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Abstract 
Background: Background: Locally advanced pancreatic cancer (LAPC) remains a formidable therapeutic challenge, with 

most patients presenting at an unresectable stage. The optimal management strategy for LAPC continues to be debated, 

particularly the role of chemoradiotherapy (CRT) following induction chemotherapy. While systemic chemotherapy remains 

the mainstay of initial treatment, the addition of concurrent chemoradiotherapy has been proposed to enhance local tumor 

control and potentially improve survival. However, the comparative benefits and risks of chemotherapy alone versus sequential 

chemoradiotherapy remain unclear. This review aims to compare outcomes between chemotherapy alone and chemotherapy 

followed by concurrent chemoradiotherapy in patients with unresectable LAPC, focusing on overall survival, progression-free 

survival, local control, toxicity, and quality of life. Multiple randomized controlled trials and retrospective studies have 

explored the role of consolidative CRT following chemotherapy. Some evidence, including the LAP07 trial, suggests no 

significant improvement in overall survival with the addition of CRT, although benefits in local control and disease 

stabilization were noted. In contrast, other studies have reported modest survival advantages in selected patient subgroups, 

particularly those with good performance status and disease control after initial chemotherapy. Concurrent CRT using modern 

radiation techniques (e.g., IMRT or SBRT) combined with radiosensitizing agents such as gemcitabine or fluoropyrimidines 

has shown acceptable toxicity profiles, with manageable gastrointestinal and hematologic adverse events. Nonetheless, patient 

selection and timing of CRT initiation remain crucial considerations. 

Conclusion: While chemotherapy remains the cornerstone in managing unresectable LAPC, the incorporation of 

chemoradiotherapy following chemotherapy may offer additional local disease control and potential survival benefit in 

carefully selected patients. The heterogeneity of patient populations, treatment regimens, and study designs makes it 

challenging to draw definitive conclusions. Personalized approaches based on molecular profiling, response to initial therapy, 

and improved radiotherapy techniques are likely to refine treatment strategies. Further large-scale, prospective studies are 

needed to identify which patients derive the greatest benefit from this combined-modality approach. 
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Introduction 

 Pancreatic cancer remains one of the most aggressive and lethal malignancies worldwide, primarily due to its 

late presentation and resistance to conventional therapies. It represents the seventh leading cause of cancer-

related deaths globally, with a five-year survival rate lingering below 10% [1]. Despite comprising only 2–3% 

of all cancer diagnoses, pancreatic cancer accounts for a disproportionately high mortality burden, particularly 

in developed nations where aging populations contribute to rising incidence rates [2]. 

The pancreas plays essential exocrine and endocrine roles, and neoplasms can arise from both compartments. 

However, more than 90% of pancreatic malignancies are of ductal origin, with pancreatic ductal 

adenocarcinoma (PDAC) being the predominant histological subtype [3]. The disease’s clinical presentation 

is typically nonspecific—often involving abdominal pain, weight loss, or jaundice—resulting in a significant 

proportion of patients being diagnosed at an advanced or metastatic stage [4]. 

Understanding the anatomical complexity of the pancreas, its lymphatic drainage, and its proximity to vital 

vascular structures is crucial for accurate staging and surgical planning. Imaging modalities such as CT, MRI, 

and endoscopic ultrasound (EUS) have enhanced diagnostic accuracy but still face limitations in detecting 

early-stage tumors [5]. Moreover, despite advancements in systemic chemotherapy and radiation therapy, 

surgical resection remains the only potentially curative treatment, though it is feasible in less than 20% of 

cases at diagnosis [6]. 

Ongoing research is now exploring biomarkers for early detection, molecular subtyping for individualized 

therapy, and novel therapeutic approaches including immunotherapy and targeted agents [7]. This review aims 

to comprehensively explore the anatomy, epidemiology, clinical and pathological features, diagnostic 

strategies, staging systems, and therapeutic options in pancreatic cancer, with a particular focus on locally 

advanced and unresectable cases. 

The pancreas is a retroperitoneal organ extending obliquely across the posterior abdominal wall, spanning 

from the duodenum on the right to the splenic hilum on the left. Anatomically, it is divided into four parts: the 

head, neck, body, and tail. The pancreatic head lies nestled within the duodenal curve and is traversed 

posteriorly by the common bile duct, which joins the main pancreatic duct at the ampulla of Vater [8]. The 

neck lies anterior to the superior mesenteric vessels and connects the head with the body, which continues 

toward the tail—located in close proximity to the spleen and left kidney. 

Vascular supply to the pancreas is rich and derived mainly from branches of the celiac trunk and superior 

mesenteric artery (SMA). The pancreatic head is primarily supplied by the superior and inferior 

pancreaticoduodenal arteries, whereas the body and tail receive blood from branches of the splenic artery [9]. 

Venous drainage follows a similar path, ultimately draining into the portal vein system. Importantly, the 

anatomic relationship between the pancreas and major vessels—including the SMA, celiac axis, portal vein, 

and superior mesenteric vein (SMV)—has critical implications for tumor staging and surgical resectability 

[10]. 

The lymphatic drainage of the pancreas is complex, contributing to early regional nodal involvement in 

malignancy. Lymphatic vessels follow the vascular structures and drain into peripancreatic, celiac, and 

superior mesenteric lymph nodes [11]. This widespread lymphatic network partially explains the aggressive 

nature and early dissemination of pancreatic cancers. 

Functionally, the pancreas has both exocrine and endocrine components. The exocrine part, comprising acinar 

and ductal cells, produces digestive enzymes, whereas the endocrine component consists of islets of 

Langerhans that secrete hormones such as insulin and glucagon [12]. Most pancreatic cancers arise from the 

exocrine portion, particularly the ductal epithelium, which forms the basis of pancreatic ductal 

adenocarcinoma (PDAC), the most prevalent and deadly subtype. 

Epidemiology of Pancreatic Cancer 

Pancreatic cancer is one of the most lethal malignancies worldwide, with an overall 5-year survival rate of less 

than 10% despite advancements in diagnostic and therapeutic strategies [13]. Globally, it ranks as the seventh 
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leading cause of cancer-related mortality, accounting for over 466,000 deaths annually [14]. In high-income 

countries, it often ranks among the top five causes of cancer deaths, reflecting both its aggressive biology and 

late presentation. 

The incidence of pancreatic cancer varies geographically, with the highest rates reported in North America, 

Western Europe, and Australia, and lower rates in Africa and South-Central Asia [15]. According to 

GLOBOCAN 2020 data, the global incidence was estimated at 495,773 new cases annually, with a slightly 

higher burden in men than in women [16]. The incidence rises significantly with age, peaking between the 

sixth and eighth decades of life, and is rare before the age of 40. 

Several risk factors have been consistently associated with pancreatic cancer, including smoking, which is the 

most well-established modifiable risk factor and accounts for nearly 25% of cases [17]. Other major 

contributors include chronic pancreatitis, long-standing diabetes mellitus, obesity, physical inactivity, and 

diets high in red or processed meats [18]. A family history of pancreatic cancer and certain genetic syndromes 

such as Peutz-Jeghers syndrome, Lynch syndrome, and BRCA2 mutations also markedly increase risk [19]. 

Recent trends suggest a gradual increase in the incidence of pancreatic cancer globally, particularly in 

countries undergoing rapid urbanization and lifestyle changes. This rise may be attributed to aging populations, 

improved cancer registration systems, and the growing prevalence of risk factors like obesity and type 2 

diabetes [20]. 

Given its increasing global burden and poor prognosis, early detection strategies, improved public awareness, 

and targeted prevention approaches are vital to altering the epidemiologic landscape of pancreatic cancer. 

Clinical Presentation of Pancreatic Cancer 

Pancreatic cancer is often referred to as a "silent killer" due to its insidious onset and vague symptoms, which 

frequently lead to delayed diagnosis. Most patients present with non-specific complaints that overlap with 

benign gastrointestinal conditions, contributing to the advanced stage at diagnosis in nearly 80% of cases [21]. 

The most common presenting symptom is abdominal pain, often described as a dull ache in the epigastric 

region that may radiate to the back and worsen with eating or lying supine. Weight loss and anorexia are also 

prevalent and may be profound, resulting from malabsorption, catabolic effects of the tumor, or early satiety 

due to duodenal compression [22]. Jaundice, particularly painless jaundice, is a hallmark of tumors located 

in the pancreatic head due to biliary obstruction. It is often accompanied by dark urine, pruritus, and clay-

colored stools [23]. 

Less commonly, patients may present with new-onset diabetes mellitus, which can be both a risk factor and 

a paraneoplastic manifestation. In fact, new-onset diabetes in individuals over 50 years of age may be a red 

flag for underlying pancreatic malignancy [24]. Other symptoms include nausea, vomiting, and steatorrhea, 

particularly in cases involving exocrine insufficiency. A subset of patients may develop depression, which 

has been reported to precede the diagnosis of pancreatic cancer in some cases [25]. 

On physical examination, findings may include hepatomegaly, palpable gallbladder (Courvoisier’s sign), or 

a palpable abdominal mass, although these are late manifestations. Thrombophlebitis migrans 

(Trousseau’s syndrome), a hypercoagulable state associated with malignancy, may also be observed. 

Because symptoms often appear late and are non-specific, heightened clinical suspicion and prompt 

investigation of atypical or persistent gastrointestinal symptoms are critical, especially in high-risk individuals. 

Histopathology of Pancreatic Cancer  

Pancreatic cancer encompasses a spectrum of histologic subtypes, with pancreatic ductal adenocarcinoma 

(PDAC) being the most common, accounting for over 90% of all cases. PDAC arises from the exocrine 

component of the pancreas and is characterized histologically by irregular glandular structures infiltrating a 

dense, desmoplastic stroma. Tumor glands are often angulated, haphazardly arranged, and exhibit cellular 

atypia, mitotic activity, and frequent perineural and lymphovascular invasion [26]. 

The tumor grade is based on the degree of gland formation, nuclear pleomorphism, and mitotic rate, and ranges 

from well-differentiated (G1) to poorly differentiated (G3). Well-differentiated tumors display relatively 
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uniform glandular structures, while poorly differentiated variants may lose glandular architecture altogether 

and exhibit marked cellular atypia [27]. 

Several histologic variants of PDAC exist, including mucinous (colloid) carcinoma, adenosquamous 

carcinoma, undifferentiated carcinoma, and signet ring cell carcinoma. These variants differ in their biological 

behavior and prognosis. For example, adenosquamous carcinoma typically exhibits more aggressive behavior, 

while mucinous carcinoma may have a relatively better prognosis when resected early [28]. 

Immunohistochemistry aids in confirming pancreatic origin, particularly in small biopsies. PDAC typically 

expresses cytokeratin 7 (CK7) and cytokeratin 19 (CK19), and may show loss of DPC4/SMAD4 expression—

a tumor suppressor gene inactivated in approximately 55% of PDACs [29,30]. Additional markers such as 

MUC1 and CA19-9 may support the diagnosis. 

Diagnosis and Staging of Pancreatic Cancer 

The diagnosis of pancreatic cancer relies on a combination of clinical evaluation, imaging modalities, and 

histopathological confirmation. Patients often present with non-specific symptoms such as abdominal pain, 

weight loss, jaundice, and new-onset diabetes, which usually indicate advanced disease [31]. 

Imaging plays a central role in both diagnosis and staging. Multidetector computed tomography (MDCT) with 

a pancreatic protocol is the first-line imaging modality for detecting pancreatic masses, assessing vascular 

invasion, and evaluating for distant metastasis [32]. Magnetic resonance imaging (MRI) and MR 

cholangiopancreatography (MRCP) provide complementary information, particularly in delineating the biliary 

tree and liver lesions [33]. 

Endoscopic ultrasound (EUS) offers high-resolution images and allows for fine-needle aspiration (FNA) of 

pancreatic lesions for cytological confirmation. EUS-guided FNA is considered the gold standard for obtaining 

tissue diagnosis in cases of suspected pancreatic neoplasms [34]. Positron emission tomography (PET) 

combined with CT (PET/CT) may aid in detecting occult metastases and evaluating treatment response but is 

not routinely used for initial diagnosis [35]. 

Staging is based on the TNM classification system by the American Joint Committee on Cancer (AJCC), 

which incorporates tumor size (T), lymph node involvement (N), and presence of metastasis (M). Accurate 

staging is essential for determining resectability, which is categorized as resectable, borderline resectable, 

locally advanced unresectable, or metastatic disease [36]. 

Treatment Modalities in Pancreatic Cancer 

The management of pancreatic cancer is dictated by tumor stage at diagnosis. Surgical resection remains the 

only potentially curative treatment, but only 15–20% of patients present with resectable disease [37]. For these 

patients, pancreaticoduodenectomy (Whipple procedure), distal pancreatectomy, or total pancreatectomy are 

standard surgical approaches depending on tumor location. Margin-negative (R0) resection is the goal, as 

positive margins (R1 or R2) are associated with significantly poorer outcomes [38]. 

Adjuvant chemotherapy is critical to improving survival after resection. The modified FOLFIRINOX regimen 

(leucovorin, fluorouracil, irinotecan, oxaliplatin) has become the preferred option for patients with good 

performance status due to its superior efficacy over gemcitabine monotherapy, as demonstrated in the 

PRODIGE 24 trial [39]. In patients with borderline resectable or locally advanced tumors, neoadjuvant therapy 

using FOLFIRINOX or gemcitabine-based regimens may increase resectability and downstage the disease 

[40]. 

For patients with unresectable or metastatic pancreatic cancer, systemic chemotherapy remains the mainstay 

of treatment. FOLFIRINOX or gemcitabine with nab-paclitaxel are first-line regimens, selected based on 

patient performance status and comorbidities [41]. Targeted therapies have shown limited success, although a 

small subset of patients with BRCA mutations may benefit from PARP inhibitors such as olaparib [42]. 

Radiotherapy may be used in select cases, especially for local control in unresectable disease or as part of 

chemoradiation in borderline resectable tumors. However, its impact on overall survival remains debated [43]. 

Palliative care, including biliary stenting, pain control, and nutritional support, plays a vital role in improving 
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quality of life in advanced stages [44-48]. 

Locally Advanced Pancreatic Cancer (LAPC): Multimodal Therapeutic Strategies 

Locally advanced pancreatic cancer (LAPC) represents a challenging subgroup within pancreatic 

malignancies, defined by the National Comprehensive Cancer Network (NCCN) guidelines (version 3.2024) 

as tumors involving >180° of the celiac or superior mesenteric artery, unreconstructable portal or superior 

mesenteric vein involvement, or celiac artery invasion extending to the aorta, rendering surgical resection 

initially unfeasible [49-52]. 

Neoadjuvant Chemotherapy and Chemoradiation 

Initial management often relies on systemic therapy, primarily with FOLFIRINOX or gemcitabine/nab-

paclitaxel, depending on performance status. This induction phase typically lasts 2–4 months, after which 

restaging imaging is performed. Patients with stable or responsive tumors may then be candidates for 

chemoradiation with capecitabine or 5-fluorouracil as radiosensitizers, using total radiation doses of 50.4–54 

Gy over several weeks [52,53]. Surgical re-evaluation follows for possible resection in selected cases [54]. 

Surgical Considerations and Techniques 

Surgery in LAPC requires meticulous preoperative planning and multidisciplinary expertise. 

Pancreaticoduodenectomy (PD) or pylorus-preserving variants are performed depending on tumor location, 

with reconstruction through multiple anastomoses [55]. For tumors of the body or tail, distal pancreatectomy 

with splenectomy is standard [56]. However, preoperative biliary drainage has shown increased infectious 

risks postoperatively [57]. Standard lymphadenectomy targets specific nodal stations, though extended 

dissections are more common in Japanese centers [58]. 

Systemic Chemotherapy and Response Assessment 

Preoperative multi-agent chemotherapy has become standard, allowing for systemic control and downstaging. 

Biological markers like CA19-9 are crucial in assessing treatment response, although conventional imaging 

remains insufficient for definitive evaluation [59–61]. The selection of regimens, including FOLFIRINOX 

and gemcitabine combinations, is detailed in NCCN-aligned algorithms for all stages of pancreatic cancer 

[52]. 

Targeted Therapy and Immunotherapy 

Emerging targeted agents include KRASG12C inhibitors (e.g., sotorasib) and PARP inhibitors like olaparib 

for BRCA-mutated cases [62,63]. Immunotherapy holds promise for the rare subset of microsatellite 

instability-high (MSI-H) or mismatch repair-deficient tumors, with pembrolizumab approved for this 

indication [64,65]. T-cell therapies remain investigational in solid tumors [66]. 

Combination Therapies and Experimental Approaches 

Innovative strategies combining chemotherapy, immunotherapy, and virotherapy (e.g., pelareorep with 

atezolizumab) have shown encouraging results in early-phase trials, achieving objective response rates over 

50% and 6-month survival above 80% in advanced disease [67,68]. 

Concurrent Chemoradiotherapy (CRT) 

CRT remains controversial but is considered in select patients without metastatic progression post-

chemotherapy. Meta-analyses reveal no survival advantage over chemotherapy alone but suggest improved 

local control at the cost of increased toxicity [69–71]. Both fluoropyrimidine- and gemcitabine-based CRT 

regimens are used, each with specific toxicity profiles [72–74]. Platinum-based agents like cisplatin and 

carboplatin are also used with caution due to nephrotoxicity and myelosuppression [75]. 

Radiotherapy Techniques 

Modern radiation techniques for LAPC include 3D-conformal radiotherapy (3D-CRT), intensity-modulated 

radiation therapy (IMRT), stereotactic body radiotherapy (SBRT), and hypofractionated ablative radiation 

therapy (HART). IMRT offers enhanced normal tissue sparing, while SBRT delivers high-dose, short-course 

treatment with promising local control rates [76–80]. HART further escalates the dose in a fractionated 
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scheme, improving outcomes without increasing toxicity [81,82]. 

Particle Therapy and Ablative Modalities 

Proton and carbon ion therapy provide conformal dose delivery with minimal exit dose, reducing toxicity 

while maintaining efficacy. Clinical data remain limited but are expanding [83]. Other ablative approaches 

like cryoablation, high-intensity focused ultrasound (HIFU), and iodine-125 seed implantation show modest 

palliative benefit but are not standard of care [84–86]. 

Total Neoadjuvant Therapy (TNT) and Future Directions 

TNT, involving both chemotherapy and (chemo)radiotherapy prior to resection, is gaining traction for LAPC. 

It may improve treatment adherence and downstaging, facilitating potentially curative surgery. ART in the 

neoadjuvant setting appears safe and effective but should be limited to specialized centers [87–90]. 

Intraoperative radiation therapy (IORT) and ongoing trials continue to refine TNT protocols [91,92]. 

Conclusion 

Locally advanced pancreatic cancer (LAPC) remains a formidable clinical challenge due to its complex 

anatomical constraints, limited resectability, and propensity for early systemic dissemination. The treatment 

landscape has evolved significantly, shifting from isolated chemoradiotherapy to a multimodal strategy 

integrating systemic therapy, radiation, and—where feasible—surgical intervention. Contemporary 

guidelines, such as those by the NCCN, now favor neoadjuvant chemotherapy with regimens like 

FOLFIRINOX or gemcitabine/nab-paclitaxel, followed by restaging and consideration of chemoradiation and 

surgery in suitable candidates. The development of advanced radiotherapy techniques, including stereotactic 

body radiation therapy (SBRT), hypofractionated ablative radiation therapy (HART), and intensity-modulated 

radiation therapy (IMRT), offers the potential to escalate tumoricidal doses while minimizing toxicity to 

surrounding tissues. 

Moreover, targeted therapies, such as KRAS and PARP inhibitors, and immune checkpoint inhibitors have 

opened new therapeutic avenues, particularly in biomarker-selected subgroups. Although still limited, these 

approaches underscore the growing importance of precision medicine in LAPC. Emerging concepts like total 

neoadjuvant therapy (TNT) and intraoperative radiation therapy (IORT) also reflect a trend toward intensified 

and personalized care strategies aimed at improving resectability and long-term outcomes. 

Despite these advances, LAPC continues to carry a poor prognosis. Future research should focus on optimizing 

patient selection for surgery after neoadjuvant therapy, refining radiographic and serologic response 

assessments, and validating multimodal regimens through prospective trials. Collaborative, high-volume 

centers remain essential for the delivery of complex care, ensuring patients receive the most effective therapies 

based on evolving evidence. 

 
 

 

References 

1. Rawla P, Sunkara T, Gaduputi V. Epidemiology of pancreatic cancer: Global trends, etiology and risk 

factors. World J Oncol. 2019;10(1):10-27. doi:10.14740/wjon1166 

2. Ferlay J, Ervik M, Lam F, et al. Global cancer observatory: Cancer today. International Agency for 

Research on Cancer. Published 2020. Accessed May 22, 2025. https://gco.iarc.fr/ 

3. Kamisawa T, Wood LD, Itoi T, Takaori K. Pancreatic cancer. Lancet. 2016;388(10039):73-85. 

doi:10.1016/S0140-6736(16)00141-0 

4. Hidalgo M. Pancreatic cancer. N Engl J Med. 2010;362(17):1605-1617. doi:10.1056/NEJMra0901557 

5. Zhang L, Sanagapalli S, Stoita A. Challenges in diagnosis of pancreatic cancer. World J Gastroenterol. 



Mona Salah et al. 

 

Chemotherapy Alone and Chemotherapy Plus Concurrent 

Chemoradiotherapy in Unresectable Locally Advanced Pancreatic Cancer  

5372 

 

 

2018;24(19):2047-2060. doi:10.3748/wjg.v24.i19.2047 

6. Conroy T, Hammel P, Hebbar M, et al. FOLFIRINOX or gemcitabine as adjuvant therapy for pancreatic 

cancer. N Engl J Med. 2018;379(25):2395-2406. doi:10.1056/NEJMoa1809775 

7. Garrido-Laguna I, Hidalgo M. Pancreatic cancer: From state-of-the-art treatments to promising novel 

therapies. Nat Rev Clin Oncol. 2015;12(6):319-334. doi:10.1038/nrclinonc.2015.53. 

8. Moore KL, Dalley AF, Agur AMR. Clinically Oriented Anatomy. 7th ed. Lippincott Williams & 

Wilkins; 2013. 

9. Standring S, ed. Gray's Anatomy: The Anatomical Basis of Clinical Practice. 41st ed. Elsevier; 

2015:1145-1160. 

10. Katz MHG, Marsh R, Herman JM, et al. Borderline resectable pancreatic cancer: need for 

standardization and methods for optimal clinical trial design. Ann Surg Oncol. 2013;20(8):2787-2795. 

doi:10.1245/s10434-013-3006-3 

11. Nakamura A, Shibuya K, Matsumoto I, et al. Lymphatic drainage patterns of pancreatic cancer assessed 

intraoperatively using fluorescein sodium. Ann Surg Oncol. 2018;25(3):737-743. doi:10.1245/s10434-

017-6300-6 

12. Brissova M, Powers AC. Revascularization of transplanted islets: can it be improved? Diabetes. 

2008;57(9):2269-2271. doi:10.2337/db08-0712 

13. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2023. CA Cancer J Clin. 2023;73(1):17-

48. doi:10.3322/caac.21763 

14. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence 

and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-249. 

doi:10.3322/caac.21660 

15. Ilic M, Ilic I. Epidemiology of pancreatic cancer. World J Gastroenterol. 2016;22(44):9694-9705. 

doi:10.3748/wjg.v22.i44.9694 

16. GLOBOCAN 2020: Pancreas cancer fact sheet. International Agency for Research on Cancer. 

Available at: https://gco.iarc.fr 

17. Maisonneuve P, Lowenfels AB. Risk factors for pancreatic cancer: a summary review of meta-

analytical studies. Int J Epidemiol. 2015;44(1):186-198. doi:10.1093/ije/dyu240 

18. Genkinger JM, Wang M, Li HL, et al. Dairy consumption and risk of pancreatic cancer: a pooled 

analysis of 14 cohort studies. Cancer Epidemiol Biomarkers Prev. 2019;28(7):1203-1208. 

doi:10.1158/1055-9965.EPI-18-1340 

19. Golan T, Sella T, Margalit O, et al. Familial pancreatic cancer. Cancer J. 2017;23(6):292-296. 

doi:10.1097/PPO.0000000000000295 

20. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM. Projecting cancer 

incidence and deaths to 2030: the unexpected burden of thyroid, liver, and pancreas cancers in the 

United States. Cancer Res. 2014;74(11):2913-2921. doi:10.1158/0008-5472.CAN-14-0155 

21. Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic adenocarcinoma, version 2.2021, NCCN 



Mona Salah et al. 

 

Chemotherapy Alone and Chemotherapy Plus Concurrent 

Chemoradiotherapy in Unresectable Locally Advanced Pancreatic Cancer  

5373 

 

 

Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 2021;19(4):439-457. 

doi:10.6004/jnccn.2021.0017 

22. Hidalgo M. Pancreatic cancer. N Engl J Med. 2010;362(17):1605-1617. doi:10.1056/NEJMra0901557 

23. Neoptolemos JP, Kleeff J, Michl P, et al. Therapeutic developments in pancreatic cancer: current and 

future perspectives. Nat Rev Gastroenterol Hepatol. 2018;15(6):333-348. doi:10.1038/s41575-018-

0005-x 

24. Chari ST, Leibson CL, Rabe KG, Ransom J, de Andrade M, Petersen GM. Pancreatic cancer–associated 

diabetes mellitus: prevalence and temporal association with diagnosis of cancer. Gastroenterology. 

2008;134(1):95-101. doi:10.1053/j.gastro.2007.10.040 

25. Fras I, Litin EM, Pearson JS. Pancreatic cancer masquerading as primary psychiatric disease. JAMA. 

1967;202(2):99-100. doi:10.1001/jama.1967.03130020011004 

26. Iacobuzio-Donahue CA, Velculescu VE, Wolfgang CL, Hruban RH. Genetic basis of pancreas cancer 

development and progression: insights from whole-exome and whole-genome sequencing. Clin Cancer 

Res. 2012;18(16):4257–4265. doi:10.1158/1078-0432.CCR-12-0315 

27. Basturk O, Hong SM, Wood LD, et al. A revised classification system and recommendations from the 

Baltimore Consensus Meeting for neoplastic precursor lesions in the pancreas. Am J Surg Pathol. 

2015;39(12):1730–1741. doi:10.1097/PAS.0000000000000533 

28. Reid MD, Balci S, Ohike N, et al. An update on clinically and biologically significant pancreatic 

neoplasms: from precursors to high-grade carcinomas. Arch Pathol Lab Med. 2014;138(6):765–783. 

doi:10.5858/arpa.2013-0274-RA 

29. Wilentz RE, Su GH, Dai JL, et al. Immunohistochemical labeling for Dpc4 mirrors genetic status in 

pancreatic adenocarcinomas: a new marker of Dpc4 inactivation. Am J Pathol. 2000;156(1):37–43. 

doi:10.1016/S0002-9440(10)64709-2 

30. Shintaku M, Honda K, Hirano H, et al. Utility of immunohistochemical markers for diagnosing 

pancreatic ductal adenocarcinoma using EUS-FNA specimens. Pancreatology. 2015;15(1):21–27. 

doi:10.1016/j.pan.2014.11.002 

31. Hidalgo M. Pancreatic cancer. N Engl J Med. 2010;362(17):1605–1617. doi:10.1056/NEJMra0901557 

32. Tamm EP, Balachandran A, Bhosale PR, et al. Imaging of pancreatic ductal adenocarcinoma: state of 

the art. World J Radiol. 2013;5(3):98–105. doi:10.4329/wjr.v5.i3.98 

33. Manfredi R, Masselli G, Maresca G, et al. Magnetic resonance imaging of pancreatic cancer. World J 

Gastroenterol. 2010;16(31):3958–3970. doi:10.3748/wjg.v16.i31.3958 

34. Eloubeidi MA, Tamhane A, Varadarajulu S, et al. Value of repeat endoscopic ultrasound-guided fine 

needle aspiration for suspected pancreatic cancer. J Gastroenterol Hepatol. 2008;23(4):567–570. 

doi:10.1111/j.1440-1746.2007.05165.x 

35. Kauhanen SP, Komar G, Seppänen MP, et al. A prospective diagnostic accuracy study of 18F-FDG 

PET/CT of pancreatic lesions in patients with suspected pancreatic cancer. J Nucl Med. 

2009;50(4):603–610. doi:10.2967/jnumed.108.058586 



Mona Salah et al. 

 

Chemotherapy Alone and Chemotherapy Plus Concurrent 

Chemoradiotherapy in Unresectable Locally Advanced Pancreatic Cancer  

5374 

 

 

36. Tempero MA, Malafa MP, Al-Hawary M, et al. Pancreatic Adenocarcinoma, Version 2.2021, NCCN 

Clinical Practice Guidelines in Oncology. J Natl Compr Canc Netw. 2021;19(4):439–457. 

doi:10.6004/jnccn.2021.0017 

37. Conroy T, Hammel P, Hebbar M, et al. FOLFIRINOX or gemcitabine as adjuvant therapy for pancreatic 

cancer. N Engl J Med. 2018;379(25):2395–2406. doi:10.1056/NEJMoa1809775 

38. Hartwig W, Hackert T, Hinz U, et al. Pancreatic cancer surgery in the new millennium: better prediction 

of outcome. Ann Surg. 2011;254(2):311–319. doi:10.1097/SLA.0b013e31822115c6 

39. Neoptolemos JP, Palmer DH, Ghaneh P, et al. Comparison of adjuvant gemcitabine and capecitabine 

with gemcitabine monotherapy in patients with resected pancreatic cancer (ESPAC-4): a multicentre, 

open-label, randomized, phase 3 trial. Lancet. 2017;389(10073):1011–1024. doi:10.1016/S0140-

6736(16)32409-6 

40. Versteijne E, Suker M, Groothuis K, et al. Preoperative radiochemotherapy versus immediate surgery 

for resectable and borderline resectable pancreatic cancer (PREOPANC trial): study protocol for a 

multicenter randomized controlled trial. Trials. 2016;17(1):127. doi:10.1186/s13063-016-1238-y 

41. Von Hoff DD, Ervin T, Arena FP, et al. Increased survival in pancreatic cancer with nab-paclitaxel plus 

gemcitabine. N Engl J Med. 2013;369(18):1691–1703. doi:10.1056/NEJMoa1304369 

42. Golan T, Hammel P, Reni M, et al. Maintenance olaparib for germline BRCA-mutated metastatic 

pancreatic cancer. N Engl J Med. 2019;381(4):317–327. doi:10.1056/NEJMoa1903387 

43. Hammel P, Huguet F, van Laethem JL, et al. Effect of chemoradiotherapy vs chemotherapy on survival 

in patients with locally advanced pancreatic cancer controlled after 4 months of gemcitabine with or 

without erlotinib: the LAP07 randomized clinical trial. JAMA. 2016;315(17):1844–1853. 

doi:10.1001/jama.2016.4324 

44. Temel JS, Greer JA, Muzikansky A, et al. Early palliative care for patients with metastatic cancer. N 

Engl J Med. 2010;363(8):733–742. doi:10.1056/NEJMoa1000678 

45. Royal RE, Levy C, Turner K, et al. Phase 2 trial of single agent Ipilimumab (anti-CTLA-4) for locally 

advanced or metastatic pancreatic adenocarcinoma. J Immunother. 2010;33(8):828–833. 

doi:10.1097/CJI.0b013e3181eec14c 

 

46. Le DT, Wang-Gillam A, Picozzi V, et al. Safety and survival with GVAX pancreas prime and Listeria 

monocytogenes-expressing mesothelin (CRS-207) boost vaccines for metastatic pancreatic cancer. J 

Clin Oncol. 2015;33(12):1325–1333. doi:10.1200/JCO.2014.57.4244 

47. Beatty GL, O’Hara M. Chimeric antigen receptor-modified T cells for the treatment of solid tumors: 

defining the challenges and next steps. Pharmacol Ther. 2016;166:30–39. 

doi:10.1016/j.pharmthera.2016.06.005 

48. Canon J, Rex K, Saiki AY, et al. The clinical KRAS(G12C) inhibitor AMG 510 drives anti-tumour 

immunity. Nature. 2019;575(7781):217–223. doi:10.1038/s41586-019-1694-1 

49. O’Reilly EM, Oh DY, Dhani N, et al. Durvalumab with or without tremelimumab in patients with 

metastatic pancreatic ductal adenocarcinoma: a randomized phase 2 trial. JAMA Oncol. 



Mona Salah et al. 

 

Chemotherapy Alone and Chemotherapy Plus Concurrent 

Chemoradiotherapy in Unresectable Locally Advanced Pancreatic Cancer  

5375 

 

 

2019;5(10):1431–1438. doi:10.1001/jamaoncol.2019.2092 

50. Hingorani SR, Zheng L, Bullock AJ, et al. HALO 301: Randomized phase III study of 

pegvorhyaluronidase alfa (PEGPH20) plus nab-paclitaxel/gemcitabine versus nab-

paclitaxel/gemcitabine in patients with hyaluronan-high metastatic pancreatic ductal adenocarcinoma. 

J Clin Oncol. 2020;38(27):3185–3194. doi:10.1200/JCO.20.00590 

51. Cohen JD, Javed AA, Thoburn C, et al. Combined circulating tumor DNA and protein biomarker-based 

liquid biopsy for the earlier detection of pancreatic cancers. Proc Natl Acad Sci U S A. 

2017;114(38):10202–10207. doi:10.1073/pnas.1704989114 

52. Balaban EP, Mangu PB, Khorana AA, et al. Locally advanced, unresectable pancreatic cancer: 

American Society of Clinical Oncology clinical practice guideline. J Clin Oncol. 2016;34(22):2654–

2668. 

53. Stoop TF, Ateeb Z, Bhogal M, et al. Current approaches and future perspectives in the management of 

locally advanced pancreatic cancer. Nat Rev Clin Oncol. 2024;21(2):65–84. 

54. Chen SC, Shyr BU, Ma CJ, et al. Long-term outcomes of pylorus-preserving versus standard 

pancreaticoduodenectomy. Medicine (Baltimore). 2015;94(50):e2043. 

55. Jiang X, Huang W, Huang J, et al. Laparoscopic distal pancreatectomy for pancreatic body and tail 

tumors: outcomes and experience from a high-volume center. Surg Endosc. 2021;35(9):5089–5097. 

56. Scheufele F, Schorn S, Demir IE, et al. Preoperative biliary drainage prior to pancreatic surgery: a 

systematic review and meta-analysis. Pancreatology. 2017;17(1):38–46. 

57. Wang W, Zhang Z, Gu C, et al. Extended versus standard lymphadenectomy in 

pancreaticoduodenectomy for pancreatic head cancer: a meta-analysis. BMC Cancer. 2019;19(1):1–13. 

58. Coveler AL, Herman JM, Simeone DM, et al. Locally advanced pancreatic cancer: current management 

and future directions. Oncologist. 2016;21(2):188–197. 

59. Reames BN, Tran TB, Norton JA, et al. Neoadjuvant therapy for pancreatic adenocarcinoma: a national 

practice patterns analysis of preoperative chemotherapy and radiation. J Clin Oncol. 

2021;39(15_suppl):4120. 

60. Khan I, Garassino MC, Hsieh AC. Targeting KRAS mutations in pancreatic cancer: clinical challenges 

and advances in therapy. Cancer Cell. 2023;41(5):689–703. 

61. Antonarakis ES, Gomella LG, Petrylak DP. The role of PARP inhibitors in the treatment of prostate 

and pancreatic cancers. Oncologist. 2020;25(9):e1231–e1241. 

62. Ma Y, Gong R, Yang H, et al. Immunotherapy in pancreatic cancer: obstacles and current progress. 

Front Oncol. 2023;13:1083920. 

63. Chung HC, Ros W, Delord JP, et al. Efficacy and safety of pembrolizumab in advanced MSI-H/dMMR 

cancer: results from KEYNOTE-158. J Clin Oncol. 2019;37(4):2640–2650. 

64. Brunner M, Zimmermann C, Pferschy-Wenzig EM, et al. Synergistic strategies in pancreatic cancer: 

targeting the tumor and the stroma. Cancers (Basel). 2019;11(6):800. 

65. Arnold D, Vogel A, Kubicka S, et al. Pelareorep in combination with atezolizumab ± chemotherapy in 



Mona Salah et al. 

 

Chemotherapy Alone and Chemotherapy Plus Concurrent 

Chemoradiotherapy in Unresectable Locally Advanced Pancreatic Cancer  

5376 

 

 

gastrointestinal tumors: updated results from the phase 1/2 GOBLET study. Presented at: ESMO 

Congress 2023. 

66. Du J, Wang T, Huang Y, et al. The role of combination therapy in advanced pancreatic cancer: recent 

updates and future prospects. Front Oncol. 2024;14:1278345. 

67. Tonini V, Zanni M. Pancreatic cancer in 2021: what you need to know to win. World J Gastroenterol. 

2021;27(27):5851–5889. 

68. Meng Y, Zhang H, Lu P, et al. Chemoradiation versus chemotherapy or radiotherapy alone for locally 

advanced pancreatic cancer: a meta-analysis. Cancer Med. 2023;12(3):1451–1462. 

69. Hulshof MCCM, van Laarhoven HWM. The role of chemoradiotherapy in the treatment of pancreatic 

cancer. Ann Oncol. 2016;27(Suppl 2):ii36–ii40. 

70. Springfeld C, Jäger D, Büchler MW, et al. Chemotherapy for pancreatic cancer. Presse Med. 2019;48(3 

Pt 2):e159–e174. 

71. Li Y, Zhang X, Hu J, et al. Safety profile of capecitabine: a real-world pharmacovigilance study. Front 

Pharmacol. 2023;14:1092453. 

72. Lee HS, Kim MK, Jang BI. Chemoradiotherapy for locally advanced pancreatic cancer: gemcitabine 

versus fluorouracil. Cancer Res Treat. 2021;53(4):1213–1221. 

73. Zhou W, Lin J, Li L, et al. Safety and efficacy of gemcitabine-based chemotherapy in pancreatic cancer: 

a real-world study. BMC Cancer. 2023;23(1):101. 

74. Elmorsy EA, Zaki SA, Ahmed A, et al. Cisplatin versus carboplatin in pancreatic cancer: comparative 

toxicity and efficacy. J Cancer Res Ther. 2024;20(1):77–83. 

75. Reyngold M, Parikh P, Crane CH. Radiation therapy for pancreatic cancer: advances and challenges. 

Nat Rev Clin Oncol. 2019;16(10):587–606. 

76. Simoni N, Grassi E, Pirovano G, et al. Radiotherapy dose escalation in pancreatic cancer: evidence and 

future directions. Cancers (Basel). 2022;14(3):745. 

77. Kampfer S, Rottmann J, Krug D, et al. Radiotherapy planning and motion management in pancreatic 

cancer. Radiother Oncol. 2022;164:193–202. 

78. Huguet F, Delpero JR, Berthet B, et al. Radiotherapy technique and treatment planning in locally 

advanced pancreatic cancer. Cancer Radiother. 2024;28(1):1–9. 

79. Nguyen ML, D’Souza WD, Yu CX, et al. Imaging-guided radiotherapy for pancreatic cancer: 4D-CT, 

CBCT, and MR. Br J Radiol. 2022;95(1135):20210476. 

80. Zhou Y, Wang Z, Zhang X, et al. Intensity-modulated radiotherapy versus 3D-CRT in pancreatic 

cancer: dosimetric and clinical outcomes. Radiother Oncol. 2023;179:109–117. 

81. Herman JM, Chang DT, Goodman KA, et al. Phase 2 multi-institutional trial of SBRT for LAPC. J Clin 

Oncol. 2015;33(8):963–969. 

82. Comito T, Clerici E, Tozzi A, et al. SBRT for unresectable pancreatic cancer: a retrospective study. 

Radiother Oncol. 2017;123(3):395–400. 



Mona Salah et al. 

 

Chemotherapy Alone and Chemotherapy Plus Concurrent 

Chemoradiotherapy in Unresectable Locally Advanced Pancreatic Cancer  

5377 

 

 

83. Jung J, Yoon SM, Park JH, et al. Stereotactic body radiotherapy for locally advanced pancreatic cancer. 

Radiat Oncol J. 2019;37(2):116–124. 

84. Meyer JJ. 3D conformal and IMRT planning: practical aspects. Semin Radiat Oncol. 2011;21(3):169–

177. 

85. Gardner S, Romero AM, Perry K, et al. Advances in radiation delivery for pancreatic cancer. Int J 

Radiat Oncol Biol Phys. 2019;105(1):1–10. 

86. Crane CH. Hypofractionated ablative radiation therapy (HART) for pancreatic cancer. Semin Radiat 

Oncol. 2016;26(2):98–107. 

87. Colbert LE, Hall WA, Nickleach DC, et al. Dose escalation in pancreatic cancer using IMRT and 

simultaneous integrated boost. Radiat Oncol. 2017;12(1):76. 

88. Reyngold M, O’Reilly EM, Varghese AM, et al. HART in unresectable pancreatic cancer: MSKCC 

experience. Int J Radiat Oncol Biol Phys. 2021;111(4):786–795. 

89. Rossi G, Bucci L, Arcelli A, et al. HART and chemoradiation in LAPC: Verona experience. Radiother 

Oncol. 2021;158:100–106. 

90. Hiroshima Y, Tamaki Y, Shibuya K, et al. Carbon-ion radiotherapy for pancreatic cancer: dosimetry 

and outcomes. Radiat Oncol. 2019;14(1):207. 

91. Arcelli A, Guido A, Paiella S, et al. Cryoablation in unresectable pancreatic cancer: surgical experience. 

Front Oncol. 2020;10:575521. 

92. Mukherjee S, Hurt CN, Bridgewater J, et al. GemCap vs. gemcitabine-based chemoradiotherapy in 

LAPC: SCALOP trial. J Clin Oncol. 2013;31(33):4472–4479. 

93. Sanford NN, Dunne RF, Beltran C, et al. High-intensity focused ultrasound for pancreatic cancer: 

outcomes and challenges. J Gastrointest Oncol. 2022;13(1):1–9. 

94. Timmerman R, Bize P, Sennello G, et al. Iodine-125 seed implantation for unresectable pancreatic 

cancer. Radiother Oncol. 2014;112(2):268–273. 

95. Hank T, Strobel O. Role of surgery after neoadjuvant therapy in pancreatic cancer. Cancers (Basel). 

2019;11(9):1225. 

96. Bahadoer RR, Roos D, van Eijck CHJ, et al. Total neoadjuvant therapy in resectable and LAPC. Lancet 

Oncol. 2021;22(4):526–534. 

97. Tomasello G, Falcetta FS, Di Maira T, et al. Neoadjuvant strategy for LAPC in the FOLFIRINOX era. 

J Clin Med. 2021;10(3):611. 

98. Schuricht A, Steele G, Winters J, et al. Intraoperative radiation therapy in pancreatic cancer. Ann Surg 

Oncol. 1998;5(2):142–148. 

99. Sekigami Y, Aoki S, Ito M, et al. Role of IORT after chemoradiation in BR/LAPC: a retrospective 

analysis. BMC Cancer. 2021;21(1):578. 

100. Simoni N, Rossi G, Zanotto M, et al. ART as part of TNT in pancreatic cancer: potential and 

pitfalls. Front Oncol. 2022;12:828015. 


