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Abstract
Pancreatic cancer is responsible for a significant disease burden on the aging US population. The only chance at curing this highly morbid disease is surgical resection, however choosing appropriate surgical candidates in the elderly population remains challenging. We review the literature for appropriate treatment modalities to the elderly patient. Although significant literature exists in choosing appropriate surgical candidates as well as managing those not deemed fit for surgery, the medical community is not unified when approaching these patients. Further collaboration between the surgical, medical, and palliative communities will likely spawn better outcomes for less overall health care cost in the future.
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Introduction

Pancreatic cancer is the fourth leading cause of cancer related mortality with 44,000 American and 250,000 worldwide diagnoses annually.1 A disturbing increase in the US incidence of pancreatic cancer has been noted in recent years. Surgical therapy remains the only chance at cure for early stage disease, but unfortunately only 9% of patients present with localized disease. The advanced age of diagnosis frequently complicates potential therapies due to comorbidi ties, frailty, or perceived risk. Although surgical morbidity has dramatically decreased, 5-year survival remains a dismal 7.8%. Current data from the Surveillance, Epidemiology, and End Results (SEER) Program reveals that only 31.7% of patients diagnosed with pancreatic cancer are under age 64, while 26.8% will be diagnosed between age 65-74, another 26.1% will be diagnosed between age 75-84, and 13.5% will be diagnosed at an age above 85. The average age at diagnosis is now 71 years of age.2 With rising incidence in an aging population we have sought to review the best management strategy for elderly patients with pancreatic cancer.

The term “elderly” is inconsistently defined throughout the literature. Prior studies have used a range of ages from 65-90 years to demarcate “elderly”, but more recent literature stresses functional status over numerical age. Several scoring systems have been developed to predict outcomes in elderly patients with cancer diagnoses and include variables such as nutritional status, laboratory values, cardiopulmonary status, timed “get up and go” testing, and American Society of Anesthesiologists (ASA) status.3,4 Further confounding the discussion of the elderly patient with pancreatic cancer is the wide variety of pathology (pancreatic adenocarcinoma, neuroendocrine tumors, mucinous neoplasms, peri-ampullary or duodenal tumors) combined with anatomic considerations (lesions in the head vs. body vs. tail) and the implications for surgical resection, research, and outcomes. In our practice we do not define elderly at a Page 5 specific age, but rather take into account every patient’s comor bidities, functional level, and nutritional status.

Surgical Outcomes

Outcomes after major abdominal operations are worse in the elderly. Two large US studies 5,6 as well as one large Australian study7 have shown increased morbidity and mortality in older surgical patients. Interestingly, risk factors plateau at age 60, but surgical morbidity and mortality continues to increase linearly with age. 5 For unknown reasons (referral bias, surgeon hesitancy), elderly patients are operated on less than their younger counterparts; peak surgical volume occurs in the fifth decade of life.5 The result is that many elderly patients are removed from the operative pool due to comorbidities, perceived risk, and referral basis. 8 Operative complexity has been shown to predict mortality in the elderly.5,6 One group reported a 5% increase in mortality for every year increase above age 80.6 Long-term outcomes are not well studied in the elderly population, but evidence regarding functional outcomes suggests a 3-6 month minimum return to baseline functional status following major abdominal surgery.9 This has been verified in patients undergoing resection for pancreatic cancer.10 The substantial cognitive changes associated with general anesthesia 11,12 are certainly compounded by prolonged hospitalizations or intensive care unit (ICU) stays. Despite a tendency towards worse surgical outcomes in the elderly, surgical resection for pancreatic cancer remains the only treatment modality that offers complete cure. Surgeons have been compelled to push the age boundary in hopes of cur ing patients for over 60 years.13 A PubMed search was performed using the keywords “pancreatic cancer,” “elderly,” “resection,” and “pancreaticoduodenectomy”. All publications with original data of the surgical treatment of pancreatic cancer in the elderly within the last 15 years are included in Table 1.

The shortcomings of the above studies, as a whole, are important. All are retrospective, many have a small number of participants. Additionally, few authors include details on how their cohort was or was not selected for surgery. Many authors emphasize or only report 30-day mortality. Standardized definitions of morbidity are lacking. Overall there is a trend (especially in larger studies) toward slight increase in morbidity and mortality in the elderly, although authors universally conclude that a small increase in morbidity and mortality is acceptable when weighted against the risk of not pursuing the only curative therapy.

Patient Selection And The Need For A Multi- Disciplinary Approach

Careful patient selection and attention to risk factors may expand the pool of curable patients as well as limit surgical morbidity by restricting poor operative candidates. Numerous factors have been proven to predict post-operative outcomes—from concrete laboratory tests to more abstract attempts to quantify “frailty,” “geriatrics,” or the like. ASA class and serum albumin have been consistently identified as strong predictors of mortality in elderly patients.6,7 Serum albumin less than 30 g/L is associated with a 4 fold increased risk of 30 day mortality. 7 These predictors have also been validated in oncology patients.3 Various scoring systems emphasizing “frailty” (mobility, physical strength, and nutritional status) have been shown to predict length of stay, readmission, post-operative complications, cardiac events, and discharge to a skilled nursing facility.25,26 A test of growing popularity, the timed “get up and go” test, was originally developed as a basic test of mobility. 27 In this test the administrator asks the patient to stand from a seated chair, walk 10 feet, and return to the same seated position. This simple, inexpensive test now has thorough community validation and was recently proven to predict mortality in geriatric patients receiving chemotherapy. 28 Additionally, it has also been shown to closely correlate with surgical and oncologic outcomes. 3 Another predictive formula for elderly colorectal patients has been validated and is in wide use,4 however no scoring system yet exists specifically for patients with pancreatic neoplasm. Table 2 summaries known risk factors that are germane to the pre-operative evaluation of elderly patients.

Given the variety of scoring systems, their lack of validation in this disease, and their inconsistent use, the role of geriatric medicine should not be underplayed. The International Society of Geriatric Oncology (ISGO) is the leading authority on health care screening and optimization in elderly oncology. Although not specific to pancreatic cancer, this review board demonstrated that peri-operative assessment with a comprehen sive geriatric assessment, as well as assessments of fatigue and performance status and an anesthesiologist’s evaluation of operative risk could predict a 50% increase in the relative risk of post-operative complications and extended hospital stays.29 Subsequently, ISGO published updated consensus guidelines. This 2014 review found that geriatric assessment in older oncology patients had multiple benefits, including the ability to predict outcomes after oncologic treatment, identify those patients who were more likely to have adverse outcomes after treatment, and prevent under or over treating this population.30 In spite of the benefits, referring all elderly patients to a geriatrician may prove too large a burden for the health care system to carry. Furthermore, without a consistent definition of elderly due to the heterogeneity of this population, the ISGO also endorses the use of screening tools to identify patients most in need of a geriatric assessment. Numerous screening tools exist, but the most studied are the G8, Flemish version of the Triage Risk Screening Tool (fTRST) and Vulnerable Elders Survey-13 (VES-13). Of these, the most studied and highest sensitivity (80%) of detecting a patient who would benefit from a comprehensive geriatric assessment was the G8. Importantly, screening tools have never been demonstrated to confer the benefits of a comprehensive geriatric assessment, but in resource-poor practices these tools may offer a cost-effective middle ground.31,32 Page 6

Table 1. Outcomes after pancreatic resection in the elderly patient.

Study Total N Age Summary of Findings Median Survival Long term Survival Bathe et al14 70 75

No difference in 30-day mortality (8.5%), significant increase in morbidity in elderly (31% v 63%). Measured endpoints for morbidity: gastric atony, pancreatic fistula, intra abdominal abscess, biliary fistula, wound infection, line sepsis, urinary tract infection, gastrointestinal bleeding, bladder injury, pneumothorax, suppurative thrombophlebitis, pyleophlebitis, chylous ascites, respiratory insufficiency, pneumonia, cardiovascular, multiple organ failure, hyperglycemia, pulmonary embolism, renal insufficiency, seizure, delirium, gout.

24 months for patients less than 75 years old, and 9 months in those over 75.

5-year survival: 23% in patients less than 75 years old and 31% in those over 75.

Hodul et al15 122 70

No difference in 30-day mortality (only one death in the younger cohort) or morbidity. Measured endpoints for morbidity: wound infection, abscess, anastomotic leak, cardiac, urinary tract infection.

Not reported. Not reported.

Brozetti et al16 166 70

Significant increase in 30-day mortality (4% v 11%) and significant increase in morbidity (46% v 49%) in the elderly. Measured endpoints for morbidity: pancreatic fistula, pancreatitis, biliary fistula, delayed gastric emptying, post-operative bleeding, sepsis, wound infection, urinary tract infection, pneumonia, cardiac, renal, or cerebrovascular disease.

Not reported. Not reported.

Makary et at17 2698 80/90

Significant increase in 30-day mortality and morbidity for patients aged 80-90 compared to those less than 80, but not significant for those greater than 90. Measured endpoints for morbidity: reoperation, small bowel obstruction, ulcer, delayed gastric emptying, pancreatic fistula, pancreatitis, cardiac, pneumonia, sepsis, intra-abdominal abscess, lymph leak, cholangitis, bile leak, wound infection.

40 months for patients less than 80 years old, 19 months for patients 80-90, and 15 months for patients over 90.

5-year survival: 43.1% for patients less than 80 years old, 24.4% in those 80-90 and 0% in those over 90.

Scurtu et al18 70 75

No difference in 30-day mortality (0% v 6.2%) or morbidity. Measured endpoints for morbidity: pancreatic fistula, delayed gastric emptying, bleeding, intestinal occlusion, intraabdominal collection, abdominal wall sepsis, ulcer, biliary stenosis, sepsis, urinary infection, pneumopathy and pleural effusion, neurologic, pulmonary, diarrhea, thrombophlebitis.

20 months for all patients.

3-year survival: 33.1% in patients less than 75 years old and 27.7% in those over than 75.

Finlayson et al19 23,518 70/80

Significant increase in 30-day mortality with increased age for all groups (7% v 9% v 16%). Morbidity not reviewed.

Not reported. 5-year survival: 16% in patients less than 80 years old, 11% in those over 80.

Riall et al20 3,736 60/70/80 Significant increase in 30-day mortality with increased age for all groups (2% v 6% v 7% v 11%). Morbidity not reviewed.

Not reported. Not reported.

Ito et al21 98 75 No difference in 30-day mortality (0% v 3.2%) or morbidity. Measured endpoints for morbidity: pancreatic fistula, delayed gastric emptying, liver abscess, wound infection, intra abdominal bleeding, respiratory insufficiency, intra abdominal collection, sepsis, bile leakage, or gastrointestinal bleeding. Not reported. 3-year survival: 65.9% for patients less than 75 years old and 50.5% for those over 75.

Oguro et al22 561 80

Significant increase in morbidity and significant decrease in median survival. Measured endpoints for morbidity: pancreatic fistula, delayed gastric emptying, abscess, hemorrhage, pneumonia, ascites.

65 months in patients less than 80 years old and 43 months in those over 80.

5-year survival: 51% in patients less than 80 years old and 46% in those over 80.

Frakes et al23 193 70

No difference in mortality or morbidity. Measured endpoints for morbidity: Pancreatic leak, gastrojejunostomy leak, atrial fibrillation, pulmonary embolus, abscess, wound infection, wound dehiscence, anastomotic bleed, stricture, pancreatic fistula, enterocutaneous fistula, peritonitis.

23 months in patients less than 70 years old, 23.4 months in those 70–75, 16.1 months those 76–80, and 18.7 months in those over 80.

5-year survival: 26.7% in patients less than 70 years old, 23% in those 70–75, 0% in those 76–80, and 15.4% in those over 80.

Zhang et al24 216 70

No difference in mortality or morbidity. Measured endpoints for morbidity: Delayed gastric emptying, pancreatic fistula, abscess, pleural effusion, cardiac, pulmonary, neurologic, urinary infections.

14 months in those less than 70 and 20 months in those over 70.

5-year survival: 14.8% in those less than 70 and 21.6% in those over 70.

Although the ISGO offers several compelling reviews, geriatric medicine is rarely involved or done so in a fragmented way. Even specific to the elderly patient with pancreatic cancer this discipline predicts major complications, including longer hospital stays, ICU admissions, and readmission. 33 Similarly, palliative care is also involved relatively late—after treatment failures have occurred. This may partially result from physicians consistently overestimating life expectancy in oncology patients.34 In a recent study only 52% of patients with advanced stage pancreatic adenocarcinoma had received a palliative care consultation; however, this consult is associated with decreased use of chemotherapy within 30 days of death, a lower risk of ICU admission, multiple emergency department visits, and multiple hospitalizations.35 This study was not focused solely on the elderly patient. Some authors have advocated that palliative care consults should replace surgical resection (although we find this approach rather limiting in good-risk operative candidates). Patients on palliative care were found to spend 50% of what is required for surgical treatment with estimated quality-adjusted life years equivalent across groups. 36 No centers have yet reported an automatic palliative care consult triggers at the time of diagnosis for patients of any age. Based on the above studies, such an early multi-specialty approach would likely decrease cost, increase surgical utility, and provide better outcomes. Shared decision making will become mandatory as cost containment becomes a higher priority.

PALLIATIVE INTERVENTIONS IN THE ELDERLY Chemotherapy

Eighty percent of patients of any age present with anatomically unresectable disease, a trend that will continue unless an early tumor marker is found. Chemotherapy is considered first line treatment for un-resectable disease. Current National Comprehensive Cancer Network (NCCN) guidelines for pancreatic adenocarcinoma recommend single agent gemcitabine for patients with poor performance status or intensive chemotherapy regimen of 5-fluorouracil, oxaliplatin, irinotecan, leucovorin (FOL- FIRINOX) for those with a good performance status. 37 Data for chemotherapy is directly applicable to the elderly population; in the hallmark study comparing FOLFIRINOX to gemcitabine for metastatic pancreatic cancer, 76 out of 342 patients were 65 years or older.38 A recent Cochrane Review questions the necessity for aggressive 5-fluorouracil based regimens (such as FOLFIRI- NOX) with the finding that mono-agent gemcitabine is non-inferior to 5-fluorouracil for survival. Gemcitabine also had significant clinical benefit given limited side effects and therefore has been used frequently in the elderly population. Additional agents in combination with either gemcitabine or 5-fluorouracil have shown some improvement in early response rates, but this has not translated into a survival benefit.39 In the elderly patient, the best chemotherapy regimen will certainly focus on the quality of life (QoL), limiting toxicity, and reducing disease associated pain.

A PubMed search using the terms “pancreatic cancer,” “chemotherapy,” and “elderly” failed to reveal any study that prospectively assigned patients to a chemotherapeutic regimen based on their age or performance status; however, several studies have demonstrated the safety, feasibility, and survival advantage of chemotherapy when used in the palliative setting for the elderly patient. These studies are reviewed in Table 3.

Overall these studies have relatively few participants, although outcomes and conclusions are similar. Most investigators prohibit patients with poor performance status or a large number of comorbidities from receiving chemotherapy. Notably, when elderly patients with worse performance status are treated with palliative chemotherapy the median survival appears quite similar (3.9 months) compared to studies utilizing best supportive care (2.3-4.2 months). This comparison may prove flawed as many patients treated with best supportive care were assigned that modality based on poor performance status, frailty, or family’s wishes. Currently, there is no evidence to support or deny the use of chemotherapy over best supportive care in elderly patients with poor performance status. Additional studies that distinguish between locally advanced and metastatic disease are warranted as patients with metastatic disease appear to have significantly worse survival.

Biliary And Gastric Outlet Bypass

The traditional operation to treat biliary and gastric outlet obstruction, an open double bypass, is of declining use given advances in endoscopic stenting.47 The morbidity associated with a large operation is balanced against the durability of endoscopic interventions in patients with limited longevity. Biliary obstruction, with resultant puritis and fat mal-absorption, has been the topic of five randomized controlled studies. A recent meta-anal- Study Age Risk Factor Study Endpoint Hamel et al6 80 Most predictive factors: ASA, albumin, emergency surgery, functional status, and blood urea nitrogen. 30-day mortality McNicol et al7 70 ASA, albumin, emergency surgery, renal impairment, respiratory insufficiency. 30-day mortality Makary et al26 65 Weight loss, grip strength, exhaustion, activity level, walking speed. Post-operative complications, length of stay, and discharge to a skilled nursing facility.

Robinson et al25 65 Frailty score, defined by: Katz score, Timed up-and-go, Charlson Index, anemia, mini-cog, albumin, and a fall within 6 months. Length of stay and 30-day readmission rate.

Table 2. Preoperative evaluation of the elderly surgical candidate.

Page 7 ysis examined these five studies and included 191 patients in the surgical arm and 188 patients in the endoscopic arm. 48 The review concludes that surgical palliation was safe, more durable than endoscopic treatment and should be offered first line to patients who are low surgical risk. A serious limitation of the above meta-analysis is the age of the studies included, with publica tion dates of 1986, 1988, 1989, 1994, and 2006. Advances in surgical, endoscopic, and anesthetic technique may well influence this older data. For example, self-expanding metal stents and concomitant duodenal stents are two technologies that have only recently been developed and were not reflected in older trials. Additionally, none of this data specifically targets the elderly patient.

A Cochrane review from 2006, found metal stents to have improved durability over older plastic stents.49 The overall durability of surgical bypass was also reaffirmed. Similar results have been found in a more recent, albeit small retrospective study of 55 elderly patients (over 65 years old). 50 These authors similarly conclude that surgical palliation is superior to endoscopic stenting for malignant biliary obstruction even in spite of any increased surgical risk related to advanced age. They report no difference in morbidity or mortality, but better quality of life and longer survival in open bypass patients (mean 290 compared to 150 days).

Gastric outlet obstruction is a less frequent, but equally unpleasant complication with associated nausea, vomiting, cachexia and fatigue. Open gastrojejunostomy is the historic gold standard with newer modalities including laparoscopic gastrojejunostomy and endoscopic stenting. Survival averages 82 days once malignant gastric outlet obstruction presents. 51 Studies uniformly indicate that endoscopic intervention results in decreased initial hospital stay and cost with a faster return to oral intake.52-54 Unfortunately the durability of endoscopic interven tion is again inferior with frequent rate of re-intervention (11% vs. 48%, p<0.01).37 Stenting has been proven to be equivalent in the elderly population with equal rates of success, complica tions, and oral intake. 55 For both biliary and gastric outlet obstruction, low risk patients should give consideration to surgical bypass, while those with decreased fitness or limited predicted survival should opt for endoscopic intervention.

Palliative Whipple

Offering a palliative pancreaticoduodenectomy was popularized by a retrospective study from John’s Hopkins in 1996 that found a survival advantage (mean 15 compared to 12 months) for patients that underwent pancreaticoduodenectomy with positive margins compared to patients that underwent a double bypass procedure at the time of an intended curative pancreaticoduo denectomy.56 This notion has met significant controversy with multiple subsequent studies summarized in a meta-analysis that focused quality of life after each operation.57 This meta-analysis concludes that patients recover faster from a double bypass procedure. In spite of a non-significant trend toward decreased survival in the double bypass group (6 vs. 7 months, p=0.09), this earlier return to baseline function and fewer long-term symptoms (specifically diarrhea) resulted in an overall improved quality of life in the bypass group. The controversy continues as newer studies delineate between an R1 resection (microscopically positive margins), an R2 (grossly positive margins) resection and a double bypass.58 This data also concludes that a double bypass is associated with the least morbidity and the shortest survival. These authors have also concluded that this increased survival advantage (14-18 months compared to 9-13 months) outweighs the increased morbidity. R2 resections are associated with especially poor outcomes (7-10 month survival) and increased morbidity. Unfortunately, these studies appear underpowered as evidenced by the large range in survival after purportedly similar operations.None of these operations have been specifically studied in the elderly patient.

A Novel Therapy: Irreversible Electroporation

A novel therapy for the treatment of locally advanced disease is irreversible electroporation, or “NanoKnife,” which acts through local electrical ablation of tumor cells. Early, small Study Total N Cohort Variable Median Survival (months) Comments Maréchal et al40 99 Elderly <70 vs >70 Age 7.9 vs 7.2 Gemcitabine and gemcitabine-based regimens. No significant difference in survival between groups.

Locher et al41 38 Elderly >70 None (feasibility study) 7 vs 10 Longer survival in patients receiving second line 5-FU Yamagishi et al42 66 <70 v >70 v best supportive care Gemcitabine v best supportive care 10.2 vs 9.6 vs 4.2 No significant survival difference regardless of age when treated with gemcitabine Matsumoto43 68 Elderly >65 years of age Gemcitabine v best supportive care 7.6 vs 2.3 36% of patients treated with gemcitabine had grade 3 or 4 toxicity Hentic et al44 38 Elderly >75 years of age Gemcitabine v best supportive care 9.1 vs 2.9 23% of patients treated with gemcitabine had grade 3 toxicity Berger et al45 53 Elderly >70 years of age Any agent, ECOG<1 v ECOG>2 7.8 vs 3.9 81% gemcitabine monotherapy Oziel-Taieb et al46 107 Elderly > 75 Locally advanced v metastatic disease 9.1 vs 4.7 Gemcitabine, 5-FU & cisplatin, or 5-FU alone Table 3: Palliative chemotherapy in the elderly patient with pancreatic cancer. Survival differences are statically significant except where noted. Page 8 studies are very promising. The largest to date includes 54 patients in a prospective, multicenter trial who underwent irreversible electroporation that were matched to 85 patients with similar pancreatic disease burden who underwent standard of care chemo-radiation. Overall survival improved in patients under going irreversible electroporation (20 vs. 13 months, p=0.03).59 The oldest patient in this cohort was 80 years old, range 45-80 years. Another reported cohort includes 14 patients who under went percutaneous irreversible electroporation. No deaths were attributed to the procedure; however two patients had compli cations (pneumothorax and pancreatitis). Two of these patients subsequently underwent R0 resection (Microscopically negative margins).60 Ultrasound has also been successfully used to local ize and treat with irreversible electroporation.61 In this study, five patients safely underwent irreversible electroporation and one went on to have R0 pancreaticoduodenectomy. Due to its potential as a minimally invasive therapy, irreversible electroporation may gain significantly utility in the elderly population if larger studies continue to validate its efficacy.

Pain Management

Severe abdominal pain is one of the most devastating consequences of end stage pancreatic cancer. As early as 1969, attempts at chemical splanchnicectomy have been described, although it was not until 1993 that the first prospective, randomized, double-blind, placebo controlled trial was preformed in this population. 62 Patients receiving alcohol ablation scored significantly lower on pain scores at 2, 4, 6 months and on final assessment. The average age of these patients was 64 years old. Another randomized trial compared celiac block to medical pain management (non-steroidal anti-inflammatory drugs and opiates) and found a significant decrease in analgesic use (specifically opiates) in patients receiving chemical splanchnicectomy.63 The mean age of this study was 67 years in the group receiving the block and 63 years in the pharmacologic group. In contrast, a similarly designed trial found no significant decrease in the use of opiates, no difference in quality of life, or difference in survival, although patients undergoing splanchnicectomy did score consistently lower on pain scores. 64 A Cochrane review was undertaken in 2011 to determine the overall efficacy of this treatment and its influence on opiate use. A total of six randomized control trials (358 participants) were identified. The results found a statistically significant decrease not only in pain scores but also in opiate use in patients undergoing splanchnicectomy.65 Given the minimal reported side effects of chemical splanchnicectomy and the large potential benefit of decreasing opiate use in the vulnerable elderly population this treatment modality ought be employed when feasible.

Resource Utilization

Hospital resource utilization for elderly patients undergoing pancreaticoduodenectomy has only once been studied in the literature.66 Via single institution retrospective review, patients undergoing pancreaticoduodenectomy were compared based on age (less than 70 years old, 70-80 years, and greater than 80 years). This study included 99 total patients. Both groups aged 70-80 and above 80 were associated with significantly higher hospital charges. The youngest cohort charged $22,073 less than the middle cohort and $34,373 less than those patients over 80 years of age. This initial study bears further validation and may well prove highly significant as health care cost meets contain ment.

Conclusion

The best management strategy for elderly patients with pancreatic cancer depends on a variety of factors including pathology, anatomic resectability, patient comorbidity and overall fitness. When and how to best proceed with resection is best deter mined as a multidisciplinary conversation with early inclusion of palliative care, geriatrics, oncology and surgical specialties. Innovative prognostic factors such as genomic sequencing will play a larger role in counseling and treating the elderly patient. Improvements in determining a patient’s true “age” reflected by the ability to safely undergo a major operation or chemotherapy treatment must be made. Although a wealth of data exists, it remains underutilized. Mitigating peri-operative risk will undoubtedly call for increasing consolidation of patients into high volume centers to allow for standardization and access to all needed specialties. Palliation will best be treated in a similar setting. Increasing demands on the health care system are guar anteed with the aging US population.
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