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Adjuvant chemoradiation may improve survival
over adjuvant chemotherapy in resected pancreatic cancer
patients who are high risk for locoregional recurrence
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Abstract
Objective The objective of the study was to evaluate the ben-
efit of adjuvant chemoradiation compared to adjuvant chemo-
therapy for resected pancreatic head cancer.
Methods Three hundred thirty-nine patients (2000–2012) had
pancreatoduodenectomy for pancreatic cancer. Chemotherapy
was gemcitabine or 5-fluorouracil (5-FU) and radiotherapy
was 45–54 Gy. Locoregional recurrences (LRR) were opera-
tive bed or regional nodal failures. Logistical regression,
Kaplan-Meier estimates, and log-rank tests were used for
statistics.
Results One hundred thirty patients had resection alone (A),
84 had adjuvant chemotherapy (B), and 129 had adjuvant
chemoradiation (C). Median follow-up and median survival
(MS) for all patients was 17.5 and 19.5 months, respectively.
MS for groups A, B, and C were 13, 23, and 26 months,
respectively. Groups B and C had R1 resection rates of 37
and 39 % (p=ns). LRR was 60, 63, and 38 % and distant
failure was 64, 65, and 66 % for groups A, B, and C, respec-
tively. Group C had significantly lower LRR compared to
group B (p=0.01); however, survival between groups B and
C was not statistically different (p=0.23). On univariate anal-
ysis, LRR (p=0.0038), N-category (p<0.0001), perineural in-
vasion (PNI; p=0.007), and R1 resection (p=0.018) were sig-
nificant predictors of survival. Multivariable analysis (MVA)

showed that LRR (p=0.004) and N-category (p=0.01) were
predictors of survival. On subgroup analysis, there was im-
proved survival in group C vs B in patients with R1 resection,
MS of 27 vs 16 months, respectively (p=0.01), and in patients
with lymph node ratio (LNR) ≤0.2 who had ≥8 LN dissected,
MS of 32 vs 24 months (p=0.04).
Conclusion Adjuvant chemoradiation significantly decreases
LRR in resected pancreatic cancer patients compared to adju-
vant chemotherapy. Significant predictors of survival onMVA
were LRR and N-category. Additionally on subgroup analy-
sis, chemoradiation improved survival over chemotherapy
with a (1) positive surgical margin and/or (2) LNR ≤0.2 with
≥8 LNs dissected.
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Introduction

Pancreatic cancer is the fourth highest cause of cancer mortal-
ity in the USA. Surgery remains the only potentially curative
treatment, and despite improvements in technique and periop-
erative care, survival is generally 5 % at 5 years for all stages
[1]. Only 15–20 % of pancreatic cancer patients have resect-
able disease and both local and distant recurrences occur fre-
quently after definitive treatment [2, 3]. Adjuvant treatment
with either chemotherapy or chemoradiation has improved
survival in both randomized and non-randomized studies;
however, optimal adjuvant management remains controversial
[1, 4–6] despite continued efforts to develop modern clinical
trials.

While meta-analysis data show that adjuvant chemothera-
py improves survival, inconsistent results, mixed
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interpretations, and different pathologic definitions (i.e., R1
definition) have not completely settled the controversy of
optimal adjuvant treatment. Despite pancreatic cancer hav-
ing a high proportion of distant recurrence [2, 7, 8], there is
likely a subset of patients with a higher risk of locoregional
recurrence for which adjuvant chemoradiation would pro-
vide a higher benefit [5]. Clinical factors that predict for
optimal survival include patient age, T-category, N-catego-
ry, and extent of resection [9], yet clinical factors to select
patients that would most benefit from adjuvant chemoradi-
ation are lacking.

In this single-institution series, we update previous pub-
lished results [10] and compare outcomes of patients with
resected head of pancreas adenocarcinoma that received adju-
vant chemotherapy or adjuvant chemoradiation to define clin-
ical factors that are most predictive of a benefit for adjuvant
chemoradiation.

Methods

Patients with resected primary malignancy of the pancreatic
head (2000–2012) were included in this IRB approved single-
institution series. All patients were included and were non-
selected. Patients underwent a classic or pylorus preserving
pancreatoduodenectomy (PD) with no gross residual disease
noted on operative report. Pathology specimens were reported
using a standardized institutional pathology template for pan-
creatic cancer derived from the College of American Pathol-
ogists (CAP). Almost all (98.5 %) patients received a lymph
node dissection with involved and total lymph nodes reported.
Resected margins were defined as positive by the 0 mm def-
inition (tumor cells at the inked border), and close margins
were defined by tumor within 1 mm of the inked border.
Surgical margins evaluated were pancreatic, peripancreatic,
bile duct, retroperitoneal/uncinate/SMV, portal vein, distal du-
odenal, and proximal duodenal. Perineural invasion (PNI),
lymphovascular space invasion (LVSI), and histologic grade
were also reported in addition to the number of lymph nodes
with disease and lymph nodes dissected.

Patients were grouped based on adjuvant treatment re-
ceived: no adjuvant treatment (group A), adjuvant chemother-
apy with 5-fluorouracil (5-FU) or gemcitabine (group B), or
adjuvant chemoradiation with concurrent 5-FU or
gemcitabine and planned daily radiotherapy to 45–54 Gy
using three-dimensional conformal radiotherapy (3D-CRT)
or intensity-modulated radiation therapy (IMRT) (group C).
Adjuvant therapy was either completed at our institution or
referred to other treatment centers. Outcomes and survival
were recorded from retrospective chart review and the Social
Security Death Index (SSDI). Patients receiving neoadjuvant
treatment were excluded.

Statistical analysis

Statistical analyses were performed using JMP Pro v10 (SAS,
Cary, NC). Summary statistics and difference tests were ob-
tained from χ2 analysis. The primary endpoint of our study
was overall survival defined from the date of PD to document-
ed death. Kaplan-Meier-estimated survival with statistical sig-
nificance was determined by log-rank tests. Univariate analy-
ses correlated patient, tumor, and treatment factors to recur-
rence and survival. Multivariable analysis was based on sig-
nificant factors from univariate analysis and constructed using
a forward planning approach; factors which were associated
with higher risk features were also tested in our multivariable
models. Patients with missing data were excluded from uni-
variate and multivariable analyses. Lymph node ratio (LNR)
was defined by the number of positive lymph nodes dissected
compared to the total lymph nodes dissected.

Results

Three hundred thirty-nine patients met inclusion criteria with
no significant difference in patient and tumor factors between
the groups except for a higher percentage of T1 tumors and
adenocarcinomas in group C and a higher percentage of T3
tumors in group B (Table 1). The median number of lymph
nodes dissected was 13. Median follow-up was 17.5 months
and median survival was 19.5 months. Groups A, B, and C
had median survivals of 13, 24, and 26 months, respectively.

To analyze the difference in adjuvant treatment, we con-
sidered differences between groups B and C. Figure 1

Table 1 Patient and tumor factors by adjuvant treatment group

No adjuvant
(group A)

Chemotherapy
(group B)

Chemoradiation
(group C)

Patients 130 84 129

Age 67±11 67±10 63±10

Male (%) 53 60 57

BMI 27.9±5.6 25.6±4.4 26.1±4.9

Adenocarcinoma 109 (84 %) 76 (90 %) 124 (96 %)

Size (cm) 3.2±1.4 3.1±1.4 3.2±1.3

T1 10 (8 %) 1 (1 %) 14 (11 %)

T2 28 (22 %) 20 (25 %) 34 (26 %)

T3 87 (68 %) 59 (73 %) 79 (61 %)

T4 3 (2 %) 1 (1 %) 2 (1 %)

N1 90 (69 %) 56 (68 %) 89 (69 %)

Post-op CA19-9 474±924 663±2617 1232±8439

R1 resection (%) 30 37 39

Locoregional
recurrence (%)

60 63 38

Distant recurrence (%) 64 65 66
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presents Kaplan-Meier survival curves for groups B and C
with median survivals of 24 and 26 months, respectively
(p=0.24). Locoregional recurrence (LRR) was significantly
lower for group C compared to group B (p=0.01) and dis-
tant recurrence was not significantly different (Table 1).
Twenty-one patients (18 %) had LRR without distant me-
tastases. Additionally, in patients who had adjuvant chemo-
radiation and did not have locoregional recurrence, there
was a statistically significant improvement in survival
(Fig. 2).

On univariate proportional hazards modeling, LRR (p=
0.0038), N-category (p<0.0001), PNI (p=0.007), and positive
margin (p=0.018) were significant predictors of survival.
Subgroup analysis showed a survival benefit for patients with
a positive margin who received adjuvant chemoradiation
(Fig. 3). Median survivals in patients receiving adjuvant che-
motherapy were 25 vs 25 months (p=0.79) for margin posi-
tive and negative, respectively. For those who received adju-
vant chemoradiation, median survival was 31 vs 23 months
(p=0.008) for margin positive and margin negative, respec-
tively. Additionally, there was a median survival improvement
from 20 to 47 months in the subset of N0 patients with close
margins (≤1 mm) who received adjuvant chemoradiation
compared to adjuvant chemotherapy alone (p=0.04). Addi-
tionally, for the subset of patients who had LNR >0.2, median
survival was 27 months while for patients with LNR ≤0.2,
median survival was 18 months. In the favorable subgroup
of patients with LNR ≤0.2 in patients with ≥8 lymph nodes
dissected, there was a statistically significant survival differ-
ence between groups B and C (Fig. 4, p=0.04). Within group
B, there was no significant survival difference between pa-
tients receiving 5-FU or gemcitabine, and within group C,
there was no significant difference between patients receiving
IMRT vs 3D-CRT. However, we do note that only about 20 %
of patients treated at our institution were treated with IMRT.

On multivariable proportional hazards modeling, LRR (p=
0.004) and N-category (p=0.01) remained significant predic-
tors of survival (Table 2).

Discussion

This large single-institution series of pancreatic head cancers
presents data comparing outcomes and survival between pa-
tients that received adjuvant chemotherapy and adjuvant che-
moradiation after surgery. On multivariable analysis, the sig-
nificant factors predicting for patient survival were LRR and
N-category. While adjuvant chemoradiation significantly re-
duces LRR overall compared to adjuvant chemotherapy, sub-
sets of patients with the highest risk of local recurrence may
draw the most benefit from adjuvant chemoradiation. These
groups include M0 patients with positive surgical margin (R1
resection) and/or patients with LNR ≤0.2 who have ≥8 lymph
nodes dissected.

Fig. 1 Kaplan-Meier survival curve for patients treated with adjuvant
chemo (black solid line) vs adjuvant chemoRT (gray dashed line) with
median survival of 24 vs 26 months, respectively (p=0.24)

Fig. 2 Kaplan-Meier survival curve for patients treated with a adjuvant
chemotherapy and b adjuvant chemoradiation with curves grouped by no
LRR (black solid line) vs LRR (gray dashed line). Median survivals are a
16 vs 22months (p=0.85) and b 31 vs 23months (p=0.0007) for no LRR
and LRR, respectively
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Group 1 (no adjuvant treatment) included patients that died
before receiving adjuvant therapy, refused adjuvant treatment,
lost to follow-up, or unknown adjuvant treatment. As expect-
ed, comparison of group 1 with groups 2 and 3 showed a
statistically significant improved survival; improved survival
with the addition of adjuvant treatment has been consistently
demonstrated [4, 5, 10, 11]. Two reports have noted that the
survival benefit was most significant for negative surgical
margins, node positivity, and tumors >3 cm. Regardless of
other tumor-related factors, modern treatment recommenda-
tions include an upfront adjuvant recommendation for chemo-
therapy or chemoradiation.

Understanding an individual patient’s patterns of failure
would help guide adjuvant treatment recommendations. For
example, a patient who is likely to recur locally would get
chemoradiation. As adjuvant chemoradiation significantly re-
duces LRR, the patients with the highest risk of LRR will
likely gain the most benefit in terms of survival and morbidity

from additional procedures and symptoms related to a LRR.
While molecular profiling promises to help elucidate this sub-
set [6], clinical parameters have been used to guide adjuvant
therapies for pancreatic cancer patients.

However, the choice between adjuvant chemotherapy and
chemoradiation remains controversial [5, 12]. Randomized
data and meta-analysis have concluded that adjuvant chemo-
therapy should be standard as there was no reported survival
benefit for adjuvant chemoradiation over chemotherapy, but
these data are not free of criticism. For example, the ESPAC 1

Fig. 3 Kaplan-Meier survival curve for patients treated with a margin
negative and b microscopic margin positive with curves grouped by
adjuvant chemotherapy (black solid line) vs adjuvant chemoradiation
(gray dashed line). Median survivals are a 25 vs 25 months (p=0.79)
and b 31 vs 23 months (p=0.008) for adjuvant chemotherapy and
adjuvant chemoradiation, respectively

Fig. 4 Kaplan-Meier survival curve for patients treated with a LNR ≤0.2
and ≥8 lymph nodes dissected and b all other patients with curves
grouped by adjuvant chemotherapy (black solid line) vs adjuvant
chemoradiation (gray dashed line). Median survivals are a 24 vs
32 months (p=0.04) and b 22 vs 23 months (p=0.83) for adjuvant
chemotherapy and adjuvant chemoradiation, respectively

Table 2 Multivariable proportional hazards model showing significant
predictors for overall survival

Risk ratio 95 % CI p

LRR 1.78 [1.2, 2.66] 0.004

N 1.3 [0.82, 1.96] 0.01
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trial results were confounded by a few factors including back-
ground treatments (including radiotherapy) that were not part
of the initial trial design, making the results difficult to inter-
pret. To contrast these results, other reports have described
improved survival for adjuvant chemoradiation over adjuvant
chemotherapy [13]. Meta-analysis data does show a trend to
improved survival in R1 resection patients receiving adjuvant
chemoradiation compared to adjuvant chemotherapy, but this
result was not statistically significant [12] likely due to non-
standard pathology specimen review and non-standard defini-
tion of a positive margin between the included trial data. For
example, it is unclear how well these pathologic specimens
were evaluated, especially considering that modern standard-
ized pathologic assessment increases the reported R1 resection
status [14, 15].

A concern withmeta-analysis andmulti-institutional data is
that it addresses a heterogeneous population compared with a
single-institution experience. Thus, large single-institution se-
ries consistently using standardized pathology reporting have
helped guide modern adjuvant recommendations. One such
result from the Johns Hopkins data is the independent prog-
nostic LNR threshold of 0.2 [16]. Other possible predictors
conferring a worse outcome include higher T-category, LNR,
histologic grade, and positive surgical margin [17, 18].

In our single-institution analysis, multivariable analysis
showed that LRR and N-categorization are important factors
that predict for improved survival. While chemoradiation re-
duced the rate of LRR, chemoradiation itself did not remain
significant on multivariable analysis. This presents an inter-
esting dilemma. While median survival did improve by
2 months with chemoradiation vs chemotherapy in our series,
it did not statistically reach significance. Most patients in this
series received radiotherapy using 3D-CRT. Additionally, on-
ly 75 % of patients in our series received 45 Gy or higher
suggesting that with modern and high-quality treatment plan-
ning delivering conformal radiotherapy to higher doses, out-
comes may be even better [19]. Our interpretation is that there
may be a role for well-targeted and more aggressive local
therapy to reduce the rate of local recurrence and in turn im-
prove overall survival. Newer radiotherapy techniques includ-
ing IMRT and potentially SBRT may be able to achieve this
while reducing toxicity and may achieve a better correlation
between adjuvant chemoradiation and survival.

On subgroup analysis, one significant factor from our anal-
ysis is a positive surgical margin (R1 resection). A positive
surgical margin is correlated with the development of LRR,
and R1 patients who did not receive adjuvant chemoradiation
had worse survival. Patients who received adjuvant chemo-
therapy had a median survival of 16 months; however, pa-
tients with R1 resection who received adjuvant chemoradia-
tion had a median survival (24 months) equivalent to patients
with an R0 resection. When we considered patients with close
margins (≤1 mm), there was an improved survival trend, but

this was not statistically significant; this is consistent with
other published reports [20]. The close margin subset likely
represents a combination of patients who truly have a positive
margin and a subset of those who do not.

For those patients with regional nodal disease (N1), we
hypothesized that a lower LNR may be a proxy for lower
metastatic disease burden and thus the benefit of adjuvant
chemoradiation may be more significant. From previous stud-
ies, LNR ≤0.2 has been prognostic for better survival with at
least 10–12 lymph nodes dissected [21]. From the present
study, on subgroup analysis, patients who have LNR ≤0.2
with ≥8 lymph nodes dissected have a significant survival
benefit with adjuvant chemoradiation compared with adjuvant
chemotherapy alone.

Limitations to this review include its retrospective nature
and that, for some patients, particular details of treatment were
unknown. In addition, common biases associated with retro-
spective series should be considered. Despite these limita-
tions, this report presents compelling evidence that LRR plays
a significant role in pancreatic cancer patient survival and that
adjuvant chemoradiation has an important role in well-
selected resectable pancreatic cancer patients. Additional stud-
ies are needed to validate our findings.

Conclusion

Grossly resected pancreatic head adenocarcinoma has a high
rate of distant failure, but patients may still have a significant
risk of locoregional recurrence. Adjuvant chemoradiation is
effective in significantly reducing the rate of locoregional re-
currence compared to adjuvant chemotherapy. Locoregional
recurrence and N-category were significantly correlated with
patient survival. On subset analysis, patients with R1 resection
and/or LNR ≤0.2 who had ≥8 lymph nodes may derive the
most benefit from adjuvant chemoradiation.
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