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Abstract

 Background—Older patients with metastatic pancreatic cancer (mPC) are poorly represented 

in clinical trials. We compared patterns of care and outcomes of patients with mPC < and > 65 yrs 

(Group 1 and Group 2, respectively) treated at Fox Chase Cancer Center (FCCC) to identify 

predictors of survival and better understand the treatment approaches.

 Methods—Charts of 579 patients with mPC treated at FCCC from 2000–2010 were reviewed. 

Group 1 and Group 2 were compared with respect to baseline, treatment characteristics, and 

overall survival (OS) after diagnosis of metastatic disease.

 Results—299 patients in Group 1 (median age 57) and 280 patients in Group 2 (median age 

73) were evaluated. Patients in Group2 were less likely to receive any chemotherapy for mPC 
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compared to Group1 (65% vs 75%, p=0.001) and if treated were less likely to receive more than 

one agent (37% vs 53%, p<0.001). Survival was comparable between the two groups (p=0.16) and 

Charlson Co-morbidity Index did not emerge as a prognostic factor. Longer OS was associated 

with higher number of agents used in both groups (p<0.001). Liver metastases conferred worse 

survival (p=0.02) while lung metastases conferred better survival in both groups (p=0.002).

 Conclusions—Older mPC patients are less likely to receive chemotherapy and receive fewer 

agents yet have similar OS compared to younger patients. OS improves with increasing number of 

agents, supporting the use of combination chemotherapy in healthy older patients. Our findings 

encourage enrollment of older patients with mPC with good performance status onto clinical trials 

with stratification by site of metastases.
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 Introduction

Pancreatic cancer remains a disease with a poor prognosis and relatively limited treatment 

options. It is the fourth leading cause of cancer related death in the United States, with over 

40,000 new cases each year and a nearly similar number of deaths expected (1). The 

incidence of pancreatic cancer increases with age, with a median age at diagnosis of 71 and 

over 65% of newly diagnosed patients over the age of 65(2). It is estimated that 60% of the 

US population will be older than 65 years of age by 2030 and that 70% of cancers will occur 

in this population (3–5). Metastatic pancreatic cancer has a dismal prognosis and the 5-year 

survival rate is only 2% (2) with 1-year survival rates of 17 to 23% reported in the 

gemcitabine monotherapy era (6). The goal of therapy remains palliative with improvement 

in clinical benefit rate and overall survival with the use of chemotherapy. Gemcitabine 

remained the mainstay of first line therapy until 2010. The introduction of combination 

chemotherapy regimens such as FOLFIRINOX and gemcitabine+nab-paclitaxe after 2010, 

has significantly improved outcomes compared to gemcitabine monotherapy and are 

considered the first line therapy of choice for good performance status patients (7–9).

The older adult with pancreatic cancer is poorly represented in the oncologic literature. 

Retrospective studies demonstrate that older patients are treated less aggressively, with less 

surgical procedures, and less chemotherapy or radiation treatments (10). This may partially 

explain the data demonstrating lower overall survival of older patients with this disease 

compared to their younger counterparts (10, 11). In clinical practice, age of the patient can 

affect treatment decisions due to a concern for treatment related toxicities, but the data 

supporting or refuting this notion is sparse. Use of chemotherapy improves survival with 

acceptable toxicities in older patients as indicated in prospective studies in other cancer 

types (12). For example, in an elderly specific colorectal cancer study, a combination of 

capecitabine and bevacizumab improved progression free survival with acceptable toxicities, 

as compared to capecitabine alone (13). Another study showed that with a comprehensive 

baseline geriatric assessment and reduced starting doses of chemotherapy, even frail and 

elderly patients can participate in a randomized controlled trial and derive survival benefit 

from chemotherapy (14). A retrospective analysis of older patients with metastatic 

Vijayvergia et al. Page 2

J Geriatr Oncol. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pancreatic Cancer (mPC) found that the majority of the patients received no therapy, 

although chemotherapy when utilized was associated with superior survival compared to no 

therapy (15).

The clinical characteristics and treatment outcomes of older patients with mPC have not 

been extensively studied resulting in lack of data to guide the practicing oncologist. Hence, 

we conducted this retrospective study to evaluate and compare the disease characteristics 

and treatment patterns of older adults (Group 2, ≥65 years of age) with mPC as compared to 

their younger counterparts (Group 1, <65 years of age). Our primary objective was to 

evaluate outcomes with the goal of identifying predictors of survival in the two groups.

 Methods

Through an IRB approved protocol, we performed a retrospective chart review of patients 

diagnosed with metastatic adenocarcinoma of the pancreas, identified through the tumor 

registry at Fox Chase Cancer Center, between 2000 and 2010. These included stage IV 

patients who presented with stage IV disease or patients with earlier stage disease at 

presentation who subsequently recurred. We included patients who recurred both locally (in 

the pancreatic bed) and at distant sites, since local recurrence after initial curative therapy 

has similar outcomes and management strategies as distant metastases. We excluded patients 

with incomplete medical records or histologic diagnosis other than pancreatic 

adenocarcinoma.

All charts were reviewed by 2 independent reviewers to ensure accuracy of the data 

collected. The data recorded included patient characteristics (age, gender, race, weight, 

height, performance status, co-morbidities, tobacco and alcohol use), tumor characteristics 

(primary location, stage of disease, grade, site of initial and subsequent metastases, CA 19-9 

at diagnosis of metastatic disease and peak level), treatment patterns (therapy received 

including radiation, surgery, type of chemotherapy], and overall survival (OS) from 

development of metastatic disease. Performance status was recorded using the ECOG scale 

as derived from the initial consultation. In order to stratify by co-morbidities, we calculated 

the age adjusted Charlson Comorbidity Index (CCI) for each patient using the published 

scoring method (16). We accounted for the diagnosis of metastatic disease for both groups 

(adds 5 points to CCI). Any tobacco and alcohol consumption that was more than occasional 

was considered positive. For patients with recurrent/metastatic disease, we calculated total 

number of agents used over time, excluding any investigational agent. Date of death was 

obtained from the database Living patients were censored at the time of data cutoff. Given 

the grave prognosis and limited treatment options available for patients with mPC during the 

study period (i.e. Gemcitabine, 5 Fluorouracil), we elected to capture any drugs received by 

patients during the course of their illness.

 Statistical Considerations

The primary clinical outcome was overall survival after diagnosis of metastatic disease. 

Continuous variables were analyzed using the Mann-Whitney test and categorical variables 

were analyzed using Fisher’s exact test. Univariate log-rank tests and Cox proportional 

hazards regression were used to examine the association of survival and patient tumor and 
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treatment characteristics between the two age groups. Wherever appropriate, Kaplan-Meier 

survival curves were computed. All p-values presented are 2-sided and p-values less than 

0.05 were considered statistically significant. Multivariate analysis was conducted using 

variables that were statistically significant in univariate analysis.

 Results

We identified 1105 patients with the diagnosis of pancreatic cancer through our tumor 

registry. Of these, 579 patients with mPC fit our eligibility criteria and were included in the 

analysis, with 299 patients less than 65 years of age (Group 1) and 280 patients greater than 

or equal to 65 years of age (Group 2). Baseline patient characteristics are listed in Table 1. 

The median age at diagnosis was 64 years (range: 31–90 years) for the full cohort, with a 

median age of 57 years in Group 1 and 73 years in Group 2. The majority of the patients in 

both groups were male, with pancreatic head tumor, a performance status ≤1, and stage IV 

disease at diagnosis. Tobacco and alcohol use were more common in Group 1. Median age-

adjusted CCI was 9 in Group 1 and 10 in Group 2 (p <0.001). There was no significant 

difference in the serum albumin level, at diagnosis of metastatic disease, between the groups. 

Diabetes and renal disease were similarly distributed in the two cohorts but cardiovascular 

disease was more common in Group 2.

 Treatment patterns (Table 2)

For patients diagnosed with Stage I–III disease, rate of curative surgery was not significantly 

different between Group 1 (25%, n=74) and Group 2 (23%, n=61). In addition, there was no 

significant difference in the rate of receiving radiation therapy for non-metastatic disease in 

the two groups [33% (n=100) in Group 1 and 28% (n=74) in Group 2]. Older patients were 

less likely to receive any chemotherapy for mPC. 73% of patients in Group 1 and 65% in 

Group 2 received any chemotherapy (Odds Ratio 0.45, p=0.001). Furthermore, older patients 

who were treated were less likely to receive more than one agent during their treatment 

course (57% vs. 72%; Odds Ratio 0.50, p<0.001) and the median number of agents was two 

in Group 1 versus one in Group 2. Use of individual chemotherapy agents (gemcitabine, 

oxaliplatin, irinotecan and taxanes) was significantly less prevalent among older adults but 

there was no significant difference in the use of fluoropyrimidines and the oral small 

molecule tyrosine kinase inhibitor erlotinib between the two groups.

 Survival analysis and prognostic factors (Table 3)

Survival after diagnosis of mPC was comparable between the two groups with median OS 

being 6 months in Group 1 vs 5 months in Group 2 (p=0.16) (Figure 1). In Group 2, use of 

chemotherapy was associated with a significantly improved survival (6m vs 2m, p<0.001) 

(Figure 2A) Univariate analysis also demonstrated improved survival with higher number of 

chemotherapy agents (relative risk 0.67, p<0.001) among the older patients (Figure 2B). 

Similar findings were also observed in younger patients, as shown in Table 2.

In univariate analysis, the age adjusted CCI did not emerge as a prognostic factor in our 

analysis for both groups, with a relative risk of 1.04 for Group 1 (p= 0.43) and 1.01 for 

Group 2 (p= 0.82). Renal disease negatively impacted survival only in younger patients 
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where patients with known kidney disease had a median OS of 3 months compared to 6 

months in those without known renal dysfunction (p=0.05). Performance status impacted 

survival in both groups but was statistically significant only in older patients (p=0.02). A 

higher serum albumin was an important predictor of improved survival in both groups 

(Group 1 with a relative risk=0.78, p=0.0032 and Group 2 with relative risk=0.66, p< 0.001). 

The initial metastatic site affected survival in both groups (Group 1, p=0.02 and Group 2, 

p=0.01). The presence of liver metastases conferred worse survival compared to other sites 

in Group 2 (4m vs 6m, p=0.02) while the presence of lung metastases was associated with 

better survival (6m vs 4m, p=0.002) (Figure 3). This association between site of metastasis 

and survival was also seen in Group 1 (Table 2)

We performed a multivariate analysis (Table 3) including all the prognostic variables that 

were significant on univariate analysis. The factors associated with poor survival among 

young patients in this analysis included: liver vs lung as site of metastatic disease, lower 

number of chemotherapeutic agents used and a lower serum albumin. History of renal 

dysfunction was not related to survival in this group. The factors associated with worse 

survival among older patients included: liver vs. other sites of metastases, lower number of 

chemotherapeutic agents, and lower serum albumin. Performance status did not emerge as a 

prognostic factor as shown on univariate analysis.

 Discussion

Pancreatic cancer is a disease of older adults and as our population ages, the number of older 

patients with pancreatic cancer will continue to rise and pose challenges to oncology 

professionals. Despite this large patient population, older patients have often been excluded 

from clinical trials in the past (17). In one study, only 9% of patients enrolled in FDA drug 

registration trials were 75 years or older, whereas 31% of patients with cancer are within that 

age group (18). A recent study noted approximately 5% of older patients with mPC were 

taking part in clinical trials (19). The data describing outcomes and therapy of older patients 

with pancreatic cancer is limited to a number of retrospective studies resulting in limited 

data to guide practicing oncologists as to the optimal treatment approach in this patient 

population. With increasing awareness of this knowledge gap, more and more emphasis is 

being put on developing therapies tailored to the needs of older patients with cancer (20).

The effect of age on treatment related outcomes in pancreatic cancer has been studied in 

some retrospective studies with varying results (21–24). In our study, the survival after 

diagnosis of metastatic disease was not significantly different between the older and younger 

patients. It is important to consider the fact that older adults treated at academic institutions 

often do not represent older patients seen in community oncology practices. These patients 

are less likely to suffer from multiple geriatric syndromes and may be candidates for 

aggressive therapy. Yet, these data support the fact that there exists a subpopulation of older 

patients who have outcomes similar to those seen among younger patients, and may be 

candidates for a similar treatment approach. Aging is a process not well reflected by the 

chronologic age of a patient, and performance status and comprehensive geriatric 

assessments may be better predictors of survival in this patient population (25–28).
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The burden of co-morbidities can be assessed by tools like the CCI (16). Nakai, et.al., 

reported CCI as an important prognostic marker in older pancreatic cancer patients treated 

with gemcitabine based therapy (24). In contrast, our study did not find a correlation 

between the age-adjusted CCI and survival in both younger and older patients with mPC. 

This contradictory finding may be related to the patient population of our study which 

included older adults referred to an academic center, who are more likely to be fit. However, 

it is possible that CCI has a lower impact on survival in this aggressive cancer, in which 

most succumb to the disease rather than other co-morbid conditions. Serum albumin was 

found to be an important prognostic factor on univariate and multivariate analysis for both 

younger and older adult patients. Hypoalbuminemia is commonly seen in advanced cancer 

patients, and is considered a measure of nutritional status and cachexia, and a negative 

marker of inflammation (29, 30). Inflammation has been shown to be an independent 

predictor of cancer survival as shown by the Glasgow Prognostic Score (31, 32). Our results 

are supported by other reports in the literature linking hypoalbuminemia with poorer survival 

in different cancer types including gastric cancer, renal cell carcinoma, colo-rectal cancer 

along with pancreatic cancer (33–35), (8).

Prior research has alluded to a differential effect of site of metastasis on survival of patients 

with pancreatic cancer (36). Our study suggests that initial site of metastasis has a significant 

influence on survival and improved survival is seen among patients with lung metastases as 

compared to those with liver metastases. This association persisted among young and old 

patients alike, pointing to inherent similarities between the two groups. Further research is 

needed to study the biologic importance of these two different disease presentations.

Advances in chemotherapy and newer combinations have improved survival in mPC. 

Gemcitabine chemotherapy, the backbone of therapy for mPC, was shown to be tolerable 

and effective in older and younger patients alike (37). Until 2010, gemcitabine monotherapy 

was the most widely used first line therapy for metastatic disease. Recently combination 

chemotherapy of 5-fluorouracil, leucovorin, oxaliplatin and irinotecan (FOLFIRINOX), and 

gemcitabine+nab-paclitaxel, have demonstrated improved outcomes in mPC (7, 8). Despite 

encouraging results, data regarding tolerance and efficacy of combination therapy in older 

adults is not robust.

Studies have shown that use of chemotherapy is less prevalent in older patients with many 

cancers including pancreatic cancer (38) (39) (40). A retrospective study from the Veterans 

Affairs Cancer Registry evaluated chemotherapy use among over 400 older patients with 

mPC (15). The majority of patients (83%) did not receive any chemotherapy. Further 

analysis revealed that those patients who were treated with chemotherapy had improved 

overall survival compared to those who were not treated (4.9 months versus 1.7 months). 

Our study included patients treated before 2011, the year that marked the advent of current 

treatment paradigm of first line combination chemotherapy for mPC, to select a more 

homogenously treated population. Similar to the earlier studies, in our experience, older 

patients were less likely to receive chemotherapy and, when treated, received less number of 

agents compared to their younger counterparts. Sixty-five percent of the older patients in our 

study received chemotherapy, which is higher than the 17% in the VA study (15). 

Gemcitabine monotherapy is a less toxic option compared to the current standard of care (7, 
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8), and still older patients in our study were less likely to receive it. The disparity in the 

treatment of older patients with mPC, as seen in the era of single agent gemcitabine, is likely 

to continue with regards to usage of the newer therapies. On the contrary, among those who 

received chemotherapy, there was a significant improvement in survival and we found a 

benefit to using multiple agents, in young and old alike. With the novel combination 

therapies, this benefit may increase further. While some older adults are not felt to be 

candidates for aggressive chemotherapy, there are many who may be fit for aggressive 

treatment approaches. Further research is needed to determine the tolerability of these newer 

treatment approaches among older patients and the benefit they may derive from it. Our 

results indicating a longer OS among older patients who were treated with multiple agents 

would support such research goals.

A study such as ours carries limitation which are a consequence of its retrospective design. 

Primarily, the study has a potential for recall bias. In an attempt to minimize this effect and 

ensure accuracy, two investigators independently reviewed each chart. Our clinical outcomes 

are similar to those reported in large prospective clinical trials, supporting the validity of our 

sampling. A comprehensive geriatric assessment is highly useful in evaluation of older 

adults with cancer. Such assessment will include a thorough evaluation of multiple domains 

including: co-morbidities, polypharmacy, physical activity level and sarcopenia, cognitive 

and emotional state, and social support. Due to the nature of our study, much of these data 

was not available, however, we evaluated factors including performance status, albumin 

level, weight, and co-morbidities, which serve as surrogates for predicting treatment 

toxicities (31, 41–43) and are a part of a full geriatric assessment (44). As previously noted, 

our study describes the experience of a single academic institution and may carry additional 

bias associated with the fitness of the older patients seen in this setting. Interestingly, even 

the older “fit” patient with mPC was less likely to receive chemotherapy in an academic 

setting. Finally, our dataset includes patients treated at our center between 2000 and 2010; 

therefore, the effect of newer combination therapies on older patients could not be assessed 

in our study. However, we were able to demonstrate a survival benefit of therapy among 

older patients that is similar to that seen among younger patients, and this may be 

extrapolated to newer treatment approaches. Given the sparse data available to guide the 

treatment of this patient population, our data serves as hypothesis generating for future 

clinical trials evaluating the treatment of older patients with this aggressive cancer. Our 

conclusion, that older patients with mPC benefit from chemotherapy and should be offered 

more effective combination therapies if physically fit, is limited by the lack of physician/

patient preference information in the database. Some older patients with mPC choose to 

forgo palliative chemotherapy for fear of adverse effects and slim benefit and the ones who 

choose to get chemotherapy may be healthier than the average older patient with mPC and 

expected to have a better survival regardless of therapy. Similarly, patients who recur after 

initial therapy for early stage pancreatic cancer may be less willing to undergo palliative 

therapy for this highly incurable and deadly disease. These considerations cannot be 

ascertain from our data, and pose a limitation to our data. However, the results of our study 

as presented should support administration of chemotherapy to those fit older patients who 

are interested in this approach.
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In conclusion, our study identifies many similarities between the treatment and clinical 

outcomes of older and younger patients with mPC. However, older patients with mPC are 

less likely to receive chemotherapy, and if treated receive fewer agents compared to their 

younger counterparts. When older patients are treated, they have better outcomes with the 

use of higher number of active agents. Overall, younger and older patients with liver 

metastases, lower serum albumin, or who have received fewer active agents have worse 

outcomes. Our findings support enrollment of elderly patients with mPC with good 

performance status onto clinical trials. Stratification of patients with mPC by site of 

metastases and serum albumin to optimize and individualize treatment paradigms for this 

growing population should be strongly considered.
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Figure 1. Overall Survival by age at diagnosis
Adjusted Kaplan–Meier survival curves for younger vs older patients with metastatic 

pancreatic cancer (6 months in younger adults and 5 months in older adults, P=0.16)
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Figure 2. Chemotherapy use and survival in older adults (group 2)
Adjusted Kaplan–Meier survival curves for older patients with metastatic pancreatic cancer 

by (a) use of chemotherapy (2 months without versus 6 months with chemotherapy, 

P=0.001) and (b) number of chemotherapy agents used (4 months for <2 versus 7 months for 

≥2 agents, P<0.001).
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Figure 3. Survival by site of metastasis in older adults (group 2)
Adjusted Kaplan–Meier survival curves for older patients with metastatic pancreatic cancer 

by site of metastasis (a) Lung (6 months versus 4 months, P=0.002) and (b) Liver (4 months 

versus 6 months, P=0.02)
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Table 1

Patient, tumor and treatment characteristics.

Age < 65
(Group 1)
N = 299 (52%)

Age ≥ 65
(Group 2)
N = 280
(48%)

P value

Median age 57 73

Ethnicity NS

Caucasian 239 (80%) 232 (83%)

African American 30 (10%) 15 (5%)

Other/Unknown 30 (10%) 33 (12%)

Performance Status NS

0–1 222 (74%) 205 (73%)

>1 38 (13%) 44 (16%)

Unknown 39 (13%) 31 (11%)

Co-morbidities

Charlson Index (age
adjusted)

9 10 0.0001

Diabetes mellitus 84 (28%) 89 (32%) NS

Cardiovascular
disease

108 (36%) 150 (54%) <0.001

Renal impairment 9 (3%) 17 (6%) NS

Tobacco Use 194 (65%) 146 (52%) 0.001

Alcohol Use 138 (46%) 83 (30%) < 0.001

Serum Albumin NS

≥ 3.5 105 (36%) 55 (40%)

< 3.5 171(58%) 40 (50%)

Unknown 14 (6%) 8 (10%)

Stage at diagnosis NS

I–III 135 (45%) 112 (40%)

IV 164 (55%) 168 (60%)

Site of pancreatic
tumor

NS

Head 160 (54%) 146 (52%)

Body 54 (18%) 49 (18%)

Tail 48 (16%) 50 (18%)

Unknown 37 (12%) 35 (12%)

Initial site of
metastasis

Liver 195 (65%) 182 (65%) NS

Lung 24 (8%) 39 (14%) NS
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Age < 65
(Group 1)
N = 299 (52%)

Age ≥ 65
(Group 2)
N = 280
(48%)

P value

Peritoneal disease 62 (21%) 38 (14%) 0.002

Local recurrence 13 (4%) 18 (6%) NS

CA 19-9 (median) NS

At diagnosis 700 918

Peak level 2408 2806

Chemotherapy in
met setting

224 (75%) 184 (65%) 0.001

Type of chemo 64 (21%) 47 (17%) NS

5 FU 192 (64%) 153 (54%) 0.004

Gemcitabine 49 (17%) 32 (11%) 0.02

Platinum 22 (7%) 10 (4%) 0.03

Taxanes 15 (5%) 4(2%) 0.04

Irinotecan 47 (16%) 27 (10%) NS

EGFR inhibitor
>1 agents

161 (53%) 105 (37%) <0.001

NS=non-significant p value
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Table 2

Univariate analysis of overall survival (stratified by age)

Group 1, < 65 years
(n= 299)

Group 2, ≥ 65 years
(n=280)

Variables Median OS
(months)

P value Median OS
(months)

P value

Overall survival 6m NS* 5m NS*

Renal disease
Yes vs. no 3m vs. 6m 0.05 6m vs. 5m NS*

Performance
Status ≤ 1 vs ≥
2

6m vs. 3m 0.06 5m vs. 3.5m 0.02

Liver
metastases
Yes vs. no

5m vs. 7 m 0.002 4m vs. 6m 0.02

Lung
metastases
Yes vs. no

8m vs. 5m <0.001 6m vs. 4m 0.002

Chemotherapy
Yes vs. no 7m vs. 2m <0.001 6m vs. 2m <0.001

≥ 2 chemo
agents
Yes vs. no

8m vs. 4m <0.001 7m vs. 4m <0.001

CCI
≤9 vs. >9 6m vs. 3.5m NS* 5m vs. 5m NS*

Serum Albumin
<3.5 vs. >=3.5 4m vs. 7m 0.012 4m vs. 6m < 0.001
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Table 3

Prognostic variables for survival: Multivariate analysis

Group Multivariate
analysis

P
value

Group
1
<65
years

Liver metastases <0.001

Lung metastases 0.001

>/= 2 chemo
agents

<0.001

S. Albumin <0.001

Group
2
≥ 65
years

Liver metastases 0.02

S. Albumin 0.003

>/= 2 chemo
agents

<0.001

*
NS= non-significant

*
RR= relative risk
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