Pathology 6 – Endocrine, Bone & Repro
Pathology of Diabetes and Obesity:

· Diabetes is now an epidemic, largely due to increasing rates of obesity (in the world, not just the US).  The pathology of hyperglycemia and obesity are largely combined in these cases.  

· Diabetes can be classified as primary (type I, or type II) or secondary (pancreatitis, hormonal tumors, drugs, etc).  Type I is characterized by low levels of blood insulin, inflammation of the islets, islet cell antibodies and autoimmunity.  Type II is associated with obesity (though there are less common non-obese and maturity onset forms), and is characterized by normal or increased levels of blood insulin, no pancreatic inflammation, greater genetic impact, etc.

· Type I diabetes:  The immunoreactive beta cells in the pancreas can be easily seen with the proper immunostain.  Islets can also be destroyed by things like hemochromatosis (Fe) or amyloid (protein deposits).  There is HLA-linkage in this condition, and it’s treated with insulin despite being very hard to control well.  The etiology is largely unknown, but you have to lose lots of beta cell tissue before you get manifestations of diabetes.  With chronic inflammation, islets may become fibrotic.  

· The pathology of diabetes is due to high blood sugar.  Hyperglycemia results in the presence of advanced glycosylation end products, because glucose reacts with free amino groups that over time form more stable Amidori products.  Over time, these Amadori products cross link irreversibly and produce AGEs.  These proteins can deposit in glomerular capillary basement membrane and mess up filtration in diabetic kidneys.  They cause Kimmelstein Wilson deposits to accumulate in the glomeruli, which are also collapsed and have a thickened mesangium in diabetic nephropathy.  AGEs can contribute to atherosclerosis in large vessels and arteriosclerosis in the kidney.  MI, cerebral infarct, etc can occur.  These vascular changes contribute to an increased occurrence of gangrene in diabetics (get trauma that they can’t feel because of neuropathy, then vascular changes impair healing and immune responses).  

· Hyperglycemia also increases intracellular glucose and conversion of glucose into sorbitol (via aldose reductase).  This contributes to cataracts in the eyes (as well as nerve, pericyte, and kidney damage), because you get an increased osmolarity inside cells and influx of water.  Sorbitol also causes electrolyte abnormalities.  Diabetic retinopathy includes aneurysms which may burst and scar (leaving cotton-wool spots in the eye).  You can also see retinal detachment due to scarring and fibrosis.  In the kidney you see papillary necrosis.  And, you may get mucormycosis (fungal infections of the sinuses, may invade the brain and be lethal).  

· Type II diabetes:  This occurs most frequently in obese patients, particularly those with abdominal obesity.  Insulin resistance is important in its development, and it commonly occurs in settings of multiple metabolic abnormalities like HTN and dyslipidemia syndrome X.  Type II diabetes is a polygenic disorder, and likely the result of many genes and environmental contributions.  

· Obesity is a BMI over 30, and is one of the criteria for metabolic syndrome (HTN, hyperlipidemia, microalbuminuria, insulin resistance, etc).  Waist measurements and BMI are both strongly associated with type II diabetes.  

· Obesity is being treated by bariatric surgery with increasing frequency.  Bariatric surgery is for the control and treatment of obesity and its associated diseases.  Procedures for morbid obesity include the Roux-en-Y Gastric Bypass, gastric band surgeries, and biliopancreatic diversion with duodenal switch.  These procedures have pretty good results in terms of weight loss (patients usually lose around 100 pounds) and resolves diabetes in a lot of patients.  Mortality is around .35%, which is quite low (about the level of a cholecystecomy).  

· Bariatric surgery works by making the gastric space smaller, encouraging many smaller meals, and also decreasing the amount of circulating ghrelin (an appetite stimulant/orexigenic).  

· In addition to contributing to diabetes, obesity (particularly high triglycerides) adversely affects the liver.  In the US there are 25 million people with fatty liver disease (about a million will develop NASH, and 150,000 cirrhosis).  With fatty liver you see fat on histology.  With NASH, you see dead liver cells and WBCs too.  NASH is histopathologically indistinguishable from alcoholic hepatitis.  Liver biopsy is the diagnostic gold standard for NASH…but you obviously can’t do 25 million biopsies.  Other than weight loss, there’s no treatment for it.  

· Current research is looking into ways to target the fatty acid oxidation system to decrease triglyceride accumulation and allow for resolution of steatosis.

Endocrine Tumors:

· The pituitary gland has an adenohypophysis (anterior…an epithelial outpouching of the embryonic Rathke’s pouch) and a neurohypophysis (posterior…of neural origin).  It’s located near the optic chiasm, ventricular system, cerebral vessels, and cranial nerves.  So pituitary tumors can cause disease by a variety of mechanisms.  
· The anterior pituitary normally has a nested/lobular pattern of growth which is maintained by a reticulin framework (seen with a reticulin stain).  It also has several prominent cell types, including aciophils, basophils, and chromophobic (clear looking) cells.  

· Pituitary neoplasms are usually benign and almost always occur in the anterior pituitary.  They can be treated by a trans-sphenoidal excision.  Histologically, neoplastic pituitary tissue shows cellular monotony (all acidophils, all basophils, or all chromophobes), immunohistochemical homogeneity, and architectural disorder (looks sheet-like).  

· Pituitary tumors may be hypersecertory, they may compress/destroy pituitary tissue and produce hyposecretory syndromes, or they can impinge on local anatomic strucures.  

· Hypersecretory states include prolactin adenomas (cause galactorrhea and amenorrhea in young women, but are silent in men and older women), somatotroph/GH adenomas (cause gigantism in kids, or acromegaly in adults…insidious enlargement of hands, feet, facial features, etc), and corticotroph/ACTH adenomas (causing pituitary Cushing’s disease…people are usually sensitive to very small changes in ACTH, so this may be hard to diagnose).  There is often an inverse relationship between tumor size and secretory activity, so smaller ones tend to secrete more.  

· Hyposecretory states can include null adenomas (don’t produce hormones, usually replace a large percentage of the pituitary gland) or pituitary apoplexy (spontaneous hemorrhage into an adenoma that can acutely increase pressure and expand it, destroying adjacent structures).  

· When the pituitary impinges on adjacent structures, infrasellar extension (downward) can erode the sella turcica and fill the sphenoid sinus.  More commonly, suprasellar extension (up) can compress the optic chiasm and produce visual disturbances and extend into the third ventricle and produce obstruction/hydrocephalus.  

· To distinguish pituitary adenomas from carcinomas, a carcinoma must show metastatic dissemination to extracranial sites.  Adenomas can show invasive growth patterns, cellular atypia and necrosis, so none of those things are specific to a carcinoma.  

· The thyroid duct forms at the foramen cecum at the base of the tongue and descends along the midline of the neck.  Thyroid tissue can be found at any point along this migratory route, and a pyramidal lobe of the thyroid along the midline is common. 

· Thyroid nodules are common and often not malignant.  
· They can be due to heterotopia, which is just normal thyroid tissue in an abnormal location, as in a lingual thyroid at the base of the tongue or thyroglossal duct cyst anywhere between the base of the tongue and the thyroid.  
· Thyroid nodules can also be due to hyperplasia, as in cases of multinodular goiter.  Multinodular goiter may be endemic in certain parts of the world due to inadequate iodine intake, or it may be sporadic.  It is not neoplastic, but shows increased mass due to decreased thyroid output.  It’s often asymmetric and nodular, and it’s histologically heterogeneous (scarring, necrosis, calcification, hemorrhage may be present).  It may sometimes be hyperthyroid (too much T3/T4), but is often just cosmetic.

· Or, thyroid nodules may be due to neoplasia (papillary, follicular, medullary, or anaplastic).  

· Normal thyroid histology shows back to back follicles with pink colloid and cuboidal epithelial cells.  There are also neuroendocrine-derived c-cells that secrete calcitonin, but these can’t be distinguished on H&E.  

· 90% of thyroid cancer are from epithelial cells (papillary, follicular, and anaplastic tumors), with 10% being from neuroendocrine cells (medullary tumors).  

· Follicular thyroid cancers make up 15% of thyroid cancers.  A risk factor for these is iodine deficiency, and the characteristic genetic alteration is a Ras mutation.  It’s female predominant, occurs in the 40s-50s, and is most often a solitary, encapsulated nodule.  It can spread hematogenously.  A malignant follicular thyroid carcinoma shows vascular or capsular invasion.  Metastases and invasion are bad prognostic factors, but overall survival is very good.
· Papillary thyroid cancers make up 70% of thyroid cancers.  Risk factors include radioation exposure, and characteristic genetic alterations include Braf mutations and Ret translocations.  It is also female predominant, occurs in patients’ 30s-40s, and is often multifocal and less well defined (may present with neck masses).  It can spread via lymphatics to regional lymph nodes.  Histologic hallmarks of malignant papillary thyroid carcinomas include psammoma bodies (purple, lamellar concretions), papillary architecture, and nuclear atypia with a ground glass appearance (chromatin along the nuclear rim giving the nucleus a sharp profile and clear middle…may show inclusions or a longitudinal intranuclear groove like a coffee bean).  People over age 45, tumors over 5cm, or invasion are bad prognostic factors, but overall survival is very good.  

· Anaplastic (undifferentiated) thyroid carcinomas are extremely aggressive and rapidly lethal.  They are really diseases of the elderly and extend into the soft tissues of the neck.  Their histology is quite variable, including squamoid, giant cell and spindle cell patterns.  These tumors may arise within papillary or follicular carcinomas, representing an advanced stage.
· Medullary carcinomas are neuroendocrine tumors of C-cells, and these tumors secrete calcitonin.  These tumor cells are embedded in pink amorphous amyloid (stains congo red +).  

· Medullary thyroid carcinomas may be sporadic (patients in mid 30s, unilateral/solitary lesion, no c-cell hyperplasia) or familial (patients around 20 years old, often bilateral/multicentric lesions, c-cell hyperplasia usually present).  C-cell hyperplasia can be seen on a calcitonin immunostain.  The familial forms may be part of the MEN syndromes.  MEN2A includes medullary thyroid carcinoma, pheochromocytoma and parathyroid hyperplasia.  MEN2B includes medullary thyroid carcinoma, pheochromocytoma, and GI/ocular ganglioneuromas and skeletal abnormalities.  
· In familial MTC, genetic screening for Ret oncogene mutations associated with MEN syndromes may be justified.  It’s very sensitive, specific, and predictive, and allows for prophylactic thyroidectomy.  

· Adrenal medullary tumors that secrete epi/Nepi and show nested (balls of cells) patterns of growth are pheochromocytomas.  These follow the 10% rule, where 10% of them are in kids, 10% are bilateral, 10% are malignant, and 10% are extra-adrenal.  
· Adrenal cortex hyperfunction results in too much cortisol and Cushing’s syndrome.  This can be due to a pituitary adenoma that secretes ACTH, ectopic tumors that produce ACTH (small cell lung cancer), or an adrenal cortex neoplasm that secretes cortisol.  

· Pituitary causes of Cushing’s syndrome result in ACTH that stimulates both adrenal glands and causes cortical hyperplasia bilaterally.  

· Adrenal cortical neoplasms produce cortisol, which inhibits ACTH production.  So you see the cortical tumor, but the cortex outside of the tumor is atrophic.  

· Adrenal cortical adenomas are usually small (<50g) and don’t show invasion, necrosis, abundant mitoses, or marked nuclear atypia (generally cells are small with bland histology).  Adrenal cortical carcinomas are larger (>100g) and show more microscopic features suggestive of malignancy (generally nuclei are large with atypia).  

Non-Neoplastic Bone Disease:

· Bones are very active.  They can heal/react, become infarcted, become infected, atrophy with disuse, they are sensitive to the body environment and they can undergo neoplastic transformations.  

· Diseases of bones may be categorized as traumatic (most common), circulatory, infectious, metabolic, congenital or neoplastic.  

· Normal bone looks pink with thick cortical bone and spongy trabecular bone (where the marrow is).  The trabeulae may just be visible as fine linear variations in opacity on an x-ray.  X-rays in growing kids show epiphyseal growth plates too.  

· New bone looks pink with lots of osteocytes in the lacunae.  Older bone has fewer cells and some blue lines that indicate remodeling.  More blue lines (remodeling lines) corresponds with more remodeling, which is often a good indication of a person’s age.  

· Cells in the bone include osteoblasts which make bone (at the periphery of bone, mononuclear cells), osteocytes within lacunae, and osteoclasts that break bone down (multinucleated, at periphery of bone often at scalloped areas where they look like they’ve taken a bite out of the bone).  The osteoblasts leave the blue lines in newly remodeled bone.  With the action of these cell types, there’s a constant turnover of bone (15% of the skeleton per year).  

· Bone fractures bleed and form hematomas (blood, swelling).  With time, this forms granulation tissue as it begins to repair, and then cartilage is placed, remodeling occurs, osteoid is laid down, and it eventually mineralizes to reform bone.  Bone is the only tissue that heals itself with its own tissue, as opposed to fibrous tissue or something.  The process begins with a hematoma, progresses to granulation tissue, then an early callus, then early remodeling occurs, and finally late remodeling.  

· A fracture callus histologically shows areas of reactive bone, cartilage and fibrous granulation tissue. 

· Complications of fractures include necrosis (if it loses blood supply and dies), malunion (where the bones don’t heal together correctly), or non-union (the bones never re-join…treated by re-breaking).  In a non-union, you’ll have 2 pieces of bone separated by granulation tissue. 

· Fractures include stress fractures due to excessive exercise or pressure in which the bone cracks little by little (x-ray shows a band of opacity, and it’s treated by stopping the stress).  Pathologic fractures occur when disease causes brittle bones that may break without significant trauma. 

· Heterotopic ossification is when trauma causes a callus to form where there’s no broken bone.  You get the healing sequence (trauma, hematoma, granulation tissue, callus, etc) that ultimately forms new bone where there was none before.  This can occur with a single episode of trauma, repetitive minor trauma, or even with no history of injury.  Tumors can lead to this phenomenon as well.  

· Slower growing tumors give the body time to react and form a sclerotic rim around the lesion.  Faster growing tumors do not, so they tend to be less well defined.  If the edges are hard to see, it’s often more aggressive.  Tumors on the surface of bone may stimulate this type of repair, and these may be very widespread (ex:  the elephant man).  

· Osteonecrosis (bone infarctions) often produce wedge-shaped areas of necrosis (look pale on gross inspection).  This occurs with loss of blood supply, due to coagulative causes, trauma or other systemic processes.  Traumatic causes include fractures and dislocations.  

· Histologically, you see a lack of osteocytes in the lacunae of the bone as well as bone marrow that is just fat/necrosis without the usually cellular elements.  You may see some reparative bone trying to fix or replace the dead bone.  The areas of reparative bone formation are more radiodense, and will usually show an irregular distribution on x-ray.

· The final common pathophysiologic mechanism for osteonecrotic mechanisms is intravascular coagulation.  It can be due to hypercoagulable blood, fat swelling, or lipemic serum (steroids, alcohol, etc.).  Things that predispose you to osteonecrosis include alcoholism (only 3 drinks/day increases risk), steroid therapy (common in transplant or lupus patients), sickle cell (hypercoagulation), Caisson Disease (aka the bends, with ascent from areas of high pressure nitrogen forms bubbles in the blood that occlude vessels), or Gaucher’s Disease (metabolic disorder)

· Osteonecrosis occurs spontaneously in the hip (very commonly in the femoral head in 20-40 year old men), knee or shoulder.  Grossly, you may see dead, collapsed bone.  

· Paget’s Disease is focal or multifocal increased and chaotic bone remodeling.  It manifests as a large head, and bones that are fragile, dense, large, deformed, and coarse.  Paget’s Disease is primarily an osteoclast dysfunction.  It begins with a wave of non-physiological osteoclast-mediated osteolysis.  Then osteoblasts try to catch up and you get areas of bone where remodeling is happening really fast.  

· Paget’s disease is a disease of older people that clusters in families and favors people of northern European descent.  It can affect one bone or the entire skeleton, but particularly affects the axial skeleton. 

· It is characterized by architectural distortion of bone that causes pain, deformity, fracture, and other problems.  The bones are brittle in this condition, and may get breaks straight across (banana fractures).  This almost always indicates Paget’s.  

· The primary radiographic finding is a prominent coarsening of the trabeculae.  Histologically you see more remodeling lines than usual, producing a mosaic (or jigsaw puzzle) pattern.  

· Complications of Paget’s disease include anemia, cranial nerve palsy (due to thickened skull impinging on cranial nerves and causing things like deafness), heart failure (due to heightened circulatory requirements of the larger bones) and sarcoma.  

· Paget’s may be the result of a viral infection people get in their youth that doesn’t manifest until later in life.  

· Osteomyelitis is an infection of the bone, which is quite common.  Primary osteomyelitis is due to hematogenous spread of organisms, whereas secondary osteomyelitis is due to direct implantation (via trauma with open fractures, or surgery).  

· Primary osteomyelitis is mostly seen in kids, and it’s mostly caused by Staph aureus.  It presents as pain, fever and leukocytosis.  

· Histologically you see the marrow replaced by lots of PMNs, and gram stains should show organisms.  

· Acute osteomyelitis becomes chronic 5% of the time.  Once chronic, it persists many years and produces a thickened, bony reaction to the organisms.  This can wall in the organisms to prevent spread, but it may also serve to protect them and make them tough to eradicate.  

· Primary osteomyelitis in adults tends to affect the spine, and it often occurs after surgery, catheters, or other manipulation of the GU tract.  It also produces bone thickenings.  

· These infections can form an abscess cavity in the bone.  If a piece of dead bone breaks off and floats around in the cavity, it’s called a squestrum.  These may be removed surgically, or the body may form sinus tracts and try to extrude them.

Metabolic Bone Disease:
· These are disorders of the chemical milieu that lead to decreased bone mass.  Bones are very sensitive to changes in their environment.  Decreased bone mass (there’s just less bone mass present, visulalized as thin trabeculae) leads to structural failure of the skeleton in which bones break without much trauma.  This produces pain, fractures and deformity.  
· One of the main features of metabolic bone disease is osteoporosis.  An important consideration is that plain x-ray doesn’t show visible osteopenia (bone loss) until 30% of the bone mass is gone.  By that time, strength is reduced by 50%.  So early recognition and intervention would certainly be ideal, but osteoporosis is difficult to diagnose.  Use of DEXA (dual energy x-ray absorptiometry) has helped improve this.  DEXA measures the attenuation of beams as they pass through your bones, and if you are more than 2.5 standard deviations below normal, it’s cause for concern.  
· Osteoporosis is when you have symptoms due to too little bone.  Osteopenia is any decrease in bone mass.  
· The four main categories of metabolic bone disease are focal osteoporosis, specific endocrine abnormalities, primary osteoporosis, and secondary osteoporosis. 
· Focal Osteoporosis:  Disuse atrophy may produce bone atrophy, which is a form of focal osteoporosis.  In contrast, extra stress on a bone (ex: bull riding) can lead to hypertrophy.  In the healthy skeleton, bone is resorbed and deposited at equal rates.  The balance is maintained with the help of electrical activity in the bone when it’s bent.  Stress on bones generates an electrical current which balances absorption/repletion.  If this stress is absent, you’ll lose bone mass.  Treatment with electric current can help bones heal.  Disuse bone atrophy can result from bedrest, post-trauma, or from weightlessness (the limiting factor in space flight duration). 
· Specific Endocrine Abnormalities:  
· Primary hyperparathyroidism is the 3rd most common endocrine disorder, but less than 5% of patients with this condition have clinical bone disease.  The hyperparathyroidism may be due to a parathyroid adenoma, and it produces excess PTH causing increased bone resorption (and increased serum Ca, with decreased serum P).  Serum [Ca] maintenance is critical for life and skeleton may be compromised to achieve it.  
The histologic hallmark of primary hyperparathyroidism is ‘tunneling resorption’ of the bone trabeculae.  You see osteoclasts creating tunnels in the trabeculae, and this is diagnostic.  It’s detected most sensitively at the fingertips.  

· Vitamin D Deficiency is a rampant problem that may be due to inadequate sun exposure (the only natural source of vitamin D except fish oil) or inadequate/inhibited dietary intake.  Vitamin D allows for absorption of calcium, which is necessary for skeletal mineralization.  With vitamin D deficiency, you can’t absorb calcium and bones don’t mineralize.  This produces rickets in kids or osteomalacia (soft bones) in adults.  About half of old people may be vitamin D deficient, more in African Americans, cultures that cover most of their bodies with clothes, and in diets lacking in vitamin D fortified foods.  
In rickets, the growing epiphyseal plate doesn’t mineralize, so it widens and remains pretty radiolucent on x-ray.  The recommended daily allowance for calcium is 1200mg/day, and vitamin D is ~700 IU/day (4 glasses of milk/day).  
Osteomalacia in adults may be due to lack of sun exposure, diet, or GI disease/surgery.  Histologically, the hallmark of osteomalacia is wide osteoid seams (with the right stain these widened areas appear red at the periphery of the green bone).  The osteoid is bone that hasn’t yet been mineralized.  

· Renal Bone Disease:  Vitamin D is produced in the skin, the liver adds a 25-OH group, then the kidney makes it a 1,25(OH)2vitamin D, which is the most active form.  In renal disease, you may have a failure to produce the 1,25(OH)2vitamin D, and this causes bone disease (renal rickets or osteomalacia, and can lead to hyperparathyroidism).

· Primary osteoporosis is a geriatric disease that really begins in childhood.  Bone mass increases until it peaks around age 27-29, then it declines after that.  If bone growth is decreased in childhood, you’ll peak and start declining earlier.  This may happen with pressure to be small or thin that impacts diet, exercise, etc (ex: gymnasts, figure skaters).  The nutritional effects that decrease bone mass far outweigh the increased bone density resulting from physical activity and stress on the bones.  

· Primary osteoporosis is the decreased bone mass associated with old age.  In women, it causes them to have shorter stature with age, and they may have soft bones that are prone to collapse.  They often get a ‘dowager’s hump’ on their back and get crushed, wedge-shaped vertebrae.  Osteoporosis fractures most often affect the spine, hip and wrist (when bracing during a fall).  In these patients, hip fractures may result just from everyday activities.  

· There are two patterns of bone loss in primary osteoporosis.  Senile osteoporosis is the decrease in bone mass that everyone experiences as they age (both genders, all cultures, all time periods).  With age, osteoblasts fail to lay down enough bone to replace what osteoclasts have consumed, so with every remodeling cycle you lose a little bone mass.  Senile osteoporosis has normal resorption and decreased bone deposition.

Some women show Post-Menopausal accelerated osteoporosis, which is caused by estrogen withdrawal, which releases interleukins that stimulate osteoclasts and lead to more bone resorption cycling, which causes faster depletion of bone.  So post menopausal osteoporosis has increased resorption and decreased deposition.
· Osteoporosis is a very common and expensive problem, representing a significant public health issue.  Susceptibility is increased in females, Northern Europeans or Asians, fair haired people, and tall/thin people.  Protective factors include dark skin (but this confers increased risk of osteomalacia) and obesity.  

· Prevention is key, because once bone is lost it can’t be replaced.  

· Secondary Osteoporosis is due to steroid excess or amenorrhea.  It may be seen commonly with the female athletic triad (eating disorders, amenorrhea, osteoporosis).  50% of young female athletes are amenorrheic, and people with eating disorders have a 25% reduction in bone density.  Steroids lead to bone necrosis and bone resorption/deposition imbalance that produces osteoporosis/otseopenia.  Long-term steroid users have a 30% prevalence of vertebral crush fractures, and often a 40% decrease in bone mass.  This may be caused by as little as 10 mg/day of prednisone.  
Bone Tumors and Developmental Disorders:

· Orthopedic diagnosis requires collaboration among surgeons, radiologists, and pathologists look at history, imaging and biopsy.  

· Neoplastic bone disorders fall into 3 categories:  Metastatic carcinoma, myeloma, or primary bone tumors (20 types, many subtypes…so it’s hard to diagnose).  Recall that benign, slow-growing tumors tend to have a sclerotic rim, whereas malignant tumors tend to be less well defined.  

· Anyone over 50 with a bone lesion has metastatic carcinoma until proven otherwise.  Metastatic carcinoma shows clusters of epithelial cells in a characteristic organoid growth pattern.  Cancer is the second most common cause of death, and metastatic cancer frequently spreads to bone.  So metastatic bone tumors are really common.  The cancers that most often spread to bone are breast, prostate, and lung (also kidney and stomach).

· Patients with metastatic bone cancer may have known primary cancer then present with a bone lesion. Or the bone lesion may be the initial presentation, which is more common with lung or kidney cancers.  

· Metastatic carcinoma tends to spread to the axial skeleton (most commonly the spine).  Infection (osteomyelitis) and cancers tend to spread to the spine because it has Batson’s plexus of veins that have no valves, which permits easier spread.

· When cancer spreads to bone it can produce 1 of two patterns.  Blastic (radiodense) metastases are typical of prostate (and sometimes breast) cancers.  These are due to cancer cells stimulating osteoblasts to make more bone.  Lytic (radio-opaque) metastases are due to cancer cells that stimulate osteoclasts (the only cells that can break down bone).  

· Metastatic carcinomas tend to occur only in older adults, they are always epithelial, they most often affect the axial skeleton, they may be osteoblastic or –lytic, and  they are metastatic so stage IV and often incurable.

· In contrast, primary bone tumors happen predominantly in young people (adolescents and young adults).  There are many types of primary bone tumors, and they may be benign or malignant.  They may have osteoid, cartilaginous or fibrous differentiation.  

· Osteoid-osteoma (benign):  Occurs in young people in the diaphysis of long bones.  It produces dense cortical sclerosis, and it’s treated by removing the radio-lucent nidus (often a very small tumor).  These tumors can produce prostaglandins, so pain may be helped by aspirin.  They often hurt more at night.  Histologically you see lots of osteoid and CT in the focal, small tumor nodule, and you may see chaotic bone trabeculae in it.  

· Osteosarcoma (malignant):  These are very radiodense and represent the most common primary bone malignancy.  85% are in people under 30, with a male predominance.  In older patients, it’s often associated with Paget’s disease.  The bone-forming tumor may penetrate the marrow and produce dense bone there.  It’s very difficult to treat.  Histologically, you see lots of osteoid and quite pleomorphic cells.  These tend to occur near the knee joint.  There’s 60-80% survival, and treatment includes chemo and limb-salvage surgery (remove joint, replace with prosthesis).  

· Chondrosarcoma (malignant):  On x-ray, these look diffuse, nodular and have irregular density.  They can be extremely large.  Histolgoically you see cartilage (stains blue).  

· Osteochondroma (benign):  These are the most common primary bone tumors.  They show up as a bony growth (like cauliflower or a mushroom sticking off of the side of a bone) with a cartilage cap.  

· Enchondroma (benign):  These are benign cartilage tumors with cartilage inside the medullary portions of the bone.  

· Giant Cell Tumors (benign…potentially locally invasive though):  These are benign, lytic cancers that occur at the ends of bones.  They tend to be well demarcated.  Histologically they show giant cells and stromal cells.  Treatment of these tumors includes curettage (just scooping out the tumor), replacement of the tumor with cement, and stabilizing the bone.  

· Ewing’s Sarcoma (malignant):  These are highly malignant bone tumors.  They show a solid sheet of very neoplastic looking cells.  They are radiolucent and very poorly demarcated.  They can be identified by immunostain for CD-99.  

· Metastatic and primary bone tumors present in very different populations, with different distributions (primary at knee, metastatic in axial skeleteon), and very distinguishable patterns.

· Genetic bone disease may be direct (single gene mutations that really only affect the skeleton…termed skeletal dysplasia) or it may be indirect (due to neurofibromatosis, Gaucher’s, mucopolysaccharidoses, or alkaptonuria)

· Skeletal dysplasias (single gene mutation bone diseases) involve 215 genes and 372 mutations.  So clearly it takes lots of genes to produce and maintain a healthy skeleton.  The skeletal dysplasias result in short stature, abnormal bones, joint problems, and/or skeletal fragility.  You can get epiphyseal dysplasia or metaphyseal dysplasia. 

· Osteogenesis Imperfecta (aka brittle bone disease):  This is the most common skeletal dysplasia.  Patients get lots of fractures throughout their lifetimes.  It’s due to a mutation in a type I collagen gene.  It may be mild, lethal, or intermediate.  You see fragile, wispy bones and patients show lots of fractures, deformity, scars, surgery.  It usually results in pretty short stature.  Histology shows hardly any bony trabeculae.  Most kids with type I (mild) OI have blue sclera, an important sign to pick up on.  Bad teeth are also a common feature.  

· Achondroplasia:  This is characterized by short stature, characteristic facial features, normal length spine and short extremities.  It is the second most common skeletal dysplasia.  It’s due to mutations in the FGFR3 gene on chromosome 4.  This condition affects the growth plates of long bones, and you get an impaired ability to synthesize cartilage there.  

Joint Disease:  

· Joint diseases may be caused by trauma, infection, degeneration, reactive inflammation or metabolic problems.  They range from single/mild/transient problems to multiple joint afflictions that are permanently crippling.  

· Musculoskeletal disease makes up 25-30% of chief complaints to primary care physicians, and back pain is the single most common presenting symptom.  Half of all adults in the US have a joint problem.  Importantly, 18.5% of patients being treated for joint disease have clinical depression due to functional joint problems.  

· Joint disease may manifest as pain, tenderness, stiffness (decreased range of motion), swelling/effusion, and/or joint instability.  Tests for joint problems include physical exam, synovial fluid exam, and radiographic tests. 

· Normal joints show a joint space on x-ray due to the presence of articular cartilage.  Some joints like the knee have many ligaments which help stabilize the joint.  

· Trauma at joints can cause synovitis, and if more severe can cause meniscus tears or osteochondral fractures (where a piece of bone and cartilage chips off…common in adolescent girls).  

· Septic arthritis is when bacteria get into a joint and cause inflammation there.  The most common cause of hot/inflamed joints in the ER is gonorrhea.  When sampling fluid from such a joint, you get lots of pus.  

· Osteoarthritis:  Osteroarthritis is a failure of the articular cartilage.  In this condition, you see asymmetric joint space narrowing with thickening of the underlying bone.  Osteophytes (bony projections) are also common.  It frequently affects the hip, knee and spine (weight bearing joints), and it produces pain, stiffness (limited range of motion) and deformity.  Its onset is usually insidious and it is a progressive condition.  

· Osteoarthritis affects the elderly with a male predominance, and all people over 65 show some evidence of osteoarthritis.  

· OA isn’t just one disease.  It can be a primary failure of articular cartilage, but it can also be secondary due to fracture/injury, osteonecrosis, or infection.  Primary osteoarthritis may be a result of lax ligaments, genetic weakness of cartilage, hard bones (as in Paget’s), or body structure and gait (which have a hereditary component).  

· Overuse does NOT cause osteoarthritis, although overuse can cause bursitis, ligamentous problems, and other joint issues.  

· Osteoarthritis is characterized by joint space narrowing, subchondral sclerosis, osteophytes and subchondral cysts.  

· Histologically, normal cartilage is blue and even.  Early OA shows tears in the cartilage (common in chondromalacia).  More advanced OA shows a lack of cartilage and sub-chondral sclerosis.  

· OA can also produce eburnation, a condition in which the cartilage is completely worn through and bone-on-bone friction produces an ivory-like articular surface.  

· Total joint replacement (esp. hip and knee) are very common treatment in OA.  These operations can provide a dramatic improvement in quality of life, but prostheses only last 10-12 years.  

· Inflammatory joint diseases target the synovial membrane.  Bone, cartilage and ligaments are only involved secondarily.  Normal synovial membranes show some cells, but they look pretty clear.  An inflammatory joint disease will show a synovial membrane full of PMNs that looks very dark at low power.  

· Inflammatory joint diseases include rheumatoid arthritis (the prototype), juvenile RA (can produce heart problems and other manifestations), ankylosing spondylitis, and arthritis associated with lupus, psoriasis, ulcerative colitis and lyme disease.  

· RA is very common and shows an extensive inflammation of the synovial membranes.  It occurs in 1% of Caucasians with peak incidence from 35-45.  It can affect few or many joints (particularly the hands, producing a characteristic ulnar deviation of the fingers), and it’s more common in women.  It is an autoimmune disorder.  

· A common feature of inflammatory joint diseases is pannus.  Pannus is a granulation tissue membrane (originates from the inflamed synovium) which destroys articular cartilage.  It can also eat into bones.  Histologically, it looks like inflammatory cells and granulation tissue.

· RA can destroy articular cartilage, leading to cytokine production that activates osteoclasts and contributes to osteoporosis.  RA patients also frequently take steroids and are immobile, which also contribute to osteoporosis. 

· Ankylosing Spondylitis:  90% of people with this disease are HLA-B27 positive.  It usually begins as back pain in young men, and it can go on to produce fusion of the vertebrae (a bamboo spine).  A characteristic of the disorder is enthesopathy/enthesitis in which there’s inflammation at the sites where tendons insert into bones.  This inflammation can be destructive, and it can also lead to extra bone production (bone spurs).  Enthesitis of the vertebrae is part of what contributes to the bamboo spine.  

· Gout (a metabolic condition) produces warm, painful joints, particularly at the great toe.  Sampling of the joints shows uric acid crystals which are birefringent on polarized light examination.  The uric acid or sodium urate deposits can totally invade and destroy bone (producing radiolucency).  Patients may present with tophi, big nodules of gout tissue with urate crystals and reactive tissue in the joints.  This is seen in chronic, tophaceous gout.  The chronic hyperuricemia that predisposes to gout may be asymptomatic, it may cause acute synovitis, or it can lead to chronic tophi.  

· Calcium Pyrophosphate Deposition Disease:  This is a calcification of the articular cartilage due to calcium pyrophosphate deposition.  At high power you can see dark calcium deposits in the cartilage.  This may be asymptomatic, but it can also produce acute pain (pseudogout), or chronic deposition can lead to osteoarthritis.

Pathology of the Uterine Corpus and Gestational Trophoblastic Disease:

· Endometrial carcinoma is the most common malignancy of the gynecologic tract and the 4th most common cancer in women.  It affects N. Americans and Europeans more.  Of the histological types, the endometrioid type is by far the most common, but the other important type is serous endometrial carcinoma.  

· Endometrioid endometrial carcinoma is estrogen driven, its precursor lesion is atypical hyperplasia, it begins in pre/perimenopausal women, and it is a low grade tumor with a favorable prognosis.  It’s associated with PTEN, k-ras, MSI or beta-catenin mutations.

· Serous endometrial carcinoma is not estrogen driven, its precursor lesion is endometrial intraepithelial carcinoma (EIC), it begins in post-menopausal women, and it’s a high grade cancer with a poor prognosis and p53 mutations.  

· Endometrial hyperplasia is a proliferation of glands with irregular size and shape, and with an relative decrease in the amount of stroma present compared to the proliferative endometrium.  It may be simple or complex depending on the degree of glandular crowding and branching.  And, it may be categorized as atypical or not depending on the cytologic features (whether glands are normal, pseudostratified with basal elongated nuclei or less organized with more pink cytoplasm and atypical cells).  Atypia confers a much higher risk for progression to carcinoma.  

· Treatment of endometrial hyperplasia is highly dependent on age.  Women in their reproductive years are treated with hormones (progestin) and peri/postmenopausal women are treated with hysterectomy.  

· Endometrial hyperplasia can be a precursor of endometrioid carcinoma.  This is the most common histologic type of endometrial cancer, but it’s also the least aggressive.  The mean age of patients is 62 years, but there’s a wide range (unlike serous endometrial carcinoma).  It presents with abnormal bleeding and an enlarged uterus.  This cancer is driven by unopposed estrogen stimulation, and this may be related to its association with obesity, HTN, diabetes, infertility and polycystic ovarian syndrome.  

· With endometrioid carcinoma, you often see an exophytic mass projecting into the uterine lumen, along with uterine enlargement.  Histologically there’s quite a bit of glandular crowding, and the glands may look fairly normal.  Endometrial carcinoma is graded with stage 1 being well differentiated (very glandular) and little solid tumor growth, and 3 being poorly differentiated (not glandular, mostly solid) with lots of solid tumor growth.  

· The stage of endometrioid carcinoma is the most important prognostic factor.  Stage 1 is confined to the uterine body (1a is only endometrium, 1b with <50% of myometrial thickness, and 1c with >50% of myometrial thickness involved), stage 2 involves the cervix, stage 3 involves other pelvic structures, and stage 4 involves distant metastasis.  Stage I has a 90-95% 5-year survival.  But even stage 4 has 40% survival, so it’s not too bad.

· Treatment in young women may be just hormones (progestin).  In peri/post-menopausal women, they get TAH-BSO (total abdominal hysterectomy and bilateral salpingo-oophorectomy) and if it’s a poor prognosis, also radiation.

· The pathogenesis involves progression from normal proliferative endometrium to simple hyperplasia to complex hyperplasia to complex atypical hyperplasia to carcinoma.  

· Serous endometrial carcinoma shows a papillary architecture and considerably more cellular atypia.  These tumors are higher grade and have a worse prognosis.  The precursor lesion is Endometrial intraepithelial carcinoma (EIC).  Treatment for serous endometrial carcinoma is with TAH-BSO for all patients.  For advanced stages, the operation is followed by adjuvant chemo.  

· Endometriosis is ectopic endometrial tissue outside of the uterus.  It occurs most commonly in the ovaries and other pelvic sites.  It occurs in 1-15% of women, mostly of reproductive age.  Symptoms include dysmenorrheal, lower abdominal/pelvic/back pain, dyspareunia (painful intercourse), abnormal bleeding and infertility (in 30% of cases).  

· On gross observation this looks like ‘powder burns’ with irregular, dark, puckered lesions.  In the ovaries it may form a cyst that accumulates blood as the endometrial tissue cycles and looks like a ‘chocolate cyst.’

· Microscopically, you see normal endometrial glands and stroma, often with hemorrhage and hemosiderin-laden macrophages.  Malignant transformation is rare, but when it occurs it produces endometrioid or clear cell carcinomas.  

· Smooth muscle tumors include leiomyomas (benign, aka myomas or fibroids) and leiomyosarcomas (malignant).  

· Leimyomas are the most common gynecologic tumor (not cancers, since they’re not malignant).  These are estrogen dependent, so they tend to occur in females of reproductive age.  Patients usually present with pelvic masses, pain, or bleeding.  

· Grossly, these tumors may be submucosal (bleed most often), intramural or subserosal…basically anywhere in the myometrium.  They may be microscopic or very large, and frequently multifocal.  They are usually well circumscribed, but they can be degenerated, hemorrhagic, or calcified.  They are usually firm to palapation.  

· Histologically, they look very similar to normal myometrium, though they can be slightly less organized.  

· These may be treated with surgical removal of the tumor (myomectomy) or the whole uterus (hysterectomy).  Non-surgical approaches to treatment include GnRH agonists (reduce the estrogen levels that drive the tumors) and uterine artery embolization (infarct the leiomyoma).  

· Leiomyosarcoma (malignant) occurs in slightly older populations (mean~52) and is relatively uncommon.  They present with bleeding and/or pelvic mass (much like myoleioma).  Grossly, these are usually solitary, intramural, soft, hemorrhagic, and necrotic.  They aren’t homogeneous like the leiomyomas.  

· Microscopically they show lots of mitotic figures, tumor cell necrosis and marked atypia.  They tend to have bad prognosis and may be treated with hysterectomy, surgical excision of recurrent tumors and/or chemo.  

Gestational Trophoblastic Disease:  The normal placenta shows rounded structures (chorionic villi) when sampled.  Covering the villi should be two layers of cells, an inner layer of cytotrophoblasts, and an outer layer of syncitiotrophoblasts.  Syncitiotrophoblasts can fuse and form multi-nucleated cells.

· Genetically abnormal placentas:

· Complete hydatidiform moles show enlarged, edematous, chorionic villi.  You see hyperplasia of the trophoblastic cells around the villi too.  A complete mole occurs in 1/2000 pregnancies and presents with vaginal bleeding, passage of grape-like vesicles, and a uterus that is abnormally large for the mother’s length of pregnancy.  It’s often diagnosed early in gestation and may be detected as an absence of fetal heart tones or absence of the fetus itself on ultrasound.  80% of complete moles are benign, 18% may become invasive, and only 2% progress to choriocarcinoma.  Treatment is with curettage, monitoring hCG levels, and sometimes chemo.  
        A complete mole occurs when an empty egg is fertilized by 1 sperm, then the sperm genome duplicates to produce a 46XX individual with two identical sets of DNA.  This more commonly progresses to genetic trophoblastic disease (with recurrent moles or carcinoma)

· A partial hydatidiform mole looks similar (large, edematous villi with hyperplastic trophoblastic layers) but is less exaggerated.  A partial mole occurs when 2 sperm fertilize a normal egg and you get a triploid cell.  Partial moles may have a detectible fetus, but it’s not viable.  

· Trophoblast neoplasms:  Choriocarcinoma is a malignant neoplasm composed of trophoblast cells and chorionic villi.  These are very often preceded by a complete mole, abortion, ectopic pregnancy, or normal pregnancy.  Grossly, these appear large, well circumscribed, hemorrhagic, and soft.  

· Microscopically, no chorionic villi are present but you do see nests of cytotrophoblasts hugged/surrounded by a thin layer of pinker, multi-nucleated syncitiotrophoblasts.  These tumors show destructive, infiltrative growth into surrounding tissue producing necrosis and invading blood vessels (causing hemorrhage).  Theses secrete beta-hCG, which can help identify them via immunohistochemistry

· Choriocarcinomas are highly malignant and can spread hematogenously (often to the brain, liver and lungs).  It is highly responsive to chemo, so the prognosis is actually quite good.  It can be monitored with hCG levels, because syncitiotrophoblast cells produce it at levels much higher than seen in normal pregnancy.

Pathology of the Ovaries and Fallopian Tubes:

· The ovaries include surface epithelium, non-specific ovarian stroma, specialized ovarian stromal cells (granulosa and theca cells), and germ cells.  Cysts are commonly seen in the ovaries and may be follicular (with a developing egg) or a corpus luteum (yellowish, lots of infoldings inside the cyst).

· The surface epithelium is normally cuboidal/columnar, and the stroma is usually very spindly.  A normal developing follicle shows a germ cells surrounded by granulosa cells (more cytoplasm, rounded nuclei than the surrounding stromal cells).  There may also be a layer of theca cells around the follicle, which look more spindle-shaped like stromal cells.  A normal corpus luteum has an undulating surface and often a hemorrhagic center; it may have plump, pink cells with round nuclei…kind of fried-egg looking.  A normal fallopian tube has a muscular wall and mucosa with lots of plicae (extensive projections into the lumen).  At the fimbriated end of the fallopian tube are finger-like structures.  

· The clinical manifestations of ovarian and fallopian tube pathology include pelvic masses, adnexal masses (involves lateral structures of the uterus…so the ovaries and tubes), ovarian masses, and/or pelvic pain.  Ovarian lesions include non-neoplastic conditions (mostly cysts) and benign/malignant neoplasms.  Fallopian tube lesions include infectious/inflammatory processes, ectopic pregnancy, and neoplasms (pretty uncommon).  

Non-neoplastic lesions of the ovaries:  

· These include surface epithelial inclusions cysts, follicular cysts, corpus luteum cysts, endometriosis/endometriotic cysts and polycystic ovary disease.  

· Surface epithelial inclusion cysts are where the surface epi invaginates and normally find benign cysts that are found incidentally.  They are lined by serous type (ciliated) columnar or cuboidal epithelium and are usually in the superficial cortex.  They are may be linked to ovarian cancers if they look atypical.  
· Follicular cysts are usually solitary and thin walled.  They are lined by granulosa and maybe theca cells.  They are usually benign and resolve on their own.  Rupture with hemoperitoneum is rare.

· Hemorrhagic corpus luteum cysts are benign, physiologic, and usually solitary.  They have convoluted yellow tissue.  they show large, luteinized granulosa cells (plump, pink looking cells) and theca interna cells with an inner layer of CT.  Hemorrhage is often seen.

· Endometriotic cyst are pretty uncommon.  You see endometrial tissue in the ovaries (endometrial glands and stroma lining the cyst).  They often are filled with semi-fluid or chocolate colored material with hemosiderin laden macrophages.  They are thought to arise either from metastasis or metaplastic processes.  

· Polycystic Ovary Disease has an unclear etiology but is thought to be due to inappropriate gonadotropin (esp. LH) release, which causes production of more androstenedione in the ovary (this is converted to estrone peripherally, you ovarian estrogen production is decreased, causing infertility and anovulation).  This often also causes increased peripheral conversion of androgens to estrogen (which causes menometorrhagia, endometrial hyperplasia and carcinoma), and hyperandrogenism (hirsuitism).  Pathologically, you see sclerocystic ovaries with cortical fibrosis and multiple follicular cysts.  

· You see enlarged ovaries with thickened, white cortex.  There are numerous, small subcortical cysts and numerous maturing atretic follicles.  You can also see clusters of luteinized stroma cells, cells that look plump and clear/pink in the normally spindly stroma.  

Ovarian Neoplasms:

· These may be surface epithelial neoplasms (most common…can be benign, atypical proliferative/borderline, or malignant), germ cell (benign or malignant) or sex-cord stromal neoplasms (benign or malignant).  

· Surface epithelial neoplasms are quite common and can be benign with simple, non-stratified epithelium and no nuclear atypia.  These are often cystic (cystadenoma, cystadenofibroma) but they may also be adenofibromas which are glandular and fibrotic.  Surface epithelial neoplasms can be atypical proliferative (borderline) with epithelial proliferation/stratification/tufting, low levels of atypia, but no stromal invasion.  Surface epithelial neoplasms can be malignant, with stromal invasions, nuclear atypia, and mitotic activity.  

· Surface epithelial tumors are classified as benign/borderline/malignant, but also based on what cell type differentiation they show.  They can be serous (fallopian tube epithelium), mucinous (GI or endocervical epi), endometrioid (proliferative endometrium), clear cells (gestational endometrium), or transitional cells (urinary epithelium).  
· Serous cystadenoma (serous and benign) shows columnar epithelium with cilia, round nuclei and abundant eosinophilic cytoplasm.  Serous adenofibromas are solid neoplasms within a fibrous stroma, with simple serous epithelium as described in the cystadenoma.

· Atypical proliferative serous tumors are cystic but with papillary structures.  You see epithelial proliferation but no stromal invasion, and you also see bland cytologic features.  They may implant other places, but don’t invade and have a good prognosis…lack of invasion is a key feature.
· Serous carcinoma (serous, malignant) is the classic ovarian cancer.  They may be cystic or solid, and they may show a papillary architecture.  They  may show psammoma bodies (concentric microcalcifications that look purple).  It shows stromal invasion, which is an important feature.  These may be low-grade or high-grade.  Low grade ones are thought to arise from atypical proliferative tumors through a BRAF/K-ras mutation…they show papillary structure that invades the stroma, but these stay low grade and are not the classic ovarian cancer.  High grade ones arise from p53 mutations from ovarian (possibly in ovarian cysts) or fallopian tube epithelium, and these have no atypical/borderline stage but become very invasive and high grade (lots of mitosis, necrosis, atypical nuclei, etc).  These are the classic ovarian cancer. 

· Ovarian germ cell neoplasms include mature cystic teratomas (benign, most common) and dysgerminomas. 
· Mature cystic teratomas are cystic tumors with sebaceous, hairy stuff and skin-like structures.  They’re composed of mature elements derived from all three germ layers (skin, hair, bone, fat, cartilage, mucous glands, nerves, etc).  

· Dysgerminomas are malignant and grossly they look like a solid fatty mass.  Microscopically they show clear cytoplasm, open/translucent nuclei and visible nucleoli.  

· Ovarian sex cord-stromal neoplasms include granulosa cell tumors, which are somewhat common.  These tumors may be cystic or solid, and often hemorrhagic.  These tumors all have malignant potential, and they may produce estrogen that can lead to uterine cancer too.  Microscopically they show ovoid cells with nuclei showing longitudinal grooves (coffee-bean nuclei).  A characteristic features is Call-Exner bodies (small cavities filled with eosinophilic material) that can look like little flowers in the tumor.  

· Metastatic ovarian neoplasms are important to distinguish because they usually have a different treatment and prognosis.  Common sites of origin include the GI tract (colorectum, pancreas, stomach, appendix), female genital tract (endometrium, cervis) and breasts.  
· Primary ovarian cancer tend to be unilateral, large in size, multi-cystic or solid, and not involve the surface of the ovary (it should still be smooth).  Metastatic ovarian neoplasms are often bilateral, smaller, multiple nodules/cysts, and may involve the surface and superficial cortex.  

· Metastatic carcinomas of the ovary show multiple, small, discrete nodules.  

· One type is metastatic signet ring cell carcinoma (Krukenberg Tumor) which is usually metastatic and bilateral.  

Fallopian Tube Pathology:

· The fallopian tubes may get infections (acute salpingitis or chronic salpingitis which may have tubo-ovarian abscesses), ectopic pregnancies, or neoplasms (tubal intraepithelial carcinoma can be a source of high-grade serous carcinoma in the ovaries).  

· Pyosalpinx is when you get purulent material in the tubes in acute salpingitis.  The tube lumen and plicae/projections are filled with PMNs and edematous structures.  

· Chronic salpingitis shows more adhesions and congestion/edema developing into fibrosis.  The tube structures can get mangled together with chronic inflammation and fibrosis, and you can get bilateral tubo-ovarian abscesses.  The plicae fuse together and show a simplified pattern of invaginations in the fallopian tubes due to this fibrosis, and some cysts may be present near the lumen.  You see lots of lymphocytes.  In chronic salpingitis, you can also get hydrosalpinx, where the tubes become dilated and filled with fluid.  

· Tubal ectopic pregnancy can occur with damage to the tubes that causes the blastocytst to get stuck and implant there.  95% of ectopic pregnancies occur here, often preceded by pelvic inflammatory disease.  It shows dilated tubules filled with blood, chorionic villi, and maybe an embryo.  Growth and infiltration of trophoblastic cells of the placenta can lead to rupture.  

Pathology of the Cervix:
· The major area with cervical cancer is Africa, S. Asia, and India.  

· The transformation zone is where the majority of cervical cancer and its precursor lesions occur here.  It’s the area of the cervix initially covered by columnar epithelium and partially or completely replaced by squamous epithelium (squamous metaplasia).  This is most active during embryogenesis, puberty and pregnancy (mainly the first trimester).  There’s often a visible junction between the squamous (nearer the vagina) and columnar epithelium (in the endocervical canal, closer to the uterus).  

· The squamocolumnar junction is not static, and changes throughout life.  When it extends beyond its original area, it’s considered (ectopy) or endocervical eversion and produces the original squamocolumnar junction.  The region nearer the vagina is a harsher environment (bacteria, etc), so the columnar epithelium becomes covered with squamous epithelium becoming moving this newer ‘functional’ squamocolumnar junction closer to the cervical canal.  The area between the old and new squamocolumnar junction is the transition zone. 

· So in the transformation zone, underneath the squamous epithelium on the outside you may see ‘Nabothian’ cysts of columnar epithelium.  There’s cell activity, proliferation and mitotic activity here, which predisposes to HPV infection and cervical cancer.  

· The precursors of cervical cancer have changed names several times.  We currently call them squamous intraepithelial lesions (SIL) which may be high grade (HSIL) or low grade (LSIL).  They have also been called cervical intraepithelial neoplasias (CIN 1, 2, or 3).  They were also termed dysplasia and carcinoma in situ (mild, moderate or severe) at some point.  

· Low grade SIL:  Includes what was called CIN1, or very mild and mild dysplasia.  

· High grade SIL:  Includes CIN 2 (moderate dysplasia) and CIN 3 (severe dysplasia or carcinoma in situ). 

· If there’s invasion in any form, it’s a microinvasive carcinoma.  

· The histology shows progressive replacement of the full thickness of the epithelium by immature atypical parabasal cells (higher nucleus:cytoplasm ratio, darker cells more typical of the basal level of the squamous epithelium).  

· HPV is a small, circular ds DNA virus encoding 6-7 early genes and 2 late genes.  There are more than 200 types of HPV (40 infect the female genital tract).  There are 13-15 high risk, oncogenic HPV types (types 16 and 18 cause 70-75% of cervical cancer) that cause virtually every cervical cancer.  Early genes E6 and E7 are transforming genes, and E6 is associated with p53 so if it’s altered it’ll affect p53.  E7 is associated with RB (involved in the cell cycle).  So E6 and E7 affect tumor suppressor genes and contribute to cervical cancer development.  

· Low risk HPVs (mostly types 6 and 11…cause >90% of genital warts) don’t cause cancer, but they can cause condylomas and some LSIL.  Most LSILs are still caused by high risk HPVs.  

· Usually HPV associated SILs regress instead of developing into cancer.

· So, if you want to create a vaccine, you should target at least HPV 16, and probably 18 too.  

· Pathology of HPV associated lesions includes Koilocytotic atypia (empty look of cells, LSIL), which represent the cytopathic effect of productive HPV infection that eventually leads to production of viral progeny.  The cells have an empty look because of expression of the HPV gene product E4 which leads to the destruction of cytokeratin matrix, allowing HPV progeny to get out of the cell more easily.  Nuclei also look bigger, irregular, and otherwise atypical.  Koilocytotic atypia should mostly be seen at the very surface of the lesion.  So gene expression of the papilloma correlates with cellular differentiation and positioning.  

· This productive infection is tightly regulated and permitted only in cells that have begun squamous maturation.  

· In the superbasal zone there is expression of the early genes (including E6/7) and in differentiated cells (more differentiated, nearer the surface) there is induction of all genes (including late genes L1 and L2) resulting in viral DNA synthesis and production of capsid protein leading to assembly of virions near the surface.  This late expression produces LSIL.  These viral infections are mostly productive and make lots of viral progeny.  

· So there’s lots of HPV infection of cells at the basal area of the epithelium, even though cells higher up are the ones that show the LSIL and lots of viral capsid proteins and gene expression.  

· With microtrauma, the virus gets in and undergoes episomal DNA replication.  As they undergo productive replication, viruses lead to productive infections and condylomas and LSIL.  You see most HPV DNA synthesis at the surface epithelium, because DNA synthesis is occurring more in the more differentiated cells nearer the surface (but basal cells are still infected).  Eventually the virus spreads to other basal cells and you see desquamation of cells.

· HPV is quite prevalent, and ranges from 10-50% depending on the population you’re looking at.  Of those people with LSIL, over 80% of people have it.  Over 90% of people with HSIL have HPV.  Nearly 100% of people with invasive cervical caner show presence of the HPV genome.  

· High risk and low risk HPV types do not correspond to LSIL and HSIL (high risk HPV is associated with both).  Over 80% of LSIL patients contain high risk virus types.  Almost all HSIL contain high risk type, and the majority are HPV 16.  Almost all genital condylomas (warts) contain low risk HPVs like 6 and 11.  

· HPV DNA is found in all cervical cancers and precursor lesions, but so is the HPV messenger RNA (so gene expression is occurring).  HPV 16 alone can immortalize cervical cell lines in culture and prevent cellular differentiation resulting in change that mimic HSIL.  

· High risk, but not low risk, HPV types can transform epithelial cell lines in cooperation with an activated cellular oncogene like H-ras.  Expression of E6 and E7 is required for maintenance of the malignant phenotype.  

· In HSIL, the link between squamous differentiation and early viral gene expression is lost.  Integration into the host genome occurs at random sites in the host chromosome, but almost invariably disrupts E2 of the virus.  This is because E2 is a transcription repressor, so in its absence you get extra E6 and E7 (leads to additional p53 and RB dysfunction and contributing to cancer progression by making cells more susceptible to mutation and increasing unregulated proliferation).  So these tend to progress to invasive cancers (show invasion in histology).  It’s not because the virus integrates here more often, but rather selection for cells that have integrated into E2.  

· Low grade lesions tend to have productive infections with the HPV genome still present in the nucleus as lots of episomal (extrachromosomal).  So these LSILs will stain homogenously dark for the viral genome in the nucleus.  In high grade lesions, DNA integrates into the host genome and L1 and L2 aren’t well expressed.  So staining for HPV genes isn’t homogenous in HSIL.  

· HPV infection is associated with number of sexual partners and young age at first intercourse.  Female sexual promiscuity or monogamous female and a promiscuous partner is also associated with HPV.  

· HPV infection precedes and predicts the development of LSIL and HSIL.  The highest risk is from HPV 16 and 18.  The relative risk of cervical cancer based on prevalence of HPV is about 100x greater.  In multivariate analysis, HPV is the only and very strong independently associated risk factor.  So the general consensus is that HPV is a major etiological cause of cervical cancer.  

· Cervical cancer is an STD caused by HPV.  And, HPV infection is very common.  The more sex partners you have, the HPV prevalence by lifetime really increases.  

· HPV is also very infective.  HPV negative women with 3 or more sexual partners are in 4 years will have about a 70% chance of getting it.  

· Most HPV infections spontaneously regress, and very few persist.  About 81% of infections regress over 18 months.  This is why HPV infection is so common and cervical cancer is pretty uncommon.  Persistent infection of a high risk HPV is an important step in the progression from infection to cancer.  

· Factors influencing cervical cancer are dominated by HPV, but HPV alone is insufficient for carcinogenesis.  Smoking, sexual habits, diet, condom use, and OCP use also contribute.  

· During productive infection, you get LSIL.  With persistent infection, you can progress to HSIL and eventually (if untreated) it can become cervical cancer.  

· Screening can be done with Pap smear.  With pap smear screening, incidence of cervical cancer really declines.  Many women get more pap smears than are needed, often women who have access to health care, are health conscious and are generally at lower risk for developing cervical cancer.  This places a pretty big burden on the system.  It may lead to overtreatment and really generates high costs.  

· 50 millions Paps are performed a year.  Over 3 million have either LSIL or atypical squamous cells of undetermined significance (ASCUS…low grade cytologic abnormality, less serious than LSIL).  Only a small portion of these are associated with HSIL or invasive cancer.  So the dilemma is to identify the undiagnosed HSIL and cancer, but avoid overtreating the common benign lesions.  

· Because HPV infection precedes and predicts development of LSIL and HSIL, adding HPV detection test to the Pap smear may enhance sensitivity of detection of cancer precursors.  There was an ALTS study to see if HPV testing could help identify women who could be triaged and not treated.  Using molecular HPV testing, the sensitivity of detecting HSIL was 92%.  

· Since 83% of LSILs have high risk HPV, it’s not really useful to test them.  But only 49% of ASCUS cases have high risk HPV.  So, women with ASCUS who don’t have HPV can return just for routine follow-up and the follow-up interval can be increased.  A negative HPV test implies safety.  HPV positive ASCUS has the same risk as LSIL of developing into HSIL or cancer. 

· Women with normal cytology and are negative for high risk HPV type are at very low risk for developing HSIL, so the interval of screening may be increased in these women (some suggest to as long as 8-10 years).  Sensitivity and specificity of a positive high risk HPV test are very high, so it’s a pretty reasonable approach.  

· Persistent high risk HPV infection is a prerequisite for developing HSIL.  Women with any grade of CIN with persistent high risk HPV over 6 months should be evaluated.  Women with negative high risk HPV type can just be followed.  

· Some places have considered using HPV testing as the primary screening, not PAP smear.  As this has become cheaper, it’s more feasible.  The goal would be to achieve high sensitivity with a minimum number of screens.  Initially it’ll probably be used in combination with cytology.  They may eliminate screening in older women with negative HPV tests and the appropriate history.  

· HPV prevalence decreases with age and cervical cancer increases with age. 

· With an abnormal pap smear, you send patients for colposcopy (scope that allows you to look at transformation zone of the cervix).  SIL arists from within the transformation zone, then extends into the endocervical area; this shows up as whitish areas.  This allows for directed biopsy or endocervical curettage.  If colposcopy doesn’t show visible abnormalities, but you saw high grade cells on pap smear, the lesion may be inside the endocervical canal.  

· Diagnosis begins with cytology (Pap smear), then if it’s pretty abnormal it is followed by colposcopy, and finally you can do loop electroexcision or cold-knife biopsy to get a definitive diagnosis.  In HSIL, you can just remove all of the abnormal areas with loop electroexcision.  A cone biopsy will remove the whole transition zone, and in extreme cases hysterectomy may rarely be performed. 

· If the Pap smear showed ASCUS, do an HPV test next.  If HPV (+) get colposcopy, if HPV (-) the can just get screened in the future.  

· Malignant tumors of the cervix include squamous carcinoma (most common, and these may be microinvasive or frankly invasive), adenocarcionma, adenosquamous carcinoma, or rarely a sarcoma.  

· Grossly, they may be exophytic (protrude out of the organ) or endophytic (into the uterine canal).  They may be necrotic.

· Histologically, squamous carcrinomas of the cervix show anastomosing tongues and islands of squamous cells with abnormal cytologic features.  You may see keratin pearls in the affected cells.

· Clinically, cervical squamous carcinoma is decreasing in incidence.  The age of affected patients ranges from 17-91 (mean 51).  The epidemiology is the same as SIL.  They may show local extension, lymphatic metastasis, or spread to the urinary system.  The prognosis depends on stage of the disease.  All patients together show a 60% five-year survival rate.  Stage I shows 90-95% survival.  For advanced stages, you can do radiation/chemoradiation or radical hysterectomy/lymphadenectomy.

· The HPV vaccine is against the L1 capsid protein gene.  The L1 protein forms virus like particles that induces a virus-neutrailizing antibody in patients.  In animal models, it resulted in nearly complete protection.  In a trial in humans, vaccination against type 16 provided complete protection against type 16.  So it’s very protective, although it didn’t give any protection against other types.  

· Gardasil protects against 16, 18, 6 (protects from low risk types that only really cause genital warts), and 11 (low risk).  Cervarix protects against 16 and 18.  But, these are pretty expensive, and need to be administered 3x.  These require sophisticated storage, etc.  

· So there lots of room for improvement, especially if they are to be used in developing countries.  There’s work going on here regarding an L2 capsid protein vaccine, which will be more cross-reactive among HPV types.  

· In the future, with continued development, eradication of HPV may be possible way down the road.  HPV testing may also replace cytologic screening.  

Vagina and Vulva Pathology:

· Vulvar cancer can be divided into 2 types:  An HPV-related type occurring in younger women and a Non-HPV type occurring in older women.  Like cervical caner, vulvar cancer develops from intraepithelial precursors.  The risk factors are similar to cervical cancer.  When diagnosed at an early stage, prognosis is good.  

· Infectious diseases of the vulva include Papillomavirus infection (condylomas acuminatum), Herpes, Syphilis, and Molluscum.  But we’ll focus on HPV ones that leads to exophytic, cauliflower-like, papillary warts.  On histology, you see papillary outgrowths.  You also koilocytotic atypia, and these are highly contagious.  

· The incidence of vulvar cancer is pretty low 3800 cases per year in the US and 800 deaths.  HPV 16 is found in the vast majority of vulva intraepithelial neoplasms (VIN).  

· Grossly, VINs look white/red or pigmented, scaly/moist/warty, and often multicentric.  Microscopically, they have a loss of cellular polarity, abnormal maturation and abnormal nuclear morphology.  They may also show wart-like papillary morphology.  

· VIN is classified into low grade and high grade, much like in the cervix.  

· These are increasing in frequency, and the mean age of patients is about 30 years.  It’s frequently associated with condylomas and CIN and VaIN.  They rarely progress to invasive carcinoma.  Treatment includes local excision or laser treatment. 

· They are similar to squamous carcinoma of the cervix.  They frequently coexist in the same patients.  They show similar histologic features and similar risk factors (number of partners, smoking, etc).  This suggests a common etiology (HPV)

· But, cervical and vulvar squamous carincomas are different in that the vulvar squamous carcinomas have a much lower invasive potential.  The proportion of invasive carcinomas with adjacent carcinoma in situ is lower in the vulva.  Women with vulvar squamous carcinomas are older, and their transit time (from infection to lesion) is longer.  

· The gross features of invasive squamous carcinomas of the vulva include unicentric lesions that are often 1/3 ulcerated, 2/3 exophytic and three quarters of them involve the labia.  

· Squamous carcinoma of the vulva may be keratinizing (more like squamous carcinoma of the skin with keratin and anastomosing tongues and atypical cells…often in older patients and non-HPV related), basaloid (most similar to cervical cancer…high nucleus:cytoplasm ratio, no keratin, blue-ish), or warty (papillary configuration).    

· You can lump the basaloid and warty ones together and look at three types of vulvar cancer:  VIN (non-invasive…highly associated with HPV, commonly in younger people), Basaloid/warty (very often associated with HPV, often have un-mutated p53, commonly in younger people), and Keratinizing (not commonly associated with HPV, but more often show p53 mutation and are more aggressive, in much older people).   

· So basically keratinizing squamous carcinomas of the vulva are not HPV related, and they have more p53 mutation, they are more aggressive, and occur in older people.  Since they’re not HPV related, they also lack cervical cancer risk factors and are rarely associated with other female reproductive tumors (unlike warty/basaolid carcinomas).  

· The ones that are HPV positive are mostly type 16.  

· Squamous carcinoma of the vulva makes of 5% of all female reproductive cancers, and 90% of vulvar tumors.  They tend to be slow growing and spread to regional lymph nodes.  They are treated with radical vulvectomy and lymphadenoectomy, and more recently with radical excision with selective lymphadenectomy.  5-year survival for all stages is 70%, and if nodes are negative it’s over 90%.  

Vaginal cancer:

· Malignant tumors of the vagina are even less common than in the vulva.  These vaginal tumors may be invasive squamous carcinomas, clear cell carcinoma (rare), sarcoma botryoides (malignancy of stroma tumor in the young…very uncommon), endodermal sinus tumors (rare) and melanoma.  

· The key points are that most vaginal cancer is squamous cell carcinomas, and like cervical caner, vaginal cancers develop from intraepithelial precursors.  The risk factors for HPV related vaginal cancers are similar to those for cervical cancer.  

· The question is:  will the development of HPV vaccines have a significant effect in the management of vulvar and vaginal cancer?  Probably, yes, at least for a subset of cases.  

· L1 isn’t an ok target for a therapeutic vaccine…only for a preventative vaccine.  This is because it’s a capsid protein and stimulates adaptive immunity (humoral).  When you give L1, there’s no viral genome there.  You could give inactivated, killed virus (but this could reactivate).  A therapeutic vaccine should use cellular immunity and kill the affected cells, it should not humoral immunity.  Humoral immunity and antibodies wouldn’t affect an infected cell.  Unless the infection is productive and making new particles and lots of capsid proteins, an L1 vaccine that induces antibodies, it wouldn’t be helpful.  

· An antigen good for a therapeutic vaccine might be E6/E7.  These are highly expressed in cervical cancer and precursor lesions, and they’re responsible for malignant progression.  Some investigators here are working on this.  It would also be useful for patients with some head and neck cancers, particularly oral cancers (oral squamous cell cancers…these bad a better prognosis than non-HPV cancers with better prognosis since they usually don’t have mutated p53).  It might also be useful for laryngeal papillomas (HPV-6 associated).  

Prostate Cancer Pathology:

· The prostate is inferior to the bladder.  Diseases of the prostate may block the prostatic urethra and lead to bladder abnormalities.  It prostate is also immediately anterior to the rectum, so the rectums is a window for imaging and biopsying the prostate.  Most cancers arise peripherally in the prostate.  The urogenital diaphragm is associated with the prostate, and injuring this during treatment of the prostate can lead to urinary incontinence.  

· The prostate has an inner transition zone around the prostatic urethra.  This is the area affected by benign hyperplasia of the prostate.  There is also a peripheral zone (think of it as the outer prostate), where most cancers begin.  

· A healthy prostate looks pretty homogenous with a urethra in the middle.  When the transition zone is affected by hyperplasia, this zone becomes better demarcated.  

· The prostate is made up of glands that should normally look pretty simple lined by pale cytoplasm and two cell layers.  The two cell layers include secretory cells (have cytoplasm, make prostatic secretions) and flattened cells underneath (basal cells…not myoepithelial cells, but they are the stem cells of the prostate).  The prostate also has a stroma of fibrous tissue and smooth muscle.

· A test for diagnosing prostate cancer is a test that labels basal cells selectively.  You test for high molecular weight cytokeratin, and this is important because prostate cancers lack basal cells.  So this can be important for prostate cancer diagnosis.  But, there are some benign conditions with absent or patchy basal cells.  

· We’ll talk about prostatic cancer and benign prostatic hyperplasia.  There are others, but we won’t talk about them.

BPH is probably the most prevalent disease is men.  Over 80% of men in their seventies have it, at least pathologically but maybe not clinically.  They increase with age.  Pronounced pathologic BPH compresses the urethra a lot (obstructs urinary flow).  There’s also physiologic obstruction due to smooth muscle tone, which can occur in the absence of a huge prostate gland.  This occurs with transition zone expansion.  BPH shows hallmark nodules and less homogeneity (some cysts, some solid areas, some areas of smooth muscle, others of glands).  The peripheral zone is often compressed around the outside of the enlarged prostate. 

· Histologically, you see nodules of hyperplastic tissue, a compressed urethra, and a compressed peripheral zone around the outside.  On microscopy, there’s nothing diagnostic of BPH (you can’t identify hyperplastic glands).  It’s never diagnosed by needle biopsy.  Just look for the central area being enlarged and nodules.  

· On a cystoscopic exam through the urethra, you can see the lumen compressed to a slit-like space by hyperplastic regions of prostate.  

· Some hyperplasia is grandular, others may be stromal, and some may be glandular-stromal.  This doesn’t really matter for our purposes.  

· You can do a rectal exam in a patient and you may feel a fairly small prostate.  Sometimes, nodules may grow into the urethra without a huge prostate.  This is ‘median lobe hypertrophy.’  So you can still get urinary obstructive symptoms with a relatively small overall prostate.

· Patients have trouble initiating urinary flow, get dribbling, have high frequency, and often nocturia (need to get up at night to urinate).

· Treatment ameliorates symptoms and prevents bladder damage.  When you have obstruction, the bladder has to squeeze harder and the bladder muscle hypertrophies.  You can visibly see the muscles under the bladder mucosa (trabeculation).  What can happen is that the bladder will just give up, and the urine will flow back causing hydronephrosis and kidney damage.  

· One treatment is to scoop out obstructive tissues (TURP) and you get chips out.  In 10% of cases, there may be cancer in these chips of prostate tissue.  Most often, prostate cancer is in the peripheral zone, but it can occur in these transition zone segments.

Prostate Cancer:

· This is extremely common.  In autopsy, 20-40% of men over 70 will have it (maybe even as high as 50% of men in their 60s).  But it’s often very indolent.  Relatively, it’s a disease that is increasingly common with age.  

· The lifetime risk of developing any prostate cancer is 42%.  The lifetime risk of developing clinical cancer is only 9.5%.  The lifetime risk of dying of prostate cancer is 2.9%.  So a lot more people have it than get symptoms or die of it.  It’s by far the most common cancer in men (nearly 25% of cancers in men), but it doesn’t kill a high percentage of them.

· Prostate cancer rates have been changing pretty extensively.  This is because of changes in detection of prostate cancer.  But, people found lots of cancers that weren’t having an effect.  Around the time of new tests for prostate cancer, screening contributed in part to screening and advances in treatment.  

· Most of these cancers are diagnosed in the elderly.  But it still affects men in their 50s and some in their 40s.  Prostate is the second leading cause of death in men in their 80s, but it drops quickly down in younger people.  So it mostly causes mortality in older people.  So even with diagnosis in the 50s, people still don’t die of this for a while.  

· PSA is synthesized in the ductal and acinar epithelium, it’s secreted into the lumen and diffuses into the interstitium.  It crosses the vascular basement membrane into the serum.  Cancer shows higher serum PSA than benign prostates, though it’s not really clear why.  In benign forms, it’s likely just lost into the urethra.  In prostate cancers, glands may not lead to the lumen necessarily.  It’s one of the most common reasons for internists to be sued for malpractice.  

· PSA is a serine protesase that normally liquefies coagulum (gel-forming proteins) to release sperm.

· This is basically a cancer test.  Lawsuits related to PSA result from PSA tests done and never reported back from the lab, MD never got the results, MD saw but didn’t inform the patient, MD saw and misinterpreted, etc.  And, the delay is diagnosis results in allegations of a decreased chance of a cure. 

· PSA is not a routine lab test, it’s a cancer test.  You need a mechanism to make sure that when it’s ordered, you get it back, see it and act on it if it’s abnormal.  If abnormal, consider referring to urology, since it’s a fairly complicated test…you may not even recognize it as abnormal.  

· Digital rectal exam isn’t a really great test.  Ultrasound isn’t that great either (often used to just make sure that a biopsy needle hits the prostate).  There’s really no good radiology test for prostate cancer.  But, higher PSA and if rectal exams are also abnormal, you see increased risk of cancer.

· One of the big problems is that there’s no ‘normal’ level of PSA, even though a lab test may show 4 as a normal value.  Lots of patients with no cancer are over 4, and lots of cancer (even advanced ones) may have PSA below 4.  Because it’s not a perfect test, you look at other things like PSA density, rate of change, age-specific PSA, and free:bound PSA.

· PSA density takes into account that benign prostate tissue makes PSA too.  But cancer produces more.  So a large, benign prostate may make a lot.  You take the PSA and divide by the weight of the prostate (estimated by ultrasound).  So you look at PSA per gram of tissue.  

· PSA velocity was developed here.  It tracks PSA over time.  PSA increases slowly in normal men.  In BPH, it’s very slightly faster.  With cancer, the worse it is, the faster your PSA rises.  So you look at PSA velocity over a 1.5 to 2 year interval.  If PSA is mildly elevated (4-10), an increase of over .75 per year is abnormal.  Without cancer, this type of increase is really rare.  If PSA<4, the cutoff is a change of .35 per year.  It would ideally be done with three measurements, so it’s not just 1 interval being measured.  

· As men age, their prostates get bigger and they produce more PSA.  So the older you are, more PSA should be ok.  This is an age specific PSA.  3 may be really high in somone’s 40s, but really low for someone in their 70s.  So PSA in younger people need lower cutoffs.  

· PSA is in the blood, and some is free, some is bound to alpha-1-chymotrypsin and alpha-2-microglobulin.  In cancer, more it the PSA is bound.  In BPH, more if the PSA is free.  This is most useful in the moderately elevated PSA cases (4-10).  Cancers can be missed commonly on needle biopsy, so this can be used to evaluate if someone should be biopsied again or something.  If the free PSA<10%, there’s a pretty high risk of cancer.  If the free PSA>25%, then cancer is pretty uncommon.  

· Lots of factors influence serum PSA though.  There’s an inter-assay variability of about 10.5%, and biologic variability of 23.5% in a patient.  

· Factors other than prostate cancer can increase PSA.  Digital rectal exam can elevate it, as can biopsy or ejaculation.  Prostatitis (tx with abx and go back down to normal), BPH, and cancer can cause elevated PSA.  But, not all men with prostate disease have PSA elevations.  

· Prostate cancer occurs in the periphery of the prostate.  It is pretty subtle grossly, especially now that we detect it earlier.  On histology, cancer may look dense and blue.  Posterolateral is a neurovascular bundle, which is required for potency.  

· If a patient doesn’t have a rectum, you can sample the prostate for biopsy through the perineal skin.  

· Pathologists look for cancer on biopsy.  It’s difficult to diagnose, because it’s pretty subtle.  Benign prostate has big glands.  Cancerous glands tend to be smaller and crowded between more normal glands.  Cytologically, cancer cells may have central nucleoli.  With a basal cell high molecular weight keratin stain, you can see that cancerous glands lack these basal cells.  Prostate cancer is also commonly wrapped around nerves, much more so than benign glands.  These cancers aren’t painful though.

· After the diagnosis of cancer, it’s graded to identify tumors more likely to be indolent.  It’s graded on the Gleason grading system (1-5).  It’s based on architecture, not cytology.  Lower grade patterns have well formed glands that are tightly packed together.  More aggressive cancers lose glands.  In this system, you look for the most common pattern and also the second most common…then add these together so the total score is up to 10.  If it’s <6, then it’s well to moderately differentiated.  6-7 is moderate/poor.  8-10 is poorly differentiated.  

· We won’t have to Gleason grade things.  Large, uniform glands that are pretty back to back, maybe with papillary infolding but separated with stroma are more normal.  The most poorly differentiated ones don’t show any glands and just sheets of cells.  
· Low grade is often confined to the prostate.  But once it’s high, then it’s more often invaded beyond the prostate and in lymph nodes.  This is the best predictor of prognosis.  

· If it’s <6 vs >7, it can make the difference btewen watching and treating, treating with surgery vs radiation, preservation or excision of the neurovascular bundle, etc.  

· When it spreads, it goes to the fat around the prostate, to seminal vesicles, pelvic lymph nodes, retroperitoneal nodes, and when it spreads distantly it’s most commonly to the bone (commonly to the axial skeleton).  When most cancers spread to bone are osteolytic, but prostate cancer is pretty unique in that it’s osteoblastic.  The marrow areas may be mostly filled with bone, and this can get really dense.

· If clinically confined (most cases), prognosis is variable but it’s uncommon to die within 10 years.  With regional node metastases, 10-20% are dead in 5 years, 40-60% in 10 years.  With distant mets, 50% are dead in 5 years, 90% in 10 years.  The life expectancy of people diagnosed at 55 is 24 more years, so if these people are diagnosed they should be treated.  In people who are 85, they’re only expected to live 5-6 more years, and prostate cancers might not warrant treatment since it’s so indolent.  
Placenta, Twinning, SABs (spontaneous abortion?):

Know for the exam:

1. Abruptio: Separation of the placenta from the site of uterine implantation before delivery of the fetus; can be caused by a short umbilical cord, trauma to the belly, or sudden loss in uterine volume due to loss of amniotic fluid or delivery of the first twin.
2. Previa: Placenta located over the cervical os. Usually presents with bright red blood in the second trimester. A C-section will usually be performed as soon as the baby is mature enough.

3. Oligohydramnios: Deficiency of amniotic fluid (< 500ml at 32-38 weeks gestation). Profound oligohydramnios may result from fetal urinary tract anomalies that include bilateral renal agenesis, posterior urethral valves, and bilateral multicystic dysplastic kidneys. Nonrenal etiologies include intrauterine growth retardation, post-term pregnancy, fetal demise, and ruptured membranes. Due to the lack of amniotic fluid, the lungs can be hypoplastic and neonates who survive delivery may die of respiratory failure. Severe and prolonged oligohydramnios leads to a constellation of findings that include Potter's facies (flattened nose, recessed chin, and low-set ears) and positional abnormalities (clubbed feet, dislocated hips, and contractures).

 4.  Choroamnionitis: Chorioamnionitis is an infection of the placental membranes and amniotic fluid. It occurs in about 1 to 2 percent of all pregnancies, but is much more common in preterm births. Chorioamnionitis can cause bacteremia in the mother and may lead to preterm birth and serious infection in the newborn baby. The organisms usually responsible for chorioamnionitis are those that are normally present in the vagina, including Escherichia coli (E. coli). Group B streptococcus may also cause the infection. Chorioamnionitis can develop when the membranes are ruptured for an extended period. This allows the vaginal organisms to move upward into the uterus. Symptoms include fever, increased heart rate in baby and mom, tender or painful uterus, and foul odor in the amniotic fluid. Treat with antibiotics and delivery.
5. Polyhydramnios: Polyhydramnios refers to excessive accumulation of amniotic fluid, which is associated with increased risks of adverse pregnancy outcome. It is typically diagnosed by ultrasound examination and may be described qualitatively or quantitatively by various methods. Excessive accumulation of amniotic fluid is typically related to decreased fetal swallowing or increased fetal urination. Etiologies include fetal malformations and genetic disorders (8 to 45 percent), maternal diabetes mellitus (5 to 26 percent), multiple gestation (8 to 10 percent), fetal anemia (1 to 11 percent), and others (eg, congenital viral infection, Bartter's syndrome, hydrops fetalis, neuromuscular disorders, maternal hypercalcemia).  

6. Accreta: Placenta accreta occurs because the villi penetrate the uterine myometrium. It can result in incomplete expulsion of the placenta after birth, hemorrhage, and infection. Risk factors include prior placental abnormality (eg, placenta previa), maternal age > 35, previous cesarean section or myomectomy, endometrial defects (eg, Asherman's syndrome), and fibroids. During delivery, the disorder is suspected if the placenta has not been delivered within 45 to 60 min of the infant's delivery. In such cases, laparotomy with preparation for large-volume hemorrhage is required. Hysterectomy is the safest procedure, but if keeping the uterus is important and hemorrhage is not massive, sometimes hysterectomy can be avoided by resection of the abnormal site (primarily when accreta is focal) 

7. Circumvalate: Circumvallate placenta refers to a placenta with an unusually small chorionic plate, but with growth of extrachorial placental tissue. A double layer of amnion and chorion, as well as necrotic villi and fibrin, form a raised white ring around the surface of the placental disk at a variable distance from the umbilical cord insertion site; the fetal vessels do not extend beyond this ring. The extrachorionic tissue constitutes a small proportion of the placenta and usually does not compromise fetomaternal exchange. However, these placentas are more prone to premature separation and second trimester bleeding is common.

8. Fetus papyraceus: A fetus papyraceus is a fetus in a multiple pregnancy which has died and become flattened through mechanical compression in the womb. The result resembles a scrap of parchment paper. Depending on the gestational age of the fetus, various developmental features such as limbs may be distinguishable. Such fetuses usually emerge during the process of labor alongside their siblings; a fetus papyraceus does not usually pose a risk to the other baby or babies involved in the pregnancy.

9. Twin perfusion syndrome: This condition occurs only in those identical twins that are monochorionic and diamniotic. In almost all of these pregnancies, the single placenta contains blood vessel anastomses between the twins. For reasons that are not clear, the blood flow through these blood vessel connections becomes unbalanced, resulting in a condition known as twin-twin transfusion syndrome (TTTS). This is not an inherited or genetic condition. In TTTS, the smaller twin (often called the donor twin) does not get enough blood while the larger twin (often called the recipient twin) becomes overloaded with too much blood. In an attempt to reduce its blood volume, the recipient twin will increase the urine it makes. This will eventually result in the twin having a very large bladder on ultrasound, as well as too much amniotic fluid around this twin. This is known as polyhydramnios. At the same time, the donor twin will produce less than the usual amount of urine. The amniotic fluid around the donor twin will become very low or absent. This is known as oligohydramnios. As the disease progresses, the donor will produce so little urine that its bladder may not be seen on ultrasound. The twin will become wrapped by its amniotic membrane (known as a “stuck” twin). 

10. Placental infarcts: Placental infarcts are similar to infarcts observed in any other organ and are the result of obstruction of a uteroplacental artery. Small infarcts are found in about 25% of placentas from uncomplicated pregnancies. Their incidence is significantly increased in pregnancies complicated by preeclampsia or essential hyperand is directly related to the severity of the disease. In maternal hypertensive disorders infarction is usually extensive and involves more than 10% of the placental tissue. Large placental infarcts are also associated with excess of perinatal mortality and intrauterine growth retardation. Recent or acute infarcts appear macroscopically as red lesions composed histologically of congested villi with widely dilated vessels and narrowed intervillous spaces. Old or chronic infarcts are yellow-white on macroscopic examination and are composed microscopically of necrotic ghost-like villi often with fibrin deposition at the periphery of the lesion.

Stuff From Askin’s Archived Lecture not on the exam:

· Indications for histological examination of the placenta:  diabetes, HTN, gestational HTN, pre-eclampsia, eclampsia, rhesus isoimmunization, pyrexia/fever around labor, prolonged or premature rupture of membranes, small/malformed/stillborn babies, two vessels in umbilical cord, unusual placental pathology, history of maternal infection, or history of diagnostic procedure involving placenta.

· A term placenta is normally implanted in the uterus.  It is usually anterior or posterior.  It can implant abnormally, as in placental abruption (separates prematurely from the uterus, and blood fills the gap possibly producing placental hypoxia).  The placenta may invade the myometrium (placenta increta) possibly all the way through (percreta), which is usually prevented by decidual change in the endometrium.  You can also get placenta previa, where it implants over the internal cervical os, so that at delivery the baby experiences hypoxia. 

· A normal placenta may look blue-grey.  You often see fibrin under the amniotic membrane.  The umbilical cord is usually coming out of it slightly off center.  The maternal surface of the placenta is divided into lobules (codyledons).  There’s often some endometrium stuck on to the maternal side of the placenta when it’s delivered.  

· The placenta invades into the endometrium and into the uterine arteries and dilates them to increase blood flow into the placenta.  The blood flows into the space between the placental villi, and oxygen comes into the placenta from the uterine arteries into lakes of blood where the villi of the placenta are.  Oxygenated blood is in the veins going to the baby, and deoxygenated blood is in the umbilical artery.  

· The placenta changes a lot in its development.  Early, the villi of the placenta have very little branching.  As time goes by, these become more extensive and complicated.  This is seen on microscopy with smaller, more numerous branched villi later in pregnancy.  Also, in the early placenta, you see two layers of trophoblast, whereas later you only see syncitiotrophoblasts (the cytotrophoblasts are there, but only visible on EM). 
· The ovum implants on one side of the endometrium, but the fetus grows to fill up the whole uterus.  In early gestation, villi are present all the way around the placenta.  But later in the pregnancy, 3/5 of the villi have regressed and leave only membranes.  Villi only remain where it’s attached to the uterus…?  Most villi have atrophied in the underlying membranes.  In the placenta, arteries cross over veins…?

· A common finding in a term placenta is a chorionic cyst.  They are of no clinical significance, and they’re just full of mucous fluid.  

· The baby is in the amniotic cavity.  The yolk sac is where germ cells and red cells come from.  You can often see remnants of the yolk sac in term placenta, between the amnion and chorion.  Microscopically, it looks a little calcified.

· There’s fibrin in placentas, usually of no clinical significance.  It shouldn’t be confused with infarcted areas.  Villi around fibrin aren’t usually collapsed, but around an infarct they are.  With enough fibrin deposition, you may impede oxygenation, but that’s pretty unusual.  

· The plate of the placenta forms in the 3/5 of the placenta where the villi involute and end up as just membranes.  Sometimes the involution isn’t complete, and you get abnormal shapes/lobes in the placenta.  A succenturiate(sp?) lobe is separated from the main placenta by amnion/chorion with an area of no placental villi.  Generally it’s just a curiosity, but it can be left in the uterus at the time of delivery and might cause a problem with bleeding, infection, etc.  You may see bi-lobed placentas, which are like succenturiate ones, but connected.  
· The implantation site is always right underneath the umbilical cord.

· Placenta previa is when the placenta is partially or totally covering the cervical os.  When the placenta separates from the uterus, the oxygen flow to the baby is interrupted and the baby is stuck behind the placenta and can’t get out of the uterus.  
· The umbilical cord is implanted either centrally or eccentrically.  If the cord terminates on the membranes before it gets to the villous placental areas, and this leaves the vessels unsupported and easily torn.  This is a vellimentous insertion of the umbilical cord.  

· Eccentric, marginal or vellimentous insertion of the cord can be associated with vasa previa, where the umbilical cord prolapses into the cervical canal during delivery and interfere with blood flow to the baby.  This, like placenta previa, often requires cesarean.  This occurs commonly when the placenta implants near the cervical os and due to ‘trophotropism,’ the placenta grows away from the os toward more of the uterus, from which it’ll receive more nutrients.  

· Placental abruption is when the placenta prematurely separates and fills with a blood clot.  Blood clots are common with delivery, so to tell if there’s an abruption, you’d like to see evidence that it’s been there for a while, such as a depression in the placenta filled with blood where the clot is.  It could interfere with oxygenation of the placenta.  The placenta has quite a bit or reserve capacity, so small areas where oxygenation is compromised is probably ok.  Maternal HTN or trauma can cause abruption.  

· Infarcts in the placenta may be due to impaired maternal blood supply.  When there’s infarct, you see villi that are all collapsed together.  You also see a loss of nuclear staining in areas of infarct.  

· A Couvelaire uterus is one with extensive abruption of the placenta and there may be dissection of blood into the myometrium.  It usually requires hysterectomy.

· If you look a placenta, you may see a piece of placenta lateral to the reflection of the membranes, which is called extrachorial placenta.  Circummarginate placentas aren’t associated with fetal/maternal mortality, and it shows the amnion connected to the chorion, but the chorion just extends an extra distance beyond the extent of the amnion.  Circumvallate placentas (more separation) are where the amnion and chorion have separated in areas where they both overlap, and they’re separated so much that the un-overlapped parts have folded over themselves.  The space where the amnion and chorion should be touching is filled with fibrin.  Circumvallate placentas are associated with increased fetal and maternal mortality.  This is related to maternal HTN, diabetes, and trauma.  
Multiple gestation:  Twins may be fraternal (from two separate ova) or identical (from one ovum that has split).  The highest incidence of twinning in the world is in a tribe in Nigeria (Yorba).  

· Only monozygous twins can have a mono-chorionic placenta.  They usually have separate amniotic cavities, but can rarely share an amniotic membrane.  When this happens, there’s a high incidence of mortality due to cords getting intertwined, etc.  
· When the ovum splits before implantation, you can get either two separate placenta or a fused placenta.  The tough part is distinguishing a fused placenta from a mono-chorionic placenta.  You can identify the fused one by the presence of a ridge between the two separate placentas that have merged together, and the ridge is still present if you strip all of the membranes off.  A monochorionic placenta won’t show any ridge once the membranes are taken off, since all that remains is a single chorion.  Monochorionic placentas also have vascular anastomoses, which are absent in di-chornionic placentas.  

· Monozygous twins can have any kind of placenta.  Dizygous twins can only have two separate placentas, or a fused placenta (that still has 2 chorionic membranes and two of everything) depending on whether the ovum splits early or late.  

· Vellimentous insertion of the cord is common with multiple gestations.  

· If monozygotic twins have their ovum split very early, you can get 2 separate placentas.  If they split later, you may get a monochorionic placenta.  And if much later (after the 10th day) you can get conjoined twins.  

· The same ideas apply to triplets, etc.  

· Monochorionic placentas have anastomoses, and there’s almost always an imbalanced blood flow between the two kids.  So very often, one is larger than the other.  These are termed ‘twin-twin’ transfusions.  You can’t see these anastomoses, but it occurs in smaller vessels.  You can even get one fetus develop without a heart, but it grows at least a little bit due to blood supply from the other (acardiac twin).  

· If one twin dies, it may become almost mummified into a ‘fetus papyracius’ because it’s flattened like papyrus.  

· It’s not uncommon to find loose knots in the cord.  Tight ones can obstruct flow in the cord, and may warrant inspection for thrombi, etc.  Most knots are not significant. 

· Normally there are two arteries and a vein in the cord.  Sometimes there are just two vessels.  If you see it, examine the baby for abnormalities, because it’s often associated with severe congenital abnormalities.  If they have one, it’s usually pretty apparent.

· The placenta may give clues about fetal life.  A patient with HTN shows fibrinoid necrosis (decidual vasculopathy) in decidual arteries of the placenta.  In patients with severe preeclampsia, it may be due to a failure of trophoblast cells to invade the placenta and dilate the uterine arteries, so the placenta gets hypoxemic.  

· Amniotic fluid <12 weeks is produced by transudation through the amnion.  Over 12 weeks it’s generated by the fetal kidneys.  Polyhydramnios is too much fluid (something interferes with fetal swallowing).  Oligohydramnios is too little fluid (failure of production of fluid in fetal kidneys).  Amnion nodosum is the precipitation of particulates in the amniotic fluid onto the amnion/surface of placenta.  

· Near the insertion of the umbilical cord, you may see squamous metaplasia.  It’s of no clinical significance.  

· You may see trophoblastic inclusion in the villi.  It’s likely an artifact of slide preparation, but may be due to a genetic abnormality like trisomy.  

· Amniotic bands may shred off of the surface of the placenta.  They may wrap around the baby and cause lots of problems.  Amniotic bands are not likely to recur in subsequent pregnancies.  

· Meconium is ingested squamous cells, mucous, bile, etc.  When the baby is stressed in utero, it’s often passed.  This can be inhaled/aspirated, which is not good.  It can be recognized grossly as green and slimy.  Histologically, if it’s been there for a while it can get into macrophages and you can see the pigment from the bile in the macrophages.  It takes 6-12 hours for the pigment to get there.  

· Choroamnionitis is an inflammation of the placenta.  In this case, the placenta is opaque and brown and correlates with cellular infiltration.  The layers of the placenta are the amnion (nearest the baby), chroion, and chorionic plate.  Choroamnionitis is usually due to an ascending infection from the mother’s vagina.  The first PMNs that appear in the placenta are maternal, and first appear in the chorionic plate (nearer the mother).  PMNs then progress into the chorion and amnion.  Then, the baby starts to participate, and you’ll see inflammation on the placental surface and umbilical cord.  It’s important to quantify the extent of inflammation and if there’s fetal participation in the inflammatory response.  
· Chronic amnionitis is lymphocytes and plasma cells in the villi, not the placenta.  It’s most often of unknown etiology.  But, when etiology is found, it’s often in the TORCH family (Toxoplasmosis, Other [syphilis, varicella-zoster, parvovirus B19], Rubella, CMV, and Herpes infections).  Chronic villitis may show calcifications.  If it’s CMV, it may have inclusions.  

· Acute villitis is rare, and usually associated with listeria.  It’s associated with some cheese from Jalisco, Mx.  

· Identifiable causes of intra-uterine growth problems include intrauterine infections, chromosomal abnormalities, ingested teratogens, fetal structural abnormalities, and maternal medical complications.  

Breast Cancer:

· Normal anatomy and development:  The breast includes the nipple, large excretory ducts, and the terminal duct lobular units.  The breast is a mixture of stroma with fatty (more in older women) and fibrous tissue (more in younger women).  
· The nipple has large excretory ducts that carry milk out toward the areola.  You see skin and large ducts.  There are some pink areas of smooth muscle around the ducts that help with milk excretion.  

· Normal large ducts of the breast are large caliber ducts with CT around it.

· The terminal duct lobular units aren’t present in males, and are only present in females after puberty.  They are hormonally responsive.  They proliferate and undergo apoptosis with the menstrual cycle.  This is where milk is produced.  Because the epithelium proliferates and regresses, it’s likely where cancers arise.  

· You can see the bigger intralobular ducts and terminal ducts/acini.  But they function the same way, so it’s all called the terminal duct lobular unit.  It has specialized stroma (specialized fibrous tissue) that gives rise to fibroadenomas.  Histologically you see clusters of acini around a main stem.  In a resting (non-pregnant) breast, you may see minor secretions in some terminal ducts.  

· In a lactating breast, this all changes.  Lobular units will expand and undergo hyperplasia/hypertrophy. They are dilated and full of secretions in the lumen with vacuoles in the cells.  

· The epithelium of the breast includes two cell types: a secretory cell and myoepithelial cells.  Both of these are on the basement membrane.  These are distinguishable on H&E.  Outer, pale cells are myoepithelial cells.  If you can’t see them, you can show them with an actin stain.  They contract and push out secretions.  

· All breast proliferations except for invasive carcinoma have both secretory and myoepithelial cells in them.  The absence of myoepithelial cells is diagnostic of invasive cancer.

· Inflammatory disease:  

· Acute mastitis usually occurs in a nursing mother with fever and a breast mass.  It may be due to cracks in the nipple that let bacteria in, then duct obstruction and stasis.  You see neutrophils infiltrating the breast.  Treatment may be treated with abx or even just a hot pack to increase blood flow.  If an abscess forms, that may need to be addressed as well.  

· Fat necrosis is often scary, because it forms hard, calcified masses.  It’s usually due to trauma (often not remembered by patients).  Pathologically, you see hemorrhage and PMNs early, then macrophages, fibrosis, and calcification later.  You may see fat cells surrounded by scarring and sometimes multinucleated giant cells.  The negatively charged fatty acids may calcify.
· Benign neoplasms:

· Intraductal papillomas involve the large excretory ducts.  It usually presents as a mass below the nipple or bloody nipple discharge.  Pathology shows large excretory ducts, and a papillary lesion (fibrovascular stalks lined by both myoepithelial cells and benign secretory cells).  The duct is often markedly dilated.  Within it is a papillary proliferation.  These may secrete fluid that may be discharged from the nipple.  Papillae may twist and undergo necrosis, leading to bloody nipple discharge.  It’s benign, and a minimal risk of cancer.  The treatment is to remove it and do the usual follow-up.

· Fibroadenoma is the most common benign neoplasm of the breast.  It most often form sin young women, but forms a firm, moveable, rounded mass in the breast.  It’s usually well circumscribed with a whorled cut surface.  It’s a biphasic lesion.  It’s a neoplasm of the intralobular stroma that induces proliferation of the epithelium.  There are little slits/holes in it with epithelium.  On microscopy, it’s exaggeration of the intralobular stroma.  You see more stroma, and it’s neoplastic but benign (few mitoses, little atypical, benign epithelium).  These have little risk of carcinoma.  Treatment is with excision (if symptomatic) or just watch it, and just the usual follow-up.  
· Benign fibrocystic changes:  2/3 of women over 20 in the US have this.  It’s the most common cause of a breast mass in the USA.  It presents as a firm area, there may be painful areas due to cysts, and the epithelium may calcify.  Histologically, you see fibrosis and cystic changes (these cause most of the symptoms) and usual ductal hyperplasia (benign proliferation associated with a small increase in risk of breast cancer).  Grossly, you see fibrotic changes and cysts with fluid (may look blue, but often have clear fluid).  Fibrosis distorts the lobular unit of the breast and may cause dilatation of terminal ducts to form cysts.  All of the cystic structures are rounded and non-infiltrative.  At high power, you can see that some cysts have normal lobular epithelium, and others may show apocrine epithelium (pink, granular cytoplasm with little ‘snouts’ on the apical surface).  This is metaplasia, which is just change to another type of benign epithelium (here, apocrine metaplasia).  These patients have a slightly increased risk of carcinoma, but are just treated with usual follow-up.  
· Intraductal epithelial hyperplasia (same as usual ductal hyperplasia):  This is a benign increase in cell number that leads to an increase in the number of cell layers in some of these glands.  The big question is whether it’s hyperplasia or carcinoma in situ…distinguishing them is tough.  Overall, the glands and cysts are all rounded.  Some show more than two cells layers (hyperplasia).  Mitoses, atypical, necrosis, and rounded spaces in the glands would be more typical of carcinoma.  
· Carcinoma in situ:  This is carcinoma cells confined to the lobule units and ducts.  They are surrounded by intact myoepithelial cells and basement membrane and can’t metastasize.  There are two major types:  Ductal carcinoma in situ (DCIS) and Lobular carcinoma in situ (LCIS).  They are both derived from the lobular unit and are defined by different histopathology, which corresponds with their clinical behaviors and treatments.  Both impart a 10x increased risk of breast cancer.

· DCIS:  These are mostly detected by mammography as suspicious microcalcifications.  It starts in the lobular units, but grows into the medium sized ducts.  It affects local areas of the breast.  There are multiple subtypes, including:  Pleomorphism and central necrosis (comedo DCIS) and Perfectly round spaces within a duct (cribriform DCIS).  
· Comedo DCIS shows very malignant-looking secretory cells, and in the middle of a tuft of cells they develop necrosis (calcifies) due to hypoxemia.  They look malignant, but are still confined by the basement membrane.  

· Cribriform DCIS shows pink-looking cells that form really round spaces, and the cells don’t have lots of mitoses and are pretty uniform.  
· Paget’s disease (different from the bone disease) is a crusting and inflammation of the nipple.  Pathologically, you see DCIS cells extending up the major ducts to involve the skin of the nipple.  It mimics edema.  But, you’ll see pleomorphic DCIS cells that have gotten into the squamous skin at the nipple, and you’ll also see some inflammation that they’ve induced there.  This is pretty uncommon.

· DCIS is a direct precursor to invasive cancer (10x increased risk).  It can be treated with mastecomty, lumptectomy + adjuvant radiation therapy, and maybe tamoxifen (blocks estrogen) prophylaxis to prevent recurrence.

· LCIS is just an incidental finding.  It doesn’t make a mass or calcify.  These tend to be multifocal and bilateral.  It has small, uniform, discohesive cells.  They fill and distend the terminal duct lobular units, they don’t form glands or show necrosis, and immunostains show a loss of E-cadherin.  

· Histologically, you see lobular units with too many cells in the lobules due to proliferation.  The cells are round/uniform, and some may have mucin in their cytoplasm.  To prove what it is, do immunohistochemical stain for E-cadherin and it’ll be more negative than normal tissue.  This can help you distinguish it from DCIS.

· This indicates a bilateral risk of breast cancer.  Subsequent cancers are ductal or lobular, and the risk of cancer is increased 10x.  Treatment may include observation or bilateral mastectomy (lumpectomy isn’t enough here).  Tamoxifen prophylaxis may also be used to block proliferation.  

· Atypical proliferative disease:  This is an incidental finding.  Pathologically you see either:

· Atypical duct hyperplasia (ADH) which shows features of both usual duct hyperplasia and DCIS in the same duct.  

· Or atypical lobular hyperplasia (ALH) which shows features of LCIS but is not sufficiently developed. 

· Either of these shows 4-5x increased risk of carcinoma.  And, treatment may involve either close follow-up or tamoxifen prophylaxis.  

· Invasive Breast Cancer:  Tumor cells invade outside of the lobular units into the surrounding stroma, myoepithelial cells are not retained, and these tumor cells have access to the lymphatics and can metastasize.  

· Over 99% of cases are in women.  It’s the number 2 cause of cancer death in women, next to lung cancer.  1/9 of women in the USA will develop it.  

· Genetic risk factors include family history (particularly if in young people or bilaterally) and specific gene alterations (BRCA1 has a lifetime risk of 70-90%, BRCA2, p53).  Other risk factors are environmental (more common in western countries), hormonal (duration of exposure of epithelium to estrogen), and prior breast pathology (usual duct hyperplasia, aypical hyperplasia, carcinoma in situ), and age (very uncommon under 25).  The link between OCPs and breast cancer is controversial.  

· It presents with palpable mass, mammography, or inflammatory breast cancer (usually advanced, where cells have blocked lymphatics causing edema, redness, swelling, and has an orange peel appearance).  Inflammatory breast cancers will be firm and show invasive carcinoma cells in the lymphatics, and patients with this presentation have systemic metastases and poor prognosis.  

· It can metastasize by lymphatics (mostly to axillary lymph nodes) or hematogenously (bone, brain, lung and liver). 

· On pathology, the main type is invasive ductal carcinoma.  There’s also invasive lobular carcinoma, but the distinction isn’t that important clinically.  

· Invasive ductal carcinoma forms stellate, hard masses that are fixed to the surrounding tissue that may be gritty on cut sections due to calcification.  There is a prominent stromal fibrosis (desmoplasia) reaction, the tumor cells for ducts to some degree, and in 40% of cases you see DCIS (precursor) adjacent.  On mammogram, you see a mass with a speculated border.  It’s not very rounded.  Microscopically, it looks irregular, and at high power it makes a variable amount of glands.  You see desmoplastic fibrous response.  Some are poorly differentiated and don’t form any glands, just sheets of cells with lots of mitoses. 
· Invasive lobular carcinoma is often less distinct that IDC, and it’s more often bilateral and multicentric.  Microscopically you see an architecture with single files of infiltrating cells (Indian filing) and cytology with small cells with round nuclei (not super malignant looking) and intracytoplasmic mucin (just like cells of LCIS, may look like signet cells).  

· IDC and ILC have similar prognosis. 

· There are three subtypes of invasive ductal carcinoma that have better prognoses:

· Medullary carcinoma:  These are rare, but grossly look fleshy and circumscribed.  Microscopically they are circumscribed, show dense lymphocytic and plasma cell reactions, and have sheets of pleomorphic tumor cells.  So cells look really bad, but they’re surrounded by an inflammatory reaction keeping it in check and making the prognosis ok.  

· Colloid carcinoma:  This is a slow growing mass, usually in older women.  Grossly, it’s soft, mucoid and well circumscribed.  Microscopically you see bland looking cells floating in lots of mucus.  The mucus may keep them away from vessels and prevents metastasis.

· Tubular carcinoma:  These are very small and may be incidentally found.  The form small, stellate masses.  They are well differentiated (low grade) and have well formed tubules throughout, with uniform nuclei.  They can be tough to distinguish from benign breast tissue.  But you see only a single cell layer (no myoepithelial cells) and a desmoplastic response. 

· The main prognositic factor for breast cancer is stage.  Others include the elston grade (how well differentiated it is…1, 2, or 3), type of tumor, E and P receptors (presence is a good prognostic factor, and predicts response to tamoxifen…shown by immunostain for the receptor), and her-2/neu amplification (an oncogene, overexpression predicts poor prognosis but good response to Herceptin – an anti-Her2 antibody).

· Stage is the most important thing, which is why mammography is thought to be good by helping catch them early.  It’s staged by T (size), N (node involvement), and M (metastases).  

· Treatment of invasive breast cancer involves local therapy (mastectomy, lumpectomy), axillary lymph node sampling (axillary dissection – remove all nodes and usually causes lymphedema, or just sentinel node biopsy – sample the first node it drains to) and systemic therapy (tamoxifen, herceptin, and cytotoxic chemo).  
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