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Abstract. Pancreatic cancer is one of the deadliest cancers 
commonly diagnosed at an advanced stage. Early diagnosis is 
crucial for the timely and potentially curative treatment of this 
highly fatal disease. Although screening tests have improved 
the survival rate in malignancies such as colon, breast, cervical 
and prostate cancer, there is currently no effective screening 
method available for the early detection of pancreatic cancer. 
As the sensitivity and specificity of existing biomarkers, such as 
carbohydrate antigen 19‑9, for the early detection of pancreatic 
cancer is low, there is a pressing need for the identification of 
novel cancer markers. An increase in erythropoietin (EPO) 
levels has been observed in several cases of pancreatic 
neoplasms. However, the potential role of EPO as a biomarker of 
pancreatic cancer or malignant transformation requires further 
investigation. We herein present a case of increased EPO levels 
in an adult male patient with stage IV pancreatic cancer.

Introduction

Pancreatic cancer accounts for ~3.0% of new cancer cases 
and is the fourth leading cause of cancer‑related mortality, 
accounting for 6.9% of all cancer deaths worldwide, with an 
increasing incidence (1). The poor prognosis of pancreatic 
cancer is mainly attributed to the lack of early diagnostic tools, 
resulting in limited treatment options, as tumor resectability 
becomes increasingly limited with advancing cancer stage. 
Approximately 80% of pancreatic cancers are not diagnosed 
until they are locally advanced or have already metastasized, 
at which point there is no curative therapy, with a median 
survival of only 8‑12 or 5‑8 months, respectively (2). Further 

research has been implemented in identifying potential tumor 
markers or diagnostic tools to help physicians recognize the 
potential presence of pancreatic cancer, rather than discovering 
it incidentally on imaging studies at a more advanced stage. 
Erythropoietin (EPO) has been found to be a potential cancer 
biomarker. Ectopic EPO production has also been reported in 
metastatic pancreatic carcinoid tumor (3), pancreatic ductal 
adenocarcinoma (4) and polycystic pancreatic neoplasms (5).

Case presentation

A 59‑year‑old male patient with a past medical history of 
stage IV pancreatic cancer with metastases to the liver and 
lung, a history of pulmonary embolism post‑inferior vena 
cava filter placement, intra‑abdominal thrombosis, hypercho-
lesterolemia and hypertension, presented to the emergency 
room with complaints of shortness of breath. The dyspnea had 
started a few weeks prior, was progressive and was associated 
with productive cough with yellowish sputum. The patient had 
no chest pain, fever, chills or palpitations.

The patient had been diagnosed with stage IV pancreatic 
cancer in August, 2013. A computed tomography (CT) scan 
of the abdomen was conducted at the time for right‑sided 
abdominal pain, which revealed a focal hypodensity of the 
body and tail of the pancreas. These findings were consistent 
with pancreatic carcinoma and metastatic disease was also 
evident, as there were multiple hepatic lesions. The imaging 
findings at the time also included splenic, renal, and left portal 
vein thrombosis. The patient underwent fine‑needle aspiration 
of a liver mass, which was diagnosed as adenocarcinoma; the 
tumor cells were positive for cytokeratin (CK)7, CK19 and 
carbohydrate antigen (CA)19‑9, and negative for CD56, S100, 
chromogranin, synaptophysin and CK20. These findings 
were consistent with a primary pancreatic tumor. The patient 
underwent 26 cycles of 48‑h chemotherapy over the course 
of 8 months, at which point he developed resistance and the 
therapy was discontinued for 1 month prior to his admission. 
The patient was subsequently placed on hospice 2  weeks 
prior to presentation to the hospital, which was revoked at the 
family's request due to a new drug (Tarceva) three days later. 
However, due to the cost of this drug, therapy was put on hold.

On initial physical examination, the patient had a blood 
pressure of 147/54 mmHg, a heart rate of 93 bpm, a respiratory 
rate of 14/min, a temperature of 97.5˚F and a saturation of 92% 
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on 4 l of oxygen. The patient was found to be in moderate 
distress, with bilateral rhonchi that were more prominent at 
the bases of the lungs. The extremities exhibited minimal 
non‑pitting edema. The laboratory findings revealed a 
mild leukocytosis of 11.4x109/l, a hemoglobin concentra-
tion of 11.1 g̸dl, a hematocrit of 33.4 and a platelet count of 
202,000̸mm3. The sodium level was 134 mmol̸l, potassium 
5.1 mEq/L, chloride 92 mEq/L, bicarbonate 26 mmol̸l, blood 
urea nitrogen 67 mg̸dl, and creatinine 8.3 mg̸dl. The other 
initial laboratory findings were non‑significant. The chest 
X‑ray revealed a bilateral infiltrate, with bilateral pleural effu-
sions. Due to the presence of anemia and sudden decreases 
in the hemoglobin concentration, an anemia workup was 
conducted. The iron level was increased to 193 ng̸ml, ferritin 
to 186 ng̸ml, haptoglobin to 86 mg̸dl, reticulocyte count to 
0.4%, iron‑binding capacity to 312 µg/dl, whereas the iron 
saturation was also increased to 62%. The vitamin B12 level 
was increased to 1,532 ng̸l, the folate level was within normal 
limits and the EPO level was increased to 25.2 mU̸ml. On 
repeat CA19‑9 testing, the levels had significantly increased to 
2,245 U̸ml from the previous value of 962 U̸ml at the time of 
initial diagnosis of pancreatic cancer.

The patient was admitted to the intensive care unit due to 
respiratory distress and acute renal failure; he was initiated on 
Zosyn and received one dose of vancomycin. Further imaging 
studies revealed not only findings of liver metastasis, but 
also metastasis to the lungs, resulting in respiratory distress. 
Repeat CT imaging of the chest‑abdomen‑pelvis two days 
later revealed moderate bilateral hydronephrosis and bilat-
eral perinephric stranding, indicating ureteral obstruction, 
possibly associated with metastatic disease; however, a stone 
or obstructing mass could not be excluded at the time (Fig. 1). 
The lungs exhibited bilateral pulmonary metastatic disease 
and bilateral pneumonia.

On the following day, the patient had a right nephrostomy 
tube placed and the renal function began to improve steadily. 
During his hospital course, however, the patient's condition 
continued to deteriorate and the patient eventually went into 
respiratory failure and required intubation. After a discussion 
with the patient's family regarding his prognosis  following 
failure to wean off the ventilator for 5 days, the family placed 

a do‑not‑resuscitate order and the patient was returned to 
hospice care. The patient was transferred to a long‑term care 
facility where he eventually succumbed to the disease after 
1 month.

Discussion

Unlike the mortality rates of other cancers, such as cancer 
of the stomach, lungs, colon and prostate, which have been 
declining over the past 40 years, the rate of pancreatic cancer 
has remained unchanged or increased in elderly patients, signi-
fying that it is one of the deadliest malignancies (6). Surgically 
resectable pancreatic cancer has been shown to be associated 
with an improved prognosis, as it is commonly diagnosed at an 
early stage. However, an early diagnosis is not always possible, 
as most symptoms associated with pancreatic cancer are rela-
tively unspecific. Such symptoms include, but are not limited 
to, abdominal pain, weight loss, new‑onset diabetes, jaundice, 
nausea and vomiting. As it is either incidentally diagnosed or 
found at a later stage, when the symptoms become progres-
sively worse, only 20% of the patients with pancreatic cancer 
are candidates for a potentially curative resection (7).

Pancreatic cancer may develop through several stages of 
pancreatic intraepithelial neoplastic lesions that may prog-
ress from benign to malignant. There have been different 
gene changes during these phase changes, including K‑ras in 
the early stage, p16 in the intermediate, and p53 in the late 
stage (8). Although these genetic alterations have been exten-
sively investigated, their diagnostic significance and etiology 
remain unclear. Exosomes and telomeres are promising 
markers for early diagnosis; however their clinical utility is 
still under investigation (9,10).

As mentioned earlier, tumor markers suitable for screening 
are lacking and the available markers are not recommended 
for initial testing, even when underlying malignancy is a 
concern. The markers that have been implemented include 
carcinoembryonic antigen and CA19‑9; however these have 
relatively insignificant sensitivity and specificity for diagnostic 
purposes. CA19‑9 has been used to monitor the progression 
of pancreatic cancer but is not typically used as an initial 
diagnostic tool.

As the characteristics and symptoms of pancreatic cancer 
are non‑specific, identifying sensitive and specific biomarkers 
is crucial. An incidental finding of elevated EPO levels may 
suggest an underlying malignancy or may be correlated with 
pancreatic adenocarcinoma. However, further investigation is 
required to correlate the elevated levels of EPO to pancreatic 
cancer or any other malignancy.

As seen with a few other documented case presentations, 
our patient displayed increased EPO levels as an incidental 
finding during a routine anemia workup. EPO is a glycopro-
tein produced by peritublar fibroblasts in the renal cortex and 
is a regulator of red blood cell formation. The level of EPO 
is usually low; however, when there is hypoxia or loss of red 
blood cells, it may increase within a few hours due to increased 
production by the kidneys. An EPO receptor has been identified 
in a number of cells and tissues in the body. However, ectopic 
forms of EPO have been shown to be associated with certain 
malignancies, which include not only the kidney, but the liver 
and cerebellum as well. These malignancies include renal cell 

Figure 1. Computed tomography scan of the chest‑abdomen‑pelvis with find-
ings suggestive of pancreatic neoplasm with hepatic metastases.
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carcinoma, hepatocellular carcinoma, cerebellar hemangio-
blastoma, ovarian cancer and pheochromocytoma (5,11). EPO 
receptors have also been reported to occur in tumor cells and, 
as EPO enhances cell proliferation through cell signaling, an 
EPO receptor antagonist may be a potential tool for reducing 
the tumor growth. Recently, an elevated EPO level has been 
found in pancreatic malignancies, including multicystic 
neoplasms of the pancreas (5), metastatic pancreatic carcinoid 
tumor (3) and in pancreatic ductal adenocarcinoma (4). In a 
previous study, EPO receptors were identified in breast cancer 
cells, while adjacent normal cells did not display any such 
receptors (12).

This brings into question whether testing for EPO recep-
tors should also be implemented in the follow‑up, or even 
the initial diagnostic workup of other malignancies, such as 
pancreatic cancer. Through this case presentation, an asso-
ciation was demonstrated between elevated EPO level and 
pancreatic adenocarcinoma, suggesting that EPO may be used 
as an early diagnostic measure or used similarly to CA19‑9 
to monitor tumor progression and prognosis. This association 
between EPO and the pancreas remains to be fully elucidated, 
and further investigation is required to determine its role in 
tumor growth and its potential use as a cancer biomarker.
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