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Abstract

Background—Long-term survival (LTS) is uncommon for patients with pancreatic ductal 

adenocarcinoma (PDAC). We sought to identify factors that predict 10-year, LTS after resection of 

PDAC.

Methods—We identified all patients with PDAC that underwent resection at UCLA after 1990, 

and included all patients eligible for observed LTS (1/1/1990—12/31/2004). An independent 

pathologist reconfirmed the diagnosis of PDAC in patients with LTS. Logistic regression was used 

to predict LTS based on patient and tumor characteristics.

Results—Of 173 included patients, 53% were male, median age at diagnosis was 66, and median 

survival was 23 months. The rate of observed LTS was 12.1% (n = 21). Age, sex, number of 

lymph nodes evaluated, margin status, lymphovascular invasion, and adjuvant chemotherapy and 

radiation were not associated with LTS. The following were associated with LTS on bivariate 

analysis: low AJCC stage (Ia, Ib, IIa) (p = 0.034), negative lymph node status (p = 0.034), low 

grade (well-, moderately-differentiated) (p = .001), and absence of perineural invasion (p = 0.019). 

Only low grade (odds ratio 7.17, p = 0.012) and absent perineural invasion (odds ratio 3.28, p = 

0.036) were independently associated with increased odds of LTS. Our multivariate model 

demonstrated good discriminatory power for LTS, as indicated by a c-statistic of 0.7856.

Conclusion—Absence of perineural invasion and low tumor grade were associated with greater 

likelihood of LTS. Understanding the tumor biology of LTS may provide critical insight into a 

disease that is typically marked by aggressive behavior and limited survival.
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INTRODUCTION

The incidence of pancreatic cancer is rising, but the prognosis for the majority of patients 

remains strikingly poor. Overall 5-year survival for all patients with PDAC is approximately 

7.1%.1, 2 By 2030, researchers project that pancreatic cancer will become the 2nd leading 

cause of cancer related death in the US after lung cancer, surpassing colorectal, breast, and 

prostate cancer.3 In 2015, it is estimated there will be 48,960 new cases and 40,560 deaths 

attributable to pancreatic cancer in the US—indicative of near universal lethality. Of these 

pancreatic cancers, approximately 96% will be pancreatic ductal adenocarcinoma (PDAC).2

Curative resection is attempted in the small subset of patients that present with localized 

disease; however, the overall 5-year survival rate for these patients remains no higher than 

26%.2 Furthermore, unlike other solid malignancies for which 5-year survival rates are often 

equivocated with “cure” rates, patients that survive 5-years after PDAC resection continue to 

be at high risk for recurrence and disease-related mortality.4-6 Extended or long-term 

survival (LTS) after PDAC resection has been reported in a number of retrospective series, 

and has been defined variously as survival greater than 5 or 10 years depending on the study. 

However, in many of these series a histopathologic diagnosis of PDAC was not confirmed by 

a re-review of the pathology in a sizeable number of patients purported to achieve LTS. 

Many patients were instead found to harbor adenocarcinoma of various subtypes that are 

less aggressive than PDAC, and some were found not to harbor malignancy at all.7-9 This 

has led some experts to question whether LTS—let alone a cure—truly exists for patients 

with PDAC.10

The factors that impact prognosis in PDAC are well described. Small primary tumor size, 

negative surgical margins, absence of lymph node metastasis, a favorable lymph node ratio, 

and adjuvant chemotherapy and radiation are among the most notable.11-14 More recently, 

the marked impact of tumor grade on prognosis has also been recognized.11, 15 However, 

there is data to suggest that the group of patients that ultimately achieve LTS after PDAC 

resection do not reliably meet the above criteria for ideal prognosis; many may have 

advanced stage or other markers of poor prognosis.16, 17 It appears that our understanding of 

the tumor biology of patients with LTS after PDAC resection is therefore lacking. We 

undertook the present study for the following reasons: to provide an accurate, observed rate 

of LTS after resection of pathologically confirmed PDAC at our institution, and to perform a 

dedicated analysis to formally identify predictors of LTS.

METHODS

Patient Population and Definition of Long-term Survival

With approval from the UCLA institutional review board, we identified all patients that had 

surgical resection of PDAC at our institution after 1/1/1990. Patients diagnosed after 

12/31/2004 were excluded such that all patients in the study population were eligible for the 

outcome of interest—10-year survival, or LTS—at the time of analysis. Patients that were 

found to have unresectable PDAC at the time of surgical exploration were excluded.
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We considered a patient to have achieved LTS only if the following criteria were strictly met: 

confirmed overall survival for 10 years or more from the time of diagnosis, and a confirmed 

pathologic diagnosis of PDAC. We defined overall survival time as the length of time 

between the date of diagnosis and the date of death or last known contact. In order to ensure 

a conservative estimation of LTS, we presumed all patients lost to follow-up prior to 

achieving 10-year survival to be dead at the date of last known contact (n = 24). For all 

patients that appeared to achieve LTS, an independent pathologist (DD) re-reviewed the 

pathology specimen in order to confirm a true diagnosis of PDAC. We excluded cases in 

which there was a discrepancy between the original pathologic diagnosis and the subsequent 

re-review (n = 2). In one case, the specimen contained no residual tumor as a result of 

treatment effect, and was therefore not confirmed by re-review. This case was included, 

however, on the basis of two consecutive preoperative biopsies—including an open surgical 

biopsy—that concordantly demonstrated PDAC.

Covariates

We collected the following demographic and clinical variables: age, sex, type of operation, 

American Joint Committee on Cancer (AJCC) stage, and receipt of adjuvant chemotherapy 

and radiation. Pathologic data collected include, tumor size, margin status (negative = R0, 

positive = R1, R2), number of lymph nodes evaluated, tumor grade, and the presence or 

absence of both perineural and lymphovascular invasion. At our institution margin status is 

defined as positive only when tumor is definitively present at the surgical margin, not 

whenever tumor is within 1mm of the surgical margin. For analysis, we included the 

following as categorical variables: age (<50, 50-70, >70), AJCC stage (“low stage” = Ia, Ib, 

IIa; “high stage” = IIb, III, IV), number of lymph nodes evaluated (≤12, >12—according to 

international consensus),18 tumor grade (“low grade” = well-differentiated, moderately-

differentiated; “high grade” = poorly-differentiated).

Statistics

We compared patients with and without LTS based on age, sex, AJCC stage, lymph node 

status, number of lymph nodes evaluated, tumor grade, margin status, perineural invasion, 

and lymphovascular invasion using chi-square tests. We tested the association between 

perineural invasion and lymph node status in a similar fashion. We then performed 

multivariate logistic regression to predict LTS controlling for these covariates. Lymph node 

status was not included in the regression due to collinearity with AJCC stage, of which it is 

an integral component. Adjuvant chemotherapy and radiation were also omitted from the 

multivariate regression, for the following reasons. Missing data regarding adjuvant therapy 

(primarily as a result of patients receiving adjuvant therapy at an outside institution) would 

have excluded a large number of patients from the regression. Furthermore, adjuvant 

chemotherapy with or without radiation has become standard practice at our institution and 

is almost uniformly recommended. Because most patients for whom information regarding 

adjuvant therapy was available did in fact receive adjuvant therapy, we believed its inclusion 

into the model might introduce a degree of selection bias.

We used the regression to calculated odds ratios and corresponding p-values. To test the 

model's discriminatory power, we plotted the receiver operating characteristic (ROC) curve. 
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As a reference, we plotted this alongside the ROC curve for two additional logistic 

regression models predicting LTS—one controlling only for AJCC stage, the other 

controlling for AJCC stage and tumor grade. We report the c-statistic (area under the ROC 

curve) for these models.

RESULTS

Patient Demographics and Clinical Characteristics

173 patients met our inclusion criteria (Table 1). Overall, patients were mostly male (53%). 

The median age at diagnosis was 66. Pancreaticoduodenectomy was performed in 164 

patients; the remainder had distal pancreatectomy. Stage IIb was the most common AJCC 

stage resected, representing 49.1% of patients. The overall median survival was 23 months 

and 5-year survival was 21.9%.

The rate of observed LTS in our study was 12.1% (n = 21, Table 2). The most common 

AJCC stage of patients with LTS was Ib (33.3%). Median survival for patients with LTS was 

138 months.

Tumor Characteristics

The average tumor size for all patients was 2.5cm. The majority of patients had negative 

surgical margins (82.7%). Overall, 50.3% of patients had negative lymph nodes. The median 

number of lymph nodes evaluated was 10. 13.3% of patients had well-differentiated tumors, 

43.9% had moderately-differentiated tumors, and 42.2% had poorly differentiated tumors. 

Perineural invasion was present in 60.7% of tumors, and lymphovascular invasion was 

present in 32.9% of tumors. By chi-square analysis, there was no correlation between 

perineural invasion and lymph node status (p = 0.640).

In the 21 patients that achieved LTS, 19 had tumors that were low grade, and 6 patients had 

positive lymph nodes. All patients with nodal involvement that achieved LTS had the extent 

of positive nodes limited to the pancreaticoduodenectomy specimen itself; 5/6 were limited 

to the peripancreatic fat, 1/6 had both peripancreatic and periduodenal nodal disease. One 

patient that achieved LTS had both positive lymph nodes and high tumor grade.

Bivariate Analysis

Age, sex, margin status, the number of lymph nodes evaluated, lymphovascular invasion, 

adjuvant chemotherapy, and adjuvant radiation were not associated with LTS (Table 3). 

However, low AJCC stage was significantly associated with LTS (p = 0.034); accordingly, 

negative lymph node status was also associated with LTS (p = 0.034). Low tumor grade was 

highly associated with LTS (p = 0.001), as was the absence of perineural invasion (p = 

0.019).

Multivariate Analysis

The presence of low tumor grade was significantly and independently associated with 

increased odds of LTS (odds ratio (OR) 7.17, p = 0.012; Table 4). The absence of perineural 

invasion was also significantly and independently associated with increased odds of 
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achieving LTS (OR 3.28, p = 0.036). However, after controlling for other variables in the 

model, low AJCC stage was no longer a statistically significant predictor of LTS (OR 2.9, p 
= 0.073). In an additional sensitivity analysis, inclusion of the year of operation into our 

multivariate model did not change our results, and the year of surgery was not associated 

with odds of LTS (p = 0.392).

The multivariate model had good discriminatory power, as measured by the c-statistic (area 

under the ROC curve) of 0.7856 (Figure 1). Our model compared favorably with simpler 

models that controlled only for AJCC stage (c-statistic = 0.6314) and for AJCC stage plus 

tumor grade (c-statistic = 0.7548).

DISCUSSION

In this retrospective series of 173 patients, all patients were eligible to achieve an observed 

survival time of 10 years, and an independent pathologist confirmed the histopathologic 

diagnosis of PDAC in all of the patients that achieved LTS. We report an overall 12.1% 

observed rate of LTS after PDAC resection. The 5-year overall survival rate was 22%, 

indicating that nearly half of 5-year survivors did not survive to 10 years post-resection. Of 

the 21 patients that achieved LTS, 6 had advanced AJCC stage as defined by positive lymph 

nodes. We found that low AJCC stage, negative lymph node status, low tumor grade, and 

absent perineural invasion were associated with LTS. However, the results of our 

multivariate logistic regression indicate that only low tumor grade and absent perineural 

invasion are both independently and significantly associated with increased odds of LTS.

The literature regarding the actual rate of 10-year LTS is limited. The majority of studies 

that report on post-resection survival analyze only 5-year survivors, and when reported, LTS 

greater than 10-years is typically only described by Kaplan-Meier or actuarial 

estimation.9, 17, 19-21 The LTS rate by Kaplan-Meier estimation ranges from 9-13%.5, 22 An 

actual, observed rate of LTS was reported to as low as 4.1% in one series, but the accuracy 

of this rate may be questioned insofar as patients were included that were not eligible for 10-

year observed survival.23 Another series observed a LTS rate of 5.1% after PDAC resection 

but with the following caveats: not all specimens were available for pathology re-review, and 

overall survival is likely worse as patients were enrolled in a randomized control trial 

studying adjuvant gemcitabine, which is now considered standard of care.10 Most recently, a 

large retrospective utilizing the National Cancer Database identified a 3.9% rate of LTS after 

PDAC resection. This rate is lower than that which we report, but represents a population 

that is heterogeneously treated.24 Thus the 12.1% rate of LTS after PDAC resection that we 

report may be considered a more accurate and valid estimate of LTS that is (a) based on 

observed survival, not estimated by Kaplan-Meier or actuarial methods, and (b) comprised 

only of confirmed diagnoses of PDAC after additional pathology review.

The positive impact of low tumor grade on overall PDAC prognosis—and conversely the 

marked negative impact of high tumor grade—is well established in the 

literature.10, 12, 17, 25-28 Data from the National Cancer Institute's (NCI) Surveillance, 

Epidemiology, and End Results (SEER) database has likewise demonstrated the prognostic 

importance of tumor grade.29 Using this data, a revision of the AJCC tumor node metastasis 
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(TNM) staging system for PDAC was proposed to incorporate tumor grade (TNMG). The 

TNMG system improved survival discrimination between stages, and has been subsequently 

validated in a smaller cohort for our institution.15, 30 Tumor grade has also been 

independently associated with survival in a formal analysis of 5-year survivors, conducted in 

a manner similar to the current study.23 It is therefore consistent that we have found low 

tumor grade to have a highly significant and independent association with increased odds of 

LTS. Additionally, the addition of grade to the multivariate model including AJCC stage 

increased the c-statistic from 0.6314 to 0.7548.

Perineural invasion is widely described as an indicator of poor prognosis in PDAC, but 

recognition of its impact on survival is often overshadowed by the components of stage. We 

identified the absence of perineural invasion as independently associated with increased 

odds of LTS. A large series has similarly found the presence of perineural invasion to be 

associated with worse overall survival after controlling for lymph node status and grade.31 

Perineural invasion may be particularly important as a marker for extended survival in 

patients with favorable disease. In a cohort of 40 patients with observed 5-year survival, 

perineural invasion was the only clinicopathologic factor found to influence additional 

survival.6 In one series, overall 5-year survival for patients with negative lymph nodes was 

markedly better in those with absent perineural invasion (75% versus 29%); in another, the 

greatest 5-year survival rates were only found in patients with absent perineural invasion, 

negative nodes, and no evidence of duodenal invasion.8, 32 Similarly, in our study, perineural 

invasion was an independent and significant predictor of LTS, and including this variable in 

our multivariate model improved the model's discriminatory power.

The major limitations of this study include its limited sample size, retrospective nature, and 

single institution experience. The observational nature of our data allows us to describe an 

association between low tumor grade and absent perineural and LTS, but does not establish 

causality. As a result of missing data, we are unable to fully assess the impact of adjuvant 

chemotherapy and adjuvant radiation on the odds of LTS. However, the survival benefit of 

adjuvant chemotherapy is well established, and it is standard practice at our institution to 

administer adjuvant chemotherapy. We expect that the vast majority of patients for whom 

data is missing did in fact receive adjuvant chemotherapy, which during the study period was 

predominantly a gemcitabine or fluorouracil based regiment. It is therefore unlikely that a 

statistically significant association between adjuvant chemotherapy and LTS would be 

detected in our patient population were all data available. Use of adjuvant radiation is less 

standard at our institution, and therefore we are unable to draw any conclusions regarding 

the association between adjuvant radiation and LTS in this study. Resection margin status 

has been implicated numerous times as a predictor of overall prognosis, but did not impact 

the odds of LTS in this series. The 17% rate of margin positivity (R1) we report is consistent 

with numerous other series that report a positive margin rate between 

13-30%.5, 8, 9, 11, 17, 19, 23, 25, 28 It is lower, however, than a number of more recent studies 

reporting a 40-52% rate of R1 resection.12, 26, 33, 34 The low rate of margin positivity rate 

reported here is multi-factorial in origin, and in part a result of strict pre-operative patient 

selection; similarly, this may also explain in part the relatively low frequency of node 

positive disease in this cohort (49.7%). However, this discrepancy highlights a particular 

challenge regarding the definition of margin positivity in the PDAC literature. Our institution 
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calls a margin positive only when tumor is definitively present at the margin, whereas many 

institutions have adopted a policy of calling a margin positive whenever tumor is present 

with 1mm of the inked edge. Relative to series using the latter definition, our study likely 

underreports the rate of margin positivity; this may in part explain why margin status was 

not associated with LTS in this cohort. Finally, we have defined LTS as overall survival; this 

fails to differentiate between patients that have been “cured” of disease from those alive with 

recurrence, and also fails to differentiate between those that succumb to PDAC from those 

that die of unrelated causes.

These limitations notwithstanding, our study is significant for the following reasons. We 

report an observed rate of LTS after PDAC that is methodologically conservative. To the best 

of our knowledge, this represents the first analysis dedicated solely to the identification of 

clinicopathologic features predictive of 10-year LTS after PDAC resection in patients whom 

the diagnosis is confirmed by a pathologic re-review. As opposed to the majority of previous 

studies that correlate prognostic factors with overall survival, this study identifies the 

specific attributes of the uncommon patients that achieve 10-year survival. From this 

perspective, tumor grade and perineural invasion are the only factors independently 

associated with LTS, neither of which are included in the traditional AJCC TNM staging 

system. However, as the majority of patients with PDAC manifest aggressive disease and 

limited survival, our focused analysis of patients with LTS is not an indictment of the current 

staging system, although our results do provide limited support to studies that call for the 

inclusion of tumor grade into the AJCC staging system. We also found there was no 

association between perineural invasion and lymph node status; although both features are 

well known markers of aggressive disease, they may reflect distinct aspects of tumor 

behavior. Indeed, 6 out of 21 patients that achieved LTS had positive nodes, indicating that 

positive lymph node status does not necessarily preclude LTS (particularly when limited to 

the peripancreatic fat).

Thus our results are in alignment with an emerging perspective that seeks to identify the 

unique aspects of tumor biology that may allow for rare patients with extended survival. 

Recent work has been done in an attempt to identify unique genetic and molecular 

characteristics that may account for LTS in patients with PDAC. Although it does not appear 

that differences in commonly mutated oncogenes can explain the tumor biology of patients 

with LTS, differences in the protein expression of tumors in patients with LTS have been 

identified.35, 36 Our results provide support for further inquiry into the mechanisms that may 

cause extended survival for patients with LTS. Additionally, our results underscore the need 

for further work to determine the difference between overall, disease-specific, and 

recurrence-free survival. As PDAC patients experience extended survival, teasing out the 

impact of causes of death other than cancer, will allow for more precise characterization of 

disease in this patient population. Further investigation is also necessary to determine 

whether major perioperative morbidity associated with pancreatectomy—such as pancreatic 

fistula or delayed gastric emptying—influences the survival of patients with tumor biology 

otherwise favorable to achieve LTS. Finally, there is burgeoning data to suggest the use of 

neoadjuvant therapy to downstage patients with borderline resectable PDAC;37 whether a 

uniform chemotherapy-first approach to all patients with PDAC (as opposed to the 
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traditional surgery-first approach) will influence the rate of LTS after PDAC resection 

remains unknown.

In summary, we report a series of patients with resected PDAC in which the actual, observed 

rate of LTS is 12.1%. Our multivariate analysis identified low tumor grade and absent 

perineural invasion as the only factors significantly and independently associated with 

increased odds of LTS, neither of which are represented in the current staging system. 

Efforts to understand the unique characteristics and tumor biology of patients with LTS is an 

emerging avenue through which critical insight may be found to advance clinical approaches 

for the majority of patients with aggressive disease.
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Figure 1. Receiver operating characteristic curves for logistic regression models predicting LTS 
following pancreatic resection for pancreatic adenocarcinoma
Complete model, including perineural invasion, c-statistic = 0.7856. Model including AJCC 

stage plus tumor grade, c-statistic = 0.7548. Model including only AJCC stage, c-statistic 

0.6314.
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Table 1

Patient Demographics and Tumor Characteristics

Patient Characteristic

Number of Patients, n 173

Sex, n (%)

Male 92 (53)

Female 81 (47)

Median Age, years 66

Median Survival, months 23

5-year survival, n (%) 38 (22.0)

LTS, n (%) 21 (12.1)

AJCC Stage, n (%)

Ia 24 (13.9)

Ib 35 (20.2)

IIa 27 (15.6)

IIb 85 (49.1)

III 0 (0)

IV 2 (1.2)

Operation Performed, n (%)

Pancreaticoduodenectomy 164 (94.8)

Distal pancreatectomy 9 (5.2)

Median tumor size, cm ± std. deviation 2.5 ± 1.4

Tumor Grade, n (%)

well differentiated 23 (13.3)

moderately differentiated 76 (43.9)

poorly differentiated 73 (42.2)

not reported 1 (<1)

Lymph Node Status, n (%)

Negative 87 (50.3)

Positive 86 (49.7)

Median Lymph Nodes Evaluated, n ± std. deviation 10 ± 8.2

Margin Status, n (%)

Negative 143 (82.7)

Positive 30 (17.3)

Perineural Invasion, n (%)

Absent 66 (38.2)

Present 105 (60.7)

not reported 2 (1.1)

Lymphovascular Invasion, n (%)

Absent 113 (65.3)

Present 57 (32.9)

not reported 3 (1.7)
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Table 3

Bivariate, Chi-Square Analysis to Identify Predictors of LTS

Non-LTS n LTS n
p value

*

Age

<50 14 2 0.969

50-70 84 11

> 70 54 8

Sex

Male 80 12 0.698

Female 72 9

AJCC stage

Low (Ia, Ib, IIa) 71 15 0.034

High (IIb, III, IV) 81 6

Lymph node status

Negative 71 15 0.034

Positive 81 6

# Lymph nodes evaluated

≤ 12 90 13 0.814

> 12 62 8

Grade

Low (well-, moderately-differentiated) 80 19 0.001

High (poorly-differentiated) 72 2

Margin status

Negative 126 17 0.826

Positive 26 4

Perineural invasion

Absent 53 13 0.019

Present 97 8

Lymphovascular invasion

Absent 97 16 0.314

Present 52 5

Adjuvant chemotherapy

Yes 71 15 0.330

No 13 1

Adjuvant radiation

Yes 33 7 0.620

No 44 7

*
p value represents results of Pearson χ2 test, bolded values indicate p<0.05
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Table 4

Identification of Independent Predictors of LTS by Multivariate Logistic Regression

Odds Ratio
p value

*

Age

    50-70 1.43 0.692

    > 70 1.43 0.704

Sex (Male) 0.93 0.896

Low AJCC stage (Ia, Ib, IIa) 2.9 0.073

> 12 Lymph nodes reviewed 1.21 0.416

Low grade (well-, moderately-differentiated) 7.17 0.012

Margin status (negative) 0.51 0.326

Absent perineural invasion 3.28 0.036

Absent lymphovascular invasion 0.83 0.344

*
p value represents results of multivariate logistic regression
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