	MEDICAL MANAGEMENT OF TYROSINEMIA


Medications 

Nitisinone (NTBC, Orfadin() is a relatively new form of treatment. Nitisinone has been used as an experimental medication for over 10 years, and was approved by the Food and Drug Administration (FDA) in April 2002 for treatment of tyrosinemia type 1. Nitisinone works by blocking an enzyme in the tyrosine pathway. As you read in About Tyrosinemia, the breakdown of tyrosine involves many metabolic steps. Each step is controlled by an enzyme. The enzyme that is not working in tyrosinemia type 1, FAH, is at the end of the pathway. Succinylacetone is only produced when FAH is not working. Nitisinone works by blocking the activity of an enzyme earlier in the pathway, and therefore prevents the production of succinylacetone. 

Side effects are rare, and have included temporary low platelet count and temporary low neutrophil count. Platelets help your blood clot, and neutrophils help your body fight infections. Both side effects resolved on their own. Nitisinone will increase blood levels of tyrosine, which is why adherence to the low-tyrosine diet is a very important part of treatment. 

Nitisinone is distributed to families by Nova Factor. Nova Factor will also work with your insurance company to obtain coverage for nitisinone. Your treating physician will fill out and fax the appropriate forms to Nova Factor. (You will find samples of these forms in the Your Health Care Information section) The company will arrange for nitisinone to be sent to your home, or to your treating physician. 

Laboratory Monitoring 

Regular blood and urine collection are needed to make sure your child’s diet and medication dosage are appropriate as he/she continues to grow. Detailed descriptions of the laboratory tests that are required are below. The desired or “target” results of these tests are specific to tyrosinemia type 1 ONLY, without taking into account other health issues a child may have. Please address any specific questions about your child’s results with your doctor. Also note that with the exception of blood tyrosine levels, specific target levels are not given. The “normal range” will differ slightly between laboratories, and also will be different for children of different ages. Ask your treating physician what the target levels for your child should be.

CBC: CBC stands for Complete Blood Count, which measures all of the components of blood. Infants and children with tyrosinemia are often anemic when they are first diagnosed and some of these values may be lower than the normal range. These typically become normal with treatment.

Alpha-Fetoprotein (AFP): AFP is a protein produced by immature liver cells. It is typically very high when tyrosinemia is first diagnosed.  AFP levels come down quite rapidly with treatment, but can take up to 18 months to reach the normal range. AFP is used as a marker to evaluate the risk of tumor formation. Information from the 10 years of using nitisinone as an experimental medication suggests that liver cancer is delayed, and possibly prevented. Long-term follow-up of children with tyrosinemia who are taking nitisinone is needed to answer this question. AFP levels are measured regularly to monitor the risk of developing liver cancer.

Succinylacetone: This metabolite is only produced by individuals with tyrosinemia type 1. It can be measured in blood and urine and its presence is required to make a diagnosis of tyrosinemia. With appropriate doses of nitisinone, detectable succinylacetone disappears rapidly in blood and urine. 

Delta-ALA-dehydratase:  This is an enzyme that is blocked by succinylacetone. This enzyme is normally involved in making proteins called heme, which are used to make the blood component hemoglobin. If heme production is disrupted, neurologic symptoms can develop. Preventing production of succinylacetone allows this enzyme to function normally and neurologic symptoms resolve (if present) and are prevented. Blood tests to monitor this enzyme are only performed in children who received nitisinone when it was still experimental. It is not required for routine monitoring.

Delta-aminolevulinic acid: This compound builds up when the delta-ALA-dehydratase enzyme is not functioning. Preventing production of succinylacetone allows the enzyme to work, and delta-aminolevulinic acid levels return to normal. Blood tests to monitor this compound are only performed in children who received nitisinone when it was still experimental. It is not required for routine monitoring.

Amino acids: Amino acids are the building blocks of protein. There are many amino acids that can be measured, but three amino acids are of interest in tyrosinemia. Methionine, phenylalanine and tyrosine are measured in blood to ensure the dietary management is appropriate for your child’s size and weight. Methionine and phenylalanine are often higher than the normal range when tyrosinemia is first diagnosed. They should return to normal range with introduction of the special diet. Tyrosine can be normal or higher than normal when tyrosinemia is first diagnosed.  Nitisinone will raise blood tyrosine levels. The special diet is required to keep tyrosine levels in a safe range. Blood tyrosine levels should be less than 500 micromoles/liter (µmol/L). Levels higher than 500 µmol/L can lead to tyrosine crystals forming in the eyes. Symptoms include itchy or sore eyes and sensitivity to light. If these symptoms occur, a special eye exam performed by an eye doctor can determine if there are tyrosine crystals in the eye. The tyrosine crystals will go away when tyrosine levels are lowered through stricter diet.

Prothrombin Time (PT) and Partial Thromboplastin Time (PTT): These “times” refer to the time it takes your blood to clot. People whose liver function is compromised for any reason often will have delayed clotting times. It takes longer for their blood to clot. Since tyrosinemia affects the liver, blood clotting is often slower than normal when the diagnosis is first made. The blood clotting ability typically returns to normal after medical and dietary treatment is introduced.

Bilirubin, AST, ALT, GGT: Bilirubin is a protein that is higher than normal range when an individual has jaundice. AST, ALT, GGT are enzymes that reflect liver function. When the liver function is compromised, all of these compounds can be higher than normal. With introduction of dietary and drug treatment, liver function improves and these compounds typically return to normal range.

Alkaline Phosphatase: This is an enzyme that reflects bone formation. Some children with tyrosinemia will develop rickets initially, before the diagnosis is made. Rickets is a problem with bone growth; bones are soft and can become misshapen. X-rays of people with rickets show characteristic changes in the shape of the bones. Alkaline phosphatase is typically higher than normal. Mild rickets often resolve with treatment and the bones remodel to their normal shape. Alkaline phosphatase can become elevated in this situation as well, since new bone is rapidly being made.

Blood Urea Nitrogen (BUN) and Creatinine: These two laboratory tests reflect the function of the kidneys. In tyrosinemia untreated by nitisinone, the succinylacetone is produced in the kidneys as well as the liver, so it is important to monitor kidney function. At first diagnosis, the BUN and creatinine may be higher than normal. They typically return to normal range with dietary and drug treatment. 

Other Monitoring 

Computerized Tomography (CT) Scan or Magnetic Resonance Imaging (MRI): These are non-invasive ways to have a look at the organs in the body. An MRI or CT scan of the liver should be performed once per year to look for any changes suggestive of tumor growth.

Ultrasound: This is another non-invasive way to look at the organs in the body. An ultrasound of the renal system (kidneys, bladder) is recommended at first diagnosis to determine if the kidneys or bladder are larger than normal. A renal ultrasound should be performed as often as is necessary to follow-up if the first result is abnormal, but does not need to be repeated if the first one is normal. 

X-ray: This is an exam that allows the bone structure to be seen. An x-ray of the wrists is recommended at the time of diagnosis to assess for rickets. The x-ray is only performed once if there is no sign of rickets. If your child does have rickets, your doctor may wish to repeat the x-rays periodically.

Cognitive Evaluation: This is a special evaluation usually performed by a developmental psychologist. There are several types of exams and your child might be assessed by the Differential Abilities Scale (DAS). This evaluation is to see how your child is intellectually developing. It will identify your child’s strengths and also any areas of concern. This testing is typically performed when your child is close to school age (at or below age 5) and then again around age 10. We are just learning about how children with tyrosinemia who are treated with nitisinone grow and develop. We think that children with tyrosinemia who are treated appropriately will have the same intellectual potential as their siblings without tyrosinemia. 

Growth: Children with tyrosinemia are often smaller than their siblings when they are initially diagnosed. Your child’s height, weight, and the size of his/her head will be measured each time you see your tyrosinemia doctor. Most children have ‘catch-up’ growth and approach the size of their siblings without tyrosinemia. 

Nutritional Evaluation: When you see your tyrosinemia doctor you will likely also see a nutritionist or dietitian. Your child’s intake of special formula and low-protein foods will be evaluated each time and adjustments may be made based on your child’s current weight and rate of growth. The overall nutritional status of your child’s diet will be monitored to make sure he/she is getting adequate energy intake and vitamins and minerals.

Mutation Analysis: (See The Genetics of Tyrosinemia for a more detailed explanation). With a blood draw, the genetic changes responsible for tyrosinemia in your family can be determined. By identifying these mutations in your child, it is possible to offer carrier testing to other family members, and is one method of offering prenatal diagnosis in your future pregnancies. This information will not change the medical management of your child. Your doctor can request a test kit and consent form by contacting the Lisa Sniderman King, M.Sc., CGC, a genetic counselor at the University of Washington, at (206) 616-1840. 

Liver Transplantation

Liver transplantation will prevent the development of liver cancer and is generally thought to eliminate the need for a low-tyrosine diet. Liver transplantation is major surgery that has considerable risk of complications and death. Until the discovery of nitisinone, liver transplantation was the primary means of treating tyrosinemia because of the inevitable development of liver cancer. Nitisinone has reduced the risk of cancer dramatically. The oldest children treated with nitisinone from infancy are approximately 10 years of age and have not developed any signs of liver tumors. We don’t know yet if nitisinone will prevent liver cancer entirely, but it does appear to delay the development of liver cancer significantly. And although the new liver will not produce any succinylacetone, the kidneys still may. Therefore, children with liver transplants should be assessed periodically for production of succinylacetone in the urine. It is possible that these individuals may require low-doses of nitisinone following liver transplant.
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