
Abstract. Background/Aim: Carbohydrate antigen 19-9
(CA19-9) is a tumor marker for pancreatic cancer. Irreversible
electroporation (IRE) is an experimental treatment modality for
pancreatic cancer. The aim of this study was to evaluate
whether percutaneous IRE lowers the CA19-9 level in
pancreatic cancer and whether this correlates with improved
overall survival. Patients and Methods: Seventy-one patients
with locally advanced pancreatic cancer or local recurrence
after resection were treated. Patients with missing data,
metastatic disease and normal serum CA19-9 before IRE were
excluded. This left 35 cases for analysis. Results: The median
CA19-9 did not decrease in the cohort after IRE treatment
(282 U/ml before versus 315 U/ml after; p=0.80). The 25th
percentile of patients with the best CA19-9 response had
improved overall survival compared to the 25th percentile with
the worst response (mean 13.1 versus 8.1 months, respectively;
p=0.01). Conclusion: IRE did not lower the level of CA19-9 in
pancreatic cancer cases. However, a response in CA19-9 was
correlated with improved survival.

Pancreatic cancer is a severe disease with poor prognosis even
with optimal treatment. It is the fourth leading cause of death
from cancer although its incidence is only in the 10th place
(1). Several experimental treatment modalities have been
tested to try to improve prognosis. Irreversible electroporation
(IRE) is one of these and it has shown some promise regarding
prognosis for locally advanced pancreatic cancer (2). 

Carbohydrate antigen 19-9 (CA19-9) is a molecule that is
synthesized in humans by some epithelial cells, among them
pancreatic and bile duct cells. It is found elevated in some

cancer types, including pancreatic cancer, and is therefore
used as a tumor marker for pancreatic cancer in several
settings (3). Postoperative normalization of serum CA19-9
after pancreatic resection for pancreatic cancer correlates
with an improved prognosis compared to an increase or
lower but still elevated value (4). CA19-9 can help predict
which patients are suitable for resection after induction
therapy for locally advanced pancreatic cancer (5). Pre- and
post-treatment CA19-9 can also be used to evaluate the
effect of chemotherapy on pancreatic cancer (6).

A study by Lin et al. showed the CA19-9 value after IRE
treatment of pancreatic cancer to be lower than before
treatment (7). We used IRE as an experimental treatment of
pancreatic cancer since 2011 and have published some of our
results (8-10). In this study, we analyzed the effect on CA19-
9 after IRE in our experience. 

The primary aim was to evaluate the response in CA19-9
level after IRE treatment, and the secondary aim was to
estimate the impact of CA19-9 response on overall survival.

Patients and Methods
Patients with locally advanced pancreatic cancer, before and after
chemotherapy, or with local recurrence after pancreatic resection,
were treated. An IRE machine called Nanoknife (AngioDynamics
Inc., Queensbury, NY, USA) was used. All patients had
histologically proven pancreatic adenocarcinoma and had been
discussed at multidisciplinary team conference prior to inclusion.
All patients that were referred to our center that met the inclusion
criteria were invited to participate. Exclusion criteria was resectable
tumor, metastases, implanted electronic devices, ASA-score IV,
expected survival <3 months, pregnancy, epilepsy, severe heart
disease, and tumor diameter >5.0 cm, for the patients’ basic
characteristics please see Table I. All treatments were performed
percutaneously by ultrasound guiding by the same interventional
radiologist. The treatments were performed under general anesthesia
with deep neuromuscular block (post-tetanic count of 0). One month
after IRE treatment, an ultrasound examination was performed to
look for complications and metastases. Pre- and post-treatment
CA19-9 levels were measured.  The 1-month time point was
selected for determining the postoperative CA19-9 level since no
chemotherapy was given between the IRE treatment and ultrasound
examination at 1 month. Thus, the IRE treatment was the only thing
that could have affected the cancer and the CA19-9 level. Since not
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all pancreatic cancers express CA19-9, those patients that had a
normal CA19-9 level before IRE treatment were not included.

The study was approved by the Uppsala Regional Ethics
Committee, Uppsala, Sweden (Dnr 2013/254).

Results 

During the study period, 71 patients were treated with IRE.
Due to missing CA19-9 values for two patients before
treatment and 14 patients after treatment, these patients were
excluded. The most common reasons for the missing CA19-9
values were early recurrent disease or complications 1 month
after IRE treatment. Ten patients had metastases at the 1-
month ultrasound and were also excluded from analysis since
they most likely had metastases that were undetected prior to
the treatment. Thus, in their cases, local IRE treatment was
not a factor and their elevated pre-operative level of CA19-9
might have been from these metastases. Ten patients who did
not have a pathological CA19-9 level before IRE treatment
were also excluded. Data for 35 patients therefore remained
for analysis. For a summary of the patient selection procedure,
please see Figure 1.

CA19-9 level. There was no decrease in CA19-9 at 1 month
after IRE treatment. The median CA19-9 level before IRE
treatment was 282 U/ml and after the treatment was slightly
higher at 315 U/ml (p=0.80; Figure 2). However, there was
a large difference between the patients’ response in CA19-9. 

Changes in CA19-9. The effect of changes in CA19-9 level
after IRE treatment on survival was evaluated. Since a small
change in CA19-9 has no clinical implications and the
threshold for any effects are unknown, we considered the
25th percentiles with the best and the worst CA19-9
response. This meant a decrease or increase of approximately
50% of the initial CA19-9 value. We found that those with
the best response in CA19-9 had an improved mean overall
survival of 13.1 versus 8.1 months for those with the worst
response (log-rank p=0.01; Figure 3).

Discussion

We cannot confirm the hypothesis that IRE treatment lowers
the median CA19-9 as was previously postulated by Lin et
al. (7). In fact, in our study, the median CA19-9 level was
slightly higher after treatment. The reason for this finding is
not clear. It might be that IRE treatment does not affect the
tumor in such a way that the CA19-9 value decreases. It may
also be that many of the patients, even though they had no
radiological signs of metastatic disease, had micro-
metastases, which are not affected by the IRE treatment. It
may also, in fact, be that in some cases, the CA19-9 level is
elevated by IRE treatment.

Patients with a decrease in CA19-9 level after IRE
treatment had a better prognosis. This implies the use of
CA19-9 level before and 1 month after IRE treatment as a
prognostic marker. This might indicate which patients are
suitable for an aggressive approach with chemotherapy post
IRE with the intent of reaching a setting for radical resection.
To our knowledge, this is the first study that has investigated
CA19-9 as a prognostic marker after IRE treatment. The fact
that all patients were treated at a single center by the same
interventional radiologist can be seen as positive. The fact
that between the two CA19-9 measurements no chemotherapy
was given which could have influenced the CA19-9 level can
also be seen as positive.

One weakness of the study was not utilizing diagnostic
laparoscopy before the IRE treatment, as Martin et al. did
(2). Had we used laparoscopy, the results might have been
different, since we would have been better able to rule out
metastatic disease. Moreover, unlike Martin et al. (2), we
performed all procedures percutaneously, not with open
surgery. This avoids complications related to open surgery
but the open operation is another tool with which to rule out
metastases before IRE treatment. 

Conclusion

IRE did not lower the CA19-9 level in patients with
pancreatic cancer. However, a response in CA19-9 was
correlated with improved survival.
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Table I. Basic patient characteristics before irreversible electroporation
treatment.

                                                                                     Value

Gender, n (%)
   Male                                                                         17 (49)
   Female                                                                     18 (51)
Age, years
   Median (IQR)                                                       66 (61-74)
Type of tumor, n (%)
   LA                                                                            31 (89)
   Local recurrence                                                      4 (11)
Location of tumor, n (%)
   Caput                                                                       23 (66)
   Corpus/cauda                                                           12 (34)
Max tumor diameter, mm
   Median (IQR)                                                       35 (27-40)

IQR, Interquartile range; LA, locally advanced. 
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Figure 1. CONSORT diagram showing which patients were included in
this study.  IRE, Irreversible electroporation. 

Figure 2. Boxplot of CA19-9 levels before and 1 month after irreversible
electroporation (IRE). The Y-axis represents logarithmic serum CA19-
9 (U/ml). 

Figure 3. Kaplan–Meier curve showing survival for the 25th percentile
of patients with best (decrease, N=9) and worst (increase, N=9) responses
in CA19-9 level at 1 month after irreversible electroporation (IRE).
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