Pathophysiology I
Pathophysiology of Cancer, Basic Principles 9/4:

· Cancer is the second leading cause of mortality in the US, and with improvement in care more people will be living with cancer than ever before.  15% of medical costs are cancer-related.  In women, lung, breast and colorectal cancers are the most common killers.  In men, it is lung, prostate and colorectal.  

· Metastasis may occur by the lymph or the blood.  In involves a primary tumor proliferating and undergoing angiogenesis, followed by detachment and invasion, embolism and circulation, transport, arrest in organs, adherence to vessel walls, extravasation, establishment of a microenvironment, and finally, proliferation and angiogenesis.  If a cell can’t do one step, it can’t metastasize.  Established metastases are often incurable.  

· As a primary tumor forms, cancer cells and host stromal cells have cross-talk.  Tumors can remain balanced between cell proliferation and death for a long time.  Factors promoting growth, angiogenesis, motility/invasiveness and aggregation promote metastasis, and host growth factors, vascularization and immune cells can help.  But, antigenicity, angiogenesis inhibitors, cohesion (E-cadherin), proteolysis inhibitors, barriers, bloodstream turbulence, and antiproliferative factors can inhibit metastasis.  

· Tumors require angiogenesis to grow beyond a certain point, and may produce or induce the host cells to produce the necessary factors or allow them to be released from the ECM (ex: VEGF, FGF).  The capillary basement membrane is degraded resulting in a vascular deformity, followed by angiogenic sprouting and neovascularization.  Inhibitors like angiostatin and endostatin and thrombospondin must be overcome.
· To invade adjacent tissue, neoplastic cells make degradative enzymes and get some help from host mononuclear cells.  The host often deposits a fibrous ECM in a desmoplastic response.  Cancer cells must also lose adhesion molecules.  Lymphatics, capillaries and venules are easily penetrated.  

· The shear forces and host leukocytes make the blood hostile to cancer cells, and over 99% of them are destroyed if they get there.  Aggregates of cells are more likely to survive.  Cells then get stuck or adhere to the microvasculature of distant organs.  Blood/lymph flow patterns sometimes help determine sites of metastasis.  Adhesion and extravasation follow.  
· Subsequent growth of the tumor is quite inefficient and depends on compatibility between the target organ and cancer cells.  Growth factors (PHTrP, TGFα/β, IGF1), cytokines, CAMs and p53 all influence growth.  Interestingly, breast cancer expresses receptors CXCR4 and CCR7, and the organs to which they metastasize express the ligands CXCL12 and CCL21 for those receptors.  Blocking CCR4 can inhibit some metastases.  Likewise, melanomas express CCR10 and the skin expresses lots of the CCL27 ligand.  

· Inactivation metastasis suppressor genes may also promote metastasis.  This is all part of the seed and soil hypothesis that the cancer cell and site of metastasis must interact with one another through some of these means, especially inactivation of metastasis suppressor genes.

· The progressive growth phase (establishing a microenvironment, proliferation and angiogenesis) is the least efficient step of metastasis.  

· Patients may have dormant micrometastases that never acquire the ability to neovascularize and remain balanced between proliferation and apoptosis.  So, after many years if such a metastasis undergoes angiogenic switch, a patient can relapse.  It may also be due to solitary tumor cells in secondary organ sites.  There’s always some risk of recurrence.  
· Cancer makes people sick by the location of the tumor or by elaboration of factors produced by the tumor.  Factors secreted by a small tumor, for example, can result in cachexia and dramatic wasting.  

· Emergencies related to tumor mass effect and location:

· Spinal cord compressions:  10-40% of patients with acute spinal cord compression have cancer that hasn’t been diagnosed yet.  Over 80% of patients who can walk at the time of presentation retain that ability, but only 25% of those who can’t eventually regain the ability.  MRI with gadolinium contrast is the diagnostic gold standard.  Other imaging may be abnormal but cannot rule out cancer.  

· Superior vena cava syndrome:  about 80% of patients with SVC syndrome have an underlying cancer, usually small cell lung cancer.  Emergency radiotherapy is only indicated if symptoms are rapidly progressive and there’s no time for tissue diagnosis.

· Leukostasis:  It’s a true emergency that requires expert management by oncologists with significant experience in managing leukemia.  It results from plugging of capillaries with immature leukocytes.  

· Hypercalcemia of malignancy:  The most common causes of hypercalcemia are hyperparathyroidism and malignancy (45% each).  Humoral factor 1,25-dihydroxyvitamin-D is implicated in hypercalcemia associated with melanoma, multiple myeloma, and Hodgkin’s disease and Non-Hodgkin’s lymphoma.  Parathyroid hormone related peptide (PTHrP) often underlies the pathophysiology of hypercalcemia associated with squamous cell carcinoma of the lung, small cell and anaplastic lung carcinoma, melanoma, prostate cancer, breast cancer and renal carcinoma.  

· Other manifestations of advanced cancer not related to mass effects:

· Paraneoplastic syndromes are systemic effects not related to invasion or compression or metastatic spread.  The most common is ectopic ACTH syndrome, which results in Cushing’s syndrome.  Half of these cases are due to small cell lung cancer, with the others being due to pheochromocytoma, thymoma, medullary thyroid cancer, and carcinoid tumors.  

· Eaton Lambert myasthenic syndrome is a rare manifestation of small cell lung cancer, affecting less than 1% of patients.  It’s characterized by proximal muscle weakness usually involving the pelvic girdle and thighs.  Unlike myasthenia gravis, strength improves with activity and the response to edrophonium chloride is poor.  

· Hematologic manifestations:  the risk of migratory thrombophlebitis is highest in pancreatic cancer, and it’s also observed in patients with other adenocarcinomas like breast, prostate and ovarian cancer.

· GI manifestations:  significant weight loss is associated with shorter survival.  

· Somatic, visceral and neuropathic pain are all distinct in character.  Over 90% of cancer pain can be well controlled.  Believe the patient’s complaint of pain, since it usually reflects real pathology in cancer.  Consider it the fifth vital sign.  

· Tolerance to pain meds is the ability to take a large dose without ill effect, due to continued use, and may be accompanied by resistance to the desired effect.  Dependence is the physical need to prevent withdrawal upon discontinuation.  Addiction is the psychological craving.  Appropriate pain management rarely results in addiction.  

· Performance status looks at ability to do activities of daily life.  It is a major prognostic factor, predictor of treatment toxicity, and indicator of comorbid disease and other host factors. The Karnofsky performance scale ranges from 0 (dead) to 40 (unable to care for self) to 70 (unable to work) to 100 (normal).  The ECOG performance scale ranges from 0 (normal) to 4 (totally bedridden).

Cancer Screening 9/4:

· Screening seeks to evaluate asymptomatic patients to see if they probably do or probably do not have a disease.  

· Definitions: 

· Diagnostic test:  evaluate patients with signs/symptoms

· Sensitivity:  ability to correctly categorize patients who have the disease.

· Specificity:  ability to correctly categorize patients who do not have the disease.

· Positive Predictive Value:  likelihood of having the disease if a test is positive.  Dependent on specificity and prevalence.

· Type I error:  false positive

· Validity = accuracy.  Reliability = precision.

· To conduct a screen, you want to be able to identify the disease preclinically, offer a more effective treatment when given earlier, be sure that w/out intervention they’ll progress to have the disease, and be sure that the disease follows the known natural history.  Then you need to assess the burden of suffering, if it’s safe/effective, and if it’d be acceptable.
· RCTs are the gold standard, but they’re expensive and difficult on the subjects.  A cohort study looks at people before they get the disease, and is pretty good for common diseases and lets you see the incidence.  Case control studies are easier than RCT or cohort studies, but may be subject to bias and may be less specific/generalizable.  

· Volunteer bias is when volunteers are systematically different, maybe because they have health promoting behaviors or maybe because they are at known risk for something.

· Lead time bias is when early detection falsely seems to prolong survival even though the eventual time of death never changed.  You can get around this by comparing age specific mortality rates between screened and unscreened.  

· Length bias leads you to detect more cases with a long detectable preclinical phase, or the cases that aren’t as aggressive.  
· Overdiagnosis bias detects some cases that may have never become clinical.  Can lead to harmful interventions where none were needed.

· More frequent screening isn’t always better.  It depends on the disease progression rate and the test sensitivity.  

· Also important is the relative vs. absolute risk.  You may decrease the risk by 50% (.01% to .005%), but it may not translate to many patients helped or changed the number of people you need to screen to save 1 life.  

· The US Preventative Service Task Force will make a recommendation on a test based on the strength of the evidence backing it and the net benefit it provides (graded A,B,C,D,I).  The quality of the evidence supporting a test is ranked as good, fair or poor. 

· Breast:  Mammography every 1-3 yrs reduces mortality, more so for older women.  No benefit for clinical breast exams or breast self exams.  Screen every 1-2 years for women over 40.  Those at high risk should screen annually.  
· Cervix:  Strongly recommend screen for cervical cancer in sexually active women with a cervix.  Recommend against screening women over 65 with adequate recent screens.  Recommend against hysterectomy for women with hysterectomy.  

· Colorectal:  Strongly recommend people over 50 yrs get screened, and it reduces mortality.  Benefit substantially outweights harm.  

· Prostate:  Recommendations are inconclusive.  

Breast Cancer 9/8:

· Breast cancer is responsible for 15% of cancer related deaths, is the lead cancer diagnosis in women, and the 2nd leading killer.  

· Risk factors:  being female, early menarch/late menopause, nulliparity/late 1st pregnancy, radiation, high fat diet, alcohol, low activity, tobacco, post-menopausal obesity (fat converts T→E), hormone replacement therapy, atypical hyperplasia, carcinoma in situ, family history, DNA repair defects.

· Not risk factors:  oral contraceptives, pesticides, electromagnetic radiation.

· 5-10% of breast and ovarian cancers are hereditary.  From BRCA1/2, p53, etc, but mostly from undiscovered genes.  

· BRCA may be likely in early onset breast cancer, in ovarian cancer with family history, if both are in the same woman, bilateral breast cancer, Ashkenazi Jews, or males with breast cancer.

· BRCA1 has earlier onset and a lower rate of ovarian cancer than BRCA2.  Both have 50-85% lifetime risk of breast cancer.  

· The Gail Model assesses risk based on risk factors.  Claus Tables assess risk based only on family history.  

· Prevention is important in individuals identified as high risk.  Prophylactic surgery doesn’t remove 100% of the breast tissue, but does get a lot of it.  Diet is very important, as are tamoxifen and raloxifene.  
· Mammography has a probably impact in 50-69 year olds.  Self exams have negative results.  They recommend self exams for everyone, clinical breast exams every 3 years for 20-39 year old and every year for older women, as well as annual mammography for women over 40.  

· MRI recommended for high risk women.  Ultrasound, ductal lavage, etc are new approaches in screening.  Biopsy is the diagnostic gold standard.

· Signs/symptoms include a lump or thickening, skin or nipple changes, discharge, etc.  

· 95% of breast cancers originate from ductal cells (hence ductal lavage).  To diagnose, you look at its invasiveness, if it’s ductal or lobular, its grade, and stains for estrogen receptor (ER), progesterone receptor (PR), and HER2.  

· Stage to assess risk by looking at spread, and also to guide therapy.  Stage I (<2cm, N0), Stage II (2-5cm or N1), Stage III (locally advanced), Stage IV (distant metastais).  

· Prognostic factors indicate how the disease will progress.  Nodal status is most important.  Size, ER/PR (more=better), histology (lobular=less aggressive), etc.  

· Predictive factors indicate how it will respond to a particular therapy.  ER, PR, HER2.

· Genomic profiling of ER+ and ER- cancers and the subtypes of each are associated with varying severity of outcomes.  They can now do an “Oncotype Dx” in which they look at expression of 16 cancer genes and give you a “recurrence score” that quantifies your risk of distant recurrence (only for node-negative, ER-positive patients).

· It’s treated with surgical/systemic prevention, surgery/radiation primary treatment, systemic adjuvant therapy, radiation/systemic treatment of metastasis, and surgical reconstruction.
· There is no difference in survival in mastectomy vs. lumpectomy.  Contraindications to breast conserving therapy may be patient preference, poor cosmetic outcome, multifocal disease, previous radiation, pregnancy, etc.

· Systemic treatments for breast cancer include chemo, hormone therapy, or biological therapy.

· Chemo:  includes alkylators (cyclophosphamide), antimetabolites (MTX, 5FU), topoisomerase inhibitors (doxorubicin), antimitotics (paclitaxel, docetaxel).  

· With ligand binding, estrogen receptors dimerize and bind an estrogen response element (ERE) to activate transcription.  

· Endocrine therapy includes ovarian ablation, selective estrogen receptor modulators (SERMS) like tamoxifen, aromatase (converts T→E) inhibitors like anastrozole, or direct additives like E, P, or androgens.  
· Tamoxifen is the most commonly used endocrine therapy.  

· Biologically based therapy:  

· HER2 is an EGF-Receptor, and is targeted by the monoclonal antibody trastuzumab (herceptin), and the more recent lapatinib.  Trastuzumab prevents growth of cells overexpressing HER2.  Lapatinib prevents downstream signaling.  

· Avastin (bevacizumab) is an antiangiogenesis drug.  

· With metastasis (stage IV), you mostly try to relieve symptoms via chronic systemic therapy.  Common sites are lung, liver, bone and soft tissue.  
· With stage III you try to control local disease and eradicate micrometastases.  Usually systemic treatment in addition to surgery and radiation.  

· Stages I and II get systemic treatment to eradicate micrometastatic disease in high risk populations.  

· Basically, ER negative cancers don’t respond to tamoxifen, so you just use chemo.  Otherwise, you use a combo of chemo and tamoxifen. 

· Adjuvant chemo (extra treatment to keep cancer from reappearing) uses combinations of drugs for 3-6 months.  ER/PR tumors are generally less responsive.  Dose intensity is very important.  

· Adjuvant endocrine therapy only works in ER/PR positive tumors.  May be used for up to 10 years.  Has lots of toxicity

· Prevention:  tamoxifen and raloxifene approved.  

· They try to decrease mortality by screening and early detection, effective local therapy and adjuvant systemic therapy.

Principles of Radiotherapy 9/9:

· X-rays are incident photons that energize an electron so that it is ejected in a forward direction.  This electron can induce the radiolysis of water and generation of radicals that will break a phosphodiester bond in the DNA backbone and produce a biological effect.  Because the electron gets ejected and may go a ways before losing enough energy to react, tissues directly beneath the surface are spared.  The depth where most energy is deposited is a function of the energy of the incident photons.

· If two such breaks in the DNA occur on complementary strands and are close in space and time, you can get a double stranded break, which is very reactive.  They may re-ligate or react with other DNA to produce chromosomal aberrations.  The dose of radiation is related to the frequency of chromosomal aberrations linearly at low doses and quadratically at high ones.  Cell survival vs. dose shows a similar pattern.  

· Why fractionate a dose of radiation (deliver the same total dose in several small ones):

· With smaller doses, you can increase survival of normal cells that undergo sublethal damage repair.  The cells are not yet damaged to the point that they die, and may undergo repair.  Since normal cells repair themselves better than tumor cells, you get preferential sparing of normal cells. 

· After a dose, cells reassort and end up going through phases of the cell cycle somewhat in synchrony.  You can time the second dose to reach the cells when they are more sensitive to the damage, and kill more tumor cells this way.  

· Repopulation is when cells divide between doses and increase their apparent survival.  
· Reoxygenation occurs when cells in the hypoxic center of a tumor resist radiation treatment due to the lack of oxygen (necessary for damage).  1 fraction may kill the outer, well-oxygenated cells, then allow the layer of cells beneath them to become oxygenated and more susceptible to killing.  

· Overall, normal tissues are spared by repair and repopulation, while tumor cells are killed more through reassortment and reoxygenation.  

· Early responding tissues (tumor) repopulate before late responding tissue (most normal stuff).  So, to limit tumor repopulation, you’d like complete the treatment as soon as possible.  Late responding tissues repopulate much later.

· Low daily doses kill more early responding tissue (this results in some side effects since some normal tissues respond early) and less late responding tissue.  Higher doses will kill more late responding tissue than early responding tissue.  So to spare most normal tissues (and reduce important side effects), you’d like to give as small a daily dose as possible.   

· Together, this means that for fast growing cancers the priority is to rapidly complete the treatment with high daily doses at the expense of getting some more side effects from killing more normal cells.  But, for slow-growing cancers, you can prolong the treatment and minimize the late-response side effects while the tumor still doesn’t begin to repopulate much.  

· Hyperfractionation keeps the overall treatment time the same, but divides the dose into more fractions.  This decreases the side effects of late responding normal tissues. 

· Accelerated treatment shortens the overall time of treatment by doubling the frequency with which fractions are administered.  This doesn’t affect the side effects much, but completes the treatment faster and prevents repopulation (especially important in fast-growing tumors).  

