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go short

Response in as early as 1 month*

DURABLE, COMPLETE RESPONSES

beyond 10 years

Important Safety Information
Therapy with Proleukin (aldesleukin) should be
restricted to patients with normal cardiac and
pulmonary functions as de昀ned by thallium stress
testing and formal pulmonary function testing.
Extreme caution should be used in patients with a
normal thallium stress test and a normal pulmonary
function test who have a history of cardiac or
pulmonary disease.
Proleukin should be administered in a hospital
setting under the supervision of a quali昀ed physician

1

experienced in the use of anticancer agents.
An intensive care facility and specialists skilled in
cardiopulmonary or intensive care medicine must
be available.
Proleukin administration has been associated with
capillary leak syndrome (CLS) which is characterized
by a loss of vascular tone and extravasation of plasma
proteins and 昀uid into the extravascular space. CLS
results in hypotension and reduced organ perfusion
which may be severe and can result in death. CLS may
be associated with cardiac arrhythmias (supraventricular

*Thetypicalcourseofa昀rstProleukintreatmentis19days(5dayson/9daysoff/5dayson);theexactnumberofdaysmayvary. Atleast
90%ofrespondersachievedaresponseafterthe昀rstcourse.Mostpatientswhorespondedreceivedadditionalcoursesoftreatment.
†
Proleukincanprovidedurable,completeresponsesinmRCC(7%)andmM(6%)andpartialresponsesinmRCC(8%)andmM(10%).
References: 1.Proleukin[packageinsert].PrometheusLaboratoriesInc.2015.2. Lindsey KR, Rosenberg SA, Sherry RM. Impact of the number
of treatment courses on the clinical response of patients who receive high-dose bolus interleukin-2. J Clin Oncol. 2000;18(9):1954-1959.

Proleukin® (aldesleukin) is indicated for the treatment of adults with
metastatic renal cell carcinoma (mRCC) or metastatic melanoma (mM).
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For a chance at years
—cancer free

An immunotherapy treatment for mRCC or mM that can
provide answers in days for a chance at years—cancer free. †
n
n
n
n

Complete response rates were 7% in mRCC patients and 6% in mM patients1
At least 90% of responders achieved a response after the 昀rst course2,*,†
Most adverse events are predictable, manageable, and reversible1
Results of treatment are evident as early as 1 month after therapy1,2,*

Learn more at www.proleukin.com
and ventricular), angina, myocardial infarction, respiratory
insuf昀ciency requiring intubation, gastrointestinal
bleeding or infarction, renal insuf昀ciency, edema, and
mental status changes.
Proleukin treatment is associated with impaired
neutrophil function (reduced chemotaxis) and with an
increased risk of disseminated infection, including sepsis
and bacterial endocarditis. Consequently, preexisting
bacterial infections should be adequately treated
prior to initiation of Proleukin therapy. Patients with
indwelling central lines are particularly at risk for

infection with gram positive microorganisms.
Antibiotic prophylaxis with oxacillin, nafcillin,
cipro昀oxacin, or vancomycin has been associated
with a reduced incidence of staphylococcal
infections.
Proleukin administration should be withheld in
patients developing moderate to severe lethargy
or somnolence; continued administration may result
in coma.

Please see full Prescribing Information, including Boxed Warning, on the following pages.
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PROLEUKIN® (aldesleukin)

TABLE 1: Proleukin Clinical Response Data

for injection, for intravenous infusion
Rx Only
WARNINGS
Therapy with Proleukin® (aldesleukin) should be restricted to patients with normal cardiac and
pulmonary functions as deﬁned by thallium stress testing and formal pulmonary function testing.
Extreme caution should be used in patients with a normal thallium stress test and a normal pulmonary
function test who have a history of cardiac or pulmonary disease.
Proleukin should be administered in a hospital setting under the supervision of a qualiﬁed physician
experienced in the use of anticancer agents. An intensive care facility and specialists skilled in
cardiopulmonary or intensive care medicine must be available.
Proleukin administration has been associated with capillary leak syndrome (CLS) which is
characterized by a loss of vascular tone and extravasation of plasma proteins and ﬂuid into the
extravascular space. CLS results in hypotension and reduced organ perfusion which may be
severe and can result in death. CLS may be associated with cardiac arrhythmias (supraventricular
and ventricular), angina, myocardial infarction, respiratory insufﬁciency requiring intubation,
gastrointestinal bleeding or infarction, renal insufﬁciency, edema, and mental status changes.
Proleukin treatment is associated with impaired neutrophil function (reduced chemotaxis) and with
an increased risk of disseminated infection, including sepsis and bacterial endocarditis. Consequently,
preexisting bacterial infections should be adequately treated prior to initiation of Proleukin therapy.
Patients with indwelling central lines are particularly at risk for infection with gram positive
microorganisms. Antibiotic prophylaxis with oxacillin, nafcillin, ciproﬂoxacin, or vancomycin has been
associated with a reduced incidence of staphylococcal infections.
Proleukin administration should be withheld in patients developing moderate to severe lethargy or
somnolence; continued administration may result in coma.
DESCRIPTION
Proleukin® (aldesleukin), a human recombinant interleukin-2 product, is a highly puriﬁed protein with a
molecular weight of approximately 15,300 daltons. The chemical name is des-alanyl-1, serine-125 human
interleukin-2. Proleukin, a lymphokine, is produced by recombinant DNA technology using a genetically
engineered E. coli strain containing an analog of the human interleukin-2 gene. Genetic engineering techniques
were used to modify the human IL-2 gene, and the resulting expression clone encodes a modiﬁed human
interleukin-2. This recombinant form differs from native interleukin-2 in the following ways: a) Proleukin is
not glycosylated because it is derived from E. coli; b) the molecule has no N-terminal alanine; the codon for
this amino acid was deleted during the genetic engineering procedure; c) the molecule has serine substituted
for cysteine at amino acid position 125; this was accomplished by site speciﬁc manipulation during the genetic
engineering procedure; and d) the aggregation state of Proleukin is likely to be different from that of native
interleukin-2.
The in vitro biological activities of the native nonrecombinant molecule have been reproduced with Proleukin.1,2
Proleukin is supplied as a sterile, white to off-white, lyophilized cake in single-use vials intended for intravenous
administration. When reconstituted with 1.2 mL Sterile Water for Injection, USP, each mL contains 18 million
International Units (1.1 mg) Proleukin, 50 mg mannitol, and 0.18 mg sodium dodecyl sulfate, buffered with
approximately 0.17 mg monobasic and 0.89 mg dibasic sodium phosphate to a pH of 7.5 (range 7.2 to 7.8).
The manufacturing process for Proleukin involves fermentation in a deﬁned medium containing tetracycline
hydrochloride. The presence of the antibiotic is not detectable in the ﬁnal product. Proleukin contains no
preservatives in the ﬁnal product.
Proleukin biological potency is determined by a lymphocyte proliferation bioassay and is expressed in
International Units as established by the World Health Organization 1st International Standard for Interleukin-2
(human). The relationship between potency and protein mass is as follows:
18 million International Units Proleukin = 1.1 mg protein
CLINICAL PHARMACOLOGY
Proleukin® (aldesleukin) has been shown to possess the biological activities of human native interleukin-2.1,2 In vitro
studies performed on human cell lines demonstrate the immunoregulatory properties of Proleukin, including: a)
enhancement of lymphocyte mitogenesis and stimulation of long-term growth of human interleukin-2 dependent
cell lines; b) enhancement of lymphocyte cytotoxicity; c) induction of killer cell (lymphokine-activated (LAK) and
natural (NK)) activity; and d) induction of interferon-gamma production.
The in vivo administration of Proleukin in animals and humans produces multiple immunological effects in a dose
dependent manner. These effects include activation of cellular immunity with profound lymphocytosis, eosinophilia,
and thrombocytopenia, and the production of cytokines including tumor necrosis factor, IL-1 and gamma interferon.3
In vivo experiments in murine tumor models have shown inhibition of tumor growth.4 The exact mechanism by
which Proleukin mediates its antitumor activity in animals and humans is unknown.
Pharmacokinetics
Proleukin exists as biologically active, non-covalently bound microaggregates with an average size of 27
recombinant interleukin-2 molecules. The solubilizing agent, sodium dodecyl sulfate, may have an effect on
the kinetic properties of this product.
The pharmacokinetic proﬁle of Proleukin is characterized by high plasma concentrations following a short
intravenous infusion, rapid distribution into the extravascular space and elimination from the body by metabolism
in the kidneys with little or no bioactive protein excreted in the urine. Studies of intravenous Proleukin in sheep and
humans indicate that upon completion of infusion, approximately 30% of the administered dose is detectable in
plasma. This ﬁnding is consistent with studies in rats using radiolabeled Proleukin, which demonstrate a rapid
(<1 min) uptake of the majority of the label into the lungs, liver, kidney, and spleen.
The serum half-life (T 1/2) curves of Proleukin remaining in the plasma are derived from studies done in 52
cancer patients following a 5-minute intravenous infusion. These patients were shown to have a distribution and
elimination T 1/2 of 13 and 85 minutes, respectively.
Following the initial rapid organ distribution, the primary route of clearance of circulating Proleukin is the kidney.
In humans and animals, Proleukin is cleared from the circulation by both glomerular ﬁltration and peritubular
extraction in the kidney.5-8 This dual mechanism for delivery of Proleukin to the proximal tubule may account for
the preservation of clearance in patients with rising serum creatinine values. Greater than 80% of the amount of
Proleukin distributed to plasma, cleared from the circulation and presented to the kidney is metabolized to amino
acids in the cells lining the proximal convoluted tubules. In humans, the mean clearance rate in cancer patients is
268 mL/min.
The relatively rapid clearance of Proleukin has led to dosage schedules characterized by frequent, short infusions.
Observed serum levels are proportional to the dose of Proleukin.
CLINICAL STUDIES
Safety and efﬁcacy were studied in a series of single and multicenter, historically controlled studies enrolling a total
of 525 patients with metastatic renal cell carcinoma or melanoma. Eligible patients had an Eastern Cooperative
Oncology Group (ECOG) Performance Status (PS) of 0 or 1 and normal organ function as determined by cardiac
stress test, pulmonary function tests, and creatinine ≤1.5 mg/dL. Studies excluded patients with brain metastases,
active infections, organ allografts and diseases requiring steroid treatment.
The same treatment dose and schedule was employed in all studies demonstrating efﬁcacy. Proleukin was given by 15
min intravenous infusion every 8 hours for up to 5 days (maximum of 14 doses). No treatment was given on days 6 to 14
and then dosing was repeated for up to 5 days on days 15 to 19 (maximum of 14 doses). These 2 cycles constituted 1
course of therapy. Patients could receive a maximum of 28 doses during a course of therapy. In practice >90% of patients
had doses withheld. Doses were withheld for speciﬁc toxicities (See “DOSAGE AND ADMINISTRATION” section, “Dose
Modiﬁcations” subsection and “ADVERSE REACTIONS” section).
Metastatic Renal Cell Cancer
Two hundred ﬁfty-ﬁve patients with metastatic renal cell cancer (metastatic RCC) were treated with single agent
Proleukin in 7 clinical studies conducted at 21 institutions. Metastatic RCC patients received a median of 20 of 28
scheduled doses of Proleukin.
In the renal cell cancer studies (n=255), objective response was seen in 37 (15%) patients, with 17 (7%)
complete and 20 (8%) partial responders (See Table I). The 95% conﬁdence interval for objective response was
11% to 20%. Onset of tumor regression was observed as early as 4 weeks after completion of the ﬁrst course
of treatment, and in some cases, tumor regression continued for up to 12 months after the start of treatment.
Responses were observed in both lung and non-lung sites (e.g., liver, lymph node, renal bed occurrences, soft
tissue). Responses were also observed in patients with individual bulky lesions and high tumor burden.

Metastatic RCC
CR’s
PR’s
PR’s + CR’s

Number of Responding Patients
(response rate)

Median Response Duration in
Months (range)

17 (7%)
20 (8%)
37 (15%)

80+* (7 to 131+)
20 (3 to 126+)
54 (3 to 131+)

(+) sign means ongoing
* Median duration not yet observed; a conservative value is presented which represents the minimum median duration of response.

Lack of efﬁcacy with low dose Proleukin regimens
Sixty-ﬁve patients with metastatic renal cell cancer were enrolled in a single center, open label, non-randomized trial
that sequentially evaluated the safety and anti-tumor activity of two low dose Proleukin regimens. The regimens
administered 18 million International Units Proleukin as a single subcutaneous injection, daily for 5 days during
week 1; Proleukin was then administered at 9 x106 International Units days 1-2 and 18 x106 International Units
days 3-5, weekly for an additional 3 weeks (n=40) followed by a 2 week rest or 5 weeks (n=25) followed by a
3 week rest, for a maximum of 3 or 2 treatment cycles, respectively.
These low dose regimens yielded substantially lower and less durable responses than those observed with
the approved regimen. Based on the level of activity, these low dose regimens are not effective.
Metastatic Melanoma
Two hundred seventy patients with metastatic melanoma were treated with single agent Proleukin in 8 clinical
studies conducted at 22 institutions. Metastatic melanoma patients received a median of 18 of 28 scheduled
doses of Proleukin during the ﬁrst course of therapy. In the metastatic melanoma studies (n=270), objective
response was seen in 43 (16%) patients, with 17 (6%) complete and 26 (10%) partial responders (See Table II).
The 95% conﬁdence interval for objective response was 12% to 21%. Responses in metastatic melanoma
patients were observed in both visceral and non-visceral sites (e.g., lung, liver, lymph node, soft tissue, adrenal,
subcutaneous). Responses were also observed in patients with individual bulky lesions and large cumulative
tumor burden.
TABLE 2: Proleukin CLINICAL RESPONSE DATA

Metastatic Melanoma
CR’s
PR’s
PR’s + CR’s

Number of Responding Patients
(response rate)

Median Response Duration in
Months (range)

17 (6%)
26 (10%)
43 (16%)

59+* (3 to 122+)
6 (1 to 111+)
9 (1 to 122+)

(+) sign means ongoing
* Median duration not yet observed; a conservative value is presented which represents the minimum median duration of response.

INDICATIONS AND USAGE
Proleukin® (aldesleukin) is indicated for the treatment of adults with metastatic renal cell carcinoma
(metastatic RCC).
Proleukin is indicated for the treatment of adults with metastatic melanoma.
Careful patient selection is mandatory prior to the administration of Proleukin. See “CONTRAINDICATIONS”,
“WARNINGS” and “PRECAUTIONS” sections regarding patient screening, including recommended cardiac and
pulmonary function tests and laboratory tests.
Evaluation of clinical studies to date reveals that patients with more favorable ECOG performance status (ECOG
PS 0) at treatment initiation respond better to Proleukin, with a higher response rate and lower toxicity (See “CLINICAL
PHARMACOLOGY” section, “CLINICAL STUDIES” section and “ADVERSE REACTIONS” section). Therefore,
selection of patients for treatment should include assessment of performance status.
Experience in patients with ECOG PS >1 is extremely limited.
CONTRAINDICATIONS
Proleukin® (aldesleukin) is contraindicated in patients with a known history of hypersensitivity to interleukin-2 or
any component of the Proleukin formulation.
Proleukin is contraindicated in patients with an abnormal thallium stress test or abnormal pulmonary function tests
and those with organ allografts. Retreatment with Proleukin is contraindicated in patients who have experienced
the following drug-related toxicities while receiving an earlier course of therapy:
• Sustained ventricular tachycardia (≥5 beats)
• Renal failure requiring dialysis >72 hours
• Cardiac arrhythmias not controlled or
• Coma or toxic psychosis lasting >48 hours
unresponsive to management
• Repetitive or difﬁcult to control seizures
• Chest pain with ECG changes, consistent with angina
• Bowel ischemia/perforation
or myocardial infarction
• GI bleeding requiring surgery
• Cardiac tamponade
• Intubation for >72 hours
WARNINGS
See boxed “WARNINGS”
Because of the severe adverse events which generally accompany Proleukin® (aldesleukin) therapy at the
recommended dosages, thorough clinical evaluation should be performed to identify patients with signiﬁcant
cardiac, pulmonary, renal, hepatic, or CNS impairment in whom Proleukin is contraindicated. Patients with normal
cardiovascular, pulmonary, hepatic, and CNS function may experience serious, life threatening or fatal adverse
events. Adverse events are frequent, often serious, and sometimes fatal.
Should adverse events, which require dose modiﬁcation occur, dosage should be withheld rather than reduced
(See “DOSAGE AND ADMINISTRATION” section, “Dose Modiﬁcations” subsection).
Proleukin has been associated with exacerbation of pre-existing or initial presentation of autoimmune disease and
inﬂammatory disorders. Exacerbation of Crohn’s disease, scleroderma, thyroiditis, inﬂammatory arthritis, diabetes
mellitus, oculo-bulbar myasthenia gravis, crescentic IgA glomerulonephritis, cholecystitis, cerebral vasculitis,
Stevens-Johnson syndrome and bullous pemphigoid, has been reported following treatment with IL-2.
All patients should have thorough evaluation and treatment of CNS metastases and have a negative scan prior to
receiving Proleukin therapy. New neurologic signs, symptoms, and anatomic lesions following Proleukin therapy have
been reported in patients without evidence of CNS metastases. Clinical manifestations included changes in mental
status, speech difﬁculties, cortical blindness, limb or gait ataxia, hallucinations, agitation, obtundation, and coma.
Radiological ﬁndings included multiple and, less commonly, single cortical lesions on MRI and evidence of demyelination.
Neurologic signs and symptoms associated with Proleukin therapy usually improve after discontinuation of Proleukin
therapy; however, there are reports of permanent neurologic defects. One case of possible cerebral vasculitis, responsive
to dexamethasone, has been reported. In patients with known seizure disorders, extreme caution should be exercised as
Proleukin may cause seizures.
PRECAUTIONS
General
Patients should have normal cardiac, pulmonary, hepatic, and CNS function at the start of therapy. (See
“PRECAUTIONS” section, “Laboratory Tests” subsection). Capillary leak syndrome (CLS) begins immediately after
Proleukin® (aldesleukin) treatment starts and is marked by increased capillary permeability to protein and ﬂuids and
reduced vascular tone. In most patients, this results in a concomitant drop in mean arterial blood pressure within
2 to 12 hours after the start of treatment. With continued therapy, clinically signiﬁcant hypotension (deﬁned as
systolic blood pressure below 90 mm Hg or a 20 mm Hg drop from baseline systolic pressure) and hypoperfusion will
occur. In addition, extravasation of protein and ﬂuids into the extravascular space will lead to the formation of edema
and creation of new effusions.
Medical management of CLS begins with careful monitoring of the patient’s ﬂuid and organ perfusion status.
This is achieved by frequent determination of blood pressure and pulse, and by monitoring organ function, which
includes assessment of mental status and urine output. Hypovolemia is assessed by catheterization and central
pressure monitoring.
Flexibility in ﬂuid and pressor management is essential for maintaining organ perfusion and blood pressure.
Consequently, extreme caution should be used in treating patients with ﬁxed requirements for large volumes of
ﬂuid (e.g., patients with hypercalcemia). Administration of IV ﬂuids, either colloids or crystalloids is recommended
for treatment of hypovolemia. Correction of hypovolemia may require large volumes of IV ﬂuids but caution is
required because unrestrained ﬂuid administration may exacerbate problems associated with edema formation
or effusions. With extravascular ﬂuid accumulation, edema is common and ascites, pleural or pericardial effusions
may develop. Management of these events depends on a careful balancing of the effects of ﬂuid shifts so
that neither the consequences of hypovolemia (e.g., impaired organ perfusion) nor the consequences of ﬂuid
accumulations (e.g., pulmonary edema) exceed the patient’s tolerance.

Clinical experience has shown that early administration of dopamine (1 to 5 mcg/kg/min) to patients manifesting
capillary leak syndrome, before the onset of hypotension, can help to maintain organ perfusion particularly to the
kidney and thus preserve urine output. Weight and urine output should be carefully monitored. If organ perfusion
and blood pressure are not sustained by dopamine therapy, clinical investigators have increased the dose of
dopamine to 6 to 10 mcg/kg/min or have added phenylephrine hydrochloride (1 to 5 mcg/kg/min) to low dose dopamine
(See “ADVERSE REACTIONS” section). Prolonged use of pressors, either in combination or as individual agents, at
relatively high doses, may be associated with cardiac rhythm disturbances. If there has been excessive weight gain
or edema formation, particularly if associated with shortness of breath from pulmonary congestion, use of
diuretics, once blood pressure has normalized, has been shown to hasten recovery. NOTE: Prior to the use of
any product mentioned, the physician should refer to the package insert for the respective product.
Proleukin® (aldesleukin) treatment should be withheld for failure to maintain organ perfusion as demonstrated by
altered mental status, reduced urine output, a fall in the systolic blood pressure below 90 mm Hg or onset of
cardiac arrhythmias (See “DOSAGE AND ADMINISTRATION” section, “Dose Modiﬁcations” subsection). Recovery
from CLS begins soon after cessation of Proleukin therapy. Usually, within a few hours, the blood pressure rises,
organ perfusion is restored and reabsorption of extravasated ﬂuid and protein begins.
Kidney and liver function are impaired during Proleukin treatment. Use of concomitant nephrotoxic or hepatotoxic
medications may further increase toxicity to the kidney or liver.
Mental status changes including irritability, confusion, or depression which occur while receiving Proleukin may be
indicators of bacteremia or early bacterial sepsis, hypoperfusion, occult CNS malignancy, or direct Proleukininduced CNS toxicity. Alterations in mental status due solely to Proleukin therapy may progress for several days
before recovery begins. Rarely, patients have sustained permanent neurologic deﬁcits (See “PRECAUTIONS”
section “Drug Interactions” subsection).
Exacerbation of pre-existing autoimmune disease or initial presentation of autoimmune and inﬂammatory disorders
has been reported following Proleukin alone or in combination with interferon (See “PRECAUTIONS” section
“Drug Interactions” subsection and “ADVERSE REACTIONS” section). Hypothyroidism, sometimes preceded by
hyperthyroidism, has been reported following Proleukin treatment. Some of these patients required thyroid replacement
therapy. Changes in thyroid function may be a manifestation of autoimmunity. Onset of symptomatic hyperglycemia
and/or diabetes mellitus has been reported during Proleukin therapy.
Proleukin enhancement of cellular immune function may increase the risk of allograft rejection in transplant patients.
Serious Manifestations of Eosinophilia
Serious manifestations of eosinophilia involving eosinophilic inﬁltration of cardiac and pulmonary tissues can occur
following Proleukin.
Laboratory Tests
The following clinical evaluations are recommended for all patients, prior to beginning treatment and then daily
during drug administration.
• Standard hematologic tests-including CBC, differential and platelet counts
• Blood chemistries-including electrolytes, renal and hepatic function tests
• Chest x-rays
Serum creatinine should be ≤1.5 mg/dL prior to initiation of Proleukin treatment.
All patients should have baseline pulmonary function tests with arterial blood gases. Adequate pulmonary function
should be documented (FEV1 >2 liters or ≥75% of predicted for height and age) prior to initiating therapy.
All patients should be screened with a stress thallium study. Normal ejection fraction and unimpaired wall
motion should be documented. If a thallium stress test suggests minor wall motion abnormalities further testing
is suggested to exclude signiﬁcant coronary artery disease.
Daily monitoring during therapy with Proleukin should include vital signs (temperature, pulse, blood pressure, and
respiration rate), weight, and ﬂuid intake and output. In a patient with a decreased systolic blood pressure,
especially less than 90 mm Hg, constant cardiac rhythm monitoring should be conducted. If an abnormal complex
or rhythm is seen, an ECG should be performed. Vital signs in these hypotensive patients should be taken hourly.
During treatment, pulmonary function should be monitored on a regular basis by clinical examination,
assessment of vital signs and pulse oximetry. Patients with dyspnea or clinical signs of respiratory impairment
(tachypnea or rales) should be further assessed with arterial blood gas determination. These tests are to be
repeated as often as clinically indicated.
Cardiac function should be assessed daily by clinical examination and assessment of vital signs. Patients
with signs or symptoms of chest pain, murmurs, gallops, irregular rhythm or palpitations should be further
assessed with an ECG examination and cardiac enzyme evaluation. Evidence of myocardial injury, including
ﬁndings compatible with myocardial infarction or myocarditis, has been reported. Ventricular hypokinesia due to
myocarditis may be persistent for several months. If there is evidence of cardiac ischemia or congestive heart failure,
Proleukin therapy should be held, and a repeat thallium study should be done.
Drug Interactions
Proleukin may affect central nervous function. Therefore, interactions could occur following concomitant
administration of psychotropic drugs (e.g., narcotics, analgesics, antiemetics, sedatives, tranquilizers).
Concurrent administration of drugs possessing nephrotoxic (e.g., aminoglycosides, indomethacin), myelotoxic (e.g.,
cytotoxic chemotherapy), cardiotoxic (e.g., doxorubicin) or hepatotoxic (e.g., methotrexate, asparaginase) effects with
Proleukin may increase toxicity in these organ systems. The safety and efﬁcacy of Proleukin in combination with any
antineoplastic agents have not been established.
In addition, reduced kidney and liver function secondary to Proleukin treatment may delay elimination of
concomitant medications and increase the risk of adverse events from those drugs.
Hypersensitivity reactions have been reported in patients receiving combination regimens containing sequential
high dose Proleukin and antineoplastic agents, speciﬁcally, dacarbazine, cis-platinum, tamoxifen and interferonalfa. These reactions consisted of erythema, pruritus, and hypotension and occurred within hours of administration
of chemotherapy. These events required medical intervention in some patients.
Myocardial injury, including myocardial infarction, myocarditis, ventricular hypokinesia, and severe rhabdomyolysis
appear to be increased in patients receiving Proleukin and interferon-alfa concurrently.
Exacerbation or the initial presentation of a number of autoimmune and inﬂammatory disorders has been observed
following concurrent use of interferon-alfa and Proleukin, including crescentic IgA glomerulonephritis, oculo-bulbar
myasthenia gravis, inﬂammatory arthritis, thyroiditis, bullous pemphigoid, and Stevens-Johnson syndrome.
Although glucocorticoids have been shown to reduce Proleukin-induced side effects including fever, renal
insufﬁciency, hyperbilirubinemia, confusion, and dyspnea, concomitant administration of these agents with
Proleukin may reduce the antitumor effectiveness of Proleukin and thus should be avoided.12
Beta-blockers and other antihypertensives may potentiate the hypotension seen with Proleukin.
Delayed Adverse Reactions to Iodinated Contrast Media
A review of the literature revealed that 12.6% (range 11-28%) of 501 patients treated with various interleukin-2
containing regimens who were subsequently administered radiographic iodinated contrast media experienced acute,
atypical adverse reactions. The onset of symptoms usually occurred within hours (most commonly 1 to 4 hours)
following the administration of contrast media. These reactions include fever, chills, nausea, vomiting, pruritus,
rash, diarrhea, hypotension, edema, and oliguria. Some clinicians have noted that these reactions resemble the
immediate side effects caused by interleukin-2 administration, however the cause of contrast reactions after
interleukin-2 therapy is unknown. Most events were reported to occur when contrast media was given within
4 weeks after the last dose of interleukin-2. These events were also reported to occur when contrast media was
given several months after interleukin-2 treatment.13
Carcinogenesis, Mutagenesis, Impairment of Fertility
There have been no studies conducted assessing the carcinogenic or mutagenic potential of Proleukin.
There have been no studies conducted assessing the effect of Proleukin on fertility. It is recommended that this
drug not be administered to fertile persons of either gender not practicing effective contraception.
Pregnancy
Pregnancy Category C.
Proleukin has been shown to have embryolethal effects in rats when given in doses at 27 to 36 times the
human dose (scaled by body weight). Signiﬁcant maternal toxicities were observed in pregnant rats administered
Proleukin by IV injection at doses 2.1 to 36 times higher than the human dose during critical period of
organogenesis. No evidence of teratogenicity was observed other than that attributed to maternal toxicity.
There are no adequate well-controlled studies of Proleukin in pregnant women. Proleukin should be used
during pregnancy only if the potential beneﬁt justiﬁes the potential risk to the fetus.
Nursing Mothers
It is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk
and because of the potential for serious adverse reactions in nursing infants from Proleukin, a decision should be
made whether to discontinue nursing or to discontinue the drug, taking into account the importance of the drug
to the mother.

Pediatric Use
Safety and effectiveness in children under 18 years of age have not been established.
Geriatric Use
There were a small number of patients aged 65 and over in clinical trials of Proleukin; experience is limited to
27 patients, eight with metastatic melanoma and nineteen with metastatic renal cell carcinoma. The response
rates were similar in patients 65 years and over as compared to those less than 65 years of age. The median
number of courses and the median number of doses per course were similar between older and younger
patients.
Proleukin is known to be substantially excreted by the kidney, and the risk of toxic reactions to this drug may
be greater in patients with impaired renal function. The pattern of organ system toxicity and the proportion of
patients with severe toxicities by organ system were generally similar in patients 65 and older and younger
patients. There was a trend, however, towards an increased incidence of severe urogenital toxicities and dyspnea
in the older patients.
ADVERSE REACTIONS
The rate of drug-related deaths in the 255 metastatic RCC patients who received single-agent Proleukin®
(aldesleukin) was 4% (11/255); the rate of drug-related deaths in the 270 metastatic melanoma patients who
received single-agent Proleukin was 2% (6/270).
The following data on common adverse events (reported in greater than 10% of patients, any grade), presented by
body system, decreasing frequency and by preferred term (COSTART) are based on 525 patients (255 with renal cell cancer
and 270 with metastatic melanoma) treated with the recommended infusion dosing regimen.
TABLE 3: ADVERSE EVENTS OCCURRING IN ≥10% OF PATIENTS (n=525)
Body System
Body as a Whole
Chills
Fever
Malaise
Asthenia
Infection
Pain
Abdominal pain
Abdomen enlarged
Cardiovascular
Hypotension
Tachycardia
Vasodilation
Supraventricular tachycardia
Cardiovascular disordera
Arrhythmia
Digestive
Diarrhea
Vomiting
Nausea
Stomatitis
Anorexia
Nausea and vomiting
Hemic and Lymphatic
Thrombocytopenia
Anemia
Leukopenia

%
Patients Body System
Metabolic and Nutritional Disorders
52
Bilirubinemia
29
Creatinine increase
27
Peripheral edema
23
SGOT increase
13
Weight gain
12
Edema
11
Acidosis
10
Hypomagnesemia
Hypocalcemia
71
Alkaline phosphatase increase
23
Nervous
13
Confusion
12
Somnolence
11
Anxiety
10
Dizziness
Respiratory
67
Dyspnea
50
Lung disorderb
35
Respiratory disorderc
22
Cough increase
20
Rhinitis
19
Skin and Appendages
Rash
37
Pruritus
29
Exfoliative dermatitis
16
Urogenital
Oliguria

%
Patients
40
33
28
23
16
15
12
12
11
10
34
22
12
11
43
24
11
11
10
42
24
18
63

a

Cardiovascular disorder: ﬂuctuations in blood pressure, asymptomatic ECG changes, CHF.
Lung disorder: physical ﬁndings associated with pulmonary congestion, rales, rhonchi.
c
Respiratory disorder: ARDS, CXR inﬁltrates, unspeciﬁed pulmonary changes.
b

The following data on life-threatening adverse events (reported in greater than 1% of patients, grade 4), presented
by body system, and by preferred term (COSTART) are based on 525 patients (255 with renal cell cancer and 270
with metastatic melanoma) treated with the recommended infusion dosing regimen.
TABLE 4: LIFE-THREATENING (GRADE 4) ADVERSE EVENTS (n= 525)
Body System
Body as a Whole
Fever
Infection
Sepsis
Cardiovascular
Hypotension
Supraventricular tachycardia
Cardiovascular disordera
Myocardial infarct
Ventricular tachycardia
Cardiac arrest
Digestive
Diarrhea
Vomiting
Hemic and Lymphatic
Thrombocytopenia
Coagulation disorderb
a
b
c

# (%)
Body System
Patients
Metabolic and Nutritional Disorders
5 (1%)
Bilirubinemia
7 (1%)
Creatinine increase
6 (1%)
SGOT increase
Acidosis
15 (3%) Nervous
3 (1%)
Confusion
7 (1%)
Stupor
7 (1%)
Coma
5 (1%)
Psychosis
4 (1%) Respiratory
Dyspnea
10 (2%)
Respiratory disorderc
7 (1%)
Apnea
Urogenital
5 (1%)
Oliguria
4 (1%)
Anuria
Acute kidney failure

# (%)
Patients
13 (2%)
5 (1%)
3 (1%)
4 (1%)
5 (1%)
3 (1%)
8 (2%)
7 (1%)
5 (1%)
14 (3%)
5 (1%)
33 (6%)
25 (5%)
3 (1%)

Cardiovascular disorder: ﬂuctuations in blood pressure.
Coagulation disorder: intravascular coagulopathy.
Respiratory disorder: ARDS, respiratory failure, intubation.

The following life-threatening (grade 4) events were reported by <1% of the 525 patients: hypothermia; shock;
bradycardia; ventricular extrasystoles; myocardial ischemia; syncope; hemorrhage; atrial arrhythmia; phlebitis;
AV block second degree; endocarditis; pericardial effusion; peripheral gangrene; thrombosis; coronary artery disorder;
stomatitis; nausea and vomiting; liver function tests abnormal; gastrointestinal hemorrhage; hematemesis; bloody
diarrhea; gastrointestinal disorder; intestinal perforation; pancreatitis; anemia; leukopenia; leukocytosis; hypocalcemia;
alkaline phosphatase increase; BUN increase; hyperuricemia; NPN increase; respiratory acidosis; somnolence;
agitation; neuropathy; paranoid reaction; convulsion; grand mal convulsion; delirium; asthma, lung edema;
hyperventilation; hypoxia; hemoptysis; hypoventilation; pneumothorax; mydriasis; pupillary disorder; kidney function
abnormal; kidney failure; acute tubular necrosis.
In an additional population of greater than 1,800 patients treated with Proleukin-based regimens using a variety of
doses and schedules (e.g., subcutaneous, continuous infusion, administration with LAK cells) the following serious
adverse events were reported: duodenal ulceration; bowel necrosis; myocarditis; supraventricular tachycardia; permanent
or transient blindness secondary to optic neuritis; transient ischemic attacks; meningitis; cerebral edema; pericarditis;
allergic interstitial nephritis; tracheo-esophageal ﬁstula.
In the same clinical population, the following fatal events each occurred with a frequency of <1%: malignant
hyperthermia; cardiac arrest; myocardial infarction; pulmonary emboli; stroke; intestinal perforation; liver or renal
failure; severe depression leading to suicide; pulmonary edema; respiratory arrest; respiratory failure. In patients
with both metastatic RCC and metastatic melanoma, those with ECOG PS of 1 or higher had a higher treatmentrelated mortality and serious adverse events.
Most adverse reactions are self-limiting and, usually, but not invariably, reverse or improve within 2 or 3 days of
discontinuation of therapy. Examples of adverse reactions with permanent sequelae include: myocardial infarction,
bowel perforation/infarction, and gangrene.
Immunogenicity
Serum samples from patients in the clinical studies were tested by enzyme-linked immunosorbent assay (ELISA) for
anti-aldesleukin antibodies. Low titers of anti-aldesleukin antibodies were detected in 57 of 77 (74%) patients with
metastatic renal cell carcinoma treated with an every 8-hour PROLEUKIN regimen and in 33 of 50 (66%) patients
with metastatic melanoma treated with a variety of intravenous regimens. In a separate study, the effect of
immunogenicity on the pharmacokinetics of aldesleukin was evaluated in 13 patients. Following the ﬁrst cycle of
therapy, comparing the geometric mean aldesleukin exposure (AUC) Day 15 to Day 1, there was an average 68%
increase in 11 patients who developed anti-aldesleukin antibodies and no change was observed in the antibodynegative patients (n=2). Overall, neutralizing antibodies were detected in 1 patient. The impact of antialdesleukin
antibody formation on clinical efﬁcacy and safety of Proleukin is unknown.

Immunogenicity assay results are highly dependent on several factors including assay sensitivity and speciﬁcity,
assay methodology, sample handling, timing of sample collection, concomitant medications, and underlying
disease. For these reasons, comparison of incidence of antibodies to PROLEUKIN with the incidence of
antibodies to other products may be misleading.
Post Marketing Experience
The following adverse reactions have been identiﬁed during post-approval use of Proleukin. Because these
reactions are reported voluntarily from a population of uncertain size, it is not always possible to reliably estimate
their frequency or establish a causal relationship to drug exposure.
• Blood and lymphatic system: neutropenia, febrile neutropenia, eosinophilia, lymphocytopenia
• Cardiac: cardiomyopathy, cardiac tamponade
• Endocrine: hyperthyroidism
• Gastrointestinal: gastritis, intestinal obstruction, colitis
• General and administration site conditions: injection site necrosis
• Hepatobiliary: hepatitis, hepatosplenomegaly, cholecystitis
• Immune system: anaphylaxis, angioedema, urticaria
• Infections and infestations: pneumonia (bacterial, fungal, viral), fatal endocarditis, cellulitis
• Musculoskeletal and connective tissue: myopathy, myositis, rhabdomyolysis
• Nervous system: cerebral lesions, encephalopathy, extrapyramidal syndrome, neuralgia, neuritis,
demyelinating neuropathy
• Psychiatric: insomnia
• Vascular: hypertension, fatal subdural and subarachnoid hemorrhage, cerebral hemorrhage,
retroperitoneal hemorrhage
Exacerbation or initial presentation of a number of autoimmune and inﬂammatory disorders have been reported (See
“WARNINGS” section, “PRECAUTIONS” section, “Drug Interactions” subsection). Persistent but nonprogressive
vitiligo has been observed in malignant melanoma patients treated with interleukin-2. Synergistic, additive and
novel toxicities have been reported with Proleukin used in combination with other drugs. Novel toxicities include
delayed adverse reactions to iodinated contrast media and hypersensitivity reactions to antineoplastic agents (See
“PRECAUTIONS” section, “Drug Interactions” subsection).
Experience has shown the following concomitant medications to be useful in the management of patients on
Proleukin therapy: a) standard antipyretic therapy, including nonsteroidal anti-inﬂammatories (NSAIDs), started
immediately prior to Proleukin to reduce fever. Renal function should be monitored as some NSAIDs may cause
synergistic nephrotoxicity; b) meperidine used to control the rigors associated with fever; c) H2 antagonists given
for prophylaxis of gastrointestinal irritation and bleeding; d) antiemetics and antidiarrheals used as needed to
treat other gastrointestinal side effects. Generally these medications were discontinued 12 hours after the last
dose of Proleukin.
Patients with indwelling central lines have a higher risk of infection with gram positive organisms.9-11 A reduced
incidence of staphylococcal infections in Proleukin studies has been associated with the use of antibiotic
prophylaxis which includes the use of oxacillin, nafcillin, ciproﬂoxacin, or vancomycin. Hydroxyzine or
diphenhydramine has been used to control symptoms from pruritic rashes and continued until resolution of
pruritus. Topical creams and ointments should be applied as needed for skin manifestations. Preparations
containing a steroid (e.g., hydrocortisone) should be avoided. NOTE: Prior to the use of any product
mentioned, the physician should refer to the package insert for the respective product.
OVERDOSAGE
Side effects following the use of Proleukin® (aldesleukin) appear to be dose-related. Exceeding the recommended
dose has been associated with a more rapid onset of expected dose-limiting toxicities. Symptoms which persist
after cessation of Proleukin should be monitored and treated supportively. Life-threatening toxicities may be
ameliorated by the intravenous administration of dexamethasone, which may also result in loss of the therapeutic
effects of Proleukin.12 NOTE: Prior to the use of dexamethasone, the physician should refer to the package
insert for this product.
DOSAGE AND ADMINISTRATION
The recommended Proleukin® (aldesleukin) treatment regimen is administered by a 15-minute intravenous
infusion every 8 hours. Before initiating treatment, carefully review the “INDICATIONS AND USAGE”,
“CONTRAINDICATIONS”, “WARNINGS”, “PRECAUTIONS”, and “ADVERSE REACTIONS” sections, particularly
regarding patient selection, possible serious adverse events, patient monitoring and withholding dosage. The
following schedule has been used to treat adult patients with metastatic renal cell carcinoma (metastatic RCC) or
metastatic melanoma. Each course of treatment consists of two 5-day treatment cycles separated by a rest period.
600,000 International Units/kg (0.037 mg/kg) dose administered every 8 hours by a 15-minute intravenous
infusion for a maximum of 14 doses. Following 9 days of rest, the schedule is repeated for another 14 doses, for a
maximum of 28 doses per course, as tolerated. During clinical trials, doses were frequently withheld for toxicity
(See “CLINICAL STUDIES” section and “Dose Modiﬁcations” subsection). Metastatic RCC
patients treated with this schedule received a median of 20 of the 28 doses during the ﬁrst course of therapy.
Metastatic melanoma patients received a median of 18 doses during the ﬁrst course of therapy.
Retreatment
Patients should be evaluated for response approximately 4 weeks after completion of a course of therapy and
again immediately prior to the scheduled start of the next treatment course. Additional courses of treatment
should be given to patients only if there is some tumor shrinkage following the last course and retreatment is
not contraindicated (See “CONTRAINDICATIONS” section). Each treatment course should be separated by a rest
period of at least 7 weeks from the date of hospital discharge.
Dose Modiﬁcations
Dose modiﬁcation for toxicity should be accomplished by withholding or interrupting a dose rather than reducing
the dose to be given. Decisions to stop, hold, or restart Proleukin therapy must be made after a global assessment
of the patient. With this in mind, the following guidelines should be used:
Retreatment with Proleukin is contraindicated in patients who have experienced the following toxicities:
Body System
Cardiovascular
Sustained ventricular tachycardia (≥5 beats)
Cardiac rhythm disturbances not controlled or unresponsive to management
Chest pain with ECG changes, consistent with angina or myocardial infarction
Cardiac tamponade
Respiratory
Intubation for >72 hours
Urogenital
Renal failure requiring dialysis >72 hours
Nervous
Coma or toxic psychosis lasting >48 hours
Repetitive or difﬁcult to control seizures
Digestive
Bowel ischemia/perforation
GI bleeding requiring surgery

Urogenital

Digestive

Skin

Serum creatinine >4.5 mg/dL or a serum
creatinine of ≥4 mg/dL in the presence of
severe volume overload, acidosis, or
hyperkalemia
Persistent oliguria, urine output of <10
mL/hour for 16 to 24 hours with rising
serum creatinine
Signs of hepatic failure including
encephalopathy, increasing ascites, liver
pain, hypoglycemia

Serum creatinine <4 mg/dL and ﬂuid and
electrolyte status is stable

Stool guaiac repeatedly >3-4+
Bullous dermatitis or marked worsening
of pre-existing skin condition, avoid
topical steroid therapy

Stool guaiac negative
Resolution of all signs of bullous dermatitis

Urine output >10 mL/hour with a decrease of
serum creatinine >1.5 mg/dL or normalization
of serum creatinine
All signs of hepatic failure have resolved*

* Discontinue all further treatment for that course. A new course of treatment, if warranted, should be initiated no sooner than 7 weeks after
cessation of adverse event and hospital discharge.

Reconstitution and Dilution Directions: Reconstitution and dilution procedures other than those recommended
may alter the delivery and/or pharmacology of Proleukin and thus should be avoided.
1. Proleukin® (aldesleukin) is a sterile, white to off-white, preservative-free, lyophilized powder suitable for
IV infusion upon reconstitution and dilution. EACH VIAL CONTAINS 22 MILLION International Units
(1.3 mg) OF PROLEUKIN AND SHOULD BE RECONSTITUTED ASEPTICALLY WITH 1.2 mL OF STERILE
WATER FOR INJECTION, USP. WHEN RECONSTITUTED AS DIRECTED, EACH mL CONTAINS 18
MILLION International Units (1.1 mg) OF PROLEUKIN. The resulting solution should be a clear, colorless
to slightly yellow liquid. The vial is for single-use only and any unused portion should be discarded.
2. During reconstitution, the Sterile Water for Injection, USP should be directed at the side of the vial and
the contents gently swirled to avoid excess foaming. DO NOT SHAKE.
3. The dose of Proleukin, reconstituted with Sterile Water for Injection, USP (without preservative) should be
diluted aseptically in 50 mL of 5% Dextrose Injection, USP (D5W) and infused over a 15-minute period.
In cases where the total dose of Proleukin is 1.5 mg or less (e.g., a patient with a body weight of less
than 40 kilograms), the dose of Proleukin should be diluted in a smaller volume of D5W. Concentrations
of Proleukin below 0.03 mg/mL and above 0.07 mg/mL have shown increased variability in drug
delivery. Dilution and delivery of Proleukin outside of this concentration range should be avoided.
4. Glass bottles and plastic (polyvinyl chloride) bags have been used in clinical trials with comparable
results. It is recommended that plastic bags be used as the dilution container since experimental
studies suggest that use of plastic containers results in more consistent drug delivery. In-line ﬁlters
should not be used when administering Proleukin.
5. Before and after reconstitution and dilution, store in a refrigerator at 2° to 8°C (36° to 46°F). Do not
freeze. Administer Proleukin within 48 hours of reconstitution. The solution should be brought to room
temperature prior to infusion in the patient.
6. Reconstitution or dilution with Bacteriostatic Water for Injection, USP, or 0.9% Sodium Chloride Injection,
USP should be avoided because of increased aggregation. Proleukin should not be coadministered with
other drugs in the same container.
7. Parenteral drug products should be inspected visually for particulate matter and discoloration prior to
administration, whenever solution and container permit.
HOW SUPPLIED
Proleukin® (aldesleukin) is supplied in individually boxed single-use vials. Each vial contains 22 million
International Units of Proleukin. Discard unused portion.
NDC 65483-116-07
Individually boxed single-use vial
Store vials of lyophilized Proleukin in a refrigerator at 2° to 8°C (36° to 46°F). PROTECT FROM LIGHT. Store in carton
until time of use.
Reconstituted or diluted Proleukin is stable for up to 48 hours at refrigerated and room temperatures, 2° to 25°C
(36° to 77°F). However, since this product contains no preservative, the reconstituted and diluted solutions
should be stored in the refrigerator.
Do not use beyond the expiration date printed on the vial. NOTE: This product contains no preservative.
Rx Only
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EDITOR’S MEMO

Is Precision Medicine the Wave of the
Future or a Cautionary Tale?

F

rom scientific symposia and journal articles to blogs, podcasts, apps, teleconferences and roundtable discussions, the
term “precision medicine” seems to be as ubiquitous as the
daily unsolicited emails physicians generally delete on any number of topics. Call it “precision medicine” or “personalized medicine,” few avenues of clinical research in oncology have
generated as much excitement and hope. And yet, the entire
field is a cautionary tale. Yes, it has achieved some incredible
milestones over the years and is poised to bring us closer to enRobert A. Figlin, MD
hanced treatment strategies and improved outcomes. But how
much of the progress is illusory?
Precision medicine has had some setbacks, notably in efforts to bring forth
more effective vaccine strategies. For example, there have been three negative
trials thus far of viral vectors that test vaccines in kidney cancer, transgene
TG4010, MVA-5T4 and IMA901. These have, unfortunately, spanned the last
decade in testing so it has been problematic to determine which tumor antigens
are the optimal ones to target, which we should present to T cells to activate them,
and which particular tumor antigens we should go after. The transgene virus vector presents a specific tumor antigen and there is one from the IMA901 study that
presents about 10 different tumor antigens, but they are all prespecified and offthe-shelf. There has been one from Argos Therapeutics that is a dendritic cell vaccine, which takes both dendritic cells as well as tumor RNA from patients directly
and integrates those, so that, when infused into the patient, the dendritic cells
will activate the T cells based on the patient’s repertoire of tumor antigens.
That one showed promising results in the ADAPT phase 2 study and was undergoing a phase 3 trial in combination with sunitinib in the first-line setting.
However, the company terminated its Phase 3 ADAPT trial assessing lead candidate
Rocapuldencel-T, combined with sunitinib/standard-of-care, in newly diagnosed
patients with metastatic renal cell carcinoma (RCC). The company made its decision after interim results indicated poor prospects of success. Despite these disappointing results, there are still more vaccine trials with reasonable prospects of
showing benefit and their data could provide encouraging data. Overall, it is far
too soon to rush to judgement on the viability of vaccines for kidney cancer. Too
soon to count them out, but the results generally have not given us much to cheer
about.
There is much more optimism surrounding the use of molecular biomarkers,
not only to unravel more of the unknown characteristics of the tumor microenvironment, but to point the way toward improvements in prognostic models and
selection of therapies . We are moving past the time—with its roots in the interferon era—when we rely primarily on clinicopathological variables like Karnofsky
status to shape prognostic models such as the International Metastatic Renal Cell
(continued on page 127)
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Essential Peer-Reviewed Reading in Kidney Cancer
The peer-reviewed articles summarized in this section were selected by the
Editor-in-Chief, Robert A. Figlin, MD, for their timeliness, importance, relevance,
and potential impact on clinical practice or translational research.
Emerging role of combination immunotherapy in the
first-line treatment of advanced renal cell carcinoma:
a review. George S, Rini BI, Hammers HJ. JAMA Oncol.
2018 Nov 21; doi: 10.1001/jamaoncol.2018.4604
Summary: Novel immunotherapies, notably the immune
checkpoint inhibitors, have been shown to be efficacious
in patients with advanced renal cell carcinoma (RCC), but
innate or adaptive resistance is observed with single-agent
immunotherapy. New combination treatment strategies
are needed that can improve efficacy in a broader patient
population, without exacerbating the toxic effects.
Numerous late-phase trials are ongoing to investigate (1)
dual immune checkpoint inhibition or (2) combined
inhibition of immune checkpoints and vascular endothelial growth factor. Initial results from studies of the
nivolumab plus ipilimumab and atezolizumab plus bevacizumab combinations have demonstrated efficacy compared with sunitinib malate in treatment-naïve patients
with advanced renal cell carcinoma; moreover, the safety
profile of these combinations compare favorably with
sunitinib. Nevertheless, immune checkpoint inhibition is
associated with unique immune-related adverse events.
Conclusion: Evidence suggests that immunotherapy-based
combination regimens will be an important addition to
the treatment of advanced renal cell carcinoma in both
the first- and later-line setting; however, clinical study
data and clinical practice experience indicate that
optimizing the management of the associated immunerelated adverse events is essential to maximizing the
advantages of these therapies.
Cost-effectiveness of nivolumab plus ipilimumab as
first-line therapy in advanced renal-cell carcinoma.
Wu B, Zhang Q, Sun J. J Immunother Cancer. 2018 Nov
20;6(1):124. doi: 10.1186/s40425-018-0440-9.
Summary: The current study aimed to assess the costeffectiveness of nivolumab plus ipilimumab for first-line
treatment of advanced RCC from the payer perspectives
high- and middle-income regions. A decision-analytic
model was constructed to evaluate the health and economic outcomes of first-line sunitinib and nivolumab
plus ipilimumab treatment associated with advanced
RCC. The clinical and utility data were obtained from
published reports. The cost data were acquired for the
payer perspectives of the United States (US), United Kingdom (UK), and China. Sensitivity analyses were performed
to test the uncertainties of the results. Quality-adjusted
life-years (QALYs) and incremental cost-effectiveness
ratios (ICERs) were used. Nivolumab plus ipilimumab
gained 0.70-0.76 QALYs compared with sunitinib. The
analysis determined the following ICERs for nivolumab
plus ipilimumab over sunitinib in first-line advanced RCC
treatment: US $ 85,506 /QALY; UK $ 126,499/QALY; and
China $ 4682/QALY. Sensitivity analyses found the model
outputs to be most affected for body weight and for the

prices of nivolumab, sunitinib and ipilimumab.
Conclusion: Nivolumab plus ipilimumab as first-line
treatment could gain more health benefits for advanced
RCC in comparison with standard sunitinib, which is
considered to be cost-effective in the US and China but
not in the UK.
The identification of immunological biomarkers in
kidney cancers. Lopez-Beltran A, Henriques V,
Cimadamore A, et al. Front Oncol. 2018 Nov 2;8:456.
doi: 10.3389/fonc.2018.00456
Summary: RCC includes a large group of tumor entities,
each of them with different genetic and mutational alterations, but also showing different clinical behavior; a
reason behind the need for a subtype specific personalized
approach to therapy of RCC. Due to the combination of
potent treatment success and potentially deadly adverse
effects from immune checkpoint inhibitors (ICI), gathering prognostic and predictive information about FDAindicated tumors seems to be prudent. Robust and reliable
biomarkers are crucial for patient’s selection of treatments
with immunomodulatory drugs. PD-L1 expression is a
poor prognostic factor and predictive of better responses
from both PD-1 and PD-L1 inhibitors in a variety of
tumor types including RCC. Each FDA approved PD-1/PDL1 drug is paired with a PD-L1 Immunohistochemistry
(IHC) assay. Thus, there is need for improved knowledge
and application of PD-1/PD-L1 IHC biomarkers in daily
practice. IHC staining appears in membranous fashion.
Conclusion: The atezolizumab approved IHC assay is
unique in that only immune cell staining is quantified
for the use of this assay in RCC. A single biomarker for
patient selection may not be feasible, given that immune
responses are dynamic and evolve over time. Biomarker
development for ICI drugs will likely require integration
of multiple biologic components like PD-L1 expression,
TILs and mutational load. New methodological approaches based on digital pathology may be relevant since
they will allow recognition of the biomarker and to objectively quantitate its expression, and therefore might produce objective and reproducible cut-off assessment.
Multidisciplinary approach is very much needed to fully
develop the current and future value of ICI in clinical
practice.
Genomically annotated risk model for advanced renalcell carcinoma: a retrospective cohort study. Voss MH,
Reising A, Cheng Y, et al. Lancet Oncol. 2018 Nov 8. pii:
S1470-2045(18)30648-X.
Summary: Several mutations, including BAP1 and
PBRM1, have prognostic value in renal-cell carcinoma.
Using two independent clinical trial datasets of patients
with metastatic renal-cell carcinoma, this study aimed to
determine whether the addition of the mutation status for
several candidate prognostic genes to the MSKCC model
(continued on page 124)
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Newsworthy, late-breaking information from Web-based
sources, professional societies, and government agencies
KEYNOTE-426: Pivotal Study Hits Two Benchmarks,
Improvements in PFS, OS
A pivotal phase 3 trial investigating a combination of antiPD-1 therapy Keytruda and Pfizer’s tyrosine kinase inhibitor
Inlyta has shown a significant benefit on both overall (OS)
and progression-free survival (PFS) in patients with kidney
cancer.
The KEYNOTE-426 reportedly met both primary endpoints in demonstrating statistically significant and clinically meaningful increases in OS and PFS in the first-line
treatment of advanced or metastatic renal cell carcinoma
(RCC), compared to sunitinib monotherapy.
The study also met the key secondary endpoint of
objective response rate (ORR), with significant improvements for the Keytruda (pembrolizumab)/Inlyta (axitinib)
combination compared with sunitinib. Results for OS, PFS
and ORR were consistent regardless of PD-L1 expression
and across all risk groups, while the safety profile of the
combination “was generally consistent with that observed
in previously reported studies for each therapy,” according
to Merck.
$20 Million for Kidney Cancer Research
Congress appropriated $10 million to establish the Kidney
Cancer Research Program (KCRP) in 2017. The appropriation was increased to $15 million for 2018, and $20 million
for 2019. The amounts were included in the passage of a
Defense Appropriations bill.
SEER-Based Study Tracks RCC Trends:
Plateau in Incidence, Decline in Mortality
Despite an overall increase in the incidence of RCC over
two decades, there has been a recent plateau in RCC
incidence rates with a significant decrease in mortality.
Investigation of incidence and mortality trends of RCC
in the US using the cell Surveillance, Epidemiology, and
End Results (SEER) database found some good news—
a plateau of cases since 2008 and a drop in mortality since
2012. The 13 SEER registries were accessed for RCC cases
diagnosed between 1992 and 2015
A total of 104,584 RCC cases were reviewed, with
47,561 deaths. The overall incidence was 11.281 per
100,000 person-years. Incidence increased by 2.421% per
year (95% confidence interval, 2.096, 2.747; P < .001) but
later became stable since 2008. However, the incidence
of clear-cell subtype continued to increase (1.449%; 95%
confidence interval, 0.216, 2.697; P = .024). RCC overall
mortality rates have been declining since 2001. However,
mortality associated with distant RCC only started to
decrease in 2012, with an annual percentage change of
18.270% (95% confidence interval, −28.775, −6.215;
P = .006).

Tivozanib, a TKI, Continues Its Comeback—
at Least in Europe
Tivozanib (Fotivda) has been included in the upcoming
European Society of Medical Oncology (ESMO) clinical
practice guidelines for advanced renal cell carcinoma
(aRCC), anticipated to be published at the end of this year.
The outline of the new proposed guidelines was presented
at the ESMO 2018 Congress in Munich and indicated that
tivozanib will be included as a first-line treatment recommendation for aRCC clear cell histology patients. The
update will position tivozanib as a treatment standard for
good (or favorable) risk patients with a Class IIa recommendation, and a treatment option for intermediate risk
patients with a Class IIb recommendation.
Tivozanib was originally evaluated in the TIVO-1 phase
3 trial as a first-line therapy in RCC going head to head
against sorafenib. Despite that, trial results appeared to
meet the primary end point (improvement in median
progression-free survival (PFS), approval has only been
granted by the EMEA for use in the EU. In the US, the FDA
failed to approve tivozanib given questions about the
TIVO-1 trial that includes the study’s cross-over design and
its failure to show a significant survival benefit. In a second
attempt to gain tivozanib approval in the US, AVEO has
undertaken a new phase 3 trial named TIVO-3. Like TIVO-1
the trial design is once again a head to head trial against
sorafenib, but this time in third line (failed two prior therapies) instead of first-line patients (or those who haven’t
been previously treated). The TIVO-3 trial is now fully
enrolled and despite some delays is expected to read out
soon.
NCCN Updates Clinical Practice Guidelines
to Include New Recommendations for
Cabozantinib Tablets
The National Comprehensive Cancer Network (NCCN)
updated its Clinical Practice Guidelines to include new
recommendations for cabozantinib (CABOMETYX tablets.
With the updates, cabozantinib is recommended by the
NCCN for the treatment of advanced RCC regardless of
patient risk status (favorable-, intermediate-, and poorrisk).
Key highlights from the updated NCCN Clinical Practice Guidelines for Kidney Cancer include:
• Cabozantinib is the only preferred tyrosine kinase inhibitor (TKI) treatment option for first-line patients in the
poor- and intermediate-risk groups (Category 2A).
• Cabozantinib is a recommended first-line treatment option for favorable-risk patients (Category 2B).
• The agent is the only preferred TKI treatment option for
previously treated patients (Category 1).
Cabozantinib is the only TKI indicated for the treatment
of advanced kidney cancer with NCCN-preferred status for
(continued on page 126)
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Introduction
Small renal masses (SRM), defined as solid cortical neoplasms of the kidney less than 4 cm, comprise approximately 40% of all newly diagnosed renal tumors and are
most-often detected incidentally when working up another medical complaint.1-4 The discovery of a SRM presents a substantial challenge to patients and their healthcare providers. Given the biological heterogeneity of
SRMs, it is often difficult to determine preoperatively
whether a SRM is a benign lesion, an indolent malignant
tumor, or, most worrisome, an aggressive malignancy
(Figure). Consequently, a significant number of patients
with small benign masses undergo unnecessary nephrectomy in the US yearly.5
Active surveillance (AS) with rigorous clinical followup and scheduled serial imaging has emerged over the
past decade as a safe management strategy in patients
with SRMs and particularly those with indolent or lowgrade disease. Recent evidence, however, shows that the
adoption of AS for SRMs has been outpaced by robotic
surgical extirpation and that the diffusion of robotic technology is propagating overtreatment of SRMs.6 To minimize this, better patient selection criteria for guiding the
decision to undergo AS versus primary intervention need
to be defined, and AS protocols should be optimized. In
this review, we will discuss the lessons learned over the
past years in AS with particular focus on our experience
with the Delayed Intervention and Surveillance for Small
Renal Masses (DISSRM) registry.
Rethinking Growth Rates and Progression
Establishing optimal criteria for patient selection for AS
and identifying proper triggers for delayed intervention
remain a challenge in the management of SRMs. While
Keywords: small renal masses (SRM), benign lesion, malignant tumor,
DISSRM registry, active surveillance, renal mass biopsy, growth rate,
pulmonary imaging.
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SRMs generally grow slowly, linear growth rate, which is
the change in maximum tumor diameter over time and
usually expressed in cm/year, is believed to be an objective parameter for guiding patient treatment and currently serves as the most commonly used metric for
recommending intervention in patients managed by AS.7
An up-to-date and robust systematic review showed
that linear tumor growth rate varied dramatically among
published series on AS for localized renal masses.8 The authors reported a median linear growth rate of 0.37
cm/year (IQR 0.15-0.7) for clinically localized renal
masses (cT1-2); in patients with cT1a masses (SRMs), median growth rate was 0.22 cm/year (IQR 0.11-0.27), and
in those with cT1b-2 masses, it was 0.45 cm/year (0.34
and 0.57 in 2 series). Recent prospective data from the
Fox Chase Cancer Center (FCCC) indicate a median
growth rate of 0.19 cm/year for localized renal masses.9
In two major prospective experiences with AS specifically
for SRMs, the DISSRM registry10 and the Renal Cell Carcinoma Consortium of Canada (RCCC)11, median linear
tumor growth rates appear to be similarly low at 0.09 and
0.12 cm/year, respectively.12,13 It is important to note,
however, that a significant proportion of SRM patients
on AS have zero or negative growth rates. In fact, contemporary data on growth rate outcomes suggest that
most SRMs demonstrate non-linear growth over time,
with alternating periods of positive, zero, and negative
growth.12 Mir, et al. reported that zero tumor growth
ranged from 10% to 44% in currently published series.8
An updated DISSRM analysis of growth kinetics revealed
that 41% of masses (n = 114) had a zero or negative
growth rate.12 Similarly, 33% and 36% of SRMs in the
RCCC and the FCCC experiences were found to have zero
or negative growth.9,13
Progression in the prospective DISSRM registry is defined as any of the following: (1) linear growth rate >0.5
cm/year, (2) greatest tumor diameter >4.0 cm, (3) evidence of metastatic disease, or (4) elective crossover (due
to change in patient preference or improvement in patient health status)10; all these currently represent indications for delayed intervention in SRM patients
managed by AS.

(A) Axial view of a 0.9 cm SRM

(D) Axial view of a 3.8 cm SRM

(B) Axial view of a 2.7 cm SRM

(E) Coronal view of a 3.8 cm SRM

Figure. CT images of different SRMs (≤4 cm) at initial
presentation illustrating their high heterogeneity and
size variation.

(C) Coronal view of a 2.7 cm SRM
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The latest report on intermediate-term outcomes from
DISSRM (n = 317 on AS) at median follow-up of 2.9 years
(including 203 patients with follow-up of >5 years) indicated that 5-year and 7-year progression-free survival rates
were 76% and 48%, respectively.14 Approximately onethird of progressions (n = 20, 30.3%) were elevated linear
growth rates in patients who did not undergo intervention. The remaining two-thirds were mostly crossover
events from AS to delayed intervention (n = 46, 68.2%);
half of those (n = 24, 52.2%) were clinically indicated,
while the others (n = 22, 47.8%) were elective and mostly
based on patient preference. Almost all the clinically indicated crossover events (n = 23, 96%) were due to growth
rate >0.5 cm/year.
Given this impact of elevated growth rate, patients
who pursued delayed intervention were expectedly found
to have a significantly greater median growth rate compared to those who remained on AS (0.38 vs 0.05 cm/year,
p<0.001).15 Similar findings were established in the systematic review by Mir, et al.; relative to overall median
linear growth rates, higher rates were reported when only
subgroups of patients who underwent delayed intervention were analyzed (0.73 cm/year (IQR 0.25-1.35) versus
the previously stated 0.37 cm/year in the cT1-2 cohort
and 0.62 cm/year (IQR 0.30-0.88) versus the previously
stated 0.22 cm/year in the cT1a cohort).8 In the analysis
by McIntosh, et al., patients with an elevated growth rate
were significantly more likely to undergo delayed intervention compared to those with a low or zero growth
rate, but cancer-specific survival persisted at 99% in both
cohorts.9 Therefore, elevated growth rate, as a sole factor,
appears to be the most prominent trigger for progression
and delayed intervention in AS cohorts but may not indicate true metastatic potential of a SRM.
Oncologic outcomes, namely progression to metastatic disease and cancer-specific death, do not seem to be
influenced by tumor growth rate. In a systematic review
of SRMs progressing to metastases under AS, the rate of
metastatic progression was significantly low at 2%; a
pooled analysis of the metastatic renal masses showed
that 23% of lesions displayed no evidence of growth.7
Mir, et al. demonstrated in their review that linear growth
rate among patients who experienced progression to
metastatic disease was similar to the overall growth rate
of clinically localized renal masses.
In the DISSRM registry, despite the previously reported
high progression rates resulting mainly from tumor
growth rate >0.5 cm/year, oncologic outcomes remained
excellent; the cancer-specific survival rate at 7 years was
still 100%, and none of the patients (0%) experienced
metastatic progression.14,15 Similarly, the RCCC prospective experience found no association of SRM growth rate
with any predictors of or progression to metastatic disease.13,16 Furthermore, as noted earlier, McIntosh, et al.
highlighted that while an elevated growth rate was associated with delayed intervention, it had no impact on oncologic outcomes; the 5-year cancer-specific mortality was
1.2% (95% CI: 0.4-2.8%) without any correlation to
growth rate, and only 1 of 99 (1%) patients on AS for
longer than 5 years developed metastases.9
In patients who undergo delayed surgical intervention, RCC is identified in the majority (up to 90%) of
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pathology reports.8,15 Because increased linear growth rate
is known to be the major trigger for intervention, a direct
correlation between growth rate and malignant biology
is assumed. While prior retrospective analyses have
demonstrated elevated tumor growth rate as a predictor
of adverse pathologic outcomes, these analyses were inherently subject to retrospective biases and lacked the rigorous inclusion criteria and standardized follow-up
protocols of AS programs.17-19
Our recent understanding suggests that both benign
and malignant lesions can grow at similar rates or not at
all, underlining that growth alone is not an indicator of
histology.11,20,21 Among AS patients who underwent percutaneous renal biopsy in the DISSRM registry, growth
rate was not significantly associated with tumor pathology.12 Moreover, in those who crossed over to receive delayed surgical intervention, no difference in the proportion of RCC histology, high-grade disease, or pT3 upstaging based on growth rate has been found upon
histopathologic analysis.15 We, therefore, believe that an
absolute growth rate threshold might not be a reliable
predictor of malignant potential.
The growth rate of SRMs on AS has been shown to be
variable. This variability was found to be highest within
the first year of follow-up and appeared to dampen with
increasing time.12 The high variability did not seem to reflect tumor biology and was likely the result of random
measurement error; as there were few available images to
use early in AS for assessing tumor size in a short interval,
mathematical artifacts would have been introduced from
extrapolation to longer times. Most SRMs that demonstrated elevated growth rates in the first 6 months did not
do so at future interval follow-up or on repeat imaging.12
It is important to note here, however, that patients
who underwent delayed intervention in the DISSRM registry stayed for a median of 12 months (IQR 5.5-23.6)
only on AS before crossing over15; in other words, 50% of
patients who pursued delayed intervention did so within
the first year of follow-up, and while the decision was
based on personal preferences for some of them (elective
crossovers), a significant proportion of patients actually
crossed over due to an elevated growth rate that was interpreted in the period of highest variability. Therefore,
when an elevated growth rate is encountered in the first
year of AS, we recommend avoiding reflex intervention,
given the high tumor growth rate variability and the low
metastatic potential of SRMs. We also believe that short
interval repeat imaging and/or renal mass biopsy should
be considered as they could prove helpful in this scenario.
Given our experience thus far with AS, we feel it is
worth rethinking and re-evaluating the importance of
SRM linear growth rate in the context of our current definitions of progression and triggers for intervention. As
discussed in this review, tumor growth rate predicts intervention but is a poor indicator of malignant biology
or metastatic potential. Overall tumor size, on the other
hand, has been shown to be the greatest predictor of malignant histology, aggressive pathology, and oncologic
outcomes10,22,23; we, thus, recommend intervention based
on this metric. Given that most SRMs demonstrate nonlinear growth, recent data showed that multiple consecutive positive growth periods were positively associated

with unfavorable pathology.24 While these hypothesisgenerating data warrant validation, the number of positive growth periods may be a new reasonable parameter
for malignant potential in patients undergoing AS for
SRMs and could be utilized to initiate delayed intervention. Lastly, it is essential to recognize that the growth
rate cutoff of >0.5 cm/year was based on retrospective
data; as such, a more relevant biological threshold may
exist and differ than this. Alternatively, a growth rate
threshold could be used to trigger a biopsy, biomarker, or
novel imaging modality parameter, rather than surgical
intervention.

Renal Mass Biopsy
The role of percutaneous renal mass biopsy (RMB) in AS
patients with SRMs remains debatable. While RMB exhibits excellent positive performance characteristics (sensitivity, specificity, and positive predictive value above
90%)25,26, it is not uniformly performed in patients enrolling in AS programs. Its clinical utility has been limited
by concerns about its safety and the lack of perceived impact on clinical management in most cases given its inability to reliably detect high-grade disease due to intratumoral grade heterogeneity (40-60%), its significant
non-diagnostic rate (14%), and its poor negative predictive value (68.5%).27-29
Despite the general belief in potential morbidity, RMB
has been demonstrated to be a safe procedure with exceedingly low risk of serious complications – less than 1%
of patients develop serious bleeding requiring blood
transfusion and only 5% experience a hematoma. Moreover, tumor seeding does not occur with modern techniques of biopsy.26 RMB has also been shown to alleviate
disease-related anxiety and depression in select patients.
In a prospective DISSRM analysis of quality of life using
the SF12 questionnaire, a significant improvement (p =
0.04) in the mental component score of AS patients was
noted after RMB.30 It is important to emphasize, however,
that overall quality of life is primarily driven by perceived
differences in physical health and not mental health domains30; as such, while RMB can promote the emotional
wellbeing of patients with SRMs managed by AS, its impact on overall quality of life is less profound.
RMB is not a requisite for safe AS. Nevertheless, it can
provide valuable information for patients and providers
when used appropriately. RMB can be offered initially if
surveillance strategies will be tailored to tumor histology
and perceived biology. Given the uncertainties surrounding a “benign” biopsy and poor grade concordance for
high-grade RCC, we follow a similar surveillance strategy
regardless of RMB histology and therefore recommend
the use of RMB in patients in whom the findings may
alter treatment decision. Baseline risk stratification of patients based on clinical predictors of metastatic potential
and death of competing causes should ideally dictate
if/when RMB is useful. For example, younger and healthier patients who can tolerate a minimally-invasive partial
nephrectomy should be alarmed by the significant negative predictive value and still consider surgery even if
biopsy shows benign or low-grade tumor due to heterogeneity of SRMs.
On the other hand, elderly patients with multiple co-

morbidities and limited life expectancy who are poor surgical candidates would preferably be better off if managed
with AS regardless of RMB result, especially given the excellent cancer-specific survival of SRMs mentioned earlier.
Patients in whom the decision to choose AS or surgery is
less clear, or patients in whom the role of nephron-sparing approaches versus radical nephrectomy is uncertain,
may benefit from RMB and, thus, are the ones in whom
RMB should be performed. Moreover, as reported previously in this review, RMB may be useful in growing SRMs,
particularly those demonstrating elevated growth rate
within the first year of AS, as a diagnosis of high grade
RCC would prompt timely intervention.
The frequency of RMB in the DISSRM registry has increased from being done in approximately 5% of patients
per year to 20% in the most recent update.12 As our understanding of the role of RMB in the management of
SRMs matures and with increasing follow-up in DISSRM,
we expect to see an even greater proportion of patients
electing biopsy.

Active Surveillance and Chest Imaging
Lung metastases are common in patients with RCC.
Given this metastatic potential, yearly chest imaging is
currently widely accepted as standard follow-up for patients managed by AS for SRMs suspicious for clinically
localized RCC. However, as noted previously in this review, metastatic progression of SRMs while on AS is significantly rare.8 Moreover, all patients with progression
to metastatic RCC in the AS literature either had a baseline tumor diameter of 3 cm or greater, experienced significant growth of their SRM on surveillance and were
upstaged to cT1b, and/or were lost to follow-up for a significant period of time.31 As such, routine chest imaging
is unlikely to detect pulmonary metastases in patients
with SRMs that do not progress by size. Yearly chest imaging can, on the other hand, potentially lead to an increased rate of incidental findings that are unrelated to
RCC and result in unnecessary and costly work-up for patients on AS.
An analysis of chest imaging data in the DISSRM registry was recently performed to support these hypotheses;
while the actual manuscript including the results of that
analysis is currently still under review for publication, a
brief summary of the findings is presented here. The DISSRM AS protocol recommends chest imaging – either
chest x-ray (CXR) or computed tomography (CT) scan –
at enrollment and annually thereafter.10 Available chest
imaging reports were examined to identify patients with
abnormal findings, and abnormal findings were then determined to be actionable or non-actionable based on receipt of further work-up and/or procedures. Of 268 AS
patients included in the analysis, 51 (19%) were found to
have abnormal baseline chest images. Of these 51 initially
abnormal chest imaging reports, 22 (43%) were or eventually became actionable, and 29 (57%) were non-actionable. Of the 217 patients with normal baseline chest
images, 23 (11%) showed abnormal findings on subsequent follow-up chest imaging; abnormal findings were
actionable in 10 (43%) of these 23 patients.
Actionable findings included pulmonary nodule ≥5
mm (single or multiple) concerning for lung malignancy
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or metastasis, anterior mediastinal masses suspicious for
potential aortic aneurysms, thyroid nodules, and pulmonary lesions suggestive of benign infectious processes.
Patients with such findings accordingly underwent further chest CT imaging, lung biopsies, thyroid ultrasound
imaging and/or biopsy, or fungal/bacterial culture testing
with antimicrobial treatment. Most importantly, none of
the patients (0%) were found to have metastatic RCC
after subsequent work-up. Non-actionable findings included small (<5 mm), stable pulmonary nodules, atelectatic changes, chronic scarring and post-inflammatory changes, signs of pulmonary hypertension, and
subcutaneous breast nodules.
Such findings illustrate that standardized annual chest
imaging for all patients undergoing AS for SRMs results
in random diagnoses and additional testing that could
subject the patients to undesired risks and costs, including anxiety, monetary losses, and unnecessary radiation
exposure, often with no major changes in their care.
Given the low rates of metastatic progression of stable
SRMs, we believe that not all patients enrolled in AS programs for SRMs require yearly chest images. However, we
recommend yearly chest imaging “for cause” in the following: (1) patients with indeterminate findings at baseline imaging (i.e. subcentimeter pulmonary nodule(s)),
(2) patients with growing SRMs, particularly those that
exceed 0.5 cm/year or cross size thresholds of 3 cm or 4
cm, due to the small, but increased, risk of pulmonary
metastases, and (3) patients electing crossover to surgical
intervention for accurate re-staging prior to intervention.

Conclusions
AS is a safe and efficacious initial management strategy
for many patients with SRMs. Long-term results from ongoing prospective studies will determine the durability of
AS for select patients. Elevated growth rate is associated
with delayed intervention but may not indicate biological
behavior of a SRM. RMB is informative and safe, and it
may reduce anxiety in certain patients. While it is not a
requisite for AS, it may be used to guide decision making
in patients in whom management is not clear. Pulmonary
imaging should be used to initially stage patients presenting with a SRM, but it may be unnecessary on an annual
basis without cause.
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T

wo international conferences within the last three
months provided a framework to gain new insights on
late-breaking clinical data from pivotal trials and to
explore hypothesis-generating results on a broad spectrum of
potentially transformational work. This report focuses on
selected presentations at the European Society for Medical
Oncology (ESMO) 2018 Congress held in Munich and the
International Kidney Cancer Symposium held in Miami.

ESMO 2018
ESMO 2018 provided a multi-professional platform for
oncology education and exchange, and offered immense
international visibility for scientific research. This year
the Congress also featured a dedicated nursing track
through a collaboration with the European Oncology
Nursing Society (EONS). ESMO invited a universe of
oncology stakeholders: researchers, clinicians, cancer
nurses, industry partners, patient advocates and members
of the press to join for discussions on securing better
patient outcomes through access to high-quality care. In
all, more than 1,000 attended this major international
meeting.
From posters, abstracts, and presentations, these highlights at ESMO gave attendees a renewed focus on trends
from closely watched trials and new data likely to be
covered at upcoming international meetings of the
American Society of Clinical Oncology (ASCO), including
the GU ASCO sessions in San Francisco in February and
the main ASCO event in Chicago next June. Among
selected presentations, the following abstracts and/or
posters suggest several avenues likely to be front and
center during 2019.
Highly Selective Inhibitor Aimed at Upstream Target
in VHL-Related Disease: An open-label phase 2 study to
evaluate PT2977 for the treatment of von Hippel-Lindau

disease associated renal cell carcinoma.
Hypoxia inducible factor (HIF-2 ) has been established
as an oncogenic driver in clear cell renal cell carcinoma
(ccRCC) RCC, where VHL deficiency is the underlying
genomic alteration. In this setting of VHL gene inactivation, HIF-2 accumulates under normoxic con-ditions,
driving the expression of genes associated with progression of ccRCC, including vascular endothelial growth
factor A (VEGFA), cyclin D1 and other factors that
contribute to tumor growth and proliferation. A phase 2
trial is accruing VHL patients over the next year and was
described during a poster session.
The open-label Phase 2 study will evaluate the efficacy
and safety of PT2977, a highly selective small molecule
inhibitor of HIF-2 , in patients with VHL disease who
have at least one measurable ccRCC (as defined by
RECIST 1.1). PT2977 will be administered orally at a
dosage of 120 mg once daily. Key inclusion criteria include a germline VHL alteration and at least 1 measurable
solid ccRCC but no tumor >3.0 cm that requires immediate surgical intervention. Patients may have VHL
disease-associated tumors in other organ systems. Key
exclusion criteria include prior systemic therapy for VHL
disease, an immediate need for surgical intervention,
evidence of metastatic disease, and history of a non-VHL
disease-associated invasive malignancy in the past 2
years. The primary efficacy endpoint is objective response
rate (ORR) of ccRCC tumors per RECIST 1.1. Secondary
efficacy endpoints include duration of response (DOR),
time to response (TTR), progression-free survival (PFS),
and time to surgery (TTS) for ccRCC tu-mors as well as
efficacy evaluations for non-ccRCC VHL disease-associated
tumors. Safety/toler-ability and phar-macokinetics of
PT2977 in this trial will also be eval-uated. Patient
recruitment is ongoing.
The trial will seek an answer to whether this up-stream
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risk can be further stratified
to predict treatment outcomes. This is a hypothesisMSKCC intermediate risk (n = 363)
IMDC intermediate risk (n = 343)
generating study and asks
whether, in the intermediate
Disease progression
Median (95% CI) Disease progression or Median (95% CI)
risk group, there was a difor death/N (%)
months
or death/N (%)
months
ference in outcomes dependNumber of risk factors*
ing on the number of risk
1
85/147 (57.8)
13.8 (10.7-18.1)
88/171 (51.5)
13.1 (10.7-18.1)
factors—1 or 2. It raises the
2
85/141 (60.3)
7.4 (6.2-10.3)
88/133 (66.2)
8.1 (6.4-10.7)
interesting question that we
are struggling with in a
Age
timely manner in the im<65 years
79/142 (55.6)
12.3 (9.0-16.4)
73/136 (53.7)
13.1 (10.3-18.4)
mune-oncology era. It is a
≥65 years
131/219 (59.8)
10.7 (9.0-13.8)
123/205 (60.0)
10.7 (9.0-13.1)
question of whether or not
ECOG PS
the intermediate 1 or 2
<2
189/333 (56.8)
11.2 (9.5-14.1)
177/316 (56.0)
11.8 (9.9-15.4)
should be considered as dis≥2
8/8 (100.0)
5.6 (1.3-12.8)
8/8 (100.0)
2.3 (1.2-10.7)
tinct groups. Evidence now
supports the use of ipilimumab-nivolumab in intertarget can be inhibited since HIF-2a is a driver of VEGF. mediate to poor risk patients. But should all patients with
If it can be blocked by using the molecule, perhaps it inte-rmediate risk undergo such treatment or should
could reduce the growth of lesions in various manifes- some be considered for TKIs? Currently there is no answer
tations which include eye, kidney, pancreas, brain, and to that, but this study raises the idea that all intermediate
adrenal areas. The phase 1 trial generated excitement risk patients should not be considered equivalent.
because activity was observed in RCC and PT2977 could
produce a response in other VHL manifestations. The JAVELIN Renal 101: VEGF Inhibitor
clinical trial identifier is NCT03401788; EudraCT: 2018- + Immunotherapy—Additive or Synergistic?
000125-30.
The premise of combining VEGF inhibitors with immunotherapy stems from the possibility of having not
PRINCIPAL Study: Real-World Study
just additive, but synergistic effects with the combination.
Captures Treatment Patterns,
In particular, VEGF-directed agents are thought to have
some immune-related properties: increasing immune cell
Outcomes and Generates Hypotheses
Stratification by prognostic risk informs efficacy for tumor infiltration and decreasing immune suppressor
various treatments in patients with advanced RCC. cells. The JAVELIN Renal 101 trial is important because
Whether further stratification beyond prognostic risk aids it addresses this issue, and some observers, including
in predicting treatment outcomes is unknown. A post- Sumanta Kumar Pal, MD, in his online commentary after
hoc analysis of real-world data, the PRINCIPAL study the meeting, suggest that it could be the “trial of the
(NCT01649778) assessed the effectiveness of pazopanib year.”
in patients with intermediate risk in advanced RCC.
In the JAVELIN 101 clinical trial, patients with treatIn this prospective, observational study, patients with ment-naïve advanced RCC with tumor tissue available for
advanced and/or metastatic clear cell RCC were enrolled PD-L1 assessment were randomized to the combination
within 30 days of initiating pazopanib. Data on pro- of axitinib and avelumab or sunitinib at a dose of 50 mg,
gression, survival, and safety were collected approx- 4 weeks on, 2 weeks off. This study had two primary
imately every 3 months until death. Primary efficacy end endpoints, including progression-free sur-vival (PFS) by
points included overall survival (OS), progression-free independent review committee in patients with PD-L1–
survival (PFS), and objective response rate (ORR). A post- positive disease and overall survival (OS) in the PD-L1–
hoc analysis of patients with intermediate risk per positive group. Key secondary endpoints included PFS in
Memorial Sloan Kettering Cancer Center (MSKCC) and the overall population by independent review as well as
International Metastatic Renal Cell Carcinoma Database OS. The study ultimately enrolled and randomized 886
Consortium (IMDC) criteria was conducted to evaluate patients. About 63% of patients were characterized as
effectiveness by number or risk factors (1 vs 2), age (<65 being PD-L1–positive. The median age and other chavs ≥ 65 years), and Eastern Cooperative Oncology Group racteristics were representative of a renal cell carcinoma
performance status (ECOG PS).
population, with about 20% of patients considered
Of the 657 enrolled pts who received ≥1 dose of favorable risk and the remainder considered to be
pazopanib, 363 (55.3%) and 343 (52.2%) had inter- intermediate or poor risk. This was similar in both the
mediate risk per MSKCC and IMDC criteria, re-spectively. PD-L1–positive and overall patient populations. Roughly
Within the subgroup of patients with intermediate risk 80% to 90% of patients had undergone prior nephMSKCC and IMDC, median PFS and OS was longer in rectomy.
those with 1 vs 2 risk factors, and outcomes were poorer
With respect to the primary endpoint of this study,
in patients with ECOG PS ≥ 2 (vs < 2) (Table).
PFS improvement with axitinib and avelumab was
The results of the PRINCIPAL study suggest that achieved, with a PFS of 13.8 months in the PD-L1–
patients with advanced RCC of intermediate prognostic positive group versus just 7.2 months with sunitinib
Table. Median progression-free survival
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therapy, with a hazard ratio of 0.61 (95% CI). In the
overall population, a slightly smaller benefit was observed
in PFS, with axitinib and avelumab achieving 13.8
months versus 8.4 months with sunitinib with a hazard
ratio of 0.69 (95% CI). There was little discrepancy
between this and investigator assessment of PFS. Response
rates were higher with the combination of axitinib with
avelumab, ranging between 50% and 55% depending on
PD-L1 status. This nearly doubled the response rate
observed with sunitinib therapy.
One of the biggest questions and challenges that
emerge is related to OS. At the time of this interim
analysis, without sufficient events for final assessment,
there was no significant difference in OS. This lack of
maturity in OS data is one of the conundrums associated
with the study. To be considered as a more compelling
study, JAVELIN 101 needs to (1) demonstrate positive OS
data, and (2) demonstrate that there is a higher rate of
durable, complete responses. Still to be addressed is the
provocative question of whether adding an antiangiogenic agent to an IO agent is additive or synergistic.

IMotion 151 Confirms Different Gene Expression
Profiles for Atezolizumab + Bevacizumab vs Sunitinib
The IMmotion151 (NCT02420821) phase 3 study previously demonstrated improved PFS with combined
atezolizumab/ bevacizumab vs sunitinib in treatmentnaive patients with metastatic renal cell carcinoma
(mRCC). The presentation at ESMO correlated molecular
gene expression signatures with clinical outcomes, prognostic risk groups, and tumor histology, extending data
from the IMotion150 study.
The investigators, led by Brian Rini, MD, noted that
biomarker analyses performed in a phase 2 study
(IMmotion150) suggested that T effector (Teff) and interferon gamma, as well as angiogenesis gene expression
signatures (GEs) were associated with differential outcomes to atezolizumab plus bevacizumab and suni-tinib.
They subsequently conducted prespecified genomic
analyses to validate these GEs with clinical outcomes
from 823 patients in IMmotion151 and also evaluated
association of GEs with Memorial Sloan Kettering Cancer
Centre (MSKCC) risk groups, and sarcomatoid histology.
The IMmotion151 study met its co-primary endpoint
of improved PFS with atezolizumab plus bevacizumab
over sunitinib in PD-L1-positive patients across all

MSKCC risk groups, hazard ratio (HR) 0.74; 95%
confidence interval (CI), 0.57 - 0.96 (P = 0.02). Improved
PFS was also observed in patients with sarcomatoid
histology, HR 0.56; 95% CI, 0.38 - 0.83. Tumor molecular
analyses showed that high Teff GE was associated with PDL1 expression, as evaluated by immunohistochemistry.
High Teff GE also associated with longer PFS for atezolizumab plus bevacizumab compared to sunitinib, HR
0.76; 95% CI, 0.59 - 0.99.
In patients receiving sunitinib, high angiogenesis GE
was associated with improved PFS, HR 0.59, 95% CI, 0.47
- 0.75; however high angiogenesis GE did not differentiate
between atezolizumab plus bevacizumab versus sunitinib clinical activity, HR, 0.95; 95% CI, 0.75 - 1.19.
Atezolizumab plus bevacizumab improved PFS vs sunitinib in the subset of patients with low angiogenesis GE,
HR 0.68; 95% CI, 0.52 - 0.89. Angiogenesis GE was found
to be higher in favorable versus intermediate-to-poor
MSKCC risk groups (P = 4.28e-06).
Prospective evaluation of biomarkers in IMmotion 151
added further evidence molecular signatures that could
identify subpopulations of patients more likely to benefit
from ther combination immunotherapy plus antiangiogenic therapy versus antiangiogenic monotherapy.
These data also demonstrated that sarcomatoid histology
is possesses an immune signature that signals a unique
sensitivity to immunotherapy. Aside from providing
further confirmation of the IMotion150 data, this study
is one of the first steps toward resolving an unmet need:
development of predictive biomarkers based on an
understanding of tumor biology. Ultimately it can inform
clinicians as to which treatment should be used for which
patient and at what time.

Future Directions
Ironclad evidence is still lacking that the IO-TKI combination is the new standard of care. Information from
Merck indicates that the combination of pem-brolizumab
and axitinib met its primary endpoint of OS as well as
PFS. Perhaps that could serve as an example of an IO-TKI
combination that will soon gain ascendancy. The next 12
months will help determine how various data sets evolve
and hopefully will provide a clear signal on how to
change the treatment algorithm. This remains one of the
overarching challenges as the next round of international
meetings present data with which to revisit this issue. KCJ
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Rx Only
WARNINGS
Therapy with Proleukin® (aldesleukin) should be restricted to patients with normal cardiac and
pulmonary functions as deﬁned by thallium stress testing and formal pulmonary function testing.
Extreme caution should be used in patients with a normal thallium stress test and a normal pulmonary
function test who have a history of cardiac or pulmonary disease.
Proleukin should be administered in a hospital setting under the supervision of a qualiﬁed physician
experienced in the use of anticancer agents. An intensive care facility and specialists skilled in
cardiopulmonary or intensive care medicine must be available.
Proleukin administration has been associated with capillary leak syndrome (CLS) which is
characterized by a loss of vascular tone and extravasation of plasma proteins and ﬂuid into the
extravascular space. CLS results in hypotension and reduced organ perfusion which may be
severe and can result in death. CLS may be associated with cardiac arrhythmias (supraventricular
and ventricular), angina, myocardial infarction, respiratory insufﬁciency requiring intubation,
gastrointestinal bleeding or infarction, renal insufﬁciency, edema, and mental status changes.
Proleukin treatment is associated with impaired neutrophil function (reduced chemotaxis) and with
an increased risk of disseminated infection, including sepsis and bacterial endocarditis. Consequently,
preexisting bacterial infections should be adequately treated prior to initiation of Proleukin therapy.
Patients with indwelling central lines are particularly at risk for infection with gram positive
microorganisms. Antibiotic prophylaxis with oxacillin, nafcillin, ciproﬂoxacin, or vancomycin has been
associated with a reduced incidence of staphylococcal infections.
Proleukin administration should be withheld in patients developing moderate to severe lethargy or
somnolence; continued administration may result in coma.
DESCRIPTION
Proleukin® (aldesleukin), a human recombinant interleukin-2 product, is a highly puriﬁed protein with a
molecular weight of approximately 15,300 daltons. The chemical name is des-alanyl-1, serine-125 human
interleukin-2. Proleukin, a lymphokine, is produced by recombinant DNA technology using a genetically
engineered E. coli strain containing an analog of the human interleukin-2 gene. Genetic engineering techniques
were used to modify the human IL-2 gene, and the resulting expression clone encodes a modiﬁed human
interleukin-2. This recombinant form differs from native interleukin-2 in the following ways: a) Proleukin is
not glycosylated because it is derived from E. coli; b) the molecule has no N-terminal alanine; the codon for
this amino acid was deleted during the genetic engineering procedure; c) the molecule has serine substituted
for cysteine at amino acid position 125; this was accomplished by site speciﬁc manipulation during the genetic
engineering procedure; and d) the aggregation state of Proleukin is likely to be different from that of native
interleukin-2.
The in vitro biological activities of the native nonrecombinant molecule have been reproduced with Proleukin.1,2
Proleukin is supplied as a sterile, white to off-white, lyophilized cake in single-use vials intended for intravenous
administration. When reconstituted with 1.2 mL Sterile Water for Injection, USP, each mL contains 18 million
International Units (1.1 mg) Proleukin, 50 mg mannitol, and 0.18 mg sodium dodecyl sulfate, buffered with
approximately 0.17 mg monobasic and 0.89 mg dibasic sodium phosphate to a pH of 7.5 (range 7.2 to 7.8).
The manufacturing process for Proleukin involves fermentation in a deﬁned medium containing tetracycline
hydrochloride. The presence of the antibiotic is not detectable in the ﬁnal product. Proleukin contains no
preservatives in the ﬁnal product.
Proleukin biological potency is determined by a lymphocyte proliferation bioassay and is expressed in
International Units as established by the World Health Organization 1st International Standard for Interleukin-2
(human). The relationship between potency and protein mass is as follows:
18 million International Units Proleukin = 1.1 mg protein
CLINICAL PHARMACOLOGY
Proleukin® (aldesleukin) has been shown to possess the biological activities of human native interleukin-2.1,2 In vitro
studies performed on human cell lines demonstrate the immunoregulatory properties of Proleukin, including: a)
enhancement of lymphocyte mitogenesis and stimulation of long-term growth of human interleukin-2 dependent
cell lines; b) enhancement of lymphocyte cytotoxicity; c) induction of killer cell (lymphokine-activated (LAK) and
natural (NK)) activity; and d) induction of interferon-gamma production.
The in vivo administration of Proleukin in animals and humans produces multiple immunological effects in a dose
dependent manner. These effects include activation of cellular immunity with profound lymphocytosis, eosinophilia,
and thrombocytopenia, and the production of cytokines including tumor necrosis factor, IL-1 and gamma interferon.3
In vivo experiments in murine tumor models have shown inhibition of tumor growth.4 The exact mechanism by
which Proleukin mediates its antitumor activity in animals and humans is unknown.
Pharmacokinetics
Proleukin exists as biologically active, non-covalently bound microaggregates with an average size of 27
recombinant interleukin-2 molecules. The solubilizing agent, sodium dodecyl sulfate, may have an effect on
the kinetic properties of this product.
The pharmacokinetic proﬁle of Proleukin is characterized by high plasma concentrations following a short
intravenous infusion, rapid distribution into the extravascular space and elimination from the body by metabolism
in the kidneys with little or no bioactive protein excreted in the urine. Studies of intravenous Proleukin in sheep and
humans indicate that upon completion of infusion, approximately 30% of the administered dose is detectable in
plasma. This ﬁnding is consistent with studies in rats using radiolabeled Proleukin, which demonstrate a rapid
(<1 min) uptake of the majority of the label into the lungs, liver, kidney, and spleen.
The serum half-life (T 1/2) curves of Proleukin remaining in the plasma are derived from studies done in 52
cancer patients following a 5-minute intravenous infusion. These patients were shown to have a distribution and
elimination T 1/2 of 13 and 85 minutes, respectively.
Following the initial rapid organ distribution, the primary route of clearance of circulating Proleukin is the kidney.
In humans and animals, Proleukin is cleared from the circulation by both glomerular ﬁltration and peritubular
extraction in the kidney.5-8 This dual mechanism for delivery of Proleukin to the proximal tubule may account for
the preservation of clearance in patients with rising serum creatinine values. Greater than 80% of the amount of
Proleukin distributed to plasma, cleared from the circulation and presented to the kidney is metabolized to amino
acids in the cells lining the proximal convoluted tubules. In humans, the mean clearance rate in cancer patients is
268 mL/min.
The relatively rapid clearance of Proleukin has led to dosage schedules characterized by frequent, short infusions.
Observed serum levels are proportional to the dose of Proleukin.
CLINICAL STUDIES
Safety and efﬁcacy were studied in a series of single and multicenter, historically controlled studies enrolling a total
of 525 patients with metastatic renal cell carcinoma or melanoma. Eligible patients had an Eastern Cooperative
Oncology Group (ECOG) Performance Status (PS) of 0 or 1 and normal organ function as determined by cardiac
stress test, pulmonary function tests, and creatinine ≤1.5 mg/dL. Studies excluded patients with brain metastases,
active infections, organ allografts and diseases requiring steroid treatment.
The same treatment dose and schedule was employed in all studies demonstrating efﬁcacy. Proleukin was given by 15
min intravenous infusion every 8 hours for up to 5 days (maximum of 14 doses). No treatment was given on days 6 to 14
and then dosing was repeated for up to 5 days on days 15 to 19 (maximum of 14 doses). These 2 cycles constituted 1
course of therapy. Patients could receive a maximum of 28 doses during a course of therapy. In practice >90% of patients
had doses withheld. Doses were withheld for speciﬁc toxicities (See “DOSAGE AND ADMINISTRATION” section, “Dose
Modiﬁcations” subsection and “ADVERSE REACTIONS” section).
Metastatic Renal Cell Cancer
Two hundred ﬁfty-ﬁve patients with metastatic renal cell cancer (metastatic RCC) were treated with single agent
Proleukin in 7 clinical studies conducted at 21 institutions. Metastatic RCC patients received a median of 20 of 28
scheduled doses of Proleukin.
In the renal cell cancer studies (n=255), objective response was seen in 37 (15%) patients, with 17 (7%)
complete and 20 (8%) partial responders (See Table I). The 95% conﬁdence interval for objective response was
11% to 20%. Onset of tumor regression was observed as early as 4 weeks after completion of the ﬁrst course
of treatment, and in some cases, tumor regression continued for up to 12 months after the start of treatment.
Responses were observed in both lung and non-lung sites (e.g., liver, lymph node, renal bed occurrences, soft
tissue). Responses were also observed in patients with individual bulky lesions and high tumor burden.

Metastatic RCC
CR’s
PR’s
PR’s + CR’s

Number of Responding Patients
(response rate)

Median Response Duration in
Months (range)

17 (7%)
20 (8%)
37 (15%)

80+* (7 to 131+)
20 (3 to 126+)
54 (3 to 131+)

(+) sign means ongoing
* Median duration not yet observed; a conservative value is presented which represents the minimum median duration of response.

Lack of efﬁcacy with low dose Proleukin regimens
Sixty-ﬁve patients with metastatic renal cell cancer were enrolled in a single center, open label, non-randomized trial
that sequentially evaluated the safety and anti-tumor activity of two low dose Proleukin regimens. The regimens
administered 18 million International Units Proleukin as a single subcutaneous injection, daily for 5 days during
week 1; Proleukin was then administered at 9 x106 International Units days 1-2 and 18 x106 International Units
days 3-5, weekly for an additional 3 weeks (n=40) followed by a 2 week rest or 5 weeks (n=25) followed by a
3 week rest, for a maximum of 3 or 2 treatment cycles, respectively.
These low dose regimens yielded substantially lower and less durable responses than those observed with
the approved regimen. Based on the level of activity, these low dose regimens are not effective.
Metastatic Melanoma
Two hundred seventy patients with metastatic melanoma were treated with single agent Proleukin in 8 clinical
studies conducted at 22 institutions. Metastatic melanoma patients received a median of 18 of 28 scheduled
doses of Proleukin during the ﬁrst course of therapy. In the metastatic melanoma studies (n=270), objective
response was seen in 43 (16%) patients, with 17 (6%) complete and 26 (10%) partial responders (See Table II).
The 95% conﬁdence interval for objective response was 12% to 21%. Responses in metastatic melanoma
patients were observed in both visceral and non-visceral sites (e.g., lung, liver, lymph node, soft tissue, adrenal,
subcutaneous). Responses were also observed in patients with individual bulky lesions and large cumulative
tumor burden.
TABLE 2: Proleukin CLINICAL RESPONSE DATA

Metastatic Melanoma
CR’s
PR’s
PR’s + CR’s

Number of Responding Patients
(response rate)

Median Response Duration in
Months (range)

17 (6%)
26 (10%)
43 (16%)

59+* (3 to 122+)
6 (1 to 111+)
9 (1 to 122+)

(+) sign means ongoing
* Median duration not yet observed; a conservative value is presented which represents the minimum median duration of response.

INDICATIONS AND USAGE
Proleukin® (aldesleukin) is indicated for the treatment of adults with metastatic renal cell carcinoma
(metastatic RCC).
Proleukin is indicated for the treatment of adults with metastatic melanoma.
Careful patient selection is mandatory prior to the administration of Proleukin. See “CONTRAINDICATIONS”,
“WARNINGS” and “PRECAUTIONS” sections regarding patient screening, including recommended cardiac and
pulmonary function tests and laboratory tests.
Evaluation of clinical studies to date reveals that patients with more favorable ECOG performance status (ECOG
PS 0) at treatment initiation respond better to Proleukin, with a higher response rate and lower toxicity (See “CLINICAL
PHARMACOLOGY” section, “CLINICAL STUDIES” section and “ADVERSE REACTIONS” section). Therefore,
selection of patients for treatment should include assessment of performance status.
Experience in patients with ECOG PS >1 is extremely limited.
CONTRAINDICATIONS
Proleukin® (aldesleukin) is contraindicated in patients with a known history of hypersensitivity to interleukin-2 or
any component of the Proleukin formulation.
Proleukin is contraindicated in patients with an abnormal thallium stress test or abnormal pulmonary function tests
and those with organ allografts. Retreatment with Proleukin is contraindicated in patients who have experienced
the following drug-related toxicities while receiving an earlier course of therapy:
• Sustained ventricular tachycardia (≥5 beats)
• Renal failure requiring dialysis >72 hours
• Cardiac arrhythmias not controlled or
• Coma or toxic psychosis lasting >48 hours
unresponsive to management
• Repetitive or difﬁcult to control seizures
• Chest pain with ECG changes, consistent with angina
• Bowel ischemia/perforation
or myocardial infarction
• GI bleeding requiring surgery
• Cardiac tamponade
• Intubation for >72 hours
WARNINGS
See boxed “WARNINGS”
Because of the severe adverse events which generally accompany Proleukin® (aldesleukin) therapy at the
recommended dosages, thorough clinical evaluation should be performed to identify patients with signiﬁcant
cardiac, pulmonary, renal, hepatic, or CNS impairment in whom Proleukin is contraindicated. Patients with normal
cardiovascular, pulmonary, hepatic, and CNS function may experience serious, life threatening or fatal adverse
events. Adverse events are frequent, often serious, and sometimes fatal.
Should adverse events, which require dose modiﬁcation occur, dosage should be withheld rather than reduced
(See “DOSAGE AND ADMINISTRATION” section, “Dose Modiﬁcations” subsection).
Proleukin has been associated with exacerbation of pre-existing or initial presentation of autoimmune disease and
inﬂammatory disorders. Exacerbation of Crohn’s disease, scleroderma, thyroiditis, inﬂammatory arthritis, diabetes
mellitus, oculo-bulbar myasthenia gravis, crescentic IgA glomerulonephritis, cholecystitis, cerebral vasculitis,
Stevens-Johnson syndrome and bullous pemphigoid, has been reported following treatment with IL-2.
All patients should have thorough evaluation and treatment of CNS metastases and have a negative scan prior to
receiving Proleukin therapy. New neurologic signs, symptoms, and anatomic lesions following Proleukin therapy have
been reported in patients without evidence of CNS metastases. Clinical manifestations included changes in mental
status, speech difﬁculties, cortical blindness, limb or gait ataxia, hallucinations, agitation, obtundation, and coma.
Radiological ﬁndings included multiple and, less commonly, single cortical lesions on MRI and evidence of demyelination.
Neurologic signs and symptoms associated with Proleukin therapy usually improve after discontinuation of Proleukin
therapy; however, there are reports of permanent neurologic defects. One case of possible cerebral vasculitis, responsive
to dexamethasone, has been reported. In patients with known seizure disorders, extreme caution should be exercised as
Proleukin may cause seizures.
PRECAUTIONS
General
Patients should have normal cardiac, pulmonary, hepatic, and CNS function at the start of therapy. (See
“PRECAUTIONS” section, “Laboratory Tests” subsection). Capillary leak syndrome (CLS) begins immediately after
Proleukin® (aldesleukin) treatment starts and is marked by increased capillary permeability to protein and ﬂuids and
reduced vascular tone. In most patients, this results in a concomitant drop in mean arterial blood pressure within
2 to 12 hours after the start of treatment. With continued therapy, clinically signiﬁcant hypotension (deﬁned as
systolic blood pressure below 90 mm Hg or a 20 mm Hg drop from baseline systolic pressure) and hypoperfusion will
occur. In addition, extravasation of protein and ﬂuids into the extravascular space will lead to the formation of edema
and creation of new effusions.
Medical management of CLS begins with careful monitoring of the patient’s ﬂuid and organ perfusion status.
This is achieved by frequent determination of blood pressure and pulse, and by monitoring organ function, which
includes assessment of mental status and urine output. Hypovolemia is assessed by catheterization and central
pressure monitoring.
Flexibility in ﬂuid and pressor management is essential for maintaining organ perfusion and blood pressure.
Consequently, extreme caution should be used in treating patients with ﬁxed requirements for large volumes of
ﬂuid (e.g., patients with hypercalcemia). Administration of IV ﬂuids, either colloids or crystalloids is recommended
for treatment of hypovolemia. Correction of hypovolemia may require large volumes of IV ﬂuids but caution is
required because unrestrained ﬂuid administration may exacerbate problems associated with edema formation
or effusions. With extravascular ﬂuid accumulation, edema is common and ascites, pleural or pericardial effusions
may develop. Management of these events depends on a careful balancing of the effects of ﬂuid shifts so
that neither the consequences of hypovolemia (e.g., impaired organ perfusion) nor the consequences of ﬂuid
accumulations (e.g., pulmonary edema) exceed the patient’s tolerance.

Clinical experience has shown that early administration of dopamine (1 to 5 mcg/kg/min) to patients manifesting
capillary leak syndrome, before the onset of hypotension, can help to maintain organ perfusion particularly to the
kidney and thus preserve urine output. Weight and urine output should be carefully monitored. If organ perfusion
and blood pressure are not sustained by dopamine therapy, clinical investigators have increased the dose of
dopamine to 6 to 10 mcg/kg/min or have added phenylephrine hydrochloride (1 to 5 mcg/kg/min) to low dose dopamine
(See “ADVERSE REACTIONS” section). Prolonged use of pressors, either in combination or as individual agents, at
relatively high doses, may be associated with cardiac rhythm disturbances. If there has been excessive weight gain
or edema formation, particularly if associated with shortness of breath from pulmonary congestion, use of
diuretics, once blood pressure has normalized, has been shown to hasten recovery. NOTE: Prior to the use of
any product mentioned, the physician should refer to the package insert for the respective product.
Proleukin® (aldesleukin) treatment should be withheld for failure to maintain organ perfusion as demonstrated by
altered mental status, reduced urine output, a fall in the systolic blood pressure below 90 mm Hg or onset of
cardiac arrhythmias (See “DOSAGE AND ADMINISTRATION” section, “Dose Modiﬁcations” subsection). Recovery
from CLS begins soon after cessation of Proleukin therapy. Usually, within a few hours, the blood pressure rises,
organ perfusion is restored and reabsorption of extravasated ﬂuid and protein begins.
Kidney and liver function are impaired during Proleukin treatment. Use of concomitant nephrotoxic or hepatotoxic
medications may further increase toxicity to the kidney or liver.
Mental status changes including irritability, confusion, or depression which occur while receiving Proleukin may be
indicators of bacteremia or early bacterial sepsis, hypoperfusion, occult CNS malignancy, or direct Proleukininduced CNS toxicity. Alterations in mental status due solely to Proleukin therapy may progress for several days
before recovery begins. Rarely, patients have sustained permanent neurologic deﬁcits (See “PRECAUTIONS”
section “Drug Interactions” subsection).
Exacerbation of pre-existing autoimmune disease or initial presentation of autoimmune and inﬂammatory disorders
has been reported following Proleukin alone or in combination with interferon (See “PRECAUTIONS” section
“Drug Interactions” subsection and “ADVERSE REACTIONS” section). Hypothyroidism, sometimes preceded by
hyperthyroidism, has been reported following Proleukin treatment. Some of these patients required thyroid replacement
therapy. Changes in thyroid function may be a manifestation of autoimmunity. Onset of symptomatic hyperglycemia
and/or diabetes mellitus has been reported during Proleukin therapy.
Proleukin enhancement of cellular immune function may increase the risk of allograft rejection in transplant patients.
Serious Manifestations of Eosinophilia
Serious manifestations of eosinophilia involving eosinophilic inﬁltration of cardiac and pulmonary tissues can occur
following Proleukin.
Laboratory Tests
The following clinical evaluations are recommended for all patients, prior to beginning treatment and then daily
during drug administration.
• Standard hematologic tests-including CBC, differential and platelet counts
• Blood chemistries-including electrolytes, renal and hepatic function tests
• Chest x-rays
Serum creatinine should be ≤1.5 mg/dL prior to initiation of Proleukin treatment.
All patients should have baseline pulmonary function tests with arterial blood gases. Adequate pulmonary function
should be documented (FEV1 >2 liters or ≥75% of predicted for height and age) prior to initiating therapy.
All patients should be screened with a stress thallium study. Normal ejection fraction and unimpaired wall
motion should be documented. If a thallium stress test suggests minor wall motion abnormalities further testing
is suggested to exclude signiﬁcant coronary artery disease.
Daily monitoring during therapy with Proleukin should include vital signs (temperature, pulse, blood pressure, and
respiration rate), weight, and ﬂuid intake and output. In a patient with a decreased systolic blood pressure,
especially less than 90 mm Hg, constant cardiac rhythm monitoring should be conducted. If an abnormal complex
or rhythm is seen, an ECG should be performed. Vital signs in these hypotensive patients should be taken hourly.
During treatment, pulmonary function should be monitored on a regular basis by clinical examination,
assessment of vital signs and pulse oximetry. Patients with dyspnea or clinical signs of respiratory impairment
(tachypnea or rales) should be further assessed with arterial blood gas determination. These tests are to be
repeated as often as clinically indicated.
Cardiac function should be assessed daily by clinical examination and assessment of vital signs. Patients
with signs or symptoms of chest pain, murmurs, gallops, irregular rhythm or palpitations should be further
assessed with an ECG examination and cardiac enzyme evaluation. Evidence of myocardial injury, including
ﬁndings compatible with myocardial infarction or myocarditis, has been reported. Ventricular hypokinesia due to
myocarditis may be persistent for several months. If there is evidence of cardiac ischemia or congestive heart failure,
Proleukin therapy should be held, and a repeat thallium study should be done.
Drug Interactions
Proleukin may affect central nervous function. Therefore, interactions could occur following concomitant
administration of psychotropic drugs (e.g., narcotics, analgesics, antiemetics, sedatives, tranquilizers).
Concurrent administration of drugs possessing nephrotoxic (e.g., aminoglycosides, indomethacin), myelotoxic (e.g.,
cytotoxic chemotherapy), cardiotoxic (e.g., doxorubicin) or hepatotoxic (e.g., methotrexate, asparaginase) effects with
Proleukin may increase toxicity in these organ systems. The safety and efﬁcacy of Proleukin in combination with any
antineoplastic agents have not been established.
In addition, reduced kidney and liver function secondary to Proleukin treatment may delay elimination of
concomitant medications and increase the risk of adverse events from those drugs.
Hypersensitivity reactions have been reported in patients receiving combination regimens containing sequential
high dose Proleukin and antineoplastic agents, speciﬁcally, dacarbazine, cis-platinum, tamoxifen and interferonalfa. These reactions consisted of erythema, pruritus, and hypotension and occurred within hours of administration
of chemotherapy. These events required medical intervention in some patients.
Myocardial injury, including myocardial infarction, myocarditis, ventricular hypokinesia, and severe rhabdomyolysis
appear to be increased in patients receiving Proleukin and interferon-alfa concurrently.
Exacerbation or the initial presentation of a number of autoimmune and inﬂammatory disorders has been observed
following concurrent use of interferon-alfa and Proleukin, including crescentic IgA glomerulonephritis, oculo-bulbar
myasthenia gravis, inﬂammatory arthritis, thyroiditis, bullous pemphigoid, and Stevens-Johnson syndrome.
Although glucocorticoids have been shown to reduce Proleukin-induced side effects including fever, renal
insufﬁciency, hyperbilirubinemia, confusion, and dyspnea, concomitant administration of these agents with
Proleukin may reduce the antitumor effectiveness of Proleukin and thus should be avoided.12
Beta-blockers and other antihypertensives may potentiate the hypotension seen with Proleukin.
Delayed Adverse Reactions to Iodinated Contrast Media
A review of the literature revealed that 12.6% (range 11-28%) of 501 patients treated with various interleukin-2
containing regimens who were subsequently administered radiographic iodinated contrast media experienced acute,
atypical adverse reactions. The onset of symptoms usually occurred within hours (most commonly 1 to 4 hours)
following the administration of contrast media. These reactions include fever, chills, nausea, vomiting, pruritus,
rash, diarrhea, hypotension, edema, and oliguria. Some clinicians have noted that these reactions resemble the
immediate side effects caused by interleukin-2 administration, however the cause of contrast reactions after
interleukin-2 therapy is unknown. Most events were reported to occur when contrast media was given within
4 weeks after the last dose of interleukin-2. These events were also reported to occur when contrast media was
given several months after interleukin-2 treatment.13
Carcinogenesis, Mutagenesis, Impairment of Fertility
There have been no studies conducted assessing the carcinogenic or mutagenic potential of Proleukin.
There have been no studies conducted assessing the effect of Proleukin on fertility. It is recommended that this
drug not be administered to fertile persons of either gender not practicing effective contraception.
Pregnancy
Pregnancy Category C.
Proleukin has been shown to have embryolethal effects in rats when given in doses at 27 to 36 times the
human dose (scaled by body weight). Signiﬁcant maternal toxicities were observed in pregnant rats administered
Proleukin by IV injection at doses 2.1 to 36 times higher than the human dose during critical period of
organogenesis. No evidence of teratogenicity was observed other than that attributed to maternal toxicity.
There are no adequate well-controlled studies of Proleukin in pregnant women. Proleukin should be used
during pregnancy only if the potential beneﬁt justiﬁes the potential risk to the fetus.
Nursing Mothers
It is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk
and because of the potential for serious adverse reactions in nursing infants from Proleukin, a decision should be
made whether to discontinue nursing or to discontinue the drug, taking into account the importance of the drug
to the mother.

Pediatric Use
Safety and effectiveness in children under 18 years of age have not been established.
Geriatric Use
There were a small number of patients aged 65 and over in clinical trials of Proleukin; experience is limited to
27 patients, eight with metastatic melanoma and nineteen with metastatic renal cell carcinoma. The response
rates were similar in patients 65 years and over as compared to those less than 65 years of age. The median
number of courses and the median number of doses per course were similar between older and younger
patients.
Proleukin is known to be substantially excreted by the kidney, and the risk of toxic reactions to this drug may
be greater in patients with impaired renal function. The pattern of organ system toxicity and the proportion of
patients with severe toxicities by organ system were generally similar in patients 65 and older and younger
patients. There was a trend, however, towards an increased incidence of severe urogenital toxicities and dyspnea
in the older patients.
ADVERSE REACTIONS
The rate of drug-related deaths in the 255 metastatic RCC patients who received single-agent Proleukin®
(aldesleukin) was 4% (11/255); the rate of drug-related deaths in the 270 metastatic melanoma patients who
received single-agent Proleukin was 2% (6/270).
The following data on common adverse events (reported in greater than 10% of patients, any grade), presented by
body system, decreasing frequency and by preferred term (COSTART) are based on 525 patients (255 with renal cell cancer
and 270 with metastatic melanoma) treated with the recommended infusion dosing regimen.
TABLE 3: ADVERSE EVENTS OCCURRING IN ≥10% OF PATIENTS (n=525)
Body System
Body as a Whole
Chills
Fever
Malaise
Asthenia
Infection
Pain
Abdominal pain
Abdomen enlarged
Cardiovascular
Hypotension
Tachycardia
Vasodilation
Supraventricular tachycardia
Cardiovascular disordera
Arrhythmia
Digestive
Diarrhea
Vomiting
Nausea
Stomatitis
Anorexia
Nausea and vomiting
Hemic and Lymphatic
Thrombocytopenia
Anemia
Leukopenia

%
Patients Body System
Metabolic and Nutritional Disorders
52
Bilirubinemia
29
Creatinine increase
27
Peripheral edema
23
SGOT increase
13
Weight gain
12
Edema
11
Acidosis
10
Hypomagnesemia
Hypocalcemia
71
Alkaline phosphatase increase
23
Nervous
13
Confusion
12
Somnolence
11
Anxiety
10
Dizziness
Respiratory
67
Dyspnea
50
Lung disorderb
35
Respiratory disorderc
22
Cough increase
20
Rhinitis
19
Skin and Appendages
Rash
37
Pruritus
29
Exfoliative dermatitis
16
Urogenital
Oliguria

%
Patients
40
33
28
23
16
15
12
12
11
10
34
22
12
11
43
24
11
11
10
42
24
18
63

a

Cardiovascular disorder: ﬂuctuations in blood pressure, asymptomatic ECG changes, CHF.
Lung disorder: physical ﬁndings associated with pulmonary congestion, rales, rhonchi.
c
Respiratory disorder: ARDS, CXR inﬁltrates, unspeciﬁed pulmonary changes.
b

The following data on life-threatening adverse events (reported in greater than 1% of patients, grade 4), presented
by body system, and by preferred term (COSTART) are based on 525 patients (255 with renal cell cancer and 270
with metastatic melanoma) treated with the recommended infusion dosing regimen.
TABLE 4: LIFE-THREATENING (GRADE 4) ADVERSE EVENTS (n= 525)
Body System
Body as a Whole
Fever
Infection
Sepsis
Cardiovascular
Hypotension
Supraventricular tachycardia
Cardiovascular disordera
Myocardial infarct
Ventricular tachycardia
Cardiac arrest
Digestive
Diarrhea
Vomiting
Hemic and Lymphatic
Thrombocytopenia
Coagulation disorderb
a
b
c

# (%)
Body System
Patients
Metabolic and Nutritional Disorders
5 (1%)
Bilirubinemia
7 (1%)
Creatinine increase
6 (1%)
SGOT increase
Acidosis
15 (3%) Nervous
3 (1%)
Confusion
7 (1%)
Stupor
7 (1%)
Coma
5 (1%)
Psychosis
4 (1%) Respiratory
Dyspnea
10 (2%)
Respiratory disorderc
7 (1%)
Apnea
Urogenital
5 (1%)
Oliguria
4 (1%)
Anuria
Acute kidney failure

# (%)
Patients
13 (2%)
5 (1%)
3 (1%)
4 (1%)
5 (1%)
3 (1%)
8 (2%)
7 (1%)
5 (1%)
14 (3%)
5 (1%)
33 (6%)
25 (5%)
3 (1%)

Cardiovascular disorder: ﬂuctuations in blood pressure.
Coagulation disorder: intravascular coagulopathy.
Respiratory disorder: ARDS, respiratory failure, intubation.

The following life-threatening (grade 4) events were reported by <1% of the 525 patients: hypothermia; shock;
bradycardia; ventricular extrasystoles; myocardial ischemia; syncope; hemorrhage; atrial arrhythmia; phlebitis;
AV block second degree; endocarditis; pericardial effusion; peripheral gangrene; thrombosis; coronary artery disorder;
stomatitis; nausea and vomiting; liver function tests abnormal; gastrointestinal hemorrhage; hematemesis; bloody
diarrhea; gastrointestinal disorder; intestinal perforation; pancreatitis; anemia; leukopenia; leukocytosis; hypocalcemia;
alkaline phosphatase increase; BUN increase; hyperuricemia; NPN increase; respiratory acidosis; somnolence;
agitation; neuropathy; paranoid reaction; convulsion; grand mal convulsion; delirium; asthma, lung edema;
hyperventilation; hypoxia; hemoptysis; hypoventilation; pneumothorax; mydriasis; pupillary disorder; kidney function
abnormal; kidney failure; acute tubular necrosis.
In an additional population of greater than 1,800 patients treated with Proleukin-based regimens using a variety of
doses and schedules (e.g., subcutaneous, continuous infusion, administration with LAK cells) the following serious
adverse events were reported: duodenal ulceration; bowel necrosis; myocarditis; supraventricular tachycardia; permanent
or transient blindness secondary to optic neuritis; transient ischemic attacks; meningitis; cerebral edema; pericarditis;
allergic interstitial nephritis; tracheo-esophageal ﬁstula.
In the same clinical population, the following fatal events each occurred with a frequency of <1%: malignant
hyperthermia; cardiac arrest; myocardial infarction; pulmonary emboli; stroke; intestinal perforation; liver or renal
failure; severe depression leading to suicide; pulmonary edema; respiratory arrest; respiratory failure. In patients
with both metastatic RCC and metastatic melanoma, those with ECOG PS of 1 or higher had a higher treatmentrelated mortality and serious adverse events.
Most adverse reactions are self-limiting and, usually, but not invariably, reverse or improve within 2 or 3 days of
discontinuation of therapy. Examples of adverse reactions with permanent sequelae include: myocardial infarction,
bowel perforation/infarction, and gangrene.
Immunogenicity
Serum samples from patients in the clinical studies were tested by enzyme-linked immunosorbent assay (ELISA) for
anti-aldesleukin antibodies. Low titers of anti-aldesleukin antibodies were detected in 57 of 77 (74%) patients with
metastatic renal cell carcinoma treated with an every 8-hour PROLEUKIN regimen and in 33 of 50 (66%) patients
with metastatic melanoma treated with a variety of intravenous regimens. In a separate study, the effect of
immunogenicity on the pharmacokinetics of aldesleukin was evaluated in 13 patients. Following the ﬁrst cycle of
therapy, comparing the geometric mean aldesleukin exposure (AUC) Day 15 to Day 1, there was an average 68%
increase in 11 patients who developed anti-aldesleukin antibodies and no change was observed in the antibodynegative patients (n=2). Overall, neutralizing antibodies were detected in 1 patient. The impact of antialdesleukin
antibody formation on clinical efﬁcacy and safety of Proleukin is unknown.

Immunogenicity assay results are highly dependent on several factors including assay sensitivity and speciﬁcity,
assay methodology, sample handling, timing of sample collection, concomitant medications, and underlying
disease. For these reasons, comparison of incidence of antibodies to PROLEUKIN with the incidence of
antibodies to other products may be misleading.
Post Marketing Experience
The following adverse reactions have been identiﬁed during post-approval use of Proleukin. Because these
reactions are reported voluntarily from a population of uncertain size, it is not always possible to reliably estimate
their frequency or establish a causal relationship to drug exposure.
• Blood and lymphatic system: neutropenia, febrile neutropenia, eosinophilia, lymphocytopenia
• Cardiac: cardiomyopathy, cardiac tamponade
• Endocrine: hyperthyroidism
• Gastrointestinal: gastritis, intestinal obstruction, colitis
• General and administration site conditions: injection site necrosis
• Hepatobiliary: hepatitis, hepatosplenomegaly, cholecystitis
• Immune system: anaphylaxis, angioedema, urticaria
• Infections and infestations: pneumonia (bacterial, fungal, viral), fatal endocarditis, cellulitis
• Musculoskeletal and connective tissue: myopathy, myositis, rhabdomyolysis
• Nervous system: cerebral lesions, encephalopathy, extrapyramidal syndrome, neuralgia, neuritis,
demyelinating neuropathy
• Psychiatric: insomnia
• Vascular: hypertension, fatal subdural and subarachnoid hemorrhage, cerebral hemorrhage,
retroperitoneal hemorrhage
Exacerbation or initial presentation of a number of autoimmune and inﬂammatory disorders have been reported (See
“WARNINGS” section, “PRECAUTIONS” section, “Drug Interactions” subsection). Persistent but nonprogressive
vitiligo has been observed in malignant melanoma patients treated with interleukin-2. Synergistic, additive and
novel toxicities have been reported with Proleukin used in combination with other drugs. Novel toxicities include
delayed adverse reactions to iodinated contrast media and hypersensitivity reactions to antineoplastic agents (See
“PRECAUTIONS” section, “Drug Interactions” subsection).
Experience has shown the following concomitant medications to be useful in the management of patients on
Proleukin therapy: a) standard antipyretic therapy, including nonsteroidal anti-inﬂammatories (NSAIDs), started
immediately prior to Proleukin to reduce fever. Renal function should be monitored as some NSAIDs may cause
synergistic nephrotoxicity; b) meperidine used to control the rigors associated with fever; c) H2 antagonists given
for prophylaxis of gastrointestinal irritation and bleeding; d) antiemetics and antidiarrheals used as needed to
treat other gastrointestinal side effects. Generally these medications were discontinued 12 hours after the last
dose of Proleukin.
Patients with indwelling central lines have a higher risk of infection with gram positive organisms.9-11 A reduced
incidence of staphylococcal infections in Proleukin studies has been associated with the use of antibiotic
prophylaxis which includes the use of oxacillin, nafcillin, ciproﬂoxacin, or vancomycin. Hydroxyzine or
diphenhydramine has been used to control symptoms from pruritic rashes and continued until resolution of
pruritus. Topical creams and ointments should be applied as needed for skin manifestations. Preparations
containing a steroid (e.g., hydrocortisone) should be avoided. NOTE: Prior to the use of any product
mentioned, the physician should refer to the package insert for the respective product.
OVERDOSAGE
Side effects following the use of Proleukin® (aldesleukin) appear to be dose-related. Exceeding the recommended
dose has been associated with a more rapid onset of expected dose-limiting toxicities. Symptoms which persist
after cessation of Proleukin should be monitored and treated supportively. Life-threatening toxicities may be
ameliorated by the intravenous administration of dexamethasone, which may also result in loss of the therapeutic
effects of Proleukin.12 NOTE: Prior to the use of dexamethasone, the physician should refer to the package
insert for this product.
DOSAGE AND ADMINISTRATION
The recommended Proleukin® (aldesleukin) treatment regimen is administered by a 15-minute intravenous
infusion every 8 hours. Before initiating treatment, carefully review the “INDICATIONS AND USAGE”,
“CONTRAINDICATIONS”, “WARNINGS”, “PRECAUTIONS”, and “ADVERSE REACTIONS” sections, particularly
regarding patient selection, possible serious adverse events, patient monitoring and withholding dosage. The
following schedule has been used to treat adult patients with metastatic renal cell carcinoma (metastatic RCC) or
metastatic melanoma. Each course of treatment consists of two 5-day treatment cycles separated by a rest period.
600,000 International Units/kg (0.037 mg/kg) dose administered every 8 hours by a 15-minute intravenous
infusion for a maximum of 14 doses. Following 9 days of rest, the schedule is repeated for another 14 doses, for a
maximum of 28 doses per course, as tolerated. During clinical trials, doses were frequently withheld for toxicity
(See “CLINICAL STUDIES” section and “Dose Modiﬁcations” subsection). Metastatic RCC
patients treated with this schedule received a median of 20 of the 28 doses during the ﬁrst course of therapy.
Metastatic melanoma patients received a median of 18 doses during the ﬁrst course of therapy.
Retreatment
Patients should be evaluated for response approximately 4 weeks after completion of a course of therapy and
again immediately prior to the scheduled start of the next treatment course. Additional courses of treatment
should be given to patients only if there is some tumor shrinkage following the last course and retreatment is
not contraindicated (See “CONTRAINDICATIONS” section). Each treatment course should be separated by a rest
period of at least 7 weeks from the date of hospital discharge.
Dose Modiﬁcations
Dose modiﬁcation for toxicity should be accomplished by withholding or interrupting a dose rather than reducing
the dose to be given. Decisions to stop, hold, or restart Proleukin therapy must be made after a global assessment
of the patient. With this in mind, the following guidelines should be used:
Retreatment with Proleukin is contraindicated in patients who have experienced the following toxicities:
Body System
Cardiovascular
Sustained ventricular tachycardia (≥5 beats)
Cardiac rhythm disturbances not controlled or unresponsive to management
Chest pain with ECG changes, consistent with angina or myocardial infarction
Cardiac tamponade
Respiratory
Intubation for >72 hours
Urogenital
Renal failure requiring dialysis >72 hours
Nervous
Coma or toxic psychosis lasting >48 hours
Repetitive or difﬁcult to control seizures
Digestive
Bowel ischemia/perforation
GI bleeding requiring surgery

Urogenital

Digestive

Skin

Serum creatinine >4.5 mg/dL or a serum
creatinine of ≥4 mg/dL in the presence of
severe volume overload, acidosis, or
hyperkalemia
Persistent oliguria, urine output of <10
mL/hour for 16 to 24 hours with rising
serum creatinine
Signs of hepatic failure including
encephalopathy, increasing ascites, liver
pain, hypoglycemia

Serum creatinine <4 mg/dL and ﬂuid and
electrolyte status is stable

Stool guaiac repeatedly >3-4+
Bullous dermatitis or marked worsening
of pre-existing skin condition, avoid
topical steroid therapy

Stool guaiac negative
Resolution of all signs of bullous dermatitis

Urine output >10 mL/hour with a decrease of
serum creatinine >1.5 mg/dL or normalization
of serum creatinine
All signs of hepatic failure have resolved*

* Discontinue all further treatment for that course. A new course of treatment, if warranted, should be initiated no sooner than 7 weeks after
cessation of adverse event and hospital discharge.

Reconstitution and Dilution Directions: Reconstitution and dilution procedures other than those recommended
may alter the delivery and/or pharmacology of Proleukin and thus should be avoided.
1. Proleukin® (aldesleukin) is a sterile, white to off-white, preservative-free, lyophilized powder suitable for
IV infusion upon reconstitution and dilution. EACH VIAL CONTAINS 22 MILLION International Units
(1.3 mg) OF PROLEUKIN AND SHOULD BE RECONSTITUTED ASEPTICALLY WITH 1.2 mL OF STERILE
WATER FOR INJECTION, USP. WHEN RECONSTITUTED AS DIRECTED, EACH mL CONTAINS 18
MILLION International Units (1.1 mg) OF PROLEUKIN. The resulting solution should be a clear, colorless
to slightly yellow liquid. The vial is for single-use only and any unused portion should be discarded.
2. During reconstitution, the Sterile Water for Injection, USP should be directed at the side of the vial and
the contents gently swirled to avoid excess foaming. DO NOT SHAKE.
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E

xciting original research was reported at this year’s 17th
International Kidney Cancer Symposium (IKCS) in
Miami. With “Emerging Concepts and Therapeutic Trials in Progress in RCC” as one of the themes for the sessions,
the Symposium provided a dynamic venue and a comprehensive agenda for more than 300 attendees at this two-day
event, one of two international meetings each year sponsored
by the Kidney Cancer Association. From early phase clinical
trials of novel therapeutics to updates on pivotal, ongoing
studies, the IKCS offered a unique opportunity to gauge
progress on a broad spectrum of topics and envision how new
information could have translational importance. In this report, we will cover a few select presentations of novel data
from therapeutic studies that have a potential for becoming
practice-changing once fully completed and reported.
Tailoring Therapy to Response: Addressing
Therapy Intensification & Discontinuation
by Dr Hans Hammers.
Dr Hammers described adaptive clinical trials in metastatic RCC patients. BMS-669 is a phase 2 study comparing
first-line therapy using nivolumab with salvage nivolumab+ipilimumab. Patients (120 ccRCC, 40 nccRCC) initially receive nivolumab only. Patients with a partial
response (PR) or complete response (CR) continue
nivolumab alone for up to 84 weeks, or until progression
of disease (PD) or severe toxicity, while those with progressive disease or stable disease (SD) get re-induced with
nivolumab, with the addition of ipilimumab for 4 doses
and then receive nivolumab alone until progression of
disease or severe toxicity or 48 weeks. Patients who
progress on the first arm can be potentially considered
for enrollment on the second arm.
TITAN is a phase 2 trial (200 ccRCC) where patients

received nivolumab induction, and may continue
nivolumab alone if they experience a PR or CR. Patients
who have SD or PD receive nivolumab+ipilimumab (2
doses), and can go back to nivolumab alone if they experience CR or PR, or receive another 2 doses of
nivolumab+ipilimumab if they experience SD or PD.
These patients can go back to nivolumab alone if they
experience CR, PR, or SD. Similar to BMS-669, patients
who initially responded to nivolumab alone can later receive nivolumab+ipilimumab if they experience PD.
OMNIVORE is a phase 2 trial (58 patients) where patients receive nivolumab and are assessed at 8 weeks initially. If patients experience PR or CR which is confirmed, nivolumab is discontinued, and restarted at progression. At progression, ipilimumab is added to
nivolumab for 2 doses only. If SD, PR, or CR, nivolumab
is continued until progression. If PD after nivolumab+ipilimumab, therapy is discontinued. Alternatively, if patients experience SD or PD after induction with
nivolumab, then similar to the first arm, ipilimumab is
added to nivolumab for 2 doses only. If SD, PR, or CR,
nivolumab is continued until progression. If PD after
nivolumab+ipilimumab, therapy is discontinued.
Phase 1 trials are investigating cabozantinib+nivolumab+ipilimumab, PEG-IL2 with nivolumab or nivolumab+ipilimumab, hypofractionated radiation therapy
to any RCC site along with treatment with pembrolizumab (RadVax), SBRT+nivolumab+ipilimumab, cabozantinib+ nivolumab with or without ipilimumab,
NKTR-214 (pegylated IL-2) + nivolumab with or without
ipilimumab.
Other combinations that are reading out from phase
3 trials include avelumab+axitinib (JAVELIN Renal 101),
pembrolizumab+axitinib (KEYNOTE-426). PDIGREE was
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discussed as well, and will be described in more detail
below.
A Phase II Trial of Intermittent Nivolumab in
Patients with mRCC Who Have Received Prior
Anti-Angiogenic Therapy by Dr Moshe Ornstein
Dr Ornstein described an ongoing phase 2 clinical trial
(target 40 patients, any RCC, 14 patients enrolled) that
is studying the feasibility of using intermittent nivolumab in patients with metastatic RCC who received
prior anti-angiogenic therapy. Patients receive 12 weeks
of nivolumab. If patients experience PD, they come off
therapy/trial. If the tumor burden decreases by 10% or
more, they go to the intermittent phase. If the tumor
burden decreases by less than 10%, they continue
nivolumab.
For the intermittent phase, patients hold nivolumab
for 12 weeks and are reassessed. If tumor burden increases by 10% or more, patients resume nivolumab until
PD or tumor burden reduction by 10% or more. If PD,
they come off therapy/trial, and if tumor burden decreases by 10% or more, they can hold nivolumab. If
after 12 weeks of nivolumab hold, patients do not have
an increase of tumor burden of more than 10%, they can
continue to hold nivolumab for another 12 weeks and
get reassessed.
Using Cryotherapy to Stimulate the Immune
System in RCC by Dr Matthew Campbell
Dr. Campbell presented an ongoing pilot study in
metastatic RCC (target 30 patients, any RCC, 29 enrolled) where patients are randomized to either 2 doses
of tremelimumab followed by surgery or biopsy, or to
cryoablation of a metastatic site, followed by 2 doses of
tremelimumab followed by surgery or biopsy. Patients
then continue tremelimumab until PD. Preliminary immune correlate analysis has shown an increase in CD3+
T cells in patients with ccRCC who received cryotherapy,
as well as an increase in the frequency of an ICOS+ CD8+
T-cell subset, and that VEGF and IFN pathway genes are
significantly higher in patients with ccRCC compared to
nccRCC.
Rationally Targeting the Bone with Radium
Pus Cabozantinib by Dr. Rana McKay
Dr McKay described a new clinical trial (RADICAL) for
patients (target 132 patients) with any RCC histology
with 2 or more untreated bone metastases, where patients are randomized to either cabozantinib alone or
cabozantinib+Radium-223, with primary endpoint being
symptomatic skeletal event-free survival.
Trials in Progress - PDIGREE by Dr Tian Zhang
Dr Zhang presented the PDIGREE trial (Alliance
A031704), which should be starting in 2019. PDIGREE
plans to enroll 1044 patients with mRCC where all patients receive nivolumab+ipilimumab for 4 doses. In case
of CR, patients continue with nivolumab alone. If case
of PD, patients switch to cabozantinib. Patients with
PR/SD (around 696 patients) will be randomized to
nivolumab alone or nivolumab+cabozantinib. The primary endpoint is 3-year overall survival, with key sec122 Kidney Cancer Journal

ondary endpoints such as 1-year CR rate, PFS, ORR and
toxicity of combination therapy. Correlative studies are
planned and will include using tissue-based markers (PDL1 and MET IHC, tumor mutational burden and neoantigen load, gene expression profiling, TILs), circulating
markers (IL-6 and other cytokines, ctDNA), quality of life
measures, and imaging correlates.
Treatment-Free Internval Following
Discontinuation of First-Line Nivolumab
Plus Ipilimumab or Sunitinib in Patients
with Advanced RCC by Dr Thomas Powles
Dr Powles described a posthoc analysis of CheckMate
214 studying treatment-free survival (TFS) after discontinuation of nivolumab+ipilimumab or sunitinib. Only
patients with IMDC intermediate/poor-risk were included. The study demonstrated that the combination
therapy delayed time from randomization to second-line
therapy by almost 7 months compared with sunitinib.
Time from randomization to second-line therapy and
TFS analyses showed durable response/disease control
with combination therapy despite treatment discontinuation. Delay to second-line treatment and TFS benefit
with combination therapy compared with sunitinib was
noted regardless of whether patients achieved objective
response or disease control, and regardless of baseline
tumor PD-L1 expression. Dr Powles noted that a full TFS
analysis of CheckMate 214 is being performed, and will
include the intention-to-treat analysis and favorable-risk
patients.
Safety and Activity of Immune Checkpoint
Inhibitors in Patients with Advanced RCC
and Pre-existing Autoimmune Disorders
by Dr Nieves Martinez Chanza
Dr. Martinez Chanza reported on a retrospective study
that included 25 patients with well-controlled autoimmune disorders (AD) treated with checkpoint inhibitors.
CTCAE grade 1/2 and 3/4 AD exacerbations were noted
in 6 and 2 patients, respectively, while CTCAE grade 1/2
and 3/4 immune-related adverse events (irAE) were
noted in 10 and 2 patients, respectively. 1 patient received systemic corticosteroids for AD exacerbation and
4 patients for new irAE. Ultimately, 1 patient discontinued checkpoint inhibitor therapy due to AD exacerbation and 2 for irAE. Median follow up in this study was
15 months, with median time from checkpoint inhibitor
therapy to AD exacerbation or to new irAE of almost 3
months. Overall response rate was 44% and 2-year OS
was 54% in this small cohort. The authors concluded
that while some patients with AD could benefit from
checkpoint inhibitor therapy, there is a risk for AD exacerbation and new irAEs, which are manageable, but require careful monitoring and multidisciplinary care.
CheckMate 214 Retrospective Analyses
by Dr Nizar Tannir
Dr Tannir described a posthoc analysis of CheckMate 214
focusing on the outcomes of 112 patients (intermediate/poor-risk) with sarcomatoid dedifferentiation treated
with either nivolumab+ipilimumab (60 patients) or sunitinib (52 patients). Confirmed ORR was 56.7% (18.3%

CR) in the nivolumab+ipilimumab group and 19.2% (no
CR) in the sunitinib group. Median PFS and OS were 8.4
months and 31.2 months in the nivolumab+ipilimumab
group, respectively, and 4.9 months and 13.6 months in
the sunitinib group, respectively. These exploratory
analyses show a remarkable efficacy of checkpoint blockade combination in the treatment of this generally treatment-refractory disease, with similar safety profile to the
general study population.
Phase 1b Study of Cabozantinib in Combination
with Atezolizumab by Dr Neeraj Agarwal
Dr Agarwal described the COSMIC-021 phase 1b study
using first-line cabozantinib+atezolizumab in 12 patients
with metastatic RCC (10 ccRCC, 2 nccRCC). This combination was noted have an acceptable safety profile and
promising activity with responses in 8 of 10 patients
with ccRCC.
Second-Line VEGF Receptor TKI Outcomes
afer First-Line Immune Checkpoint Bloackade
in mRCC by Dr Ritesh Kotecha
Dr Kotecha reported on a retrospective study from 2 cancer centers whereby VEGFR TKI was used as second line
therapy in 70 patients who had already received checkpoint inhibitors as first line therapy. The authors report
an ORR of 41.2%, with 52.9% SD. Median PFS was 13.2
months (1-year PFS 52.5%) and median OS was not
reached (1-year OS 79.6%). Second line VEGFR TKI median duration was 10.1 months, with 47% of patients
discontinuing therapy due to PD. The authors have
demonstrated in this cohort that tolerability was similar
to first line therapy historic controls and that second line
VEGFR TKI can be safely used after first line checkpoint
inhibitors, with good outcomes.
Ipilimumab plus Nivolumab as Salvage
Therapy in Patients with ImmunotherapyRefractory mRCC by Dr Kimberly Allman
Dr Allman reported on a retrospective study from 2 cancer centers whereby ipilimumab+nivolumab was used as
second line therapy in 14 patients who had already received other checkpoint inhibitors as first line therapy,
and showed that ipilimumab+nivolumab was well-tolerated in this setting, and generated a 33% PR rate. Additional centers are being recruited into this project in
order to increase the size of this retrospective study.

The Next 10 years: The Next Therapeutic Targets
This session included 5 different presentations covering
early phase clinical trials of novel therapeutics being investigated in patients with RCC.
• Dr Ranjit Bindra discussed oncometabolite-induced
homologous recombination suppression (IDH1/2, FH,
and SDH mutants), and its targeting in solid tumors,
with a focus on the PARP inhibitors olaparib and
BGB290, alone or in combination with established
therapies.
• Dr Abhishek Tripathi discussed the rationale behind
using adenosine pathway inhibitors (Anti-CD73 and
Adenosine 2a Receptor antagonists) in patients with
RCC. One phase 1 trial has studied CPI-444 (A2aR antagoinst) in combination with atezolizumab in 30 patients with RCC refractory to anti-PD-1 therapy. Other
trials of anti-CD73 and A2aR antagonists are planned,
in combination with checkpoint inhibitor therapy, in
patients with metastatic RCC.
• Dr Thomas Powles delineated the biology and roles of
TGFb in differentiation and immune inhibition, along
with data in RCC suggesting TGFb is overexpressed in
patients with poor prognosis. Dr Powles also discussed
data on targeting both PD-L1 and TGFb to enhance
the efficacy and infiltration of T cells into immune excluded tumors. This could be done either with a combination of a TGFb-R1 kinase inhibitor (Galunisertib)
with a PD-L1 inhibitor, or with a novel fusion protein
(M7824) that consists of an IgG1 monoclonal antibody against PD-L1 with a TGFb trap.
• Dr Thai Ho focused on treatment of patients with
SETD2-deficient tumors, and described a phase 2 study
of adavosertib (AZD1775) to target nucleotide metabolism in patients with these tumors.
• Dr Toni Choueiri described a phase 1 study that will
be using a new personalized neoantigen peptide vaccine NeoVax (in combination with local injection of
ipilimumab) in 20 patients with fully resected stage III
RCC or with M1 that is completely resected with subsequent absence of disease. KCJ
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could improve the model’s prognostic performance. This
retrospective cohort study used available formalin-fixed
paraffin-embedded tumor tissue and clinical outcome
data from patients with metastatic renal-cell carcinoma
assigned to treatment with tyrosine kinase inhibitors in
the COMPARZ trial (training cohort; n=357) and
RECORD-3 trial (validation cohort; n=258). Eligible
patients in both trials were treatment-naive; had histologically confirmed, advanced, or metastatic renal-cell carcinoma; and a Karnofsky performance status score of at
least 70. For each cohort, data from patients in all treatment groups (sunitinib and pazopanib in the training
cohort, and everolimus and sunitinib in the validation cohort) were pooled for this analysis. In the training cohort,
tumor tissue was used to evaluate somatic mutations by
next-generation sequencing, and the association between
cancer-specific outcomes (overall survival, progressionfree survival, and overall response) and the mutation
status of six genes of interest (BAP1, PBRM1, TP53, TERT,
KDM5C, and SETD2) was tested. Only those genes with
prognostic value in this setting were added to the MSKCC
risk model to create a genomically annotated version. In
the training cohort, the presence of any mutation in BAP1
or TP53, or both, and absence of any mutation in PBRM1
were prognostic in terms of overall survival (TP53wt/
BAP1mut, TP53mut/BAP1wt o TP53mut BAP1mut vs
TP53wt/BAP1wt hazard ratio [HR] 1·57, 95% CI 1·21-2·04;
P=0·0008; PBRM1wt vs PBRMmut, HR 1·58, 1·16-2·14;
P=0·0035). The mutation status for these three prognostic
genes were added to the original MSKCC risk model to
create a genomically annotated version. Distribution of
participants in the training cohort into the three risk
groups of the original MSKCC model changed from 87
(24%) of 357 patients deemed at favorable risk, 217 (61%)
at intermediate risk, and 53 (15%) at poor risk, to distribution across four risk groups in the genomically annotated
risk model, with 36 (10%) of 357 deemed at favourable
risk, 77 (22%) at good risk, 108 (30%) at intermediate risk,
and 136 (38%) at poor risk. Addition of genomic information improved model performance for predicting overall
survival (C-index: original model, 0·595 [95% CI 0·5570·634] vs new model, 0·637 [0·595-0·679]) and progression-free survival (0·567 [95% CI 0·529-0·604] vs 0·602
[0·560-0·643]) with adequate discrimination of the proportion of patients who achieved an objective response
(Cochran-Armitage one-sided P=0·0014). Analyses in the
validation cohort confirmed the superiority of the genomically annotated risk model over the original version.
Conclusion: The mutation status of BAP1, PBRM1, and
TP53 has independent prognostic value in patients with
advanced or metastatic renal-cell carcinoma treated with
first-line tyrosine kinase inhibitors. Improved stratification of patients across risk groups by use of a genomically
annotated model including the mutational status of these
three genes warrants further investigation in prospective
trials and could be of use as a model to stratify patients
with metastatic RCC in clinical trials.
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Adjuvant sunitinib in patients with high-risk renal cell
carcinoma: safety, therapy management, and patientreported outcomes in the S-TRAC trial. Staehler M,
Motzer RJ, George DJ, et al. Ann Oncol. 2018 Oct 1;29(10):
2098-2104.
Summary: Adjuvant sunitinib has significantly improved
disease-free survival versus placebo in patients with renal
cell carcinoma at high risk of recurrence post-nephrectomy. This study reported safety, therapy management,
and patient-reported outcomes for patients receiving sunitinib and placebo in the S-TRAC trial. Patients were randomized (1:1) to receive sunitinib (50 mg/day) or placebo.
Single dose reductions to 37.5 mg, dose delays, and dose
interruptions were used to manage adverse events (AEs).
Patients’ health-related quality of life, including key
symptoms typically associated with sunitinib, were evaluated with the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ-C30). Patients maintained treatment for 9.5
(mean, SD 4.4) and 10.3 (mean, SD 3.7) months in the
sunitinib and placebo arms, respectively. In the sunitinib
arm, key AEs occurred 1 month (median) after start of
treatment and resolved within 3.5 weeks (median). Many
(40.6%) AEs leading to permanent discontinuation were
grade 1/2, and most (87.2%) resolved or were resolving by
28 days after last treatment. Patients reported symptoms
typically related to sunitinib treatment with diarrhea and
loss of appetite showing clinically meaningful increases.
Conclusion: In S-TRAC, AEs were predictable, manageable, and reversible via dose interruptions, dose reductions, and/or standard supportive medical therapy.
Patients on sunitinib did report increased symptoms
and reduced HRQoL, but these changes were generally
not clinically meaningful, apart from appetite loss and
diarrhea, and were expected in the context of known
sunitinib effects.
Sunitinib alone or after nephrectomy in metastatic
renal-cell carcinoma. Méjean A, Ravaud A, Thezenas S,
et al. N Engl J Med. 2018 Aug 2;379(5):417-427.
Summary: This phase 3 trial randomly assigned, in a 1:1
ratio, patients with confirmed metastatic clear-cell RCC at
presentation who were suitable candidates for nephrectomy to undergo nephrectomy and then receive sunitinib
(standard therapy) or to receive sunitinib alone. Randomization was stratified according to prognostic risk (intermediate or poor) in the Memorial Sloan Kettering Cancer
Center prognostic model. Patients received sunitinib at a
dose of 50 mg daily in cycles of 28 days on and 14 days
off every 6 weeks. The primary end point was overall
survival. A total of 450 patients were enrolled from September 2009 to September 2017. At this planned interim
analysis, the median follow-up was 50.9 months, with
326 deaths observed. The results in the sunitinib-alone
group were noninferior to those in the nephrectomysunitinib group with regard to overall survival. The median overall survival was 18.4 months in the sunitinibalone group and 13.9 months in the nephrectomy-sunitinib group. No significant differences in response rate or
progression-free survival were observed. Adverse events
were as anticipated in each group.
Conclusion: Sunitinib alone was not inferior to nephrectomy followed by sunitinib in patients with metastatic
RCC who were classified as having intermediate-risk or
poor risk disease poor-risk disease. KCJ
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intermediate- and poor-risk groups in the first-line setting
and the only TKI with preferred status for patients who
have progressed on prior therapy,” The NCCN Clinical Practice Guidelines are the recognized standard for clinical
policy in cancer care and are developed through review
of evidence and recommendations from physicians and
oncology researchers. The NCCN kidney cancer panel’s decision to include cabozantiib as a Category 2A preferred
option for the treatment of patients with previously
untreated advanced RCC with poor- or intermediate-risk
disease was based on the results of the phase 2 CABOSUN
trial.
Hospitals Specializing in Cancer Treatment
Ranked in Report
Along with its 2018-19 Best Hospitals Honor Roll rankings, U.S. News & World Report released its rankings for the
top hospitals across several specialties. For the 2018-19
rankings, U.S. News analyzed data from nearly 5,000 hospitals and survey responses from more than 30,000 physicians to rank the top hospitals across 16 specialties.
Among the factors considered for the rankings were
survival rates, patient safety, specialized staff and hospital
reputation. An estimated 158 hospitals were ranked in at
least one specialty. For cancer these hospitals were ranked
in the top 10:
1. MD Anderson Cancer Center (Houston)
2. Memorial Sloan Kettering Cancer Center (New York
City)
3. Mayo Clinic (Rochester, Minn.)
4. Dana-Farber/Brigham and Women’s Cancer Center
(Boston)
5. Cleveland Clinic
6. The Johns Hopkins Hospital (Baltimore)
7. Seattle Cancer Care Alliance at UW Medical Center
8. Moffitt Cancer Center (Tampa, Fla.)
9. UCSF Medical Center (San Francisco)
10. Hospitals of the University of Pennsylvania-Penn
Presbyterian (Philadelphia)
Kidney Cancer Worldwide Hot Spots?
Eastern Europe Highest in Rates
Eastern European countries have the highest rates of kidney cancer, according to a study by the American Institute
for Cancer Research and its Continuous Update Report.
Rates in these countries were significantly higher than
countries elsewhere, with the highest rate in Belarus with
16.8 per 100,000 population. Among 20 countries ranked,
the US was 13th on the list with 10.9 cases per 100,000.
The list of rates:
1. Belarus
2. Latvia
3. Lithuania
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16.8
15.2
14.8

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Czech Republic
Estonia
Slovakia
France (metropolitan)
Hungary
Iceland
Croatia
Urugay
Ireland
US
Slovenia
Canada
Norway
UK
Russia
Australia
Belgium, Singapore

14.7
14.6
13.4
12.5
12.4
11.9
11.7
11.4
11.3
10.9
10.5
10.2
10.2
10.2
10.0
9.8
9.4

Artificial-Intelligence Smartphone App
Significantly Reduced Severity of Cancer
Patients’ Pain and Hospital Admissions
A study of 112 people with metastatic solid tumors found
that the use of an artificial intelligence (AI)-based smartphone app reduced both the severity of patients’ reported
pain and hospital admissions. After an 8-week period,
patients who used the AI-powered app to monitor and
address pain experienced a 20% reduction in the severity
of pain and had nearly 70% lower risk of pain-related hospital admissions than patients not using the app. The findings
were presented at the 2018 Palliative and Supportive Care
in Oncology Symposium in San Diego.
“There is a significant shortage of palliative care
providers, which will only worsen in the future as our population ages,” said lead study author Mihir M. Kamdar, MD,
Associate Director of the Division of Palliative Care and an
interventional pain physician at Massachusetts General
Hospital, Boston, Massachusetts. “This is one of the reasons
why technology solutions to help manage palliative care
challenges, such as cancer pain, are so important.”
According to the researchers, this is one of the first
mobile apps to utilize both patient-reported outcomes and
AI clinical algorithms to significantly decrease pain and
reduce overall inpatient hospitalizations in patients with
cancer-related pain. The app, named ePAL, was designed
and studied as part of a collaboration between Partners
HealthCare Pivot Labs, the Massachusetts General Hospital
Division of Palliative Care, and the Massachusetts General
Hospital Cancer Center. Fifty-six patients in the study were
assigned to use the ePAL app, while an equal number were
assigned to usual care. Patients using ePAL received alerts
on their smartphones with daily pain management tips and
were prompted to submit their pain levels three days a week.
The AI in ePAL was able to distinguish urgent from nonurgent pain and provide appropriate patient-facing education in real time. If cancer pain was severe or worsening,
the app connected patients to their clinicians for care. KCJ
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Carcinoma Database Consortium (IMDC) model. Although
recent studies are still emerging from the hypothesis-generating stage, molecular and genomic alterations are likely to
be integrated into such prognostic models in the near future.
Precision medicine and next generation sequencing are the
increasingly used buzzwords to describe innovative strategies
to deliver the right treatment to the right patient at the right
time. As emerging data unravel more of the molecular underpinnings of RCC, the focus has turned toward tumor suppressor genes and the pivotal roles they play in determining
outcomes. We are likely to see a broad impact on clinical
trial design as these approaches update the paradigm of treatment in the immune-oncology era.
Within the last 5 years, particularly, emerging data have

more clearly pointed toward potential strategies with translational impact as more studies target the genetic basis of a
significant percentage of familial RCC that has remained unknown. There is precedent for genes mutated in the germline
(such as VHL) that are also mutated in the sporadic setting.
Consequently, somatically mutated genes may explain familial RCC if mutated in the germline. For a more detailed
analysis of these trends, please review the content of this
issue to keep current with critical reading on precision medicine.
So, what is the answer to the question posed in the headline: Is Precision Medicine the Wave of the Future or a Cautionary Tale? It looks like a bit of both. Stay tuned.
Robert A. Figlin, MD
Editor-in-Chief

Kidney Cancer Journal 127

Give More Patients
the OPDIVO ® Opportunity.

OPDIVO® and the related logo are trademarks of Bristol-Myers Squibb Company.
© 2018 Bristol-Myers Squibb Company. All rights reserved. 1506US1702870-04-01 01/18

