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CA19-9 with SUVmax association to clinical characteristics
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Summary

Purpose: To assess the ability of '®F-FDG PET/CT alone or
combined with CA19-9 to diagnose pancreatic cancer and
to analyze the correlation between maximal standardized
uptake value (SUVmax) and clinical characteristics.
Methods: Ninety-one patients diagnosed with pancreatic
cancer using ®F-FDG PET/CT before treatment were ana-
lyzed. Definite diagnosis was by histology or cytology. The
SUVmax of the primary tumor was used for the statisti-
cal analysis and, using the best cutoff value, the patients
were divided into 2 groups: a high SUVmax group (SUV-
max>5.49) and a low SUVmax group (SUVmax<5.49).
Logistic regression analysis and receiver operating charac-
teristic (ROC) analysis were applied to analyze the effects
of SUVmax and/or CA19-9 on the diagnosis of pancreatic
cancer.

Results: Of 91 patients, 80 had pancreatic cancer and 11 had
benign conditions. The ROC curve analysis of the SUVmax
yielded a best cutoff value of 5.49. The sensitivity, specificity,
positive predictive value, negative predictive value, and accu-
racy of ®F-FDG PET/CT alone in the diagnosis of pancreatic

Introduction

Pancreatic cancer accounts for only 2% of
all tumors, but it is the fourth leading cause of
tumor-related deaths [1]. The overall 5-year sur-
vival rate of pancreatic cancer is less than 5% [2].
Studies show that only 20% of affected patients
undergo pancreatic cancer resection upon diagno-
sis, and 20% of these patients will survive for 5
years after surgery [2]. These low percentages are
likely because by the time these patients present
with clinical symptoms, more than 90% of them

cancer were 067.5, 72.73, 94.74, 23.53, and 68.13%, respectively,
while these indices for '®F-FDG PET/CT combined with CA19-9
increased to 96.25, 63.64, 95.06, 70, and 92.31%, respectively.
The area under the curve (AUC) of the SUVmax combined with
CA19-9 was 0.94, which was significantly higher than that of
the SUVmax or CA19-9 alone (p<0.05). The SUVmax value
and CA19-9 levels in pancreatic cancer patients were signifi-
cantly higher than those with benign conditions (p<0.05). Only
the SUVmax in the pancreatic cancer patient group was asso-
ciated with tumor size (p<0.05).

Conclusions: ®F-FDG PET/CT is a common examination
for diagnosing pancreatic cancer, and the SUVmax com-
bined with the CA19-9 level can significantly improve the
sensitivity and accuracy in the diagnosis of pancreatic can-
cer. SUVmax is merely indicative of the volume of pancre-
atic cancer.

Key words: CA19-9, diagnosis, '®F-FDG PET/CT, pancre-
atic cancer, SUVmax

have already metastatic lesions [3]. Many prog-
nostic factors for pancreatic cancer have been re-
ported including age =65 years, physical status,
increased fasting blood sugar, carbohydrate anti-
gen 19-9 (CA19-9) level, carcinoembryonic anti-
gen (CEA) level, tumor size, tumor location, grade
of differentiation, vascular infiltration, venous in-
filtration, ascites cytology, lymph node metasta-
sis, pancreatic intraglandular metastasis, distant
metastasis, TNM stage, surgical margins, and ad-
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juvant chemotherapy [2,4-9].

Positron emission tomography/computed to-
mography (PET/CT) is an important tool for tu-
mor diagnosis, staging, treatment, and prognosis.
18F-fluodeoxyglucose (FDG) PET/CT allows for
18F-FDG uptake by lesions, which is closely cor-
related with tissue metabolism. Specifically, the
metabolism of malignant cells becomes more
active, indicating abnormal '®F-FDG uptake [10].
SUVmax is the highest SUV measurement in the
region-of-interest (ROI) and is the most common-
ly used value in clinical practice because it is least
affected by partial volume effects [11]. The SUV-
max measurement is the only non-invasive means
for studying tumor biochemistry and metastasis
[12]. To obtain an accurate diagnosis, in this study,
we not only investigated the effect of SUVmax on
the diagnosis of pancreatic cancer but also ex-
plored the diagnostic value of SUVmax and CA19-
9. More importantly, we analyzed the correlation
between SUVmax and the clinical characteristics
in all the patients and in patients with pancreat-
ic cancer. The clinical characteristics investigat-
ed included age, gender, fasting blood glucose,
serum CA19-9 level, tumor location, tumor size,
grade of differentiation, and clinical TNM stage.

Methods

General information from our hospital (January 20006-Au-
gust 2013)

Ninety-one patients (56 male and 35 female) with
suspected pancreatic cancer were retrospectively se-
lected for analysis. All of the patients were evaluated
using '®F-FDG PET/CT before treatment. Serum CA19-
9 levels and serum fasting blood glucose levels were
also determined. The interval between the FDG-PET/
CT evaluation and determining CA19-9 was no more
than a week. The ®F-FDG PET/CT images revealed pan-
creatic cancer with abnormal ®F-FDG uptake in all of
the patients. Benign pancreatic tumors included chron-
ic pancreatitis, autoimmune pancreatitis, tuberculosis,
benign cyst and benign acinar ductal epithelial cells.
The final diagnosis depended on the pathological or
cytological findings. Forty-eight patients who did not
undergo contrast-enhanced CT/MRI or surgical resec-
tion were excluded from study, leaving 43 patients for
study and analysis.

I8F-FDG PET/CT scanning and image analysis

Discovery ST 16 PET/CT (General Electric, USA,
2005) was used, with 16-slice multi-detector row CT
scanner, with 120-140 kV and 160-240 mA. No in-
travenous contrast medium agents were used. The
I8F-FDG was synthesized by our hospital. The pH value

range was controlled between 4.5 and 8.5, and the radi-
ochemical purity was >98%. Patients fasted for at least
4 hrs before scanning, and fasting blood glucose levels
were determined at less than 6.5 mmol/L. ¥F-FDG was
injected via the cubital vein at a dosage of 5.55 MBq/
kg. A pelvis to neck PET/CT imaging was conducted af-
ter 60+10 min of rest. The patient was instructed to
breath slowly, and a mixture of milk and diatrizoate
meglumine (10 ml/kg, diatrizoate meglumine titrated
to a final concentration of approximately 1 g/100 ml)
was consumed within 5 min. A total of 6+1 beds were
scanned (each bed for 3 min at an interval of 25+5 min).
Immediately following ingestion of milk and meglu-
mine, a local pancreas area PET/CT scan (scanning 2
beds below the top of the diaphragm with 3D, each bed
for 3 min) was performed using a Xeleris Functional
Imaging Workstation (USA, 20006). The cross-section-
al, sagittal, coronal, and fused images were obtained
by the iterative reconstruction method after attenua-
tion correction, with a slice thickness of 5 mm. The ob-
tained fused images were read by 2 experienced radiol-
ogists. The images were assessed based on visual and
semi-quantitative analyses.

Statistics

Using to the pathological results, the SUVmax cut-
off value was calculated to distinguish between benign
and malignant tumors. The sensitivity, specificity, pos-
itive predictive value, negative predictive value, and
accuracy of the SUVmax and/or CA19-9 levels in the
diagnosis of pancreatic cancer were analyzed using Cox
logistic regression analysis and ROC analysis. The cut-
off values of CA19-9 and CA19-9+SUVmax were used to
calculate the diagnostic parameters. The Mann-Whit-
ney nonparametric test was applied to compare the SU-
Vmax differences in independent samples. Chi-square
test and Fisher’s exact test were used for the compari-
son of the frequencies between groups. Statistical anal-
ysis was performed using SPSS 19.0 software (SPSS
Inc, Chicago, Ill, USA). MedCalc Statistical Package
(MedCalc Software, Mariakerke, Belgium) was used to
detect significant differences of the area under the ROC
curve among different diagnostic methods. A p value of
less than 0.05 was considered statistically significant.

Results

Demographic and baseline characteristics
of the patients are shown in Table 1. Among the
91 patients, 80 (87.91%) were diagnosed with
pancreatic cancer while 11 (12.09%) had benign
tumors. The mean SUVmax value in the benign
tumor patients was significantly lower than that
in patients with cancer (4.91+0.64 vs 7.23+1.33,
p<0.05). The CA19-9 levels in cancer patients were
significantly higher than those in the benign tu-
mor patients (p<0.001; Table 2). The sensitivity,
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Table 1. Demographic and baseline characteristics of
the patients

Table 2. SUVmax value and CA19-9 levels in benign
and malignant tumor patients

Characteristics Number of %
patients
(N =80)
Age (years)
Median (range) 56 (38-70)
Sex
Male 56 61.54
Female 35 38.46
Tumor size (cm)
Median (range) 3.7 (1.0-11.1)
Pathology
Benign 11 12.09
Chronic pancreatitis 5 4545
Tuberculosis 2 18.18
Autoimmune pancreatitis 2 18.18
Benign cyst 1 9.09
Benign acinar ductal epithe- 1 9.09
lial cells
Malignant 80 87.91
Pancreatic duct adenocar- 72 90.00
cinoma
Pancreatic neuroendo- 4 5.00
crine carcinoma
Pancreatic mucinous carci- 2 2.50
noma
Pancreatic adenosquamous 1 1.25
carcinoma
Pancreatic carcinosarcoma 1 1.25
Histologic differentiation*
Well (G1) 15 18.75
Moderate (G2) 50 62.50
Poor (G3) 15 18.75
Fasting blood glucose
(mmol/L)
<06.11 55 60.44
>06.11 36 39.56
CA19-9 (ng/ml)
<37 29 31.87
> 37 62 68.13
Tumor location
Head 52 57.14
Body/tail 39 42.86
SUVmax
Median (range) 6 (3-20.8)
T stage
T1-2 15 18.75
T3 61 76.25
T4 4 5.00
N stage
NO 44 55.00
N1 36 45.00
M stage
MO 42 52.50
M1 38 47.50

SUVmax: maximum standardized uptake value. * refers to UICC
classification.
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Group SUVmax CA19-9 (ng/ml)
Benign tumor* 4.91+0.64% 23.48+5.34¢
Malignant tumor 7.23+1.33° 801.70+21.27¢

*comparison: a vs b, p<0.05; ¢ vs d, p<0.001

specificity, positive predictive value, negative
predictive value, and accuracy of CA19-9 in the
diagnosis of pancreatic cancer were 75.00, 81.82,
96.77, 31.03, and 75.82%, respectively, and these
indices for ®F-FDG PET/CT were 67.50, 72.73,
94.74, 23.53, and 68.13%, respectively. These in-
dices of ®*F-FDG PET/CT combined with CA19-9
increased to 96.25, 63.64, 95.06, 70, and 92.31%,
respectively (Table 3).

ROC curve showed that the best cutoff value
of SUVmax for distinguishing benign from ma-
lignant tumors was 5.49. The linear regression
equation for SUVmax and CA19-9 was obtained
by logistic regression analysis, as follows: y =
-4.762 + 0.832 * SUVmax + 0.036 * CA19-9. The
AUC of SUVmax combined with CA19-9 was larg-
er than that of SUVmax or CA19-9 alone (p<0.05),
but there was no significant difference regarding
the AUC between CA19-9 and SUVmax taken sep-
arately (p=0.30; Figure 1, Table 3).

Using the best cutoff value, all patients were
divided into 2 groups: high SUVmax group (SU-
Vmax >5.49) and low SUVmax group (SUVmax <
5.49). In all patients, the clinical and pathological
features did not correlate with high SUVmax or
low SUVmax (Table 4). In pancreatic cancer pa-
tients, tumor size was found to correlate with the
SUVmax value (p<0.05; Table 5).

Discussion

The majority of pancreatic cancer patients die
2 within years after diagnosis [3], and only 4% of
the affected patients survive for 5 years after di-
agnosis despite advancements in the diagnostic
methods and treatment of this disease [13]. Tumor
resection is the only curative method, but 80-85%
of the patients develop postoperative metastatic
disease [13]. Late presentation of clinical symp-
toms prevents early pancreatic cancer detection
[13]. Therefore, it is extremely crucial to find alter-
native detection methods to make a timely diagno-
sis and staging and select appropriate treatment.

18F-FDG PET/CT is often used for pancreatic
cancer diagnosis, staging, efficacy evaluation, and
re-staging. '®F-FDG PET/CT can be used to assess
the biological activity of pancreatic cancer, which
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Table 3. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of SUV-
max and/or CA19-9 for the diagnosis of pancreatic cancer

Item Area under the ROC Sensitivity Specificity Positive pre-  Negative pre- Accuracy
curve (%) (%) dictive value dictive value (%)
(%), (95% CI) (%) (%)
CA19-9 85.7 (77.1-94.2)# 75.00 81.82 96.77 31.03 75.82
SUVmax 75.9 (63.3-88.4)% 67.50 72.73 94.74 23.53 68.13
CA19-9+SUVmax 94.0 (89.0-99.0) 96.25 63.64 95.06 70.00 92.31

#comparison with CA19-9 + SUVmax, p < 0.05; comparison between CA19-9 and SUVmax, p=0.30

Table 4. Correlation between clinical characteristics
and SUVmax value in all patients

Table 5. Correlation between clinical characteristics
and SUVmax value in pancreatic cancer patients

Clinical characteristics SUVmax p value Clinical characteristics SUVmax p value
>5.49 <549 >549 <549
Age (years) 0.372 Age (years) 0.347
> 065 26 18 > 065 25 14
<65 32 15 <05 29 12
Gender 0.228 Gender 0.178
Male 33 23 Male 30 18
Female 25 10 Female 24 8
Fasting blood glucose 0.638 Fasting blood glucose (mmol/L) 0.454
(mmol/L) >6.11 33 17
>06.11 34 21 <611 21 9
=611 24 12 CA19-9 (ng/ml) 0210
CA19-9 (ng/ml) 0478 > 37 37 23
> 37 38 24 <37 15 5
<37 20 9 Tumor location 0.241
Tumor location 0.089 Head 23 13
Head 37 15 Body/tail 21 13
Body/tail 21 18 Tumor size (cm) 0.040
Tumor size (cm) 0.087 53 20
>3 22 -3 5
<3 6 Pathological grade 0.836
High 11 5
o . ) ) Moderate 32 17
indirectly predicts tumor invasiveness, detects tu- Poor 11 4
mor proliferation and prognosis, retains the spa-
. . . . T stage 0.194
tial resolution of CT scans, and assists surgical 1o o
strategy design [14]. The maximum tumor diam- ) 7
eter and the SUVmax value are easily measured T5-4 46 19
and have been widely used [15,16]. Increasing ev-  Lymph node metastasis 0.737
idence documented that SUVmax is regarded as NO 29 15
an indicator for the diagnosis of pancreatic cancer N1 25 11
and evaluation of prognosis. Distant metastasis 0471
Investigation of PET is the current focus for MO 29 13
diagnosis and staging of pancreatic cancer. Com- M1 25 13
pared to CT and magnetic resonance (MR), PET
. . . . One 8 3 0.429
has a better diagnostic value, which provides a .
Multiple 17 10

sensitivity, specificity, positive predictive value,
and negative predictive value of 85, 94, 94, and
85%, respectively [17]. Delbeke et al. [18] eluci-
dated that FDG PET was more sensitive, specif-
ic, and accurate than CT, while Lemke et al. [19]

found that FDG PET/CT enhanced the sensitivity
of FDG PET. A meta-analysis showed that the sen-
sitivity and specificity of PET for the diagnosis of
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pancreatic cancer are 0.91 (95% CI: 0.88-0.93) and
0.81 (95% CI: 0.75-0.85), respectively [20]. These
results suggest that PET is an effective means for
diagnosing pancreatic cancer. Evidence from sub-
sequent studies supported this conclusion [21,22].
Many authors summarized the SUVmax cutoff
value to distinguish benign from malignant tum-
ors [23-25]. However, the sensitivity of SUVmax
in the diagnosis was relatively low in our study,
possibly due to the high cutoff value of the SU-
Vmax. To improve the diagnostic accuracy, we
further analyzed SUVmax combined with CA19-
9. The results of our study showed that the area
under the ROC curve increased when SUVmax
was combined with CA19-9 (p<0.05), and the sen-
sitivity and accuracy were higher compared with
SUVmax or CA19-9 alone, suggesting a better di-
agnostic value when the two tests are combined.
SUVmax values may overlap between benign
and malignant tumors [26,27]. Regardless of be-
nign and malignant solid pseudopaillary neo-
plasm of the pancreas, the SUVmax values were
higher than 3, which makes it difficult to distin-
guish pancreatic cancer from neuroendocrine
tumors [28]. Furthermore, malignant intraductal
papillary-mucinous neoplasm of the pancreas has
a significantly higher SUV than benign mucinous
adenocarcinoma (p=0.0011) [29]. In this study,
although SUVmax values overlapped, the SUV-
max values measured were greater than 3 in all
patients, showing significant differences between
benign tumors and pancreatic cancer (p<0.05).
This evidence suggested that PET/CT can provide
some information for distinguishing benign from
malignant pancreatic tumors, but the SUVmax
cutoff value is not the only indicator for the diag-
nosis. Our findings were supported by Sampath et
al. who demonstrated that FDG uptake was prone
to malignant tumor diagnosis in suspected pan-
creatic cancer patients [25]. In addition, the same
authors used the increase in FDG to diagnose am-
pullary and pancreatic cancer. In their study, the
sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy were 93,
90, 95, 87, and 92%, respectively. However, when
the SUVmax cutoff value was 2.8, the sensitivity
and specificity reduced to 87.5 and 45%, respec-
tively [25]. In contrast, Katsuhiko et al. did not find
that FDG was elevated in pancreatic cancer and
pancreatic masses but reported that the SUVmax
at 1 hr was significantly higher in cases of pan-
creatic cancer than in pancreatitis [27]. Therefore,
the changes in the SUVmax value at 1-2 hrs will
help distinguish pancreatic cancer from mass-
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type pancreatitis. The SUVmax value was found
to rise in 87% of pancreatic cancer patients during
1-2 hrs, while it decreased in the remaining 13%
of patients. This value increased in 64% of mass-
type pancreatitis patients, decreased in 27% pa-
tients after 1 hr, and remained unchanged in the
remaining 9% of the patients during 1-2 hrs. The
SUVmax values showed significant differences in
pancreatic cancer patients at 1-2 hrs (p=0.000)
compared with patients with focal pancreatitis
(p=0.312) [27]. Nakamoto et al. demonstrated that
the 2-hr SUVmax can be used to distinguish be-
tween benign and malignant pancreatic tumors
[30]. However, delayed imaging data were not in-
cluded in this study.

BF-FDG PET/CT has some limitations in the
diagnosis of pancreatic cancer. For example, FDG-
PET/CT is poorly sensitive to lymph node metas-
tasis [17] and generated false-negative results
when the mass diameter was less than 1 cm [31].
FDG-PET failed to detect islet cell tumors with
a diameter of 1.5-8mm [32] and liver/peritoneal
metastatic tumor with a diameter of less than 1
cm [23]. Many authors suggest that the impact
of PET analyses on staging needs further studies
[17,20-22,33,34].

This study showed that SUVmax levels were
associated with tumor size in pancreatic cancer
patients, rather than other clinical characteris-
tics and histological findings. Statistical analysis
showed that SUVmax had no correlation with any
clinical characteristics or pathological findings in
any of the patients. Moon et al. obtained similar
results, showing that the correlation of the SUV-
max value and tumor size can be interpreted by
the effect of tumor cellularity, although no GLUT-
1 expression in pancreatic tumor cells was ob-
served [15]. In vitro studies have shown that FDG
uptake largely depended on the number of active
tumor cells, rather than on the proliferative activ-
ity of tumor cells [35]. This evidence may explain
our findings, but fundamental limitations remain
since we are still unable to determine a positive
correlation between tumor size and the number
of active tumor cells or to account for differences
between in vitro and in vivo samples. In addition
to tumor invasion (>3 cm; p<0.001), high SUVmax
values were significantly correlated with T stage
in TNM staging system (p=0.003) and CA19-9 lev-
els (>100 U/mL; p=0.002) [36]. SUVmax was also
used in the TNM staging of pancreatic cancer and
lymph node metastasis [37]. However, Choi et al.
reported no association of SUVmax with clinical
characteristics, grade of differentiation, overall sur-
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vival and disease-free survival, or tumor size [2].

FDG uptake may be affected by blood glu-
cose levels due to competitive inhibition [38]. In a
study by Xu et al., blood glucose levels were less
than 8 mmol/L in each patient undergoing a PET/
CT examination. In addition, multivariate analysis
showed that plasma glucose concentrations had
no impact on the prognostic value of SUVmax
[37]. Diabetes mellitus and blood glucose levels
were not related to SUVmax values [10]. In our
study, all the patients underwent '®F-FDG PET/CT
examination, and plasma glucose concentrations
were <6.5 mmol/L. Fasting blood glucose on ad-
mission was only collected for statistical analy-
sis, and elevated blood glucose was not correlated
with the SUVmax value.

Neither the maximum tumor diameter nor
the SUVmax value reflect tumor burden or tumor
biology because SUVmax can be affected by many
factors [39-41]. For example, tumor shape is di-
verse and asymmetric, and tumor cells, necrotic
tissue, and fibrous scars interfere with ®F-FDG
uptake [15,16]. The exact volume of the tumor and
metastatic lesions can be determined only after
resection surgery. ¥F-FDG PET/CT is not suffi-
cient to define the prognostic factors.

BF-FDG PET/CT combined with CA19-9 is
more expensive than CA19-9 alone. However, the
combination yields significantly higher sensitiv-
ity and accuracy for the diagnosis of pancreatic
cancer than ¥F-FDG PET/CT or CA19-9 alone.
Speeding up diagnosis not only allows for the
treatment to start much earlier and increases the
chance of patients receiving effective treatment
but also reduces the hospitalization time, which
may reduce the patient’s expenses and avoid un-
necessary surgery costs. PET/CT significantly im-
proves patient selection and is cost-effective [42].
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