatic ductal adenocarcinoma; PLR: platelet-lymphocyte ratio; SD: standard deviation. *A multivariate
logistic regression and proportional hazard model were developed using stepwise regression (forward selection, enter and remove limits, p=0.10
and p=0.15, respectively). Statistically significant p-values are shown in bold. N.s.: Not significant.

significantly better (p<0.0001; Figure 1). Figures 2-4
compare survival results between patients according to
disease subtype (PDAC vs. DC), CA19.9 level >230 U/ml
vs. <230 U/ml, and Wirsung duct diameter (<3 vs. >3 mm)
to highlight their prognostic value.

Discussion

Despite recent improvements, PHT remains an extremely
aggressive cancer with poor prognosis, even in those with
resectable disease, with an OS rate at 5 years of only 10%
(22). Surgical resection is the only curative treatment for PHT
but only 20% of patients have resectable disease at the time
of diagnosis (23). However, those same patients often have
poor prognosis despite undergoing up-front resection due to
the presence of micrometastases not detectable at the time of
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diagnosis. Recently, neoadjuvant chemotherapy has been a
major research focus for improving the outcome for PHT (24).
Although its role still needs to be clarified, it has shown some
advantages in term of RO resection, even in patients with
resectable and borderline resectable tumors (25, 26). It is not
yet clear which patients can really benefit from neoadjuvant
treatment. Often the diagnosis between PDAC and DC is
obtained only with histological postoperative examination, due
to their similar histological pattern (both adenocarcinoma)
which does not allow them to be easily distinguished in
preoperative (echoendoscopic/percutaneous) biopsy (5). The
difficulty in differential diagnosis may represent a bias in term
of indications for targeted neoadjuvant chemotherapy
especially in those with borderline resectable tumors (risk of
non-target chemotherapy), where it is recommended in
patients with PDAC according to the 2019 National
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Table IV. Univariate and multivariate analysis for 3-year overall survival (OS).

Univariate Multivariate
Preoperative factor OS, % p-Value HR 95% CI p-Value*
Clinical Total cohort Subgroup
Age, years <69 30% 0.04 7.000 1.8-26.4 0.004
>69 14%
ASA <2 23.8% 0.12
>2 14.7%
Gender Male 16.1% 0.14
Female 28.2%
BMI, kg/m2 <25 22.2% 0.49
>25 18.4%
Biological Primary PDAC 15.5% 0.01 3.560 12-104 0.021
DC 31.4%
Albumin, g/l =35 24% 0.19
<35 17.6%
CRP, mg/dl <10 24% 0.39
>10 17%
mGPS 0-1 25.7% 0.08
2 4%
NLR <2.7 16.2% 0.75
>2.7 24.1%
PLR <146 16.2% 0.75
>146 24.1%
CA19.9, U/ml <230 83.6% 0.02 n.s
>230 34.6%
Radiological Wirsung duct, mm <3 26.4% 0.08
>3 17.9%
Pancreatic density <40 HU 15.3% 0.01 3.043 0.9-9.4 0.053
>40 HU 39.1%
PAI <0.54 17% 0.36
=0.54 22.7%

ASA: American Society of Anesthesiologists; BMI: body mass index; CA 19.9: carbohydrate antigen 19.9; CI: confidence interval; CRP: C-reactive
protein; DC: distal cholangiocarcinoma; HR: hazard ratio; mGPS: modified Glasgow Prognostic Score; NLR: neutrophil-lymphocyte ratio ; PAI:
pancreatic attenuation index; PDAC: pancreatic ductal adenocarcinoma; PLR: platelet-lymphocyte ratio; SD: standard deviation. *A multivariate
logistic regression and proportional hazard model were developed using stepwise regression (forward selection, enter and remove limits, p=0.10
and p=0.15, respectively). Statistically significant p-values are shown in bold. N.s.: Not significant.

Comprehensive Cancer Network guidelines (27). This aspect
is more important in patients with DC, where non target
neoadjuvant chemotherapy may allow disease progression,
especially in those with resectable tumors. Some authors have
tried to stratify patients with pancreatic cancer based on
prognostic risk factors, creating predictive models of
unfavorable prognosis, which may help to select the patients
correctly and eventually modulate postoperative treatments.
However, most of these are postoperative models that allow
prediction of prognosis only after surgical resection (28). Only
Balzano er al. have developed a preoperative predictive model
of survival after surgical resection, considering a large number
of preoperative factors but only 1-year mortality outcome, and
no radiological findings were considered (29).

Our study analyzed a large number of exclusively
preoperative parameters in order to obtain a truly

preoperative predictive model of poor survival that allows
the best treatment to be selected for patients. To obtain a
preoperative predictive model, a score was developed which
includes three parameters: PDAC, Wirsung duct >3 mm and
CA 19.9 >230 U/ml. PDAC was also found to be the only
significant factor for an unfavorable prognosis based on OS
at 1, 3 and 5 years. Thus, it is important to obtain data
preoperatively, despite the difficulties outlined above. A
Wirsung duct >3 mm represents an innovative finding in
terms unfavorable prognosis, since it has always been
considered a factor associated with low incidence of
pancreatic fistula. This finding might be explained by a
greater development of exocrine pancreatic insufficiency and
related malnutrition (30-32).

Similarly in regard to pancreatic density, we assumed that
a low pancreatic density (<40 HU) may allow local cancer
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Table V. Univariate and multivariate analysis for 5-year overall survival (OS).

Univariate Multivariate
Preoperative factor OS, % p-Value HR 95% CI p-Value*
Clinical Total cohort Subgroup
Age, years <69 7.6% 0.76
>69 6.5%
ASA <2 74% 0.12
>2 5.8%
Gender Male 4.8% 0.45
Female 10.2%
BMI, kg/m2 <25 7.9% 0.63
>25 52%
Biological Primary PDAC 3% 0.006 9.845 1.9-49.5 0.006
DC 14.5%
Albumin, g/l =35 4% 0.64
<35 9.8%
CRP, mg/dl <10 92% 0.55
>10 4.25%
mGPS 0-1 7.5% 0.63
2 5.7%
NLR <27 0% 0.15
>2.7 12.6%
PLR <146 2.3% 0.89
>146 10.3%
CA19.9, U/ml <230 8.1% 0.15
>230 5.6%
Radiological Wirsung duct, mm <3 11.7% 0.01 n.s
>3 4.4%
Pancreatic density <40 HU 3.8% 0.04 n.s
>40 HU 17.3%
PAI <0.54 5.7% 0.33
=0.54 7.5%

ASA: American Society of Anesthesiologists; BMI: body mass index; CA 19.9: carbohydrate antigen 19.9; CI: confidence interval; CRP: C-reactive
protein; DC: distal cholangiocarcinoma; HR: hazard ratio; mGPS: modified Glasgow Prognostic Score; NLR: neutrophil-lymphocyte ratio ; PAI:
pancreatic attenuation index; PDAC: pancreatic ductal adenocarcinoma; PLR: platelet-lymphocyte ratio; SD: standard deviation. *A multivariate
logistic regression and proportional hazard model were developed using stepwise regression (forward selection, enter and remove limits, p=0.10
and p=0.15, respectively). Statistically significant p-values are shown in bold. N.s.: Not significant.

spread; however, this hypothesis was only partially confirmed
because pancreatic density <40 UH was significantly related
to an unfavorable prognosis only at 3 years (Table IV).

We confirmed that a high serum CA19.9 level is an
important factor predictive of poor survival, as already
highlighted by others, and a significant marker of locally
advanced tumor and cancer recurrence (11, 33-35).

The PHT score might be useful to select patients not
eligible for up-front surgery for whom neoadjuvant therapy
should be considered, given the expected poor prognosis
suggested by a PHT score >2 (Table VI). This approach allows
neoadjuvant therapy to be also considered in patients with
resectable disease with expected poor prognosis and with high
risk of R1 resection to make surgery feasible (36). Patients
with Wirsung duct <3 mm, CA19.9 <230 U/ml and supposed
DC (PHT score <2) should be considered for up-front surgery.
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Table VI. Pancreatic head tumor (PHT) prognostic score.

PHT score
Factor Subgroup Beta Score
Primary tumor PDAC vs. DC 0.690 1
Wirsung duct >3 vs. <3 mm 0.465 1
CA199 >230 vs. <230 U/ml 0.881 2

PDAC: Pancreatic ductal adenocarcinoma; DC: distal cholangiocarcinoma.

This score presents some advantages: It is easily obtainable
and feasible by routine biological and radiological parameters,
does not requiring any advanced technological equipment and
no additional cost. However, this study presents some limits:
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Figure 1. Overall survival according to pancreatic head tumor (PHT)
score. Overall survival was significantly better in patients with PHT<2
than those with PHT>2.
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Figure 2. Overall survival according to serum level of carbohydrate
antigen 19.9 (CAI19.9).

It was a retrospective study and analyzed a limited sample of
patients, although highly selected.

It would be useful to evaluate the prognostic accuracy of this
score, applying it to a larger sample of patients undergoing
neoadjuvant therapy and retrospectively evaluated on the
definitive histological examination (postoperative). This is
mainly to understand whether the best treatment to consider in
patients with PDAC and DC with a score >2 but resectable
disease is up-front surgery or neoadjuvant chemotherapy.
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Figure 3. Overall survival according to primary tumor type. PDAC:
Pancreatic ductal adenocarcinoma; DC': distal cholangiocarcinoma.
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Figure 4. Overall survival according to the diameter of the Wirsung
duct.

Conclusion

Better selection of patients who undergo pancreatico-
duodenectomy is mandatory for obtaining better results. The
use of neoadjuvant chemotherapy should be further evaluated
in order to avoid unnecessary surgical resection and to select
patients with responsive neoplasms for pancreatico-
duodenectomy. The PHT score presented in this study is an
innovative proposal, and is derived from entirely pre-
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operative parameters and is useful for making the decision
as to whether patients should undergo up-front surgery or
neoadjuvant therapy.
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