
Abstract. Aim. Pancreatic adenocarcinoma is a life-
threatening disease with a rising frequency and the fourth
leading cause of cancer death. This review aimed to assess the
impact of postoperative radiotherapy through a meta-analysis
of prospective randomized studies. Materials and Methods: Six
studies met the inclusion criteria and were analyzed to calculate
the cumulative risk of death (hazard ratio) in patients affected
by pancreatic cancer treated with or without radiotherapy.
Higgins’ index was used to determine heterogeneity in between-
study variability and, subsequently, the random-effects model
was applied according to DerSimonian and Laird. Results:
Eight hundred and thirty-seven patients were analyzed (418 in
the control arm and 419 in the treatment one), the hazard ratio
for death after randomization was 0.92 (p=0.560, 95%
confidence interval=0.70-1.22). When scrutinizing these studies,
only one out of six showed a statistically significant benefit due
to the addition of radiotherapy in the postoperative setting.

Conclusion: We conclude that the use of adjuvant radiotherapy
is not beneficial in treating all patients affected by pancreatic
cancer but only for a subset of cases with potential residual
local disease. 

Pancreatic cancer is expected to become the second cause of
cancer-related death in the next decade; due to its
aggressiveness and the early onset of distant metastases, it
holds a poor prognosis, and no more than 7% of all patients
survive 5 years following diagnosis (1-5). Despite the latest
advances in cancer treatment, surgery still represents the
only strategy with curative intent; but even after resection,
the 5-year survival rate for all resected patients ranges
between 14% and 27% (6-9). 

Since the 1980s, the role of radiotherapy in pancreatic
cancer has been investigated through prospective phase 3
trials with controversial findings (10, 11). While some
studies showed a limited benefit using radiotherapy after
surgery, other experiences did not indicate any benefit or
reported a detrimental effect (10, 11). Currently, despite
considerable efforts, the clinical impact of adjuvant
radiotherapy in patients with pancreatic cancer is still not
clear. Furthermore, considering that several clinical trials
were carried out more than 30 years ago, new clinical studies
with state-of-the-art technology are required to assess the
real impact of adjuvant radiotherapy in this setting (12).
However, two more major issues must be addressed before
planning further studies: the role of the persistence of cancer
cells and the selection of patients suitable for postoperative
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radiotherapy by recognizing the pattern of failure after
surgery. The identification of potential biomarkers is
desirable to identifying sites of the first recurrence; this may
allow physicians to select patients through the probability of
relapse locally or systemically, further reducing radiotherapy
failures.

In the present article, we focused on the assessment of
therapeutic relevance of postoperative radiotherapy by
discussing the main limitations of previously published studies.

Materials and Methods

Literature search and data collection for the meta-analysis. The
Population, Intervention, Comparator and Outcome (PICO)
framework was used to perform the present analysis (13). The
impact of postoperative radiotherapy in patients with pancreatic
adenocarcinoma treated through randomized studies represented the
research question. Patients not treated with postoperative
radiotherapy but with simple follow-up or systemic therapy
comprised the control group. The outcomes we considered were
overall survival (OS) and, whenever reported, the pattern of failure.
A comprehensive literature search of PubMed and Cochrane datasets
was conducted for randomized clinical trials comparing radiotherapy
with no radiotherapy (with or without chemotherapy) and published

from January 1980 until December 2020. The following Medical
Subject Headings term was used as a key word: “pancreatic cancer
adjuvant radiotherapy”. Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines were adopted (14). The research
process is reported in Figure 1. Studies that did not meet the PICO
criteria were excluded. From each study, we collected the number of
treated patients, concomitant therapy and the dose of radiotherapy, OS,
hazard ratio (HR), p-value, nodal and margin status, and pattern of the
first recurrence, if reported. Data were systematically reviewed for
patients treated with radiotherapy, and patients treated with other
postoperative therapies (chemotherapy or follow-up). 

To assess the heterogeneity of the data, the Higgins’ index (I2)
was used (15) and, subsequently, the random-effects model
according to DerSimonian and Laird was applied (I2 was greater
than 50%) (15, 16). The graphical representation of the meta-
analysis was performed using a Forest plot. The bias was analyzed
by meta-regression and funnel plot followed by Egger’s linear
regression test (17). The level of acceptable significance was set to
0.05. Statistical analyses were performed with ProMeta version 2
(Internovi, Cesena, Italy). 

Systemic review and meta-analysis. Six studies met our inclusion
criteria and were analyzed to calculate the cumulative risk of death
(HR) in patients affected by pancreatic cancer treated with or
without radiotherapy (10, 11, 18-21). Radiotherapy was delivered
using two opposite fields or conformal 3D techniques. In order to
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Figure 1. Article retrieval strategy. PICO: Population, Intervention, Comparator and Outcome. 



reduce gastrointestinal toxicity, four studies planned to deliver 40
Gy in 20 fractions with a 2-week split course during treatment. In
two studies [Kalser and Ellenberg (10) and Klinkebijil et al. (18)],
the total dose of radiotherapy was 20 Gy in 10 fractions and 50.4
Gy in 28 fractions, respectively (10, 18).

Concomitant chemotherapy was administered in all studies. 5-
Fluorouracil (5-FU), a nucleoside metabolism inhibitor, was adopted
by Kalser and Ellenberg (10), Klinkebijil et al. (18), Neoptolemo et
al. (11) and Smeenk et al. (20), whereas Van Laethem et al. (21)
used gemcitabine, which inhibits DNA synthesis. The group of
Schmidt (19) opted for a combination of 5-FU, cisplatin, which acts
by inducing DNA damage, and interferon α-2b (IFN-2b), a cytokine
that directly regulates transcription of genes involved in the immune
response. The pattern of isolated local failure was reported in five
studies. Van Laethem et al. reported better local control in patients
treated with chemoradiation respect to control arm, 24% versus
11%, respectively (21). All the studies enrolled patients with
positive lymph nodes. Of note, Van Laethem et al. and Kalser and
Ellenberg did not enroll patients with positive surgical margins.

Results
The cases of 837 patients were analyzed: 419 were treated with
postoperative radio- or radio-chemotherapy, whereas 418 were
proposed observation or chemotherapy only. The HR for death
after randomization obtained by the meta-analysis was 0.92,

with an associated p-value of 0.560 (95% confidence
interval=0.70-1.22). The summary of studies included in the
systematic review is reported in Table I. Only the study
performed by Kalser and Ellenberg (10) showed a statistically
significant benefit due to the addition of radiotherapy in the
postoperative setting; the other five did not demonstrate any
additional benefit. The Forest plot calculated with the random-
effects model (I2=61.76) underlined the lack of efficacy of
adjuvant radiotherapy. Moreover, meta-regression (random-
effects model) and Funnel plot were performed to exclude both
influences related to the development of new technologies and
publication biases (Figure 2, Figure 3 and Figure 4). 

Discussion

Pancreatic cancer is becoming increasingly common in
developed countries, and further prospective studies are
necessary to develop and evaluate more targeted,
personalized therapies. Owing to several pieces of clinical
evidence, postoperative radiotherapy was introduced into the
clinical practice of treating several solid tumor types over the
past decades. Overall, the significant limits encountered in
setting up clinical studies of adjuvant therapy with an
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Table I. Summary of studies included in the systematic review.

Author                       No. of            RT dose,           Regimens               N         R1      Median OS,   p-Value       HR (95% CI)      Pattern of failure 
(ref)                           patients                Gy                    (no. of              Status    Status        months                                                             (local only)
                                 (accrual)                                       patients)

Kalser and         43 (1975-1982)     40/20 fr*      Observation (22)        28%         0                11               0.03     0.521 (0.271-1.003)               
Ellenberg,
1985 (10)                                                                    CTRT (21)             28%         0                20

Klinkenbijl        87 (1987-1995)     40/20 fr*      Observation (41)        56%       75%            12.6            0.099         0.80 (0.6-1.1)                15%
et al.,                                                                         CTRT (46)             47%       81%            17.1                                                                     15%
1999 (18)

Neoptolemos      289 (1994-2000)      20/10 fr                CT or                54%       19%            15.9             0.05        1.28 (0.99-1.66)              35%
et al., 2004                                                           observation (145)       53%       16%            17.9
(11)                                                                        RT +/− CT (144)

Smeenk             218 (1987-1995)    40/20 fr*     Observation (108)       41%       22%            19.2            0.540       0.91 (0.68-1.23)              20%
et al., 2007                                                                CTRT (110)            37%       20%            21.6                                                                     21%
(20)

Van Laethem      90 (2004-2007)     50.4/28 fr        CT alone (45)          70%         0                24                          1.197 (0.630-1.569)           24%
et al., 2010                                                             CT+CTRT (45)         69%         0                24                                                                      11%
(21)

Schmidt             110 (2004-2007)    50.4/28 fr             CT (57)               79%       34%            28.5             0.99        1.04 (0.66-1.53)                  
et al., 2012                                                           CTRT+ INFα (53)       79%       45%            32.1
(19)

CI: Confidence intervaI; CT: Chemotherapy; CTRT: chemo-radiotherapy; fr: fraction; HR: hazard ratio; INF: interferon; N.A.: not available; OS:
overall survival. *Split course was planned during radiotherapy.



adequate dose of ionizing radiation in patients diagnosed
with pancreatic cancer are related to the anatomy of the
pancreas, therefore associated with organ motion due to
breathing, contact with the gastrointestinal tract and severe

clinical sequelae of surgery. On this basis, we carried out the
present meta-analysis to query the impact of postoperative
radiotherapy in patients with pancreatic adenocarcinoma and
gave a critical interpretation of almost all the selected
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Figure 2. Forest plot calculated with random-effects model relating the influence of therapy (no radiotherapy (=0) vs. radiotherapy (=1)) on overall
survival. HR: Hazard ratio. 

Figure 3. Meta-regression (random-effects model) to exclude correlation between publications year and log hazard ratio (HR).



studies' poor results, focusing our attention on the causes of
failure or success of each study.

We found six randomized studies that met our inclusion
criteria, enrolling patients over a long period, between 1987
and 2007 (we did not find more recent studies). A major
deficit in those experiences is the lack of use of modern
techniques, such as intensity-modulated radiotherapy or
image-guided radiotherapy, to overcome limitations related
to the inclusion of large parts of gastrointestinal tract within
the treatment fields. Therefore, the total dose of ionizing
radiations was much lower than the dose delivered in the
adjuvant setting for other malignancies. 

In the mid-1980s, the Gastrointestinal Tumor Study Group
(GITSG) planned the first randomized trial to demonstrate a
survival benefit of adjuvant chemoradiation in patients who
underwent surgery for pancreatic cancer (10). The GITSG
trial randomized 43 patients between the late 1970s and early
1980s. Despite the low total dose of ionizing radiation, 40
Gy in 20 fractions, were delivered using a 2D technique with
a split course during treatment. Limitations included the
small sample size, the lack of accurate restaging after surgery
and the length of the accrual. This study reported a survival
benefit using radiotherapy. Patients who received adjuvant
radio-chemotherapy had longer median OS (20 versus 11
months, p=0.03). 

The promising results published by the GITSG prompted
the establishment of several clinical trials, conducted in both
North America and Europe, with the aim of assessing the role
of adjuvant radiotherapy. The European Organization for
Research and Treatment of Cancer randomly assigned 218
patients who underwent surgery for pancreatic cancer to
receive postoperative radio-chemotherapy (5-FU plus 40 Gy)
or observation (20). The improvement recorded in OS was
not statistically significant (2-year survival rate: 23% versus
37%, p=0.099). Sites of first recurrence were the same in the
two arms, with local, distant and both being recorded in 20%,
48% and 29% of patients treated with radiotherapy and in
30% of patients in the observation group. The dose of
radiotherapy was the same adopted by the study by Kalser
and Ellenberg, 40 Gy in 20 fractions with a split course (10).
Despite the lack of benefit in patients overall, the authors
reported an advantage in OS by treating lymph node-negative
patients (p=0.023). This result was confirmed by a
multivariate analysis performed by Winter et al. The study
analyzed operated pancreas cancer and observed that the
presence of regional lymph node metastases was the only
factor associated with the development of distant metastases
(odds ratio=4.7, p=0.02 (22).

From 1994 until 2000, the European Study Group for
Pancreatic Cancer 1 trial (ESPAC-1) investigated the role of
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Figure 4. Funnel plot to assess publication bias.



adjuvant therapy in a 2×2 factorial design, where the relative
benefit of adjuvant chemotherapy and complete resection
followed by radiotherapy were addressed (11). The
administration of adjuvant chemotherapy conferred a
statistically significant advantage in OS, on the other hand,
adjuvant radio-chemotherapy had a detrimental effect (median
OS durations were 17.9 and 15.9 months, respectively;
p=0.05). The authors did not report the pattern of failure for
each arm; however, the cumulative local, distant, and primary
recurrence rates were 35%, 53% and 27%, respectively (11). 

In 1999, Klinkenbiji et al. published the results of a
randomized trial enrolling patients after curative resection of
cancer of the pancreas and periampullary region (18). The
authors randomized 218 patients to receive adjuvant radio-
chemotherapy with 5-FU or to observation. Among these
patients, 87 had pancreatic cancer (46 in the treatment arm, 41
in the control arm). Radiotherapy was delivered with 2D
technique, 40 Gy in 20 fractions with a split course. This
population-based study did not report any improvement in OS
due to radio-chemotherapy. Moreover, the analysis of local
control was not in favor of treated patients and the number of
isolated local recurrences was equal in both arms. 

Different results on local control were found by the study
of Van Laethem et al., which enrolled patients in the early
2000s. This phase 2 trial planned to explore the feasibility
and tolerability of gemcitabine-based radio-chemotherapy
regimen and not its impact on OS. Consequently, this study
did not hold the statistical power to assess the difference in
OS (21). However, the clinical trial adopted a higher dose of
ionizing radiation, 50.4 Gy in 28 fractions, and reported
fewer isolated local failures in the treatment arm (11%
versus 24.4%) (21). 

In 2012, Schmidt et al. analyzed the results of an open-
label, multicenter, randomized phase 3 trial of adjuvant radio-
chemotherapy in addition to IFN-2b and cisplatin versus 5-
FU and folinic acid for patients who underwent resection of
pancreatic adenocarcinoma (19). The study attempted to
investigate the impact of concurrent radiotherapy plus 5-FU
and IFN-2b in this setting. The research group concluded that
the combination of 5-FU, cisplatin and IFN-2b in
combination with radiotherapy did not improve the survival
rate compared to 5-FU monotherapy.

In over 20 years, randomized trials on adjuvant
radiotherapy in pancreatic cancer experienced a series of
modifications, including the introduction of new techniques of
radiotherapy and the improvement of control arm. The
absence of an active treatment in the control arm could have
contributed to obtaining a beneficial effect in the radiotherapy
arm of the study by Kalser and Ellenberg (10) In this specific
trial, the median OS recorded in the control arm (follow-up)
was 11 months only; otherwise, median OS of the control
arms in the data collected by Van Laethem et al. (21) and
Schmidt et al. (19) were 24 and 28.5 months, respectively. 

The significant limitation of the first four trials of the
present review is that the dose of radiotherapy delivered to
the surgical bed was not enough to prevent disease
recurrence and affect patients’ survival. Despite data on OS
still being disappointing, the study that delivered 50.4 Gy
using a 3D technique showed at least improved local control
(21). On this basis, several authors asserted that as a direct
effect of the technical advances in radiotherapy planning and
delivering, both local control and OS would be prolonged in
upcoming years (23, 24). They also suggested to eventually
re-evaluate all published literature considering the latest
technology. However, as the results of the ESPAC-1 trial
showed a poor or even detrimental effect of radiotherapy in
the adjuvant setting, an increasing number of researchers no
longer consider radio or radio-chemotherapy a good adjuvant
therapy to be studied in their trials. For this reason, number
of clinical studies with state-of-the-art radiotherapy
techniques is limited (4, 24). 

After considering that radiotherapy techniques used in
many of the previously described studies are frequently
outdated together with low dosages, we also considered two
additional topics. Firstly, many patients who undergo surgery
for pancreatic cancer are likely to receive an early salvage
form of radiotherapy instead of adjuvant radiotherapy
(which, for definition, implies the absence of recordable
disease). This is due to a persistent undetectable disease, or
an early tumor recurrence soon after surgery. For example,
worst prognosis is often observed in patients with both
positive surgical margins and lymph node metastases (25,
26). Therefore, to avoid treating patients with salvage
therapy, an accurate tumor restaging after surgery is
mandatory before considering adjuvant therapy. Secondly,
considering that adjuvant radio or radio-chemotherapy
intends to prolong OS by improving local control, the study
of the pattern of first recurrence following curative surgery
plays a crucial role in assessing the failure of most
randomized trials. In the trial by Smeenk et al., the first
recurrence pattern (local failure without distant metastasis)
was recorded only in 20% of patients treated with radio-
chemotherapy and in 21% of patients in the control arm (20).
This indicates that almost 80% of patients received local
treatment when the disease was already systemic. The
ESPAC-1 study reported analogous results, showing a similar
pattern of failure. In this trial, more than 65% of patients
developed systemic disease at the time of the first
recurrence. 

In 2018, Groot et al. described the pattern of failure for
1,325 patients who underwent surgery for resection of
pancreatic adenocarcinoma between 2000 and 2013 (27). The
most common manifestation of disease recurrence was
observed in more than one site. Multiple sites, liver-only, lung-
only and local-only were found in 34.4%, 25.1%, 14% and
23.9%, respectively. Patients with multiple-site or liver-only
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recurrence had a limited disease-free and median survival
compared to the patients that did not. Sperti et al. (28) and
Suenaga et al. (29) reported analogous data, confirming the
relevance of the pattern of failure. Further analysis revealed
that among the operated patients, those who relapsed earlier
had a systemic pattern of failure and relatively limited
survival. Moreover, lung- and local-only recurrence were
associated with prolonged OS compared to other failure
patterns. The favorable prognosis associated with isolated
local recurrence might be due to two factors: (i) a less
aggressive tumor phenotype and (ii) residual cancer cells
situated within the surgical bed.

These findings shed further light for the RTOG 0848
phase 3 study, where patients without disease progression
were randomized to receive or not adjuvant radiotherapy
several months after surgery. The long period elapse
following surgery can help to identify and exclude from
randomization patients who experienced systemic recurrence
before the start of radiotherapy (4). Considering the small
sample size of the GITSG trial, a slight displacement of three
to four patients with residual subclinical pancreatic cancer
cells localized in the surgical bed or locoregional lymph
nodes into the radiotherapy arms might explain the positive
results obtained in this study (10). The greater sample size
adopted in the other trials selected for the present analysis
limited this bias. Based on the previously discussed clinical
trials and on the heterogenous nature of pancreatic cancer,
research efforts must focus on identifying the best adjuvant
therapy for patients with pancreatic adenocarcinoma, taking
into consideration the characterization of the behavior of
recurrent disease. 

Conclusion

The study of adjuvant radiotherapy in patients with pancreatic
adenocarcinoma may achieve one of the first cross-
fertilization efforts between the development of new
technologies and the identification of high-risk patients with
isolated localized recurrence through translational research.
Future studies need to tailor adjuvant radiotherapy based on
biological features and highly accurate restaging of pancreatic
cancer, as well as implementing state-of-the art radiotherapy.
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