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Human Papillomavirus: Cancer, Vaccination,

and the Role of the Pharmacist
Written by: Rebecca Powell, Pharm.D. Candidate 2022

Human papillomavirns, or HPV, is the
most common sexually transmitted infection
around the globel Papillomaviruses are
commeon across animal species and are specific
to their respective host. Though it has more
than 200 genotypes, only 83 strains of HPV
have been well characterized by researchers.
Genotypes differ in the types of tissues which
can be infected, the ability to generate topical
warts, as well as the associated nisk of
developing cancer. Human papillomavims is
transmitted via direct skin to skin contact and
can be categorized as either cutaneous or
mmucosal, depending on the type of tissue it
wnfects. Cotaneous viruses target the epidermal
tissue of the hands and feet while mucosal
wvirnses target the linings of the mouth, throat,
and anogenital areas. Once infected, the virus
manifests as either (i) common or genital warts,
(i) an active infection that canses abnormal cell
changes which can lead to cancer, or (iii) an
mactive and latent infection that can still be
transmitted to a sexual partner.2

Approximately 40 genotypes of HFV
are associated with genital infectioms. These
genotypes have been categorized as either high
or low risk based on their associated hink to
high-grade lesions and Cancer
diagnoses 1 Nearly 80% of people around the
globe will be exposed to HPV in their lifetime,
and appromimately 35000 Americans are
diagnosed with cancer cawsed by HFV each
year. Infection with human papillomavirus is
the most prominent canse of female cervical
cancer worldwide.1

Like all wvirmses. no cure exists for
HFV; however, a preventative vaccine has been
FDA approved since 2006. Based on the high-
risk genotypes currently covered in the HPV
waccine, immumization could prevemt more
than 90% of cancers cansed by this virus.l In
2014, the FDA approved a 9-valent HPV
wvaccine, covering the nine most common
genotypes of human papillomavims. Prior to
this meost recently approved Gardasil 9
formmlation, the FDA approved both
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guadrivalent and bivalent compounds, which
together have provided over 13 wyears of
efficacy and monitoring data.3 The cuorrent
HPV vaccination schedule includes a 2-dose
series for boys and girls ages 9-14 and a 3-dose
series for ages 13-26, or anyone aged 9-26 who
may be immunocompromised.]

Cervical cancer is now one of the most
preventable types of cancer in America
Through safe sex education early detection
mandatory preventative health screeming
coverage, and timely wvaccination we can
continue to lower the rates of incidence and
mortality of cervical cancer in our country -
both of which have already been cut in half
gsimce the 1970s. However, the rates of HPFV
wvaccination remain strikingly low. Inm 2018,
only 54% of girls and 49% of boys ages 13-17
were up to date on the HPV vaccine despite a
national call to vaccinate between the ages of
11-12.4 Imterestingly. a recently published
study suggests that a single dose of the coirent
HPV vaccine is as effective as multiple doses
in preventing invasive cervical disease, which
could potentially aid in boosting immunization
Tates.s

Pharmacists play an important role in
disease prevention through advocating for and
administering immunizations, including the
HPV wvaccine. However, some limitations
exist: two states in the US still do not allow
pharmacists to administer the HPV vaccine
and several states require a prescription from a
prescriber prior to pharmacist administration
Furthermore, the majornity of states have an
age limitation for pharmacist vaccine
administration, meaning that these
pharmaecists would not be allowed to provide
the HPV vaccine within the recommended age
window for adolescents.§ As the most
accessible healthcare providers, it 15 extremely
umportant to educate the public on the
pharmacists’ immunization training and to
strive for complete immunization authority
aronnd the country. By reducing these bamiers
to care, we can increase the HPV vaccination
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rates and lower the mcidence of cancer cansed pharmacists can confinue fo pave the way for
by thas virus. By contimung to remain cervical cancer prevention.

mformed. raise the subject, educate our

patients, and advocate for our commumnity,
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Tamoxifen and Antidepressant Drug

Interactions
Written by: Ashley Austin, Pharm.D. Candidate 2020

Breast cancer is the most common
invasive cancer and is the leading canse of
cancer-related mertality among women
worldwide. Nearly half of women with breast
cancer report depression and/or anxiety within
the first year after diagnesis.] Appropriate
treatment of depression in these patients is
paramount, not only to aid in quality of life
but also to ensure optimal long-term
outcomes. Higher mortality rates have been
found in patients with breast cancer and
depression compared to those withont
depression.]1 Selective serotonin reuptake
inhibitors (SSRIs) are indicated to treat
depression, sleep disturbance, and vasomotor
symptoms while on tamoxifen. a medication
nsed to manage breast cancer. However,
debate continues in regard to whether certain
antidepressants reduce tamoxifen’s
effectiveness in lowering breast cancer
recurrence duoe to drug-dmg interactions.

Tamoxifen is a mainstay of managing
breast cancer as it is approved for the
treatment of breast cancer, as well as risk
reduction of breast cancer in adult females at
high nisk for breast cancer. Tamoxifen is a
selective estrogen receptor modulator (SERM)
that competitively binds to estrogen receptors
on fumors and other tissue targets, producing a
muclear complex that decreases DNA
synthesiz and inhibits estrogen effects. Asa
prodmg, tamoxifen must be metabolized by
cytochrome P450 (CYF) 2D6 to the active
metabolite, endoxifen. S5F1 antidepressants,
particularly paroxetine, are strong inhibitors of
CYP2D6 1 Thecretically, using tamoxifen
along with a strong CYP2D6 inhibitor would
decrease serum concentrations of the active
metabolite, therefore decreasing the efficacy
of tamoxifen. In October 2006, a US Food and
Dz Administration advisory commiftee
recommended tamoxifen’s label be changed,
noting that pestmenopausal women with ER-
positive breast cancer who are poor CYP2D6
metabolizers by genotype or due to dmg
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interactions may be at increased nsk of cancer
recurrence. 3 However, evidence is conflicting.
Two large studies have assessed the
potential interaction of SSEIs with tamoxifen.
A retrospective study of 2430 women aged 66
years or older treated with tamoxifen for
breast cancer compared outcomes by receipt
of concomitant SSEI[parcxetine (25.9%4),
sertraline (22.3%), citalopram (19.2%),
venlafaxine (15.0%), flnoxetine (10.4%), and
fluvoxamine {7.2%)]. At the end of follow up,
37472430 women had breast cancer recorded
as the canse of death. Of those deaths, 105/630
(16.7%) received paroxetine and 269/1800
(14.9%) received other SSRIs. Researchers
calculated the vse of paroxetine during
tamoxifen treatment would result in one
additional breast cancer death at five years for
every 19.7 women treated. Investigators
directly related the increased risk of death to
the extent of co-prescribing hypothesizing
strong CYP2D6 inhibition can reduce the
survival advantage of long-term tamoxifen
therapy. Of note, this study did not include
women who were not taling an 35R1 4
Conversly, in a cohort study of 16,887
women with early-stage breast cancer treated
with tamoxifen (median duration 2.7 yr)
followed for a median of 6 years, researchers
did not observe an increased risk of
subsequent breast cancer in women who used
concomitant antidepressants compared to
those not receiving comeomitant
antidepressanis. The antidepressant cchort was
divided by the type of antidepressant nsed,
including tricyelies, venlafaxine other types
(i.e., trazodone, bupropion), and multiple
types (SSEIs plus other agent). In the total
study popuolation, the most commonly used
S5RIs were fluoxetine (3361 women or
19.9%%) and parcxetine (1784 women or
10.6%). In this analysis, investigators
determined that the risk of subsequent breast
cancer in patients receiving paroxefine or amy
other antidepressant was similar to those who
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nsed tamoxifen alone (hazard ratio 1), those with none with weak CYP2D6 activity,

regardless of duration of tamoxifen therapy. 3 such as sertraline, citalopram, escitalopram,
Based on available evidence and FDA and venlafaxine Pharmacists should provided

guidance, it is recommended to avoid detailed gnidance to providers and patients on

concomitant use of paroxetine with tamoxifen how to switch among antidepressants to avoud

Pharmacists are advised to recommend S5RI withdrawal or adverse effects.

alternative antidepressant agents, specifically
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Early Ovarian Cancer Screening in Hereditary

Cancer in Medically Underserved Population
Written by: Anjali Jarrett, Pharm.D. Candidate 2021

Ovarian cancer is an uncommon but
deadly disease that has the highest mortality
rate among gynecologic cancers and 15 the
fifth leading cause of cancer-related deaths in
womeni. Approximately 13,940 women will
die from ovarian cancer and 21_750 women
will recerve a new diagnosis of ovanan camcer
according to the Amencan Cancer Society
estimates for ovanan cancer in the United
States for 2020. A woman’s nsk of
developing ovarian cancer during her lifetime
15 1 in 78 and the lifetime chance of dving
from ovanan cancer 15 1 in 108. However,
these statistics do not imclude low malignant
potential ovanan tumors. Although half of the
women who are diagnosed with ovanan
cancer are 63 years or olderz, the median age
at diagnosis is 591

Fesearch has led to the discovery of
genefic mutations associated with a higher nsk
for the development of cancers. The
prevalence of a specific genetic mutation may
be higher in a specific population when a gene
or series of genes is conserved among families
within a society. Mutations of BRCAI and
BECA?Z are found in women of all races but
several distinct mutations, whach are not
exclusive, are common among Ashkenazi
Jewss.

Mutations of the genes BRECAI and
BRCA2, located on chromosomes 17g12-21
and 13q12-13 respectively, are related to the
development of ovarian cancer. Mutations in
BERCA] are more prevalent than BRECAZ? as
BECA] is associated with 90% of inhented
and 10% of sporadic cases of ovanan cancer.
Patients with BECA1 associated ovarian
cancers are often younger than patients with
BRECA2 mutations with a mean age of 34
vears at diagonosisi . These patients mav also
present with an advanced stage at diasmosis
and more ageressive tumors of moderate to
high-grade serous histologyi. Highly curable
ovarian malignancies that affect primanly
voung women include germ cell tumors, such
as malignant teratoma and dysgerminomas.
Theze histologies comprise 2-3% of all
ovarian cancers in Western countries but have
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an increased incidence in African American
and Asian wWomeni.

An mmportant nsk factor in the
development of ovarian cancer is family
history. The associated lifetime nsk 1s 99 if
one family member has a diagnosis of ovarian
cancerl. This mcreases to greater than 50% if
two or more 1= degree relatives present with a
diagnosis of ovanan cancer or multiple cases
of ovanan and breast cancer are present within
the same familyi. Mullipanty, early menarche,
or late menopanse are conditions associated
with an increased risk for epithelial ovarian
cancers. Comversely, conditions that limat
ovulations mayv enable a protective effect:.

Detection of preclinical disease at an
earlier stage would be cost-effective and may
improve survival by 10-30%3. Cases confined
to the ovanes in Stage [ disease can be cured
in up to 90% of patientss. Cases limited to the
pelvis are associated with a J-year survival
rate of 70%. 3Unfortunately, only 20%: of
ovaran cancers are presently diagnosed in
Stages I-IIs. Cases of stage IIT and IV ovarian
cancer have a long-term survival rate of 20%
of lesss. Therefore, the justification for the
early detechon of ovanan cancer is
idisputable.

Although early stndies mmitially
indicated that African American women were
significantly less likely than Cancasian
women to have BRCA1 and BRECA2
associated mutations, this has since been
refuteds. Despite the emergence of this new
data, African American women undergo
BRCAI and BRCA2 genetic counseling and
testing at considerably lower rates than do
comparable Cancasian women, even if these
women have the same iInsurance coverage and
hold simalar attitades about the nsks and
benefits of genetic testings. This also inclndes
women with a breast cancer diagnosis and
those at nsk based only on family history+.
The dispamty 1s largely powered by inadequate
access to testing among Afncan Amencan
women, which may be exacerbated by a lack
of awareneszs towards available testing,
insufficient screening for sk factors due to
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information, imconsistencies in providers
recommending genetic testing, and poor
support for obtaining genetic counseling in
resource-limited settingss. Significant
evidence in most cancers shows that “equal
treatment vields equal outcome and race need
not be a factor in outcome.” although a
sufficient amount of data shows that race is a
factor in the amount and quality of care
receiveds.

Most experts recommend that women
with mutations m BRCA1 and BRCA2 and
women with strong family histonies of breast
of ovanan cancer should have a screening
with CA125, pelvic examinations, and
transvagmnal ulirasounds performed every 3
monthss. A macroscopically detectable
precursor fo ovanan cancer has not yet been
1dentified. Therefore, healthcare providers
may encourage women at increased nsk to
undergo prophylactic removal of ovanes and
fallopian tubes when they have completed
childbeaning or 5 years before the youngest
family member was diagnosed with cancers.

Pharmacists play an important role in
advecating for early ovanan screemng in
women found to have mutations in BRCA1

Eeferences:

breast cancer nsk assessment can be done
online and implemented through
mammography at a pnmary care sites.
Additional online resources that exist for
patients including peer supported chat rooms,
message boards, and social media sites which
aid in decision-making. There are also
websites focused on BRCAL and BECA2
assessment, such as

https://www knowBRCA org or
https://www_youngsurvival org/directory/gene
tics/know-brca,

hitp:/fwww myniadpro com/BRCA -nisk-
calculator/calc hitml, and

http:/fwww facingoumnsk. org/index php have
been developeds. There is the caveat that
none of these tools are currently tailored to
Afnican Amencan women nor have they been
proven to overcome our current barmers to
testings. Therefore, pharmacists and
healthcare providers can close the gap by
creating strategies that utilize culturally
appropriate messaging to promote lngher rates
of appropriate testing among Afnican
American women and other minonties so that
they are not placed at an increased nisk for
disease and death from preventable cancers+.
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Uncovering the Process of Dormancy in

Breast Cancer
Written by: Muna Mohamoud, Pharm.D. Candidate 2021

Dormancy in cancer cells1s a
phenomencn that 15 not fully understood. It
was first proposed as a model to '
cancer recurrence In pahents whose ornginal
tumor had been removed or treated years
beforehand Dormancy 1s described as a
“quescent state” where cancer cells have
arrested growth with no disease progression
but remain present, awalting optimal
conditions to proliferate once more. 1 Climecal
dormancy has been observed and prevalent in
many cancer types, but 1s particularly noted in
breast cancer.

Though there 15 no single agreed upon
mechanism of cancer dormancy development,
a few avemues have been deemed the most
probable. It 15 thought that some cancer cells
are randomly “selected” to become dormant
through complex evolutionary processes that
are ufihized to adapt to different environments.
A tumeor cell’s nucroenvironment can promypt
the decision of whether that cell continues

and metastasies or halts its own cell
cycle and becomes dormant. The latter would
likely take place if the microenvironment was
unconducive to cell growth mvolving
situations of cellular stress. For example, 1fa
tumor cell could not properly stimulate
angiogenesis, the process of creating new
vasculature, that cell would not be able to
provide itself with nutrients and oxygen to
contimue growth and thus may “opt”™ to enter a
stagnant state 2 This state would be called
angiogenic dormancy. Other
mechanisms mclude cellular dormancy and
mmmalogic dormancy. Cellular dormancy
refers to when the cell cycle 1s ammested due to
down regulation of relevant signalmg
pathways In response to some sort of catalyst
such as stress or a hostile environment.
Immunelogic dormancy refers to the process
m which the mmune system keeps the fumor
cell in a state of equbibrium, stopping further
growth and expansion but not fully
elminating 1t promoting latency. 3
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Another proposal 15 that cancer
treatment itself may be a cause of tumor
domancy. The correlation between resistant,
dormant cells and chemotherapy exposure has
been revealed in many studies thus far,
opening up a slew of discussion when 1t comes
to appropnate treatment options for cancer in
general. A recent study conducted by Hong et
al. (2019) has looked into this puzzling
mechanism of dormancy, specifically with
how hormonal therapy in breast cancer may
cause cancer cells to switch into a dormant
state. Hormonal treatment such as tamoxifen
15 often considered first-line adjuvant therapy
for hormone receptor-positive (HE+) breast
cancer. In HR+ breast cancer, endocnine
therapy mnterferes with hormonal signaling and
stops further growth, potentially leading to
dommancy of the cancer cells. While endocrine
therapy reduces nsk of recarrence, HR+ breast
cancer 15 associated withahighmteufrelapae
after 5 years, ranging from 10 to 41% at 20
years depending on tumor diameter and nodal
status.4

Hong et al. (2019) sought to explan
these relapse rates through analyzing how
adaption and selection leads to dormancy n
the context of endocrine therapy. The study
utilized a combination of several in vitro
techmiques ranging from ENA sequencing to
live cell imaging to observe estrogen receptor
positive breast cancer cells m the lab.
Subpopulathions of cells were examined for
specific phenotypes that showcased
charactenstics of mterest. The transcnphional
vanability and phenctypic heterogeneity of
breast cancer cells were tested and examined
under acute hormonal treatment. The authors
1dentified a rare subpopulation of pre-adapted
(PA) cells that exlubited early signs of
dommancy and suspected survival with short-
term endocrine therapy. It was found that PA
cells camed a survival advantage during
treatment leading the authors to propose that
PA cells may be the imtial step of resistance to

endocnne therapy, though shll requunng

SPRING 2020




substantial trensenphonal reprogamomng to
reach full e=sistance =

Other charactenshes of the PA
signature observed mcluded decreased activity
of estrogen receptors, hypoena, and down-
regulation signalng of cell cyele components.
Some non-PA cells that demonstrated
plastieity also seemed to adopt the PA
phenotype dunng bormonal freatment, though
PA cells stll mantamed a distinet survival
advantage.s The authors propose that the
mechanism belind a breast cancer cell’s

Feferences:

freatment survival and consequentizl delayved
relapse could be of a spmlar process to that of
PA cell adaphon. Ultimately, this study
provided a very preliminzry look mio the
process bebind transenptional and phenotypac
Further research wall be needed to expand on
this theory i bopes to reveal the truth beluind
dommzncy, relapse, and resistance 1 breast
cancer cells. That knowledge could not only
allow us to optmize treztment opdons for
patients but also prevent dormancy and later

recrmence of breast cancer.
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Inhaled Marijuana and Fungal Pneumonia in

Cancer Patients
Written by: Diane K. Ayuninjam, Pharm.D. Candidate 2020

Fecreational use of manjuana is commeon
worldwide despite 1fs illegal federal status in
many countries, includng the United States.
Specifically, over 13.5 mullion adults in the
U.5. confirmed manjuana use in 20142
Substances with tetrahydrocammabinol (THC),
such as inhaled manjuana, can be used to
alleviate pain, anxiety, and chemotherapy-
mduced nausea and vonnting (CINV). Some
healthcare providers may recommend these
products, depending on the legal rules of their
state in which they practice. In particular, use
of these agents in lieu of opioids 15 attractive
due to the current opioid epidemic and
affiliated fatalihes. However, which THC
product patients choose to utilize may have
ramifications on their overall health due to
nsks associated with certamn formulations. In
particular, in immunocompromised patients
the inhaled manjuana may be associated with
serious lung infections that may lead to death 2

Several case studies suggesting an
assoclation between nhaled manjuana use and
fungal lung mfections. Invasive aspergillosis
(TA) 15 a serious fungal mfection that can lead
to pnevmoma, allergic reactions, and
imnfections m other organs. Aspergillus is an
opportunistic, ublquitous mold that commonly
colonizes immunocompetent people without
Ullness. Unfortunately, for those with
weakened immune systems, such as cancer
patients undergoing Immunosuppressive
therapies, asperzillus exposure may increase
their nsk of developing mvasive fungal
mfections.

The hink between fungal mfections and
marjjuana smoke exists due to the direct
mhalation of fungal spores, which1s a
common contaminant on cannabis plants. It 15
unknown whether the burming process for
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sterilization 15 sufficient. Even if bumning
process sterilizes the product, contact with
fimgal spores may occur from handling
marnjuana directly. Storage conditions and
aging processes may also contmibute to mold
Presence in MATIjana 3

Several case studies have recorded
fimeal infections in cancer patients with
manjuana use history. A case example of a
36-year-old man with acute myelogenous
leukemia presented to the hospital with
neutropenia after chemotherapy. His drug use
history was positive for smoking 1 pack per
day of cigarettes for 22 years and repeatedly
smoking manjuana up until his hospatal
admission. Nodular pattermns were noted on
repeat CT scans and were hikely associated
with his heavy manjuana use (Figure 1).
However, there were no significant findings mn
his review of systems and most of hus labs.
Serum galactomannan testing was positive,
but on a repeat test, was found to be negative.
Despite empinc use of posaconazole, the
patient died 2 months later from disseminated
fungal infection. Dunng a histopathological
exam the fungal mfection was discovered on
a skin lesion, but

Figure 1: A chest CT revealed & miliary
reticulonodular pattern presumed to be
due to bronchioditis related to smoking
marijuana. Image from:
hittps:)fiournals samepub. comydoi/pdf 10
AT 10732 TAR1 603 300311
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was unable to grow on cultore 4

A second case example 1z of a 65-
vyear-old man with imited-stage small cell
hmg cancer. Dhnng chemotherapy, the patient
expenenced significant CINVY and weight loss
despite use of traditional antiemetics. He
began smoking 3-4 manjuana cigarettes per
day for CINV control during his
chemotherapy cycles up until 2 months prior
to his final hospitalization. Subsequently, the
patient presented with fevers. Chest x-rays
revealed bilateral mterstitial nodules and
sputum cultures grew K preumonia, 5.
preumonia, and Candida species. Although
the patient was mifiated on multiple
antimicrobial and systemic antifimgal
therapies (specific medications unspecified
report), he died on hospital day 18. Autopsy
reports indicated necrotizing aspergilius
poeumonia in the left lung. The reports
revealed no evidence of carcinoma_ s

A third case example 15 of a 65-year-
old man with metastatic colorectal cancer who
presented with increased dvspnea and fever,
despite empinc moxifloxacin for presumed
bactenial pneumoma. Although denying

cigarette use, he admitted to smoking
manjuana for CINV in the past § weeks before
presentation. CT scans revealed cavitary
lesions with ground-glass opacities (Figure 2).
CT—zuided fine-needle aspirate of the cavity
revedled necrosis, inflammation, and masses
of hyaline fumgal hyphae with dichotomous
branching and septations, compatible
with Aspergillus species (Figure 3A and 3B).5
The patient waz given the standard therapy at
the time, which was a 3-month voniconazole
regimen, and achieved complete resolotion of
his infection six months after completion of
Given the prevalence of manjuana use
and emerging case reports of fungal
pheumonia in cancer patients, more research 1s
nesded to examine the association of
marnjuana inhalation and fimgal ppneumonia as
well as potenfial methods to mitizate
exposure. Omne strategy that has been explored
m a study was the systemic stenlization of
manjuana via ethylene oxide gas, plasma, and
heat (autoclave). THC activity was vanable
among the different stenhization techmgues, as
shown below .7

Figure #: & chest CT revealed 2 new

4. 3o cavitary lesion in the left
lower lobe with surrcunding prownd-
plass opadties. Image fromc

hittps i fascopubs. orgydoi/full 100120
OVICOIDO7_ 15277 7w _wer=730 EB-
203 &rfr_id=or JArids I8 crossref.
orgl&riT_dat=cr_pub%3Dpubmed

Both irmzes from:

Figure 3A:- & CT-guided fine-needie aspirate of the cvity revealed neorosis, inflammation,
and masses of hyaline fungal hyphae with dichotomows branching and septations,
cosmpatible with Asporgills spedies.

Figure 3B: Fragments of plant matter, licely inhaled cannabis, were present in the smple.

https// ascopubs. cong/dei Full /10,1 200/00_2007.15. 277 7?url_wer=230.88-
M0ALrfr_id=orit3hnd%IAcrnsref orplrit_datzcr_puebi30pobmed

Table 1: Loss of THC activity by sterihzation method

Sterilization method Decreasze of THC activity (%)
Flasma 126

_Axtoclave 26
Ethylene conde gas 26.6
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Baszed on these limited case reports
described above, increased efforts are cntical
to educate cancer patients of the dangers with
smoking marijuana. Owverall, only
approximately 3% of daily manjuana users
have their drmug use documented in their
clmical health records.1 Because of the

providers working with immmocompromised
patients to ask questions about manjuana nse.
Az trusted healtheare professionals,
pharmacists can assist in obtaining patients’
honest drug use lustory to ensure patients are
provided information on nsks associated with

mhaled manjuana.
potential for senous adverse effects in cancer
patients, it 15 important for healthcare
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