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612   TABLE 121-2    Paraneoplastic Hematologic Syndromes

Syndrome Proteins
Cancers Typically Associated 
with Syndrome

Erythrocytosis Erythropoietin Renal cancers, hepatocarci-
noma, cerebellar hemangio-
blastomas

Granulocytosis G-CSF, GM-CSF, IL-6 Lung cancer, gastrointesti-
nal cancer, ovarian cancer, 
genitourinary cancer, Hodgkin’s 
disease

Thrombocytosis IL-6 Lung cancer, gastrointestinal 
cancer, breast cancer, ovarian 
cancer, lymphoma

Eosinophilia IL-5 Lymphoma, leukemia, lung 
cancer

Thrombophlebitis Unknown Lung cancer, pancreatic cancer, 
gastrointestinal cancer, breast 
cancer, genitourinary cancer, 
ovarian cancer, prostate cancer, 
lymphoma

Abbreviations: G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macro-
phage colony-stimulating factor; IL, interleukin.

necessary to prevent hypoglycemia. Glucagon and glucocorticoids 
have also been used to enhance glucose production.

HUMAN CHORIONIC GONADOTROPIN
hCG is composed of α and β subunits and can be produced as intact 
hormone, which is biologically active, or as uncombined biologically 
inert subunits. Ectopic production of intact hCG occurs most often 
in association with testicular embryonal tumors, germ cell tumors, 
extragonadal germinomas, lung cancer, hepatoma, and pancreatic 
islet tumors. Eutopic production of hCG occurs with trophoblastic 
malignancies. hCG α subunit production is particularly common 
in lung cancer and pancreatic islet cancer. In men, high hCG levels 
stimulate steroidogenesis and aromatase activity in testicular Leydig 
cells, resulting in increased estrogen production and the development 
of gynecomastia. Precocious puberty in boys or gynecomastia in men 
should prompt measurement of hCG and consideration of a testicular 
tumor or another source of ectopic hCG production. Most women are 
asymptomatic. hCG is easily measured. Treatment should be directed 
at the underlying malignancy.

ONCOGENIC OSTEOMALACIA
Hypophosphatemic oncogenic osteomalacia, also called tumor-
induced osteomalacia (TIO), is characterized by markedly reduced 
serum phosphorus and renal phosphate wasting, leading to muscle 
weakness, bone pain, and osteomalacia. Serum calcium and PTH levels 
are normal, and 1,25-dihydroxyvitamin D is low. Oncogenic osteoma-
lacia is usually caused by benign mesenchymal tumors, such as heman-
giopericytomas, fibromas, and giant cell tumors, often of the skeletal 
extremities or head. It has also been described in sarcomas and in 
patients with prostate and lung cancer. Resection of the tumor reverses 
the disorder, confirming its humoral basis. The circulating phospha-
turic factor is called phosphatonin—a factor that inhibits renal tubular 
reabsorption of phosphate and renal conversion of 25-hydroxyvitamin 
D to 1,25-dihydroxyvitamin D. Phosphatonin has been identified as 
fibroblast growth factor 23 (FGF23). FGF23 levels are increased in 
some, but not all, patients with osteogenic osteomalacia. FGF23 forms 
a ternary complex with the klotho protein and renal FGF receptors 
to reduce renal phosphate reabsorption. Treatment involves removal 
of the tumor, if possible, and supplementation with phosphate and 
vitamin D. Octreotide treatment reduces phosphate wasting in some 
patients with tumors that express somatostatin receptor subtype 2. 
Octreotide scans may also be useful in detecting these tumors.

HEMATOLOGIC SYNDROMES

The elevation of granulocyte, platelet, and eosinophil counts in most 
patients with myeloproliferative disorders is caused by the proliferation 
of the myeloid elements due to the underlying disease rather than to a 
paraneoplastic syndrome. The paraneoplastic hematologic syndromes 
in patients with solid tumors are less well characterized than are the 
endocrine syndromes because the ectopic hormone(s) or cytokines 
responsible have not been identified in most of these tumors (Table 
121-2). The extent of the paraneoplastic syndromes parallels the 
course of the cancer.

ERYTHROCYTOSIS
Ectopic production of erythropoietin by cancer cells causes most 
paraneoplastic erythrocytosis. The ectopically produced erythropoi-
etin stimulates the production of red blood cells (RBCs) in the bone 
marrow and raises the hematocrit. Other lymphokines and hormones 
produced by cancer cells may stimulate erythropoietin release but have 
not been proved to cause erythrocytosis.

Most patients with erythrocytosis have an elevated hematocrit 
(>52% in men, >48% in women) that is detected on a routine blood 
count. Approximately 3% of patients with renal cell cancer, 10% of 
patients with hepatoma, and 15% of patients with cerebellar heman-
gioblastomas have erythrocytosis. In most cases, the erythrocytosis is 
asymptomatic.

Patients with erythrocytosis due to a renal cell cancer, hepatoma, or 
CNS cancer should have measurement of red cell mass. If the red cell 

mass is elevated, the serum erythropoietin level should be measured. 
Patients with an appropriate cancer, elevated erythropoietin levels, and 
no other explanation for erythrocytosis (e.g., hemoglobinopathy that 
causes increased O2 affinity; Chap. 77) have the paraneoplastic syndrome.

TREATMENT	 Erythrocytosis
Successful resection of the cancer usually resolves the erythrocy-
tosis. If the tumor cannot be resected or treated effectively with 
radiation therapy or chemotherapy, phlebotomy may control any 
symptoms related to erythrocytosis.

GRANULOCYTOSIS
Approximately 30% of patients with solid tumors have granulocy-
tosis (granulocyte count >8000/μL). In about half of patients with 
granulocytosis and cancer, the granulocytosis has an identifiable 
nonparaneoplastic etiology (infection, tumor necrosis, glucocorticoid 
administration, etc.). The other patients have proteins in urine and 
serum that stimulate the growth of bone marrow cells. Tumors and 
tumor cell lines from patients with lung, ovarian, and bladder cancers 
have been documented to produce granulocyte colony-stimulating 
factor (G-CSF), granulocyte-macrophage colony-stimulating factor 
(GM-CSF), and/or interleukin 6 (IL-6). However, the etiology of 
granulocytosis has not been characterized in most patients.

Patients with granulocytosis are nearly all asymptomatic, and the 
differential white blood cell count does not have a shift to immature 
forms of neutrophils. Granulocytosis occurs in 40% of patients with 
lung and gastrointestinal cancers, 20% of patients with breast cancer, 
30% of patients with brain tumors and ovarian cancers, 20% of patients 
with Hodgkin’s disease, and 10% of patients with renal cell carcinoma. 
Patients with advanced-stage disease are more likely to have granulo-
cytosis than are those with early-stage disease.

Paraneoplastic granulocytosis does not require treatment. The 
granulocytosis resolves when the underlying cancer is treated.

THROMBOCYTOSIS
Some 35% of patients with thrombocytosis (platelet count >400,000/μL) 
have an underlying diagnosis of cancer. IL-6, a candidate molecule for 
the etiology of paraneoplastic thrombocytosis, stimulates the produc-
tion of platelets in vitro and in vivo. Some patients with cancer and 
thrombocytosis have elevated levels of IL-6 in plasma. Another can-
didate molecule is thrombopoietin, a peptide hormone that stimulates 
megakaryocyte proliferation and platelet production. The etiology of 
thrombocytosis has not been established in most cases.

Patients with thrombocytosis are nearly all asymptomatic. 
Thrombocytosis is not clearly linked to thrombosis in patients with 
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