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Abstract | Original Research Article

Pancreatic cancer is the fifth leading cause of cancer deaths in Western countries. Despite advances in imaging, the
resectability of carcinomas of the pancreas remains very low with rates ranging from 5 to 22%. In fact, about 1/4 of the
tumors found to be resectable in the preoperative assessment appear unresectable at laparotomy. This poor prognosis is
attributable to late stage presentation, lack of effective treatments, early recurrence and absence of clinically useful
biomarkers which can detect pancreatic cancer in its precursor forms or earliest stages. Finding a sensitive, easy, low-
risk and low-cost tool for assessing resectability has been a sought-after goal for many years. We aimed to study the
intrinsic validity characteristics of the CA 19-9 serum level for the evaluation of the resectability of pancreatic tumors,
compared with surgical exploration data. We retrospectively reviewed, between 2014 and 2019, preoperative serum
levels of CA19-9 in patients with pancreatic cancers diagnosed by imaging means. We calculated the sensitivity and
specificity of the Carbohydrate antigen 19-9 (CA 19-9) to evaluate the resectability as opposed to surgical exploration.
The performance of the serum CA 19-9 levels was compared with the surgical evaluation of the resectability according
to receiver operating characteristic (ROC) curve analysis, in order to determine the optimum cut-off value for the CA
19-9 level preoperatively that will indicate that the pancreatic cancer is resectable. 96 patients were included. 34.3%
were resectable (N = 33), and 25% were judged operable and resectable (N = 24). The mean CA 19-9 level was 250,5
U/mL in the resectable group and 794,2 U/mL in the unresectable group. The threshold value found of CA19-9 serum
levels to predict resectability of pancreatic cancers was 122 U/mL with a specificity and sensitivity of 97,2% and
81,8% respectively. The positive predictive value of CA19-9 serum levels for pancreatic cancer resectability was
94,7%, whereas the negative predictive value was 89,7%. Our study confirms the importance of CA19-9 serum levels
in pancreatic cancers. This biomarker may be useful for determining preoperatively resectable patients (CA 19-9
<122U / mL), as well as those requiring additional assessment, such as an exploratory laparoscopy (CA 19-9> 122U /
mL).
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does not exceed 25% [ 3,4]. Curative resection of
INTRODUCTION pancreatic adenocarcinoma can be performed in only
. o . 10% of the patients, and positive resection margin
remains a challenge for clinicians; the overall prognosis (microscopic, R1: or minimal macroscopic, R2)
of the disease remains dismal, with a 5-year actuarial o : : : ’ ;
survival rate of less than 5% [1]. Surgical resection is F[)sa n%r]eatclzcc:)r;upmgg ?g%%?g;ﬁ;ed(cvyrl;hi: ic:eogsp;;%gl]ir;%selg
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dial nogis Inyfact only 20% of patients with pancreatic although approximately 25%730% of patients vyho are
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cancer will have a tumor _that 1S considered surgically have unresectable lesions at surgery [7]. This issue is
resectable at the time of diagnosis [1_, 2]. Although the important because recovery from the unnecessary
goa}l of surgery 1S to remove the entire tumor with no laparotomy further delays palliative systemic therapy
residual dllsease (oncologlca}l RO resgctlon) [2]._the 5 [8]. Developing new methods for early diagnosis and
year su_rvwal rate following surgmal resection of better modalities for a therapeutic intervention are our
pancreatic cancer reported by leading medical centers best hope for reducing the burden of pancreatic cancer.

Treatment of carcinoma of the pancreas
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The 2 most studied tumor markers that have been
evaluated in the diagnosis and prognosis of patients
with pancreatic cancer are the Carcino-embryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-
9). However, little is known about the association
between the levels of these markers and the existence of
metastasis or a locally advanced stage (LD) in patients
with pancreatic cancer [8, 9]. CA 19-9 is a
monosialoganglioside/glycolipid that can be detected in
low levels in healthy individuals (<40U/mL), and the
level is elevated in several types of cancer, including
pancreatic, hepatocellular, gastric, colorectal, and
ovarian. Elevated CA19-9 levels can also be seen in
benign conditions of extra hepatic biliary obstruction
such as pancreatitis and choledocholithiasis [10]. This
has limited the diagnostic utility of CA19-9 in patients
who present with biliary obstruction of unclear cause.
Several studies have shown that high levels of CA19-9
(>300 U/mL) correlate with advanced disease [11, 12].
However, most of these studies included patients with
known metastatic disease.

Therefore, we tested the hypothesis that
preoperative serum levels of CA19-9 are significantly
elevated in patients with unresectable pancreatic cancer
despite radiologic staging demonstrating resectable
disease.

PATIENTS AND METHODS

The present study included 96 patients who
had been treated surgically for potentially resectable
primary pancreatic adenocarcinoma at the Department
of Surgery, HASSAN Il University Hospital, Fez,
Morocco, from January 2014, through January 2019.
We aimed to evaluate the resectability of pancreatic
cancer using the CA 19-9 biomarker.

Pancreatic adenocarcinoma was histologically
confirmed by pathologic examination of the resected
specimen or, if unresected, by intraoperative biopsies;
all other histologic variants, such as mucinous
adenocarcinomas, intraductal papillary
adenocarcinomas, acinar cell carcinomas, and endocrine
tumors were excluded from the analysis.

The age of the patients ranged from 38 to 85
years (Mean age: 60 years), and 35 of them were
women (34%). 82 pancreatic carcinomas involved the
head, 8 the body, and 6 the tail. Patients had received no
chemotherapy or radiation therapy prior to surgery. All
patients’ tumors were evaluated by preoperative bolus-
contrast computed tomography (CT) scan and were
judged to be resectable if the tumor was limited to the
pancreas without extension to the superior mesenteric
artery, the coeliac trunk, the portal vein or the superior
mesenteric vein and if there was no evidence of
metastasis (liver, peritoneum or coeliac lymph nodes).

Laboratory results were reviewed for
preoperative serum CA 19-9 levels in all 96 patients;
we calculated the sensitivity and specificity of the CA
19-9 serum levels for the evaluation of resectability in
correlation with surgical exploration. We used receiver
operating curves (ROCs) and calculated the area under
the curve (AUC) to assess the predictive characteristics
of CA 19-9 serum levels with potential confounder
variables. The closest value to the upper left corner of
the graph was considered as a threshold value. We then
proceeded to calculate the sensitivity, specificity, as
well as the positive and negative predictive values of
this threshold value.  Statistical significance was
assumed for P<0, 05. All statistical analyses were
performed using SPSS®.

RESULTS

After a multidisciplinary assessment of the 96
patients, 58(60%) patients were operatively staged by
laparotomy, 26 (25%) were judged resectable, 22(23%)
underwent pancreatectomy (19
pancreaticoduodenectomy; 3 distal pancreatectomy) on
the basis of tumor location. In 2 patients (2,1%) a local
artery invasion was found despite preoperative
radiologic imaging demonstrating localized disease,
they underwent surgical bypass, 2 patients were judged
resectable but not operable (ASA 1V) and underwent a
surgical bypass, 32(33,5%) patients were found to have
metastatic disease ( liver and/or peritoneum) or local
invasion to the wvessels and they underwent bypass
surgery. 38 patients (39,5%) underwent a non-surgical
palliative treatment (Table 1).

Table-1: Baseline characteristics of patients with pancreatic adenocarcinoma

Characteristics Finding

Number of patients 96
Sex, No. M/F 61/35
Age, y, mean = SD 60 + 10,2
Disease state, No. (%)

Localized 22 (23%)

Metastatic /Locally advanced 72(75%)
Treatment

pancreatectomy 22 (23%)

surgical bypass 36 (37,5%)

non-surgical palliative treatment | 38(40%)
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Most of the patients with a head location, had a
biliary preoperative drainage, therefore Ca 19-9 was
obtained after the jaundice had resolved. The median
CA19-9 level for the 58 operated patients was
588U/mL. For the patients with localized disease who
underwent pancreatectomy, the median preoperative
CA 19-9 level was 250 U/mL. Patients with
unresectable disease had a 3-fold-higher preoperative

serum level of CA19-9, with a median of 794 U/mL.
(Figure 1). For patients with unresectable tumors, if we
distinguish locally advanced tumors from metastatic
ones, it seems that the CA19-9 serum levels are
correlated to the extension of the disease, the median
level of CA19-9 for patients with locally advanced
tumors was 770 U/mL, whereas for metastatic tumors it
was 887U/mL (Table 2).

Table-2: Serum CA 19-9 levels of resectable, unresectable and metastatic pancreatic adenocarcinoma

Group CA 19-9 U/mL
median mean
Resected (n=22) 70,16 250,5
localy advanced (n=34) | 616,64 770,8
metastatics ( n=38) 876,87 887,4
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Fig-1: CA 19-9 serum levels

The area under the ROC curve was 0.823; the
95% confidence interval was 0.679 to 0.966. This result
suggested that changes in the CA 19-9 levels may be
closely linked to resectability). When the cut-off value
of CA 19-9 was accepted as 122 U/mL, the specificity

and sensitivity were 97,2%% and 81.8% respectively
(Table 3). On the other hand, preoperative resectability
according to this cut-off point was compared to surgical
staging and positive and negative predictive values of
CA 19-9 were 94,7% and 89,7% respectively (Table 4).

Table-3: AUC ROC of CA19-9 serum levels as predictive of pancreatic cancer resecability

Variable AUC ROC p

Cut off level | Sensibility (%) | Specificity (%0)

CA 19-9 serum levels | 0,823

<0,001(significant)

122 97,2 81,8

Table-4: Positive and negative predictive values with cut off value of 122

Resectable | Sum | Predictive value
yes | No
CA19-9 (U/mL) | <122 | 18 1 19 94,7 % (+)
>122 | 4 35 39 89,7 % (-)
Sum 22 36 58

In the lights of these results, CA 19-9 serum
level is a predictive factor of the resectability of
pancreas tumors with a cut-off value of 122 U/mL.

Figure 2 shows the correlation between serum
levels of CA 19-9 and the operative findings in our

cohort. Among the 39 patients with CA19-9 serum
levels superior to 122 U/mL, 35(89,7%) had an
unresectable tumor. The positive predictive value of
CA 19-9 in the evaluation of the resectability is 94, 7
%.
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Figure 2: correlation between Serum Ca 19-9 levels and pancreatic adenocarcinoma resectability
58 patients potentially resectable
Ca 199> 122:39 Ca19-9<122:18
patients (67.2%) patients (32,8%)
35 unresectable 1 resectable patient 1 unresectable 18 resectable
patients (89,7%) (3%) patient (5.3%) patients (94,7%)
Locally advanced tumors: 25 locally advanced
patients (64.1%) tumor
Metastatic tumors: 10 patients
(25,6%)
DISCUSSION studies by Tian et al. [19], Van den Bosch et al. [12],

In recent years, the advances in diagnostic
studies of pancreatic cancer have been remarkable, with
modalities including dual-phase helical CT and
laparoscopic ultra-sonography. Therefore, the accuracy
of preoperative assessment of unresectability, distant
metastases, and lymph node metastases of pancreatic
cancer has improved significantly. Although technology
for this imaging modality has tremendously improved
during the last 2 decades, it still misses occult peritoneal
or liver metastatic disease (<1cm) in 4 % to 15% and
occult vascular involvement in 4 % to 19 % of the cases
[11, 13, 14]. Other modalities of preoperative staging,
such as positron emission tomographic scanning and
laparoscopy, are being evaluated to improve the
detection of unresectable disease. Even when state-of-
the-art imaging is available, a substantial number of
patients are still found to have occult metastatic disease
at the time of surgical exploration. Therefore, we
hypothesized that excessively elevated preoperative
serum levels of the tumor marker CA 19-9 can be used
as an adjunct indicator of unresectable pancreatic
adenocarcinoma in patients deemed to have localized
disease on the basis of preoperative CT scan.

Since the first means of antibody detection for
CA 19-9 were described in 1979 [15], it has been found
to be the most useful tumor marker in the diagnosis,
prognostic prediction, and evaluation of recurrent
disease in pancreatic adenocarcinomas [16, 17]. In one
of the first studies evaluating CA 19-9 as a prognostic
indicator M Sternberg et al. [18] studied 37 patients
with any stage of pancreatic adenocarcinoma and found
that patients with metastatic disease had a higher mean
CA 19-9 level (1656 U/mL) than those with resectable
disease (423,8 U/mL). During the following 10 years,

and Safi et al. [20], demonstrated similar results.
However, these studies included patients with
radiologic evidence of metastatic disease and did not
specifically analyze the group of patients with
potentially resectable pancreatic cancer on the basis of
preoperative imaging studies.

Forsmark et al. [21] Demonstrated that
patients with CA 19-9 levels greater than 300 U/mL
have advanced tumors, and resection is rarely possible
in these cases. More recently, Schlieman and associates
[22] demonstrated that among patients whose
preoperative imaging studies indicated resectable
pancreatic cancer, laparotomy may show that those with
abnormally high serum levels of CA 19-9 may have
unresectable disease. In their series of the 89 patients,
25 had locally advanced (unresectable) disease and 24
had metastatic disease. The mean adjusted CA 19-9
level was significantly lower in those with localized
disease than those with locally advanced or metastatic
disease. When a threshold-adjusted CA 19-9 level of
150 U/mL was used, the positive predictive value for
unresectable disease was 88%. On the other hand, in all
these studies, arbitrary cut-off points were used. An
efficient way to display and assess the predictive value
of a parameter throughout a range of cut-off points is
with ROC curves [23] which we used in our study.

An elevated CA19-9 level is not consistently
observed for patients with metastatic disease for several
reasons. First, patients who are negative for Lewis
antigen (a-, b-) do not synthesize CA 19-9, and this
constitutes 4% to 15 % of the population [19, 17]. We
did not test for Lewis antigen status in our study.
Second, hyperbilirubinemia caused by the malignant
obstruction of the common bile duct elevates CA 19-9
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levels. This is believed to be due to hepatic
insufficiency to degrade and secrete CA 19-9[17].
Several studies have shown that the association of
elevated levels of CA19-9 with the diagnosis of
pancreatic cancers is significantly obscured in the face
of obstructive jaundice, and the cutoff value should be
adjusted to hyperbilirubinemia [22, 24, 25]. Other
studies didn't find a significant difference in bilirubin
levels among groups of patients with or without

obstructive jaundice [23]. We did not use adjusted
CA19-9 levels to hyperbilirubinemia.

Our results are similar to those of the literature
(Table 5). It is true that their threshold value is higher
than ours; but this can be explained by the facts that we
didn’t use adjusted values of CA 19-9 to bilirubinemia
and the difference of the number of patients included.

Table-5: Comparison of our result with some published studies

Author, year CA 19-9 cutoff value | sensitivity % | specificity % | PPV % | NPV %
Schleiman et al. 2003 [22] | 6 - 66 88 66

Kilig et al. 2004 [23] 256,4 U/mL 82,4 92,3 91,4 83,9
Zhang et al. 2008 [28] 353,15 U/mL 91,3 78,3 84,38 90

Our study 122 U/mL 97,2 81,8 94,7 89,7

The correlation between CA 19-9 serum levels
and pancreatic cancer resectability is not universal, and
is undermined by the facts that 5-10% of patients with
pancreatic cancer will not demonstrate elevated CA 19-
9 serum levels given their Lewis negative state, and by
false positive elevations in obstructive jaundice. CA 19-
9 serum levels alone should not be the sole criteria used
in making decisions to proceed to surgery; rather the
CA 19-9 serum level is one of several contributing
factors used in combination with clinical evaluation and
information obtained from radiological and endoscopic
imaging [26, 27]. In our study, the pancreatic tumor was
resectable in only four patients with CA19-9 serum
levels > 122 U/mL, this result suggests that a high CA
19-9 serum level (>122U/mL) can be used as a
selection criteria for patients in view of a diagnostic
laparoscopy in order to detect unresectable tumors,
particularly in cases where the preoperative analysis
(CT scan) indicates a resectable tumor, and to avoid
unnecessary laparotomies.

CONCLUSION

The CA 19-9 level may be a useful marker for
determining preoperatively which patients have unre
sectable pancreatic cancer. The presence of an elevated
CA 19-9 level (>122U/mL) should direct the surgeon
toward a more liberal use of staging laparoscopy, in
order to avoid an unnecessary laparotomy.
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