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LAPC : radiation therapy ? No



SMA > 180°
Celiac trunk

Thrombosis SMV/portal
Vena cava/aorta

http://www.nccn.org/

No surgical indication (at least on 1st intent)

Overall survival ∼ 15 months (9-32)

Locally Advanced Pancreatic Cancer (LAPC)



At the time of diagnosis, why such a « local treatment » is not suitable : 

1) Conditions not optimal (pain, jaundice, denutrition,…)

2) Unknown tumour aggressivity

3) LAPC is often not a « local » disease = it will be metastatic sooner or later

http://www.nccn.org/

Radiation therapy in LAPC
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emphasized as a central regulator of fibrosis. (Masamune and
Shimosegawa, 2009; Masamune et al., 2009; Erkan et al., 2012)
PSCs contribute to the formation of desmoplastic reaction by
producing extracellular matrix proteins such as fibronectin or col-
lagen (Bachem et al., 2005). These matrix proteins yield growth
stimulatory effects and EMT promotion (Kanno et al., 2008) on
pancreatic cancer cells which could be recognized as precondi-
tioning of cancer cells for metastasis.

Another report suggested that PSCs also contribute to estab-
lish metastatic site in vivo in collaboration with cancer cells
(Xu et al., 2010). The detailed mechanism for this phenomenon
remains elusive, but recent researches clarified the part of the
picture. Indirect co-culture of PSCs promotes EMT pheno-
type in pancreatic cancer cells independently of TGFβ (Kikuta
et al., 2010). This treatment also enhanced the cancer stem
cell (CSC) related genes’ expression and spheroid formation,
a hallmark of CSC function (Hamada et al., 2012a), suggest-
ing novel regulatory mechanism of PSCs in cancer metasta-
sis. Since PSC itself is a non-transformed cell, inhibition of
PSC function might be accomplished without acquiring ther-
apy resistance. Targeting cancer supporting cells could be a
promising therapeutic option. For the inhibition of PSC func-
tion, several signaling pathways are identified such as peroxi-
some proliferator-activated receptor-gamma, mitogen-activated
protein kinases, and reactive oxygen species which could be

modulated pharmaceutically (Masamune and Shimosegawa,
2009).

EMT-INDUCING microRNA
Recent advances in cancer research field identified novel
regulatory molecule in EMT. MicroRNA is a member of
non-coding RNA which targets hundreds of target mRNA,
thereby orchestrating cellular functions including EMT. Until
now, several microRNAs are reported to be involved in the reg-
ulation of pancreatic cancer cell motility and invasion. MiR-21
is highly expressed in pancreatic cancer compared with normal
tissue, and introduction of miR-21 precursor results in increased
cellular proliferation and invasion accompanied by the induction
of matrix metalloproteinase-2 and -9 (Moriyama et al., 2009).
Furthermore, miR-21 also contributes to the resistance against
gemcitabine and correlates with patient’s survival (Giovannetti
et al., 2010). Expression levels of microRNAs are measurable in
plasma samples, and their clinical application is expected. Serum
miR-21 expression level is elevated in patient with pancreatic can-
cer and correlated with poor survival, which indicates miR-21
could be an efficient biomarker of pancreatic cancer (Ali et al.,
2010a,b).

In contrast to the miR-21, EMT-inhibiting microRNA is
also identified by comprehensive analysis. By comparing the
microRNA expression profiles in invasive ductal adenocarcinoma

FIGURE 1 | A schematic view of EMT regulators in pancreatic
cancer development. Secreted cytokines such as TGFβ or BMP
activates intracellular signal which leads to the EMT induction. Activating
mutation such as Kras G12D constitutively stimulates intracellular signal

and amplifies extracellular signal. Endogenous alteration of microRNA
expression modifies cancer cell function. Stromal cells including
PSCs establish protective microenvironment for cancer cells such as
desmoplasia.
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SUMMARY

Metastasis is the leading cause of cancer-associated
death but has been difficult to study because it
involvesaseriesof rare, stochasticevents. Tocapture
these events, we developed a sensitivemethod to tag
and track pancreatic epithelial cells in amousemodel
of pancreatic cancer. Tagged cells invaded and
entered the bloodstream unexpectedly early, before
frank malignancy could be detected by rigorous
histologic analysis; this behavior was widely associ-
atedwithepithelial-to-mesenchymal transition (EMT).
Circulating pancreatic cells maintained a mesen-
chymal phenotype, exhibited stem cell properties,
and seeded the liver. EMT and invasiveness were
most abundant at inflammatory foci, and induction
of pancreatitis increased the number of circulating
pancreatic cells. Conversely, treatment with the im-
munosuppressive agent dexamethasone abolished
dissemination. These results provide insight into the
earliest events of cellular invasion in situ and suggest
that inflammation enhances cancer progression in
part by facilitating EMT and entry into the circulation.

INTRODUCTION

Each step in the metastatic cascade is highly inefficient. Only
a small fraction of cells from a primary tumor enter the circula-
tion, and less than 0.01% of these develop into metastases
(Gupta et al., 2005). It is thought that tumor cells pass through
several stages during which they sequentially acquire the ability
to invade through basement membrane(s), enter and exit the
bloodstream, and survive and grow in distant organs. Because
each of these events is rare, studies of the metastatic process
have relied heavily upon cells that have been cultured and

manipulated in vitro and reintroduced into recipient animals. As
a result, there remains considerable uncertainty regarding the
factors that influence each stage in vivo as well as the timing of
dissemination itself.
Clinical observations, mainly in the field of breast cancer, have

given rise to two major metastasis paradigms. The classical
model treats metastasis as the final step in a progressive
‘‘Darwinian’’ sequence, in which tumors acquire mutations that
promote invasive behavior and dissemination late in tumor
evolution (Cairns, 1975). This model has several conceptual
problems (Gupta et al., 2005; Klein, 2009) and fails to account
for two clinical observations: the appearance of metastatic
lesions years after resection of small tumors with no clinically
evident metastases at diagnosis (Pantel et al., 2008) and metas-
tases of unknown primary tumors, which account for as many as
4%–5% of all clinical metastases (Greco and Hainsworth, 2009).
An alternative model has been proposed that envisions metas-
tasis as an inherent feature of a tumor very early in its natural
history (Hellman, 1994; Klein, 2009). Although direct evidence
for this model is limited, recent studies of breast cancer are
consistent with the notion that metastatic seeding may be medi-
ated by cells that would not meet a standard definition of cancer
(Hüsemann et al., 2008; Podsypanina et al., 2008). Furthermore,
several small studies concluded that the presence of putative
disseminated tumor cells in the bone marrow of patients with
low-grade mammary tumors or carcinoma in situ correlates
with a worse outcome (Ignatiadis et al., 2011; Sänger et al.,
2011). The possibility that cellular dissemination leading to
metastasis occurs prior to the formation of an identifiable
primary tumor has significant clinical and biological implications.
One of the challenges in studying tumor cell dissemination has

been the identification of markers that distinguish cancer cells
from cells that normally reside in the bloodstream or at sites of
seeding. During malignant progression, it has been proposed
that carcinoma cells undergo an epithelial-to-mesenchymal
transition (EMT), in which they lose epithelial characteristics
and acquire invasive properties and stem cell-like features
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1 cm : 30% of probability of metastases
3 cm : 90% of probability of metastases

Courtesy M. Falconi

Early metastatic pattern of pancreatic cancer



Chauffert B et al.  Ann Oncol 2008 Loehrer P et al. J Clin Oncol 2011

Contradictory results of prospective studies

http://www.nccn.org/

Role of radiation therapy frontline in LAPC
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LAP 07 study to address the role of radiation therapy

Hammel P, et al. JAMA 2016



Induction chemo
4 months
=  Selection
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(n=40) 35%

Mukherjee S et al. Lancet Oncol 2013
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First result : induction chemo is suitable !

Hammel P, et al. JAMA 2016



Overall Survival

Hammel P, et al. JAMA 2016

http://www.nccn.org/

Progression Free Survival

http://www.nccn.org/

Second result : radiation therapy did not better for OS

Need to use more efficient chemotherapies in the future



1. Conroy et al. N Engl J Med 2011 
2. Suker et al. Lancet 2016;

• ACCORD : metastatic patients only1

• Meta-analysis with 11 studies finally 
included2

– 315 patients with LAPC
– mOS 24.2 mo
– mPFS 15 mo

• Partly RT/RCT after FOLFIRINOX
• Secondary resectability: 25.9%

- Supports the concept of induction
treatment in LAPC

- Prospective evaluation needed
- Who benefits from RT/CRT?
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Future : Intensive chemotherapy - FOLFIRINOX



Phase II, 110 patients

17 

13

16

7

9

Investigator’s Choice Intervention after 6 cycles/months induction chemotherapy (n = 46)

Chemotherapy
Chemoradiation
Surgical resection

R0 
R1 

Philip PA, et al. Poster at ESMO 2017 [abstract 3096], manuscript submitted 

Future : Intensive chemotherapy – Gem-Abraxane



Abrams RA, et al. JCO 2008 abstract 4523

Per protocol Less than per 
protocol

p

Patients 216 (52%) 200 (48%)

Survival (median, months) 20.9 17.6 0.019

Hammel P & Huguet F,  et al. JAMA 2016

Per protocol Minor 
deviation

Major deviation

Patients 37 (32%) 59 (50%) 21 (18%)

Survival (median, months) 17.0 (95%CI 15.1-18.8) 13.4 (95%CI 9.3-16.0)

Quality Assurance (RTOG 9704 and LAP07) : 
another concern of radiation therapy



Ducreux M et al. Ann Oncol 2015

Guidelines ESMO

Does not propose RT



Neuzillet C, et al. Dig Liv Dis 2018

French Guidelines (TNCD)



Radiation therapy in LAPC : door open for future

• Drugs : FOLFIRINOX – gem+nab-paclitaxel, nivolumab+cabiralizumab, durvalumab, 

tremelimumab, pembrolizumab, vorinostat, S1, capecitabine, GVAX, CCX872-B…

• Radiation therapy : Stereotaxic Body Radiotherapy (SBRT), 

Hypofractionated ablative IMRT, …



Conclusions

The Optimal Strategy in Locally Advanced Unresectable Pancreatic Cancer 
Includes Radiotherapy? 

• NO, RT can be not considered as a standard, only optional. But trends 
are pending …

• Quality and organizational concerns

• Most important goal in LAPC is to treat systemic disease with intensive 
chemo rather than obtaining local control

• Induction/selection chemotherapy ≥ 6 months
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