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Original Article

Cachexia, and not obesity, prior to pancreatic cancer diagnosis
worsens survival and is negated by chemotherapy
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Background: Although advanced pancreatic ductal adenocarcinoma (PDAC) is characterized by
progressive weight loss and nutritional deterioration, the effect of cancer cachexia and body mass index (BMI)
at diagnosis on survival remains unclear.

Methods: We retrospectively evaluated a prospectively collected internal cancer registry of PDAC cases
from 2006-2014 at the Kaiser Permanente Medical Center. Cancer cachexia was defined as weight loss
greater than 5% over the 6 months prior to diagnosis. Multivariate cox proportional hazards regression
was used to assess the influence of cachexia on survival. To evaluate effect measure modification of this
relationship, we performed additional analyses stratified by race, BMI class, stage, receipt of surgery and
receipt of chemotherapy. We tested for heterogeneity by fitting models with an interaction term for cachexia
and the modifying variable.

Results: Of the 977 patients, 611 (63%) were identified with cachexia. Cachexia in PDAC patients was
prevalent across all stages of disease and BMI classes. Patients with cachexia had lower survival (median
4.3 months, IQR 1.7-10.0) compared to those without cachexia (median 5.2 months, IQR 2.0-10.6), log-
rank P=0.03. In this analysis BMI at diagnosis was not associated with survival. In the multivariate Cox
regression, cachexia was independently associated with decreased overall survival (HR 1.24, CI: 1.06-1.45,
P=0.01). However, the effect of cachexia on survival outcomes was modified by receipt of chemotherapy.
Cachectic patients who did not receive chemotherapy had a 40% increase in risk of death compared to non-
cachectic patients (HR 1.40, CI: 1.12-1.75), while those receiving chemotherapy were unaffected by cachexia
(HR 1.04, CI: 0.82-1.32, P,,,...00=0.01).

Conclusions: In the largest cohort of pancreatic cancer patients examined to date, cachexia and not obesity

is independently associated with worse survival in PDA and its effect is negated by systemic chemotherapy.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the 4™ leading
cause of cancer deaths (1) and is projected to become the
second by 2020. Despite advances in the treatment and
management of this malignancy, 5-year survival is still
only 7%. Patients who have early stage disease are often
those with the best outcomes (2,3). Therefore, increased
attention has been paid to known risk factors for this disease
including family history (4,5), diabetes (6,7) and obesity.

Obesity is a known risk factor for the development of
PDAC (8-12). Obesity associated PDAC has been linked
with decreased physical activity (8,13) and younger age
of onset (14). Recent reports also suggest that obesity has
a negative impact on outcomes in patients with a known
diagnosis of PDAC (15).

Divergently, advanced pancreatic adenocarcinoma
is better characterized by progressive weight loss and
nutritional deterioration (16). It is estimated that up to
80% of these patients present with cachexia, defined as
greater than a 5% weight loss over 6 months (17). Cachexia
is a complex metabolic disorder that involves features of
anorexia, anemia, and loss of adipose and skeletal muscle
mass. In PDAC patients, it has been associated with reduced
physical function, lower response rates to chemotherapy
and radiotherapy (18-20). In resectable PDAC, recent
data suggests cachexia and low serum albumin have been
independently associated with poor surgical outcomes and
lower survival (21,22). However, the effect of cachexia
at diagnosis on survival in PDAC remains unclear (23).
Herein, we characterize the significance of cachexia at
presentation on clinical outcomes in PDAC.

To characterize the relationship between baseline body
mass index (BMI) class, cachexia at diagnosis as defined by
an international consensus, and overall survival in patients
with PDAC, we reviewed a cohort of patients diagnosed
with PDAC at Kaiser Permanente Medical Center.

Methods

This study was approved by the Kaiser Permanente
Southern California (KPSC) Internal Review Board.
KPSC is an integrated health care system that serves a
socioeconomically diverse patient population representative
of Southern California.

This study was a retrospective evaluation of a
prospectively collected internal cancer registry of all PDAC
cases from 2006-2014. All variables were extracted from

© Journal of Gastrointestinal Oncology. All rights reserved.

Hendifar et al. Cachexia worsens pancreatic cancer survival

electronic medical records and included: age, sex, ethnicity,
stage, BMI class, survival, Charlson morbidity index, and
receipt of chemotherapy. Patients greater than 18 years
of age and greater than 1 year of continuous membership
were included in the study. We excluded patients with
histolopathologies other than adenocarcinoma, recurrent
PDAC and missing PDAC stage or incomplete clinical data
as noted above.

We defined our baseline BMI/weights as the measured
value at 6 months prior to PDAC diagnosis. Cancer
cachexia was defined as weight loss greater than 5% over the
6 months of evaluation, or weight loss greater than 2% in
individuals already showing depletion according to current
body weight and height (BMI <20 kg/m’ or sarcopenia) (3).

Statistical analysis

Demographic and clinical characteristics were compared
between cachectic and non-cachectic individuals using
t-tests for continuous variables, chi-square tests for
categorical variables and a log-rank test for survival time.
The association between cachexia and tumor location
(pancreas head vs. other locations) was evaluated using
multivariate logistic regression.

We used multivariate Cox proportional hazards
regression to assess the influence of cachexia on survival. To
evaluate effect measure modification of this relationship,
we performed additional analyses stratified by race, BMI
class, stage, receipt of surgery and receipt of chemotherapy.
We tested for heterogeneity by fitting models with an
interaction term for cachexia and the modifying variable.

All models included gender, age, ethnicity, BMI class,
PDAC stage, surgery, chemotherapy, and Charlson
comorbidity index as covariates. Patients were censored at
death, last follow-up, or study conclusion on April 30, 2015.
We verified the proportional hazards assumption using
Schoenfeld residuals. All analyses were conducted with SAS
9.3 (Cary, NC, USA).

Results
Baseline characteristics

Our cohort consisted of 2004 patients diagnosed with
PDAC from 2006-2014. Of these patients, 1,027 were
excluded, as they did not have a baseline BMI (height and
weight) measurement. There were no substantial differences
in demographic or clinical characteristics among individuals
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Patients with pancreatic
cancer in KPSC internal
registry 2006-2014

N=2,004
Patients with no baseline
- s BMI measurement
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Cachexia No Cachexia
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Figure 1 Flowchart of cohort assembly. KPSC, Kaiser Permanente
Southern California; BMI, body mass index.

with and without baseline BMI values. Of the remaining
977 patients, 611 (63 %) were identified with cachexia while
366 (37%) did not meet this definition (Figure I).

Baseline characteristics between cachectic and non-
cachectic patients were evaluated and found to be similar.
In our cohort, the mean age, gender ratio, and ethnicity
between these two groups of patients were not statistically
different (Tuble 1). However, there was a trend towards
higher rates of cachexia in African American patients and
lower rates in Hispanic patients. Similar percentages of
patients in both groups received chemotherapy; 53 %
(cachexia) vs. 54% (non-cachexia). The most commonly
used agents were gemcitabine (53%), 5-fluorouracil (13%),
oxaliplatin (8%) nab-paclitaxel (6%), and irinotecan (5%).

Cachexia in PDAC patients was prevalent across all
stages of disease. Specifically, 67% of stage 1 patients (n=78)
and 63% of stage 4 patients (n=533) were found to have
lost greater than 5% of their weight over the 6 months
prior to diagnosis. Cachexia was also prevalent across all
BMI classes. For example, of 20 patients with BMI <18.5
(underweight), 9 (45%) met the definition for cachexia.
There was an association with elevated BMI class and
increased incidence of cachexia (Table 1).

Cachexia in newly diagnosed PDAC was not associated
with stage of diagnosis, surgical resection, or receipt of
chemotherapy. However, there was an association with
survival. Patients with cachexia had lower survival (median
4.3 months, IQR 1.7-10.0) compared to those without
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cachexia (median 5.2 months, IQR 2.0-10.6), log-rank
P=0.03 (Figure 2). There was also an association between

cachexia and an increased Charlson comorbidity index
(P=0.03).

Multivariate analysis

We observed no relationship between cachexia and tumor
location in our multivariate logistic regression (OR 1.22,
CI: 0.92-1.61, P=0.17). In the multivariate Cox regression,
cachexia was independently associated with decreased
overall survival (HR 1.24, CI: 1.06-1.45, P=0.01) after
adjusting for gender, age, ethnicity, BMI class, PDAC
stage, surgery, chemotherapy, and Charlson comorbidity
index (Zable 2). Notably, pre-diagnostic BMI class did not
significantly affect survival outcomes. Gender, age, and
ethnicity were also not associated with survival. Stage of
disease, surgical resection, chemotherapy, and Charlson
comorbidity index were associated with survival outcomes.

We detected no effect measure modification by
race (Pieracion=0.07), BMI class (Piyeracion=0-52), stage
(Piaceracion=0.07), or receipt of surgery (Pineraction=0-41).
However, the effect of cachexia on survival outcomes was
modified by receipt of chemotherapy. Cachectic patients
who did not receive chemotherapy had a 40% increase in
risk of death compared to non-cachectic patients (HR 1.40,
CI: 1.12-1.75), while those receiving chemotherapy
were unaffected by cachexia (HR 1.04, CI: 0.82-1.32,
Pieracion=0.01) (Figure 3).

Discussion

In the largest retrospective cohort of PDAC patients with
weight loss evaluated to date, we found that 63% of newly
diagnosed patients presented with the clinical diagnosis
of cachexia. We report for the first time that cachexia at
the time of diagnosis, defined as weight loss greater than
5% over 6 months, is an independent risk factor for worse
survival in PDAC. This finding is independent of stage,
surgical resection and BMI class. Previous reports in
resected patients using lowest quartile of total psoas area 24)
and BMI less than 18 (25) have demonstrated a similar
association. In contrast to previous reports, we did not find
any association between obesity or BMI class at diagnosis
and survival (15,26). As BMI class was not associated with
survival, further evaluation of weight loss by BMI subclass
was not performed (27).

The prevalence of PDAC cachexia was unexpectedly

jgo.amegroups.com 7 Gastrointest Oncol 2018;9(1):17-23
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Table 1 Baseline characteristics of cohort by cachexia

Hendifar et al. Cachexia worsens pancreatic cancer survival

Characteristics Cachexia (N=611) No cachexia (N=366) p*
Age at diagnosis, mean (SD) 69.9 (10.1) 70.1 (11.3) 0.81
Female, n (%) 288 (47.1) 184 (50.3) 0.34
Ethnicity, n (%) 0.08

Asian/Pacific islander 48 (7.9) 28 (7.7)

Hispanic 121 (19.8) 93 (25.4)

White 340 (55.6) 200 (54.6)

Black 94 (15.4) 38 (10.4)

Other 8(1.3) 7(1.9)
Baseline BMI, n (%) 0.01

Underweight <18.5 9(1.5) 11 (3.0)

Normal 18.5-24.9 153 (25.0) 118 (32.2)

Overweight 25.0-29.9 220 (36.0) 131 (35.8)

Obese =30.0 229 (37.5) 106 (29.0)
Stage, n (%) 0.32

1 52 (8.5) 26 (7.1)

2 174 (28.5) 119 (32.5)

3 51 (8.3) 22 (6.0

4 334 (54.7) 199 (54.4)
Chemotherapy, n (%) 324 (53.0) 198 (54.1) 0.75
Surgical resection, n (%) 109 (17.8) 80 (21.9) 0.12
Survival (months), median (IQR) 4.30 (1.7-10.0) 5.2 (2.0-10.6) 0.03
Charlson comorbidity index, mean (SD) 2.9 (2.1) 2.6 (2.0) 0.03
Head tumor, n (%) 313 (51.2) 173 (47.3) 0.23

*, from a t-test for continuous variables, chi-square test for categorical variables and log-rank test for survival time. BMI, body mass index;

IQR, interquartile range; SD, standard deviation.

— No cachexia
— Cachexia

0.8
0.6

0.4+

Survival probability

0.2

0.0

0 20 40 60 80
Months

Figure 2 Kaplan-Meier curve of overall survival (N=997, P=0.004).
Cachectic (N=611), OS =4.3 months; Non-Cachectic (N=366), OS
=5.2 months.
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high for patients at diagnosis. Approximately 2/3 of all
patients were affected regardless of disease stage. Early
and late stages were similarly affected. Cancer cachexia is
often presumed to be associated with advanced disease and
progress throughout the disease course (28). Theoretically,
increasing tumor burden could lead to increased protein
and muscle catabolism, however our data does not support
this convention (29). Longitudinal studies in cancer
cachexia assessing tumor burden will be needed to help
better understand this relationship. Provocatively, our
findings suggest that this clinical entity can be an early
clinical finding and can actually herald the diagnosis of this
lethal malignancy.
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On multivariate analysis, we found the association
between cachexia and survival was abrogated in those
patients receiving chemotherapy. In fact, cachectic patients
receiving systemic therapy did not have a worse survival
than their non-cachectic counterparts. This suggests a

Table 2 Hazard ratios (95% CI) from Cox regression

Variable HR LCL UCL P
Females 0.92 0.79 1.07 0.28
Age 1.01 1.00 1.01 0.11

Race (ref = white)

Asian 0.72 0.53 0.96 0.03
Black 1.06 0.88 1.27 0.55
Hispanic 0.82 0.65 1.04 0.10
Other 0.82 0.41 1.63 0.56
Charlson 117 1.12 1.21 <0.0001
Received chemotherapy 0.31 0.26 0.36 <0.0001
Received surgery 0.42 0.32 0.54 <0.0001
Stage (ref =1) <0.0001
2 1.64 1.17 2.30 0.004
3 3.15 2.29 4.33 <0.0001
4 1.74 1.14 2.65 0.01
BMI (ref = normal) 0.09
Obese 0.93 0.76 1.14 0.48
Overweight 0.80 0.66 0.96 0.02
Underweight 0.74 0.41 1.32 0.31
Cachexia 1.26 1.08 1.48 0.004

BMI, body mass index; HR, hazard ratio; LCL, lower confidence
limit; UCL, upper confidence limit.

No chemotherapy

— No cachexia
— Cachexia
0.8

0.6

0.4

Survival probability

02 HR 1.40, Cl: 1.12-1.75

0.0 :
0 20 40 60 80

Months
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therapeutic relationship between systemic chemotherapy
and this clinical entity. To date, there have been no effective
therapies for weight loss in PDAC patients (30). Weight gain
was one of 3 clinical endpoints to assess clinical benefit in
a randomized study of gemcitabine and 5-fluorouracil (31).
In the gemcitabine arm, 24% had improvement in a
composite endpoint of pain, performance status, and weight
gain as compared to 5% in the 5-fluorouracil arm. Multi-
agent systemic chemotherapy, our current standard of care,
is perhaps even more effective in ameliorating weight loss
and improving quality of life (32).

There is evidence that anorexia and hyper catabolism
in cachexia are driven by cytokines, circulating hormones,
neuropeptides, neurotransmitters, and tumor-derived
factors (30). The improvement in outcomes in the
cachectic patients receiving systemic therapy supports
this understanding. Our data does not support exocrine
pancreatic insufficiency and duodenal obstruction as
plausible explanations for these results. They occur
frequently in patients with pancreatic head lesions and
associated biliary obstruction and frequently require
nutritional support (33). In our cohort, there were no
differences in those with pancreatic head vs. tail lesions.

Unfortunately, our study was not designed to assess
weight change after diagnosis. However, we suspect that
continued weight loss would impact survival negatively.
Previous reports in resected, and locally advanced PDAC
patients, have demonstrated that continued weight loss is
an independent predictor for worse survival (21,34,35). In
advanced patients, weight stabilization has been associated
with improved survival and quality of life (36).

Cachexia in cancer patients has been associated with poor
physical performance and this is a possible confounding
factor. Performance status has been shown to be a
prognostic factor in randomized control trials of advanced

Received chemotherapy
— No cachexia

—— Cachexia
0.8

0.6

0.4
HR 1.04, Cl: 0.82-1.32, Pjyicra01i0n=0.01

Survival probability

0.2

0.0
0 20 40 60 80

Months

Figure 3 Kaplan-Meier curve of overall survival in patients stratified by receipt of chemotherapy.
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pancreatic cancer patients receiving chemotherapy (37). Our
analysis preceded the diagnosis of pancreatic cancer and
the study was not designed to ascertain KPS and ECOG
prior to diagnosis. Other possible confounders including
advanced stage and age were not significantly different in
our cachexia and non-cachexia cohort.

Although obesity was not prognostic of survival outcomes,
we did find an association between obesity and cachexia. In
our cohort, a BMI of greater than 30 was associated with
a higher prevalence of cachexia (68% wvs. 32%, P<0.01).
Sarcopenia obesity syndrome has been previously described
and reports have suggested that cachexia is a common
finding in overweight and obese patients with advanced
gastrointestinal cancers (38). Our findings suggest that this
association is independent of clinical stage and not simply
explained by obese patients presenting later in their disease
course. Perhaps this reflects a biologic characteristic of the
underlying illness and physiologic host state.

To our knowledge, we report the largest retrospective
experience assessing the influence of cachexia on clinical
outcomes in PDAC. Cachexia in PDAC is more prevalent
and impactful than previously perceived. Its effects on
survival are across all stages of this disease and its impact is
negated by receipt of chemotherapy. These findings suggest
that weight loss in PDAC should be further investigated
as a predictive and prognostic marker and it should be
considered a covariate for stratification in randomized
clinical trials. In addition, it’s prevalence in early stages
of disease suggests an opportunity to use weight loss as
screening tool for early detection.
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