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Purpose: Patients with pancreatic cancer undergoing chemoradiation therapy may experience acute and chronic side effects. We
conducted an exploratory analysis of patients with locally advanced pancreatic cancer (LAPC) undergoing definitive chemoradiation to
identify factors influencing the occurrence of gastrointestinal (GI) bleeding, short-term radiation side effects, patterns of failure, and
survival.

Methods and Materials: Under an institutional review board—approved protocol, we retrospectively studied patients with LAPC
treated with chemoradiation. Statistical models were used to test associations between clinical characteristics and outcomes, including
upper GI bleeding, radiation treatment breaks, and weight loss during therapy.

Results: Between 1999 and 2012, 211 patients were treated with radiation for pancreatic cancer. All patients received concurrent
chemotherapy with either gemcitabine (174) or 5-fluorouracil (27), and 67 received intensity modulated radiation therapy (IMRT).
Overall, 18 patients experienced an upper GI bleed related to treatment, with 70% of bleeds occurring in the stomach or duodenum,
and among those patients, 11 (61%) patients had a pancreatic head tumor and 17 (94%) patients had a metallic biliary stent. IMRT was
associated with decreased risk of postradiation nausea (odds ratio, 0.27 [0.11, 0.67], P = .006) compared with 3-dimensional conformal
radiation. Regarding long-term toxicities, patients with a metallic biliary stent at the time of radiation therapy were at a significantly
higher risk of developing upper GI bleeding (unadjusted hazard ratio [HR], 15.41 [2.02, 117.42], P = .008), even after controlling for
radiation treatment modality and prescribed radiation dose (adjusted HR, 17.38 [2.26, 133.58], P = .006). Furthermore, biliary stent
placement was associated with a higher risk of death (HR, 1.99 [1.41, 2.83], P < .001) after adjusting for demographic, treatment-
related, and patient-related variables.
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Conclusions: Metallic biliary stents may be associated with an increased risk of upper GI bleeding and mortality. Furthermore, IMRT
was associated with less nausea and short-term toxicity compared with 3-dimensional conformal therapy.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Approximately one-third of patients with pancreatic
cancer present with either borderline resectable or
locally advanced pancreatic cancer (LAPC) disease.’
Patients with locally advanced disease can be challenging
to treat because of disease-related symptoms and the rel-
atively high radiosensitivity of adjacent organs, including
the bowel, stomach, liver, and kidneys. This group of
patients has a poor prognosis, and locoregional therapies
can result in acute and late toxicities that affect quality
of life.”

The role of radiation therapy for borderline resectable
and LAPC has evolved over time, owing to conflicting
results across clinical trials. LAPO7 was an international
phase 3 trial that compared the results of chemotherapy
alone versus chemoradiation after induction chemother-
apy with gemcitabine with or without erlotinib in patients
with LAPC. The trial demonstrated no significant overall
survival or progression-free survival benefit with the addi-
tion of radiation therapy; however, radiation resulted in
significantly improved local control and prolonged time
to second-line therapy.” A systematic review of studies”
investigating the role of consolidation radiation therapy
demonstrated improvement in 1-year survival in the con-
text of concurrent 5-fluorouracil use and at least 3 months
of induction chemotherapy.

Most recently, the results from the PREOPPANC
phase 3 trial comparing neoadjuvant chemoradiation to
upfront surgery in patients with resectable and borderline
resectable pancreatic cancer were reported. Preoperative
therapy demonstrated improvements in the local response
as measured by an increase in RO resection rates (71% vs
40%), an improved median overall survival that increased
from 13.2 months to 17.6 months (P = .029) among
borderline resectable patients undergoing neoadjuvant
chemoradiation, and an increased median survival that
improved from 19.8 months to 35.2 months (P = .029) in
patients who were able to undergo surgery and receive
adjuvant chemotherapy.’

Although radiation therapy in combination with che-
motherapy is used to improve locoregional control, its use
can also result in acute and late gastrointestinal (GI)
toxicities ranging from nausea and loss of appetite to GI
bleeding and ulceration.” As a result, radiation therapy
for the pancreas presents unique challenges, given the
sensitivity of the adjacent bowel and stomach, which can
produce acute symptoms linked to mucosal injury and
inflammation, and produce chronic symptoms months to

years later linked to fibrosis and vascular sclerosis, such as
biliary stricture, chronic diarrhea, malabsorption, small
bowel obstruction, ulceration, and hemorrhage.” A better
understanding of factors related to toxicity would be clini-
cally useful and potentially beneficial to patients.

Toxicity profiles can vary between intensity modulated
radiation therapy (IMRT) and 3-dimensional conformal
radiation techniques (3DCRT). Prior studies have demon-
strated the comparative efficacy of newer methods such as
IMRT over 3DCRT, with a reduction in GI toxicity.”
IMRT, as a more conformal technique, also allows for
radiation dose escalation without significant increase in
GI toxicities.”

GI toxicity represents a significant factor in pancreatic
cancer morbidity and mortality, but there has been limited
characterization of the risk of acute and chronic toxicity
across treatment modalities. Therefore, we conducted an
exploratory analysis of LAPC patients undergoing defini-
tive chemoradiation to identify factors influencing the
occurrence of acute and late toxicities.

Methods and Materials

Patient population

Under an institutional review board—approved proto-
col, we performed a retrospective cohort analysis of 213
patients, of which the vast majority were patients with
unresectable pancreatic cancer treated with definitive
intent chemoradiation between 1999 and 2012. Forty-two
patients were on clinical trial protocols, some of which
were dose-escalation studies. All patients in the data set
who received definitive radiation therapy were eligible for
our analysis, except for patients with GI bleeding before
the start of radiation, resulting in an analytical sample
size of 211 patients.

Diagnosis and staging

Almost all patients included in the study had a patho-
logic diagnosis of pancreatic cancer deemed to be unre-
sectable after evaluation by a specialist pancreas surgeon,
typically in the setting of a multidisciplinary tumor board.
All patients underwent computerized tomography and/or
magnetic resonance imaging to rule out distant metastatic
disease and to determine local tumor stage.
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Treatment

Multiple radiation techniques were used in the study.
Most of the patients were treated with 3DCRT or IMRT.
Target volumes for the cases typically involved the primary
tumor and radiographically involved nodes, if present, with
a margin. Typical margin size involved a 5 mm gross
expansion for clinical target volume and 5 mm expansion
for planning target volume. The vast majority of patients
underwent motion management with daily imaging for
setup. Elective nodal irradiation was not routinely per-
formed. Biologic effective dose was calculated with o/ = 4
for normal tissue, using the prescription dose as a surrogate
for normal tissue dose for organs adjacent to the target.

Statistics

Initially, we sought to determine whether treatment
modality affected the risk of short-term toxicities and dis-
ease progression using weighted regression models, where
weights were estimates of the inverse probability of treat-
ment. The short-term toxicities were defined using the
National Cancer Institute Common Terminology Criteria
for Adverse Events (version 4.03). Significant toxicities
included nausea (grade >2), fatigue (grade >2), and
abdominal pain (grade >2), as well as hospitalization for
any treatment-related issue and whether the patient
required a toxicity break during radiation. These variables
were assessed using weighted logistic regression. The
short-term toxicity of weight loss, measured immediately
after radiation and 3 months after, was modeled using
weighted linear regression. Inverse probability weighting
(IPTW) was used to adjust for imbalances in clinical char-
acteristics between radiation treatment groups. We have
illustrated the standardized differences to summarize
imbalances in patient characteristics between 2 radiation
groups, in which the orange dots demonstrate a preadjust-
ment imbalance in patient characteristics and the yellow
squares indicate balancing after IPTW (Fig. E1).

Patient-level weights were defined as the inverse of the
model estimated probability of receiving the observed,
with treatment probabilities estimated using a propensity
score model that included age, tumor location, Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus, and concurrent chemotherapy treatment. For simplic-
ity, a single propensity model was fit for all patients with
complete data because outcomes were missing for some
patients. Firth’s method was used to provide finite param-
eter estimates for rarer short-term outcomes (eg, abdomi-
nal pain). We did not adjust for concurrent multiagent
chemotherapy treatment in our propensity model, owing
to extreme propensity scores, and instead adjusted for
this covariate in our outcome models for the short-term
toxicity outcomes.

We also assessed potential associations between the
short-term toxicities and biliary stent placement. To
account for variation in the timing of stent placement, the
presence of a stent was defined relative to the time at
which the outcome of interest was recorded. Average dif-
ferences in patient toxicities by placement of a biliary
stent were assessed using 2-sided  tests and x tests.

Second, we sought to examine patient and clinical fac-
tors associated with long-term toxicity (upper GI bleed),
survival, and disease progression (local and systemic). We
assessed associations between demographic, disease, and
treatment characteristics with outcomes of interest using
Cox proportional hazards models with administrative
censoring at 3 years. Biliary stent placement was treated
as a time-varying covariate. For patients with multiple
stents and stent replacements (n = 7), we considered only
the initial placement. Owing to the scarcity of observed
GI bleed events, variable inclusion in this model was
determined through a stepwise selection procedure based
on Akaike information criterion. Akaike information cri-
terion—based stepwise selection was also used when
modeling overall survival. Local and distant progression
were modeled using weighted Cox proportional hazards
models as a time-to-first-progression event, in which an
earlier recorded progression type served as a censor for
the other. Statistical significance was defined as a 2-sided
P value of less than .05, and no formal multiplicity correc-
tions were used. R version 3.6 was used for all statistical
analyses.

Results

Patient characteristics

The baseline characteristics of the 213 patients
included in our study are summarized in Table 1. Full
clinical TNM (tumor, node, metastasis) staging was avail-
able for 157 of the 213 patients. The remaining patients
were characterized as having unresectable, nonmetastatic
disease, but specific T and N staging was not reported.
The average age of patients treated was 62 years, with
most patients (n = 145) falling between the ages of 55 and
75 vyears. Fifty-seven percent of patients were men.
Ninety-four percent had unresectable disease (n = 201);
3% had borderline resectable disease (n = 6); and 1% had
resectable (n = 2) disease. The 2 patients with resectable
disease did not undergo surgery, owing to patient prefer-
ence and comorbid medical conditions. ECOG perfor-
mance status was available for 200 patients, with the
following overall performance distribution: 16.5% ECOG
0, 66.5% ECOG 1, 13% ECOG 2, and 1% ECOG 3. Pathol-
ogy was available for 211 patients, of whom 205 (97%)
were classified as having adenocarcinoma and 3 (1.5%)
were classified as having neuroendocrine tumors; 3
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Table 1 Patient demographics and clinical characteristics

Characteristic Median (range) or number Percentage
Age 62 (29-86) -
Sex
Male 121 57.3%
Female 90 42.7%
Ethnicity
Caucasian 179 84.8%
Black 14 6.6%
Asian 2 0.9%
Other 3 1.4%
Unknown 13 6.2%
Resectability staging
Resectable 2 0.9%
Borderline 6 2.8%
Unresectable 201 95.3%
Unknown 2 0.9%
Surgical resection
Yes 16 7.6%
No 195 92.4%
Staging
1B 3 1.4%
ITA 13 6.2%
IIB 30 14.2%
111 101 47.9%
v 10 4.7%
Unknown 54 25.6%
Nodal status
Negative 46 21.8%
Positive 24 11.4%
Unknown 141 66.8%
Histology
Adenocarcinoma 205 97.2%
Neuroendocrine 3 1.4%
Unknown 3 1.4%
Chemotherapy
Gemcitabine 174 82.5%
5-FU 27 12.8%
Other' 10 4.7%
Tumor location
Head 138 65.4%
Neck 17 8.1%
Body 30 14.2%

(continued on next page)
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Table 1 (Continued)

Characteristic Median (range) or number Percentage
Tail 11 5.2%
Uncinate 14 6.6%
Unknown 1 0.5%

Abbreviation: 5-FU = 5-fluorouracil.

1 Consisted of a combination of gemcitabine, cisplatin, capecitabine or oxaliplatin.

patients (1.5%) had no pathology but were presumed to
have adenocarcinoma (Table 1).

Treatment received

Most patients (99%) received concurrent chemother-
apy; a gemcitabine-based regimen (82%) was the most
common treatment, followed by a 5-fluorouracil—based
regimen (13%). Sixty-nine patients were treated with mul-
tiagent chemotherapy, and gemcitabine with a platinum
agent was the most common regimen (n = 37, 54%). One
hundred seven patients were prescribed 1.8 to 2.0 Gy/frac-
tion to 50 to 54 Gy, 6 patients received 2.3 Gy/fraction to

Table2 Summary of radiation treatment
Characteristic Number* Percentage'
Treatment modality

IMRT 67 31.8%

3D conformal 141 66.8%

2D 3 1.4%
Target

Pancreas 166 78.7%

Pancreas + lymph node 21 10.0%

Unknown 24 11.3%
Radiation duration (d)

Average (range) 27 (4-71) -
Radiation fractions

Average (range) 2.2 (1.8-4.0) -
Bowel radiation dose’

Minimum 13.1 -

Mean 65.8 -

Median 64.4 -

Maximum 102.3 =
Abbreviations: 3D = 3-dimensional; 2D = 2-dimensional;

IMRT = intensity modulated radiation therapy.

* Unless otherwise indicated.

1 Values rounded to 1 decimal place; thus, they may not add up to
100% cumulatively.

{ Calculated as biologic effective dose normalized to o/ = 4.

58 Gy, and 80 patients received 2.4 Gy/fraction or greater
to approximately 36 Gy. Sixty-seven patients received
IMRT, and 145 patients were treated using non-IMRT
techniques, of which the majority were 3DCRT (Table 2).
Two patients were excluded from the analysis, as 1 patient
had a GI bleed before treatment and 1 patient had incom-
plete radiation therapy data.

Short-term toxicities

Regarding  documented  short-term  toxicities
assessed during the radiation course, we found that
25.3%, 15.9%, and 3.8% of patients experienced grade
2 or greater toxicity for nausea, fatigue, and abdominal
pain, respectively. In particular, 3.8%, 1.4%, and 0.5%
experienced grade 3 nausea, fatigue, and abdominal
pain, respectively. No grade 4 toxicities were reported.
At 3 months after radiation therapy, the rates of grade
2 or greater toxicities for nausea, fatigue, and abdomi-
nal pain were 8.0%, 7.0%, and 3.3%, respectively. A
total of 16 patients required hospitalization, of which
7 had received IMRT and 6 had received 3DCRT. A
total of 21 patients required a radiation toxicity break;
8 of these patients received IMRT radiation and 8
received 3DCRT (Table 3).

We next examined treatment-related factors to deter-
mine their effect on toxicity. Short-term toxicities were
compared between patients treated with IMRT and
3DCRT. Of the 67 patients receiving IMRT, 9 reported
significant nausea and 8 reported significant fatigue,
whereas of the 50 patients receiving 3DCRT, 11 reported
significant nausea and 10 reported significant fatigue.
Patients treated with IMRT had lower odds of experienc-
ing high-grade nausea (odds ratio [OR], 0.27; P = .006)
compared with those who were treated with 3DCRT, after
adjusting for concurrent treatment with multiagent che-
motherapy. IMRT was also marginally associated with
lower odds of significant fatigue (OR, 0.43 [0.17, 1.07],
P = .07). Radiation technique was also associated with
weight change during radiation. On average, patients
treated with IMRT compared with those treated with con-
ventional radiation therapy lost 4 Ib more body weight
during radiation, after adjusting for multiagent chemo-
therapy (B = —4.02 [—-7.77, —0.28], P = .038). This
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Table 3 Toxicity outcomes
Toxicity Number  Percentage
Short term*

Nausea 194 100%
Grade 0 104 53.6%
Grade 1 37 19.1%
Grade 2 45 23.2%
Grade 3 8 4.1%
Grade 4 0 0%

Fatigue 187 100%
Grade 0 82 43.9%
Grade 1 71 38.0%
Grade 2 31 16.6%
Grade 3 3 1.6%
Grade 4 0 0%

Abdominal pain 192 100%
Grade 0 122 63.5%
Grade 1 62 32.3%
Grade 2 7 3.6%
Grade 3 1 0.5%
Grade 4 0 0%

Long term

Upper gastrointestinal bleeds 18 9%

Radiation toxicity break 21 10%

Postradiation hospitalization 16 8%

* Listed short-term toxicities overlap across patients and do not
sum to 211.

significant difference in weight change did not persist 3
months after radiation (Table 4).

Long-term toxicities

We next examined long-term GI toxicities beyond 3
months. Development of an upper GI bleed was the
most common severe late toxicity seen in our cohort,
ascertained via esophagogastroduodenoscopy. Eighteen
patients exhibited upper GI bleeding; the majority (11 of
18) of these events were in the duodenum. Of the 18
patients who experienced a treatment-related GI bleed, 11
had a pancreatic head tumor, and 17 had a metallic biliary
stent. On univariate analysis, the presence of a biliary stent
during chemoradiation indicated an increased risk of GI
bleed development (hazard ratio [HR], 15.4 [2.02, 117.42],
P =.008). No other factors, including tumor location, per-
formance status, type of radiation, or concurrent chemo-
therapy, were associated with GI bleeding risk on
univariate analysis (Table 5). Given the potential for tumor

location to affect stent placement, we performed a multi-
variate analysis incorporating tumor location, treatment
technique, and radiation dose. After adjusting for tumor
location, the presence of a biliary stent was strongly associ-
ated with an increased risk of GI bleed (HR, 24.8 [3.08,
200.04], P = .003). Additionally, when we incorporated
IMRT and radiation dose in our models, the presence of a
biliary stent remained the most robust predictor of GI
bleed risk (HR, 17.4 [2.26, 133.58], P = .006) (Table 5).

Survival and disease progression

For the last part of our analysis, we examined patient-
and treatment-related factors to see how they were associ-
ated with long-term survival. Biliary stent placement,
higher ECOG score, and use of multiagent concurrent
chemotherapy were significantly associated with increased
hazard of death (HRgen, 1.99 [1.41, 2.83], P < .001),
(HRgcog 169 [1.24, 2.30], P = .001), (HRmultiagenss 1.77
[1.12, 2.81], P = .014) after adjusting for demographic,
treatment-related, and patient-related variables.

Although multiagent concurrent chemotherapy was asso-
ciated with all-cause mortality, concurrent chemotherapy
with single-agent gemcitabine (adjusted HR, 1.50 [0.91,
248], P = .113) was not statistically significantly associated
with increased mortality risk, suggesting that concurrent
gemcitabine alone is safe and effective with radiation. In
addition, higher age trended toward an increased hazard of
death (HR, 1.02 [1.00, 1.03], P = .055) (Table 6).

Furthermore, treatment modality (IMRT) did not statis-
tically affect time to local progression (HR, 1.04 [0.45,
2.39], P = .931) or time to systemic progression of disease
(HR, 1.40 [0.82, 2.39], P = .219) (Table 4). This was further
illustrated using Kaplan-Meir curves, which were weighted
using IPTW and stratified by multiagent chemotherapy
and radiation treatment modality (Figs. E2 and E3).

Discussion

The role of radiation therapy in pancreatic cancer is
evolving as more sophisticated treatment techniques are
developed and better systemic therapies are discovered. Che-
moradiation is known to be effective at providing local con-
trol in unresectable patients; however, several factors,
including the potential for toxicity and risk of distant metas-
tases, has made its routine use less appealing. For this proj-
ect, we sought to determine potential predictors of toxicity
using a large database of patients treated with various techni-
ques, dose fractionation schedules, and concurrent chemo-
therapy regimens. Our main findings were that IMRT was
associated with less short-term toxicity compared with
3DCRT and that the presence of a biliary stent was strongly
associated with developing a GI bleed after treatment, even
after adjusting for tumor location and radiation dose.
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Table 4 Inverse probability weighting regression models for short-term toxicities and disease progression
Variable IMRT vs non-IMRT radiation
Outcome Estimate 95% CI P value
Logistic regression (odds ratio)
Radiation toxicity break (ref = no) 0.93 (0.31, 2.83) 903
Hospitalization (ref = no) 1.53 (0.56, 4.21) 408
End-radiation nausea grade (ref: <2) 0.27 (0.11,0.67) .006
End-radiation fatigue grade (ref: <2) 0.43 (0.17, 1.07) .070
End-radiation abdominal grade (ref: <2) 0.13 (0.00, 1.45) .107
Cox regression (hazard ratio)
Time until local progression 1.04 (0.45, 2.39) 931
Time until systemic progression 1.40 (0.82, 2.39) 219
Linear regression (effect size)
Weight change: during radiation —4.02 (=7.77, —0.28) .038
Weight change: 3 mo postradiation —2.33 (—=7.41,2.75) 37
Abbreviations: IMRT = intensity modulated radiation therapy; ref = reference.
We also adjusted for concurrent treatment with multiagent chemotherapy, as this variable is not adjusted for in the inverse probability weighting.
Robust standard errors (sandwich estimates) are reported for all models except for the outcome of abdominal grade.

Previous studies have examined the dosimetric advan-
tages of IMRT in the abdomen. Jin et al'’ demonstrated
that IMRT results in a lower V10, V20, and mean radia-
tion dose to the duodenum compared with 3DCRT. Other
reports have shown that the V30, V45, and V50 to the
small bowel correlate with small bowel toxicity. IMRT has
been previously shown to significantly reduce these dose-
volume parameters of the small bowel, resulting in lower
toxicity rates.'"”'” In our study, a significantly lower rate
of nausea was seen in patients receiving IMRT versus tra-
ditional radiation techniques. As our treatment volumes
typically encompassed only the gross tumor volume with
a margin, diarrhea was not as frequent in our cohort as
was reported in the previously mentioned studies, likely
due to the omission of elective nodal radiation.

An upper GI bleed event was the most common long-
term toxicity identified in our analysis. Almost all the
patients who had a GI bleed had a metal biliary stent at
the time of radiation (94%). Several factors may poten-
tially confound this association. Patients who require a
stent typically have tumors in the head of the pancreas
adjacent to the duodenum, and patients requiring a stent
may have larger and potentially more invasive tumors.
After adjusting for factors such as tumor location and
radiation dose in a multivariate analysis, the persistence
and strength of this association suggests a clinically rele-
vant association after attempting to control for confound-
ing variables. One explanation of the stent’s effect on GI
bleeding risk is that damage from radiation is exacerbated
by inflammation associated with the stent. Radiation-
induced GI ulcers and bleeds are late effects related to
chronic inflammation and tissue injury and are mediated

by cytokines and other factors.'” The presence of a biliary
stent is also associated with local inflammation in the
duct itself and in adjacent tissue. In some patients, this
acute inflammatory process may persist and become exag-
gerated, resulting in ischemia, ulceration, and fibrotic
changes.” A study by Ballinger et al'* examined cytokine
levels in patients with malignant bile duct obstruction
before and after stenting. This study found that the levels
of certain cytokines, such as IL-6, decrease after stent
placement; however, tumor necrosis factor o levels remain
elevated. The tumor necrosis factor axis is well established
to play a role in inflammation and radiation toxicity."*
Additionally, rabbit models have demonstrated the effects
of biliary stents on chronic inflammation in the pancreas
and duodenum.'” It is likely that this chronic inflamma-
tory state of the tissue surrounding the stent plays a role
in the development of GI toxicity by increasing the levels
of inflammatory cytokines, which can lead to injury and
impair the healing response after radiation therapy.

Another explanation for the increased toxicity seen
with a biliary stent is that the stent may alter the dose in
adjacent tissue, owing to its high Z properties. No previ-
ous study has examined the dosimetric effects a biliary
stent has on surrounding tissues; however, a prior report
has studied the effect of metal esophageal stents. Using
Monte Carlo dose simulation methods, this study showed
that the tissue adjacent to a metal stent may receive up to
a 7.8% greater dose for a stainless-steel stent and up to
8.8% for a polyflex stent. Newer metal alloys such as niti-
nol were associated with less dose enhancement, at 2% to
2.5%.'>"” Other studies have shown similar findings with
esophageal stents.'*"”
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Table 5 Regression models for upper Gl bleeding

Univariable Cox hazards models for time to upper GI bleed

Covariate Hazard ratio 95% CI P value LRT Sample size
Age 1.01 (0.96, 1.06) 725 211
Tumor location 0.971 210

Head 1.13 (0.24, 5.29) 878

Uncinate 0.98 (0.08, 11.42) .986

Neck 1.04 (0.19, 5.72) 964

Body 1.64 (0.33, 8.23) 548
ECOG* 1.27 (0.54, 3.00) .583 198
Biliary stent 15.41 (2.02,117.42) .008 210
IMRT radiation 0.81 (0.29,2.28) .686 211
Concurrent chemotherapy agent 0.718 208

5-FU 0.42 (0.03, 6.77) 541

Gemcitabine 0.88 (0.10, 8.00) 912

Multiagent 0.75 (0.20, 2.79) .666
Bowel radiation dose 0.99 (0.96, 1.02) .625 192

Cox hazards model for time until upper GI bleeding using stepwise selection

Covariate Hazard ratio 95% CI Pvalue
Tumor location (head) 0.36 (0.12, 1.05) .061
Biliary stent 24.82 (3.08, 200.04) .003
Cox hazards model for upper GI bleeding with radiation covariates

Covariate Hazard ratio 95% CI Pvalue
Biliary stent 17.38 (2.26, 133.58) .006
IMRT radiation 0.86 (0.20, 3.75) 841
Bowel radiation dose 1.01 (0.96, 1.06) 717

therapy; LRT = likelihood ratio test.
* ECOG is parameterized as an ordinal variable.

Abbreviations: 5-FU = 5-fluorouracil; ECOG = Eastern Cooperative Oncology Group; GI = gastrointestinal; IMRT = intensity modulated radiation

Many of the limitations of our study can be linked to the
assessment of relatively rare outcomes and the statistical
methods used for accurate data assessment. Owing to the
small number of events relative to the patient population

size, outcomes such as GI bleeding and toxicity grade
exhibited wide confidence intervals during statistical
modeling. These wide confidence intervals remained after
Firth penalized estimation. In assessing short-term

Table 6 Cox hazards model for all-cause mortality using stepwise selection

Covariate Hazard ratio 95% CI P value
Age 1.02 (1.00, 1.03) .055
ECOG 1.69 (1.24,2.30) .001
Tumor location (body) 1.50 (0.96, 2.34) .072
IMRT radiation 1.32 (0.93, 1.89) 125
Concurrent chemotherapy (gem) 1.50 (0.91, 2.48) 113
Concurrent chemotherapy (MA) 1.77 (1.12,2.81) .014
Biliary stent 1.99 (1.41,2.83) <.001
Abbreviations: ECOG = Eastern Cooperative Oncology Group; gem = gemcitabine; IMRT = intensity modulated radiation therapy; MA = multiagent
chemotherapy.




Advances in Radiation Oncology: November—December 2023

Predictors of toxicity in pancreatic cancer 9

toxicities, the use of multiagent chemotherapy resulted in
extreme propensity scores, requiring a separate adjustment
of this variable in our analysis. Although this reduced
extreme weights, it limited our ability to draw causal con-
clusions. Furthermore, given that tumors located in the tail
of the pancreas did not demonstrate bleeding events, this
location was not adjusted for in the models. However, as
only 12 patients had pancreatic tail tumors in our analysis,
we do not believe this omission to have significantly influ-
enced the analysis. Furthermore, individual-level dosimet-
ric data were limited in our data set; however, it was
assumed that prescription dose was a good surrogate
marker for maximum bowel dose.

Conclusion

In synopsis, our analysis indicated that IMRT is associ-
ated with less short-term toxicity, as demonstrated by the
reduction in nausea grade after radiation therapy. Fur-
thermore, biliary stent placement was associated with
higher all-cause mortality and an increased risk of postra-
diation GI bleed. Therefore, our analysis indicates the
need for caution when treating patients with biliary stents
undergoing definitive radiation therapy, as closer post-
therapy monitoring for GI bleed or adjusted dose con-
straints may be warranted.
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