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Immunosuppression

Minimization (ISM)

Is best to personalize Immunosuppression
considering recipient characteristics, etiology, and

alloimmune activation.

Best started at or after 3™ post-Tx month if liver
chemistries stable >/= 4 weeks.

Avoid ISM in:

» Biopsy proven steroid-resistant rejection;

 Etiology is immune mediated disease (initial or re-
transplant);

* Previous Antibody Mediated Rejection.

























































Tacrolimus

Side Effects > 10%

Cardiovascular: Acute cardiorespiratory failure, angina pectoris, atrial fibrillation, atrial flutter, bradycardia, cardiac arrhythmia, cardiac failure,
cardiac fibrillation, chest pain, deep vein thrombophlebitis, deep vein thrombosis, ECG abnormality (including abnormal QRS complex),
edema, flushing, hemorrhagic stroke, hypertension, hypotension, orthostatic hypotension, peripheral edema, phlebitis, ST segment changes
on ECG, syncope, tachycardia, thrombosis, vasodilation

Central nervous system: Abnormal dreams, abnormality in thinking, agitation, amnesia, anxiety, ataxia, chills, confusion, depression, dizziness,
drowsiness, emotional lability, encephalopathy, falling, fatigue, flaccid paralysis, hallucination, headache, hypertonia, hypoesthesia, insomnia,
intolerance to temperature, mobility disorder, mood elevation, myoclonus, nerve compression, nervousness, neuralgia, neuropathy,
neurotoxicity, nightmares, pain, paralysis (monoparesis, quadriparesis, quadriplegia), paresthesia, peripheral neuropathy, psychomotor
disturbance, psychosis, seizure, vertigo, voice disorder, writing difficulty

Dermatologic: Acne vulgaris, alopecia, cellulitis, condyloma acuminatum, dermal ulcer, dermatitis, diaphoresis, ecchymoses, exfoliative
dermatitis, fungal dermatitis, hyperhidrosis, hypotrichosis, pityriasis versicolor, pruritus, skin discoloration, skin photosensitivity, skin rash

Endocrine & metabolic: Acidosis, albuminuria, alkalosis, anasarca, cushingoid appearance, Cushing syndrome, decreased serum bicarbonate,
decreased serum iron, dehydration, diabetes mellitus (including new-onset), gout, hirsutism, hypercalcemia, hypercholesterolemia,
hyperkalemia, hyperlipidemia, hyperphosphatemia, hypertriglyceridemia, hyperuricemia, hypervolemia, hypocalcemia, hypoglycemia,
hypokalemia, hypomagnesemia, hyponatremia, hypophosphatemia, increased gamma-glutamyl transferase, increased lactate dehydrogenase,
metabolic acidosis, weight gain

Gastrointestinal: Abdominal distention, abdominal pain, anorexia, aphthous stomatitis, biliary tract disease, cholangitis, cholestasis,
constipation, diarrhea, duodenitis, dyspepsia, dysphagia, esophagitis, flatulence, gastritis, gastroenteritis, gastroesophageal reflux disease,
gastrointestinal disease, gastrointestinal hemorrhage, gastrointestinal perforation, hernia of abdominal cavity, hiccups, increased appetite,
intestinal obstruction, nausea, oral candidiasis, pancreatic pseudocyst, peritonitis, stomatitis, ulcerative esophagitis, vomiting

Genitourinary: Anuria, bladder spasm, cystitis, dysuria, hematuria, nephrotoxicity, nocturia, oliguria, proteinuria, pyuria, toxic nephrosis, urinary
frequency, urinary incontinence, urinary retention, urinary tract infection, urinary urgency, vaginitis



Tacrolimus

Side Effects > 10%

Hematologic & oncologic: Anemia, benign skin neoplasm, decreased platelet count, decreased white blood cell count, disorder of hemostatic
components of blood, hemolytic anemia, hemorrhage, hypochromic anemia, hypoproteinemia, hypoprothrombinemia, increased hematocrit,
Kaposi sarcoma, leukocytosis, leukopenia, neutropenia, polycythemia, thrombocytopenia, thrombotic microangiopathy

Hepatic: Abnormal hepatic function tests, ascites, cholestatic jaundice, granulomatous hepatitis, hepatitis (including acute and chronic),
hepatotoxicity, hyperbilirubinemia, increased liver enzymes, increased serum alanine aminotransferase, increased serum alkaline
phosphatase, increased serum aspartate aminotransferase, jaundice

Hypersensitivity: Hypersensitivity reaction

Immunologic: CMV viremia, graft complications

Infection: Abscess, bacterial infection (may be serious), BK virus (including nephropathy), candidiasis, cytomegalovirus disease, Epstein-Barr
infection, herpes simplex infection, herpes zoster infection, infection, opportunistic infection, polyomavirus infection, sepsis (children &
adolescents), serious infection

Neuromuscular & skeletal: Arthralgia, asthenia, back pain, lower limb cramp, muscle cramps, muscle spasm, myalgia, myasthenia,
osteoporosis, tremor

Ophthalmic: Amblyopia, blurred vision, conjunctivitis, visual disturbance

Otic: Otalgia, otitis media, tinnitus

Renal: Acute renal failure, hydronephrosis, increased blood urea nitrogen, increased serum creatinine, renal insufficiency, renal failure
syndrome, renal tubular necrosis

Respiratory: Acute respiratory distress syndrome, asthma, atelectasis, bronchitis, decreased lung function, dyspnea, flu-like symptoms,

increased cough, nasopharyngitis, pharyngitis, pleural effusion, pneumonia, pneumothorax, productive cough, pulmonary edema, pulmonary
emphysema, respiratory tract infection, rhinitis, sinusitis

Miscellaneous: Abnormal healing, accidental injury, crying, fever, postoperative pain, postoperative wound complication, ulcer, wound healing
impairment






























Drugs that Increase Sirolimus or Everolimus Concentration

Calcium Antifungals Macrolide Pro-kinetics Miscellaneous
Channel antibiotics

Blockers

Diltiazem Fluconazole Clarithromycin Cisapride Amiodarone
Nicardipine ltraconazole Erythromycin Metoclo_pramide Cimetidine
Nifedipine Ketoconazole Troleandomycin Omeprazole
Verapamil Voriconazole Azithromycin Methyl-

Clotrimazole

Telithromycin

prednisolone
Protease inhibitors
CyA

Graprfruit juice







Special Conditions to use Sirolimus/Everolimus

HCC Anti-tumor Effect

HCV & PSC Anti-fibrotic Effect

Renal Insufficiency Spares CNI





















MMF and MPA Toxicity

Side Effects > 10%

CV: Hypertension (18% to 79%), edema (17% to 68%), hypotension (34%), tachycardia (22% to 23%), lower extremity edema (16%)

CNS: Pain (25% to 79%), headache (11% to 59%), insomnia (24% to 52%), dizziness (34%), depression (20%), chills (3% to <20%), confusion
(3% to <20%), drowsiness (3% to <20%), hypertonia (3% to <20%), malaise (3% to <20%), myasthenia (3% to <20%), paresthesia (3% to <20%)

Derm: Skin rash (26%), ecchymoses (20%), cellulitis (3% to <20%)

Endo: Hyperglycemia (44% to 48%), hypercholesterolemia (46%), hypomagnesemia (20% to 39%), hypokalemia (9% to 37%), hypocalcemia
(11% to 30%), increased lactate dehydrogenase (24%), hyperkalemia (22%), acidosis (3% to <20%), weight loss (3% to <20%), hyperuricemia
(13%), hyperlipidemia (10% to 12%), hypophosphatemia (9% to 11%)

Gl: Abdominal pain (22% to 63%), nausea (27% to 56%), diarrhea (24% to 53%), constipation (38% to 44%), vomiting (20% to 39%), decreased
appetite (25%), dyspepsia (19% to 23%), esophagitis (3% to <20%), gastric ulcer (3% to <20%), gastritis (3% to <20%), gastrointestinal
hemorrhage (3% to <20%), hernia of abdominal cavity (3% to <20%), intestinal obstruction (3% to <20%), stomatitis (3% to <20%), upper
abdominal pain (14%), flatulence (10% to 13%)

GU: Urinary tract infection (29% to 33%), hematuria (3% to <20%)

Hem/Onc: Leukopenia (19% to 46%), anemia (20% to 45%), leukocytosis (22% to 43%), thrombocytopenia (24% to 38%), benign skin neoplasm
(3% to <20%), disorder of hemostatic components of blood (3% to <20%), neoplasm (3% to <20%), pancytopenia (3% to <20%), skin carcinoma
(3% to <20%; non-melanoma: 1% to 12%)

Hepatic: Increased liver enzymes (25%), hepatitis (3% to <20%), increased serum alkaline phosphatase (3% to <20%)

Infection: Bacterial infection (27% to 40%), viral infection (31%), cytomegalovirus disease (4% to 22%), fungal infection (11% to 12%)
M-S: Asthenia (35% to 49%), tremor (12% to 34%), back pain (6% to 12%), arthralgia (7% to 11%)

Renal: Increased serum creatinine (10% to 42%), increased blood urea nitrogen (37%)

Respiratory: Dyspnea (31% to 44%), cough (41%), pleural effusion (34%)

Miscellaneous: Fever (13% to 56%)



MMF and MPA Toxicity

Side Effects 1 - 10%

CV: Exacerbation of hypertension (<10%), peripheral edema (<10%), phlebitis (4%), thrombosis (4%)
CNS: Anxiety (<10%), fatigue (<10%)

Derm: Acne vulgaris (<10%), pruritus (<10%)

Endo: Diabetes mellitus (<10%)

Gl: Abdominal distension (<10%), gastroesophageal reflux disease (<10%), gingival hyperplasia (<10%), oral
candidiasis (<10%)
GU: Urinary retention (<10%)

Hem/Onc: Lymphocele (<10%), severe neutropenia (2% to 4%), malignant neoplasm (<2%), malignant lymphoma
(1%), lymphoproliferative disorder (<1%)

Hepatic: Abnormal hepatic function tests (<10%)

Infection: Influenza (<10%), wound infection (<10%), herpes simplex infection (6% to 8%), herpes zoster infection
(4% to 5%), sepsis (2% to 5%)

M-S: Muscle cramps (<10%), myalgia (<10%), peripheral pain (<10%)

Ophthalmic: Blurred vision (<10%)

Renal: Renal insufficiency (<10%), renal tubular necrosis (<10%)

Respiratory: Dyspnea on exertion (<10%), nasopharyngitis (<10%), pneumonia (<10%), sinusitis (<10%), upper
respiratory tract infection (<10%)



Drug-Drug Interaction
Azathioprine & Mycophenolate

Increases Increases Decreases
AZA MMF AZA & MIMF
Allopurinol Probenecid Cholestiramine
Methotrexate Tacrolimus Antacids

ACE inhibitors

Iron preparations













UofL Liver Transplant

Immunosuppression
Protocol



















UofL Immunosuppression protocol for Everolimus or Sirolimus

Candidates for Therapy

-Patients with significant calcineurin inhibitor (CNI) toxicity without
contraindication to mTOR therapy.

-Patients at risk of CNI renal toxicity greater than 1-month post-transplant
as a combination therapy approach with CNI dose reduction

Contraindications for Therapy

-Previous intolerance to mTOR inhibitor

-Significant pulmonary disease especially interstitial lung disease or
recurrent pneumonia

-Severe anemia or other cytopenia not related to renal insufficiency
-Significant proteinuria (>1 g per 24 hours)



UofL Protocol for Initiation of Therapy with mTOR

-Obtain baseline CXR, hematologic, liver, and renal profile, CNI drug level, UA for protein
(24-hour collection if positive and Nephrology consult if confirmed), urine Protein/Creatinine
ratio, baseline lipid profile, Doppler US of the liver

-UA for protein/creatinine ratio Q. 3 months for 1 year, unless otherwise directed by
nephrology team based on pre-treatment studies. Consider extending interval of urinalysis
to Q. 6 months if no proteinuria at 1 year.

-Monthly lipid profile for first 3 months of therapy, then obtain additional testing based on
severity of hyperlipidemia and response to treatment

-If considering discontinuation of CNI, initiate 10 mg prednisone or equivalent additional
immunosuppressive medication to decrease risk of rejection with everolimus or sirolimus
monotherapy

-Follow up hepatic artery imaging after 3 months of therapy in absence of indication for
earlier imaging. If within acceptable limits, image per standard post liver transplant protocol



UofL Protocol for Initiation of Therapy with mTOR

Everolimus (Zortress®) start at 0.5-1 mg by mouth twice daily

-Do not prescribe Afinitor - this is oncology dosing
-Obtain everolimus levels 5-7 days into therapy.
-Monitor everolimus levels weekly for 6 weeks after initiation of therapy, then every
other week for 12 weeks, then monthly thereafter if stable
-Adjust dose of everolimus by 0.5-1 mg twice a day to obtain target level of 4-8
ng/mL based on clinical indication
-Once target level obtained, reduce CNI therapy to lowest tolerated level:
-Tacrolimus target level 3-6 ng/ml
-Cyclosporine target level 30-100 ng/ml

Sirolimus, start at 1-2 mgs by mouth daily

-Obtain sirolimus levels 5-7 days into therapy.
-Monitor sirolimus levels weekly for 6 weeks after initiation of therapy, then every
other week for 12 weeks, then monthly thereafter if stable






Discontinue everolimus/sirolimus therapy and resume previous immunosuppressive

o Severe rejection requiring multiple courses of intravenous corticosteroids

o Severe anemia or cytopenias requiring multiple transfusions or growth factor
supplementation

o Severe mouth ulcers or Gl distress
o Documented pneumonitis not due to infectious process
o Major surgery with risk for inhibition of wound healing (if elective surgery)

. Initiate alternative immunosuppression and stop everolimus/sirolimus 3 weeks before
surgery

. May consider reinstitution of everolimus/sirolimus after recovery from surgery
between 6 and 12 weeks based on tolerance of CNI therapy and extent of surgery

o Skin rash or allergic reaction suspected to be due to everolimus/sirolimus
o Medical complications of severe hyperlipidemia not responsive to therapy

o Abnormal imaging suggestive of hepatic artery disorders



UofL Treatment of Rejection

Management of Mild Rejection (Grade | & RAI < 4)

HCV RNA positive patient (rare with DAA)
Increase tacrolimus dose to high therapeutic range (10- 15 ng/ml)
For renal sparing protocol patient — start low dose tacrolimus (target levels 2-8) + MMF/MFA.
If increased tacrolimus not tolerated, hold steroids at current dose/slow steroid taper.
Repeat Biopsy if not responding and rejection suspected

Management of Mild Rejection (Grade | & RAI < 4)

HCV negative patient
Treat as per moderate to severe rejection protocol (see next).
Change mTOR to FK/CNI, or increase CNI dose to higher therapeutic range, and/or add
MMF/MFA.

If renal sparing protocol, pulse steroids only, no additional tacrolimus.



Treatment of Mild, Moderate, or Severe Acute Allograft Rejection (ACR) #1

Tr[e)ztmse nt Solu-Medrol Dose o4El P[;zgglsone Diagnosting Testing QOD (M-W-F)

1 1000 mg IV - -
2 240 mg Protocol (or alternate) labs
3 180 mg Protocol (or alternate) labs
4 120 mg Protocol (or alternate) labs
S} 80 mg Protocol (or alternate) labs
6 60 mg Protocol (or alternate) labs
v 40 mg Protocol (or alterna_\te) labs; Repeat Liver
Biopsy
8-14 20 mg Protocol (or alternate) labs
15-21 15 mg Protocol (or alternate) labs
22-28 10 mg Routine
29-Indefinitive S mg Routine

Protocol labs: CBC with diff, CMP, INR, Drug Level daily while hospitalized then at least QOD for duration of therapy, then twice weekly.
Day 7: Liver Biopsy

Infection Prophylaxis for Protocols #1, #2 and #3: Anti-infection Prophylaxis x 3 months: Valgancyclovir 900 mg/d + Bactrim 160/800 mg/d
or Atavaquone 1500 mg/d + Fluconazole 400 mg/d (at discretion of provider based on infection risk and side effects including cytopenias)

Consider lower dose of steroids or alternative treatment for patients that are severely compromised or at treating physician’s discretion

Consider lower dose of steroids (#1) or alternative treatment for patients that are severely compromised or at treating physician’s discretion




Treatment of Mild, Moderate, or Severe Acute Allograft Rejection (ACR) #2

Treatment Solu-Medrol : Diagnostic Testing QOD (labs

1 1000 mg IV As usual None
2 1000 mg IV As usual None
3 1000 mg IV As usual Protocol (or “alternate”) labs
4 None As Usual Protocol (or “alternate”) labs;

repeat liver biopsy

Protocol labs: CBC with diff, CMP, INR, Drug Level daily while hospitalized then at least QOD for duration of therapy, then twice weekly.
Day 4: Liver Biopsy

Infection Prophylaxis for Protocols #1 and #2: Anti-infection Prophylaxis x 3 months: Valgancyclovir 900 mg/d + Bactrim 160/800 mg/d
or Atavaquone 1500 mg/d + Fluconazole 400 mg/d (at discretion of provider based on infection risk and side effects including cytopenias)

Consider lower dose of steroids (#1) or alternative treatment for patients that are severely compromised or at treating physician’s discretion




Treatment of Mild, Moderate, or Severe Acute Allograft Rejection (ACR) #3

Treatment Solu-Medrol : Diagnostic Testing QOD (labs
Oral Steroid D
DE\Y Dose ral SIEFOIA HOSE typically on M-W-F)

1 1000 mg IV As usual

2 None As usual Protocol (or “alternate”) labs
3 1000 mg IV As usual None

2 None As usual Protocol (or “alternate”) labs
3 1000 mg IV As usual None

5 None As usual Protocol (or “alternate”) labs;

repeat Liver Biopsy

Protocol labs: CBC with diff, CMP, INR, Drug Level daily while hospitalized then at least QOD for duration of therapy, then twice weekly.

Day 6: Liver Biopsy

Infection Prophylaxis for Protocols #1, #2 and #3: Anti-infection Prophylaxis x 3 months: Valgancyclovir 900 mg/d + Bactrim 160/800 mg/d
or Atavaquone 1500 mg/d + Fluconazole 400 mg/d (at discretion of provider based on infection risk and side effects including cytopenias)

Consider lower dose of steroids or alternative treatment for patients that are severely compromised or at treating physician’s discretion

Consider lower dose of steroids (#1) or alternative treatment for patients that are severely compromised or at treating physician’s discretion




UofL Thymoglobulin Protocol for Steroid-Resistant Liver Allograft Rejection

THYMOGLOBULIN DOSE

Dose: 1.5 mg/kg IV. Consider reducing dose or holding if platelet count <50,000 or
WBC <2000. Givenondays 1, 2, 3, 5,7

Route: Usually given by central line as a 4-6 hours infusion. Can be given peripherally
over 6 hours if specially prepared with heparin and hydrocortisone. Notify pharmacy and
indicate on the order.

Routine Prophylaxis: Steroids: 250 mg IV Solu-Medrol before first dose, 30 mg
prednisone PO on days 2-3. Benadryl 50 mg IV or PO and Tylenol 650 mg PO 30
minutes before every thymoglobulin dose. The Benadryl dose may be reduced by 50%
after symptoms subside in 2-3 days. Bactrim SS tabs daily during the course of
thymoglobulin therapy, then 3 months thereafter. Valganciclovir for CMV prophylaxis
during course and then 3 months thereafter.

POST-DOSE ORDERS

Day 1: VS q 15 min x 2 hrs, q 30 min for 2 hrs, g 4 hrs if stable. Temp hourly x 3, then
routine prn.

Day 2: VS q15 minx 1 hr, g4 hrs. Temp q 4 hrs prn.



UofL Immunosuppression During Thymoglobulin

Immunosuppression during Thymoglobulin Therapy

Prednisone: Continue usual dose. May drop to 20 mg bid if the patient on

higher dose

Mycophenolate/mofetil: Continue as usual, adjusting as necessary if
cytopenia or hold as clinically indicated

Tacrolimus or cyclosporine: Continue as usual throughout the

thymoglobulin course.

Follow-Up Tests

Protocol labs: Daily CBC with diff, CMP, INR Drug level while
hospitalized then at least QOD for duration of therapy, then twice weekly.
Check T+B Lymphocytes subsets after the third dose.

Day 8: Liver Biopsy










































Acute Antibody Mediated Rejection (AMR)

linical Manifestati

eRapid allograft failure, hemorrhagic ePortal microvascular endothelial
necrosis

eGraft injury with refractory
thrombocytopenia,
hyperbilirubinaemia, low serum

complement levels.
eElevated transaminases despite
optimal donor liver quality

cell hypertrophy
eMicrovasculitis/capillaritis with
monocytes, eosinophils and/or
neutrophils

ePortal/peri-portal edema

e Microvascular injury involving
central veins

eFibrin deposition, red blood cells
seen in sub-sinusoidal regions
eCholestasis, ductular reaction

efinition Criteria

eCompatible Histology

eElevated DSA (> 1000); MFI| > 3000
Is associated with clinical
outcomes. DSA with MFI Sum
>20,000 has increased fibrosis risk.
eDiffuse C4d deposition of
microvasculature in ABO-compatible
tissues, or portal stroma in ABO-
incompatible tissues

eExclusion of other liver diseases or
complications that can cause similar
patterns of injury































Lesion Scoring of AMR
Histology Score (h-score)

1. Portal microvascular endothelial cell enlargement (portal veins, capillaries, and inlet
venules) involving a majority of portal tracts with sparse microvasculitis defined as three
to four marginated and/or intraluminal monocytes, neutrophils, or eosinophils in the
maximally involved capillary with generally mild dilation.

2. Monocytic, eosinophilic, or neutrophilic microvasculitis/capillaritis, defined as at least
9—10 leukocytes marginated and/or intraluminal in the maximally involved capillary
prominent portal and/or sinusoidal microvascular endothelial cell enlargement involving a
majority of portal tracts or sinusoids, with variable but noticeable portal capillary and inlet
venule dilatation and variable portal edema.

3. As above, with marked capillary dilatation, marked microvascular inflammation (10 or
more marginated and/or intraluminal leukocytes in the most severely affected vessels),
at least focal microvascular disruption with fibrin deposition, and extravasation of red
blood cells into the portal stroma and/or space of Disse (subsinusoidal space).

























































