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ÅTumor associated alteration in bodily function that occurs 
distant to the primary tumor  

ÅDiverse  

ÅCommonly first clinical indication of a malignancy  

ÅOften successful therapy of the tumor leads to control of the 
paraneoplastic syndrome. 

ÅSuccessful control of the paraneoplastic syndrome leads to 
improved quality of life for patient  

ÅReturn of the paraneoplastic syndrome  - recurrence of the 
tumor ς άŎƘŜŀǇέ ǘǳƳƻǊ ƳŀǊƪŜǊ 
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ÅEndocrine  

ÅHematologic  

ÅRenal  

ÅGastrointestinal 

ÅCutaneous  

ÅNeurologic 

ÅOther   
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Hypercalcemia 

ÅCaused by both neoplastic and non-neoplastic conditions 

ÅMost common endocrine paraneoplastic syndrome  

ÅGood understanding of calcium physiology  
ÅTarget organs  

ÅMajor hormones 
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ÅCalcium physiology  

ÅTarget organs 
ÅBone 

ÅKidney  

ÅGI  

ÅMediators 
ÅPTH 

ÅCalcitriol  

ÅCalcitonin  
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Calcium measurement  

ÅTotal serum calcium  

Å3 forms 

ÅProtein bound  

ÅComplexed  

ÅIonized  

ÅNormal value will vary  

ÅCorrected Calcium = [Ca2+ - Albumin] + 3.5  

ÅEffect of lipemia and hemoloysis  
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ÅIonized  

ÅBiological active form  

ÅWould need to be  evaluated when 
hypercalcemia is suspected 

Å1.12 - 1.45 mmol/L in dogs  

Å1.1 - 1.4 mmol/L in cats 
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Hypercalcemia ɀ Differentials  

·Neoplasia 

·Hypoadrenocorticism 

·1° hyperparathyroid 

·Renal disease  

·Vitamin D toxicosis  

·Rodenticide toxicity 

·Osteolytic diseases 

·Granulomatous diseases 

·Lab error  

·Other 
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ÅLymphoma  

ÅAnal gland carcinoma 

ÅMyeloma  

ÅParathyroid adenoma  

ÅThymoma 

ÅCarcinomas 

ÅSarcoma  
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Hypercalcemia -Etiology 

ÅPTH-rP  

ÅPTH 

ÅVitamin D 

ÅIL-1  ̡(Osteoclast activing factor) 

ÅIL-6 

ÅTGF-  h

ÅTNF-  h
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ÅClinical signs 

ÅUrinary  

ÅPolyuria with compensatory polydipsia  

ÅNeurologic  

ÅWeakness 

ÅGI  

Ånausea, anorexia, vomiting, constipation, diarrhea, 
and weight loss 
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ÅHistory  

ÅPhysical exam ς rectal 
exam, fundic exam  

ÅCBC, chemistry, urinalysis  

ÅIonized calcium 

ÅRadiographs  - thorax, 
abdomen  

ÅUltrasound  - abdomen 

ÅPTH /PTH-rP, 25-

hydroxyvitamin D   

ÅCytology  - lymph node, 
liver , spleen 

ÅBone marrow  

ÅRadiographs  - survey 
bone, bone scan  

ÅUltrasound  - cervical 
region  

ÅProtein Electrophoresis 

ÅACTH stimulation  
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Therapy 

ÅFluids  

ÅLoop diuretic  

ÅSteroid therapy 

ÅBisphosphonates  

 

 

ÅTreat underlying cause   
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ÅFluid therapy  

Å0.9 % saline  

ÅCorrect hydration  

ÅPromote calcium loss via kidney 

ÅMonitor potassium  

ÅAim to restore hydration 4-6 hours 
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ÅDiuretic therapy  

ÅLoop diuretic  - furosemide  

ÅAfter rehydration 

ÅQuestioned in human hypercalcemia management   
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ÅBisphosphonate therapy  

ÅPamidronate  

ÅDog: 1 -2 mg/kg infusion over 2 hours  - 250 mls saline  

ÅCat: 1 mg/kg infusion  - 30 mls saline  

ÅZoledronate  

Å0.1 to 0.25 mg/kg infusion over 15-30 minutes  

ÅZoledronate is expensive 

ÅPamidronate is inexpensive  

 

ÅOral bisphosphonate therapy  
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Hypoglycemia  

ÅNeoplastic and non-neoplastic causes 

ÅNeoplasia 

ÅBeta cell tumors (Insulimoma) 

ÅMost common 

ÅHepatic tumors 

ÅIntrathoracic tumors 

ÅGI smooth muscle tumors   

ÅLeiomyoma/leiomyosarcoma  

ÅSarcomas 

ÅLƴǎǳƭƛƴ ƭƛƪŜ ƎǊƻǿǘƘ ŦŀŎǘƻǊǎ όLDCΩǎύ 

ÅLSA/Plasma cell  

 



AETC, ALL RIGHTS RESERVED 

ÅClinical signs 

ÅWeakness 

ÅDisorientation 

ÅSeizure 

ÅComa 

 

 

ÅVariable onset of clinical signs  
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ÅPhysical exam  

ÅChest radiographs 

ÅUltrasound 

ÅIdentification ƻŦ ²ƘƛǇǇƭŜΩǎ ǘǊƛŀŘ 

ÅClinical signs (Serum glucose of 40 mg/dl of less) 

ÅAssociated neurologic signs 

ÅResolution of signs with exogenous glucose 

ÅElevated insulin level 

ÅFast associated with obtaining level  

ÅAmended Insulin-glucose ratio (AIGR) 

ÅAIGR = [(Serum insulin microU/ml) x 100] /[serum glucose 
(mg/dl) ς 30] 
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ÅDiagnosis  

ÅElevated insulin levels 

Å9ƭŜǾŀǘŜŘ LDCΩ{ 

ÅElimination of other causes 

ÅIdentification of pancreatic mass 
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ÅAt home: sugar solution(Karo syrup) 

ÅAdministration of 50% dextrose 

Å0.5 mls/kg 

ÅIV slowly over 10 minutes 

ÅIV drip 5-10% dextrose 
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Management  
ÅSurgery  

ÅDiet 

ÅSmall frequent meals  

ÅSteroids 

ÅIncrease serum glucose  

ÅIncrease gluconeogenesis in liver  

ÅDiazoxide 

ÅEnhance epinephrine induced glycogenolysis and reduce 
insulin release and uptake in cells 

ÅStreptozotocin  

ÅCytotoxic drug to beta cell 

ÅNephrotoxic and must be given with saline diuresis. 
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ÅTyrosine kinase inhibitors  

ÅToceranib Phosphate (Palladia)  

ÅMastinib (Kinavet ςCA)  

ÅRTKs  - extracellular, transmembrane and intracellular domain 

ÅGrowth factors cause phosphorlation of TK to cause 
downstream signaling 

ÅLeads to:  

ÅGene activation  

ÅProliferation  

ÅApoptosis  

ÅSurvival  

ÅMigration  

 



AETC, ALL RIGHTS RESERVED 



AETC, ALL RIGHTS RESERVED 

Hyperadrenocorticism  

ÅSecondary to primary, functional adrenal tumor  

ÅClinical signs 

ÅDiagnosis  

ÅTreatment  
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ÅClinical signs 

ÅPU/PD 

ÅPolyphagia 

ÅAbdominal enlargement  

ÅMuscle weakness/exercise intolerance  

ÅPanting 

ÅLethargy 

ÅObesity 

ÅCutaneous changes  

ÅHeat intolerance 
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ÅDiagnosis  

ÅACTH stimulation v. LDDST 

ÅHDDST 

ÅEndogenous ACTH  

ÅUltrasound  

ÅCT scan  
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ÅTherapy 

ÅSurgery  

ÅLysodren 
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Hyperthyroid  

ÅRare paraneoplastic disease in dogs  

ÅFunctional thyroid tumor  

ÅTypically have a palpable ventral cervical mass  

ÅPossible ectopic tissue  - chest  

ÅDiagnosis 

ÅElevation of thyroid levels  

ÅNote supplementation  
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ÅImaging  
ÅUltrasound  

ÅCT 

ÅRadioactive scan  

ÅTherapy  
ÅSurgery 

ÅExternal beam radiation therapy, Radioactive iodine (I131 ) 

ÅChemotherapy  

ÅCats  - hyperfunctional tissue v. adenoma  
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Fever 

ÅCommon paraneoplastic syndrome  

ÅMany types of tumors 

ÅTrue incidence is unknown  

ÅHumans  - 20% of FUO are secondary to cancer  

ÅTypically not antibiotic responsive  

ÅCytokine mediated ς IL-1, IL-6, TNF- ,h interferon 

ÅNote history and exam  

ÅTherapy  
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Hematologic paraneoplastic  

ÅAlterations in serum proteins 

ÅRed blood cell disorders  

ÅWhite blood cell disorders 

ÅPlatelet disorders 
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ÅHypergammaglobulinemia 

ÅMonoclonal production of 
immunoglobulin  

ÅLymphoma or plasma cell 
tumor  

ÅReactive polyclonal  
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ÅClinical signs ς numerous 

ÅHyperviscosity  

ÅAtaxia, dementia, seizures, coma, cardiac disease  

ÅTissue hypoxia 

ÅBleeding  

ÅOcular disorders 

ÅRenal  

ÅLameness 

ÅLethargy/Weakness  
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ÅElevation of serum protein and globulin  

ÅNormal to reduced albumin  

ÅEvaluate renal status and calcium  

 

ÅBone marrow plasmacytosis  

ÅOsteolytic lesions 

ÅSerum electrophoresis 

ÅMyeloma proteins in urine ς Bence-Jones  

ÅVisceral involvement (+/-) 
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ÅMelphalan  

ÅPrednisone  

ÅLymphoma protocols  

ÅLomustine  

ÅBisphosphonates   
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Red Cell Disorders 

ÅAnemia of Chronic Disease  

ÅImmune Mediated Hemolytic Anemia   

ÅMicroangiopathic Hemolytic Anemia  

ÅErythrocytosis  
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Anemia of Chronic Disease 

ÅCommon  

ÅCauses: 

ÅDecreased iron availability    

ÅShortened RBC lifespan  

ÅDecreased erythropoiesis  

ÅNormocytic, normochromic  
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Decreased iron availability 

ÅIncreased delivery of iron to macrophages 

ÅIncreased ferritin synthesis  

ÅApolactoferrin  can bind large amount of iron  

ÅInternalized by macrophages  

ÅIron stored in macrophages as ferritin 
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Shortened Red Blood Cell Life 

ÅExact etiology unknown  

ÅBetter removal of red cells by macrophages 

ÅSenescent  

ÅCoated with immunoglobulin  

ÅFever 
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Decreased erythropoiesis  

ÅReduced erythropoietin release  

ÅReduced bone marrow response to EPO 

ÅIron limited erythropoiesis  
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Anemia of chronic disease ς 
Treatment 
ÅCorrect underlying cause  

ÅIron therapy 

ÅEPO 
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Blood loss anemia  

ÅAcute v. chronic  

ÅAcute ς regenerative , Chronic - non-regenerative  

ÅChronic  - microcytic hypochromic anemia  

ÅIMHA 

ÅMicroangiopathic  

ÅOther   ex: GI blood loss 
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IMHA 

ÅDiagnosis 

ÅSlide agglutation test  

ÅDirect antibody test or 
Coombs test  

ÅCause 

ÅIgG or IgM antibodies 
directed against the RBC 
membrane  
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ÅRegenerative anemia  

ÅLeukocytosis  

ÅHemoglobinemia  

ÅSpherocytosis  

ÅConcurrent destruction of platelets 
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ÅNumerous causes 

ÅPrimary v. Secondary 

ÅNeoplastic  -secondary 

ÅLymphoid malignancies and hemangiosarcoma   
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Microangiopathic hemolytic 
anemia  
ÅPhysical damage to red 

blood cell 

ÅExtravascular and 
intravascular hemolysis  

ÅSecondary condition 

ÅDIC  

ÅHemangiosarcoma 
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Erythrocytosis 

ÅRelative v. Absolute  

ÅAbsolute ς primary v. secondary 

ÅPrimary  - myeloproliferative disease   

ÅSecondary  - appropriate v. inappropriate 

ÅSecondary  - renal tumor   
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ÅPrimary erythrocytosis  

ÅMyeloproliferative disease 

ÅPolycythemia vera  

ÅRare event  

ÅSerum EPO level  

ÅTherapy  - phlebotomy, hydroxyurea  
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ÅSecondary ς 
inappropriate 

ÅRenal tumor/tumor  

ÅLikely to overproduction 
of EPO 
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White blood cell  

ÅNeutrophil  

ÅNeutropenia  

ÅLeukocytosis  

ÅEosinophilia  
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ÅThrombocytopenia  

ÅCommon  - up to 40% of cancer 
patients  

ÅLymphoma  

ÅHemangiosarcoma  

ÅSertoli cell tumor  

ÅDestruction, Loss, Production 
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Renal 

ÅInfiltrative   

ÅLymphoma 

ÅPLN ς immune complex deposition 

ÅAmyloidosis 

 

 

ÅNephrotoxic  

 

 


