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Abstract
Background and aims Innate immunity cells play a crucial
role in host anticancer defense: cancer patients with high
levels of natural killer (NK) cells and eosinophils have a
better prognosis. Recombinant interleukin-2 (rIL-2) immu-
notherapy stimulates innate immunity cells. This study aims
to evaluate the toxicity of pre- and postoperative rIL-2 treat-
ment and the effects on innate immunity both in peripheral
blood and in cancer tissue of patients with resectable
pancreatic adenocarcinoma.
Materials and methods Seventeen patients received high
dose rIL-2 preoperative subcutaneous administration and
two low dose postoperative cycles. We evaluated NK cell
and eosinophil count in blood and in pancreatic surgical
specimens.
Results Toxicity was moderate. In the early postoperative
period, blood NK cells and eosinophils significantly increased
compared to basal values (p<0.02). Histopathological anal-
ysis did not find significant intratumoral infiltration of NK
cells nor of eosinophils.
Conclusions Preoperative high dose rIL-2 administration is
able to counteract surgery-induced deficiency of NK cells
and eosinophils in peripheral blood in the early postoper-

ative period, although it cannot overcome local mechanisms
of immune tumor escape in cancer tissue. The amplification
of innate immunity, induced by immunotherapy, may improve
the control of metastatic cells spreading in the perioperative
period.
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Introduction

In industrialized nations, pancreatic ductal adenocarcinoma
is the fifth leading cause of cancer death with an incidence
of nine to ten per 100,000 [1, 2]. Surgical resection nowadays
is the only hope for cure [3], but despite advancements in
treatment, pancreatic adenocarcinoma still has a dismal
prognosis [4]. A new strategy to improve the prognosis of
pancreatic cancer patients is immunotherapy which can be
based on administration of exogenous cytokines as recom-
binant interleukin-2 (rIL-2).

The aim of immunotherapy is to enhance the activity of the
immune system, both innate (phagocytic cells and lympho-
cytes with natural cytotoxicity) and adaptive, against tumor
cells [5]. In pancreatic cancer patients, a depression of both
adaptive and innate immune system has been observed [6–
9], with decreased natural killer cell (NK) blood count. NK
cells and other immune cells undergo a further count and
activity reduction [10] in the postoperative period due to
surgical stress [11–18].

Recombinant IL-2 typically acts as T-lymphocyte growth
factor [19], but it can also amplify the NK cell and eosinophil
pool [20].
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Subcutaneous rIL-2 administration shows lower toxicity
than intravenous supply [21–25]; preoperative rIL-2 ad-
ministration in patients with resectable cancers is able to
avoid cancer- and surgery-related depression of the immune
system. These findings correlate with a better survival,
probably because of rIL-2 action on reducing the dissem-
ination of tumor cells in the perioperative period [26–28].
In the postoperative period, repeated cycles of low doses of
rIL-2 can increase the amount of NK cells and eosinophils,
contributing to control the minimal residual disease [22–25,
29].

The purpose of this study is to evaluate the toxicity of
preoperative high dose rIL-2 and postoperative low dose
rIL-2 treatment as well as the effects on innate immunity in
patients with pancreatic ductal adenocarcinoma. In partic-
ular, we compared in one group of pancreatic cancer
patients treated with rIL-2 the preoperative NK cell and
eosinophil count in peripheral blood with postoperative
count; moreover, we compared the NK cell and eosinophil
infiltration of the surgical specimens of our rIL-2-treated
group with a historical control group of patients.

Materials and methods

Selection of patients Between September 2003 and January
2006, 45 patients underwent pancreatic resection for pancre-
atic neoplastic disease at the Department of Surgery of the San
Gerardo Hospital in Monza. Before entry, all patients were
evaluated by physical examination, chest radiography, ab-
dominal ultrasonography, and computerized tomography of
the abdomen.

Inclusion criteria for this study were: diagnosis of pan-
creatic neoplastic disease amenable to cancer-directed resec-
tional therapy confirmed by imaging procedures, absence of
hepatic and/or peritoneal metastases, absence of other primary
tumors, Karnofsky performance status superior or equal to
80%, absence of previous radio- or chemotherapy, unaltered
renal function, age over 18 years, ability to write informed
consent, and histopathological diagnosis of pancreatic ductal
adenocarcinoma on surgical specimen. Exclusion criteria
were: evidence of central nervous system metastases, active

infections, pregnancy, organ failures (cardiac failure grade III–
VI of NYHA, uncontrolled angina pectoris, uncontrolled
cardiac arrhythmia, uncontrolled asthma or bronchopulmo-
nary disease, lung failure), surgery in the previous 4 weeks,
requirement of cortisone therapy, recent cerebral transient
ischemic attack or stroke, and histopathological diagnosis on
surgical specimen different from pancreatic ductal adenocar-
cinoma. Considering our criteria, 17 consecutives patients
were enrolled in this study. All patients provided written
informed consent before entry into the study. The protocol
was approved by the local ethics committee.

Surgical procedures Procedures performed were: 14 pylorus-
preserving pancreatico-duodenectomies (Longmire–Traverso
procedure), two distal pancreatectomies plus splenectomy,
and one total pancreatectomy. All the procedures were
macroscopically surgically radical. The removed pathologic
specimens were sampled and processed in the Department of
Clinical Pathology.

Drug preparation and study design Human recombinant
IL-2 (Proleukin) was supplied by Chiron B.V. (Amsterdam,
Netherlands) in vials containing 18×106 IU as a lyophilized
white sterile powder. Each vial was reconstituted with
3.0 mL of sterile water and kept refrigerated at 4°C to 8°C.

In the preoperative period, 5-mL syringes with an
attached 25-gauge needle suitable for subcutaneous injection
were each filled with a total volume of 1 mL, containing 6
million IU rIL-2. Such rIL-2 dose was given to patients at
8.00 A.M. and 8.00 P.M. each day, for three consecutive days
(from day −4 to day −2, with respect to day of surgery), by
subcutaneous injections. In total, patients received 12
million IU daily for 3 days. The day before surgery (day
−1), the patients did not receive any immunotherapy and on
day 0 they underwent surgical resection.

In the postoperative period, 1 month after surgery (day
+30), 5-mL syringes with an attached 25-gauge needle were
each filled with 0.5 mL, containing 3 million IU rIL-2.
Such rIL-2 dose was given subcutaneously to patients once
a day for six consecutive days (day +30/+35). This cycle
was repeated monthly for a total of two postoperative
cycles (Table 1).

Table 1 Schedule of rIL-2 administration and blood sampling

Day
−4

Day
−3

Day
−2

Day
−1

Day
0

Day
+1

Day
+7

Day
+14

Day +30/
+35

Day +60/
+65

Day
+90

8 A.M. 6,000,000 6,000,000 6,000,000 Surgery 3,000,000/
day

3,000,000/
day

8 P.M. 6,000,000 6,000,000 6,000,000
Blood
sample

X X X X X X X
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Toxicity All patients were monitored during each pre- and
postoperative cycle for any sign of local and systemic
toxicity. Toxicity was graded according to the World Health
Organization (WHO) criteria [30]. Complementary treat-
ments consisted of paracetamol and fluid infusion in case of
therapy-related pyretic reactions and therapy-related hypo-
tensive reactions, respectively.

Immunological effects in peripheral blood and analytic
methods Once enrolled into the study, patients were evalu-
ated for eosinophils and NK cell count in peripheral blood.
Peripheral blood samples were drawn before starting the
preoperative rIL-2 treatment (on day −4) and then on the
first, seventh, and 14th postoperative days and monthly
before each postoperative cycle (on day +30, +60, +90;
Table 1).

Peripheral venous blood was collected in 3 mL tubes
each filled with 0.072 mL EDTA. Eosinophil count was
analyzed using a Sysmex SE 9 500 apparatus (Sysmex
Corporation, KOBE, Japan). To measure eosinophil amount,
2.4 μL of blood was extracted from each tube and treated
with 0.5976 mL of a red blood cell and white blood cell lysis
solution (STROMATOLYSER-EO II) that keeps eosinophil-
ic morphology unaltered, at 40°C. Eosinophil amount was
then measured by an impedance system, as provided by the
manufacturer.

NK lymphocyte count was measured through a pheno-
typic analysis of the lymphocytic subpopulations by flow
cytometry (FACStar Becton Dickinson Mountain View,
CA, USA) using monoclonal antibodies combined with
phycoerythrin or fluorescein isothiocyanate. CD16-positive–
CD56-positive cells were regarded as NK lymphocytes. The
parameters were expressed as cells/mmc. All monoclonal
antibodies were provided by Becton Dickinson. The refer-
ence values provided from our laboratory were the follow-
ing: eosinophil count 40–500/μL; NK cell (CD16+/CD56+)
count >200/mm3.

Histopathological and immunohistochemical analysis of
surgical specimens The pancreatic specimens were fixed in
10% formaldehyde solution, embedded in paraffin and
processed conventionally. Five-micrometer sections were
stained with hematoxylin and eosin. Eosinophilic infiltrate
was evaluated quantitatively by counting the number of
eosinophils per high power field (HPF, ×400). We analyzed
a number of ten microscopic fields for each case.

Immunohistochemistry was performed by the avidin–
biotin–peroxidase technique. We used anti-CD56 antibody
to detect NK cells.

The histopathological findings were compared to those
obtained in a historical control group (from January 2002 to
August 2003) composed of 16 pancreatic ductal adenocar-
cinoma patients with comparable characteristics (mean age,

location of the tumor, type of surgical resection, TNM
staging, histopathological grading, residual disease).

Statistical analysis Data from blood sample analysis were
expressed as mean ± SD. We analyzed differences in
eosinophils and NK cell count pre- and postoperatively in
peripheral blood. To assess the statistical significance of
observed differences, we used Student’s t test for paired
samples for continuous variables. p values<0.05 were
considered significant.

Data from histopathological analysis were expressed as
mean ± SD. The difference between the treated group and
the historical control group for the number of eosinophils
and NK cells, infiltrating surgical specimens, was analyzed
with Student’s t test for unpaired samples. p values<0.05
were considered significant.

Results

Patients’ characteristics Histological diagnosis was pan-
creatic ductal adenocarcinoma for all patients enrolled in
this study. All patients received the preoperative rIL-2
immunotherapy according to the fixed schedule. All
patients completed the two postoperative cycles. Character-
istics of the patients are shown in Table 2.

Treatment toxicity Toxicity related to the preoperative rIL-2
treatment was mild, consisting of fever (grade 1 WHO in
ten patients and grade 2 in five patients), skin reaction at
the site of injection in all patients, and hypotension (grade 1
WHO) in one patient. These symptoms had complete
resolution within 24 h from the last rIL-2 administration.
Toxicity due to postoperative treatment consisted of fever
of grade 1 in 14/17 patients and injection site erythema in
all of them. Major toxicity never occurred in both
preoperative and postoperative cycles. The treatment could
be considered feasible and well tolerated.

Peripheral blood cell response The mean basal eosinophil
value was within reference range (178.7±122.5/μL). In the
first 14 postoperative days, we observed a rise in the
eosinophil count, reaching a peak of 800.0±568.1/μL on
the seventh day (p=0.0003 with respect to basal value). In
the following 3 months, eosinophil amount is close to that
one reached on the 14th day (381.3±293.9/μL), although it
is significantly superior to basal values only on the 60th day
(397.7±282.2/μL, p=0.008; Table 3, Fig. 1).

NK cell blood count showed a similar response. The
baseline mean NK cell appeared close to the inferior limit
of the reference range (205.2±106.6/mm3, ranging from 73
to 450/mm3) and with half of the patients with lower
values. In the first postoperative day, the typical sudden and
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important decrease of NK cell count did not occur, and
actually, a peak increase of 105.9% was seen (422.6±257.6/
mm3) with a p value of 0.005. The elevation versus basal
values are significant on the seventh, 14th, and 30th
postoperative days. Mean values were significantly higher
than basal values (p=0.001, p=0.004, and p=0.005,
respectively).

After the 30th postoperative day, we could not observe
statistically significant variations of NK cell count (Table 4,
Fig. 1).

Histopathological and immunohistochemical analysis The
microscopic analysis revealed that the overall mean value
of eosinophils was 1.1 per HPF; in the group of treated
patients, the value was 0.68±0.92, while in the control
group this was 1.08±0.98. The difference between the two
groups was not statistically significant.

The tumor infiltrate did not show the presence of NK
cells in the control group nor in the treated group.

Discussion

In pancreatic cancer, several soluble factors produced by a
tumoral environment are distributed and have been detected
within the host circulatory system, where they create a
generalized immunodepression [9]. Immune response cyto-
lytic effectors that interact with tumoral cells are innate
(NK cells and eosinophils) and adaptive (as CD8+ cytotoxic
T lymphocytes).

NK cells are large granular lymphocytes that cooperate
with adaptive immunity and rapidly detect atypical cells,
eliminating them. Animal studies reveal a NK cell role
critical in suppressing the growth and metastatic spread of
tumoral cells [31]. In neoplastic patients, the degree of NK
cell activity impairment is directly related to the invasive-

Table 2 Patients’ characteristics [according to: UICC (International
Union Against Cancer): TNM classification of malignant tumours.
Sixth edition 2002. Wiley-Liss]

Number Percentage

Gender
Male 11/17 64.7
Female 6/17 35.3
Median age (years) 63.2 100
Range 47–80
Median Karnofsky performance status 90 100
Range 80–100
Tumor location
Head of the pancreas 14/17 82.3
Body and tail of the pancreas 2/17 11.8
Diffusion to entire glandule 1/17 5.9
Type of surgical resection
Pancreatico-duodenectomy 14/17 82.3
Splenopancreatectomy 2/17 11.8
Total pancreatectomy 1/17 5.9
TNM staging
pT1N0 2/17 11.8
pT2pN0 2/17 11.8
pT3pN1 13/17 76.4
Histopathologic grading
G1 (well differentiated) 4/17 23.5
G2 (moderately differentiated) 9/17 53.0
G3 (poorly differentiated) 4/17 23.5
Residual tumor after surgery
R0 9 53
R1 8 47

Table 3 Mean number ± SD of peripheral blood eosinophils in
pancreatic cancer patients treated with preoperative high dose and
postoperative low dose recombinant interleukin-2

Day Peripheral blood eosinophils
(mean/μL ± SD)

p valuea

Baseline (−4) 178.7±122.5
1 394.9±245.4 0.0141
7 800.0±568.1 0.0003
14 381.3±293.9 0.0191
30 303.6±285.6 0.1204
60 397.7±282.2 0.0080
90 381.7±460.9 0.1403

a p value compared with basal value
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Fig. 1 Mean number of peripheral blood NK cells (n/mm3) and
eosinophils (n/µl) in pancreatic cancer patients treated with preoperative
high dose and postoperative low dose recombinant interleukin-2
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ness of malignancy and to the risk of recurrence after
surgery [32]. Eosinophilia has been seen to have a positive
correlation with disease stabilization in cancer patients,
confirming that eosinophils play an important role against
cancers [33]. Although the antitumoral activity of NK cells
and eosinophils, this kind of immunity cannot overcome
pancreatic cancer growth because these immune cells may
get turned off as they approach the tumor [34, 35].

Since the 1980s, rIL-2 has been utilized in cancer
therapy, reaching significant results in improving survival
in renal cancer and melanoma patients and in preventing
postoperative immunodepression in gastric and colorectal
patients [36–38]. Although the focus of rIL-2 immunother-
apy effect has been on adaptive immunity, recently it has
expanded to rIL-2 effect on promoting NK cell and
eosinophil expansion, too. The differentiation and function
of these immune cells lead to efficient elimination of tumor
cells, thanks to the high affinity IL-2 receptors on their cell
surface [33, 39, 40]. Several studies have shown the power
of rIL-2 subcutaneous administration to expand eosinophil
and NK cell pools in the peripheral blood of cancer patients
[41, 42]. Preoperative rIL-2 therapy enhances NK count
and activity in patients with colorectal cancer [27], while
intermittent and sequential injections of low dose rIL-2
induce a progressive increase in blood NK cells and
eosinophils in cancer patients [43].

Pancreatic cancer patients reveal a massive reduction of
their innate compartment of immune defense [44] that
suffers further important insult by resective operation [11–
18]. This is the rationale of our study: to enhance innate
immunity in patients with weighty immunosuppression
induced by cancer and surgery, as pancreatic cancer patients
are.

This study proves the feasibility and tolerability of rIL-2
immunotherapy in operable pancreatic cancer patients.
High dose rIL-2 therapy in the preoperative period raised
no relevant toxicity, and it was actually well tolerated by
almost the entire population studied, as did the two
postoperative cycles of treatment with low dose rIL-2.

At baseline, most of our patients presented with reduced
levels of innate immunity cells; in particular, the depletion
was greater for NK cells than for eosinophils.

The first part of our protocol consisted of a preoperative
rIL-2 treatment aimed to abrogate the suppression of blood
NK cells and eosinophils, in the very early postoperative
period (day +1 to day +30). The daily rIL-2 dose was
divided into two half doses in order to guarantee a better
distribution throughout the entire day [45]. After preoper-
ative immunotherapy and radical surgery, instead of the
expected dramatic decrease of both NK cell and eosinophil
count, data actually showed a significant peak of their values
since the first postoperative day, doubling the baseline levels.
The amount of innate immune cells remained elevated until
the 14th postoperative day for eosinophils and until the 30th
day for NK cells.

Another aim of our protocol was to power the innate
immunosurveillance against the minimal residual disease
[46] in the late postoperative period (day +30 to day +90),
by two cycles of low dose rIL-2. This treatment failed to
improve the high levels of blood NK cells and eosinophils
reached in the previous period. It is possible that timing of
blood sampling was not appropriate to detect blood cell
changes. In fact, we evaluated NK cell and eosinophil count
24 days after the end of each postoperative cycle, just
before the new monthly treatment, when the rIL-2 effect is
supposed to have already worn off; in this way, probably,
we lost the rise of the immune cells. As recent works show
[47], we would expect more relevant results for the low
dose postoperative cycles if measurements were taken just
after 36–38 h from the last rIL-2 administration, when the
rIl-2 effect is supposed to be greater.

The histopathological aim of our study was to evaluate
the efficacy of preoperative rIL-2 administration to induce a
migration and/or increase of eosinophils and NK cells in the
pancreatic cancer tissue. It has been shown that in
colorectal cancer tissue, rIL-2 treatment promotes eosino-
philic infiltration [48]. This releases powerful cytotoxins,
like peroxidase and major basic protein, which seem to
have an antitumor function [49, 50]. Despite differences of
opinions, several studies have reported favorable prognosis
in tumors demonstrating tissue eosinophilia [34, 51]. NK
cells infiltrating tumors may protect against tumor spread
[52], but these cells have never been studied in pancreatic
cancer tissues after rIL-2 treatment.

All the cases in our study revealed a very low count of
eosinophils in the surgical specimens that could not be
defined as “eosinophilic infiltrate”. Neither was there
evidence of NK cell infiltration (without significant differ-
ences between treated and untreated patients). This result
was in contrast to our expectations: the evident effect of
rIL-2 in expanding NK cell and eosinophil count in the
peripheral blood did not occur in the pancreatic cancer

Table 4 Mean number ± SD of peripheral blood NK cells in
pancreatic cancer patients treated with preoperative high dose and
postoperative low dose recombinant interleukin-2

Day Peripheral blood NK cells
(mean/mm3 ± DS)

p valuea

Baseline (−4) 205.2±106.6
1 422.6±257.6 0.0050
7 366.2±136.4 0.0011
14 311.4±87.8 0.0040
30 364.9±184.4 0.0050
60 389.2±333.8 0.0553
90 357.6±298.6 0.0914

a p value compared with basal value
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tissue. It is known that pancreatic adenocarcinoma is not
typically associated with brisk inflammatory infiltrate,
probably due to immunological escape mechanisms per-
formed by tumoral cells [8]. It must also be considered that
the method used in our study for the evaluation of
eosinophilic infiltrate is not standardized, and that in the
literature, other methods are described [34, 53].

Conclusion

Our study demonstrates that peripheral blood NK cells and
eosinophils are strongly positively influenced by preoper-
ative immunotherapy with recombinant interleukin-2 at
high doses. This effect lasts until 30 days after surgery, and
it may play an important role in limiting the spread of
tumor cells during surgery and during the immediate
following period. We suppose that the host immune
stimulation obtained with rIL-2 treatment (although no
evident local effect on tumoral tissue) could have a positive
impact on overall survival of pancreatic cancer patients.

Our results compel us to further study the effect of rIL-2
therapy on overall survival in randomized groups of
pancreatic cancer patients and to check that the induced
increase of innate immunity cells is accompanied by an
improvement of their activation state. Moreover, we are
aimed to research the efficacy of other immunotherapies (as
active immunization protocol, use of antibodies against
immunosuppressive molecules, adoptively transferred acti-
vated immune cells) in pancreatic cancer in order to verify if
they are able to overcome the tumoral escape mechanisms.
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