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Tumor grade as significant prognostic factor in pancreatic cancer: validation of
a novel TNMG staging system
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Aim of the study was to asses the tumor grade prognostic value in the Czech pancreatic cancer patients and to evaluate
the accuracy of TNMG prognostic model. Retrospective analysis of 431 pancreatic cancer patients undergoing pancreatic
resection in seven Czech oncological centers between 2003 and 2013 was performed. The impact of tumor grade and the
accuracy of TNMG prognostic model were evaluated. Lymph node status, tumor size, tumor stage and grade were proved
as statistically significant survival predictors. The lower tumor differentiation (grade 3 and 4) was associated with poorer
prognosis in all stages (stage I: HR 2.23 [1.14; 4.36, CI 95%] p=0.019, stage IT: HR 3.09 [2.01; 4.77, CI 95%] p=0.001, stage
III and IV: HR 3.52 [1.73; 7.18, CI 95%] p=0.001). Kaplan-Meier analysis verified statistically significant impact of new
TNMG stages on survival after resection for pancreatic cancer (p=0.001). In conclusion, we can state that the tumor grade
was confirmed as statistically significant prognostic factor in pancreatic cancer. Its incorporation into the current TNM
classification enables more accurate prognosis prediction within particular clinical stages. That is why an inclusion of the

grade to the standard TNM classification should be discussed.
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The main role of TNM staging systems is to predict
patient survival and to determine the method of treatment.
The current staging system in pancreatic ductal adenocar-
cinoma (PDAC) determines tumor stage on the basis of
primary tumor size (T stage), regional lymph node status (N
stage) and distant metastasis (M stage) [1, 2]. Because of the
high survival variability within a particular stage, novel more
complex systems incorporating other parameters to predict
survival more precisely were created [3, 4]. Several multi-
variate analyses have shown tumor grade as one of the most
important prognostic indicators [5-9]. That is why some
authors suggest that inclusion of the tumor grade into AJCC
staging for pancreatic cancer would enhance the current
system and provide better survival prognostication reflective
of the aggressive biology associated with high-grade tumors
[4]. The goal of this retrospective multicenter study was to
assess the prognostic value of tumor grade in PDAC patients

using data from seven Czech complex oncological centers
and to evaluate the accuracy of the prognostic TNMG
nomogram designed by Wasif et al. [4].

Patients and methods

The study was designed as retrospective multicenter
analysis of patients who underwent pancreatic resection
due to PDAC in seven Czech oncological centers between
2003 and 2013. This study has been approved by the insti-
tutional Review Board at University Hospital Brno with
No 01-5.4.2017. The retrospective data of 464 patients were
obtained from local hospital registries separately. Due to
incomplete demographic characteristics, 33 (7.1%) cases had
to be excluded. In total, 431 patients were included in the
study. Descriptive statistics with demographic and treatment
characteristics are displayed in Table 1a.
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Clinical stages were assessed using the 7" edition of
AJCC staging system [1]. The tumor grade was determined
using the College of American Pathologists four degree
classification. The tumors were classified as: well differenti-
ated (G1), when more than 95% of the tumor was composed
of glands, moderately differentiated (G2), where the glands
formed from 50% to 95% of the tumor, poorly differentiated
(G3), when 49% or less of the tumor was composed of glands
and dedifferentiated (G4) with no or minimal differentiation
that was discernible only in rare, tiny foci. Clinical stages and
tumor grade distribution are shown in Table 1b.

Radicality of the surgery was evaluated before the imple-
mentation of the Leeds protocol using pancreatic neck and
common bile duct resection margins assessment. The histo-
pathological examination of the other resection margins
(circumferential, ventral, dorsal) was not standardized. Due
to the possibility of the bias, R status was not taken into
account in the study.

Statistical analysis. Standard descriptive statistics
(relative and absolute frequencies) were used to describe the
data. Statistical significance of differences between patient
groups according to the tumor grade was assessed using the
Fisher’s exact test. Median survival time was used to describe
differences in overall survival after resection. Modeling of the
simultaneous effect of observed factors on overall survival
was carried out by both, univariate and multivariate Cox
regression model. Two procedures taking the tumor grade
into account were carried out. The first based on multivariate

Cox regression model, the second using algorithm published
by Wasif et al. [4]. Kaplan-Meier curves, median survival
time and log-rank tests were used to identify differences
in overall survival after resection of pancreatic carcinoma
according to the TNM and TNMG classification. Standard
level of statistical significance a=0.05 was used.

Results

Patients’ treatment. Most frequent procedure (83.1%)
was pancreatoduodenectomy. In 53 (12.3%) cases spleno-
pancreatectomy and in 20 (4.6%) cases total pancreatectomy
were performed. Regarding adjuvant oncological treatment,
287 (66.6%) patients were treated with gemcitabin based
adjuvant chemotherapy. Ninety-eight (22.7%) patients did
not received any chemotherapy (CHT). In 46 cases (10.7%)
retrospective data about CHT were not available. Similarly,
adjuvant radiotherapy (RT) was applied in 59 (13.7%) and
not applied in 328 (76.1%) patients. In 44 (10.2%) cases
retrospective data were not available.

Patients’ survival. The median overal survival for stages
L, IT and III+IV was 25 months, 17 months and 15 months,
respectively. The longest median survival time was noticed in
patients with pancreatic body or tail tumor after splenopan-
creatomy (20 months, min 6, max 90). Median survival of
the patients after pancreatoduodenectomy and total pancre-
atectomy was shorter (16 months; min 4, max 129) and (14
months; min 5, max 47), respectively.

Table 1a. Demographic and treatment characteristics of patients with pancreatic carcinoma.

Demographic and treatment AllnI:;t;elnts Gl:f; 613_2 Gl:fle 638_4 pvalue
characteristics n % n % n %
Sex 0.767
Male 235 54.5% 145 55.1% 90 53.6%
Female 196 45.5% 118 44.9% 78 46.4%
Age 0.385
<55 years 91 21.1% 61 23.2% 30 17.9%
56-65 years 162 37.6% 101 38.4% 61 36.3%
66-75 years 141 32.7% 81 30.8% 60 35.7%
>75 years 37 8.6% 20 7.6% 17 10.1%
Type of surgery 0.313
PD 358 83.1% 222 84.4% 136 81.0%
SPE 53 12.3% 32 12.2% 21 12.5%
TP 20 4.6% 9 3.4% 11 6.5%
Adjuvant chemotherapy 0.408
Yes 287 66.6% 169 64.3% 118 70.2%
No 98 22.7% 65 24.7% 33 19.6%
Not available 46 10.7% 29 11.0% 17 10.1%
Adjuvant radiotherapy 0.503
Yes 59 13.7% 32 12.2% 27 16.1%
No 328 76.1% 203 77.2% 125 74.4%
Not available 44 10.2% 28 10.6% 16 9.5%

PD - pancreatoduodenectomy, SPE - splenopancreatectomy, TP - total pancreatectomy, n — number of patients, p — level of statistical significance.
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Table 1b. Tumor characteristics of patients with pancreatic cancer. Clinical stages were determined using pathological TNM classification (7th edition

of AJCC staging system).
All patients Grade 1-2 Grade 3-4
Tumor characteristic n=431 n=263 n=168 p-value
n % n % n %
Cancer staging (TNM classif.) 0.029
Stage 1A 26 6.0% 22 8.4% 4 2.4%
Stage 1B 39 9.0% 25 9.5% 14 8.3%
Stage 2A 106 24.6% 70 26.6% 36 21.4%
Stage 2B 237 55.0% 136 51.7% 101 60.1%
Stage 3 13 3.0% 5 1.9% 8 4.8%
Stage 4 10 2.3% 5 1.9% 5 3.0%
Tumor size (TNM - T) 0.080
1 35 8.1% 27 10.3% 8 4.8%
2 78 18.1% 48 18.3% 30 17.9%
3 305 70.8% 183 69.6% 122 72.6%
4 13 3.0% 5 1.9% 8 4.8%
Lymph nodes (TNM - N) 0.016
0 180 41.8% 122 46.4% 58 34.5%
1 251 58.2% 141 53.6% 110 65.5%
Distant metastasis (TNM - M) 0.521
0 421 97.7% 258 98.1% 163 97.0%
1 10 2.3% 5 1.9% 5 3.0%
Tumor grade -
Grade 1 45 10.4% 45 17.1% 0 0%
Grade 2 218 50.6% 218 82.9% 0 0%
Grade 3 166 38.5% 0 0% 166 98.8%
Grade 4 2 0.5% 0 0% 2 1.2%

TNM - tumor nodes and metastatis classification, n - number of patients, p - level of statistical significance.

Regarding the factors affecting survival, univariate analysis
proved lymph node status, tumor size, tumor stage and grade
as statistically significant survival predictors (Table 2).

The searching for the correlation between the tumor grade
and survival in different stages proved the higher grade as
negative prognostic factor in all stages (Table 3).

In the most frequent stage II (n=343), the hazard ratio
reached 3.09 (2.01; 4.77, CI 95%, p <0.001) for low differ-
entiated (G3+G4) tumors. Better prognostic accuracy was
observed when the tumor grade was added to the tumor
stage. The multivariate Cox regression model showed
the prognostic switch of patients with well-differenti-
ated (G1+G2) tumors to the lower stage. On the contrary,
low-differentiation (G3+G4) of the tumor worsened the
prognosis, which became comparable to that in the higher
stage. For instance, the median overall survival of the patient
with stage IIB, G1 or G2 tumor was the same (19 months) as
in the case of ITA, low-differentiated one. Taking into account
these facts, TNMG classification was created (Table 4).
Kaplan-Meier analysis verified statistically significant impact
of new TNMG stages on survival (Figure 1).

Discussion

Prognosis of PDAC remains poor. Median overall survival
in PDAC patients who undergo resection varies from 17 to
27 months in most series [10-13]. The patients’ prognosis is
based on TNM staging. Staging is also crucial for decision
making in therapy. Current staging system used for PDAC
does not reflect prognostic determinants other than the T,
N, and M modalities [14]. Perhaps it is the reason of high
survival variability within the particular stages. Therefore,
several authors tried to incorporate other parameters to
predict survival more precisely. The prognostic impact of
tumor grade in PDAC was proved by several multivariate
analyses [5-9]. In agreement with these series, our retrospec-
tive study also confirmed higher tumor grade as statistically
significant negative prognostic factor with HR 2.52 (1.66;
3.82, CI 95%, p<0.001) for G3+G4 tumors. Regarding these
facts, there is a question why the tumor grade has not been
incorporated into the standard staging system yet as it was in
soft tissue sarcomas [14]. Several studies on this topic have
been already published. Wasif et al has tried to implement
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Table 2. Univariate Cox regression model and median survival time after resection for pancreatic cancer.

Overall survival after pancreatic resection for pancreatic cancer

Median survival time (months)

Univariate Cox regression model

Patient group
estimate 95% CI-  95%CI - regress'ion SE for reg. HR 95% CI for 95% CI for p-value
lower upper coefficient Coeff. HR -lower  HR - upper

All patients 18.0 16.1 19.9 - - - - - -
Sex

Male 18.0 15.9 20.1 - - 1.00 - - -

Female 20.0 16.8 23.2 -0.036 0.111 0.96 0.78 1.20 0.747
Age

<55 years 16.0 13.1 18.9 - - 1.00 - - -

56-65 years 19.0 15.8 22.2 -0.156 0.144 0.86 0.64 1.14 0.281

66-75 years 18.0 14.6 21.4 -0.191 0.149 0.83 0.62 1.11 0.201

>75 years 20.0 15.3 24.7 -0.260 0.229 0.77 0.49 1.21 0.256
Tumor size (TNM - T)

1 25.0 17.3 32.7 - - 1.00 - - -

2 20.0 14.0 26.0 0.314 0.246 1.37 0.85 2.22 0.201

3+4 17.0 15.0 19.0 0.680 0.215 1.97 1.29 3.01 0.002
Lymph nodes (TNM - N)

0 22.0 18.8 252 - - 1.00 - - -

1 15.0 13.7 16.3 0.532 0.115 1.70 1.36 2.13 0.000
Cancer staging (TNM classif.)

Stage 1A 29.0 14.1 43.9 - - 1.00 - - -

Stage 1B 22.0 10.9 33.1 0.097 0.324 1.10 0.58 2.08 0.764

Stage 2A 20.0 16.4 23.6 0.511 0.269 1.67 0.98 2.82 0.057

Stage 2B 16.0 14.4 17.6 0.833 0.255 2.30 1.40 3.79 0.001

Stage 3 16.0 11.0 21.0 1.001 0.390 2.72 1.27 5.84 0.010

Stage 4 9.0 0 18.3 1.042 0.400 2.84 1.30 6.20 0.009
Tumor grade

Grade 1 28.0 19.5 36.5 - - 1.00 - - -

Grade 2 20.0 17.5 22.5 0.593 0.208 1.81 1.20 2.72 0.004

Grade 3+4 14.0 12.2 15.8 0.924 0.212 2.52 1.66 3.82 0.000
Tumor grade

Grade 1+2 22.0 19.5 24.5 - - 1.00 - - -

Grade 3+4 14.0 12.2 15.8 0.436 0.112 1.55 1.24 1.93 0.000
Adjuvant chemotherapy

Yes 17.0 14.8 19.2 - - 1.00 - - -

No 21.0 16.1 259 -0.248 0.141 0.78 0.59 1.03 0.080
Adjuvant radiotherapy

Yes 15.0 11.5 18.5 - - 1.00 - - -

No 20.0 17.6 22.4 -0.314 0.163 0.73 0.53 1.01 0.054

TNM - tumor, nodes and metastatis classification, n - number of patients, p — level of statistical significance, CI - confidence interval, HR - hazard ratio.

the grade to the AJCC staging system creating new classifica-
tion scheme, which offered more precise prognostic stratifi-
cation of the patients [4]. These observation were supported
by the study of Rochefort et al concluding in the group of
256 patients that grade is one of the strongest independent
prognostic factors in PDAC and demonstrating improved
prognostication using novel TNMG classification system [15].

Based on these results, we tried to independently verify
these data in Czech pancreatic cancer population. Similarly to
the previous studies [4, 15], median overall survival in every

single stage was influenced by the tumor grade. Regarding
tumor grade in the stage Ila patients, better differentiation
(G1 or G2) brought median overall survival improvement
up to 22 months (17.5; 26.5, CI 95%). On the other hand, in
G3 and G4 tumors median survival decreased to 19 months
(13.6; 24.4, CI 95%) which was the same as in stage IIb (that
means lymph node positive) well-differentiated tumors.
Patient with high grade, localized, resectable, T3 tumor,
without involvement of regional lymph nodes had similar
prognosis as the one with low grade, T3 tumor with regional
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Table 3. Multivariate Cox regression model for overall survival after resection of pancreatic cancer with interaction between tumor stage and grade.

Multivariate Cox regression model

Patient group regression

95% CI for HR - 95% CI for HR -

coefficient SE for reg. Coeff. HR lower upper p-value
Sex
Male - - 1.00 - - -
Female -0.011 0.113 0,99 0.79 1.23 0.923
Age
<55 years - - 1.00 - - -
56-65 years -0.188 0.147 0.83 0.62 1.10 0.201
>65 years -0.300 0.144 0.74 0.56 0.98 0.038
Cancer staging and tumor grade
Stage 1 + grade 1+2 - - 1.00 - - -
Stage 1 + grade 3+4 0.802 0.342 2.23 1.14 4.36 0.019
Stage 2 + grade 1+2 0.761 0.214 2.14 1.41 3.25 0.000
Stage 2 + grade 3+4 1.129 0.221 3.09 2.01 4.77 0.000
Stage 3-4 + grade 1+2 1.089 0.378 2.97 1.41 6.24 0.004
Stage 3-4 + grade 3+4 1.259 0.364 3.52 1.73 7.18 0.001
n - number of patients, p — level of statistical significance, CI - confidence interval, HR - hazard ratio
Table 4. Restaging according to the TNMG classification based on multi- TNMG classification
variate Cox regression model. 1.0 7
Median survival time (months) : gtzgz :g p <0.001
0, 0, - [—
n etimate 200 Mpper Gopran O8] Soe g
TNM classification 0.000 5 — Stage lll
Stage 1A 26 290 141 439 § 06 — Stage IV
Stage 1B 39 22.0 10.9 33.1 g_
Stage 2A 106 20.0 16.4 23.6 E
Stage 2B 237 160 144 176 g 047
Stage 3 13 16.0 11.0 21.0 N
Stage 4 10 90 0 18.3 02
TNM class. + tumor grade 0.000
Stage 1A + grade 142 22 42.0 10.5 73.5
Stage 1A + grade 3+4 4 120 0 26.7 0.0 ' ' ‘ ' ' '
0 12 24 36 48 60 72
Stage 1B + grade 1+2 % 38.0 199 561 Survival after resection of pancreatic carcinoma (months)
Stage 1B + grade 3+4 14 21.0 7.5 34.5
Stage 2A + grade 142 70 22.0 17.5 26.5 Figure 1. Kaplan-Meier survival curves according to the TNMG classi-
Stage 2A + grade3+4 36  19.0 13.6 24.4 fication.
Stage 2B + grade 1+2 136 19.0 15.4 22.6
Stage 2B + grade 3+4 101 13.0 11.7 14.3
Stage 3 + grade 1+2 5 15.0 43 25.7 nodal involvement. Moreover, low tumor diferentiation (G3
Stage 3 + grade 3+4 8 170 11.9 221 or 4) in stage IIb disease caused prognostic shift of patients
Stage 4 + grade 1+2 5 150 8.6 214 with resectable tumors to the prognostic group of non-resect-
Stage 4 + grade 3+4 5 6.0 39 8.1 able, T4 tumors with median survival of 13 months. Survival
TNMG classification 0.000 worsening between stages III (n=13) and IV (n=10) patients
Stage IA 2 420 10.5 73.5 was not clearly proved, most probably due to small group.
Stage IB 29 290 12.6 45.4 The results of the Wasif's series seem to be more conclu-
Stage IIA 84 220 18.5 255 sive for these stages. Another attempt to use the grade as
Stage 11B 172 19.0 15.4 226 prognostic tool was done by Memorial Sloan Kettering
Stage IIT 106 13.0 11.6 144 Cancer Center (MSKCC). In this study, the authors incor-
Stage IVA 13170 12.8 212 porated additional factors (age, sex, portal vein infiltration,
Stage IVB 5 60 39 8.1 splenectomy, resection margin status, location of the tumor

TNMG - tumor, nodes, metastatis and grade classification, n - number of
patients, CI - confidence interval.

head-tail, tumor grade, posterior resection margin status,
number of positive lymph nodes, number of negative lymph
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nodes, back pain, T stage and weight loss) into the predic-
tive model not included in the traditional TNM staging. This
approach enabled to predict the probability with which a
patient will survive pancreatic cancer for 1, 2, and 3 years
from the time of the initial resection, assuming that there is
not death from an alternate cause. The authors concluded that
the calibration between observed and corrected was good,
and variables not conventionally associated with standard
staging systems improved the predictivity of the model [3].
Subsequently, the MSKCC nomogram was independently
validated by the group at Massachusetts General Hospital
on a cohort of 424 patients [16]. The advantage of tumor
grade compared to some other parameters is the possibility
of up-front surgery diagnosis using EUS guided cytology
and histopathology. Especially, when 22G or 25G needles are
applied [17]. Subsequently, the tumor grade could contribute
to select an optimal therapeutic approach. Crippa in retro-
spective analysis of 502 PDAC patients proved greater benefit
of adjuvant chemotherapy in G3 than in G1 and G2 tumors
[18]. Regarding neoadjuvant CHT, several studies proved
its benefit in borderline resectable PDAC [19]. Inclusion of
the tumor grade into the decision-making process of neoad-
juvant treatment could contribute to better selection and
survival prognostication. Thereafter, low tumor cell differen-
tiation could be an argument for neoadjuvant CHT not only
in borderline resectable but also in resectable PDAC. On the
other side, well differentiated tumors could be indicated for
radical surgery even if arterial resection is necessary [20].
More studies verifying these theses are needed.

In conclusion, we can state that despite of the possible
bias rising from retrospective character of the study, tumor
grade was shown as an independent, statistically signifi-
cant prognostic factor in patients undergoing resection for
pancreatic ductal adenocarcinoma. Incorporation of the
grade into the TNM classification enables more accurate
prognosis prediction within particular clinical stages. That is
why inclusion of the grade to the standard TNM classifica-
tion should be discussed.

Acknowledgments: Special thanks to Vladimir Prochézka, Igor
Penka, Jaroslav Ivi¢i¢ and Petr Kysela, the surgeons from the De-
partment of Surgery Masaryk University Brno, to Pavel Skalicky,
the surgeon from Department I. Faculty of Medicine and Dentistry,
Palacky University Olomouc, to Luka$ Havldj, the surgeon from the
Department of Surgery, University Hospital Kralovské Vinohrady,
Praque, who have participated in the acquisition of the data and
pancreatic surgeries. This study was supported by grant number 16-
31314A funded by Czech Health Research Council.

References

[1]  EDGE SB, COMPTON CC. The American Joint Commit-
tee on Cancer: the 7th edition of the AJCC cancer staging
manual and the future of TNM. Ann Surg Oncol 2010; 17:
1471-1474. https://doi.org/lO.1245/s10434—010-0985—4

(2]

(12]

BILIMORIA KY, BENTREM DJ, KO CY, RITCHEY ],
STEWART AK et al. Validation of the 6th edition AJCC
PancreaticCancer Staging, System: report from the National
Cancer Database. Cancer. 2007; 110: 738-744. https://doi.
org/10.1002/cncr.22852

BRENNAN ME KATTAN MW, KLIMSTRA D, CONLON
K. Prognostic nomogram for patients undergoing resection
for adenocarcinoma of the pancreas. Ann Surg 2004; 240:
293-298.

WASIF N, KO CY, FARRELL ], WAINBERG Z, HINES OJ et
al. Impact of tumor grade on prognosis in pancreatic cancer:
should we include grade in AJCC staging? Ann Surg Oncol
2010; 17: 2312-2320. https://doi.org/10.1245/s10434-010-
1071-7

GEER RJ, BRENNAN ME. Prognostic indicators for survival
after resection of pancreatic adenocarcinoma. Am J Surg
1993; 165: 68-72.

LIM JE, CHIEN MW, EARLE CC. Prognostic factors fol-
lowing curative resection for pancreatic adenocarcinoma: a
population based, linked database analysis of 396 patients.
Ann Surg 2003; 237: 74-85. https://doi.org/10.1097/01.
SLA.0000041266.10047.38

WINTER JM, CAMERON JL, CAMPBELL KA, ARNOLD
MA, CHANQ DC et al. 1423 pancreaticoduodenectomies
for pancreatic cancer: A single-institution experience. ] Gas-
trointest Surg 2006; 10: 1199-1210. https://doi.org/10.1016/j.
gassur.2006.08.018

GEBHARDT C, MEYER W, REICHEL M, WUNSCH PH.
Prognostic factors in the operative treatment of ductal pan-
creatic carcinoma. Langenbecks Arch Surg 2000; 385: 14-20.
KUHLMANN KE DE CASTRO SM, WESSELING ]G, TEN
KATE FJ, OFFERHAUS GJ et al. Surgical treatment of pan-
creaticadenocarcinoma; actual survival and prognostic fac-
tors in 343patients. Eur ] Cancer 2004; 40: 549-558. https://
doi.org/10.1016/j.ejca.2003.10.026

RAU BM, MORITZ K, SCHUSCHAN S, ALSFASSER G,
PRALL F et al. R1 resection in pancreatic cancer has signifi-
cant impact on long-term outcome in standardized pathol-
ogy modified for routine use. Surgery 2012; 152: S103-111.
https://doi.org/10.1016/j.surg.2012.05.015

YAMASHITA Y, YOSHIZUMI T, FUKUZAWA K,
NISHIZAKI T, TSUJITA E et al. Surgical Results of Pancre-
aticoduodenectomy for Pancreatic Ductal Adenocarcinoma:
a Multi-institutional Retrospective Study of 174 patients.
Anticancer Res 2016; 36: 2407-2412.

HARTWIG W, GLUTH A, HINZ U, BERGMANN E
SPRONK PE et al. Total pancreatectomy for primary pan-
creatic neoplasms: renaissance of an unpopular operation.
Ann Surg 2015; 261: 537-546. https://doi.org/10.1097/
SLA.0000000000000791

ADHAM M, BREDT LC, ROBERT M, PERINEL ], LO-
MARD-BOHAS C et al. Pancreatic resection in elderly pa-
tients: should it be denied? Langenbecks Arch Surg 2014;
399: 449-459. https://doi.org/10.1007/s00423-014-1183-9
EDGE SB, BYRD DR, COMPTON CC, FRITZ AG,
GREENE FL et al. (Eds.). AJCC cancer staging manual,
7th Edition. New York, Springer-Verlag, 2010, p 648. ISBN
9780387884400


https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1002/cncr.22852
https://doi.org/10.1002/cncr.22852
https://doi.org/10.1245/s10434-010-1071-7
https://doi.org/10.1245/s10434-010-1071-7
https://doi.org/10.1097/01.SLA.0000041266.10047.38
https://doi.org/10.1097/01.SLA.0000041266.10047.38
https://doi.org/10.1016/j.gassur.2006.08.018
https://doi.org/10.1016/j.gassur.2006.08.018
https://doi.org/10.1016/j.ejca.2003.10.026
https://doi.org/10.1016/j.ejca.2003.10.026
https://doi.org/10.1016/j.surg.2012.05.015
https://doi.org/10.1097/SLA.0000000000000791
https://doi.org/10.1097/SLA.0000000000000791
https://doi.org/10.1007/s00423-014-1183-9

TUMOR GRADE IN PANCREATIC CANCER

643

[15]

(16]

(17]

ROCHEFORT MM, ANKENY ]S, KADERA BE, DONALD
GW, ISACHOFF W et al. Impact of tumor grade on pancre-
atic cancer prognosis: validation of a novel TNMG staging
system. Ann Surg Oncol 2013; 20: 4322-4329. https://doi.
org/10.1245/s10434-013-3159-3

FERRONE CR, KATTAN MW, TOMLINSON JS, THAYER
SP, BRENNAN MF et al. Validation of a Postresection Pan-
creatic Adenocarcinoma Nomogram for Disease-Specific
Survival. J Clin Oncol 2005; 23: 7529-7535. https://doi.
0rg/10.1200/JC0O.2005.01.8101

MIZUNO N, HARA K, HIJIOKA S, BHATIA V, SHIMIZU Y
et al. Current concept of endoscopic ultrasound-guided fine
needle aspiration for pancreatic cancer. Pancreatology 2011;
11 Suppl2: 40-46. https://doi.org/10.1159/000323502

(18]

(19]

(20]

CRIPPA S, PARTELLI S, ZAMBONI G, BARUNGOLA G,
CAPELLI P et al. Poorly differentiated resectable pancreatic
cancer: is upfront resection worthwhile? Surgery 2012; 152:
S112-119. https://doi.org/10.1016/j.surg.2012.05.017
GILLEN S, SCHUSTER T, MEYER ZUM BUSCHENFELDE
C, FRIESS H, KLEEFF J. Preoperative/neoadjuvant therapy
in pancreatic cancer: a systematic review and meta-analysis
of response and resection percentages. PLoS Med 2010; 7:
€1000267. https://doi.org/10.1371/journal.pmed.1000267
PERINEL ], NAPPO, G, EL BECHWATY M, WALTER T,
HERVIEU V et al. Locally advanced pancreatic duct adeno-
carcinoma: pancreatectomy with planned arterial resection
based on axial arterial encasement. Langenbecks Arch Surg
2016; 401: 1131-1142. https://doi.org/10.1007/s00423-016-
1488-y


https://doi.org/10.1245/s10434-013-3159-3
https://doi.org/10.1245/s10434-013-3159-3
https://doi.org/10.1200/JCO.2005.01.8101
https://doi.org/10.1200/JCO.2005.01.8101
https://doi.org/10.1159/000323502
https://doi.org/10.1016/j.surg.2012.05.017
https://doi.org/10.1371/journal.pmed.1000267
https://doi.org/10.1007/s00423-016-1488-y
https://doi.org/10.1007/s00423-016-1488-y

