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Abstract. In locally advanced carcinoma of the exocrine
pancreas combined radiochemotherapy has been established as a
standard treatment. Materials and Methods: Two different
treatment schemes have been consecutively used. Between 1/1994
and 12/2001, a total of 110 patients with locally advanced
adenocarcinoma of the pancreas were treated with
hyperfractionated accelerated radiotherapy to a total dose of 44.8
Gy combined with 5-fluorouracil (5-FU) (600 mg/m?) and
folinic acid (FA) (300 mg/mz) injection. Chemotherapy was
repeated monthly in non-progressive disease. From 1/2002 to
11/2003, in another 15 consecutive patients, chemotherapy was
changed to gemcitabine (Gem) (300 mg/m?) and cisplatinum
(Cis) (30 mg/m?), followed by gemcitabine (1000 mg/m?) every 2
weeks in non-progressive patients. Results: Median survival in the
5-FU/FA group was 10.3 months with a I-year survival of 46.6%
and a 2-year survival of 20.1%. Median time to progression was
8.6 months. Treatment was well tolerated with nausea/vomiting
grade I/Il in 58.2%, grade III/IV in 14.5%, diarrhea grade I/II in
27.3%, leucopenia/thrombopenia grade I/l in 21.8%, grade
III/IV in 7.2%, and mucositis grade III/IV in 7.2%. In the
Gem/Cis group, median survival was 13.8 months with a 1-year
survival of 54.9% and a 2-year survival of 24.4%. The toxicity
data also revealed comparable feasibility: nausea/vomiting grade
Il in 46.7%, grade III/IV in 20%, diarrhea grade 1/II in 20%,
leucopenia/thrombopenia grade 1/II in 26.7%, and grade I11/IV
in 13.3%. Conclusion: Radiochemotherapy in locally advanced
pancreatic cancer is an effective and well-tolerated treatiment. The
long-term efficacy concerning survival is limited. The integration
of predictive factors and new chemotherapeutic agents like
gemcitabine in the multimodality treatment may give a more
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promising perspective. Because of the narrow therapeutic index
of gemcitabine-based radiochemotherapy schemes, a feasible
combination of radiotherapy treatment volume and gemcitabine
dose must be found.

Ductal adenocarcinoma is the most frequently occurring
malignant tumor of the pancreas, located in the pancreatic
head in 2/3 and in the corpus or tail in 1/3 of patients. The
incidence of pancreatic carcinoma in Western countries is
about 1:10,000 with a correlation with the patient’s age.
Pancreatic cancer is a morbid disease with dismal prognosis.
In Germany, this disease was listed rank 6 in the statistics
of deaths caused by malignant diseases in 1997 (1-3).

Survival rates are low because, by the time pancreatic
cancer is detected, it usually has advanced, so that a
complete surgical resection, the best chance of cure at
present, is no longer possible (1, 4-6). Without surgical
intervention, the mean length of survival is approximately 6
months. Thus, in the majority of patients, optimal palliation
of symptoms is of primary importance, to maximize the
quality of remaining life (7-11). Excluding surgical bypass,
endoscopic biliary drainage to reduce obstructive jaundice
and other alleviating measures (e.g., celiac plexus block), the
treatment of patients with locally advanced, unresectable
pancreatic cancer consists of radiotherapy, chemotherapy, or
a combination of both (7, 12-17).

In particular, the use of chemotherapy with concurrent
radiation therapy remains standard treatment for patients with
unresectable or resected adenocarcinoma of the pancreas,
since previous randomized trials by the Gastrointestinal Tumor
Study Group (GTSG) showed that concurrent external-beam
radiation therapy (EBRT) and bolus 5-fluorouracil (5-FU)
therapy resulted in significantly better survival compared with
EBRT alone or chemotherapy alone (18, 19). With 5-FU-
based radiochemotherapy treatment schemes, it is possible to
improve the patient quality of life and prolong survival in
locally advanced and unresectable cancer of the exocrine
pancreas (7, 12, 14-16, 18, 20-28). Unfortunately, the majority
of patients continue to succumb to the disease process.
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Figure 1. Treatment scheme of combined radiochemotherapy (5-FU/FA group). Repetition of chemotherapy every 28 days in non-progressive patients.

Recently, there has been a resurgence in clinical trials utilizing
gemcitabine as a single agent, in combination chemotherapy
regimens, and with concurrent radiation therapy (29).

Materials and Methods

Study patients. Between 1/1994 and 11/2003, a total of 125 patients
with locally advanced irresectable adenocarcinoma of the exocrine
pancreas, histologically biopsy proven, were included in the study.
Local inoperability was determined by an experienced surgical
team during explorative laparotomy. Further inclusion criteria were
no distant metastasis, Karnofsky performance status =70%, age
=18 and <75 years, normal pretherapeutic blood counts, renal and
liver function. Histologically, 13 (10.4%) tumors were graded G1,
67 (53.6%) G2 and 45 (36%) G3.

The median age was 62 years (range: 26-75 years); 71 patients
were male and 44 were female. According to the UICC-classification
(30), 4% of patients had a stage I, 54.4% a stage II, 28% a stage III
and 13.6% a stage IVa. Tumors were predominantely (84%) located
in the head of pancreas.

Treatment schemes. Two different treatment schemes have been
consecutively used: between 1/1994 and 12/2001 all patients (n=110)
received a combined radiochemotherapy, consisting of
hyperfractionated accelerated conformal radiotherapy and
simultaneous application of 5-fluorouracil and folinic acid, as
previously described by Prott et al. (15). Determination of the target
volume for radiotherapy and 3D-treatment planning was based on
computerized axial tomography. Conformal radiotherapy was carried
out under megavoltage condition by linear accelerators from 10
MeV to 15 MeV. A total tumor dose of 44.8 Gy was applied relative
to the 90% isodose in two daily fractions of 1.6 Gy, resulting in ten
fractions per week (Figure 1). On the first three days of
radiotherapy, 600 mg/m? of 5-fluorouracil (5-FU) and 300 mg/m2 of
folinic acid (FA) were given intravenously. Chemotherapy was
repeated monthly in all cases of no progressive disease after
evaluation of the radiological tumor response.
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From 1/2002 to 8/2003, in another 15 consecutive patients,
chemotherapy regimen was changed to a gemcitabine (Gem) (300
mg/m?2) and cisplatinum (Cis) (30 mg/m?2), followed by gemcitabine
(1000 mg/m?) every 2 weeks in all non-progressive patients. There
were 9 male and 6 female patients with a median age of 57 years
(range: 41-69 years).

Follow-up. Follow-up was performed parallel to the cycles of
maintenance chemotherapy. Follow-up visits included medical
history, physical examination, total blood counts, serum electrolytes,
liver and renal function tests. The length of follow-up ranged between
one months and 90 months. Response evaluation and follow-up was
regularly carried out by abdominal ultrasound (every month) and
CT-scans (every two to three months). In case of suspicion for
recurrent disease the intervals were shortened. Serum levels of CA
19-9 were measured before treatment, each week under therapy, and
every four weeks during the regular follow-up intervals, using a
commercially available assay [Electrochemilumnescenceimmunoassay
(ECLIA) by ELECSYS 1010 (Roche Diagnostics GmbH, Mannheim,
Germany)]. The upper cut-off level for this system was defined at 37
U/ml, according to the specification in the literature (31, 32).

Statistical methods. Survival was calculated from the first day of
radiation therapy. All patients expiring in the follow-up period died
from tumor disease or tumor complications. Survival curves were
estimated by the method of Kaplan and Meier (33). The differences in
the survival estimates between groups of patients were evaluated using
the log-rank test (34). A forward, stepwise Cox regression model was
used to examine the prognostic significance of covariates on survival
(35). Values of p<0.05 were considered statistically significant. All
statistical analyses were performed using the commercially available
program package SPSS 10.0.7 (SPSS, Chicago, IL, USA).

Results

The median overall survival of the 5-FU/FA group was 10.3
months, measured from the beginning of treatment and
analyzed by Kaplan & Meier method (33). The actuarial
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Figure 2. Kaplan-Meier analysis of overall survival of patients in the 5-FU/FA group.
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Figure 4. Kaplan-Meier analysis of overall survival of patients in Gem/Cis group.

1-year survival was 46.6%, the 2-year survival 20.1% and the
3-year survival 15.5% (Figure 2). Median time to
progression was 8.6 months. The actuarial progression-free
survival rate was 40.0% after one year, 18.8% after two
years and 11.5% after three years (Figure 3).

In the Gem/Cis group, median survival was 13.8 months
with a 1-year survival of 54.9% and a 2-year survival of
24.4%. Median time to progression was 11.1 months. The
actuarial progression-free survival rate was 40.0% after one
year and 18.8% after two years (Figure 4).

The overall survival and the progression-free survival was
significantly superior in the Gem/Cis group [Log-rank test:
p=0.01, resp. 0.046].

The median CA 19-9 serum level of all patients before
treatment was 420 U/ml, ranging from 2.0 to 39,700 U/ml.

Concerning tumor response, evaluated 3 months after the
end of radiotherapy by imaging procedures, 7 patients
(6.4%) of the 5-FU/FA group achieved a complete response
(CR), 26 patients (23.6%) a partial response (PR), 32
patients (29.1%) had no significant change (NC) of their
disease, and 45 patients (40.9%) a progression of their
disease (PD). All patients dying during the first 3 moths
before the first restaging were counted as having progressive
disease. In the Gem/Cis group, one patient (6.7%) achieved
a complete response (CR), 4 patients (33.3%) a partial
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response, 6 patients (40%) had no significant change (NC)
of their disease, and 4 patients (33.3%) a progression of
their disease (PD).

Patients with a pretreatment CA 19-9 serum level below the
median value of 420 U/ml had a better tumor response than
those above the median (y*-test: p=0.003). These patients also
had a significantly better survival prognosis in univariate Kaplan
and Meier analysis [Log-rank test: p=0.0056] (Figure 5). In
addition, patients with no decline of CA 19-9 levels had a
significantly worse outcome concerning overall survival [Log-
rank test: p=0.0002]. These results were confirmed by
multivariate Cox regression, showing pretreatment CA 19-9
serum levels above and below the median value of 420 U/ml
(p=0.003), post-treatment CA 19-9 values (p=0.001) and a
tumor marker decrease under therapy (p=0.001) to be
significantly independent prognostic markers for overall
survival. Only achievement of a tumor response showed a
similar high prognostic significance (p=0.001). It is worth
noting that there was a significant relationship between survival
and tumor extent, grading and lymph node involvement.

Overall, the treatment in the 5-FU/FA group was well-
tolerated with nausea/vomiting grade I/II in 58.2%, grade
II/IV in 14.5%, diarrhea grade I/II in 27.3%,
leucopenia/thrombopenia grade I/II in 21.8%, grade III/IV
in 7.2%, and mucositis grade III/IV in 7.2%. In the Gem/Cis
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Figure 5. Kaplan-Meier analysis of disease-specific survival of patients in
correlation with the median pretreatment CA 19-9 level of 420 U/ml shows
a median disease-specific survival of 11.3 months (CA 19-9 level < 420
U/ml) and 7.4 months (CA 19-9 level > 420 U/ml), respectively.

group, the toxicity data revealed the comparable feasibility
of the two treatment schemes with a slight tendency towards
more severe side-effects: nausea/vomiting grade I/II in
46.7%, grade III/IV in 20%, diarrhea grade I/II in 20%,
leucopenia/thrombopenia grade I/II in 26.7%, and grade
III/IV in 13.3%.

Discussion

Adenocarcinoma of the exocrine pancreas belongs to the
neoplasms with the highest rates of mortality in western
industrial countries (1-3). Surgical resection is able to cure
only a minority of patients with locally confined pancreatic
cancer (1, 4-6). In all other non-metastasized patients, an
oncologically radical surgical approach is not possible (36)
and the value of adjuvant radio- or radiochemotherapy still
remains unclear (37).

The use of chemotherapy with concurrent radiation
therapy remains standard treatment for patients with
unresectable or resected adenocarcinoma of the pancreas,
since the previous randomized trials by the Gastrointestinal
Tumor Study Group (GTSG) showed that concurrent
external-beam radiation therapy (EBRT) with 40 or 60 Gy
and bolus S5-fluorouracil (5-FU) therapy resulted in

significantly better survival compared with EBRT alone or
chemotherapy alone. Radiation doses of 60 Gy were not
superior to 40 Gy, but less well tolerated, when combined
with 5-FU (18, 19). A problem of the standard radiotherapy
technique used in these and other older protocols was that
large volumes of small bowel were irradiated inducing dose-
limiting acute toxicity (26, 27, 38, 39).

Newer studies, using more advanced radiotherapy
techniques, have shown that 5-FU-based radiochemotherapy
schemes can improve patient quality of life and prolong
survival in advanced disease with survival times of around 11
months (7, 14-16, 20-25, 29, 40). However, the published
results of the following larger phase III trials were rather
disappointing with a median survival of about 6 months and
only 15% of the patients surviving one year. Complete and
partial responses have been reported only in approximately
11% of the cases (29, 40). Our study showed, in one of the
largest patient collectives (n=110) treated with 5-FU-based
radiochemotherapy, a more acceptable median survival of
10.3 months and a satisfying overall response rate of 30%,
which directly linked to pain palliation as shown in a pilot
study (15). One major advantage of our scheme is the
altered fractionation. The hyperfractionated accelerated
therapy leads to a reduced length of treatment of only 3
weeks with an acceptable toxicity. These factors are very
important in a primarily palliative intention of
radiochemotherapy (41). There is only one study in the
literature which also uses hyperfractionated accelerated
radiochemotherapy with three daily fractions of 1.1 Gy for 3
weeks up to a total dose of 45-50 Gy. 5-Fluorouracil was
administered as continuous infusion in a dose of 25 mg/kg/24
h the first and the third week concomitantly to radiotherapy
(42). Overall, thirteen patients with localized unresectable
pancreas carcinoma were treated and a mild and easily
manageable toxicity was observed. However, they only had
an overall response rate of 23% and median survival time of
9 months.

Clearly, the long-term efficacy concerning local tumor
control and survival of all 5-FU-based radiochemotherapy
protocols is limited (12, 14, 15, 43). This justifies the search for
new approaches to improve prognosis and local and systemic
tumor control. The introduction of predictive factors to
identify patients, who may profit from a more aggressive
treatment, even in the long course, is one step in this direction.

As shown in this study and our previous studies (32, 40,
44), as well as in other reports from the literature (45-47),
the tumor marker CA 19-9 is of predictive value for
prognosis and for tumor response. Therefore, it may serve
as an additional parameter for radiooncologic treatment
decisions and should be integrated in designing future
prospective clinical trials (32, 40, 48, 49).

The deoxycytidine analog, gemcitabine (Gemzar®, Lilly
Pharma), has recently been shown to be a potent
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radiosensitizer in preclinical studies using human tumor cell
lines, including pancreatic cancer cell lines (50). In a
multicenter trial of patients with metastatic pancreatic
cancer published by Burris et al. in 1997 (51), single-agent
gemcitabine conferred a small but statistically significant
survival benefit compared with 5-fluorouracil and what was
defined as a "clinical benefit response.” These differences led
to U.S. Food and Drug Administration approval of
gemcitabine in that setting. Thus, its integration with
radiation in a combined modality regimen warranted further
clinical investigation (37). One of the earliest clinical trials
utilizing gemcitabine with concurrent radiation therapy
discredited this treatment regimen due to unacceptably high
toxicity: (Scalliet et al. (52), patients with Stage III non-small
cell lung cancer with a combined modality treatment). In this
trial, a conventional course of radiation therapy (60 Gy in six
weeks) was delivered with a weekly intravenous infusion of
gemcitabine at 1000 mg/m?%. The trial was closed after eight
patients were accrued, secondary to unacceptable pulmonary
toxicity (four out of eight patients with Grade 4/5 pulmonary
toxicity). The toxicity was attributed, in part, to large
radiation treatment volumes, but also provided evidence of
substantial normal tissue radiosensitization. The need for
phase I trials to investigate gemcitabine dose escalation with
concurrent radiation therapy is thus highlighted (53). A
variety of phase I and II studies suggested that, in
combination with radiotherapy, gemcitabine doses should
generally be reduced to 300-500 mg/m? when applied once
weekly or to 40 mg/m? when given twice weekly (25, 37, 41,
53-59). Recent reports have clearly indicated that control of
toxicity is closely dependent on the tight definitions of dose,
fractionation and volume of radiation (37, 53, 58-61). Some
phase II trials, as well as the results of our study with a non-
randomized comparison, suggested gemcitabine-based
radiochemotherapy schemes to be more effective concerning
local control, time to progression and overall survival
compared to the previous 5-FU-based radiochemotherapy
studies (24, 29, 37, 41, 54, 58, 62, 63). In fact, this topic is still
controversial, particularly with the background of increased
toxicity in the gemcitabine-based radiochemotherapy
schemes (37, 53, 55, 59-61, 64-66).

In our study we showed significantly superior treatment
results in the Gem/Cis group compared to the 5-FU/FA
group in this consecutive non-randomized comparison. The
toxicity was slightly higher in the Gem/Cis group, but still
acceptable and easily manageable, considering the low
volume of the three-dimensional conformal radiotherapy
used in the study (67). Our results give a hint that even
hyperfractionated accelerated radiochemotherapy with a
shortened treatment time is possible in combination with
gemcitabine. Clearly, the therapeutic index is still narrow
and the irradiation volume is one of the most critical
variables (29, 54, 61).
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Conclusion

Radiochemotherapy in locally advanced pancreatic
cancer is an effective and well-tolerated treatment. The
long-term efficacy concerning survival is limited. The
integration of predictive factors and new chemo-
therapeutic agents, like gemcitabine, in the multimodality
treatment may give a more promising perspective.
Because of the narrow therapeutic index of gemcitabine-
based radiochemotherapy schemes, a feasible combination
of radiotherapy treatment volume and gemcitabine dose
must be found.
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