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Abstract

BACKGROUND

The incidence of patients with early-onset pancreatic cancer (EOPC; age < 50 years at
diagnosis) is on the rise, placing a heavy burden on individuals, families, and society.
The role of combination therapy including surgery, radiotherapy, and chemotherapy in

non-metastatic EOPC is not well-defined.

AIM
To investigate the treatment patterns and survival outcomes in patients with non-

metastatic EOPC.

METHODS

A total of 277 patients with non-metastatic EOPC who were treated at our institution
between 2017 and 2021 were investigated retrospectively. Overall survival (OS),
disease-free survival, and progression-free survival were estimated using the Kaplan-
Meier method. Univariate and multivariate analyses with the Cox proportional hazards

model were used to identify prognostic factors.




RESULTS

With a median follow-up time of 34.6 mo, the 1-year, 2-year, and 3-year OS rates for the
entire cohort were 84.3%, 51.5%, and 27.6%, respectively. The median OS rates of
patients with localized disease who received surgery alone and adjuvant therapy were
21.2 mo and 28.8 mo, respectively (P = 0.007). The median OS rates of patients with
locally advanced disease who received radiotherapy-based combination therapy (RCT),
surgery after neoadjuvant therapy, and chemotherapy were 28.5 mo, 25.6 mo, and 14.0
mo, respectively (P = 0.002). The median OS rates after regional recurrence were 16.0
mo, 13.4 mo, and 8.9 mo in the RCT, chemotherapy, and supportive therapy groups,
respectively (P = 0.035). Multivariate analysis demonstrated that carbohydrate antigen
19-9 Level, pathological grade, T-stage, N-stage, and resection were independent

prognostic factors for non-metastatic EOPC.

CONCLUSION

Adjuvant therapy improves postoperative survival in localized patients. Surgery after
neoadjuvant therapy and RCT are the preferred therapeutic options for patients with
locally advanced EOPC.
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Core Tip: Young adults are an important subgroup of the pancreatic cancer patient
population. This article describes the comprehensive treatment patterns and survival

outcomes for patients with non-metastatic early-onset pancreatic cancer from a high-




volume center. We demonstrated that adjuvant therapy significantly improves
postoperative survival in patients with limited early-onset pancreatic cancer. We also
found that radiotherapy-based combination therapy achieved favorable outcomes in
patients with locally advanced and postoperative recurrence. Our findings support an

aggressive multimodal treatment strategy for these unique patients.

INTRODUCTION

Pancreatic cancer (PC) is a clinically challenging disease with a 5-year survival rate of
only 12.5% because of its insensitivity to therapy and rapid progress. It is estimated
that PC will become the second-leading cause of cancer-related deaths by 203012l. The
incidence and mortality rate of PC tend to increase in young people in many countries(>
5. Early-onset PC (EOPC) is generally defined as PC diagnosed before the age of 50
years and accounts for approximately 4%-18%. Although EOPC is less common than
late-onset PC, it greatly increases the burden on individuals, families, and society of PC
patients.

A study reported that EOPC is responsible for 20%-30% of the total number of years
of life lost due to the diseasell. Several studies have demonstrated that smoking,
obesity, diabetes, and alcohol consumption are key modifiable risk factors for EOPCL7L.
According to older studies, the clinicopathological features of young patients with PC
are generally similar to those of older patientsil. Genomic studies have shown that
EOPC has a unique molecular genetic profile with a lower incidence of KRAS mutations
and a higher incidence of pathogenic germline variants(*'l,

Patients with non-metastatic EOPC are most likely to benefit from modern
multimodal treatment. Population-based studies have shown that patients with EOPC
often experience multimodal and more intense regimensl!213 Patients with non-
metastatic EOPC are likely to benefit from local plus systemic therapy. However, very
little data exist regarding the treatment outcomes of non-metastatic EOPC. Clinical
guidelines do not provide treatment recommendations for young PC patients, and the

optimal therapy remains unclear. This study investigated the clinical features, treatment




patterns, and survival outcomes of patients with non-metastatic EOPC treated with

multimodal therapy at a high-volume center in Beijing, China.

MATERIALS AND METHODS

Patients

Between January 2017 and December 2021, 277 patients with non-metastatic EOPC who
had been treated at the Chinese PLA General Hospital were retrospectively enrolled in
our study. PC was diagnosed based on clinical, radiological, and pathological findings
and was confirmed by multidisciplinary consultation. The inclusion criteria were as
follows: (1) Initial consultation between January 2017 and December 2021; (2) < 50 years
and = 18 years of age; (3) Clinical or pathological diagnosis of pancreatic
adenocarcinoma; and (4) an Eastern Cooperative Oncology Group performance status
score < 2. The exclusion criteria were as follows: (1) Metastatic disease; (2) Pathological
subtype of non-adenocarcinoma; (3) History of malignancies at other sites; and (4) Loss
to follow-up. The detailed patient selection process is shown in Figure 1. The study
protocol was approved by the Medical Ethics Committee of Chinese PLA General

Hospital. Patient consent was waived, given the retrospective nature of the study.

Treatment

Radical resection was the primary treatment for localized (resectable/borderline
resectable) EOPC. Preoperative neoadjuvant therapy (NAT) generally involved 4-6
cycles of gemcitabine plus nab-paclitaxel (commonly referred to as GnP) or S-1 (an oral
drug of fluorouracil) plus nab-paclitaxel (commonly referred to as SnP). Adjuvant
therapy (AT) generally involved six cycles of a single or multiagent regimen based on S-
1. For patients with locally advanced disease, treatment included surgery after NAT,
radiotherapy-based = comprehensive treatment (RCT), and chemotherapy.
Individualized radiotherapy target volumes were designed according to the tumor size,
lymph node involvement, and adjacent organs at risk. Treatment doses of 50 Gy to the

planning target volume and 60-70 Gy to the gross tumor target volume were prescribed




with 30 fractions in intensity-modulated radiation therapy and 5 fractions in stereotactic
body radiation therapy (SBRT). The first-line chemotherapy regimens mainly included
GnP, SnP, and 5-fluorouracil, leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX).
Immunotherapy mainly included immune checkpoint inhibitors. Targeted therapies
included poly ADP-ribose polymerase inhibitors, epidermal growth factor receptor

inhibitors, and vascular endothelial growth factor receptor inhibitors.

Data collection and follow-up

Patient demographic, clinical, pathological, and serological data were collected from the
database and confirmed by chart review. The patients were restaged according to the
National Comprehensive Cancer Network (commonly known as NCCN) Guidelines!4
and the American Joint Committee on Cancer 8th edition staging system. The primary
endpoint was overall survival (OS). The secondary endpoints included tumor disease-
free survival (DFS) and progression-free survival (PFS). OS was defined as the time
from diagnosis to death or last follow-up. DFS or PFS was measured from the start of
treatment to tumor recurrence or progression, last follow-up, or death. Recurrence and
progression were assessed by experienced oncologists according to the Response
Evaluation Criteria in Solid Tumors guidelines (version 1.1)[15l. The last follow-up was

confirmed up to July 1, 2023.

Statistical analysis

Statistical analyses were conducted using R software (version 4.2.0). Clinical
characteristics and treatment patterns were summarized using medians and ranges for
continuous variables and frequencies for categorical descriptors. OS, DFS, and PFS were
estimated using the Kaplan-Meier method and compared between subgroups using the
log-rank test. Univariate and multivariate analyses were performed using the Cox
proportional hazard model. Statistical tests were two-sided, and P < 0.05 was

considered statistically significant.




RESULTS

Patient characteristics and treatment

A total of 277 patients with non-metastatic EOPC were enrolled in this study. The
patient characteristics are presented in Table 1. The median age of all patients was 46
years (range: 20-50 years), and 68.6% were males. Tumors in the head of the pancreas
accounted for 69.4%. The initial symptoms often presented with abdominal pain
(49.1%), jaundice (30%), new-onset diabetes (4.3%), back pain (3.2%), and no symptoms
(10.1%). History of tobacco, alcohol, obesity, diabetes, and chronic pancreatitis
accounted for 36.8%, 27.9%, 8.9%, 5.9%, and 2.9%, respectively. Patients with baseline
carbohydrate antigen (CA) 19-9 = 150U/mL accounted for 26.1%. Among the 222
patients with pathological grading, poor differentiation adenocarcinoma accounted for
50.3%. Localized and locally advanced disease accounted for 77.6% and 22.4%,
respectively. Overall, 78.7% of patients were treated with tumor resection, 74.7% with
chemotherapy, 27.1% with radiotherapy, 31.0% with immunotherapy, and 19.9% with
targeted therapy.

Survival

With a median follow-up time of 34.6 mo, 167 patients died due to tumor progression.
The estimated median OS (mOS) for patients with non-metastatic EOPC was 24.8 mo
[95% confidence interval (CI): 21.6-27.4 mo] (Figure 2). The corresponding 1-year, 2-
year, and 3-year OS rates were 84.3% (95%CI: 79.9%-88.9%), 51.5% (95%CL: 45.3%-
58.5%), and 27.6% (95%CI: 21.8%-34.8%), respectively. The mOS was 25.8 mo (95%CI,
22.1-28.7 mo) for patients with localized disease and 19.9 mo (95%CI: 17.1-29.9 mo) for

patients with locally advanced disease (Figure 3).

Treatment outcomes in localized disease

Among the 215 patients with localized disease, all except 11 underwent pancreatic
tumor resection. Among them, 80 (39.2%), 10 (4.9%), and 120 (58.8%) patients received
surgery alone, NAT, and AT, respectively (Table 2). The mOS for the NAT/AT group




was 28.8 mo (95%CI: 24.8-33.7 mo), which was significantly longer than that for the
surgery alone group (21.2 mo, 95%CI: 16.6-26.5 mo, P = 0.007) (Figure 4A). The median
DFS for the NAT/AT group was 11.7 mo (95%CI: 9.8-13.2 mo), which was similar to the
surgery alone group (9.2 mo, 95%CI: 6.8-11.7 mo, P = 0.28) (Figure 4B).

Treatment outcomes in locally advanced disease

Of the 62 patients with localized disease, 14 (22.6%), 29 (46.8%), and 19 (30.6%)
underwent surgery after NAT, RCT, and chemotherapy, respectively (Table 2). The
mOS of the surgery group, RCT group, and chemotherapy group was 25.6 mo, 28.5 mo,
and 14.0 mo (P = 0.002), respectively (Figure 4C). The median PFS for each of the three

groups was 10.6 mo, 14.0 mo, and 7.4 mo (P = 0.21), respectively (Figure 4D).

Treatment outcomes in patients with recurrence

Definite recurrence occurred in 161 of the 218 patients who underwent resection,
including isolated regional recurrence (operative area and lymph nodes) (39.7%,
64/161) and distant metastasis with or without regional recurrence (60.3%, 97/161). The
mOS after recurrence was 13.2 mo (95%CI: 10.4-17.1 mo) for regional recurrence
patients and 10.6 mo (95%CI: 8.2-11.5 mo) for distant metastases (Figure 5A). There
were 19 patients each with regional recurrence treated with RCT and chemotherapy, 1
patient with repeat surgical resection, and the remaining patients with supportive
treatment. The mOS after regional recurrence was 16.0 mo, 13.4 mo, and 8.9 mo in the
RCT, chemotherapy, and supportive therapy groups, respectively (P = 0.035) (Figure
5B). The numbers of patients with distant metastases who received chemotherapy, RCT,
surgical resection, and supportive therapy were 45, 10, 2, and 40, respectively. The mOS
after distant metastasis was 11.5 mo, 10.9 mo, and 5.0 mo in the RCT, chemotherapy,

and supportive therapy groups, respectively (P < 0.001) (Figure 5C).

Prognostic factors




According to the univariate analysis, baseline CA19-9 Level, pathological grade, T-
stage, N-stage, and resection were found to be associated with OS. On multivariate
analysis, lower CA19-9 Level, well and moderate pathological grade, lower T-stage, NO-

stage, and resection were independent prognostic factors for OS (Table 3).

DISCUSSION

The present study analyzed the treatment patterns, survival outcomes, and prognostic
factors of 227 patients with non-metastatic EOPC using real-world data from a high-
volume center in China. The mOS of all patients was 24.8 mo, and the 1-year, 2-year,
and 3-year OS rates were 84.3%, 51.5%, and 27.6%, respectively. The mOS for patients
with localized and locally advanced disease was 18.0 mo, 21.1 mo, and 17.0 mo,
respectively. Compared with a retrospective population-based Dutch database study,
younger patients had significantly longer survival than patients of all ages (mOS: 8
mo)l1l. The 1-year OS in our cohort was better than that of the EOPC cohort from the
National Cancer Database (stage 1/11: 72.4%, stage I1I: 47.6%)[12l. These findings suggest
that modern multimodal therapy can provide survival benefits.

Surgical resection is the only potential curative treatment for PC. AT can eradicate
occult metastatic disease in patients with localized disease. NAT may lead to
downstaging before surgery and facilitating a margin-negative resection. We found that
60.8% of patients with localized disease received NAT and/or AT based on fluorouracil
or gemcitabine. The mOS was significantly better than that of patients who underwent
surgery alone (28.8 mo vs 21.2 mo, P = 0.007), and the median DFS tended to improve
(11.7 mo vs 9.2 mo, P = 0.28). The benefit of AT in patients with PC was demonstrated in
the CONKO-001 triall'7). Patients who received postoperative gemcitabine single-agent
chemotherapy had significantly better OS and DFS than patients who received surgery-
alone. The PRODIGE 24 trial further compared adjuvant chemotherapy with modified
FOLFIRINOX to gemcitabinel!8l. After a median follow-up of 30.5 mo, the mOS was 54 4
mo in the modified FOLFIRINOX arm and 35.0 mo in the gemcitabine arm. The
modified FOLFIRINOX had much greater toxicity than other regimens and might be




ideal for younger patients with good performance status. In addition, the PREOPANC
trial demonstrated that gemcitabine-based neoadjuvant chemoradiotherapy improved
OS in resectable and borderline resectable PC compared with upfront surgery™l. It
suggests that early interventional radiotherapy is an effective treatment option in
localized patients.

For locally advanced disease, the NCCN guidelines recommend radiotherapy as an
optional localized treatment(4l. Our previous studies showed that definitive
radiotherapy for inoperable non-metastatic PC patients had favorable and encouraging
survival outcomes (mOS: 18 mo)/20l. This strategy is also applicable to patients with
EOPC. We found that nearly half of the patients with locally advanced disease received
RCT. Compared to surgery and chemotherapy, RCT achieved the longest median PFS
among the three groups, and the mOS was similar to that of pancreatectomy. A meta-
analysis of SBRT for the treatment of locally advanced PC showed a 1-year survival rate
of 51.6%, an mOS of 17 mo (range: 5.7-47.0 mo), and the incidence of serious adverse
events of no more than 10%[2!L. This finding suggests that SBRT can achieve satisfactory
efficacy and safety for the treatment of inoperable PC. However, efficacy of SBRT in
EOPC still needs to be further validated in clinical trials.

The increasing use of NAT and advances in surgical techniques have rendered
some locally advanced patients eligible for surgical resection. In our study,
approximately 20% of patients with locally advanced disease underwent
pancreatectomy after NAT, with an mOS of 25.6 mo. An international dual-center study
showed that EOPC patients who underwent pancreatectomy with American Joint
Committee on Cancer III-T4 tumors had an mOS of 29.5 mol?2l. Even with locally
advanced disease, patients can achieve satisfactory results at high-volume centers by
NAT combined with surgery.

Several studies have shown that the use of a multidrug regimen of modified
FOLFIRINOX, GnP, and SnP prolongs survival in patients with advanced PCIZ-2]. In

our study, locally advanced patients in the chemotherapy group were treated primarily




with a multiagent regimen based on gemcitabine or fluorouracil, with an mOS of 14 mo.
Our result is similar to survival outcomes reported in previous studies.

Although AT and NAT significantly improve survival in patients with non-
metastatic EOPC, regional or systemic recurrence occurred in two-thirds of patients,
with mOS after recurrence of 13.2 mo and 10.6 mo, respectively. There is no consensus
based on high-quality evidence on which intervention is most appropriate for patients
with postoperative recurrence. A phase II trial evaluated the efficacy of radiotherapy
plus chemotherapy or targeted immunotherapy in patients with locally recurrent PC
with KRAS mutations and PD-L1 immunohistochemistry positivity, with a mOS of 14.9
mo in the SBRT plus pembrolizumab and trametinib group and 12.8 mo in the SBRT
plus gemcitabine groupl?®l. Another ongoing randomized controlled trial is evaluating
the efficacy of additional SBRT in patients with locally recurrent disease compared with
the current standard of care alone (NCT04881487)177l. In general, distant recurrent
disease is treated the same as primary metastatic disease. The NCCN guidelines
recommend that if distant recurrence occurs during the 1st 6 mo of AT, an alternative
chemotherapy regimen that is different from the original regimen is administered.
Otherwise, repeating systemic therapy as previously administered or switching to any
other systemic regimen is recommended!'l. These are consistent with our findings that
multimodal combination therapy significantly prolonged survival in patients with
postoperative recurrence compared to supportive care. For patients with isolated
regional recurrence, localized treatments such as radiotherapy demonstrated a trend
toward prolonged survival. In general, supportive treatment and active home care for
patients can effectively improve quality of life and reduce the burden on patients and
families!?3l.

Our series demonstrated that CA19-9 Level, pathological grade, T-stage, N-stage,
and resection were independent prognostic factors in patients with non-metastatic
EOPC. The serum CA19-9 Level is the primary serologic marker for PC diagnosis and
follow-up(®l. We found that EOPC patients with baseline serum CA19-9 < 150 U/mL

had significantly longer survival (hazard ratio: 0.67, 95%CI: 0.48-0.95). Pathology grades




of moderately and poorly differentiated tumors were found in 49.5% and 45.0% of
patients, respectively, which is consistent with other findings that concluded that EOPC
is more aggressivel®l.

Several studies showed that EOPC also affects prognosis through molecular genetic
features. A study from the Memorial Sloan Kettering Cancer Center found that EOPC
patients had a higher proportion of KRAS wildtype (15.9% wvs 5.4%)". Both KRAS
wildtype and pathogenic germline variants were associated with better clinical
outcomes in PC patients. Our study did not find that targeted therapy and
immunotherapy improved survival in non-metastatic EOPC. However, a retrospective
analysis of the Know Your Tumor programme showed that 26% of PC had actionable
mutations and that patients with matched targeted therapy had a significantly better
prognosis than patients who receive nonspecific treatmentll. Therefore, extensive
genetic testing in patients with EOPC is beneficial in identifying patients with
actionable mutations and for guiding targeted therapy.

However, the limitations of this study need to be recognized. First, the data were
extracted from a single tertiary referral center. This limited the diversity of the patient
groups included, which may have led to bias. Second, this was a retrospective study
with no available family history or molecular genetic information. Additionally, due to
the diversity of chemotherapy regimens and radiotherapy parameters, the prognostic
impact of different treatment details remains to be clarified in further prospective

studies.

CONCLUSION

In this series, the survival outcomes of patients with non-metastatic EOPC receiving
multimodal therapy were satisfactory. AT significantly improved postoperative
survival in patients with localized EOPC. RCT and surgery after NAT are the preferred
therapeutic options for patients with locally advanced disease. Patients with
postoperative recurrence undergoing multimodal therapy can achieve good outcomes;

however, the role of radiotherapy needs to be further confirmed in randomized




controlled trials. As an important subgroup of PC, our findings supported an aggressive
multimodal therapeutic strategy for these unique patients and emphasized the need to

make treatment recommendations for PC based on age.

ARTICLE HIGHLIGHTS

Research background
The incidence of early-onset pancreatic cancer (EOPC) is showing an increasing trend

worldwide. Pancreatic cancer is insensitive to monotherapy and has a poor prognosis.

Research motivation
There are few studies on EOPC. The role of combination therapies, including surgery,

radiotherapy, and chemotherapy, in non-metastatic EOPC is unclear.

Research objectives
To explore the survival outcomes of combination therapy in patients with non-

metastatic pancreatic cancer.

Research methods

A total of 277 patients with non-metastatic EOPC who received antitumor therapy in a
tertiary care hospital were retrospectively collected. Survival curves were plotted using
the Kaplan-Meier method. Univariate and multivariate analyses using Cox proportional

hazards modeling were performed to determine prognostic factors.

Research results

With a median follow-up time of 34.6 mo, the 1-year, 2-year, and 3-year overall survival
(OS) rates for the cohort were 84.3%, 51.5%, and 27.6%, respectively. The median OS of
patients with localized disease who received surgery alone and adjuvant therapy was
21.2 mo and 28.8 mo, respectively (P = 0.007). The median OS of patients with locally

advanced disease who received radiotherapy-based combination therapy (RCT),




surgery after neoadjuvant therapy, and chemotherapy was 28.5 mo, 25.6 mo, and 14.0
mo, respectively (P = 0.002). The median OS after regional recurrence was 16.0 mo, 13.4
mo, and 8.9 mo in the RCT, chemotherapy, and supportive therapy groups, respectively
(P = 0.035). Multivariate analysis demonstrated that carbohydrate antigen 19-9 Level,
pathological grade, T-stage, N-stage, and resection were independent prognostic factors

for non-metastatic EOPC.

Research conclusions

Adjuvant therapy improves postoperative survival in localized patients. Neoadjuvant
therapy after surgery and RCT are the preferred treatment options for patients with
locally advanced EOPC.

Research perspectives
This study proposed that patients with EOPC should be treated with aggressive
multimodal therapy. However, multicenter randomized controlled studies are needed

to further understand this subject.




