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Emerging Treatment: Personalized

Vaccine for Renal Cell Carcinoma
Written by: Bayleigh Carver, Pharm.D. Candidate 2022

Vaccines are widely accepted as a
method of preventative care to ensure
dizeases based on berd mmmunity. For
example patients who receive the seasomal
mnfluenza vaccination all receive the same 4
strams of the mactvated mfluenza vous.
However, what 1f vaccines could be
personalized to each mdvadual pahent?
Furthermore, what if these vaccines could be
personalized to a cancer patient’s tumor
cells to actvate the patent’s own Immune
system to attack those cancer cells? This 1=
exactly what Dr. Braun, Dr. Chouemri, and
Dir. (ht are researching in hopes of
discovenny a new approach to freating
patients with high-nsk renal cell carcinoma
(RCC)a

A pecanfizen vaccine stems from the
same basic pnneiple of currently whlized
vacoines: activaing the mmmine system
against an antigen. However, instead of
adoumistering the vaccine to a healthy
imndividual as preventative care, MeoVax s a
therapeutic vaceine under investgzaton for
patients with recurrent RCC. Eather than
actvating the imemume system against a
foreign imvader, therapeufic cancer vaccines
aim to activate the mmne system agzmst
that lead to tumor growth and rapid cancer
cell drvision also lead to the formation of
cancer-specific protems, also known as
nesantigens.: Since thess necantigens are
only present on cancerous cells, the vaccine
15 able to activate the mmume system to
specifically target those cells. These
vaccines are created by taking a sample of
the patient’s tumor cells to determine which
negantigens are present 3 This is the
personalized component of the vaccine; sach
patient will present with different mutations
that lead to the production of different
vaccine 15 designed to activate the mmoine
that are present on the patient’s cancer cells.

As the eighth most common cancer
diagnosed m adults in the US| kidney
cancer has a substantial prevalence with an
estimated 73,820 new cases i 2019, The 5-
vear relative surmvival rate 1s highly
dependent upon the stage of cancer at
the kidney, 1t 15 considered regional and
encompasses stage [l and some stage IV
cancers. Regponal kidney cancer has a 5-
vear relative survival rate of 69% which
drops to a dismal 12% for those withdistant
kidney cancer, such as those that have
spread to the hmgs or bone. 1 Further, ROC 15

with a 20% to 40% mecuwrence rate after

nephrectomy .+ Therefore, due to the poar
progoosts of advanced kidney cancer and
high rate of recwrence, a vaccine that has
the poszmbility of treating this patient
population has the potenfial to substanfialhy
advance freatment of this mportant disease.

Cwrrently, a phase I chmcal fnial
orgamzed by Dana-Farber Harvard Cancer
Center 1= researchimg NeoVax i
combinztion with mpilimomak; therefore, the
vacecine 1s bemng tested for safety and
appropniate dose.s Ipilimnmaal 15 an imomume
checkpomt inhibitor utilized to treat other
solid tumors, such as melanoma. Immmne
checkpomt proteins operate by keeping the
mrmine system m check. 1.2 down-
regulatng its actvity by mlnbiting T-cell
probiferation and imnferleukin production. s
Dhugs that are able to block these protems
allowr the omume system to funchon at full
capacity. In the case of ipilitmimab, the
mrmne checkpont protein cytotomxe T-
bmophocyte associated protein 4 (CTLA-4)

In this study, the patients wall first
undergo surgery to remove the primary
kidney tumor as per standard of case.
Samples will be taken from the tumor and
analyzed to deterrime the mecantigens that
have the highest chance of provoking a
response by the mmmmme system. Cnce



combined with poly-ICLC to form the
MNeoVax vaccine. According to the Mational
Cancer Institute, poly-ICLC is a synthetic
complex that may stimmulate the releasze of
cytotoxic cytokines and incTease tumoricidal
activities.r Poly-ICLC is an expermmental
drug and has not been approved for use.
MNeoVax will be administered on days 1, 4,
g, 15, and 22. Ipilimmmab will be
adoumstered under the skin within 1cm of
each Neovax admmistration. Neovax will be
administered again on days 78 (week 12)
and 134 (week 20) as part of the boost
phase s The pomary outcome measure will
e the mmmber of participants with dose-
hmiting toxicity experienced within 49 days
of therapy. Secondary outcome measures are
the participants’ mnmme response to the
vaccine (NeoVax induced INF y T-cell

Feferences:

response) and mmmber of participants alive at
2 years.s

MeoVax is an example of modem
medicing characterized by moving away
from the idea that all patients should be
treated with the same cvtotoxic therapy, to a
moTe personalized approach, m which
therapy 1= targeted to patient-specific
factors. Since MeoVax 1s commently being
tested for safety and therapeutic dose in
early phaze trials, more research is needed fo
be able to utilize this techmology in clinical
practice; however, neoantigen vaccines have
the potential to personalize medicine to a
greater extent by recogmizing and targeting a
vanety of genefic mutations between
pafients.
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On August 15w, 2012, the Food and Dimug
Admmistration (FDA) approved entrectimb
(Rozlyirek) for a fissue agnostic indications, the
third drug to recerve such an indication,
followmg pembrolizmmab and larotrectimb.
These approvals represent a new paradigm mn
cancer treatment, where treatments are
determuned by the genefic makeup of the tumor,
rather than the site of the fumor. Entrectmb was
granted accelerated approval for adult and
pediatnic patients 12 years and older who have
solid tumors with the pewrotrophic tyrosine
receptor kinase (NTRE) gene fusion that are
metastatic or unresectable. Patients mmst have
progressed following previous treatment or have
no effective alternative treatments available 2
Addifionally, entrectinib was approved for the
treatment of metastatic non-small cell lung
cancer (MSCLC) 1o adults whose tumor 15 ROS]
proto-oncogens receptor fyrosine kinasze (ROS1)
gene positive.3

Entrectimb 15 an orally available small
molecule tyrosine kinase inbibitor (TET) of
NTEE 1/2/3, K051, and anaplastic lymphoma
kmase (ALE). NTEE gene fusions lead to the
production of tropomyosin-related kmase (TEE)
proteins that can be a prmary diver of vanous
cancers. NTRE gene fusions are more commeon
among rare cancer types such as mammary
secTetory carcimoma, mammary analog secretory
carcimoma, and congemital fibrosarcoma, but are
far less common in cancer types such as
sarcomas, gastrointestmal tumors, and lung
cancer. RD5] and ATEK are estzbhshed
therapeutic targets m NSCLC, with a prevalence
of 1-2% and 3-4%, respectively.4

The results from three clmical tnals were the
basis of enfrectimb’s approval for solid tumors
with WTBEK fusions: ALEA 5TARTREE-]
(MCTO2097810), STARTEE-2
(HNCT02568267). The patients were tested for
the NTEE gene fusion pnior to enrollment using
nucleic acid-based tests.s The ATEA tnal was
an open label, dose-escalation tnal that studied
patients with TrkABC, ROS51, or ALE gene
rearrangements in Italy receiving entrectimb
infermuftently and confinuously. STARTRE-]
was an open-label, dose escalation that studied
patients with NTREE 123, ROS], or ALK gene

rearrangements mn the United States and South
Eorea receiving enterectimb on a daily
continucus dose. STARTEEK-2 was an open-
label basket tnal conducted in patents with
NTREL273, ROS1, or ALK gene
rearangenments. 3

Fifty-four adult patients were analvzed with
advanced or metastatic solid tumors harbonng
HWTEE gene fusions in a pooled analyvsis of the
three climcal trials. A bhinded mdependent
central review (BICE) was conducted. and the
tumors were assessed after the first cycle and
then every 8 weeks. After 155 months, the
ntegrated analysis determuned the overall
response rate (OBRR) was 57.4% (95% C143.2-
T70.8) and the medan duration of response
(DOE) was 10.4 months (95% CI 7.1-HE).
Complete response rate was 7.4%. The median
progression-free survival (PFS) was 11.2 months
{(95% CI 8.0-14.%) and medizan overall swvival
{(05) was 209 months (95% CI 14 9-ME)_ s

In adults with sohd tumors harbonng an
HWTEE gene fusion or in ROS 1 -positme NSCLC
the recommended dose 15 #0{mg once daily. In
pediaine patents,]12 years and older, the dose 15
based on body surface area.s Entrechmb 15
available n 1 (Mmg and 200mg capsules which
must be swallowed whole. Dosing adjustments
are oot recommended for patients with mald or
moderate renza] impamrment (CrC] 30-90ml.min)
and mild bepatic impaurment (total biluubm
=15 times ULN). Pattents with severe renal
mypaiment and moderate or severe hepatic
mmpairment have not been studied.
Coadministration with moderate and strong
CYP3A inhibitors should be avoided, but if
unavoldable, dose adjustments are requred.
Admumistration with moderate and strong
CYP3A inducers should be avorded.) Entrectmmb
presented with a tolerable side effect profile as
the infegrated analy=1s of the three chmeal nals
reported most treatment-related adverse events
being reversible with a dose reduction and of
ould to moderate seventy (Grade 1-2). Common
side effects (=220%:) of entrectmb treatment
mmclude: dysgeusia (44%), fatigue (48%),
dizziness (38%), constipation (46%), nausea
(34%), diarrhea (35%), dy=poea (30%), weight
gain (25%), copmtive mpaorment {27%), cough



(24%), pyrexia (21%:), myalgia (28%),
peripheral edema (40%), vomiting (24%],
arthralzia (21%), and vision diserders (21%).
Cardiovascular related adverse events, mcluding
congestive heart farlure (3.4%, grade 3: 2.3%)
and (}Tec prolongaton (3.1% with an mterval
prolongation of greater than 60 ms, 0.6% had a
QTe greater than 500 ms) were also seen 1n
patients. In patients with symptoms or known
nzk factors for CHF, the left ventricular ejecton
fraction (LVEF) should be assessed prior to
mitiation. Depending on the seventy of CHF or
decline in LVEF, a dose mterruption, reduction,
or permanent discontmuahon may be warranted.

tests due to nsk of hepatotoxicrty and serum une
acid levels due to observed hypenuricema, is
also recommended. 1.5

Similar to larotrectimb, entrectinib provides
addrfional treatment ophions m pahents with
solid tumors with NTEE gene fusions who have
progressed following previous freatment or have
oo alternatrve treatments available. It also adds
to the armamentarium for treatment of
metastatie ROS] rearrangement positive
HNSCLC. Entrectimb’s tissue agonist-approval 1s
a part of the shift n cancer treatments to target
specific penetic features rather than tumor type,

Addrhonal momtonng, such as iver funchon with encowraging results.
Table 175
Entrectimb (Rozlvirek) Larctrectimb (Vitraksi)
Approved August 2019 Approved Novemnber 2018
Digze 600mg once daly 100mz twice daky
Dozage Formis) Capsules: 100mg, 200mg Capmuales: 25mg, 100me
Oral soluhon: 20meml.
Eenal Doze Mo dose adjustment 15 recommendad Mo doze adjustment 15 recommended for
Adjustment(s) for patients with omld or moderate patients with renal impaimment (any
renal imparment {(CrC] 30 to = 90 savertty}
ml )
Hepatic Doze Mo dose adjustment 15 recommendad Mo doze adjust 15 recommended with
Adjustment(s) for patients with ould hepatic ould bepatic tmpamment (Child-Pugh
impaiment (fotal baliubin <1.5 tmes | score A)
ULN) Dose reduce in moderate or severe
bepatic impairment {(Chald-Pugh score B
and C)
Dirug Dioze reduce with moderate or strong Dose reduce with strong 344 imhibitors
Interaction{s) 34 mhibitors and avoed with moderate | and merease dose with strong 344
or strong 34 mducers inducers
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Prostate cancer 15 the second leading
cause of cancer-related deaths in Amencan
men 1 Despite havimg a 3-year relatrve survival
rate of pearly 100% for localized and regiomal
prostate cancer, the survival rate decreases to
30% once distant metastasis oceurs.: Therefore,
preventing metastasis 15 a high pronty in men
with prostate cancer. The majonty of men waith
advanced diseasze eventually become resistant to
androgen deprivation therapy (ADT), the
standard of care for regional or advanced
disease. They are then considered “castrate-
resistant” and addihonal hormone therapy 1=
needed to control the cancer and prevent the
development of metastazis 3 Commonly used
hommonal therapies include second-generation
androgen receptor mhibitors (anhiandrogens),
such as apalutarmide and enralufzmmde, m
addition to ADT.

Although both apalutamide and
enzalutarmde have demonstrated a stahizheally
significant benefit n metastasis-free swvival,
neither of these agents have demonsirated an
overall survival (O5) benefit based on mtenm
analyses of the phase 3 tnals m nonmetastatic
castrate-resistant prostate cancer (nmCRPC). It
15 Important to note these data are not yet
mature 3 In the SPARTAN study evaluatng
apalatamide versus placebo on metastasis-free
survival in pmCRPC, median 05 was not
reached (NE) i the apalutamide group,
compared to 39 months mn the placebo zroup
(HE 0.7; 95% CI0.47-1.04; p=0.07).2 Samalarly,
m the FROSPER study, which asseszed
enzalutamide versus placebo 1n men wath
omCEPC, 05 was NE in both groups (HR 0.8;
93% CI0.58-1.09; p=0.15).5 Both apalutanude
and enzalutamide are also associated with
significant toxicities, meluding seizures, thyroad
dy=function, QT prolongaton, fractures, and
postenor reversible encephalopathy syndrome 3
Darolutamide, the newest anfiandrogen, 15
promising due to a potenfially mlder side effect
profile and poszble 05 benefits.

The FDA approved darolutamide on
Juby 30, 2019 for omCRPC s The drug 15 dosed
as 600 mg (two 300 mg tablets) by mouth teice
daily with food, and dose adjustments are
recommended for severe renal or moderate

hepatic imparment. 7 Exposure to darclutarmde
15 impacted when P-ghycoprotein (P-gp)
inhibitors/inducers are used in combmation with
CYPIA4 whibitors/inducers. In contrast with
the other drugzs m the anhandrogen class, the
novel structure of this agent vields a lower
blood-brain bamer penetration, which may
reduce the seventy of adverse effects.s The most
common adverse effects (=10%) of
darolutamide are fatirue, neufropema, mereased
samum aminotransferase and bilirobin, and
asthema. The darclutamude drug label contains a
warming for embryo-fetal toxerty, so males
should usze contraception during and one weak
after treatment 1f they are with famales of
reproductive potential 7 The most recent study
supporhng the use of darolutanide m men with
mmCEPC was a phase 3, muliinatonal,
randomized double-blind, placebo-controllad
tnal known as the ARAMIS trial &

The AR AMIS populahon consisted of
1509 men with nCEPC and a prostate specific
antigen (PSA) doubling time of 10 months or
less. The subjects were grven darclutarmde (600
mg twice daily) or placebo in a 2:]1 rabo, while
contimung to recerve ADT as enther hntermzing
hormone-releazing hormons (LHEH) agomist or
antagomst. The median age i both groups was
74 vears, and the majority of patients had
recerved two or more hormonal therapies. The
primary cutcome, median metastasis-free
survival was 40 4 months for darolutamide
versus 18 4 months for placebo (HE 0.41; 95%
CI0.34-0.5; p=20.001). The benefit In metastasis-
free survival m this study was smmlar to the
benefit seen with apalotannde and enzalutamide.
Secondary outcomes, meluding 05 and time to
pain progression, also appeared to favor
darclutamide over placebo (HE for death=0.71;
95% CI0.5-0.99; p=0.045), though 05 data are
not mature at this time.

Adverse effect profiles were simular
between treatment versus placebo groups, except
for any grade fahzue bemgz more common with
darolutzmide (12.1%) versus placebo (8.7%).8
Notably, the frequency of any grade fahgue was
even higher for apalutanude (30.4%) versus
placebo (21.1%) m the SPARTAN study and for
enzalutarmide (33%) versus placebo (14%:) n the



PROSPER study.4s The ARAMIS tial also had
a smaller percentage of patients disconfinne the
tral regimen due to adverse events
(darclutamide 8.5%; placebo 8.7%) compared to
the SPARTAN tmal (apalutammde 10.6%;
placebo 7%%), and had a similar discontinnation
rate when compared to the PROSPER. tral
(enzalutarmide 9%; placebo 6%). The incidence
of more sigmificant side effects associated with
apalitamiude and enzalutamide, such as se1zures,
fractures, and CIN5-related effects, were low and
simalar in both the darchutamide and placebo
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favorable adverse effect profile.
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Pahents diagnosed with cancer have a
long, tning road ahead of them After treatmnent
with radiation and'or chemotherapy, which 1=
associated with mumerous acute side effects,
patients must also face the potential for long-
term putcomes. Months to vears after treatment
patients can be affected by their cancer regimen
somehmes m ways we cannot visibly see. One
of these 15 nenrological often termed “chemo-
brain” by patients and caregivers. Current
treatments for cancer cause changes deep within
the brain and 1ts shucture wlhich alter the
patient’s cogmitive abihty. Mulfiple studies have
shown the dipnmishimg effects on different areas
of bram structure and brain fimction.

In the brain, dendritic spmes line the
hppocampus in thousands of synapses. These
excitatory synapses are thought to be comrelated
with memory and leaming processes. Being
extremely sensifive to stress, the spines are
easily transformed, as seen in many
peurodegenerative diseases. When a patient
receives chemotherapy, many of these dendntic
spines are destroved. This loss m excitatory
synapses provides an explanation to the decline
in lippocampal vohime. In contrast to damage to
dendritic spmes by non-chemotherapy, such as
bead trauma, which can be reversed wathin
punutes to hours, the damage by chemotherapy
1= ireversible. Early loss of memory after
chemotherapy 15 explained by the decrease m
synapses, but the later induced
neurcdegenerzinve diseases are resulis of the
death of the pewrons m the hippocampus that no
longer recelve excitatory signals due to complete
destruction of the synapses.i

While the synapses expenence loss in
pumber, the bram rself expenences loss n size.
A= bramm matter plays the baggzest role m human
cogmbon, any decrease in size will nezatrvely
affect both bram fimetion and memory. A study
companng children with acute lymphoblastic
leukenma (AL} recening treatment with
methotrexate and dexamethasone to a control
group found at least some form of copmtive
dechne after chemotherapy. The children tested
were between the ages of 4 and 16 years old, but
they had to be 7 or older to participate in the
imaging portion of the test. They completed the

Wechsler Abbreviated Scale of Infelhzence 2w
Edition (WASI-IT) to estmate their level of
infeligence. A visual test, the Rapid Visual
Information Processmg (EVF) subtest, was also
conducted to defermmme their visual sustaned
attention along with the Reaction Time (RTT)
subtest to measure visual information speed and
abibity to process. These tests wers schaduled 3-
4 months post-treatment of methotrexate and
dexamethazone to ensure encugh time was
allotted to remove the drog from the patient’s
systemn In this study, children post-

processing capacity, but no difference was found
when testing the speed of processing compared
to the control group .z

In addifion to the loss of sypapses and
reduction in bramn size, chemotherapy may also
shrmk white matter and the newronal web. This
circuit of peurons 1s how information gets
transported throughout the body and, essentially,
bow memornies are stored. These changes do not
appear imbially when gray matter volume or
physical surface area of the brain are measured 3
In a study observing patients with
nasopharyngeal carcinoma after radiation
therapy, gray matter vohime and temporal lobe
volumes decrease time-dependently, while
ventncles merease in size through dilabon. The
MoCA (Beying version) and was used to
determine the general copnitive function of the
patients before mihation of therapy and 3
months post-therapy. Patents undergomg this
study were between the ages of 18 and 65 and
bad an mmtal MoCA score of 26 or greater.
Uszing a specified copmtive assessment, the
seores obtained from the test were negatrvaly
correlated with time followmng radiabon therapy.
This study revealed oradmton was hinked to
post-treatment loss of peurons and synapses. The
magmtnde of mpaiment of the brain depended
on the extent of treatment, though all treatments
did show some damage. A sipnificant negative
correlzhion (p-value equal to 0.0007) exsted
between the scores on the assessment test and
dilzfion of the ventricles. Understanding the
dose of radiabion which hrts damage o the
brain 5 extremely important in patients due to
the dose-dependent macrostructural decrease m
volume soon after radiation therapy .2
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Chemotherapy and radiation are known neurclogic adverse drug reactions 15 of utmost
to alter brain size and funchion, at times 1n a importance to patient quality of hife. Ths
dose-dependent mamner. Any amount of these provides the framework for opporfumties m
toxe drugs 15 hkely to have effects dunme and future research to mutigate the mmpact of
after treatment. Investigating these hife-long “chemo-bramm”.
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