Chapter 16 )
Translational Approaches in Surgical
Treatment

Check for
updates
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Pancreatic ductal adenocarcinoma (PDAC) carries one of the poorest overall prog-
nosis of all human malignancies. The 5-year survival in patients with PDAC, for all
stages, remains as low as 6—7%. The low survival rate is attributed to several factors,
of which the two most important are aggressive tumor biology and late stage at
which most patients are diagnosed. Only 10-20% of patients are eligible for resec-
tion at presentation, 30-40% are unresectable/locally advanced, and 50-60% are
metastatic [1].

Pancreatic cancer without distant metastasis can be divided into three categories:
resectable, borderline resectable, and locally advanced. In absence of metastatic
disease, the most important factor for improving survival and possibly offer cure is
to achieve a margin-negative resection. Even after potential curative resection, most
patients develop recurrences eventually, and 5-year survival of completely resected
patients is only up to 25% [1]. The aggressive tumor biology and its inherent resis-
tance to chemotherapy and radiotherapy contributes to early recurrence and
metastasis.

Surgical Advances/Techniques

Pancreatic cancer surgery has evolved over the past few decades and remains the
cornerstone of treatment of resectable and borderline resectable tumors. Advances
in modern imaging give precise information on disease extension and vascular
involvement that aids in surgical planning in order to achieve a margin-negative
resection.
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Surgical techniques for pancreatic cancer include pancreaticoduodenectomy,
distal pancreatectomy with splenectomy, and total pancreatectomy. Standard
lymphadenectomy for pancreatoduodenectomy should include removal of lymph
node stations 5, 6, 8a, 12b1, 12b2, 12¢, 13a, 13b, 14a, 14b, 17a, and 17b.

Involvement of superior mesenteric vein (SMV)/portal vein(PV) was previously
considered as a contraindication for resection. However, curative resection along
with SMV/PV with vascular reconstruction has now become a standard practice in
specialized high-volume centers. To improve margin-negative resections, specially
in borderline resectable tumors with proximity to vascular structures, SMA first
approach (six different approaches) was proposed as a new modification of standard
pancreaticoduodenectomy [2]. In a systematic review, SMA first approach was
shown to be associated with better perioperative outcomes, such as blood loss,
transfusion requirements, pancreatic fistula, delayed gastric emptying, and reduced
local and metastatic recurrence rates [3, 4].

In case of arterial involvement, there is no good evidence at present to justify
arterial resections for right-sided pancreatic tumors [5]. However, the modified
Appleby procedure, which includes en bloc removal of celiac axis with or without
arterial reconstruction, when used in appropriately selected patients, offers margin-
negative resection with survival benefit for locally advanced pancreatic body and
tail tumors and should be performed in high-volume centers [6].

Most evidence does not support advantage of more extended resections such as
removal of the para-aortic lymph nodes and nerve plexus and multivisceral resec-
tions routinely [7-9]. Such extended resections are associated with compromised
quality of life because of associated higher perioperative morbidity and intractable
diarrhea. However, in highly selected patients, with preserved performance status
and stable or nonprogressive disease on neoadjuvant treatment, such extended
resections can provide survival advantage over palliative treatments [10]. Radical
surgery in the presence of oligometastatic disease has also been reported to pro-
long survival in highly selected patients [11].

Translational Approaches in Surgery

Currently, the AJCC (American Joint Committee on Cancer) TNM staging is the
only prognostic factor used in clinical practice to assess the survival of a resected
PDAC and guide treatment decisions. However, this clinicopathological staging
fails to consistently predict the outcomes after pancreatic resection. Due to the large
genomic heterogeneity within PDAC tumors, prognostic gene expression signatures
may be useful to predict outcome.

Earlier studies had shown that the most frequently altered genes in PDACs
are KRAS, SMAD4, TP53, and CDKN2A/B (one oncogene and three tumor
suppressor genes) [12—14]. Many genes were later found altered by using com-
prehensive genomic approaches including array-comparative genomic hybrid-
ization [15, 16].
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Molecular Classification of PDAC

More recently, molecular classification according to gene expression and genomic
alterations has been proposed [17-19]. The first such profiling of PDAC was pub-
lished in 2011 based on microdissection performed on surgically resected speci-
mens [17]. According to the results, PDAC was classified into three different
subtypes (Collison’s subtypes: “classical,” “quasi-mesenchymal,” and “exocrine-
like”). These subtypes had different clinical outcomes and therapeutic responses
and were also validated externally. The classical tumor subtype had a better sur-
vival, whereas the quasi-mesenchymal subtype had worst survival. Subtype classi-
fication was the only independent prognostic factor for overall survival (OS) in
multivariate analysis and the chemosensitivity also varied among the subtypes. In
another study, Moffitt et al. [18] separated the stromal component from the malig-
nant epithelial component and identified different subtypes, based on the observa-
tion that PDAC is comprised of a dense peritumoral stroma. Two specific stromal
subtypes, “normal” and “activated” stroma, were identified, with the latter showing
the worst prognosis (median survival of 15 months vs. 24 months). The malignant
component was further classified as “classical” and “basal-like” tumor-specific sub-
types. Classical tumor and normal stroma subtypes correlated with best prognosis,
and prognosis was worst with basal-like tumor and activated stroma subtypes. More
recent transcriptional classification for PDAC by Bailey et al. [19] distinguished
four tumor subtypes associated with different molecular pathways as “squamous,”
“pancreatic progenitor,” “immunogenic,” and “aberrantly differentiated endocrine
exocrine (ADEX).” This classification is based on the differential expression of
transcription factors and downstream targets important for lineage specification and
differentiation during pancreas development and regeneration. Correlating with out-
comes, the squamous subtype was an independent poor-prognostic factor.

Indeed, identifying such genetic signatures and their expression profiling is pres-
ently the most promising approach for identifying new prognostic tools and tailor-
ing individualized treatment in PDAC, possibly independent of the AJCC staging.

Early Detection

Late stage at diagnosis is one of the most important factors for overall dismal out-
comes in PDAC. Early detection at stage I or II can provide a window of opportu-
nity when the disease can be eradicated by high-quality surgery and together with
adjuvant chemotherapy and can result in cure [20]. Development of promising
molecular biomarkers for early detection of PDAC is hence the need of the hour. For
this purpose, blood-based molecular biomarkers, which include proteins, nucleic
acids, autoantibodies, aberrantly glycosylated antigens, exosomes, circulating
tumor cells, and metabolites, have been studied. The ideal, noninvasive biomarkers
should be wuniversally present in precancerous lesions (PanIN, pancreatic
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intraepithelial neoplasia; IPMN, intraductal papillary mucinous neoplasm with dys-
plasia; carcinoma in situ) and should have a high sensitivity and specificity which is
inexpensive, rapid, and practical to perform. Current clinical practice uses CA19-9,
which is a carbohydrate antigen found on multiple carrier proteins [21]. However, it
is not detectable in 5—-10% of patients and lacks specificity as it is often elevated in
biliary obstruction with or without malignancy. Hence, it is useful for monitoring
response to therapy, but it is not a useful tool as an early detection biomarker. With
molecular profiling of PDAC, a number of novel biomarkers have been discovered
and are under evaluation. Also, with development of organoids recapitulating
PDAC, new biomarker discovery is enhanced [22].

Circulating tumor cells (CTCs) could represent another source of blood-based
molecular profiles. CTCs are tumor cells that are shed off from a primary tumor into
the circulation and can be detected in the blood samples (liquid biopsy) [23].
Recently, CTCs have been studied as a potential biomarker for PDAC [24]. In this
study, the authors evaluated CTC subtypes (triploid, tetraploid, or multiploid cells)
and their total number and found that both were upregulated in the peripheral blood
of PDAC patients when compared with healthy controls, serving thus as a diagnos-
tic tool for the disease.

Although at present these biomarkers have not been able to make a great clinical
impact, the progress made to date in finding biomarkers for early detection specially
in high-risk individuals (e.g., family history of PDAC, recent-onset diabetes, chronic
pancreatitis, etc.) provides optimism to the field.

Chronic Pancreatitis

Chronic pancreatitis (CP) represents a risk factor for pancreatic cancer and is a fre-
quent differential diagnosis as well [25]. CP can involve the whole pancreatic gland
or can result in development of an inflammatory head mass, which can become a
considerable source of diagnostic confusion, as even high-quality CT/MRI scans
fail to conclusively differentiate between the two. A positive endoscopic ultrasound
(EUS) or image-guided biopsy confirms presence of a cancer; however, a negative
report does not conclusively rule out malignancy. In order to enhance the diagnostic
accuracy of PDAC in the background of CP, molecular markers on EUS-FNA sam-
ples have been evaluated in recent years. Utilities of DNA mutations such as kras
[26], pS3 [27], telomerase activity with a ribonucleoprotein enzyme [28], and a
broad panel of microsatellite allele loss markers [29] have been shown to improve
diagnostic accuracy in such situations.

Recently metabolic biomarkers have also been studied and introduced in this
field. One such study evaluated nine metabolites [proline, sphingomyelin
(d18:2,C17:0), phosphatidylcholine, isocitrate, sphinganine-1-phosphate, histidine,
pyruvate, ceramide, sphingomyelin (d17:1,C18:0)] along with CA 19.9 in patients
with CP having high risk for PDAC and were found to have a sensitivity of 89.9%
and a specificity of 91.3% for detection of maliganacy [30].



16 Translational Approaches in Surgical Treatment 237

Utilization of these molecular and metabolic biomarkers may reduce the diag-
nostic delay and early diagnosis of PDAC in CP and can result in early initiation of
treatment and surgery in resectable patients leading to improved overall outcomes.

Summary

Given the potential clinical correlation of PDAC molecular subtyping and long-term
survival, the emphasis now should be on defining a universally accepted PDAC
molecular subtyping which can guide personalized therapy including surgery, irre-
spective the AJCC stage of the disease. Also, the focus should be on formulating an
ideal biomarker for early detection of PDAC, at least in high-risk population and
those with chronic pancreatitis, in order to offer early curative treatment resulting in
overall improved outcomes.

References

1. Gillen S, Schuster T, Zum Biischenfelde CM, 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(4):e1000267.

2. Sanjay P, Takaori K, Govil S, Shrikhande SV, Windsor JA. “Artery-first” approaches to pancre-
atoduodenectomy. Br J Surg. 2012;99(8):1027-35.

3. Negoi I, Hostiuc S, Runcanu A, Negoi RI, Beuran M. Superior mesenteric artery first
approach versus standard pancreaticoduodenectomy: a systematic review and meta-analysis.
Hepatobiliary Pancreat Dis Int. 2017;16(2):127-38.

4. Tronside N, Barreto SG, Loveday B, Shrikhande SV, Windsor JA, Pandanaboyana S. Meta-
analysis of an artery-first approach versus standard pancreatoduodenectomy on perioperative
outcomes and survival. Br J Surg. 2018;105(6):628-36.

5. Bockhorn M, Uzunoglu FG, Adham M, Imrie C, Milicevic M, Sandberg AA, Asbun HJ, Bassi
C, Biichler M, Charnley RM, Conlon K. Borderline resectable pancreatic cancer: a consen-
sus statement by the International Study Group of Pancreatic Surgery (ISGPS). Surgery.
2014;155(6):977-88.

6. Latona JA, Lamb KM, Pucci MJ, Maley WR, Yeo CJ. Modified Appleby procedure with arte-
rial reconstruction for locally advanced pancreatic adenocarcinoma: a literature review and
report of three unusual cases. J Gastrointest Surg. 2016;20(2):300-6.

7. Evans DB, Farnell MB, Lillemoe KD, Vollmer C, Strasberg SM, Schulick RD. Surgical treat-
ment of resectable and borderline resectable pancreas cancer: expert consensus statement. Ann
Surg Oncol. 2009;16(7):1736-44.

8. Nimura Y, Nagino M, Takao S, Takada T, Miyazaki K, Kawarada Y, Miyagawa S, Yamaguchi
A, Ishiyama S, Takeda Y, Sakoda K. Standard versus extended lymphadenectomy in radical
pancreatoduodenectomy for ductal adenocarcinoma of the head of the pancreas: long-term
results of a Japanese multicenter randomized controlled trial. J Hepatobiliary Pancreat Sci.
2012;19(3):230-41.

9. Jang JY, Kang MJ, Heo JS, Choi SH, Choi DW, Park SJ, Han SS, Yoon DS, Yu HC, Kang KJ,
Kim SG. A prospective randomized controlled study comparing outcomes of standard resec-
tion and extended resection, including dissection of the nerve plexus and various lymph nodes,
in patients with pancreatic head cancer. Ann Surg. 2014;259(4):656—64.



238

10.

11.

12.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

M. S. Bhandare et al.

Mitra A, Pai E, Dusane R, Ranganathan P, DeSouza A, Goel M, Shrikhande SV. Extended
pancreatectomy as defined by the ISGPS: useful in selected cases of pancreatic cancer but
invaluable in other complex pancreatic tumors. Langenbecks Arch Surg. 2018;403(2):203-12.
Hackert T, Niesen W, Hinz U, Tjaden C, Strobel O, Ulrich A, Michalski CW, Biichler
MW. Radical surgery of oligometastatic pancreatic cancer. Eur J Surg Oncol. 2017;43(2):
358-63.

Wood LD, Hruban RH. Pathology and molecular genetics of pancreatic neoplasms. Cancer
J.2012;18(6):492.

.Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, Angenendt P, Mankoo P, Carter H,

Kamiyama H, Jimeno A, Hong SM. Core signaling pathways in human pancreatic cancers
revealed by global genomic analyses. Science. 2008;321(5897):1801-6.

. Hidalgo M. New insights into pancreatic cancer biology. Ann Oncol. 2012;23(suppl_10):

x135-8.

Birnbaum DJ, Adelaide J, Mamessier E, Finetti P, Lagarde A, Monges G, et al. Genome profil-
ing of pancreatic adenocarcinoma. Genes Chromosomes Cancer. 2011;50(6):456-65.
Birnbaum DJ, Birnbaum D, Bertucci F. Endometriosis-associated ovarian carci-nomas. N Engl
J Med. 2011;364(5):483—4, (author reply 4-5).

Collisson EA, Sadanandam A, Olson P, Gibb WJ, Truitt M, Gu S, Cooc J, Weinkle J, Kim
GE, Jakkula L, Feiler HS. Subtypes of pancreatic ductal adenocarcinoma and their differing
responses to therapy. Nat Med. 2011;17(4):500.

Moffitt RA, Marayati R, Flate EL, Volmar KE, Loeza SG, Hoadley KA, Rashid NU, Williams
LA, Eaton SC, Chung AH, Smyla JK. Virtual microdissection identifies distinct tumor-and
stroma-specific subtypes of pancreatic ductal adenocarcinoma. Nat Genet. 2015;47(10):1168.
Bailey P, Chang DK, Nones K, Johns AL, Patch AM, Gingras MC, Miller DK, Christ AN,
Bruxner TJ, Quinn MC, Nourse C. Genomic analyses identify molecular subtypes of pancre-
atic cancer. Nature. 2016;531(7592):47.

Matsuno S, Egawa S, Fukuyama S, Motoi F, Sunamura M, Isaji S, Imaizumi T, Okada S,
Kato H, Suda K, et al. Pancreatic Cancer Registry in Japan: 20 years of experience. Pancreas.
2004;28:219-30.

Lennon AM, Wolfgang CL, Canto MI, Klein AP, Herman JM, Goggins M, Fishman EK,
Kamel I, Weiss MJ, Diaz LA, et al. The early detection of pancreatic cancer: what will it take
to diagnose and treat curable pancreatic neoplasia? Cancer Res. 2014;74:3381-33819.

Kleeff J, Korc M, Apte M, LaVecchia C, Johnson CD, Biankin AV, Neale RE, Tempero M,
Tuveson DA, Hruban RH, et al. Pancreatic cancer. Nat Rev Dis Primers. 2016;2:16022.
Pantel K, Speicher MR. The biology of circulating tumor cells. Oncogene. 2015;35:1-9.

Liu H, Sun B, Wang S, Liu C, Lu Y, Li D, Liu X. Circulating tumor cells as a biomarker in
pancreatic ductal adenocarcinoma. Cell Physiol Biochem. 2017;42(1):373-82.

Shrikhande SV, Barreto G, Koliopanos A. Pancreatic carcinogenesis: the impact of chronic
pancreatitis and its clinical relevance. Indian J Cancer. 2009;46(4):288.

Pellis€¢ M, Castells A, Gines A, et al. Clinical usefulness of KRAS mutational analysis in
the diagnosis of pancreatic adenocarcinoma by means of endosonography-guided fine-needle
aspiration biopsy. Aliment Pharmacol Ther. 2003;17:1299-307.

Itoi T, Takei K, Sofuni A, Itokawa F, Tsuchiya T, Kurihara T, Nakamura K, Moriyasu F,
Tsuchida A, Kasuya K. Immunohistochemical analysis of p53 and MIB-1 in tissue specimens
obtained from endoscopic ultrasonography-guided fine needle aspiration biopsy for the diag-
nosis of solid pancreatic masses. Oncol Rep. 2005;13(2):229-34.

Mishra G, Zhao Y, Sweeney J, Pineau BC, Case D, Ho C, Blackstock AW, Geisinger K,
Howerton R, Levine E, Shen P. Determination of qualitative telomerase activity as an
adjunct to the diagnosis of pancreatic adenocarcinoma by EUS-guided fine-needle aspiration.
Gastrointest Endosc. 2006;63(4):648-54.



16 Translational Approaches in Surgical Treatment 239

29. Salek C, Benesova L, Zavoral M, Nosek V, Kasperova L, Ryska M, Strnad R, Traboulsi E,
Minarik M. Evaluation of clinical relevance of examining K-ras, p16 and p53 mutations along
with allelic losses at 9p and 18q in EUS-guided fine needle aspiration samples of patients with
chronic pancreatitis and pancreatic cancer. World J Gastroenterol: WJG. 2007;13(27):3714.

30. Mayerle J, Kalthoff H, Reszka R, Kamlage B, Peter E, Schniewind B, Maldonado SG, Pilarsky
C, Heidecke CD, Schatz P, Distler M. Metabolic biomarker signature to differentiate pancre-
atic ductal adenocarcinoma from chronic pancreatitis. Gut. 2018;67(1):128-37.



	Chapter 16: Translational Approaches in Surgical Treatment
	Surgical Advances/Techniques
	Translational Approaches in Surgery
	Molecular Classification of PDAC
	Early Detection
	Chronic Pancreatitis

	Summary
	References


