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Abstract: Objective: To report on clinical outcomes and toxicity in older (age ≥ 70 years) patients
with localized pancreatic cancer treated with upfront chemotherapy followed by stereotactic body
radiation therapy (SBRT) with or without surgery. Methods: Endpoints included overall survival
(OS), local progression-free survival (LPFS), distant metastasis-free survival (DMFS), progression-free
survival (PFS), and toxicity. Results: A total of 57 older patients were included in the study. Median
OS was 19.6 months, with six-month, one-year, and two-year OS rates of 83.4, 66.5, and 42.4%. On
MVA, resection status (HR: 0.30, 95% CI 0.12–0.91, p = 0.031) was associated with OS. Patients with
surgically resected tumors had improved median OS (29.1 vs. 7.0 months, p < 0.001). On MVA,
resection status (HR: 0.40, 95% CI 0.17–0.93, p = 0.034) was also associated with PFS. Patients with
surgically resected tumors had improved median PFS (12.9 vs. 1.6 months, p < 0.001). There were
3/57 cases (5.3%) of late grade 3 radiation toxicity and 2/38 cases (5.3%) of Clavien-Dindo grade 3b
toxicity in those who underwent resection. Conclusion: Multimodality therapy involving SBRT is
safe and feasible in older patients with localized pancreatic cancer. Surgical resection was associated
with improved clinical outcomes. As such, older patients who complete chemotherapy should not be
excluded from aggressive local therapy when possible.

Keywords: stereotactic body radiation therapy; SBRT; older patients; pancreatic cancer; localized
pancreatic cancer; clinical outcomes; toxicity

1. Introduction

Pancreatic cancer is the third leading cause of cancer-related deaths in the United
States, responsible for over 48,000 deaths each year [1]. In fact, it is projected to become
the second most common cause of cancer-related deaths by the year 2040 [2]. Treatment of
localized disease usually involves a combination of chemotherapy, radiation therapy, and
surgical resection [3]. Unfortunately, even with aggressive therapy, outcomes are guarded
with a five-year overall survival (OS) rate of less than 15% for borderline resectable and
locally advanced pancreatic cancer (BRPC/LAPC) [4].

Pancreatic cancer can be considered a disease of older patients with the median age
of diagnosis of 70 years [5]. In fact, two thirds of newly diagnosed patients are over
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65 years [5]. As our population continues to age, the incidence of pancreatic cancer in the
older patients is expected to increase [6]. However, optimal management of this group
of patients is largely unknown given that clinical trials consist predominantly of younger
patients, and as such, the results cannot necessarily be applied to the treatment of older
patients [7,8]. Furthermore, only a small proportion of older patients currently receive
what would be considered standard of care therapy for non-older patients [9–12]. In fact,
one study demonstrated that only 44% of patients over 65 years with LAPC received
any treatment at all [13]. As such, more information is needed regarding the optimal
management of older patients with pancreatic cancer.

Older patients are more likely to have co-morbidities or poor performance status
that precludes aggressive therapy such as surgical resection and adjuvant therapy [9].
Stereotactic body radiation therapy (SBRT), which is used for the purpose of margin
sterilization in the neoadjuvant setting or for improved local progression-free survival
(LPFS) in the definitive/unresectable setting, may have a role in these patients. There
have been only a handful of studies investigating the role of SBRT in older patients [14–18].
Unfortunately, many of these studies are limited by heterogeneous treatment and disease
characteristics. As such, we report on a cohort of older patients (age ≥ 70 years) with
BRPC/LAPC who were treated with upfront chemotherapy followed by five-fraction
SBRT with or without surgery. We report on clinical outcomes such as OS, LPFS, distant
metastasis-free survival (DMFS), and progression-free survival (PFS), as well as on toxicity.
We also compare practice patterns between older patients and patients < 70 years.

2. Materials and Methods
2.1. Study Design

This was a single institution retrospective review of patients with BRPC/LAPC who
were treated with upfront chemotherapy followed by SBRT with or without surgery, with
a focus on older patients (≥70 years), which comprised the study population. The study
was approved by our institutional review board. The inclusion criteria were as follows:
(1) Biopsy proven diagnosis of pancreatic cancer; (2) Age ≥ 70 years; (3) BRPC or LAPC per
NCCN criteria [3]; (4) Treatment with upfront chemotherapy followed by SBRT; (5) Regular
follow-up with diagnostic imaging available for review. Clinical outcomes and toxicity were
evaluated for older patients. In addition, practice patterns of older patients were compared
to that of the rest of the source population (<70 years). Radiation and chemotherapy-
related toxicity were evaluated with the Common Terminology Criteria for Adverse Events
(CTCAE) criteria, and postoperative toxicity was assessed within 90 days after surgery
with Clavien–Dindo classification.

2.2. Definition of Clinical Outcomes

Clinical outcomes included OS, LPFS, DMFS, and PFS. Overall survival was defined
as time from completion of SBRT to death. Patients who were alive were censored at time
of last clinic visit. Local-progression free survival and DMFS were defined as time from
completion of SBRT to development of locoregional disease and distant disease on imaging,
respectively. Death was not included as an endpoint when evaluating LPFS and DMFS.
Patients who did not experience local progression or distant disease were censored at time
of last imaging follow-up. Progression-free survival was defined as time from completion of
SBRT to development of any radiographic evidence of disease progression or death. Patients
who did not experience any progression were censored at time of last imaging follow-up.

2.3. General Treatment Paradigm

At our institution, all patients with BRPC/LAPC were treated with upfront chemother-
apy, with a preference for multi-agent regimens when feasible. During chemotherapy,
pancreatic protocol computed tomography (CT) scans were performed at approximately
three-month intervals to assess treatment response. After completion of chemotherapy,
patients were recommended for five-fraction SBRT if they had stable or responding dis-
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ease. After completion of SBRT, patients had re-staging diagnostic imaging. All BRPC
patients were taken for surgical exploration if they had imaging evidence of disease re-
sponse/stability and no medical contraindications. The same was true for LAPC, with the
exception of patients with extensive local disease characterized by encasement of multiple
arterial structures or occlusion of venous structures with collateral formation, precluding a
reasonable pathway for surgical resection.

2.4. SBRT Treatment Details

After completion of upfront chemotherapy, patients were planned for five-fraction
SBRT. Prior to simulation, all patients had endoscopic ultrasound-guided placement of
gold fiducials to assist with image guidance. At time of simulation, patients were placed
supine with arms above head and immobilized in a Vac-Lok (CIVCO Medical Solutions,
Coralville, IA, USA). Thin-sliced CT scans with intravenous contrast were acquired for
treatment planning. Target volumes and organs at risk were delineated using Pinnacle
Treatment Planning System (Phillips Radiation Oncology Systems, Fitchburg, WI, USA).
Active breathing control (ABC, Elekta, Stockholm, Sweden) was utilized for motion man-
agement. Patients who could not tolerate breath hold underwent a four-dimensional CT
scan, and an internal target volume (ITV) was generated from the maximum inspiratory
and expiratory phases. The clinical target volume (CTV) consisted of gross disease on imag-
ing in addition to full circumference of involved vasculature. The planning target volume
(PTV) was generated by adding 3–5 mm isotropic expansion to the CTV in breath-hold
cases and to the ITV in free breathing cases. Daily image guidance with pre-treatment and
intrafraction cone beam CT scans was performed to ensure appropriate patient positioning.
Patients were aligned to bone and then shifted to align to fiducials. All patients were
treated on an Elekta linear accelerator unit (Elekta, Stockholm, Sweden).

2.5. Statistical Analysis

Patient, treatment, and disease characteristics were recorded including age, sex,
Eastern Cooperative Oncology Group score, Adult Comorbidity Evaluation-27 score, tu-
mor location, disease extent, baseline cancer antigen 19-9 (CA 19-9) and total bilirubin,
chemotherapy type and duration, SBRT dose and fractionation, PTV size, and resection
status. Univariate Cox analysis (UVA) was performed to evaluate associations between
the aforementioned variables with clinical outcomes. Variables with p < 0.05 on UVA were
entered into multivariable Cox analysis (MVA). Kaplan-Meier analysis was performed
for survival outcomes, and log-rank test was used to assess significance between groups.
Chi-square and Mann–Whitney U tests were used to assess differences in practice patterns
and toxicity between various groups. A p value < 0.05 was considered significant and all
p values were two-sided. Statistical analysis was performed with JMP version 15.0 (SAS
institute, Cary, NC, USA)

3. Results
3.1. Patient, Disease, and Treatment Characteristics

Patient, disease and treatment details are displayed in Table 1. From August 2016 to
May 2021, a total of 182 patients were treated with upfront chemotherapy and SBRT, of
which 57 patients had age ≥ 70 years and comprised the study population. The median
age was 73.6 years (range, 70.1–84.1 years). There were 31 males (54.4%) and 26 females
(45.6%). Eastern cooperative group score of 0, 1, and 2 were seen in 17 (29.8%), 38 (66.7%),
and 2 (3.5%) patients, respectively. Adult Comorbidity Evaluation-27 score was 0, 1, 2,
and 3 in 11 (19.3%), 35 (61.4%), 9 (15.8%), and 2 (3.5%) patients, respectively. Disease
extent was borderline resectable in 27 patients (46.4%) and locally advanced in 30 patients
(52.6%). Baseline CA 19-9 and total bilirubin were 233.3 U/mL (range, 1.0–7358.4 U/mL)
and 0.55 U/mL (range, 0.2–15.2 U/mL), respectively. Median induction chemotherapy
duration was four months (range, 2–18 months) and consisted of modified FOLFIRINOX
(mFFX) (30/57, 52.5%), gemcitabine plus nab-paclitaxel (GnP) (24/57, 42.1%), mFFX and
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capecitabine (1/57, 1.8%), gemcitabine and capecitabine (1/57, 1.8%), and gemcitabine
(1/57, 1.8%). The most common SBRT dose fractionation was 33 Gy in five fractions (53/57,
93.0%), followed by 30 Gy in five fractions (2/57, 3.5%), and 36 Gy in five fractions (2/57,
3.5%). Median PTV was 108.8 cc (range, 13.1–368.9 cc). The majority of patients were treated
with breath hold technique (43/57, 75.4%). The majority of patients underwent surgical
resection (38/57, 66.7%), with Whipple procedure (27/38, 71.1%), distal pancreatectomy
(10/38, 26.3%), or total pancreatectomy (1/38, 2.6%). Of the 19 patients who did not
undergo surgical resection, two had medical contraindications/advanced age, six had
extensive local disease characterized by encasement of arterial structures or occlusion of
venous structures with collateral formation, six developed distant disease on re-staging CT
prior to surgery, and five had evidence of distant disease at time of surgical exploration.
Post-SBRT/surgery chemotherapy was administered to 19 patients (33.3%) for a median
duration of two months (range, one–six months).

Table 1. Patient, treatment, and disease characteristics.

Characteristics N (%) or Median (Range)

No. of Patients 57

Age (years) 73.6 (70.1–84.1)

Sex

Male 31 (54.4)

Female 26 (45.6)

ECOG

0 17 (29.8)

1 38 (66.7)

2 2 (3.5)

ACE-27

0 11 (19.3)

1 35 (61.4)

2 9 (15.8)

3 2 (3.5)

Histology

Adenocarcinoma 55 (96.4)

Acinar cell 1 (1.8)

Undifferentiated carcinoma 1 (1.8)

Location of primary tumor

Head 33 (57.9)

Other 24 (42.1)

Disease extent

Borderline resectable 27 (47.4)

Locally advanced 30 (52.6)

Baseline CA 19-9 (U/mL) 233.3 (1.0–7358.4)

Baseline total bilirubin (U/m 0.55 (0.2–15.2)

Induction chemotherapy duration (months) 4 (2–18)

Induction chemotherapy

mFFX 30 (52.5)

GnP 24 (42.1)
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Table 1. Cont.

Characteristics N (%) or Median (Range)

mFFX and capecitabine 1 (1.8)

Gemcitabine and capecitabine 1 (1.8)

Gemcitabine 1 (1.8)

SBRT dose and fractionation

33 Gy in 5 fractions 53 (93.0)

30 Gy 5 fractions 2 (3.5)

36 Gy in 5 fractions 2 (3.5)

PTV (cm3) 108.8 (13.1–368.8)

Surgically Resected 38 (66.7)

Whipple 27 (71.1)

Distal 10 (26.3)

Total pancreatectomy 1 (2.6)

Post-SBRT/surgery chemotherapy

Yes 19 (33.3)

No 38 (66.7)
Abbreviations: ECOG, Eastern Cooperative Oncology Group; CA 19-9, cancer antigen 19-9; mFFX, modified
FOLFIRINOX; GnP, gemcitabine plus nab-paclitaxel; SBRT, stereotactic body radiation therapy; PTV, planning
target volume.

3.2. Practice Patterns

Table 2 shows practice patterns in the study population (≥70 years) compared to the
rest of the source population (<70 years). Multi-agent chemotherapy was administered
to a similar proportion in both populations (98.2% vs. 100, p = 0.127). Older patients
were more likely to receive induction GnP (42.1% vs. 12.2%, p < 0.001). Median duration
of chemotherapy was similar between both groups (p = 0.233). Older patients were less
likely to undergo surgical exploration (75.4% vs. 88.8%, p = 0.025). Post-operative/SBRT
chemotherapy was administered to a similar proportion in both groups (33.3% vs. 36.0%,
p = 0.726).

Supplementary Table S1 shows practice patterns and treatment related toxicity in the
study population based on three age cutoffs: 70–75, 75–80, and > 80 years. Management
was similar in all three groups with the exception of chemotherapy regimen, with GnP
given more frequently to older patients (32.4% vs. 42.9% vs. 100%, p < 0.003). There was no
difference in treatment related toxicity between the three groups.

Table 2. Practice patterns in older patients and rest of the source population.

Older Patients (≥70 Years) Rest of the Source Population
(<70 Years)

Variable N (% or Range) N (% or Range) p Value

Total number 57 125

Multi-agent chemotherapy 56 (98.2) 125 (100) 0.127

Chemotherapy regimen

mFFX 31 (54.4) 111 (88.8) <0.001

GnP 24 (42.1) 14 (12.2) <0.001

Gemcitabine/capecitabine 1 (1.8) 0 (0) 0.127

Gemcitabine 1 (1.8) 0 (0) 0.127
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Table 2. Cont.

Older Patients (≥70 Years) Rest of the Source Population
(<70 Years)

Variable N (% or Range) N (% or Range) p Value

Median chemotherapy duration
(months) 4 (2–18) 4 (1–15) 0.233

Surgical Exploration 43 (75.4) 111 (88.8) 0.025

Resected 38 (66.7) 86 (68.8) 0.775

Post-SBRT/surgery chemotherapy 19 (33.3) 45 (36.0) 0.726

Abbreviations: mFFX, modified FOLFIRINOX; GnP, gemcitabine plus nab-paclitaxel. Bold text indicates
p-value < 0.05.

3.3. Clinical Outcomes

The median follow-up after SBRT for the entire cohort was 13.5 months (range,
0.63–50.4 months). At time of last follow-up, 27 patients (47.4%) were alive. Patterns
of failure at last follow-up were as follows: 3 with local failure alone, 20 with distant
failure alone, and 18 with local and distant failure. Of the 18 patients with local and distant
disease, 3 developed local failure first, 3 developed distant failure first, and 12 developed
synchronous local and distant failure.

Median OS was 19.6 months, with six-month, one-year, and year-year OS rates of
83.4, 66.5, and 42.4%, respectively (Figure 1A). On UVA, sex (HR: 2.22, 95% CI 1.03–4.76,
p = 0.042), ACE-27 (HR: 0.35, 95% CI 0.16–0.74, p = 0.007), resection status (HR: 0.20, 95% CI
0.092–0.42, p < 0.001), and post-SBRT/surgery chemotherapy (HR: 0.26, 95% CI 0.11–0.64,
p = 0.004) were associated with OS. Of note, age was not associated with OS on UVA. On
MVA, only resection status (HR: 0.30, 95% CI 0.12–0.91, p = 0.031) was associated with
OS (Table 3). Patients with surgically resected tumors had a median OS of 29.1 versus 7.0
months in patients with unresected tumors (log-rank p < 0.001) (Figure 1B). Median LPFS
was 18.7 months with six-month, one-year, and two-year LPFS rates of 86.8, 73.3, and 44.6%
(Supplementary Figure S1A). On UVA, only pre-SBRT CA 19-9 U/mL was associated with
LPFS (HR: 1.002, 95% CI 1.00–1.005, p = 0.037) (Supplementary Table S2). Of note, resection
status was not associated with LPFS (Supplementary Figure S1B). As such, MVA was not
performed for LPFS.
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Table 3. Univariate and multivariable analyses of overall survival.

UVA MVA
HR 95% CI p HR 95% CI p

Age (years) 1.06 0.96–1.16 0.259

Sex (male vs. female) 0.45 0.21–0.97 0.042 1.51 0.61–3.69 0.371

ECOG (0 vs. 1–2) 0.99 0.45–2.20 0.981

ACE-27 (0–1 vs. 2–3) 0.35 0.16–0.74 0.007 0.82 0.28–2.39 0.722

Disease extent (BRPC vs. LAPC) 1.36 0.66–2.81 0.403

Tumor location (head vs. other) 0.66 0.32–1.35 0.256

Induction CT duration (>4 vs. ≤4
months) 0.63 0.29–1.34 0.229

Induction CT (mFFX vs. GnP) 1.29 0.60–2.76 0.516

Resected (yes vs. no) 0.20 0.092–0.42 <0.001 0.30 0.12–0.91 0.031

Baseline CA 19-9 (U/mL) 0.99 0.99–1.00 0.883

Pre-SBRT CA 19-9 (U/mL) 1.00 0.99–1.00 0.633

Baseline Total Bilirubin (mg/dL) 1.00 0.88–1.10 0.989

Post-SBRT/surgery
chemotherapy (yes vs. no) 0.26 0.11–0.64 0.004 0.41 0.15–1.14 0.087

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ACE-27, adult comorbidity evaluation-27; BRPC,
borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; mFFX, modified FOLFIRINOX;
GnP, gemcitabine plus nab-paclitaxel; CA 19-9, cancer antigen 19-9; SBRT, stereotactic body radiation therapy.
Bold text indicates p-value < 0.05.

Median DMFS was 13.5 months, with six-month, one-year, and two-year DMFS rates
of 67.2, 53.0, and 31.6%, respectively (Supplementary Figure S1C). On UVA, resection status
(HR: 0.22, 95% CI 0.11–0.46, p < 0.001), ACE-27 (HR: 0.34, 95% CI 0.16–0.72, p = 0.005) and
post-SBRT/surgery chemotherapy (HR: 0.47, 95% CI 0.23–0.94, p = 0.032) were associated
with DMFS. On MVA, only resection status (HR: 0.33, 95% CI 0.14–0.77, p = 0.010) was
associated with DMFS (Supplementary Table S3). Patients with surgically resected tumors
had a DMFS of 15.6 versus 1.6 months in patients with unresected tumors (log-rank,
p < 0.001) (Supplementary Figure S1D). Median PFS was 9.3 months, with six-month,
one-year, and two-year PFS rates of 62.5, 40.7, and 18.6%, respectively (Figure 1C). On
UVA, age (HR: 1.09, 95% CI 1.01–1.18, p = 0.034), sex (HR: 1.89, 95% CI 1.04–3.46, p = 0.038),
ACE-27 (HR: 0.33, 95% CI 0.16–0.66, p = 0.002), resection status (HR: 0.25, 95% CI 0.13–0.47,
p < 0.001), and post-SBRT/surgery chemotherapy (HR: 0.43, 95% CI 0.22–0.82, p = 0.011)
were associated with PFS. On MVA, only resection status (HR: 0.40, 95% CI 0.17–0.93,
p = 0.034) was associated with PFS (Table 4). Patients with surgically resected tumors had
a median PFS of 12.9 versus 1.6 months in unresected patients (log-rank p value < 0.001)
(Figure 1D).

Table 4. Univariate and multivariable analyses of progression-free survival.

UVA MVA
HR 95% CI p HR 95% CI p

Age (years) 1.09 1.01–1.18 0.034 1.02 0.93–1.12 0.791

Sex (male vs. female) 1.89 1.04–3.46 0.038 1.49 0.74–3.00 0.261

ECOG (0 vs. 1–2) 0.65 0.33–1.25 0.196

ACE-27 (0–1 vs. 2–3) 0.33 0.16–0.66 0.002 0.56 0.23–1.34 0.193
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Table 4. Cont.

UVA MVA
HR 95% CI p HR 95% CI p

Disease extent (BRPC vs. LAPC) 1.24 0.69–2.23 0.476

Tumor location (head vs. other) 0.94 0.52–1.69 0.827

Induction CT duration (>4 vs. ≤4
months) 0.95 0.52–1.72 0.861

Induction CT (mFFX vs. GnP) 0.99 0.54–1.82 0.980

Resected (yes vs. no) 0.25 0.13–0.47 <0.001 0.40 0.17–0.93 0.034

Baseline CA 19-9 (U/mL) 1.00 0.99–1.00 0.387

Pre-SBRT CA 19-9 (U/mL) 1.00 1.00–1.00 0.405

Baseline Total Bilirubin (mg/dL) 1.02 0.91–1.10 0.729

Post-SBRT/surgery
chemotherapy (yes vs. no) 0.43 0.22–0.82 0.011 0.58 0.28–1.19 0.140

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ACE-27, adult comorbidity evaluation-27; BRPC,
borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic cancer; mFFX, modified FOLFIRINOX;
GnP, gemcitabine plus nab-paclitaxel; CA 19-9, cancer antigen 19-9; SBRT, stereotactic body radiation therapy.
Bold text indicates p-value < 0.05.

3.4. Toxicity

Table 5 displays treatment-related toxicity. Chemotherapy-related grade 3 toxicity
occurred in 12 patients (21.1%), with the most common being diarrhea, dehydration, and
febrile neutropenia. Three patients (5.3%) could not tolerate their initial chemotherapy
regimen and were switched to a new regimen. Clavien-Dindo grade 3b toxicity occurred in
2/38 patients (5.3%) who underwent surgical resection. One patient developed a gastroduo-
denal artery pseudoaneurysm roughly seven weeks after surgery, requiring coil emboliza-
tion. The other patient developed a gastrocutaneous fistula approximately three weeks
after surgery, requiring endoscopic guided suturing. Acute grade 1 radiation toxicity was
observed in 26 patients (45.6%) and acute grade 2 radiation toxicity was observed in four
patients (7.0%). The most common acute radiation toxicities were fatigue, nausea/vomiting,
and constipation. Three patients (5%) experienced late grade 3 radiation toxicity. One
patient developed gastric outlet obstruction 17 months after SBRT, with endoscopy show-
ing delayed gastric emptying and redundant thick folds of gastrojejunosotomy wall. A
gastrostomy tube was placed, and the patient was discharged home. Maximum dose to the
stomach and jejunum was 13.8 Gy and 27.9 Gy, respectively. Another patient developed
gastrointestinal bleeding from a duodenal ulcer roughly eight months after SBRT. This
patient was successfully treated with endoscopic guided electrocoagulation therapy and
epinephrine injection and discharged home in a stable condition. Maximum dose to the
duodenum was 38.0 Gy. The final patient experienced gastrointestinal bleeding from both a
splenic artery pseudoaneurysm and the pancreaticojejunostomy approximately 17 months
after SBRT, requiring interventional radiology guided splenic artery coil embolization.
Maximum dose to the jejunum was 35.5 Gy. There were no events of CTCAE grade > 4 or
Clavien-Dindo grade > 4 toxicity.

Supplementary Table S4 shows toxicity rates of the study population (≥70 years) and
the rest of the source population (<70 years). There were no differences in chemotherapy-
induced, Clavien-Dindo 3b, and radiation-induced toxicity between the two groups.
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Table 5. Treatment related toxicity.

N (%) Description

Chemotherapy toxicity

Grade 3 12 (21.1%)

Diarrhea (4), dehydration (3), febrile
neutropenia (3), pneumonitis (1),

neuropathy (1), CHF exacerbation (1),
fatigue (1), nausea (1)

Surgical toxicity (<90 days)

Clavien-Dindo grade ≤ 3a 22 (57.9%)

Clavien-Dindo grade 3b 2 (5.3%)
Gastroduodenal artery

pseudoaneurysm, gastrocutaneous
fistula

Radiation toxicity

Acute

Grade 1 26 (45.6%) Fatigue (16), nausea/vomiting (15),
constipation (7), anorexia (4), pain (4)

Grade 2 4 (7.0%) Pain (2), fatigue (1), anorexia (1)

Grade 3 0 (0%)

Grade 4 0 (0%)

Late

Grade 1 0 (0%)

Grade 2 0 (0%)

Grade 3 3 (5.3%) Upper gastrointestinal bleeding (2),
gastric outlet obstruction (1)

Grade 4 0 (0%)
Abbreviations: CHF, congestive heart failure.

4. Discussion

In this study, we demonstrate that in older patients who complete chemotherapy,
aggressive local treatment with SBRT and surgery is well tolerated, with just three events
(5.3%) of late grade 3 radiation toxicity and two events (5.3%) of Clavien-Dindo grade
3b toxicity in those who underwent resection. We also show that surgical resection is
associated with improved clinical outcomes such as OS, DMFS and PFS, including an
impressive median OS of 29.1 months.

Older patients with pancreatic cancer represent a challenging population given the
aggressive nature of the disease and because many will not be candidates for multimodality
therapy due to co-morbidities and poor performance status. As such, older patients
(≥70 years) are underrepresented in clinical trials, accounting for 46% of the United States
cancer population, but compromising only 20% of trial participants [7,8]. As such, the
optimal management for these patients is unknown. Furthermore, many older patients
do not receive standard of care treatment. Studies have shown that older patients are
less likely to undergo surgical resection and receive adjuvant chemotherapy [19–21]. In
addition, a study by Krzyzanwoska et al. of LAPC, demonstrated that only 44% of older
patients received any form of treatment [13]. Therefore, additional studies are warranted to
determine the most appropriate management for this group of patients.

Several studies have demonstrated the feasibility of SBRT in older patients and are
shown in Table 6 [14–18]. Three studies, including the current study, included older
patients who underwent surgery. While cross-study comparisons are limited and our
cohort was likely more fit given that all patients completed chemotherapy, the fact that
a large proportion (67%) underwent surgical resection is noteworthy and higher than
other studies (34%, 10%) [16,18]. This likely led to the higher median OS in our patients
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(19.6 versus 14.0 and 10–13 months) [16,18]. Conversely, the median OS was < 10 months
in the studies, which included only inoperable patients [14,15,17]. In the current report,
patients who underwent resection had improved median OS (29.1 vs. 7.0 months, p = 0.005).
Sutera et al. demonstrated similar results (28.3 vs. 11.4 months, p = 0.002) [18]. Interestingly,
the disease extent was similar in our study (BRPC: 47.4%, LAPC: 52.6%) to that of Sutera
et al. (resectable/BRPC: 46.2%, LAPC: 53.8%) and Zhu et al. (BRPC: 32.5%, LAPC: 67.5%).
The difference in resection rate can likely be attributed to institution-specific surgical
practice patterns. For example, at our institution, all BRPC/LAPC are taken for surgical
exploration as long as they have stable disease, no medical contraindications, and if there
is a reasonable pathway for resection. Additionally, our cohort was likely more fit given
that we selected for patients who completed chemotherapy. Of the 19 patients who did
not undergo resection in our cohort, only two had medical contraindications/advanced
age. Of the 38 patients who underwent resection, 22 (57.9%) and 2 (5.3%) experienced
Clavien-Dindo grades < 3a and 3b toxicity, respectively, which is consistent with rates from
other series, which included patients of all ages [22,23]. These findings suggest that surgery
can be well tolerated in older in patients who complete chemotherapy and should not be
withheld solely based on age criteria, as resection may significantly improve outcomes in
these patients.

Table 6. Literature on SBRT for older patients.

Reference Relevant
Patients

Median
Age (Years)

Median
SBRT

Dose/Fractions

Surgical
Resection

Acute
Radiation ≥
G3 Toxicity

Late
Radiation ≥
G3 Toxicity

Median
Survival

after SBRT
(Months)

Kim et al. (2013) [14] 24 86 24 Gy/1
fraction No 1 (4%) 0 (0%) 7.6

Yechieli et al. (2017)
[15] 20 83 35 Gy/5

fractions No 1 (10%) 2 (10%) 6.4

Zhu et al. (2017) [16] 323 73
30–46.8
Gy/5–8
fractions

Yes (10%) 2 (0.5%) 0 (0%) 10.0–13.0

Ryan et al. (2017)
[17] 29 74 28 Gy/5

fractions No 2 (7%) 1 (3%) 8.0

Sutera et al. (2018)
[18] 145 79 36 Gy/3

fractions Yes (34%) 1 (1%) 3 (2%) 14.0

Current Study 57 74 33 Gy/5
fractions Yes (67%) 0 (0%) 3 (5%) 19.6

Unfortunately, some older patients are unfit for surgical resection or aggressive sys-
temic therapy. These patients may be at risk of uncontrolled tumor growth, which can
cause significant local morbidity such as cholangitis, biliary obstruction, GI bleeding, and
celiac plexopathy, which in turn, can drive both morbidity and mortality [24]. In fact,
the median OS for untreated pancreatic cancer is just 2.5 months [25]. Therefore, mini-
mally invasive treatments, such as SBRT, are important for this group of patients. Several
studies have investigated the role of SBRT in inoperable older patients, with encouraging
results [14,15,17]. Kim et al. reported on 26 patients with a median age of 86 years, who
were treated with SBRT + chemotherapy [14]. They reported a median OS of 7.6 months
and 1-year LPFS rate of 41.2%, with no late grade > 3 toxicity. Of note, there was a 70% rate
of symptom relief after SBRT. Ryan et al. reported on 29 patients with inoperable disease
treated with SBRT + chemotherapy [17]. They reported a median OS of 8.0 months and
1-year LPFS of 78%, with a symptom relief rate of 58%. There was only one episode of late
grade 3 toxicity. In the current study, 19 patients underwent SBRT alone, with a median
OS of 7.0 months and one-year LPFS of 72.0%. There were no late grade > 3 radiation
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toxicity events. Interestingly, the one-year LPFS rate reported by Kim et al. is significantly
lower, despite utilizing a higher median biologically effective dose. One explanation is
that a lower percentage (48%) of patients received chemotherapy when compared to the
study by Ryan et al. (83%) and our study (100%), highlighting the role of systemic therapy
in local control. Taken together, these findings demonstrate that SBRT for older patients
with medically inoperable/unresectable disease is safe, feasible, and can provide adequate
symptom relief.

One area of active investigation, which may be relevant to older patients, is dose
escalation for inoperable pancreatic cancer. Retrospective data has shown that increased
radiation dose can improve both OS and LPFS [26–29]. Studies, including the current one,
demonstrate that SBRT to conventional doses is safe and feasible, but that outcomes can be
suboptimal especially in older patients who cannot undergo surgical resection or receive
systemic therapy [14–18]. Therefore, dose-escalated therapy may be of benefit in these
patients. However, very little is known about the safety of increased radiation dose in
older patients. Additionally, the prolonged treatment time associated with dose escalation
must weighed against the limited life expectancy and potential detriment to quality of
life in these patients. As such, further studies investigating the safety and efficacy of dose
escalation in this older population is warranted.

There are some limitations of the current study, including its retrospective design.
Patients received various chemotherapy regimens, which may have impacted clinical
outcomes, although this was controlled for during statistical analysis. Our study population
was also likely more fit when compared to others, because we only included patients who
completed chemotherapy, limiting cross-study comparisons. Moreover, it also would
have been useful to demonstrate underutilization of local therapies in elderly patients as
compared to other age groups, certainly a worthwhile subject of future study, but this
was not possible with our institutional data. Furthermore, some patients had follow-up
locally at outside institutions, likely leading to underreporting of treatment-related toxicity.
We were also unable to comment on symptom palliation as this information was not
available for review. The strengths of this study include its relatively large sample size,
homogenous treatment characteristics with regards to general treatment paradigm and
SBRT dose/fractionation, and long follow-up time. Despite the study’s limitations, the
findings add relevant information to the role of SBRT in the treatment of older patients.

5. Conclusions

In conclusion, we demonstrate that multimodality therapy in older patients with
localized pancreatic cancer is safe and feasible and that surgical resection can improve
clinical outcomes. As such, older patients who tolerate chemotherapy should not be
excluded from aggressive local therapy with SBRT and surgery when possible. Finally,
dose escalation for non-operable older patients may be appealing, but further studies
investigating its safety are needed.
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multivariable analyses of local progression-free survival. Table S3: Univariate and multivariable
analyses of distant metastasis-free survival. Table S4: Toxicity in older patients and rest of the source
population.
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