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Cannabinoids in pancreatic cancer: Correlation with survival and pain
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Cannabinoids exert antiproliferative properties in a variety of ma-
lignant tumors, including pancreatic ductal adenocarcinoma
(PDAC). In our study, we quantitatively evaluated the immunor-
eactivity for cannabinoid-1 (CB1) and cannabinoid-2 (CB2) recep-
tors as well as for the endocannabinoid metabolizing enzymes
fatty acid amide hydrolase (FAAH) and monoacyl glycerol lipase
(MGLL). Furthermore, quantitative real-time RT-PCR for CBl1,
CB2, FAAH and MGLL in normal pancreas and pancreatic can-
cer tissues was performed. Levels of endocannabinoids were deter-
mined by liquid chromatography/mass spectrometry. Immunor-
eactivity scores and QRT-PCR expression levels were correlated
with the clinico-pathological (TNM, survival, pain) status of the
patients. Evaluation of endocannabinoid levels revealed that these
remained unchanged in PDAC compared to the normal pancreas.
Patients with high CB1 receptor levels in enlarged nerves in
PDAC had a lower combined pain score (intensity, frequency, du-
ration; p = 0.012). There was a significant relationship between
low CB1 receptor immunoreactivity or mRNA expression levels (p
= 0.0011 and p = 0.026, respectively), or high FAAH and MGLL
cancer cell immunoreactivity (p = 0.036 and p = 0.017, respec-
tively) and longer survival of PDAC patients. These results are
underlined by a significant correlation of high pain scores and
increased survival (p = 0.0343). CB2 receptor immunoreactivity,
CB2 receptor, FAAH and MGLL mRNA expression levels did not
correlate with survival. Therefore, changes in the levels of endo-
cannabinoid metabolizing enzymes and cannabinoid receptors on
pancreatic cancer cells may affect prognosis and pain status of
PDAC patients.
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Pancreatic ductal adenocarcinoma (PDAC) is a devastating dis-
ease which is scarcely affected by any therapeutic regimen due to
its aggressive growth, early metastases and poor response to
chemo-, radio- and targeted therapies.' Severe pain and cachexia
render the late, palliative stages of the disease a medlcal challenge
for which new treatment strategies are needed.’

In recent years, there has been increasing interest in cannabi-
noids due to their antineoplastic, anticachectic and analgesic
potential. Synthetic cannabinoids mimic the function of their en-
dogenous counterparts, such as anandamide (AEA) and arachido-
noylglycerol (AG), by activating specific G;,, protein-coupled can-
nabinoid receptors Of these, cannabinoid receptor-1 (CBl)
abundantly found in neural tissues, while cannabinoid receptor- 2
(CB2) is particularly expressed on cells of the immune system.’
Endocannabinoids are then metabohzed by enzymes such as fatty
acid amide hydrolase (FAAH)® and monoacyl glycerol lipase
(MGLL).>'® Growth mh1b1tory activities of cannabinoids have
been demonstrated for various malignant tumors, including brain,
breast, Erostate colorectal, skin and recently also pancreatic can-
cer.! Regardmg pancreatrc cancer, these effects have not only
been shown in vivo, but also in xenograft models.'” Cannabinoids
can induce apoptosis in cancer cells, but have also been shown to
inhibit tumor vascularization by altering blood vessel morphology
and decreasing proangiogenic factors such as VEGE." Further-
more, they have been shown to decrease invasiveness of cancer
cells.M 20-22

Most recently, stress-regulated protein p8 has been identified as
a downstream target of the proapoptotic sphingolipid ceramide,
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serving as an essential mediator of growth inhibitory properties of
cannabinoids by upregulating endoplasmrc reticulum  stress-
related genes ATF-4, CHOP and TRB3.* Importantly, some of
these effects are communicated by the endocannabinoid system in
vitro, and inhibition of endocannabinoid inactivation has revealed
tumor growth inhibition compdrdble to that observed with exoge-
nously administered cannabinoids.”* However, cannabinoids in
some cases also exert growth- promotmg activities through growth
factor/rece}ator systems or by suppression of an antitumor immune
response.

Altogether, antiproliferative effects seem to prevail, and there-
fore cannabinoids are considered potential candidate drugs in anti-
tumor therapies, simultaneously alleviating cancer-related pain
and cachexia. In line with a variety of in vitro studies and animal
experiments, a recent study showed some response of malignant
gliomas to intratumoral cannabinoid infusions in humans, under-
lining a potential prospect for their in vivo use.”’

Here, we concomitantly analyze the expression of cannabinoid
receptors and endocannabinoid metabolizing enzymes. Our results
demonstrate a correlation between longer survival in pancreatic
cancer patients, and low CB1 receptor or high FAAH as well as
MGLL levels in tissue specimens.

Material and methods
Patients and tissue sampling

Tissue samples were collected from patients after pancreatic
resections for PDAC (n = 40). Normal pancreatic tissue samples
were obtained through an organ donor procurement program
whenever there was no suitable recipient for pancreas transplanta-
tion (n = 10). Pancreatic tissues were immediately snap frozen at
—80°C or formalin fixed and paraffin embedded. The use of
human tissue for the analysis was approved by the local ethical
committee (University of Heidelberg, Germany), and written
informed consent was obtained from the patients.

Measurement of endocannabinoids

Pancreas tissues for the measurement of endocannabinoids were
immediately snap frozen in liquid nitrogen after resection and as
an internal quality control, tissues with low numbers of mRNA
expression levels of housekeeping genes were not used for analy-
sis. Levels of AEA, 1-arachidonoylglycerol (1-AG) and 2-arachi-
donoylglycerol (2-AG) in frozen human pancreas samples (normal
pancreas: n = 11; pancreatic cancer: n = 5) were determined by
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liquid chromatography/mass spectrometry as described previ-
ously.

Immunohistochemical analysis of human pancreatic specimens

Immunohistochemistry was performed on paraffin-embedded
sections of human pancreata (CB1/CB2: 10 normal pancreas, 40
pancreatic cancer tissues; FAAH/MGLL: 10 normal pancreas
samples, 31 pancreatic cancer tissues) as described previously.?*-*
Formalin fixed, paraffin embedded consecutive human pancreatic
cancer tissue sections (3 pum) were deparaffinized in Roticlear
(Roth, Karlsruhe, Germany) and rehydrated in progressively
decreasing concentrations of ethanol. Antigen retrieval was per-
formed by boiling tissue sections in 10 mM citrate buffer (pH 6.0)
in a microwave oven for 15 min. The activity of endogenous per-
oxidase was blocked with 3% hydrogen peroxide in methanol for
10 min at room temperature. After the peroxidase block, slides
were washed in wash buffer (1 X TBS/0.1%BSA, pH 7.4). Non-
specific binding sites were blocked by incubating the slides with
1 X TBS/3%BSA for 30 min at room temperature. Sections were
subsequently incubated with rabbit polyclonal anti-CB1, anti-
CB2, anti-FAAH and anti-MAGL antibodies (all from Cayman
Chemical, Ann Arbor, MI) at 4°C over night at antibody dilutions
(in 1 X TBS/3%BSA) of 1:150, 1:300, 1:150 and 1:200, respec-
tively. Specificity controls included pre-adsorption of the primary
antibody with the corresponding blocking peptide (1:1) for 1 hr at
37°C. After incubation with the primary antibodies, slides were
washed twice with wash buffer containing 0.05% Tween20 and
once with plain wash buffer. Secondary antirabbit antibody, HRP-
labeled polymer (DakoCytomation, ready to use; Hamburg, Ger-
many) was applied for 45 min at room temperature. Slides were
then were washed twice using 1 X TBS/0.1%BSA/0.05%
Tween20 and once with plain wash buffer. The color reaction was
performed applying DAB-chromogen/H,O, substrate mixture
(DakoCytomation, Hamburg, Germany) to tissue sections. Slides
were counterstained in Mayer’s hematoxylin, washed in tap water,
dehydrated in progressively increasing concentrations of ethanol,
cleared in Roticlear and mounted with permount (Biomeda, Foster
City, CA). Analysis and semiquantitative evaluation were per-
formed using an Axioplan-2 microscope (Carl Zeiss, Jena, Ger-
many).

Semiquantitative evaluation of CB receptor, FAAH and MGLL
levels in human pancreatic specimens

Immunoreactivity of CB1 and CB2 receptors as well as FAAH
and MGLL on cancer cells and/or nerves was quantitatively eval-
uated according to intensity and area: the staining intensity of pan-
creatic cancer cells themselves was recorded as “no staining (0)”,
“weak to moderate staining (1)” or “strong staining (2)”. The
area of stained cancer cells was recorded as < 33% (1), 33-66%
(2) or >66% (3) of all cancer cells. These numbers were then mul-
tiplied resulting in a score of 0-6. Regarding intrapancreatic
nerves, only the staining intensity (0-2; as for cancer cells) was
recorded due to the generally low number of nerves in pancreatic
cancer tissue specimens.

Quantitative real-time RT-PCR

Quantitative real-time RT-PCR (QRT-PCR) was performed on
a second, larger cohort of 53 pancreatic cancer samples as previ-
ously described.>'** Primers for CBl-receptor, CB2-receptor,
FAAH and MGLL were obtained from Search LC, Heidelberg,
Germany. CB1 receptor primers flank the sequence NM_016083
at nucleotide 926-1164; CB2 receptor NM_001841 at nucleotide
507-738; FAAH NM_001441 at 1706-1965 and MGLL
NM_007283 at nucleotide 1112-1400.

Statistical analysis

Statistical analysis was performed using the GraphPad Prism 4
Software (GraphPad, San Diego, CA). The Kaplan-Meier method
and log-rank tests were used for survival analysis. Pain scores and
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endocannabinoid levels were compared using the Mann—Whitney
U test. Statistical significance was set at p < 0.05. Results are
expressed as mean = SEM.

Results

High cancer cell levels of CBI are associated with
shorter survival

Immunohistochemical analyses of normal human pancreata
revealed weak immunoreactivity for CB1 and CB2 in pancreatic
acini, nerves, blood vessels and ductal cells (data not shown). Sub-
sequently, CB receptor immunoreactivity on pancreatic cancer tis-
sues was semiquantitatively evaluated and a combined score
(staining intensity multiplied by the percentage of the stained
area) was calculated. Tissue specimens were stratified accordingly
into those with low CB receptor levels (represented by scores of
0-3) and those with high CB receptor levels (represented by
scores of >3). Apart from the staining in the normal parts of the
pancreatic cancer tissues, we observed CB1 and CB2 immunopos-
itivity of stellate cells particularly in the vast areas of desmoplasia.
Additionally, infiltrating mononuclear cells were immunopositive
for CB2. In cancer cells of pancreatic cancer tissue samples, heter-
ogeneous immunoreactivity was observed: whereas a low com-
bined score of CB1 staining intensity was observed in 24 out of 37
samples, 13 out of 37 samples showed a high CB1 score. For CB2,
there was a low staining score in 18 samples and a high immunor-
eactivity score in 19 tissues. Furthermore, cancer cells within sin-
gle tissue samples showed various extents of CB1 and CB2 stain-
ing, ranging from no immunoreactivity to strong immunoreactiv-
ity (Figs. la-1c and 1g—1i). Consecutive sections which were
incubated with the primary antibodies and the corresponding
blocking peptide showed the specificity of the staining (Figs. 1d—
1fand 1j-1/).

Semiquantitative analysis of staining intensities revealed a stat-
istically significant negative correlation between the extent of
CB1 immunoreactivity of pancreatic cancer cells and patient sur-
vival (p = 0.0011; Fig. 2a). The median survival in the group with
low CB1 staining in cancer cells was 16 months, versus 6 months
for the group with a high combined CB1 staining score. For CB2,
however, no such correlation was observed (p = 0.869; median
survival 10.75 versus 12.5 months; Fig. 2b). Furthermore, there
was no correlation between tumor grade/TN(M) status and pain
score of the patients (Spearman rho: pain score versus grade: r =
—0.25, p = 0.3; pain score versus T status: r = —0.21, p = 0.36;
pain score versus N status: r = 0, p = 1.0). Since all patients were
resectable, none had distant metastases at the time of the opera-
tion. In accordance with the published literature on pancreatic can-
cer, the nodal status correlated significantly with overall survival
(Spearman rho; p = 0.016).

Subsequently, tissue specimens from a second, larger cohort of
patients (n = 53) were evaluated using quantitative RT-PCR.
These analyses confirmed the results of the immunohistochemistry
and revealed that higher CB1 mRNA expression levels (above me-
dian) were associated with a shorter survival (Fig. 2¢; 10 months
versus 16 months, p = 0.026) whereas CB2 mRNA expression
levels were not related to patient survival (Fig. 2d; 13 months ver-
sus 15 months, p = 0.195).

Low cancer cell FAAH and MGLL levels are associated with
shorter survival

Immunohistochemistry of normal human pancreata revealed
weak immunoreactivity for FAAH and MGLL in pancreatic islets
and nerves (data not shown). In pancreatic cancer tissues, mainly
pancreatic cancer cells were immunopositive for FAAH and
MGLL while the stroma was unstained. Enlarged intrapancreatic
nerves were heterogeneously immunoreactive for FAAH and
MGLL. Quantitative evaluation of pancreatic cancer cells in tissue
specimens demonstrated highly variable FAAH and MGLL immu-
noreactivites (Fig. 3). Few samples (3 out of 29) were unstained
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Fi1Gure 1 — Cannabinoid receptor immunostaining in human pancreatic cancer tissues. Low (a, g), moderate (b, h) and strong (c, i) immuno-
staining for CB1 or CB2 receptors in pancreatic cancer cells, respectively. (d—f and j—I) Corresponding specificity controls pre-adsorbed with the

respective blocking peptide.

using an anti-FAAH antibody (Fig. 3a), 13 were moderately
stained (Fig. 3b) and 13 showed a strong staining for FAAH (Fig.
3¢). Similarly, 3 out of 31 samples were negative for MGLL (Fig.
3g) whereas 12 tissues were moderately positive (Fig. 34) and 16
samples showed strong MGLL staining (Fig. 3/) in pancreatic can-
cer cells. Figures 3d-3f and 3j-3/ show the corresponding negative
controls which were incubated with the primary antibodies and the
corresponding blocking peptide.

Subsequent survival analysis demonstrated that both low cancer
cell FAAH and MGLL were correlated with a shorter survival of
the patients (Figs. 4a and 4b; p = 0.036 and p = 0.017, respec-
tively). The median survival of patients with low cancer cell
FAAH was 10 months as compared to 19.1 months of patients
with moderate-to-strong FAAH immunoreactivity. Similarly,
patients with low MGLL survived in median only 8 months
whereas patients with moderate-to-strong MGLL staining in pan-
creatic cancer cells had a median survival of 21.8 months after
pancreatic cancer resection. However, these results were not con-
firmed in the quantitative RT-PCR showing no significant differ-

ences between FAAH/MGLL mRNA expression levels (below/
above median) and survival (Figs. 4c and 4d; p = 0.874 and p =
0.6, respectively). This may be due to the low number of cancer
cells in pancreatic cancer tissue specimens (which mainly consist
of a fibrotic reaction—desmoplasia).

Low CBI receptor levels in nerves are associated with
strong pain symptoms

Enlarged nerves in pancreatic cancer tissues were heterogene-
ously stained using anti-CB1 and anti-CB2 antibodies (Figs. Sa—
5c and 5g-5i) with a wide variety of unstained, moderate and
strong staining patterns. Immunoreactivity of CB1 was generally
more pronounced than that of CB2, while both antibodies mainly
stained the perineurium of the pancreatic nerves. In some nerves
with strong CB1 staining, highly positive ganglia were found (Fig.
5¢). Consecutive sections which were incubated with the primary
antibodies and the corresponding blocking peptide showed the
specificity of the staining (Figs. 5d-5f and 5j-5/).
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FiGure 2 — CB1 receptor levels correlate with survival. CB receptor cancer cell protein levels as well as whole tissue mRNA expression lev-
els were evaluated. (@) Inverse correlation (p = 0.0011) of high CB1 levels of pancreatic cancer cells and worse (shorter) patient survival. (b)
No such correlation was observed for CB2 receptor immunostaining intensities. (¢) Confirmation of the IHC quantitation results in a second,
larger (n = 53) cohort of patients using quantitative RT-PCR: high CB1 receptor mRNA expression is related to shorter survival of the patients
(p = 0.026). (d) CB2 receptor mRNA expression is not related to survival (p = 0.195).

To determine potential correlations between CB receptor levels
and the extent of pain, PDAC patients were stratified according to
low or high CB receptor levels in pancreatic nerves (no staining:
0; moderate staining: 1; strong staining: 2). A clinical pain score
was available for 27 of 40 patients. For CB1, 18 out of 27 tissue
specimens showed low receptor levels in nerves, whereas for
CB2, 21 out of 27 demonstrated low receptor staining intensities.
Subsequently, a correlation analysis of nonparametric data
(Spearman rho) revealed an inverse correlation between CB1 and
CB2 receptor levels and pain (p = 0.041 and p = 0.044, respec-
tively). After stratification into 2 groups (low and high CB recep-
tor levels), patients with high CB1 receptor levels had a signifi-
cantly lower pain score than patients with low CB1 receptor levels
(p = 0.012; Fig. 5m). For CB2 receptor levels, however, there was
only a nonsignificant trend toward less pain in patients with high
CB2 staining intensities (p = 0.35; Fig. Sm).

High pain scores are associated with a better outcome

Since low CBI1 receptor levels were associated with increased
survival but at the same time with a high pain score, we tested a
potential general relationship between pain and survival in our
patient collective. A log-rank test of patients with low and high
pain scores revealed a statistically significant difference in sur-
vival (median survival 11 months in the group with low pain

scores versus 24.5 months in the group with high pain scores; p =
0.0343; Fig. 5n).

FAAH and MGLL levels on pancreatic nerves are not associated
with pancreatic cancer pain

Intrapancreatic nerves in pancreatic cancer tissue samples were
also heterogeneously stained when using anti-FAAH and anti-
MGLL antibodies (Fig. 6): regarding FAAH, 8 samples were
unstained (Fig. 6a), 14 samples were moderately (Fig. 6b) and 7
samples were strongly stained (Fig. 6¢); Out of 31 samples stained
with MGLL, no nerve structures were detectable in 2 samples. Out
of the remaining 29 samples, 11 samples showed no immunoreac-
tivity (Fig. 6g), 11 samples were moderately (Fig. 64) and 7 sam-
ples were strongly stained (Fig. 6i). Figures 64—6f and 6j—6/ show
the corresponding negative controls for which the primary anti-
bodies were pre-adsorbed with the respective blocking peptide. To
test whether FAAH and MGLL are associated with pain in pancre-
atic cancer, a quantitative evaluation of the immunoreactivities of
these enzymes was carried out. This analysis revealed that there
were no differences in regard to the pain score when comparing
patients with no FAAH/MGLL immunoreactivity and patients
with FAAH/MGLL immunopositivity on intrapancreatic nerves
(Fig. 6m; p = 0.06 and p = 0.582).



746

anti-FAAH

- e
il X

anti-FAAH
+ blocking peptide

anti-MGLL

anti-MGLL

+ blocking peptide

MICHALSKI ET AL.

L

“ﬁ.g, T:r for ol
i ‘&* ] u ‘E, 3
) 1 ?.;., 3 "

F1GURE 3 — FAAH and MGLL immunostaining in pancreatic cancer. Low (a, g), moderate (b, /) and strong (¢, i) immunostaining for FAAH
or MGLL in pancreatic cancer cells, respectively. (d—f and j—/) Corresponding specificity controls pre-adsorbed with the respective blocking pep-

tide.

Endocannabinoids AEA and AG are unchanged in PDAC

The endocannabinoids AEA and 1- and 2-arachidonoylglycerol
(1 + 2-AG) were detectable in human pancreas tissues, whereas
oleoylethanolamide was not found. AEA and 1 + 2-AG levels
were unchanged in pancreatic cancer compared to normal human
pancreas tissue samples (p = 1.0 and p = 0.213, respectively; Fig.
6n).

Discussion

Cannabinoids are used more frequently than earlier as support-
ive drugs in the palliative treatment of a variety of cancers.”® In
particular, their anticachectic and antiemetic properties are of clin-
ical relevance in both chemotherapy-treated and end-stage cancer
patients. The development of cannabinoid derivatives is a renais-
sance in medicine, since natural cannabinoids had been used by
many societies until their prohibition at the beginning of the last
century due to their addictive potential. However, the potential for

addiction and psychotropic side effects seems to be by far overes-
timated, especially for patients with malignant tumors, for whom
pain control, stable Weight and quality of life are the main meas-
ures of medical therapy.>*>°

Cannabinoids have just recently been shown to exert growth in-
hibitory properties in pancreatic cancer.'®'”?* Therefore, the most
important new findings of our study are (i) a correlation between
low cancer cell CB1 receptor or high FAAH/MGLL levels and
survival, (i) an inverse correlation between CB1 receptor levels
on intrapancreatic nerves and the pain status of the patients and
(iii) an inverse correlation between pain symptoms and overall
survival of pancreatic cancer patients. Although there was no dif-
ference in endocannabinoid levels between healthy people and
patients suffering from pancreatic cancer, cannabinoid receptors,
FAAH and MGLL levels showed a significant variation. Despite
heterogeneous staining intensities, levels of cannabinoid receptors
were generally upregulated in pancreatic cancer suggesting an
active role of these receptors in pancreatic carcinogenesis. In con-
trast to our findings in acute pancreatitis where there was upregu-
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FiGure 4 — FAAH and MGLL cancer cell levels correlate with survival. FAAH and MGLL cancer cell protein levels as well as whole tissue
mRNA expression levels were evaluated. (@) Correlation (p = 0.036) of high FAAH levels of pancreatic cancer cells and longer patient survival.
(b) Correlation (p = 0.017) of MGLL cancer cell immunostaining intensity and survival. (¢, d) FAAH and MGLL mRNA whole pancreatic can-
cer tissue expression levels are not correlated with survival (p = 0.874 and p = 0.62, respectively).

lation of the endocannabinoid system, we did not find any changes
in endocannabinoid levels in pancreatic cancer tissues. This may
be due to the low number of samples tested but may also reflect
the strong desmoplastic reaction in pancreatic cancer. In the vast
areas of peritumoral desmoplasia, the proportion of cancer cells to
stroma decreases. Therefore, although the endocannabinoid sys-
tem seems not to be influenced by pancreatic cancer, one may
speculate that the local concentrations of endocannabinoids in the
vicinity of the tumor cells might be significantly altered. However,
with the currently used techniques, such changes cannot be mea-
sured. Thus, we have to base the conclusions of our findings
mainly on the status of the cannabinoid receptors and the cannabi-
noid metabolizing enzymes.

We found an inverse correlation between CB1 receptor levels
and survival as well as a correlation between FAAH or MGLL
cancer cell levels and survival. This is of particular interest since
these results may partially contradict the reported ant'g)roliferative
effects of cannabinoids on pancreatic cancer growth.'*!” Xu et al.
reported that overexpression of CB1 and CB2 correlated with an
improved prognosis of patients with hepatocellular carcinoma.®
These results point toward different roles of cannabinoid receptors
in different malignancies. Furthermore, since the activity of the
endocannabinoid system, its receptors and metabolizing enzyme is

a snap-shot taken during the surgical resection of the tumor, subse-
quent regulatory mechanisms which may occur as a consequence
of a potential treatment using cannabinoids are not taken into
account in our analyses. Furthermore, heterogeneous expression
patterns of proteins of the cannabinoid system may preclude their
potential use as clinical prediction markers. This holds particularly
true since specificity and sensitivity of such a test will be strongly
influenced by the respective pathologist who conducts the semi-
quantitative analysis. Therefore, computerized imaging analysis
systems may provide a better way to reliably quantify protein lev-
els of these proteins for the standardized clinical application.

As can be expected based on what is known about CB receptor
function in nerves,37‘ there was an inverse correlation between the
CBI1 receptor expression and pain symptoms of the patients. Similar
results were obtained for CB2, although these did not reach statisti-
cal significance. Therefore, cannabinoid receptors may be involved
in the development of pancreatic cancer pain. However, a lack of
correlation between FAAH/MGLL levels and pain scores suggests
that endocannabinoid inactivation through FAAH or MGLL seems
not to be involved in pancreatic cancer pain.

Interestingly, we also observed an inverse correlation between
pain symptoms and survival. This finding may be explained by the
fact that pain is a warning symptom leading to earlier diagnosis of
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FiGure 5 — Cannabinoid receptor immunoreactivity of nerves in pancreatic cancer. Low (a, g), moderate (b, &) and strong (c, i) immunostain-
ing for CB1 or CB2 receptors, respectively, in nerves of pancreatic cancer tissues. (d—f and j—/) Corresponding specificity controls pre-adsorbed
with the respective blocking peptide. (m) High CB1 levels in pancreatic nerves are associated with a lower pain score (p = 0.012), while no
such association is seen for CB2 levels (p = 0.35). (n) Kaplan—Meier survival curves of patients with low and high pain scores. Median survival
was 11 months for patients with low pain scores and 24.5 months for patients with high pain scores (p = 0.0343).

either local recurrence of the tumor or metastasis. To analyze the
value of pain as a warning symptom, we compared patients’
TNM status and tumor grade with their pain scores. Our correla-
tion analysis revealed no differences between groups with high
and low levels of pain. However, both the tumor grade and the

T(N)M status are crude classifications providing little (to no) in-
formation on the microscopic tumor burden or biological behav-
ior (other than the nodal status, which is the only prognostic fac-
tor in resectable pancreatic cancer and also in our patient collec-
tive).
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negative controls. (m) Neither FAAH nor MGLL levels in pancreatic nerves are associated with pain (p = 0.06 and p = 0.58, respectively). (1)
Endocannabinoid levels: 1 + 2-AG and AEA were unchanged in a comparison of normal pancreas and pancreatic cancer tissues (p = 1.0 and p
= 0.213, respectively). NP: normal pancreas; PDAC: pancreatic ductal adenocarcinoma.

Taken together, our observation could—together with other Acknowledgements
reports—build the basis for a clinical testing of cannabinoids in
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