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Abstract

Background: Pancreatic malignancy is arapidly growing
cause of death in the world. Its survival rate is months even
if discovered early.

Aimof Study: We evaluated the correlations between
PET/SUVs (Standard Uptake VValues), clinical characteristics
and cancer stem-like cells named aldehyde dehydrogenase 1
(ALDH?1) in pancreatic cancer. We evaluated the diagnostic
performance of SUV and its correlation with overall survival.

Patients and Methods: Thirty-nine patients with pancreatic
cancer were evaluated by PET/CT. The expression of ALDH1
was detected immunohistochemically in their cancer speci-
mens. Results of PET/SUV were correlated with clinic-
pathological character, ALDH1 and overall survival.

Results: PET/SUV was associated significantly with tumor
size (p=0.027). No significant correlation with other clinical-
pathological characteristics. PET/CT showed sensitivity=
81%, specificity=78% and accuracy=82%. PET/SUV reflected
the expression level of ALDH1 with significant correlation
(p=0.001). Patients with high SUV and high expression of
ALDH1 had aworse median overall.

Conclusion: PET-CT was a non-invasive imaging modality
that helped in pancreatic cancer especially in doubtful tumors.
PET/CT was helpful tool to detect lymph nodes invasion and
distant metastasis. It was associated with the expression level
of ALDH1. High SUV and high expression of ALDH1were
significantly correlated with aworse clinical outcome.
PET/SUV and Cancer stem cells may serve as significant
prognostic factors in predicting outcomes in pancreatic cancer
patients.

Key Words: Pancreatic carcinoma— PET/SUV — ALDH1 —
Survival.

Introduction

PANCREATIC malignancy isarapidly growing
cause of death in the world. Itssurvival rateis
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months even if discovered early. The incidence of
mortality rateis rapidly increasing even in devel-
oping countries due to many contributing factors
including smoking, diet, pancreatitis, physical
inactivity and genetic mutation [1].

Malignant pancreatic tumors include pancreatic
excorine tumors mainly adenocarcinoma, neuroen-
docrine tumor, mucinous tumor and other rare
forms of lymphoma [2].

Ultrasound has limited role in pancreatic imag-
ing. Bowel gas handers the visualization of pan-
creas. Biliary tract dilatation secondly to pancreatic
head cancer can be visualized by ultrasound but it
will be difficult to visualize the tumor itself [3].

Endoscopic retrograde chol angiopancreatogra-
phy (ERCP) is ahelpful test in evaluation the
obstruction in either biliary or pancreatic levels.
Placement of astent in abiliary tree can help
relieve symptoms of obstruction in some advanced
patient [4].

Multi-detector computed tomography (MDCT)
is the best imaging modality in patients with sus-
pected pancreatic cancer. It helpsin diagnosis and
evauation of local tumor invasion and distant
spread [5].

M agnetic resonance imaging and magnetic
resonance cholangiopancreatography (MRCP) with
IV contrast is helpful in the preoperative assessment
of pancreatic cancer and invasion of vascular
structure [4].

Positron emission tomography (PET) isanew
functional imaging modality used in detection of
tumor. PET lacks the high spatial resolution for
actual detection of the site of the tumor. Combined
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PET/CT is now consider to have promising role
in early diagnosis of pancreatic tumor asit carries
the advantage of both anatomical and functional
imaging of patient with suspected pancreatic mass
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The 5-year survival rate for patients with pan-
creatic cancer has little changed in spite of intro-
duction of new chemotherapy drugs. In attempt to
increase patients survival rate in recent years,
researchers pay attention in identifying cancer stem
cells (CSCs) CD133, CD24, CD44, EPCAM, ESA,
c-Met, Aldnl, and more recently DclK1 and Lgr5

!

CSCs have two properties: Their ability to
produce differentiated progeny that helps in reca-
pitulating the original tumor structure and their
capacity of long term proliferation of the malignant
cell [8]. The cellular physiological processes that
control the self-renewal of pancreatic malignancy
are beginning to be described. They contain sign-
aling tracts that show activity during early embry-
onic growth [91. ALDH1 is aspecific protein iso-
forms have been recognized as CSC markersin
different type of cancer. It was found that thereis
asignificant correlation between ALDH1 expres-
sion and poor overall survival for patients with
pancresatic carcinoma [10] .

Despite of the fact that CSCs have a central
part in the beginning of disease, progress and
recurrence, their state and clinical behavior have
been the matter of debate. CSCs may be also show
resistance to chemotherapy drugs [11].

In this study, we evaluated the correlations
between standardized uptake values (SUVs) which
assessed by positron emission tomography (PET)
and clinical characteristics aswell as cancer stem-
like cells namely (ALDH1) in patients with cancer
pancreas. In addition, we evaluated the diagnostic
performance of SUV and its correlation with overall
survival.

Patients and M ethods

Patients population:

This retrospective study included 39 patients.
Our study was approved by ethical committee of
Tanta university hospital. All patients are informed
about the study and gave written consent.

This study included:

1- Patients were suspected of having pancreatic
cancer on the basis of MDCT.

2- Patients underwent PET/CT scan and pancreatic
cancer stem cells namely (ALDH1).

3- Patients who underwent subsequent surgery or
biopsy to confirm the histological type of the
lesion.

The exclusion criteria were:

1- Those patients did not undergo surgical man-
agement with no available histological results.

2- Patients underwent chemotherapy/radiation prior
toinitial PET/CT scan.

PET/CT scan:
Preparation:

Included patients should be fasting at least 6
hours. Full clinical history about diabetes, random
sugar (to assess the glucose level) and renal function
tests are required. All metallic objects were removed
and patients wore a specific gown. An intravenous
cannulawas inserted for 18F-FDG administration.
The patients were asked to avoid any stressful
condition to avoid physiological uptake of 18F-
FDG by the active muscles and to void before
examination.

Patients were instructed to drink about one and
half liters of water which act as neutral oral contrast
agent 1h before the examination. Ten mCi (1ml/
10kg) of 18-F-FDG was injected manually 45-60
min before starting the examination.

Data extraction and processing:

Fused PET/CT scans were performed using
hybrid PET/CT system (Philips, NM Gemini, the
Netherlands) which is consist of a dedicated PET
scanner integrated with a 16 multi-slice CT scanner.
The patients were positioned in a comfortable head
fixation with arms up. CT scan was performed
from vault to foot first. The following parameters
140kV, 60mA, 5mm slice thickness and 0.5mm
incrimination were used. The duration of the study
was approximately 25-35min. The patients asked
to breath quietly during the study. PET scan imme-
diately followed the CT study without moving the
patient. Helical PET and CT images were recon-
structed then reformatted into coronal and sagittal
images. PET and CT fusion images were generated
by combining the 2 types of data. The sets of PET
image data were reconstructed using CT data for
attenuation correction and co-registered scan im-
ages were displayed using special software and
reviewed on the workstation.

Image analysis of PET/CT scan:

Any abnormal focal FDG accumulation in the
pancreas exceeding normal regional uptake was
indicative of malignancy [12].
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Immunohistochemistry:

All pathologic slides were reanalyzed by an
experienced pathologist. Tumor sections were fixed
in formalin, embedded in paraffin, sectioned and
stained with hematoxylin and eosin (H&E). Immu-
nohistochemistry (IHC) with the anti-ALDH1
antibody (Abcam) was performed using a Dako
Envision Kit following the manufacturers' instruc-
tions. The immunoreaction was evaluated according
to the estimated staining intensity according to the
following parameter: O = no staining, + = weak
staining, ++ = moderate staining, +++ = strong
staining, and ++++ = very strong staining. 0 and
+ are considered negative (low level) while ++,
+++ and ++++ are considered positive (high level)
[13].

Follow-up:

Follow up of our patients included regular
physical examination and blood tests (liver, kidney
functions and tumor markers). CT scan was not
needed regularly depending on patient's symptoms.
Follow-up with oncologist after surgery was every
3to 6 monthsfor 1to 2 years, every 6 to 12 months
for 3 to 5 years and then annually. Follow-up period
ranged between 14 and 96 months with a median
of 29 months.

Satistical analysis:

Fisher's exact test was used to assess the sig-
nificant differences between the clinical character-
istics of included patients and PET-SUV values.
The overall survival (OS) was measured from the
time of resection until death or last follow-up.
Survival analysis for differences among the higher
and lower SUV values and pancreatic cancer stem
cells (ALDH1) was performed using the Kaplan-
Meier method.

Using surgery and histo-pathological results as
gold standard, the sensitivity, specificity and accu-
racy of the SUV in the diagnosis of pancreatic
cancer were assessed. The analyses were performed
using SASversion 20 (SASInc., Cary, NC).

Results

Demographic and clinical characteristics of
included patients:

Demographic and clinical characteristics of the
39 patients with suspected pancreatic cancer by
MDCT illustrated in Table (1). A male prominence
was detected in this study represented 64% while
female presented 36%. Ages of patients ranged
from 50-70 years with mean age about 60.
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Histopathological results revealed that pancre-
atic adenocarcinoma was diagnosed in 54% of
patients, neuroendocrine and mucinous carcinomas
were in the remaining patients.

Regarding histopathologicl differentiation,the
tumor was moderately differentiated in 64% of
patients, poorly differentiated in 15% of patients
and well differentiated in the remaining patients.

The common site of the pancreatic massesin
this study were in the head (58%) followed by the
body and tail in 42% of patients. Seventeen patients
(43%) showed evidence of lymph node invasion
at the time of examination diagnosed in PET-CT
scan.

Twenty-six patients (67%) showed evidence of
extra-pancreatic metastasis. Distant sites of metas-
tasisincluded the liver (N=12), lung (N=7) , and
multiple organs (N=7 patients).

Regarding tumor staging system which con-
firmed by endoscopic biopsy, 66% of patients had
clinical Stage lll. The expression of ALDH1 in
patients with cancer pancreas were high in 58%
of patients and low in 42% of patients.

Table (1): Demographic and clinical characteristics of included
patients (N=39).

Demographic data N %
Sex Male 25 64
Female 14 36
Age >50 years 26 68
<50 years 13 32
Histopathological Adenocarcinoma 21 54
analysis Neuroendcorine tumor 9 23
Mucinous carcinoma 9 23
Site of tumor Head 23 58
Body/tail 16 42
TNM Stage | 6 16
I 7 18
11 26 66
Histological Well 8 21
differentiation Moderate 25 64
Poor 6 15
N stage No 22 56
N1 17 43
M stage Present 26 67
Absent 13 33
ALDHIAI High 23 58
Low 16 42
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Correlation of PET-SUV with patient's clinico-
pathologic characteristics and ALDH1:

The mean SUV by PET-CT of 4.5 was used as
a cut-off value to detect the activity of the pancreatic
mass. Out of 39 patients, 27 patients (69%) showed
high PET/SUV (more than 4.5) and 12 patients
(31%) had low PET/SUV (lessthan 4.5) (Table 2).
There were no significant difference between pa-
tients with high and low PET/SUV lesions regard-
ing age, gender and location of the tumor (p=
0.661, p=0.515, p=0.784). Nineteen patients (49%)
with high expression of ALDH1 showed SUV /
PET-CT more than 4.5. Eight patients (20%) with
low expression of ALDH1 showed PET/SUV more
than 4.5. There was statically significant difference
between both parameters (p=0.001).In this study,
the median tumor size was 3+1.01cm. PET/SUV
>4.5 was found in tumor size more than 3cmin 6
patients and less than 3cm in 7 patients with
PET/SUV <4.5. Tumor size was found to have
significant correlation with PET/SUV (p=0.027).
No statistically significant correlation was found
between malignant pancreatic mass with high or
low PET/SUV neither with TNM staging system
(p=0.644) nor with histologic differentiation
(p=0.898).

Table (2): Correlation of tumor (PET-SUV) with patient's
clinico-pathologic characteristics & ALDHL1.

>4.5 <45 Xz p-
(n=27) (n=12) value

Age >50years 16 8 0.193 0.661
<50years 11 4

Gender Male 15 8 0.423 0515
Female 12 4

ALDH1A1 High 23 1 18.340 0.001*
Low 4 11

Tumor location Head 17 7 0.083 0.784
Body/tail 10 5

Tumor size (cm) >3 6 7 4.882 0.027*

Median 3cm <3 21 5

(1.0-11.1)

TNM Stage | 5 3 0.213 0.644
/1 22 9

Histologic Well 5 3 0.208 0.898

differentiation  Moderate 17 7
Poor 5 2

N stage N O 14 8 0.741 0.389
N1 13 4

M stage Present 15 7 0.034 0.872
Absent 12 5

Survival Alive 9 9 5.802 0.016*
Died 18 3

SUV: Standardized uptake vaues.
ALDH1: Aldehydedehydrogenasel.

Diagnostic Performance of PET/CT in the de-
tection of pancreatic cancer:

In this study we found that false positive rate
was 22% while fal se negative rate was 14%. Sen-
sitivity of PET-SUV in prediction of malignant
lesion in the pancreas was 81%, specificity 78%
and accuracy 82%.

Correlation of (SUV) of PET-CT and overall
Survival status:

During follow-up of the clinical course of 39
patients included in this study, 21 patients (58.3%)
were dead while 18 patients (48.7%) remained
alive with significant difference. (p=0.001).

Mean SUV (>4.5) in malignant pancreatic mass
was higher in patients who died compared with
patients who still alive (<4.5) with significant
difference (p=0.016).

Median OSin patients with SUV (>4.5) were
(12.30+6.50 months) versus (16.60+6.57 months)
in patients with SUV (<4.5) with significant dif-
ference (p=0.010). Fig. (1).
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o
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Time

Suv of PET/CT
>4.5 >4 5-censored

<45 <4.5-censored

Fig. (1): Kaplan-Meier Analysis: PET/SUV = standard uptake
value and Overall survival (OS).

Discussion

Pancreatic cancer is one of the leading causes
of death worldwide [14]. At the time of diagnosis,
only 9.7% of malignant pancreatic lesions are at
stage 1l [15] . PET/CT is non-invasive technique
plays an important role in staging primary pancre-
atic tumors and detecting distant metastasis. It is
used to detect the metabolism of glucosein malig-
nant lesion which suggested by increased the uptake
of 18F-FDG by PET/CT which is presented by
SUV [16].
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Patient presentation:

Fig. (2): A male patient aged 66 years complained from abdominal pain. The patient was diagnosed to have a psudopancreatic
cyst in pancreatic tail by ultrasound. Patient condition deteriorated rapidly with development of ascites and loss of weight.
Aspiration revealed malignant ascites and the patient was referred to PET/CT unit for more evaluation. Multi-slice (16) contrast
enhanced full dose PET/CT scan of the upper abdomen.

(A&B): Multiplanar CT & fusion PET/CT scan showed complex cystic mass in pancreatic tail with focal uptake, SUV: 11.5.

(€)

(C&D): Axia PET/CT scan & fusion multiplanar PET/CT scan showed abnormal omental uptake (black arrow) and multiple
activefoci intheliver.

(E): Immunohistochemical analysis showed high expression of ALDH1
positive [+3] indicated well differentiated pancreatic adenocar-
cinoma[x 400].
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Fig. (3): A male patient aged 70 years complained from loin pain and jaundice 2 years ago by MDCT. He was diagnosed to have
bulky uncinate processes of the pancreas by MDCT. Multi-slice (16) contrast enhanced full dose PET/CT scan of the upper abdomen.

(€) (D)

(A,B,C,D): Axia CT & fusion multiplanar PET/CT scan & axial PET/CT scan raveled soft tissue massin the head of pancreas
with focal uptake, SUV value: 6.7.

(E): Axia PET /CT scan showed awell-defined right pleural (F): Immunohistochemical analysis showed high expression
based metastatic pulmonary mass seen in the apical

of ALDH1 positive [+3] indicated low grade pancreatic
segment of right lower lobe with central metabolic activity, neuroendocrine tumor [x 400].
SUV : 10.
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Fig. (4): A 58-year-old man with progressive weight loss and jaundice. Multi-slice (16) contrast enhanced full dose PET/CT scan

of the upper abdomen.

(D): Axia fusion PET/CT showed right hilar lymph node with
focal uptake , SUV: 8 with left peri-hilar metastatic
pulmonary infiltration extending into apical and anterior
segments of left lower lung lobe showing increased
metabolic activity, SUV :12.

The study and recognition and of cancer stem
cells depend on the presence of antibodies against
certain antigens present on cell surface named
CD44, CD90, CD24, CD133 and adehyde dehy-
drogenase 1 (ALDH1). These markers helped to
increase our information about the natural process
of pancreatic cancer cells. They make the identifi-
cation of common features of many types of cancer
easier like unrestricted self-renewal ability, specific
carcinogenesis or inherent resistance to chemother-

apy [17].

Aldehydedehydrogenase 1 (ALDH1) isanim-
portant protein secreted and expressed by pancreatic

(A,B ,C): Multiplanar CT & fusion PET/CT scan & Multiplanar
PET/CT scan raveled soft tissue mass in the body
of pancreas with 2 focal areas of metabolic activity,
the most active focus showed SUV : 7.5.

(E): Immunohistochemical analysis showed low expression
of ALDH1 negative [+1] indicated poorly differentiated
pancreatic adenocarcinoma [x 400].

cancer stem cells. It helps the metabolism of glu-
cose in malignant cells [18] . It produces sufficient
amount of extracellular lactate which creates the
suitable microenvironment required for the growth,
invasion of cancer stem cells and distant metastasis.
Poor survival outcomes associated with high ex-
pression of ALDH1 [19]. Inhibition the activity of
ALDH1 may be helpful in cancer treatment, afew
promising number of inhibitors of ALDH1 are
discovered [20].

This study included 39 patients suspected of
having pancreatic cancer on the basis of MDCT.
All patients were studied by PET/CT. We detected
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the expression of ALDH1 as CSC marker immu-
nohistochemically in cancer specimens. The results
of PET/SUV were correlated with clinco-
pathological character, ALDH1 and overal survival
before therapy.

Before therapy, mean SUV by PET-CT of 4.5
was used as a cut-off value to detect the activity
of malignant tumor. Twenty-seven patients (69%)
showed high PET/SUV (more than 4.5) and 12
patients (31%) had low PET/SUV (lessthan 4.5).

Many researchers have investigated the prog-
nostic value of PET/CT resultsin pancreatic cancer
patients and they showed absence of standardized
cutoff values of SUV to detect the activity of
malignant lesion. They concluded that high SUV
values of PET/CT scans of pancreatic cancer pa-
tients associated with poorer survival outcome [21].

This study showed that SUV values were asso-
ciated significantly with tumor size in patients with
pancreatic cancer (p=0.027) while there were no
significant correlation between PET/SUV values
and any other clinical or pathological characteristics
of included patients.

Similar to our results, the study of Moon et al.,
[22] which included 21 patients with locally ad-
vanced pancreatic cancer, they found that the cor-
relation of the SUV value and tumor size may be
due to tumor cellularity.

Sun et al., [23] in their study which included 91
patients diagnosed to have pancreatic cancer by
PET/CT before therapy. Using the best cutoff value
of SUV = 5.49, they divided all patientsinto 2
groups: High and low SUV groups (SUV >5.49)
and (SUV < 5.49).They showed that SUV in patients
with cancer pancreas was associated only with
tumor size (p<0.05). They concluded in the same
study that the clinical and pathological features of
all included patients did not correlate with SUV
values whether high or low.

False negative rate in this study was 14%. We
had 3 patients with false negative results due to
low FDG uptake; 1 patient showed small tumor
size less than 1cm, one patient had necrotic tumor
and the third one with adenocarcinoma showed
desmoplastic reaction surrounded the malignant
tumor decreasing FDG uptake. The false positive
rate in this study was 22%. We had 4 patients with
false positive results due to focal area of FDG
activity mainly at pancreatic head and proved to
be technical error from FDG activity of nearby
bowel in 2 patients. Other 2 patients were due to
mass-forming chronic pancreatitis. The diagnostic

performance of PET/CT in diagnosis of pancreatic
cancer were sensitivity = 81%, specificity = 78%
and accuracy =82%.

In study by Sun et a., [23], they found that the
sensitivity and specificity of SUV of PET/CT in
the diagnosis of cancer of pancreas were relatively
low 67.5% and 72.73 % and explained that due to
the high value of pre-therapy SUV (5.49). They
combined the results of PET/SUV with tumor
marker (CA19-9) to improve the diagnostic per-
formance of PET/CT. These indices of PET/CT
when combined with CA19-9 increased to 96.25%
and 95.06%.

Zhang et a., [24] in their study suggested that
PET/CT have no added advantage in diagnosis of
cancer pancreatic patients. They advised that added
phase of enhanced PET/CT to CT to obtain single
fusion scan may increase the accuracy of PET/CT.
Sensitivity of PET in diagnosis, evaluating N
staging and in liver metastasis were 91%, 64% and
67% respectively and the corresponding specifici-
ties were 81%, 81% and 96% respectively.

Some researchers have suggested that the com-
bination of PET/CT with endoscopic ultrasonogra-
phy is helpful in patients with pancreatic cancer
as we add the high sensitivity of PET/CT to the
high specificity of endoscopic ultrasonography
[25].

Schick et a., [26] in their study which included
27 histopathologically proven pancreatic malignant
tumors, found that SUV of malignant lesion was
higher than SUV of benign lesions and they stated
that sensitivity and specificity of PET/CT were
89% and 74% for differentiating between such
lesions .They hoped that PET/CT may be able to
recognize the mass in chronic pancrestitis differ-
entiate it from malignant lesion. Thisis may be
difficult due to the overlap of SUV values of
PET/CT of these two lesions.

In this study, 85% of included patients with
high expression of ALDH1 showed SUV more
than 4.5. Fifteen percent of patients with low
expression of ALDH1 showed PET/SUV more
than 4.5. There was statically significant correlation
between both parameters (p=0.001). These results
suggested that SUV of PET/CT might reflect the
expression level of pancreatic cancer stem cells
suchasALDH 1.

We found that patients who showed high PET-
SUV more than 4.5 with presence of high expres-
sion of ALDH1 in resected primary malignant mass
had a worse median overall survival rate than those
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with a SUV of less than 4.5 with presence of low
expression of ALDH1. There was 25% decrease
in the median overall survival (12.30 versus 16.50
months) with statically significant correlation (p=
0.010 and 0.002).

In astudy by Rasheed et al. [11], they observed
that the presence of ALDH1-positive cellsin ex-
cised malignant pancreatic tumors was associated
with a 22% decrease in median overall survival
compared with ALDH-negative tumors (14 vs 18
months). They concluded that ALDH1 may be a
helpful biomarker that estimates long-term clinical
course in pancreatic cancer patients but they rec-
ommended more large prospective studies to con-
firm their results.

Conclusion:

PET-CT isanoninvasive imaging modality that
appears to be preoperatively appropriate to cancer
pancreatic patients especialy in doubtful tumors.
Its false positive results in patients with mass
forming pancreatitis may lower its specificity.
However, PET/CT was a valuable tool to detect
lymph nodes invasion and distant metastasis.
PET/CT was associated with the expression level
of cancer stem cells named ALDH1. Increased
FDG uptake presented by SUV aswell as high
expression of ALDH1 in the primary pancreatic
malignant tumors were significantly correlated
with aworse clinical outcome. So PET/CT-SUV
and Cancer stem cells may serve as significant
prognostic factors for predicting outcomes in pan-
creatic cancer patients.

Ethics approval and consent to participate:

This study was approved by the Institutional
Review Board (IRB) and local ethical committee
of Tanta university hospital. A written informed
consent was received from all patients participate
in this study.
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