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Abstract

Cancer constitutes the second leading cause of death globally and is considered
to have been responsible for an estimated 9.6 million fatalities in 2018. Although
treatments against gastrointestinal tumors have recently advanced, those
interventions can only be applied to a minority of patients at the time of
diagnosis. Therefore, new therapeutic options are necessary for advanced stages
of the disease. Glycosylation of antitumor agents, has been found to improve
pharmacokinetic parameters, reduce side effects, and expand drug half-life in
comparison with the parent compounds. In addition, glycosylation of therapeutic
agents has been proven to be an effective strategy for their targeting tumor tissue,
thereby reducing the doses of the glycodrugs administered to patients. This
review focusses on the effect of the targeting properties of glycosylated antitumor
agents on gastrointestinal tumors.

Key words: Glycosylation; Gastrointestinal cancers; Antitumoral agents; Therapeutic
strategies; Drug targeting

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In nature, glycosylation has proven an effective strategy for expanding the
biologic information of biomolecules by adding a new level of structural diversity. The
high specificity of the interaction with carbohydrates and the overexpression of
carbohydrate receptors in tumoral cells that can be specifically targeted by glycodrugs
enable a selective administration of those agents to the tumor tissues. Accordingly, the
glycosylation of antitumor agents has been found to improve pharmacokinetic
parameters, reduce side effects, expand drug half-life, and reduce the dosage of the
consequent glycoderivatives.
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INTRODUCTION

Cancer is the second leading cause of death worldwide, having been responsible for
an estimated of 9.6 million deaths in 2018!'?l. Moreover, 21.6% of all tumors
worldwide are gastrointestinal cancers at more than 26000 cases per yearl’. Despite
considerable research efforts in recent years, the impact of conventional strategies -
including surgery, radiotherapy, and chemotherapy - on the prognosis of tumors has
been only moderatel*’l. The anticancer drugs used in chemotherapy usually target
cells that are proliferating. These chemodrugs can be grouped according to their main
role: antitumor antibiotics, alkylating agents, topoisomerase inhibitors, DNA-
complexing agents, mitotic inhibitors, hormones, and immunotherapeutic agents. The
activity of those drugs is essential for predicting side effects; moreover, what is
remarkable is that most of the available anticancer drugs have the disadvantage of
lacking systems for delivery to the target organ or tissue. Consequently, the majority
of the administered drug remains circulating in the bloodstream, thus increasing the
side effects on noncancerous cells!l.

The selective targeting of therapeutic agents has several advantages, such as
increasing the concentration of the drugs in the tumor and reducing the concentration
in other tissues!”l. Carbohydrates per se, exhibit a high solubility in water, a low
toxicity, and a high biocompatibility; thus constituting an attractive system for
facilitating drug-delivery. Glycosylated compounds can be targeted to a broad range
of cellular receptors because of the specificity of interaction with cell-surface
carbohydrates. Accordingly, a number of glycoconjugated antitumoral agents have
been reported to selectively deliver the parent drugs to the desired sites®l. In 1971,
Rogers et al"! demonstrated for the first time the usefulness of targeting proteins that
bear carbohydrates as ligands. To our knowledge, no therapeutic targeting system is
currently on the market, though many candidates aimed at that end nevertheless
exist. This review will therefore focus primarily on the synthesis of the most relevant
glycosylated therapeutic agents and the effect of those derivatives on gastrointestinal
tumors.

GLYCOTARGETING SYSTEMS MEDIATED BY RECEPTORS
AND TRANSPORTERS

The most widely studied drug-transporting and receptor-targeting glycoligands are
the glucose-transporters (GLUTs) and the lectin receptors as described below.

GLUT

The energy produced from glucose metabolism is essential for sustaining
mammalian-cell life. The end products of that metabolic pathway are lactate and,
upon full oxidation in the mitochondria, CO,!"'.

In tumors and other proliferating cells, the rate of glucose uptake increases
considerably and lactate is produced, regardless of the availability of oxygen and
functional mitochondria. The tendency of tumoral tissues to anaerobically metabolize
large amounts of glucose, in comparison with noncancerous tissue, is known as the
Warburg Effect!">"1.

The GLUT is a transport protein of the facilitator family involved in glucose
translocation across the cell membrane. Although, GLUT transporters are expressed
in almost every cell type!"], tumor cells express a large number of glucose transporters
that are related to poor prognosis!'. At present, 14 different GLUTs-1 to 14 - have
been described!. GLUT-1, in particular, is known to be overexpressed in tumor cells,
including those of liver, pancreas, and stomach!"”l. These transporters can specifically
recognize and transport different sugars, such as glucose, mannose, galactose, 2-
deoxyglucose and glucosamine analogs!*“l.

Therefore, as a result of the Warburg effect, designing and developing glycosyl-
based targeted drugs is a subject of high/considerable/widespread interest!"*’l.
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Lectin receptors

Lectins are defined as proteins, usually linked to carbohydrates*-*, that are present in
plants and animals and involved in many biologic processes - including cell growth,
differentiation, signalling, adhesion and migration, and apoptosis*~*!. Lectins can act
as receptors, either for binding oligosaccharides to cell membranes or free-floating
glycans involving monosaccharides in order to mediate signal transduction and/or
drug transport”’l.

Asialoglycoprotein receptors (ASGPRs), including asialoglycoprotein receptors 1
and 2-ASGPR1 and ASGPR?2 - are expressed on the surface of hepatocytes and
stomach and gallbladder epithelia®! and preferentially interact with the sugars D-
galactose and L-rhamnose. The molecular mechanism consists in the internalization of
the receptor-ligand complex through a clathrin-mediated endocytosis. Once inside the
cell, the ligands are released, enabling the recycling of ASGPR receptors back into the
plasma membrane. The quick cycling of internalized receptors is the key process that
maintains their concentration on the cell surface. Owing to the high specificity in the
binding of galactose and rhamnose to ASGPR receptors, these interactions result a
promising approach to drug targeting™.

Among the lectin-based receptors, the rhamnose-binding lectin receptor ligates
specifically to rhamnose and is highly expressed on various tumor-cell types, like the
cell-culture lines KB (from a human squamous-cell carcinoma), PC3 (from a human
prostatic small-cell carcinoma), HT-29 (from a human colon adenocarcinoma) and
MCF-7 (a breast adenocarcinoma)”. Although the molecular mechanism involved in
the transmission of messages by rhamnose-binding lectin receptor has not been yet
studied in humans, the strategy for using rhamnosylated anticancer molecules as
novel candidates for pharmacological applications has recently been explored™.

ANTITUMORAL DRUG GLYCOCONJUGATES

Below we present several antitumoral agents as informative examples of such
modifications - namely, ifosfamide, chlorambucil, and paclitaxel. The drugs were
linked to various carbohydrate moieties and the antitumoral effects evaluated on
gastrointestinal tumors. The cytotoxic activities of the synthesized glycoconjugates
were then compared to those of the corresponding parent nonglycosylated molecules
(Table 1).

Ifosfamide

Ifosfamide - whose cytotoxic metabolite of in plasma is ifosforamide - is an alkylating
agent has been bound to B-D-glucose to form glufosfamide”*?. This glycoconjugate
was the first molecule bearing a sugar to be explicitly designed and evaluated as a
cancer-targeting cytotoxic compound. Within tumor cells, glufosfamide is
metabolized by glucosidases to form ifosforamide. This cytotoxic metabolite, in turn,
forms DNA crosslinks, therefore inhibiting DNA replication and cell growth.
Moreover, treatment with GLUT-1 inhibitors reduced the anticancer efficiency of
glufosfamide, suggesting that the drug conjugate was internalized into cells via the
GLUT-1 transporter. Finally, glufosfamide was less myelotoxic and presented a
higher antitumour activity both in vitro and in vivo than the parent aglyconel™.

In 1997, the first human clinical trial to test glufosfamide was carried out in Europe,
and the results obtained with 20 pancreatic-cancer patients were reported”. Two
cases evidenced a good response to the treatment, 10 resulted in stable disease, while
8 patients failed to respond. More significantly, one pancreatic-cancer patient in a
different trial experienced a complete remission for over 4 years. Since pancreatic-
cancer biopsy samples had been found to overexpress GLUT-1; in 2010, Chiorean et
al™! performed a phase-II study of glufosfamide plus the nucleoside analog
gemcitabine, the standard chemotherapeutic treatment in pancreatic cancer.
Glufosfamide and gemcitabine in combination yielded a modest response in two trials
on pancreatic-adenocarcinoma patients. In conclusion, glufosfamide appeared to
constitute an effective cytotoxic agent exhibiting high antitumor selectivity that was
due to an active interaction with the transporter GLUT-1.

Chlorambucil

Chlorambucil is an antineoplasic drug within the class of alkylating agents that is
used to treat various forms of cancer™. The reactive radical ethylenimonium forms
after alkylation that interferes in DNA, RNA, and protein synthesis. The first report of
chlorambucil synthesis was over five decades ago”’.. Goff et al*! (2010) synthesized
and evaluated a 63-member library of chlorambucil-based neoglycosides in ten
different human-carcinoma cell-culture systems, including lung, colorectal, liver,
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Table 1 List of the glycoconjugates and its effects

Efficacy glycoconjugates

Agent Activit Sugar moiet .
g y g y compared to aglicone

Ifosfamide Alkalating agent Glucose In vitro (less toxic) and in vivo
(reduced tumor size). Clinical trials
ongoing.

Chlorambucil Alkalating and DNA-complexing D-threose HT29 and HCT15 (showed 8-12 fold,

agent and 15-fold, respectively, improved

activities targeting cancers cell lines
over the parent drug).

Geldanamycin HSP90 inhibitor Glucose Glucose-GA showed anticancer

activity with IC50 of 70.2-380.9 nM in
SW620, HT29, MCF-7 and K562
cancer cells by-glucosidase activation
inside of the tumor cells.

Geldanamycin HSP90 inhibitor Galactose SW620, HT29, MCF-7 and K562
(anticancer activity of galactose-GE
conjugate increased by 3- to 40-fold
when incubated with galactosidase
over the parent drug).

Emodin Tyrosine kinase inhibitor D-rhamnose A594, HepG2, OVCAR-3, Hela, K562
and SGC-790 (cell proliferation was
inhibited and EM-d-Rha conjugate
displayed ICs, values in low pmolar
ranges).

Paclitaxel Mitotic inhibitor Glucose NCI-H838, MES-SA, HCT-116, and
NPC-TWO1 (cell proliferation was
inhibited the conjugated presented
higher cytotoxicity, induced tubulin
aggregation and chromosomal
condensation compared to
paclitaxel).

Doxorubicin Antitumor antibiotic Galactose In vitro viability of HepG2
(hepatocarcinoma) and MCF-7
(breast cancer) tumor cells incubated
with DOX was higher than that of
Gal-DOX. In vivo experiments
showed that tumor size in Gal-DOX-
treated groups was greatly reduced
in comparison to the DOX-treated

group.
Doxorubicin Antitumor antibiotic 2-amino-2-deoxy-D-glucose and In vitro and in vivo studies showed
succinic acid that 2DG-SUC-ADM induced a

higher level of apoptosis and higher
inhibition rates in MCF-7 and HepG2
tumoral cells than the parent
aglycone ADM.

breast, prostate, central nervous system, and ovarian cell lines. The synthesis consists
of several chemical steps to perform chlorambucil-based libraries for chemoselective
glycosylation. On the basis of this study, the neoglycosides, D-glucuronolactonide and
D-threoside were selected as the most potent antitumoral agents. D-threoside
glycoside manifested an 8-fold higher efficacy in general, with a respective 12-fold,
and 15-fold greater effectiveness in targeting the malignant cell lines HT-29, and HCT-
15 (from colorectal adenocarcinomas) over the parent drug. The authors concluded
that D-threoside was the most active chlorambucil neoglycoside among the
compounds tested. In summary, a novel panel of glycoconjugates were designed and
synthesized through the use of common metabolic carbohydrates that are
preferentially recognized by cell-membrane receptors, therefore favoring the uptake
of the glycodrugsl®l. The specific mechanisms and the receptors or transporters
involved in this process remain to be elucidated.

Geldanamycin

Geldanamycin (GE) is a potent anticancer antibiotic that inhibits the heat-shock
protein 90 (Hsp90)F*’l. This protein is a molecular chaperon involved in the
modulation of the activity of various protein kinases. Hsp90 has been found to be 2- to
10-fold more expressed in various human cancer cells than in normal tissues,
suggesting the use of that protein as a possible target for cancer therapy!’. Although
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GE has long been recognized as an inhibitor of tumor growth, the potential clinical
utility of that agent is hampered by its severe side effects!**’l. To circumvent this
problem, an approach involving a binary chemical step was designed by Cheng et alt*’!
(2005), resulting in a series of glycosyl-GE derivatives. The enzyme-specific activation
of these glycosylated prodrugs with galactose and glucose moieties was performed
with a-galactosidase and £3-glucosidase, respectively. The effect of the resulting
derivatives was evaluated in different cancer-cell lines, including SW620, HT-29,
MCEF-7, and K-562 leukemia cells. In particular, the glucose-GE exhibited antitumor
activity after cleavage of the glucose moiety by the B-glucosidase inside the tumor
cells. The anticancer activity of the galactose-GE conjugate increased by 3- to 40-fold
when incubated with exogenous galactosidase in vitro, but remained inactive in the
absence of the added enzyme because, unlike intracellular glucosidases,
galactosidases are present in only low or undetectable levels in serum!*.
Consequently, the activation of the galactosyl-GE prodrugs by the exogenous enzyme
would appear to be a necessary targeting approach, involving a strategy leading to a
dual tactic consisting of the glycosylation of the enzyme as well as the drug, in order
to direct the whole system to the target tissuel*’.

Emodin

Emodin (1,3,8-trihydroxy-6-methyl-anthraquinone) is a natural anthraquinone
derivative found in the roots and rhizomes of numerous plants. As a tyrosine-kinase
inhibitor, emodin inhibits cell growth in several types of tumor cells/**! and regulates
the expression of genes involved in cell apoptosis, oncogenesis, cell proliferation, and
cancer-cell invasiveness and metastasis!’*l. The antitumor effects of emodin have
been described, but the molecular mechanism has not been fully elucidated. The
synthesis and design of emodin conjugated to D-rhamnose (EM-D-Rha), inhibited cell
proliferation in a panel of different human-cancer-cell lines including A549 (lung
carcinoma), HepG2 (hepatoma), OVCAR-3 (ovarian carcinoma), HeLa (cervical
carcinoma) and K-562 (chronic myelogenous leukaemia) and SGC-790 (endocervical
adenocarcinoma). EM-d-Rha also manifested lower IC;, values and was 10-fold more
cytotoxically effective than the aglycone on HepG2 cells, leading to a decrease in
mitochondrial transmembrane potential and to an upregulation of the expression of
apoptosis elements™’.

Doxorubicin (Adriamycin)

Doxorubicin (DOX), the active compound in the trade drug named adriamycin
(ADM), belongs to the anthracycline family, is one of the most powerful and widely
used chemotherapeutic drugs, and as such is recognized by the World Health
Organization™. Unfortunately, apart from the drug's activity as an intercalating agent
and topoisomerase-II inhibitor, DOX causes severe toxic effects such as
nephrotoxicity, hepatotoxicity, and alopecia, compromising mainly heart tissues and
the gastrointestinal tract as a result of the compound's systemic action. In view of the
many efforts that have been made order to overcome these limitations, an increase in
drug efficiency through the conjugation of DOX to a carbohydrate ligand that can
specifically recognize tumoral cells is a promising approach”>1.

Ma et al® (2015) conjugated galactose to DOX covalently to form the prodrug Gal-
DOX and then evaluated the derivative's tumor-targeting capability in different
cancer-cell lines. They found that Gal-Dox treatment increased cell death in HepG2
and MCEF-7 cells compared to DOX. These results were the opposite when they treated
normal L02 hepatocytes. They proposed that this difference was caused by the high
specific binding of Gal to ASGPR1 receptors, which were overexpressed on the
surface of HepG2 and MCF-7 tumor cells. Consistent with that conclusion, since those
nonmalignant hepatocytes contained lower plasma-membrane levels of ASGPR1, the
LO02 cells maintained high cell viability, thus suggesting low toxicity of Gal-DOX. As
to side effects, Gal-DOX is accumulated in heart tissue to a lesser extent than DOX,
thus diminishing myocardial damage. In vivo results indicated a reduction in tumor
size in the Gal-DOX-treated group compared to the DOX-treated group. Of notable
relevance here is that the survival of the Gal-DOX-treated group was 100%, whereas
the rate of DOX-treated group was 50%, thus supporting the conclusion that Gal-Dox
preferentially targeted the tumor cells. These findings suggest that Gal-DOX is a
promising drug for tumor- directed therapy™. In another study, ADM was
conjugated with 2-amino-2-deoxy-D-glucose and succinic acid (2DG-SUC-ADM).
There the investigators found that the ternary derivative was highly specific for tumor
cells (MCF-7 and HepG2) via the GLUT-1 transporter, while exerting no significant
adverse effects on normal cells. The action of the glycoconjugate was also confirmed
in vivo, thus demonstrating that the glycosylated molecule could specifically target
tumoral cells as opposed to the aglycone. These results suggest 2DG-SUC-ADM as a
promising drug for targeting cancer cells™.
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Paclitaxel

Paclitaxel is a cytotoxic chemotherapeutic drug, classified as a "plant alkaloid," a
"taxane" and an "antimicrotubule agent"*>*"l. The molecular basis for the action of
paclitaxel consists in a binding to tubulin subunits, thus disrupting mitosis and
causing cell death?”-*’l. Despite being widely used in the clinic, this drug has
pronoinced side-effects; thus affecting both normal cells and tumors. Another
problem with paclitaxel is its poor water solubility. Lin et al®®”! (2008) designed glycan-
based paclitaxel prodrugs, consisting of 2'-paclitaxel conjugated with glucosyl or
glucuronyl residues by an ester or an ether linkage. These glycodrugs not only had
increased solubility in water compared to the parent compound, but exhibited higher
selectivity against targeted cancer cells as well. Glucosyl-paclitaxel displayed the
higher cytotoxicity and could induce tubulin aggregation and chromosomal
condensation in a tumor-cell linel*”.. The cells overexpressing GLUTs favored the
uptake of glucose-paclitaxel and facilitated the entrance of the bulky compounds.
Therefore, the authors proposed the synthesis of glucoconjugates as an alternative
approach for improving the directed delivery of drugs to cancer cells overexpressing
GLUTs!".

S-fluorouracil

5-fluorouracil (5Fu) is part of a group of chemotherapeutic drugs known as
antimetabolites. These compounds incorporate into normal macromolecules to
produce a slightly different structure that interferes in the metabolism of the cancer
cells. 5Fu is one of the most commonly used drugs to treat gastrointestinal and breast
cancers, although the agent is mostly used in combination with other drugs like
oxaliplatinl®-l.

Davis and coauthors synthesized the prodrugs DOX and 5Fu capped by L-
rhamnose and evaluated their use in a lectin-directed-enzyme-activated-prodrug
therapy (LEAPT) system. The LEAPT system uses biocatalysts for site-selective drug
delivery through the construction of novel glycosylated enzymes and prodrugs. The
drugs capped with rhamnose synthesized by Davis and coworkers were released by
an a-rhamnosidase, which enzyme is by itself glycosylated with galactose. The
glycosylated enzyme specifically targets the ASGPR hepatic-receptors. The
biodistribution revealed that the glycosylated enzyme became quickly sequestered to
the liver, and to a lower extent to the kidney and bladder. Of essential relevance was
that the co-administration of the prodrugs did not interfere in the colocalization of the
LEAPT system!®’l. Finally, the authors demonstrated that the prodrug could be
activated in the liver only by the presence of the prelocalized glycosylated enzymel’.

CARBOHYDRATE-BASED VACCINES

Within glycoscience new approaches are being undertaken for cancer therapy.
Glycan-based vaccines have been developed for the specific enhancement of the
immune response. The more complex task in formulating a cancer vaccine would be
the selection of the appropriate antigen, which molecule should be exclusively
expressed by cancer cells. Tumor-associated carbohydrate antigens, ought to be
cellular components that are essential for malignant-cell survival in order to prevent
the downregulation of the antigen and thus maintain the immune response. Tumor-
associated carbohydrate antigens can be divided into two classes: glycoprotein
antigens: The Thomsen Nouveau (Tn; GalNAc-al-O-Ser/Thr), Thomsen-Friendreich
(TF), and sialyl-Tn (sTn) linked to the hydroxyl group of serine or threonine residues
of proteins and glycolipids*l. Several studies demonstrated that altered glycosylation
and aberrant glycan structures helped tumor cells to circumvent immune
surveillance. Since high-affinity T cells recognizing self-antigens are eliminated
during development of the central immune system, tumor-associated carbohydrate
antigen-directed cancer vaccines face the challenge of activating any remaining low-
affinity T cells!*1,

Glycan-based vaccines may prove to be beneficial because unusual glycan motifs
on glycoproteins can lead to vaccines with high specificity”". Mucin 1 (MUC1) is an
O-linked glycan transmembrane protein overexpressed in various tumors—such as
lung, breast, pancreas, kidney, ovary, and colon—and has been demonstrated to be
aberrantly glycosylated in cancer cells but highly glycosylated in normal cells. Up to
the present, most vaccines have targeted nonglycosylated MUC1, although this
approach did not prove to be cancer-specific. Thus, targeting cancer-associated
glycopeptide epitopes in MUC1 would be a promising alternative possibility!'-"l.
New attempts have been made to develop glycosylation-based vaccines that target
MUCI. In 2012, Madsen et al’ found that the addition of GalNAc residues to MUC1
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to aid antigen uptake and major-histocompatability-complex-class-II presentation for
the generation of a potent cancer-specific humoral response. In another investigation,
Li et al”! designed and synthesized two linear trivalent glycopeptides of the immune-
dominant epitope of MUCL. The antibodies induced by glycosylated-MUC1-based
vaccines had a stronger binding than those raised by nonglycosylated MUC1, thus,
having the potential to overcome the weak immunogenicity of natural MUC1
glycopeptides!”. Further studies demonstrated that the antibodies elicited by a
vaccine composed of the immunoadjuvant (Pam3CysSK4), a peptide T-helper epitope,
and an aberrantly glycosylated MUC1 peptide, were significantly more lytic and more
effective in tumor prevention than the unglycosylated control.. Other glycan-based
vaccines that lead to higher immune responses are presently under development. The
most likely to be effective is a vaccine composed of MUC1 glycopeptide in
combination with a T-helper peptide, while another uses a combination of MUC1
with the toll-like receptor 2. The last one is composed of MUC1, toll-like receptor 2/9,
and a Th peptidel™.

No clinical trials are currently being undertaken on gastrointestinal tumors,
although a phase-III clinical trial is being carried out in patients with metastatic breast
cancer that involves the glycan-based vaccine, sTn-KLH. The sTn-KLH-vaccine group
evidenced an improved survival, relative to the overall survival among the patients
treated without the vaccinel”7".

Many efforts have been made to develop carbohydrate-based vaccines, though
until now, none have been approved for clinical use, and many cancer-vaccine
candidates have failed in clinical trials. One reason could be the ability of tumor cells
to escape from the endogenous immune response or downregulate the immune-target
molecules. Nevertheless, an optimization of vaccine formulation in terms of receptor-
or antigen-targeting delivery systems may lead to significant improvements in the
utilization of currently available carbohydrate antigens so as to open new
perspectives for cancer treatment.

PERSPECTIVES

The conjugation of anticancer agents to carbohydrate-ligands that preferentially target
tumor cells has resulted in the prediction that several conjugates would prove to have
clinical efficacy. Specifically, glycoconjugation offers an improvement in targeting
cancer cells, since are many sugar receptors are overexpressed in tumoral cells!””*!
(Figure 1). Furthermore, the addition of a sugar moiety (e.g., glucose, galactose,
rhamnose) improves the water solubility and stability of the parent drugs. During
recent years, this field has been emerging in translational medicine; but, in closing, we
need to stress that glycodrug development is a rigorous process that still requires
many steps to determine the true utility of that strategy.
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Figure 1 Glycoconjugation strategy. Different sugar moieties can be conjugated to therapeutic agents, with the aim at improving drug efficiency, including
antiproliferative activity and growth inhibition, and upregulating cancer-cell death.
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Abstract

Cell-cell fusion is a normal biological process playing essential roles in organ
formation and tissue differentiation, repair and regeneration. Through cell fusion
somatic cells undergo rapid nuclear reprogramming and epigenetic modifications
to form hybrid cells with new genetic and phenotypic properties at a rate
exceeding that achievable by random mutations. Factors that stimulate cell fusion
are inflammation and hypoxia. Fusion of cancer cells with non-neoplastic cells
facilitates several malignancy-related cell phenotypes, e.g., reprogramming of
somatic cell into induced pluripotent stem cells and epithelial to mesenchymal
transition. There is now considerable in vitro, in vivo and clinical evidence that
fusion of cancer cells with motile leucocytes such as macrophages plays a major
role in cancer metastasis. Of the many changes in cancer cells after hybridizing
with leucocytes, it is notable that hybrids acquire resistance to chemo- and
radiation therapy. One phenomenon that has been largely overlooked yet plays a
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role in these processes is polyploidization. Regardless of the mechanism of
polyploid cell formation, it happens in response to genotoxic stresses and
enhances a cancer cell’s ability to survive. Here we summarize the recent
progress in research of cell fusion and with a focus on an important role for
polyploid cells in cancer metastasis. In addition, we discuss the clinical evidence
and the importance of cell fusion and polyploidization in solid tumors.

Key words: Cell fusion; Hybrid formation; Polyploidization; Macrophage; Cancer
progression; Oncologic treatment resistance
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Core tip: Cell fusion is a normal biological process involved in organ formation and
tissue repair. Through cell fusion, somatic cells undergo nuclear reprogramming and
epigenetic modifications to form hybrid cells with new properties. Fusion of cancer cells
with macrophages plays a major role in cancer metastasis and results in resistance to
chemo- and radiation therapy. Cell fusion might be a potential target for the development
of new antitumor therapies through macrophage depletion in tumour stroma and
prevention of cell fusion and post-hybridization events involving chemotaxis and cell
migration to lymph nodes and distant metastases.
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INTRODUCTION

Cell fusion is a common biological process that produces viable cells and plays a
major role in mammalian tissue development and differentiation. Cell fusion is
essential during embryogenesis and morphogenesis, e.g., when trophoblasts in
placenta fuse to form syncytiotrophoblasts, in developing of skeletal muscle that
arises from the fusion of mesodermal cells!"], and when osteoclasts and multinucleated
giant cells are generated from the fusion of macrophages!*l. Cell fusion also plays a
role in tissue repair and regeneration, e.g., in liver, heart and intestine“.. Through cell
fusion, somatic cells undergo nuclear reprogramming and epigenetic modifications to
form pluripotent hybrid cells. Cell fusion can result in rapid modifications of the
genetic and epigenetic programs of cells, generating cells with new properties at a rate
exceeding that achievable by random mutations!™*l.

Cell fusion may result in two forms of hybrids: Heterokaryons or synkaryons.
When bi- or multinucleated hybrids are generated (heterokaryons), the parental
genomes are located in different nuclei, segregated from one another. These hybrids
are capable of cell divisions resulting in daughter cells expressing both parental sets of
chromosomes in a single nucleus”'"l. Hybrids with parental genomes mixed in a
single nucleus are called synkaryons!"“l. In culture, fusion events depend on the cell
density, the cell ratio of the parental populations and their microenvironment!"”l.

CELL FUSION, POLYPLOIDIZATION AND CANCER

Polyploid cells contain more than two basic sets of chromosomes. Polyploidy is a
natural phenomenon that contributes to tissue differentiation, normal organogenesis
and tissue repair!'®"l. It appears that most polyploid cells in mammals are formed
through cell fusion!*, but also through abnormal cell division such as endoreplication,
endomitosis and failed cytokinesis after completion of mitosis!”*1. The formation of
multinucleated fusion hybrids may allow genetic complementation capable of
rescuing loss of gene function after chemotherapeutic or radiation induced DNA
damage™*%. Formation of polyploid cells with a selective advantage may serve as a
cell survival mechanism™!.

In 1911, a German professor, Otto Aichel, proposed that fusion of cancer cells with
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leucocytes produces hybrids with a metastatic phenotype. A century later, this
prescient insight has proven to be correct in many studies. Indeed, leucocyte-cancer
cell fusion causes cellular reprogramming and generates new clones of hybrids at
least some of which acquire the ability for chemotactic migration by combining the
epigenetic program of the leucocyte with the uncontrolled cell division of the cancer
cell***?7 (Figure 1). Tumour cells are fusogenic and fuse with other cancer cells and
non-neoplastic cells in the tumour stroma. Spontaneous fusion between cancer cells is
a well-documented phenomenon in solid tumors and generates heterogeneous
subpopulations of tumor cells*~l. Several studies have shown that fusion of cancer
cells with non-neoplastic cells facilitates several malignancy-related cell phenotypes,
e.g., reprogramming of somatic cell into induced pluripotent stem cells and epithelial
to mesenchymal transition (EMT) (Figure 1). These processes also produce cellular
polyploidy.

Polyploid giant cancer cells (PGCCs) are cells with multiple nuclei or a single giant
nucleus containing multiple sets of chromosomes. Compared to regular diploid cells,
PGCCs can be 10 to 20 times larger in size and have tetraploid or greater (= 4C) DNA
contentl”. The mechanism leading to formation of PGCC may have similarities to
wound repair and tissue regeneration, each of which utilizes or depends on cell fusion
and endomitotic and endoreplication mechanisms. Regardless of the mechanism of
polyploid cells formation, it happens in response to genotoxic stresses such as those
occurring in hypoxic/necrotic regions of the tumor and during chemo- and
radiotherapy. Polyploidy then enhances a cancer cell’s ability to survive. Even though
the formation of hybrids between cancer cells and bone marrow derived cells
(BMDCs) most likely occurs stochastically®!, disease progression and standard of care
treatments such as chemo- and radiotherapy, can act as driving forces that may
increase the frequency of hybridization events!™!. The basis of this increase may be
due to increased inflammation and/or an aberrant wound and damage response
mechanism leading to the formation of PGCCP>*l,

Aneuploidy is a hallmark of cancer and is proposed to have a fundamental role
during tumour initiation and progression. Approximately 90% of solid tumors and
75% of hematopoietic malignancies have abnormal chromosome numbers®"-*,
Centrosome aberrations are suggested as one mechanism that causes the formation of
aneuploid genomes. An important evolutionary feature of polyploid cancer cells is the
generation of aneuploid clones during the reversal of the polyploid state, which is a
chaotic process with many genomic translocations, amplifications and deletions
occurring during creation of progeny!™. The presence of centrosome aberrations in
polyploid cancer cells suggests that cell fusion and the formation of polyploid cancer
cells may be strong contributors to aneuploidy!**'.

Cell fusion and cancer-stem cells

Cancer stem cells (CSCs) are subpopulations of tumour cells with stem cell-like traits.
These traits include high plasticity and the capacity for self-renewal through
asymmetric division. CSCs sustain tumourigenesis and generate diverse progeny with
the ability to remain dormant while demonstrating resistance to conventional cancer
therapeutics*’l. The stem cell theory in cancer, however, is debated due to controversy
about evidence supporting the origins of CSCs, their differentiation and
dedifferentiation, genetic heterogeneity, symmetric and asymmetric concepts of
cellular division, and clonal evolution!**,

Cell fusion could be a mechanism to generate CSCs (Figure 2). Gauck ef al*’]
showed that spontaneous fusion of human breast epithelial cells and human breast
cancer cells can give rise to hybrid cells that possess CSC properties with significantly
increased colony forming capacity compared to the maternal epithelial cells. In a
polyethylene glycol mediated fusion experiment, Flasza et all*! demonstrated that
murine P19 and human NTERA2/D1 embryonal carcinoma hybrid cells displayed
heterogeneity in cellular morphology and gene expression. The hybrids expressed
stemness factors octamer-binding transcription factor 4, homebox protein Nanog and
Sex Determining Region Y-Box 2, indicating the activation of endogenous human
markers of pluripotency. In another example, spontaneously formed heterotypic
hybrids between mesenchymal stem cells and lung cancer cells expressed the stem
cell marker prominin-1, which was increased 30-fold in hybrids cells compared to
their maternal lung cancer cells. The hybrids also exhibited increased expression of
the transcription factors octamer-binding transcription factor 4, Aldehyde
dehydrogenase 1, B-lymphoma Mo-MLYV insertion region 1, and Sex Determining
Region Y-Box 2, suggestive of a stem cell-like phenotypel*l.

Cell fusion causes chromosomal instability, tumour heterogeneity and DNA

exchange
Most malignant tumors are polyclonal. Clonal heterogeneity may be caused by
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Figure 1 A schematic diagram of the process of cell fusion, hybrid formation and metastasis. A motile bone
marrow derived cells (red) such as a macrophage or stem cell is drawn to a cancer cell (blue). The outer cell
membranes of the two cells become attached. Fusion occurs with the formation of a bi-nucleated heterokaryon
having a nucleus from each of the fusion partners. The heterokaryon goes through genomic hybridization creating a
cancer cell-bone marrow derived cells hybrid with co-expressed epigenomes, conferring deregulated cell division and
metastatic competence to the hybrid. BMDC: Bone marrow derived cell.

oncogenic mutations in single cells, epigenetic modulations!*’], and cell fusion!*.
Chromothripsis, massive genomic rearrangements®”, is defined as a single
catastrophic event in the development of cancerl’!l. In oral squamous cell carcinoma
cell lines in culture, irradiation predisposes to cells chromothripsis. The finding of
fragmented DNA in aneuploid hybrid cells is an indicator of chromothripsis™.

Cell fusion may be homotypic between the same types of cells in the tissue or
heterotypic between different cell types like epithelial cells and macrophages.
Heterotypic fusion can cause multiple changes in gene expression profiles in the
resultant hybrids!'”l. Clonal heterogeneity patterns within primary tumors are often
similar to those of distant metastases with similar gene expression profiles. Using a
Cre-loxP model system, Searles et al” showed that Cre transfer occurred between
cancer and non-cancer cells both in cell cultures and in mice. The rapid transfer of Cre
could not be explained by extracellular vesicles but rather by cell fusion.

Cell fusion, cancer and EMT
In order to form metastases, tumour cells need to navigate through a series of
obstacles that require a variety of cellular functions and abilities that were absent in
the transformed cells of origin. The functions include an invasive escape from the
tumour and intravasation into blood or lymphatic vessels. All steps of the metastatic
cascade require an ability to overcome the induction of cell death. To escape the
circulation, tumour cells need to adhere to the vessel wall and undergo extravasation
into other tissues. Once in the tissue, cell growth is required to form metastasis. One
mechanism put forth to explain the changes required to perform these functions is
EMT. This model explains how neoplastic cells may gain a migratory and invasive
phenotype allowing them to escape from the primary tumour. Many studies have
identified a subset of embryonic-like transcription factors, such as zinc finger protein
SNAI1 and basic helix-loop-helix factor Twist, that form the basis of a gene expression
program that drives the transitional change of the phenotype. An alternative
mechanism is that cancer-mesenchymal cell fusions generate hybrids that gain the
genetic, phenotypic and functional properties of both maternal cells. Xu et al*!
showed in an in vivo non-obese diabetic/severe combined immunodeficiency mouse
model that fusion of mesenchymal stem cells with non-small cell lung cancer cells
results in hybrids that express both epithelial and mesenchymal markers with
increased migratory and invasive capabilities compared to their maternal cancer cells.
In studies by Zhang et al*], analysis of polyploidy giant cells (referred to by the
authors as “PGCC”) in colorectal cancer revealed a strong association with the
presence of lymph node metastasis. Potentially the PGCC were responsible for
metastasis as a subset of “budding” daughter cells showed a greater migratory and
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Figure 2 The cell fusion theory in relation to cancer progression mechanisms. A cancer cell and a leukocyte form a hybrid that acquires genetic, phenotypic and
functional properties from both maternal cells. The hybrid cells develop properties associated with cancer metastasis, such as epithelial mesenchymal transition,
stemness, invasiveness, treatment resistance and may lose some of the maternal cancer cell's tissue-specific phenotype. EMT: Epithelial to mesenchymal transition.

invasive phenotype and expressed the EMT-related proteins Twist and Snail.
Similarly, PGCCs induced by the hypoxia mimetic cobalt chloride were capable of
generating small diploid cell progeny that also displayed higher levels of EMT related
protein expression including vimentin and N-cadherin. These daughter cells had a
more invasive phenotype compared to the parental cell type. Importantly, the authors
showed that patient samples from breast tumours and metastasis had an increased
number of PGCCs with vimentin and N-cadherin expression compared with patient
breast tumour samples with no metastasis®, indicating a higher metastatic potential
of the progeny from the PGCCs.

PGCCs and mitochondrial function

PGCCs form under a diverse set of stimuli as they are found within and adjacent to
necrotic regions of tumours, driven by conditions of hypoxia, nutrient deprivation
(starvation) and low pH. Individually these stimuli have been shown to induce PGCC
in vitro. Importantly, oxidative stress is the common feature that links these stimuli.
Chemotherapies and radiotherapy which can dramatically induce the transformation
to PGCCs also generate oxidative stress generated through excess reactive oxygen
species (ROS). Mitochondria are the main generator of ROS and may also act as
“sensors” to trigger the PGCC transformation which form and exist under conditions
of high oxidative stress””="l. Roh et al®"! showed that PGCCs have increased
mitochondrial content as well as elevated levels of ROS. The authors found a
correlation between the high ROS levels characteristic of the polyploid cells together
with taxol resistance that could be reversed with the use of antioxidants. Similarly, the
ROS-producing agent plumbagin induced features of PGCCs on prostate cancer cells,
in line with the idea that polyploidy provides a survival advantage to cells that are
exposed to high levels of ROS. The authors suggested that besides impacting cancer
cell resistance to therapy, the polyploid state could also contribute to the generation of
CSCs in response to stressi”’l. In the tumour microenvironment, where growth
conditions deteriorate and oxidative stress increases with progression!*!, PGCC are
induced at higher rates”l. Even the number of circulating hybrid cancer cells is
increased as shown in liquid biopsies!®*l.

How cell fusion promotes tumour progression
Cell fusion contributes to tumour progression not only through alteration of the
composition and biology of tumour cells per se, but also by modifying the tumour
microenvironment. Hybridization of cancer cells with e.g., BMDCs, generates hybrids
with a significantly faster growth rate in vivol””*! and enhanced abilities of colony
formation!®, cell migration and invasion’l. Thus, cell fusion alters the biological
behaviour of a tumour through the development of new metastatic tumour cell sets
with growth-promoting properties, contributing to enhanced tumour growth and
metastasis!®). Similar observations have been reported in several other studies over
the past three decades!"*"*".

Cell fusion also contributes to neo-angiogenesis and thus facilitates hematogenic
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and lymphatogenic intravasation of tumour cells. Recently, Shen et al"! demonstrated
that dendritic cells can fuse with endothelial progenitor cells and generate hybrids
with a significantly faster growth rate, while also producing a greater number of
micro-vessels compared to their maternal endothelial progenitor cell. Busund et al””!
showed that in vivo growth of cultured tumours consisting of Metha-A sarcoma
cell/macrophage hybrids had a significantly higher intratumoural microvessel
density and maturation compared to tumours from maternal Metha A sarcoma cells
alone. The hybrids released significantly higher amounts of angiogenic peptides, such
vascular endothelial growth factor (VEGF), compared to both maternal macrophages
and cancer cells. In renal tissues of individuals with gender-mismatched transplants
who had transplant rejection and chronic inflammation, Kerjaschki et al”"! provided
clinical evidence that BMDCs, presumably macrophages, function as progenitors of
lymphatic endothelial cells, and contribute to lymphangiogenesis by incorporating
into the new lymphatic vessel. Moreover, the macrophage might differentiate to
VEGEF producing cells that drive the division of endothelial cells!”"”l.

MACROPHAGES AS FUSION PARTNERS IN CANCER

Macrophages are a heterogeneous population of cells derived from monocytes.
During embryogenesis, they appear first in the yolk sac, then in the liver, and finally
in bone marrow. Large populations of tissue macrophages exist in the small intestine,
liver (Kupffer cells), and lungs. Blood monocytes arise in the marrow from precursor
cells (monoblasts) and enter inflamed or infected tissues, where they may mature into
macrophages and increase the resident macrophage populations. Monocytes may also
mature into dendritic cells presenting antigens to T cells. Fusion is an important
function of macrophages and results in the formation of osteoclasts and
multinucleated giant cells’.

Macrophages show two different polarization states, M1 and M2, in response to
different signals in the microenvironment. M1 macrophages are pro-inflammatory
and characterized by the release of inflammatory cytokines and microbicidal/
tumoricidal activity. M2-macrophages have an immunosuppressive phenotype and
are polarized by anti-inflammatory molecules such as Interleukin (IL)-4, IL-13, and IL-
10, apoptotic cells, and immune complexes. M2 macrophages release anti-
inflammatory cytokines and have scavenging potentials as well as supporting
angiogenesis and tissue repair. Monocyte/macrophage cells are important for tumour
cell migration, invasion and metastasis. Tumour associated macrophages (TAM)
represent the M2-type and promote tumor progression”-*.

Monocytes are actively recruited to the tumour stroma, and high infiltration of
TAMs in many tumour types correlate with lymph node involvement and distant
metastases!®]l. Inhibition of macrophage infiltration in tumours may suppress
metastasis!®*l. The clinical significance of macrophage infiltration in tumour stroma,
however, is still controversial. High infiltration of TAMs is correlated to poor
prognosis in breast, prostatic, ovarian and cervical carcinoma®!. In colorectal cancer,
there are conflicting data of the clinical significance of macrophage infiltration, but
several studies show that low macrophage density in tumour stroma is associated
with an unfavourable prognosis!¥..

TAMs contribute to angiogenesis, lymphangiogenesis and tumour progression by
expressing pro-angiogenic growth factors such as matrix metalloproteinase-12, IL-1,
VEGF, and IL-8. Clinical studies have shown that increased infiltration of TAMs in
solid tumours is associated with high micro-vessel density and poor prognosis. These
data are particularly strong for hormone-dependent cancers, such as breast cancer!"*.

INFLAMMATION AND CELL FUSION

The mechanisms causing cell fusion and polyploidization in tumours have close
similarities to wound repair and tissue regeneration in non-transformed tissues.
Under normal conditions, fusion events are exceptionally rare but increase
dramatically in pathological conditions such as after tissue injury and during
inflammation. Nygren et al showed that BMDC contribute to the formation of stable
and reprogrammed fusion-hybrids in liver, heart and myocardium during tissue
repair. Interestingly, the authors observed that despite an attraction of fusogenic
blood cells to these tissues following injury-induced inflammation, the cell fusion was
restricted to a subset of cells implicated in syncytia formation during development.
Johansson et all” reported in a parabiotic experimental mouse-model that chronic
inflammation, induced by idiopathic ulcerative dermatitis and autoimmune
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encephalitis, could increase myelomonocytic cells in peripheral blood and
consequently significantly increase (10-100-fold higher) heterokaryon formation of
BMDCs with Purkinje neurons.

HYPOXIA/TISSUE STARVATION AND CELL FUSION

The tumour microenvironment is usually characterized by poor vascularization,
resulting in hypoxia and deficient access to vital nutrients and elimination of
metabolic by-products. Necrosis is common in the deeper parts of the tumour. Despite
these seemingly harsh conditions, cells that subsist in this environment have been
linked to a more malignant phenotype with stem cell-like propertiest”>”.

As mentioned above, cell fusion is induced by hypoxia and apoptosis. Noubissi et
al! used bimolecular fluorescence complementation to detect in vitro spontaneous
fusion events between co-cultured multipotent stem/stromal cells (mSSC) and either
human breast epithelial cells (MCF-10a) or breast cancer cell lines (T47D, MDA-MB-
231 and MCEF-7). The co-cultures were grown in hypoxic condition (2% O, compared
to standard tissue culture conditions of 21% O,) and it was found that hypoxia
stimulated a significant increase in fusion between the mSSC and the T47D or MCF-7
non-metastatic breast cancer cells. Hypoxia had, however, no significant impact on
the fusion ability of MDA-MB-231 metastatic cancer cells. The authors suggest that
hypoxia might promote fusion of non-metastatic cancer cells and therefore enables
metastasis, an event that perhaps is not advantageous for the already metastatic
MDA-MB-231 cells. It was found also that apoptosis was enhanced by hypoxia in
T47D and MCF7 non-metastatic cancer cells. The fusion events were increased if the
cell co-cultures were supplemented with apoptotic T47D cells in both normoxic and
hypoxic conditions, indicating that cell fusion could be stimulated by apoptosis
independently of hypoxia. Melzer et al™! reported similar in vitro observations and
found that cell fusion events varied dramatically between benign or malignant breast
cells when used as fusion partners for mSSC. Co-cultures of mSSC with MCF-10a
revealed increased fusion events up to 10-fold (> 2%) compared with co-cultures with
MDA-MB-231 (0.2%) or with MCF-7 (0.1%). In line with the observations that
inflammation can induce cell fusion, the author stimulated the cell co-cultures with
pro-inflammatory cytokine TNF-a and found significant hybrid cell formation
compared to non-treated cells.

Using different cancer cell lines treated with the hypoxia mimetic cobalt chloride to
induce polyploidization, Zhang et al”"! showed that the formation of PGCCs could
occur either through cell-fusion or endoreplication. The cells had increased size,
developed enlarged nuclei and could survive for extended periods of time, while cells
with normal morphology could be selectively eliminated. The PGCCs displayed CSC
markers and properties and could therefore be potentially more tumourigenic!™..

CLINICAL SIGNIFICANCE OF CELL FUSION AND
POLYPLOIDIZATION IN CANCER

PGCCs are found in most cancers and correlate to poor survival”- L. Reports of mono
and multinucleated cancer cells can be found in the literature dating back to the early
20* century!"'”l. PGCCs are also described as “multi-nucleated giant cells”, “tumour
budding”, “micropapillary”, and “osteoclast-like giant cells”. Across many cancer
types, when present in high numbers, PGCCs of epithelial-origin show highly
malignant characteristics, including chemo-resistance, with short patient survival and
are designated with World Health Organization sub-classification status. These rare
cancers include, giant cell carcinoma of the lung (a sub-classification of the large
cell/sarcomatoid carcinomas of the lung) and pleomorphic carcinoma of the
lung'™'%l. Although rare, these cancers provide important insights into the highly
malignant nature of the PGCCs. Patient survival is typically worse than in those with
the non-PGCC cancer component due to poor or refractory responses to standard
treatments, short relapse intervals and enhanced metastatic spread™ "1,

PGCC formation has been demonstrated to increase during tumour
progression”>***!"%l as late stage cancers have elevated numbers of PGCCs. It might
be predicted that through increased PGCC formation in late stage disease, increased
numbers of heterotypic fusion events also occur. Recent studies on liquid biopsies
show the presence of hybrid-like expression in multinucleated giant cells. This
phenotype is shown to correlate with malignancy and poor survivall®!-11

Several studies have shown that after standard of care treatments treatments with
radiation™*>'", chemotherapy™” or targeted therapy!'l, PGCC can be formed using
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cell fusion as a mechanism. The PGCCs can overcome the treatment-induced damage
and produce progeny that are resistant to treatments to which the cancer cells are
normally sensitive. This has been demonstrated for both irradiation and
chemotherapy and may be an important factor in disease relapse and patient

outcomel*12114,
PGCCs have been shown in many tumour types to be associated with increased
therapy resistance and poor survivall'*!*'"“l. For example, in a syngeneic rat tumour

model, Puig et all"*l showed that despite an initial shrinkage of tumours in response to
cisplatin treatment, tumour cells enter a latent phase from which they are eventually
able to escape and resume growth. These cells survived for weeks and while some
eventually died, others were able to undergo a reversal of polyploidization giving rise
to new colonies of diploid cells, which were more resistant to cytotoxic drugs and
were responsible for tumour relapse. Additionally, a single large multinucleated cell
isolated from the murine fibrosarcoma cell line UV-2237 could produce tumours in
mice. These large multinucleated cells were also more resistant to doxorubicin
suggesting that they could be driving the relapsel'”l.

Clinical evidence of cell fusion

It has been well demonstrated that leucocyte-cancer cell fusion produces hybrid cells
that express genetic and phenotypic characteristics of both maternal cells!”"'**1.
Clinically, it is difficult to detect or genetically confirm fusion events because the
genetic content of maternal cells and any hybrids have the same origin. The
expression of tissue specific proteins by tumour cells and other fusion cell partners,
like TAMs, may, however, constitute surrogate markers that could be used for
detecting the presence of fusion events in tumour tissue from clinical patient material.

CD163 is a macrophage specific trans-membrane scavenger receptor and its
presence indicates that the cells have an M2-macrophage phenotypel''’l. Macrophage
traits in cancer cells, exemplified by CD163 expression, have been reported for several
types of tumours, e.g., renal cell™®)], breast!"”', colorectal!’”'*! and bladder!*'*! cancers.
Based on the cell fusion theory, the macrophage phenotype in cancer cells is
suggested to be caused by fusion between TAMs and tumour cells"" 27,

In an in vitro model, Shabo et all"**! showed that cancer cells did not acquire a
macrophage phenotype by paracrine interaction between macrophages and MCF-7
breast cancer cells. In contrast, macrophage/MCF-7 hybrids (generated via
spontaneous cell fusion) expressed macrophage-like markers, CD163 and the pan-
leucocyte marker CD45. The hybrids also showed genetic characteristics from both
parent cells. Powel et al”"'* provided in vivo evidence of fusion between circulating
BMDCs and cancer cells during tumourigenesis, demonstrating that macrophages
were cellular partners in this process. Silk ef all""l showed similar in vivo characteristics
in human intestinal epithelium. These studies clearly support the many observations
that macrophage traits in cancer cells are explained by fusion between tumour cells
and TAMs!*71,

Shabo et all'*] reported that CD163 expression by tumour cells in breast cancer was
seen in 48% of a cohort of 133 female patients. The patients with CD163-positive
tumours had reduced recurrence-free survival times. Further, CD163 expression by
cancer cells was more common in advanced cancers. Epithelial cells in normal breast
tissue showed no expression of CD163. In a similar study, the same research group
reported CD163 expression by tumour cells in 23% of 139 patients with rectal cancer.
Again, CD163 expression was not seen in any of the non-cancerous areas from
adjacent or distant rectal tissue. CD163 expression by tumour cells was associated
with earlier local recurrence and shorter cancer specific survival, and inversely
correlated to apoptosis. Notably, the expression of CD163 by cancer cells was more
common (31%) in tumours from patients treated with preoperative radiotherapy
compared to those not treated (17 %).

The expression of macrophage traits by cancer cells was proportional to intra-
tumoural macrophage density indicating that increased recruitment and infiltration of
macrophages in tumour tissue may result in higher rates of fusion between
macrophages and cancer cells in tumour stroma!**'*1. The frequency of cell fusion
events in vivo was as high as 1% in experimental tumour models™!. The fusion
efficiency increased proportionally to the presence of inflammation”! and the
metastatic potential of tumour cells!'”. Macrophage-cancer cell hybrids are generated
spontaneously in cultured breast cancer cells at an average rate of 2 % and are able to
survive cell culture for several weeks!'*l. Del Monte demonstrated that one gram of
tumour contained some 10° tumour cells!™. Based on this calculation, a rate of 1%-2 %
frequency of cell fusion events means that each gram of solid tumour may contain as
many as 1-2 million hybrids. Although the proportion of hybrids may be small in
relation to the total tumour mass, the spontaneity of cell fusion and the survival of the
hybrids may generate deadly derivative clones with important clinical implications.
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Garvin et all”!l calculated the proportion of cancer cells expressing CD163 in 83
patients with breast cancer and found that the number of CD163-positive cells in all
breast tumors studies averaged 9% (range 0%-41%). CD163-expression of > 15% of
cancer cells was associated with breast cancer-related death (P = 0.02). The authors
also reported that the mean number of cancer cells expressing CD163 was positively
associated with mitotic index supporting a connection between fusion events and the
density of TAMSs seen in tumours. It is likely that the plasticity of reprogrammed
cellular phenotypes originating in hybrids may form both dominating as well as
volatile clones in the tumour environment.

Through cell fusion cancer cells acquire new phenotypes but may also lose other
traits that are specific for their tissue origin, a process known as de-differentiation.
These traits are essential in the clinical assessment, e.g., the estrogen receptor (ER)
pathway is involved in cell growth and regulation of breast cancer cells. Moreover,
estrogen is a potent breast mitogen and ER-inhibitors and estrogen-producing
enzymes (aromatases) are well-established, effective therapies!'*”. ER is down-
regulated in progeny cells generated by fusion between macrophages and breast
cancer cellsl'. In immuno-histochemical studies of biopsies, macrophage traits in
cancer cells (indicating fusion events) was associated with ER-negative tumours!?""!l.
These observations have clinical relevance as down-regulation of ER in breast cancer
cells will change the pathologic staging and the treatment options for the patients.

Cell fusion pathways as diagnostic and therapeutic targets
Clinical investigations of tumour biology with a focus on cell fusion as an underlying
mechanism are limited, probably because this theory has been difficult to investigate
and has not been firmly established as other topics, such as the cancer mutation
theory. In light of findings on the role of cell fusion in tumour biology reported over
the past 30 years, we believe that cell fusion pathways might constitute a target in
cancer diagnostics and treatment. As discussed previously, cell fusion contributes to
tumour progression by generating new cancer cell clones with enhanced metastatic
properties. Morphologically, hybrid cells have similar appearance to their maternal
cancer cells. Hence, the malignant potential of tumours might be underestimated if
hybrid cells are not detected during clinical histopathological assessment. For
example, Busund ef al”! showed that in vivo tumours consisting of Metha-A
sarcoma/macrophage hybrids had the similar histopathological morphology as
tumours consisting of maternal Metha-A sarcoma cells. The tumours consisting of
hybrid cells had however greater growth rate, metastatic ability and vascular density;
tumour characteristics that have prognostic significance in a clinical context.
Consistent with in vivo findings, the expression of macrophage traits as surrogate
marker for macrophage-cancer cell fusion!*”'**** by cancer cells in clinical tumour
material is associated with advanced tumour stage and poor prognosisl?-12>12513¢],
indicating the importance of identifying and validating histopathological markers,
such as macrophage-specific marker CD163, to detect fusion events in clinical tumour
material. Accumulating evidence suggests that cell fusion results in the development

of stem cell properties and resistance to oncological treatment!*>'157-1401_Cell fusion
may have a predictive value in cancer treatment and it should be verified by clinical
investigations.

Cell fusion might constitute a therapy target in cancer and can be counteracted by
several strategies. Tentatively, inhibition of the cell fusion process or infiltration of
cancer cell fusion partners, such as macrophages, might be possible treatment targets.
Inhibition of macrophage infiltration into tumour stroma might reduce the frequency
of macrophage-cancer cell fusion. Macrophage depletion might also reduce other
macrophage related tumour promoting mechanism such as neo-angiogenesis.
Although these data are not related to macrophage-cancer cell fusion, several studies
show that macrophage depletion in tumour stroma is associated with inhibition of
tumour progression!**l. For example, Griesmann et all'"*"l showed in an experimental
mouse model that treatment with liposomal clondronate decreased macrophage
infiltration in several organs and resulted in significant reduction of liver and
pulmonary metastasis of pancreatic cancer, independently of the presence of an
endogenous primary tumour.

RATIONALE

Using histochemical markers along with genetic analyses it is now clear that cell
fusion and hybrid formation are associated with metastasis and poor patient survival.
There is an association of polyploidy, produced by leucocyte-cancer cell fusion, with
therapy resistance. We may glimpse the engine that drives metastasis (Figures 1 and
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2). This information opens many potential targets for the development of new
therapies: (1) Inhibition of the fusion process itself regarding events such as
membrane attachment and heterokaryon formation; (2) Inhibition of the hybridization
processes involving integration of parental fusion partner genes into hybrid genomes;
and (3) Prevention of post-hybridization events involving activation of genes that
control cell migration, chemotaxis, intravasation, extravasation, and migration to
lymph nodes and distant metastases.

CONCLUSION

Cell fusion is a normal biological process that is essential during embryogenesis and
morphogenesis. Accumulating evidence indicates that fusion between leukocytes and
cancer cells occur in solid tumors and may contribute to tumor progression. These
data provide new insights into the role of leukocytes, such as macrophages, in tumor
biology and cell fusion as a potential mechanism in tumor metastasis and the
development of resistance to oncologic treatment.
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Abstract

BACKGROUND

Patient satisfaction and reported outcomes are becoming increasingly important
in determining the efficacy of clinical care. To date no study has evaluated the
patient experience in the orthopedic oncology outpatient setting to determine
which factors of the encounter are priorities to the patient.

AIM
To evaluate what factors impact patient experience and report satisfaction in an
outpatient orthopedic oncology clinic.

METHODS

Press Ganey® patient surveys from a single outpatient orthopedic oncology clinic
at a tertiary care setting were prospectively collected per routine medical care. All
orthopedic oncology patients who were seen in clinic and received electronic
survey were included. All survey responses were submitted within one month of
clinic appointment. IRB approval was obtained to retrospectively collect survey
responses from 2015 to 2016. Basic demographic data along with survey category
responses were collected and statistically analyzed.

RESULTS
One hundred sixty-two patient surveys were collected. Average patient age was
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54.4 years (SD = 16.2 years) and were comprised of 51.2% female and 48.4% male.
64.2% of patients were from in-state. Out of state residents were more likely to
recommend both the practice and attending physician. The likelihood to
recommend attending physician was positively associated with MD
friendliness/courtesy (OR = 14.4, 95%CI: 2.5-84.3), MD confidence (OR = 48.2,
95%Cl: 6.2-376.5), MD instructions follow-up care (OR = 2.5, 95%Cl: 0.4-17.4), and
sensitivity to needs (OR =16.1, 95%CI: 1-262.5). Clinic operations performed well
in the categories of courtesy of staff (76%) and cleanliness (75%) and less well in
ease of getting on the phone (49%), information about delays (36%), and wait
time (37%).

CONCLUSION

Orthopedic specialties can utilize information from this study to improve care
from the patient perspective. Future studies may be directed at how to improve
these areas of care which are most valued by the patient.

Key words: Press Ganey® survey; Orthopedic oncology; Outpatient clinic; Patient
experience; Patient satisfaction; Patient reported outcomes

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Patient satisfaction and reported outcomes play a vital role in determining the
efficacy of clinical care in both inpatient and outpatient settings. This study addressed
factors of the outpatient orthopedic oncology clinic that were found to be important to
the patient. Provider friendliness, confidence, and sensitivity to needs, as perceived from
the patient, were all associated with increased likelihood of the patient to recommend the
attending physician to others. The findings from this study can guide various outpatient
oncology clinics on how to research and improve patient satisfaction and reported
outcomes.

Citation: Blank AT, Shaw S, Wakefield CJ, Zhang Y, Liu WJ, Jones KB, Randall RL. What
factors influence patient experience in orthopedic oncology office visits? World J Clin Oncol
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INTRODUCTION

Patient satisfaction and patient reported outcomes are becoming increasingly
important in determining the efficacy of clinical care. For decades in the orthopedic
oncology literature, overall survival, metastasis and local recurrence statistics have
been well published!'!. Using these metrics, patients were determined to be doing
well if they were alive, free of local or metastatic disease at various time points.
Assessment of patient functional outcomes has been evaluated using scoring systems
such as the musculoskeletal tumor society score and Toronto extremity salvage score.
However, not until more recently have physicians begun to evaluate various
functional, pain related, and psychological outcomest™*l. Since this recent interest, the
literature has shown that using these metrics can provide valuable information
regarding how patients are functioning on a physical and psychological level while
being treated as well as during surveillance.

Overall patient satisfaction scores and patient reported outcomes are challenging
measurements to understand?'". Each patient has a unique personality as well as
pathology and these can both affect patient satisfaction scores. There has been some
conflicting data published studying the subject of how patient satisfaction correlates
to efficacy of clinical care. Some studies have found positive correlations to efficacy of
care and others have found the oppositel”'?. Understanding the patient perspective
certainly provides the care team insight regarding the patients' perceived strengths
and weaknesses of care. Furthermore, patient satisfaction scores may in part
determine the future of hospital and physician reimbursements!’l. Press Ganey®
medical practice outpatient and ambulatory surgery patient experience of care survey
(“Press Ganey survey”) is a questionnaire used to evaluate patient satisfaction in the
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outpatient clinic setting. The number of cancer patients and cancer related costs in the
United States is significant and rises every year, hence we feel this is an important
demographic to further investigate!’). In this study, our group evaluated
prospectively collected survey information to determine what factors contributed to
patients’ likelihood to recommend our practice as well as our providers in our
orthopedic oncology outpatient clinic. The study also aimed to identify areas of our
clinical practice that were rated highly and those that needed improvement from the
patient perspective.

Patient satisfaction surveys have the capacity to provide the orthopedic care team
with a window into the perspective of the patient. Although it is unclear whether
patient satisfaction scores are directly or indirectly related to efficacy of care this
information provides insight to the care team and can help to implement reasonable
and necessary changes. The Press Ganey survey is a questionnaire used in the
outpatient setting to gather this information from the patient perspective. No study to
date has evaluated which factors within the Press Ganey survey are most valued by
orthopedic oncology patients. Further, no study to date has reviewed Press Ganey
survey results from an orthopedic oncology practice outpatient setting in order to
determine practice strengths and weaknesses. We feel the results of this study can
provide valuable information about the patient perspective in a clinic setting which
can be useful for not just orthopedic oncology clinics but all orthopedic outpatient
clinics.

MATERIALS AND METHODS

Patients and methods

We performed an IRB approved retrospective review of prospectively collected Press
Ganey survey data from our orthopedic oncology outpatient clinic. The Press Ganey
survey was distributed electronically to all patients seen in the outpatient orthopedic
oncology clinic. The Press Ganey survey consists of 37 questions involving the clinical
check-in process, facility quality, ease of communication with clinic staff, surgical
educational information, and overall patient experience. The full survey takes
approximately 15 min to complete. Computer adaptive versions are available which
shorten the survey to 5-10 questions and allow for completion in as little as 5 min.
Patients have 30 d from their clinic encounter to complete the questionnaire. Data was
collected during the 2015 and 2016 calendar year. One hundred sixty-two completed
the Press Ganey surveys from the outpatient orthopedic oncology clinic and
responses were prospectively collected in order to retrospectively review. Basic
demographic data along with survey category responses were collected.

Statistical analysis

Data was recorded electronically and obtained in accordance with the medical
center’s IRB protocol. The data was then submitted to the University Study Design
and Biostatistics Center for statistical evaluation. Frequency and percent were
presented for all categorical variables as well as for outcome variables "likelihood to
recommend the physician" and "likelihood to recommend the practice". Analysis of
variance was applied continuous variables and y*-test/Fisher’s exact test was applied
to assess between categorical variables. All bivariate analyses were two-tailed and the
statistical significance was set as P < 0.05. Firth logistic regression analyses were
performed using least absolute shrinkage and selection operator (LASSO) to identify
predictive factors for each outcome of interest.

Due to the low frequencies of some answers in the survey all original variables with
results-0, 25, 50, 75, 100 and N/ A were re-categorized as not completely satisfied
(0/25/50/75), completely satisfied (100) and N/ A.

Descriptive and bivariate analyses were based on the analysis data set composed by
every patient’s first record. Mean, standard deviation, median, minimum and
maximum were presented for numeric variables. Frequency and percent were
presented for categorical variables in overall, and by outcome variables "likelihood to
recommend the physician" and "likelihood to recommend the practice". Analysis of
variance was applied to assess the possible difference in mean of continuous variable
with approximately normal distribution among groups specified by outcome variable.
x°>-test or Fisher’s exact test was applied to assess the possible association between two
categorical variables. All bivariate analyses were two-tailed and the statistical
significance was set as P < 0.05.

Based on results from previous steps and nature of the data (e.g., rare events and
quasi-complete separation), Firth logistic regression analyses were performed using
LASSO to identify predictive factors truly informative for each outcome of interest,
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and the final model for each outcome was determined based on the optimal tuning
parameter adopting 10 fold cross-validation criteria. The final models were
unpenalized; odds ratios and 95% confidence intervals were reported.

Statistical software was SAS 9.4 (SAS Institute Inc., Cary, NC, United States) and R
(www.r-project.org). All LASSO analyses were conducted using the “glmnet” package
in R. All statistical methods were reviewed by Yue Zhang and Wei ] Liu from the
University of Utah.

RESULTS

Among the 162 participants, regarding patient’s characteristics, the average age was
54.4 years (standard deviation = 16.2 years, median = 56 years, range = 17 to 95 years);
83 (51.2%) participants were female; 104 (64.2%) participants were from in-state; 89
(54.9%) participants had malignant diagnosis.

Regarding the outcomes “likelihood to recommend the physician/likelihood to
recommend the practice” and patient’s characteristics, it was statistically significant
on bivariate analysis that participants who lived out of state were more likely to have
complete satisfaction of “likelihood to recommend the physician/likelihood to
recommend the practice” compared to participants who lived in state (91.4% vs 73.1%,
P =0.027;86.2% vs 69.2%, P = 0.029, y*test); among other patient characteristics, there
were no statistically significant relationships observed (P > 0.02, P > 0.05 in all
instances, ANOVA, y*test or Fisher’s exact test).

Regarding outcomes “likelihood to recommend the physician/likelihood to
recommend the practice” and individual question responses, it was statistically
significant on bivariate analysis that, for each item participants reported “Completely
satisfied” they were more likely to have complete satisfaction of “likelihood to
recommend the physician” compared to participants who reported “Not completely
satisfied” (P < 0.004, P < 0.001 in all instances, y>-test or Fisher’s exact test). The
outcome “likelihood to recommend the physician/likelihood to recommend the
practice” was statistically associated with each individual survey question answered
on bivariate analysis (P < 0.01, P < 0.001 in all instances, Fisher’s exact test).

Regarding the model of “likelihood to recommend the physician”, Firth logistic
regression analysis (with LASSO regulation) results suggested that complete
satisfaction of “likelihood to recommend the physician” was positively associated
with complete satisfaction of factors including MD friendliness/courtesy (OR = 14.4,
95%CI: 2.5-84.3), MD confidence (OR = 48.2, 95%CI: 6.2-376.5), MD instructions follow
up care (OR = 2.5, 95%CI: 0.4-7.4), sensitivity to needs (OR =16.1, 95%CI: 1-62.5)
(Table T).

Regarding model of “likelihood to recommend the practice”, Firth logistic
regression analysis (with LASSO regulation) results suggested that complete
satisfaction of “likelihood to recommend the practice” was positively associated with
complete satisfaction of factors including MD confidence (OR = 11.6, 95%CI: 2.1-63.4),
sensitivity to needs (OR = 5.8, 95%CI: 1.3-26.7), staff work together (OR = 36.1, 95%CI:
7.9-165.1) (Table 1).

DISCUSSION

Disease related outcomes have been the gold standard in outcomes measures when
discussing oncology patients for many years. Indeed, knowing local recurrence,
metastasis and overall survival rates are crucial in understanding the efficacy of
treatments. However, functional outcomes and patient reported outcomes also have
critical roles in better describing how patients are living after their diagnosis is made
and treatment undertaken.

In the orthopedic oncology literature functional outcomes have adapted over time
starting with general evaluations such as the SF-36. Functional outcomes then became
somewhat more orthopedic based and included tests such as the Harris hip, Oxford
knee and DASH scores. From that point, functional evaluations have been developed
specifically for orthopedic oncology and include the musculoskeletal tumor society
score and Toronto extremity salvage scoring system!'~l. A relatively new development
in patient reported outcomes is the utilization of Patient Reported Outcomes
Measurement Information System, which is a simple, computer adaptive test that has
been utilized in the oncology literature recently>'"l.

The next progression in evaluating care from the patient perspective comes in the
form of patient satisfaction surveys. These surveys, such as Press Ganey, focus on the
purely subjective aspect of which aspects of their care they found to be acceptable,
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Table 1 Factors for likelihood to recommend physician and practice

Variable (completely vs not completely satisfied) OR 95%Cl
Likelihood to recommend the physician

MD confidence 48.2 (6.2, 376.5)
Sensitivity to needs 16.6 (1, 262.5)
MD friendliness/ courtesy 144 (2.5, 84.3)
MD instructions on follow-up 2.5 0.4,17.4)
Likelihood to recommend the practice

Staff working together 36.1 (7.9,165.1)
MD confidence 11.6 (2.1, 63.4)
Sensitivity to needs 5.8 (1.3, 26.7)

and which needed improvement®®'“*l. There is some debate in the literature as to
whether patient satisfaction is positively or negatively correlated with efficacy of
carel”*l. Fenton et al”! in 2012 published results of a large prospective series and
found that higher patient satisfaction was associated with more admissions, more
prescription drugs, more overall expenditures and a higher mortality rate. Chang et
al”l in 2006 published their results that among a geriatric cohort of 236 patients,
assessments of quality of care was not related to global ratings of care. The group
recommended against using global ratings of care to be used as a marker of technical
quality of carel’l. In the orthopedic literature, Chughtai et all"! published their results
of a retrospective study involving 736 knee replacement patients and found there was
no statistically significant relationship between Press Ganey survey scores and
standard arthroplasty outcomes measures.

Conversely Tsai et all”! published in 2015 that among a large cohort of surgical
patients, hospitals with higher patient satisfaction provided more efficient care with
fewer readmissions and lower mortality rates. Similarly, Sacks et al*! in 2015
published results of a retrospective study of over 100,000 patients and found that
patients treated in hospitals which ranked in the highest satisfaction quartile had
significantly lower risk of death and minor complications compared to those in the
lowest satisfaction quartile.

Regardless of the correlation, important information can be gathered from the
survey data collected in this study. In the oncology patient population, we believe that
elucidating which factors of the clinic experience are perceived positively and which
negatively can help the care team to improve the overall patient experience while not
compromising clinical care.

Our study certainly has several limitations including the response rate of 17%
overall. Other limitations include the ability of patients to complete surveys up to 30 d
after the clinical encounter which may affect patient recall ability. Our clinical practice
is quite diverse, with some patients presenting for general orthopedic complaints and
a distant history of cancer, and some currently undergoing treatment for sarcoma. We
believe that this is in fact the typical patient population for an orthopedic oncology
clinic and the heterogeneity increases our external validity. Finally, there is no
consensus as to whether patient satisfaction scores are positively or negatively
correlated with clinical outcomes. Because of this it is quite difficult to determine if
implementing changes based on the outcomes of the satisfaction scores is appropriate
in all settings.

The results of this study demonstrate that out-of-state patients may be more likely
to be satisfied with their care than inpatients. The group had a difficult time
explaining this finding but believes may be related to the fact that our clinical practice
has a very wide catchment area and often patients will travel more than 500 miles for
care. Those traveling very far are from more rural areas and often have a difficult time
finding appropriate physicians for treatment in their hometown, which contributes to
their unique perspective.

The data demonstrated that patients perceived our clinic to perform well in the
categories of confidence in MD (81%), MD concern about worries/questions (75%),
courtesy of staff (76%), MD friendliness/courtesy (79%), cleanliness (75%), MD
including you in decision making (72%) and MD explained condition (75%). The clinic
showed room for improvement in the categories of ease of getting on the phone (49%),
information about delays (36%), wait time (37%) and MD speaking about medications
(45%). Our outpatient clinic found this information useful in regards to areas which
were satisfactory and which needed improvement and simple measures will be taken
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to address those insufficiencies while not compromising clinical care.

The data demonstrated that the patients' likelihood to recommend the practice was
positively associated with confidence in the physician, sensitivity to their needs and
the staff working together. The data also demonstrated that the patients' likelihood to
recommend the physician was positively associated with the courtesy of the
physician, confidence in the physician, physician instructions on follow up care, and
sensitivity to the patients’ needs. These findings are also reasonable categories which
patients would find most important and should be considered during every patient
interaction.

We believe that by understanding which aspects of patient care are important to the
patient, we can continue to improve the patient experience without compromising
clinical care. The literature has shown that in some circumstance’s patient reported
outcomes may be negatively correlated to clinical outcomes while at other times they
are positively associated”'?l. In both situations, useful information can be obtained
from better understanding the patient perspective. The outpatient clinic of study was
able to determine which areas of their care were perceived as sufficient and which
were insufficient and thus was able to make reasonable and appropriate changes
without changing the overall care algorithm. This information may be very useful to
orthopedic oncology clinics in addition to the various surgical oncology clinics in the
quest to improve on patient experiences in a clinic setting.

ARTICLE HIGHLIGHTS

Research background

Patient satisfaction and reported outcomes play an important role in determining efficacy of
clinical care. Little is known about the patient experience in an orthopedic oncology outpatient
clinic.

Research motivation

This study aims to evaluate the potential factors that impact the patient experience within an
outpatient orthopedic oncology clinic. Identification of these factors will allow us and others to
improve the patient experience.

Research objectives

The primary objective of this study was to identify potentially modifiable factors that impact the
patient reported experience. With this knowledge one can implement strategies to improve the
outpatient experience.

Research methods
This study was a retrospective review of prospectively collected data obtained through routine
medical care at a single orthopedic oncology outpatient clinic.

Research results

This study identified that most patients within the practice were from out of state. Likelihood to
recommend the attending physician was associated with MD friendliness/courtesy, MD
confidence, MD instructions follow-up care, and sensitivity to needs. Although the clinic
operation performed well in the categories of courtesy of staff and cleanliness there is room for
improvement in ease of getting on the phone, information about delays, and wait time.

Research conclusions

Orthopedic specialties can greatly benefit with the knowledge obtained from this study by
understanding which factors are associated the patient experience in an outpatient clinic. Future
studies can be aimed at improving areas of care identified from this study.

Research perspectives

The patient experience and reported satisfaction is becoming an important measure of clinical
efficacy through various surgical and medical specialties. Little is known on the patient
experience within an orthopedic oncology outpatient clinic. Future research is required to
investigate strategies at improving areas within the outpatient clinic identified from this study.
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Abstract

BACKGROUND

Pertuzumab is a humanized anti-human epidermal growth factor receptor 2
(HER2) monoclonal antibody found in a Phase III clinical trial to significantly
improve median survival in HER2 positive metastatic breast cancer (MBC) when
used in combination with a taxane and Trastuzumab, and its clinical efficacy has
transformed the therapeutic landscape of HER2-positive breast cancer. There are
currently few reports on the pattern of use and value of Pertuzumab in real world
settings. Our study describes the clinical efficacy and treatment costs of
Pertuzumab in HER2-positive MBC treated in a tertiary cancer centre in
Singapore in a predominantly Asian population.

AIM
To investigate the clinical efficacy and treatment costs of Pertuzumab in HER2-
positive MBC in an Asian population in Singapore.

METHODS

A retrospective study of 304 HER2-positive MBC patients seen at National
Cancer Centre Singapore between 2011-2017 was conducted. Demographic and
clinical data were extracted from electronic medical records. Clinical
characteristics and billing data of patients who received Pertuzumab were
compared with those who did not.

RESULTS

Thirty-one (62.0%) of the fifty (16.4%) patients who received Pertuzumab as first-
line therapy. With a median follow-up of 21.5 mo, there was a statistically
significant difference in the median overall survival between Pertuzumab and
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non-Pertuzumab groups [51.5 (95%ClI: 35.8-60.0) vs 32.9 (95%ClI: 28.1-37.5) mo; P
=0.0128]. Two (4.88%) patients in the Pertuzumab group experienced grade 3
(G3) cardiotoxicity. The median treatment cost incurred for total chemotherapy
for the Pertuzumab group was 130456 Singapore Dollars compared to 34523
Singapore Dollars for the non-Pertuzumab group. The median percentage of total
chemotherapy costs per patient in the Pertuzumab group spent on Pertuzumab
was 50.3%.

CONCLUSION

This study shows that Pertuzumab use in the treatment of metastatic breast
cancer is associated with a significantly better survival and a low incidence of
serious cardiotoxicity. However, the proportionate cost of Pertuzumab therapy
remains high and further cost-effectiveness studies should be conducted.

Key words: Pertuzumab; Chemotherapy; Metastatic breast cancer; Treatment cost

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Pertuzumab is a humanized anti-human epidermal growth factor receptor 2
(HER2) monoclonal antibody found in a Phase III clinical trial to significantly improve
median survival in HER2 positive metastatic breast cancer when used in combination
with a taxane and Trastuzumab, and its clinical efficacy has transformed the therapeutic
landscape of HER2-positive breast cancer. In our study, there was a statistically
significant difference in the median overall survival between Pertuzumab and non-
Pertuzumab groups [51.5 (95%CI: 35.8-60.0) vs 32.9 (95%CI: 28.1-37.5) mo; P =
0.0128] while the rate of grade 3 cardiotoxicity was low (4.88%). However, costs remain
high.
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INTRODUCTION

Cancer is a leading cause of death worldwide, and has recently taken over
cardiovascular disease as the leading cause of death in developed countries!'l.
Majority of adults are concerned about contracting cancer, especially the
biopsychosocial aspects that accompany the diagnosis®”. According to the Singapore
Cancer Registry, breast cancer is the most common female malignancy, accounting for
29.1% of all female cancers with an age-standardized incidence rate that has increased
threefold since the 1970s. A national government-subsidized breast cancer screening
program (BreastScreen Singapore) estimates 7% of new breast cancer cases in
Singapore are metastatic at presentation. Metastatic breast cancer (MBC) remains a
lethal disease with a historical 5-year survival rate of 22% or lower. However, median
survival improved over the past 25 yearsl’! now ranging from 33F! to 37 mol. Human
epidermal growth factor receptor 2 (HER2) overexpression is seen in 20% of breast
cancers and follows a clinically aggressive course with poorer prognosis!®.
Pertuzumab is a humanized anti-HER2 monoclonal antibody found in a Phase III
clinical trial to significantly improve median survival in HER2 positive MBC when
used in combination with a taxane and Trastuzumab!®, and its clinical efficacy has
transformed the therapeutic landscape of HER2-positive breast cancer!”. Given its
mortality benefit when added to a trastuzumab-based regimen as first-line therapy!”,
it was approved by Singapore’s health authority (Health Sciences Authority) in 2014.
Despite its prevalence, the mortality and morbidity of cancer has improved
dramatically with the advent of novel therapeutic options. Thus, our study aims to
describe the clinical use, efficacy and costs of Pertuzumab in HER2 positive MBC
treated in a tertiary cancer centre in Singapore.
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MATERIALS AND METHODS

Patient selection

We retrieved electronic medical records of 1185 consecutive patients with newly
diagnosed MBC referred to the Division of Medical Oncology of National Cancer
Centre Singapore (NCCS) from 1* January 2011 to 31 December 2017 from the Joint
Breast Cancer Registry. The study was reviewed and approved by the SingHealth
Centralised Institutional Review Board Reference: 2018/2400.

Patients with histologically-proven breast cancer, radiological evidence of
metastatic disease, and HER2 positivity on immunohistochemistry (IHC) or
fluorescence in situ hybridization were selected. HER2 positivity was defined as a
score of 3+ on IHC or an IHC score of 2+ and a HER2/CEP17 ratio > 2.0 for samples
after 1 January 2014 and HER2/CEP17 ratio > 2.2 for samples before 1 January 2014
on fluorescence in situ hybridization testing.

After exclusion of 855 patients with HER2 negative and unknown HER?2 status,
clinical and treatment data were collected for 329 HER?2 positive MBC patients.
Patients with unknown Pertuzumab usage were then excluded, and data analysis was
conducted for all 304 HER2 positive MBC patients. For further cost analyses, patients
with incomplete billing data were excluded.

Source of data

Clinical data was retrieved in stages. In the first stage, patient demographics,
diagnosis, date of death and clinical variables were retrieved electronically from the
Department of Cancer Informatics of NCCS. Clinical variables included: Estrogen
receptor (ER) status, progesterone receptor (PR) status, HER2 status, histological
grade and subtype, diagnosis date, age of patient at diagnosis, TNM staging and site
of metastases. Presence of visceral metastases was defined as metastases in the liver,
lung or brain.

In the second stage, detailed treatment histories of each patient were constructed
using the electronic medical records, supplemented by data from the NCCS MOSAIQ
chemotherapy prescription database and pharmacy billing records in the SingHealth
Electronic Health Intelligence System (eHINTS).

Data on the duration of treatment and date of progression was collected for every
line of treatment. Duration of treatment was determined by the patients” dates of
registered visits to the outpatient chemotherapy unit as well as from the outpatient
records. The date of progression was obtained based on the date of radiological
findings of progressive disease.

In patients who received Pertuzumab, treatment outcomes and order of line of
therapy were also noted. This included documenting best response clinically or
radiologically, as well as the presence of cardiotoxic side effects. Cardiotoxic side
effects was defined as Grade 3 Left Ventricular Systolic Dysfunction by the presence
of resting ejection fraction of 40%-50% or 10%-19% drop from baseline on two-
dimensional echocardiography based on the Common Terminology Criteria for
Adverse Events Version 4.03. Echocardiography and multiple-gated acquisition
results of patients were systematically reviewed to asses for cardiotoxicity consistent
with Common Terminology Criteria for Adverse Events Grade 3 Left Ventricular
Systolic Dysfunction. Patients with no echocardiography, multiple-gated acquisition
scan of the heart or clinical documentation were excluded from this analysis.

In the last stage, costs incurred by patients were retrieved based on inpatient and
outpatient bills, including total treatment cost for chemotherapy and total treatment
cost of Pertuzumab. Patients who had Pertuzumab treatment but did not have any
corresponding bills were excluded from this analysis.

Statistical analysis

All the patients were categorized as “yes” or “no” based on status of Pertuzumab use.
All demographic, clinical and histological data were summarized based on
Pertuzumab use. Continuous and categorical variables were summarized as mean
[standard deviation (SD), range] or median (inter-quartile range, range), whichever
applicable, and frequency (percentage) respectively. Difference between statuses of
Pertuzumab group was tested using 2-sample independent ¢-test or Mann-Whitney
U-test, whichever applicable, and fisher’s exact test for continuous and categorical
data respectively.

We also plotted Kaplan-Meier curve to find a difference in overall survival (OS)
between statuses of Pertuzumab use. We defined OS as duration between date of
diagnosis to date of death or date of last follow up, whichever was later. Difference
between Pertuzumab and non-Pertuzumab group was assessed using log-rank test
and median survival time. Univariate and multivariable Cox proportional hazard
regression model was used to find associated risk factors of OS this population.
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Quantitative association from Cox regression was expressed as hazard ratio (HR) with
its corresponding 95%CI. All the tests used in this study were two sided and P values
< 0.05 was considered as statistical significance. All statistical analyses were carried
out using SAS Institute Inc 2013. SAS/ ACCESS® 9.4. Cary, NC: SAS Institute Inc.

RESULTS

Patient characteristics

The patient and disease characteristics of the study population are shown in Table 1.
The mean + SD age at MBC diagnosis was 58.1 (11.7) years. The majority of the
patients were of Chinese ethnicity (64.5%). The median (interquartile range) duration
of follow-up was 21.5 (27.8) mo.

The majority of patients had invasive ductal carcinoma (88.2%) while other
histological subtypes comprised the remaining 11.8%. Most breast cancers were
histological grade 3 (70.7%). Among the 304 patients, 297 (97.7%) were de novo
metastatic cancers. The most common site of metastasis was to the bone, seen in 167
(54.9%) patients.

Descriptive statistics of study population

In this study population, 50 (16.4%) patients received Pertuzumab. Of these 50
patients, 31 (62.0%) patients had first-line Pertuzumab therapy. Patients who received
Pertuzumab were significantly younger (54.5 years vs 58.9 years, P = 0.0133). There
was also a significant difference in ethnic distribution with more patients of Indian
and other ethnicities in the Pertuzumab group (P = 0.0003). There was no significant
difference between hormone receptor status, grade, histology subtype and site of
metastases.

Survival analysis

The Kaplan-Meier curve (Figure 1) showed statistically significant increase in OS
among the patients who received Pertuzumab (P = 0.0128). The median OS of the
Pertuzumab and non-Pertuzumab group were 51.5 (95%CI: 35.8-60.0) and 32.9
(95%ClI: 28.1-37.5) mo respectively.

All the variables were analysed to find associated risk factors of overall survival
(Table 2). Univariate regression analyses revealed that Pertuzumab usage (HR = 0.515,
95%CI: 0.303-0.877, P = 0.0145) and positive ER status (HR = 0.722, 95%CI:
0.531-0.981, P = 0.0374) were significantly associated with increased survival, while
presence of liver (HR = 1.900, 95%CI: 1.395-2.590, P < 0.0001), lung (HR = 1.393,
95%CI: 1.023-1.897, P = 0.0352), and brain metastases (HR = 2.953, 95%CI: 1.844-4.730,
P <0.0001), were significantly associated with decreased survival. Although age and
race of the subpopulations were different, they did not significantly affect survival.

Multivariate analysis was conducted to elucidate associations between Pertuzumab
use, ER and PR status, and presence of brain, lung and liver metastases. It revealed
that site of metastases (brain, liver, lung, bone) and Pertuzumab usage continued to be
significantly associated with survival differences, while ER and PR difference did not
result in statistically different survival outcomes.

Pertuzumab response and side effects

Two (4.88%) of the 41 patients who received Pertuzumab experienced grade 3
cardiotoxicity. Nine patients had unknown side effect status. Thirty-three (66.0%)
patients achieved either complete or partial remission as best response to Pertuzumab
therapy. Seven (14.0%) patients had unknown response status, while 5 (10%) patients
had stable disease and 5 (10.0%) had progressive disease.

Treatment costs

For the study population, treatment costs of the chemotherapy were extracted in
Singapore Dollars (SGD) and reviewed. The median cost on chemotherapy of the
subgroup with Pertuzumab was higher at a median of SGD 130456 compared to SGD
34523 in the subgroup without Pertuzumab. Similarly, the median cost on all services
incurred in NCCS of the subgroup with Pertuzumab was higher at a median of SGD
170875 compared to SGD 63741 in the subgroup without Pertuzumab. The median
percentage of total chemotherapy costs and total services spent on Pertuzumab is
50.3% and 37.3%, respectively.
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Table 1 Patient and disease characteristics

Pertuzumab usage
Characteristics Total (n = 304) Pvalue
Yes (n = 50) No (n = 254)

Age at MBC diagnosis 0.0133
Mean + SD 54.5+11.64 58.9+11.53 58.1+11.65

Range 32-79 23-95 23-95

Race, n (%) 0.0003
Chinese 29 (58.0) 167 (65.7) 196 (64.5)

Malay 4 (8.00) 57 (22.4) 61 (9.21)

Indian 5 (10.0) 14 (5.51) 19 (6.25)

Others 12 (24.0) 16 (6.30) 28 (20.1)

Hormone receptor status, n (%)

ER positive 32 (64.0) 125 (49.2) 157 (51.6) 0.0638
PR positive 18 (36.0) 82 (32.2) 102 (33.6) 0.3264
Grade, n (%) 0.8160
Grade 1 0 (0.00) 3 (1.83) 3 (1.515)

Grade 2 8 (23.53) 47 (28.7) 55 (27.8)

Grade 3 26 (76.5) 114 (69.5) 140 (70.7)

Histology, n (%) 0.0899
Invasive ductal carcinoma 48 (96.0) 220 (86.6) 268 (88.2)

Others 2 (4.00) 34 (13.4) 36 (11.8)

Site of metastases, 1 (%)

Brain 6 (12.0) 17 (6.69) 23 (7.57) 0.2369
Lung 18 (36.0) 115 (45.3) 133 (43.8) 0.2754
Liver 22 (44.0 98 (38.6) 120 (39.5) 0.5276
Bone 30 (60.0) 137 (53.9) 167 (54.9) 0.4425
Other 16 (32.0) 94 (37.0) 110 (36.2) 0.5249
Follow-up duration (yr) 0.8511
Median (IQR) 20.6 (21.6) 22.5(29.5) 21.5 (27.8)

Range 1-74 0-92 0-92

MBC: Metastatic breast cancer; ER: Estrogen receptor; PR: Progesterone receptor; IQR: Interquartile range.

DISCUSSION

Current guidelines recommend the use of Pertuzumab, Trastuzumab and taxanes for
the treatment of metastatic HER2 positive breast cancer. Dual HER2 blockade by
adding Pertuzumab to Trastuzumab and a taxane backbone has significantly
improved disease control, improved overall survival, duration to progression of
disease and improved tumor response to therapy!”'’l. Usage of Pertuzumab as first
line therapy was consistent with clinical guidelines, and has demonstrated
reproducible safety and efficacy!'"l. To further assess real-world efficacy of adding
Pertuzumab to Trastuzumab and taxanes, we compared our study population with
that of the CLEOPATRAL! study in terms of clinical efficacy, side effects and cost
effectiveness.

Comparison with CLEOPATRA trial

Clinical characteristics of this study was compared to the CLEOPATRA trial. The
mean age of diagnoses was 58.1 for our study compared to 54 in the CLEOPATRA
study. 55.3% of this study has ER and/or PR positive disease compared to 48.0% in
the CLEOPATRA study. 68.4% of this study has visceral metastases compared to
78.0% in the CLEOPATRA study.

Notably, 96.4% of our study population were of Asian ethnicity compared with
32% in the CLEOPATRA study. Despite having a slightly inferior overall survival
than the CLEOPATRA trial, we are able to conclude that Pertuzumab does
significantly prolong overall survival in study with a predominantly Asian
population. The cross-study comparison of complete or partial response was also
remarkably similar (66% in our study vs 68.4% in CLEOPATRA).
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Figure 1 Kaplan-Meier survival curve comparing median overall survival between patients who had
Pertuzumab treatment and who did not have Pertuzumab treatment.

The slight difference in overall survival could be explained by medical
comorbidities of the different studies, difference in age, and also follow up duration.
In addition, the CLEOPATRA study had a longer median follow-up duration of 50 mo
compared to 21.5 mo in this study, and a younger population age of 54 compared to
58.1 in this study.

Prognostic factors

Consistent with previous studies, presence of visceral metastases (brain, liver and
lung) had the strongest association with poorer prognosist’?. Although ER and PR
positivity have been reported to be associated with a better prognosis!"”! and higher
histologic grade is a poor prognostic factor!'*], our univariate and multivariate
analyses only demonstrated statistically insignificant trends. This could be attributed
to insufficient power of our sample size as well as the possibility that HER2 positivity
may contribute significantly more to the prognosis of this subpopulation of breast
cancer patients as opposed to the aforementioned factors.

Serious adverse effects of dual HER2 therapy

One major adverse effect of HER2 therapy is cardiotoxicity. Studies on Pertuzumab
have shown cardiotoxicities to be mainly asymptomatic left ventricular systolic
dysfunction or symptomatic heart failurel"”l.

In our study population, 4.88% of patients who had undergone Pertuzumab
treatment experienced significant cardiotoxic side effects. These findings in the real-
world setting corroborate with rates in the CLEOPATRA trial and the JACOB!' trial
which reported 6.1% and 5.0% incidence of cardiotoxicity, respectively.

Cost effectiveness

Given that many guidelines recommend the use of Pertuzumab due to its efficacy, it
would also be prudent to consider literature on value-based and cost effectiveness
studies. The United Kingdom National Institute for Health and Care Excellence
guidelines concluded that the Incremental Cost-Effective Ratio (ICER) of Pertuzumab
exceeds the limit for cost-effective use of United Kingdom’s National Health Service
resources, without special considerations as life-extending treatment for patients with
incurable disease. This is based on a maximum acceptable ICER of Great Britain
Pound (GBP) 30000 per Quality-adjusted Life Years (QALY) gained in treating
metastatic breast cancer. Similarly, the American Society of Clinical Oncology
published a cost-effectiveness study of addition of Pertuzumab to docetaxel and
trastuzumab for HER2 positive metastatic breast cancer. Although median survival
was 56.9 mo with Pertuzumab and 39.4 mo without, it concluded that Pertuzumab in
addition to Docetaxel and Trastuzumab is unlikely to be cost-effective, with 0%
probability of cost-effectiveness at United States Dollar 100000 per QALY gained!"”
Lastly, a cost-effectiveness study of addition of Pertuzumab in combination with
Trastuzumab and Docetaxel for HER2 positive metastatic breast cancer in Japan
demonstrated that, at a higher limit of GBP 50000, it is still not cost effective as the
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Table 2 Univariate and multivariate COX regression

Univariate analysis Multivariable analysis
Characteristics

HR 95%Cl Pvalue HR 95%Cl P value
Age 1.010 0.997 - 1.023 0.1330
Pertuzumab use 0.515 0.303 - 0.877 0.0145 0.468 0.271 - 0.809 0.0066
Positive ER status 0.722 0.531 - 0.981 0.0374 0.875 0.601 - 1.274 0.4871
Positive PR status 0.744 0.534 - 1.037 0.0806 0.770 0.511 - 1.161 0.2136
Presence of metastases
Brain 2.953 1.844 - 4.730 <0.0001 3.620 2.229 - 5.879 < 0.0001
Lung 1.393 1.023 - 1.897 0.0352 1.520 1.107 - 2.086 0.0097
Liver 1.900 1.395 - 2.590 <0.0001 2.051 1.495 - 2.815 < 0.0001
Bone 1.321 0.966 - 1.804 0.0808
Other sites 1.231 0.895 - 1.693 0.2007
Grade (Reference: Grade 1)
Grade 2 3.616 0.494 - 26.463 0.2056
Grade 3 2.799 0.388 - 20.202 0.3075

Race (Reference: Chinese)

Indian 1.184 0.636 - 2.204 0.5952
Malay 1.350 0.931 - 1.957 0.1135
Others 0.620 0.313 - 1.227 0.1701

Six variables were used for multivariate analyses based on the sample size. They are estrogen receptor status,
progesterone receptor status, Pertuzumab use, presence of brain, lung and liver metastases. ER: Estrogen
receptor; PR: Progesterone receptor.

ICER of Pertuzumab addition is approximately GBP 90000 per QALY

Given the above conclusions and the finding that Pertuzumab accounted for a
median of 50.3% of total chemotherapy costs or a median cost of SGD 170875 over 21.5
mo in our study group, policymakers should conduct further cost-effectiveness
studies to review the costs and funding models for Pertuzumab, and weigh the costs
against the survival benefit. Further quality of life studies would also be helpful to
assess the value of Pertuzumab for HER2-positive MBC.

Limitations

This retrospective study is subjected to limitations of studies based on electronic
health records, which may contain incomplete information. However, efforts to
corroborate information with multiple data sources from the Joint Breast Cancer
Registry (JBCR) to databases containing chemotherapy prescriptions as well as billing
data helped to minimize missing or discrepant data. In addition, this study was
conducted at a single tertiary care cancer centre which may limit the extrapolation of
data to other healthcare settings.

Conclusion

This study shows that Pertuzumab use in the treatment of metastatic breast cancer is
associated with a significant improvement in survival benefit, without significant
serious adverse effects associated with anti-HER2 agents. However, the proportionate
cost of Pertuzumab therapy remains high and further cost-effectiveness studies
should be conducted.

ARTICLE HIGHLIGHTS

Research background

Pertuzumab is an anti-HER2 agent that has demonstrated promising clinical efficacy in Phase III
trials such as the CLEOPATRA trial. Given the incidence of breast cancer and the proportion of
Stage IV breast cancers at diagnosis in an Asian population, there is a need to evaluate its
efficacy in an Asian population, and review its costs.

Research motivation

We aim to study the use of Pertuzumab in National Cancer Centre Singapore in a predominantly
Asian population.
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Research objectives

We attempted to elucidate the clinical efficacy of Peruzumab in HER2-positive Metastatic breast
cancer, evaluate the incidence of Grade 3 cardiotoxicity, and the costs of treatment. In so doing,
we hope to guide policy makers on the use of Pertuzumab as an important arm of therapy for
metastatic HER2-positive breast cancer.

Research methods

We systematically selected the patients based on inclusion criteria further described in the
manuscript, and retrieved relevant clinical variables such as billing records, treatment history,
patient demographics, response and side effects. Statistical analyses were conducted using SAS
Institute Inc 2013.

Research results

This study demonstrated statistically significant difference in median overall survival favouring
the Pertuzumab group, with low incidence of Grade 3 Cardiotoxicity. However, costs in the
pertuzumab group remain significantly higher than the non-Pertuzumab group.

Research conclusions

We found that Pertuzumab had statistically significant survival benefit in an Asian population in
Singapore. This study proposes that Pertuzumab should be adopted as first line therapy for
HER2-positive metastatic breast cancer. To summarize the current knowledge, it supports the
findings of CLEOPATRA trial, in an Asian population in Singapore. No similar study has been
done in an Asian population in Singapore. The implications of this study is that further cost-
effectiveness studies should be conducted on the usage of Pertuzumab.

Research perspective
This study demonstrated the clinical efficacy of Pertuzumab in an Asian population in
Singapore, and serves as an impetus for future research on costs.
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Abstract

BACKGROUND
National cancer strategy calls for comprehensive assessments for older people
but current practice across the United Kingdom is not well described.

AIM
To identify current assessment methods and access to relevant supporting
services for older people with cancer.

METHODS

A web-based survey (SurveyMonkey) targeting health professionals (oncologists,
cancer surgeons, geriatricians, nurses and allied health professionals) was
distributed January-April 2016 via United Kingdom nationally recognised
professional societies. Responses were analysed in frequencies and percentages.
Chi Square was used to compare differences in responses between different

groups.

RESULTS

640 health care professionals responded. Only 14.1% often/always involved
geriatricians and 52.0% often/always involved general practitioners in
assessments. When wider assessments were used, they always/ often influenced
decision-making (40.5%) or at least sometimes (34.1%). But 30.5%-44.3% did not
use structured assessment methods. Most clinicians favoured clinical history
taking. Few used scoring tools and few wished to use them in the future. Most
had urgent access to palliative care but only a minority had urgent access to other
key supporting professionals (e.g. geriatricians, social workers, psychiatry). 69.6%
were interested in developing Geriatric Oncology services with geriatricians.

CONCLUSION
There is variability in assessment methods for older people with cancer across the
United Kingdom and variation in perceived access to supporting services.
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Clinical history taking was preferred to scoring systems. Fostering closer links
with geriatricians appears supported.
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Core tip: There was variability in assessment methods and access to supporting services
for older people with cancer in the United Kingdom. Performance status and traditional
history-taking was preferred to scoring tools. Future studies should consider moving
away from scoring tools if the intention is for use in clinical practice. There was
variability in access to key supporting services. Developing care pathways to better link
up existing services would be helpful. Collaborative working with geriatricians appears
supported. A number of questions remain. How can comprehensive geriatric assessment
be feasibly embedded within cancer care pathways across a nation?
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INTRODUCTION

With longer life expectancy, patients presenting to cancer services are often older and
often have complex multi-morbidity™. Such patients have poorer outcomes!**l. Cancer
services were not designed to manage these complex patients. Models of care focus on
early cancer detection, diagnosis, investigation and treatment”.. There has been less
emphasis on coordination of cancer care in the context of comorbidities and wider
psychosocial and functional needs.

The United Kingdom Independent Taskforce report “Achieving World-Class
Cancer Outcomes: A strategy for England 2015-2020” acknowledged this gap in
national care pathways, and called for improved assessment methods for older people
in the United Kingdom and better collaborative working with geriatricians!®l. The
existing literature supports better co-ordinated interdisciplinary support to deliver
geriatric assessment, manage comorbidity burden with the goal of improving
outcomesl’l. Yet, so far, little has changed to embed system-wide comprehensive
assessments into routine clinical care for older people in most cancer services in the
United Kingdom.

Some European countries such as France have made more progress with national
level financial investment in a Geriatric Oncology programmel®l. In France, they
developed a standardised approach to identify vulnerable older patients”. They use a
brief assessment tool (called the G8) as an initial assessment process for all patients
aged over 75+ years!"l. Those identified as vulnerable by this tool are referred to onco-
geriatricians for a more in-depth assessment. This avoids the cost of unnecessary in-
depth assessment in “fit” older patients, whilst delivering a systematic approach to
identifying those who are “less fit” and require more input!"'l. They have
demonstrated benefit of implementing such a national programme with better
collaboration, better informed decision-making and provision of more comprehensive
interventions to support older people undergoing cancer treatment.

The use of a brief assessment tools to case-find those requiring in-depth geriatric
assessment (contrasting to clinical judgement/referral-based pathways) is the
pathway of choice in most Geriatric Oncology services across the globe as well as in
the literature. Although France uses the G8 as their tool of choice, there are a number
of similar tools in the literature, largely showing similar feasibility as a method of
identifying those who require further assessment and intervention"*'*. The
International Society of Geriatric Oncology reviewed these tools and came to the
consensus that no tool was superior and services should use whatever tool is usable
and feasible for them!">*°.

There is no current national Geriatric Oncology programme in the United Kingdom
although pockets of good practice are emerging and some have been evaluated!”.. The
extent of local change is not clearly understood and how much services have evolved
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is unknown. The cancer strategy calls for redesign of care pathways for frailer older
people, but it is important to understand where the gaps lie in order to design
solutions compatible with existing patient needs, workforce and resources. This
nationwide survey aimed to identify current assessment methods used for older
people in United Kingdom cancer services and to identify current access to relevant
supporting services.

MATERIALS AND METHODS

A web-based survey (SurveyMonkey) was distributed between January to April 2016
via United Kingdom nationally recognised professional societies (Association of
Cancer Physicians, Royal College of Radiologists, British Geriatrics Society, the
Association for Cancer Surgery, United Kingdom Oncology Nursing Society,
Association of Chartered Physiotherapists in Oncology and Palliative Care, British
Oncology Pharmacist Association and British Gynaecological Cancer society). The
survey targeted relevant health professionals working with older people with cancer
in the United Kingdom. This included oncologists, cancer surgeons, geriatricians,
nurses and allied health professionals. Participation in the survey was voluntary.

The survey (available in supplement 1) consisted of 3 sections:

(1) Work background of respondents (including specialty, profession,
hospital/ practice); (2) Current assessment methods used when reviewing older
patients including: Which professionals were involved in assessment; assessment
methods and tools applied; age cut-offs for assessment; communication of
assessments; influence of assessment on cancer treatment decision-making; and (3)
Current access to relevant supporting services for older people; Which assessment
methods they would consider to use the future.

The tools were electronically linked to the British Geriatrics Society Oncology
Specialist Interest Group website as an information resource of the assessment
methods discussed. The purpose of this was to introduce cancer healthcare providers
to the options they may wish to trial as part of their assessment pathways in the
future.

Questions were asked using a mixture of yes/no/don’t know, five-point Likert
scales and free text responses. Questionnaire validity was evaluated using a panel of
experts (members of the United Kingdom Geriatric Oncology Expert Reference Group
supported by Macmillan Cancer Support). This expert group included representatives
from multiple relevant specialities (medical, clinical and acute oncology, geriatric
medicine, surgery, general practitioners (GPs), health and social care researchers) and
multiple professions (doctors, nurses, therapists, researchers) and older patient
representatives. The panel reviewed the questionnaire for readibility, content and
clarity of words. The content of the questionnaire was revised accordingly prior to
dissemination. Ethical approval was obtained (IRAS no. 194929). Participant
information was provided, including explanation that consent was implied through
completion of the web-survey. Responses were analysed in frequencies and
percentages. The denominator for percentages was the percentage of those who
responded (i.e. excluding non-responders). Where different, the denominator has been
described. Chi Square was used to compare the differences in responses between
different groups. SPSS version 25 statistical software package (SPSS, Inc., Chicago, IL,
United States) was used for data analysis.

RESULTS

640 health care professionals responded to the survey between January to April 2016.
The backgrounds of respondents are summarised in Table 1, the largest represented
group were oncologists.

Health professionals currently involved in assessment of older cancer patients
Table 2 summarises current multi-disciplinary involvement in patient care. Gaps in
wider medical provision was demonstrated; only 14.1% often/always had
geriatricians involved in the assessment of older people in cancer services, only 52.0%
often/always involved GPs in the assessment. Most (89.4%) did routinely involve
nurses but a significant minority rarely/never used social care or allied health
professionals such as occupational therapy.

Current assessment methods used
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Table 1 Background of respondents

Specialty n (%)
Clinical oncology 135 (21.3)
Medical oncology 164 (25.8)
Cancer services/oncology other 93 (14.6)
Acute oncology 30 (4.7)
Haem-oncology 54 (8.5)
Surgery 49 (7.7)
Geriatrics/elderly care 61 (9.6)
Palliative care 23 (3.6)
Other 26 (4.1)
Discipline

Doctor 332 (52.0)
Nurse 251 (39.3)
Physiotherapist/occupational therapist 34 (5.3)
Other 21 (3.3)
Tumour group

All 241 (37.7)
Tumour specific 350 (54.7)
Not applicable 36 (5.6)

Represents percentage of those who responded excluding non-response.

Clinical history-taking and performance status were favoured assessment methods
regardless of profession (Table 3). Scoring tools were used far less and were favoured
by nurses more than doctors, P < 0.0001.

About 30.5%-44.3% of respondents did not use structured methods for assessment
or assessment tools to evaluate patient factors such as comorbidities, function, falls or
social background. Nurses were significantly more likely to use a structured
assessment approach than doctors [P < 0.001 for all domains except medications
review (0.046)].

Table 4 describes which specific tools are being used and explores potential interest
in using existing tools in the future. The denominator for percentages was the total
sample. Brief assessment tools from the Geriatric Oncology literature (G8, VES13)
were rarely used with greater use of traditional tools such as Mini Mental State
Examination, Abbreviated Mental Test, Malnutrition Universal Screening Tool and
Body Mass Index. The Holistic Needs Assessment (HNA) was utilised by 44.8%.
Clinical assessment was used to identify more complex patients by oncologists
(54.2%), by CNSs (51.4%) or via multi-disciplinary team (MDT) meetings (44.4%), few
used tools to case-find (20.9%). There was no clear preference for a specific tool.

Operationalising assessments and effect on decision-making
Most respondents reported not using an age cut-off for older people specific
assessments in their clinical services (n = 300). Of those who did perform these
assessments, 238 reported these assessments were communicated into the MDT, 208
in to clinic and 69 information/advice given via phone/email. 148 produced a
structured letter/report from the assessment.

When performed, the majority reported these assessments always/mostly
influenced cancer treatment decision-making (40.5%) or at least sometimes (34.1%).

Multi-disciplinary access

Table 5 summarises urgent access to supporting services. Most had urgent access to
palliative care (78.5%) but only a minority had urgent access available to other key
professionals such as geriatricians, social workers, old age psychiatry or to specialist
older people nurses.

Dedicated geriatric oncology services

14.8% of respondents reported having a dedicated Geriatric Oncology service. Where
they existed and respondents were aware of funding streams, they were most
commonly funded through medicine directorates (n = 20) or temporary charity
funding (n = 20) rather than through cancer, surgery or CCGs (n = 3, 6 and 1

Baishidengs WJCO | https://www.wjgnet.com 155 March 24,2020 | Volume1l | Issue3 |



Kalsi T et al. Assessment methods for older people

Table 2 Health professionals involved in the assessment of older people presenting to cancer service (%)

Health professional Always Often Sometimes Rarely Never Don't know
Oncologist 51.4 (298,/580) 36.9 (214/580) 7.1 (41/580) 2.2 (13/580) 1.6 (9/580) 0.1 (5/580)
Surgeon 19.4 (106/545) 34.1 (186/545) 34.3 (187/545) 5.1 (28/545) 3.5 (19/545) 3.5 (19/545)
Geriatrician 4.7 (25/531) 9.4 (50/531) 24.7 (131/531) 32.6 (173/531) 21.1 (112/531) 7.5 (40/531)
Nurse 59.3 (343/578) 30.1 (174/578) 5.9 (34/578) 1.4 (8/578) 1.4 (8/578) 1.9 (11/578)
Physiotherapist 7.6 (42/556) 28.2 (157/556) 36.3 (202/556) 15.8 (88/556) 5.8 (32/556) 6.3 (35//556)
Occupational therapist 6.1 (34/553) 28.9 (160/553) 33.5 (185/553) 19.0 (105/553) 6.1 (34/553) 6.3 (35/553)
Dietician 4.7 (26/554) 29.1 (161/554) 4211 (233/554) 13.4 (74/554) 5.6 (31/554) 5.2 (29/554)
Social worker 2.9 (16/550) 19.1 (105/550) 41.6 (229/550) 19.8 (109/550) 8.9 (49/550) 7.6 (42/550)
Pharmacist 23.8 (131/550) 24.4 (134/550) 19.6 (108/550) 17.1 (94/550) 9.6 (53/550) 5.5 (30/550)
General practitioner 26.6 (143/538) 255 (137/538) 18.8 (101/538) 11.3 (61/538) 7.8 (42/538) 10.0 (54/538)

respectively). 69.6% of respondents were interested in developing services with
geriatricians, only 5.5% did not support this concept, the remaining respondents were
unsure.

DISCUSSION

This United Kingdom wide survey demonstrates variability in assessment methods
and access to supporting services for older people with cancer across the United
Kingdom. Overall, health professionals tended to prefer performance status and
traditional history-taking. Encouragingly, more than half of professionals reported
they already use structured assessment for assessing issues such as comorbidity,
cognition and nutrition giving a good base to standardise practice across cancer
services. Nurses were more likely to use a structured approach to assessment than
doctors. Studies exploring the reasons behind these differences would be helpful.
Efforts seem best suited to developing a collaborative model with doctors, nurses and
others in providing these assessments within a team-based structure!"l. Geriatric
Oncology services should be evaluated for clinical effectiveness and feasibility to
ensure the desired collaborative care is achieved.

Validated scoring tools (including the G8 and frailty scores) were not often used
and there was little appetite to use them in the future. There has been significant
interest in the research community to discover the holy grail of clinical score or frailty
tool to aid cancer treatment decision-makingl. This survey demonstrates that front-
line clinicians do not support this concept and favour clinical information. Front-line
clinicians already use performance status, and it is likely they acknowledge that the
wider issues are too complex to be reduced down to an additional numerical indicator
of fitness. The findings of this survey would suggest that any tool applied in the
United Kingdom should be brief and focus around clinical history to have clinician
buy-in.

Work is required to better link cancer services with other generalist doctors. Few
had geriatricians involved in the assessment of older people in cancer services, and
only half involved GPs. Evidence suggests that there is currently variation in delivery
of follow up cancer care by GPs!”’l. Standardised assessment pathways should ensure
clarity of the responsibilities of primary, secondary and tertiery care before, during
and after cancer treatment.

Most respondents had nurses involved in assessment supporting the positive
impact of previous investment in specialist cancer nurses who to an extent provide
wider questioning through the HNAP!. However, most acknowledge that although
the HNA provides significant value, it does not provide the means for delivering
comprehensive geriatric assessment. Reassuringly, almost all respondents reported
access to palliative care services, the majority having urgent access demonstrating
feasibility of early collaborative working with other services.

Sharing of assessments was variable. Only a minority used these assessments to
inform the MDT meeting yet reported that assessments often influenced cancer
treatment decision-making. This may be due to MDT meeting culture where decision-
making is often diagnostics focussed often excluding patient-centre factors from MDT
decision-making. Lack of comorbidity and clinical information in MDT meetings
hinder their effectiveness!*’!. Evidence suggests that when comorbidity is identified
post-MDT, patients are more likely to receive conservative treatment””. Future
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Table 3 Assessment methods currently used (%)

Used Not used Don't know
Assessment method
Clinical history 98.5 (572/581) 1.0 (6/581) 0.5 (3/581)
Performance status 90.2 (513/569) 7.7 (44/569) 2.1 (12/569)
Scores 33.8 (179/529) 53.1 (281/529) 13.0 (69/529)
Local methods 13.7 (64/467) 69.0 (322/467) 17.3 (81/467)
Structured assessment and/or assessment tool used to assess
Comorbidity 62.2 (345/555) 31.2 (173/555) 6.7 (37/555)
Medications 60.1 (333/554) 33.2 (184/554) 6.7 (37/554)
Frailty 46.8 (257/549) 44.3 (243/549) 8.9 (49/549)
Mobility 61.1 (337/552) 34.2 (189/552) 4.7 (26/552)
Falls 51.9 (285/549) 42.8 (235/549) 5.3 (29/549)
Function 65.0 (358/551) 30.5 (168/551) 4.5 (25/551)
Nutrition 58.5 (321/549) 35.2 (193/549) 6.4 (35/549)
Quality of life 52.8 (290/549) 40.1 (220/549) 7.1 (39/549)
Cognition 60.5 (329/544) 31.8 (173/544) 7.7 (42/544)
Mood 46.9 (254/542) 43.0 (233/542) 10.1 (55/542)
Social circumstances 57.2 (313/547) 36.2 (198/547) 6.6 (36/547)

Represents percentage of those who responded excluding non-response.

pathways delivering geriatric assessments need to consider how this information
should feed into MDT decision-making or whether MDT meetings need radical
change to allow for meaningful patient-centred discussion.

Access to key multidisciplinary team members was variable highlighting the lottery
of use of supporting services across the United Kingdom. The survey was designed to
scope clinical practice of individuals, including their access of these services rather
than describe supporting service existence from a public health perspective. It is
possible that more services exist than respondents were aware of and therefore did
not access. Future work should focus on local service mapping to better link up
existing services to avoid duplication given the workforce implications for developing
new servicesl. This survey demonstrated that urgent geriatrician resource was
sparse. Therefore, care models to deliver improved assessments must involve up-
skilling cancer services. Developing intervention algorithms for cancer services to
manage co-existing needs identified by geriatric assessment should be tested.
Feasibility of such algorithms using technology has been evaluated elsewhere!”]. This
would reduce the need for geriatrician input for only the most complex.

Some geriatric oncology services were operational but surprisingly were funded
more often through medicine directorate investments or charities. This contrasts to
countries such as France where strong national investment has been applied!™. Most
were supportive of developing Geriatric Oncology services demonstrating a
willingness for change. Similar previous surveys of Chiefs of Medical Oncology
divisions in Italy were equally supportive of more time, attention and resource to
older cancer patients?l.

This is the first survey to describe assessment methods used by front-line clinicians
working in United Kingdom cancer services. This data is important in beginning to
understand what clinicians in the United Kingdom will or won’t buy into. It was
completed by professionals working in cancer services with sufficient representation
from different groups (medical and clinical oncology, surgery, nursing and therapies)
to gain a sense of views and clinical practice.

However, the survey has limitations. Participation in the survey was voluntary and
it was distributed widely through professional societies, therefore we cannot evaluate
response rates. It is likely that those more motivated to improving older people care
were more likely to respond thus may not be representative of all front-line staff. The
survey was designed to allow respondents to skip any question they wished to. This
resulted in some questions having more missing data than others. We cannot make
any conclusions as to why questions were skipped by some respondents. We would
propose that some may relate to lack of awareness of local service availability. The
questionnaire was only internally validated. It would benefit from external validation
to exclude problems with the survey design. We only collected basic data on the
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Table 4 Specific tools used or would consider to use, % (n)

Used Would consider to use but currently do not use

ASA score 10.5 (67) 3.9 (25)
POSSUM score 5.9 (38) 4.7 (30)
G8 score 1.7 (11) 9.2 (59)
VES13 0.6 (4) 5.2 (33)
ACE27 48 (31) 8.1 (52)
CCI 6.7 (43) 12.8 (82)
Number of comorbidities 19.4 (124)

Barthel’s index of ADLs 15.0 (96) 12.0 (77)
iADLs 15.2 (97) 8.6 (55)
AMT score 27.3 (175) 6.1 (39)
MMSE 36.7 (235) 7.7 (49)
MoCA 7.5 (48) 3.9 (25)
GDS 6.9 (44) 13.6 (87)
HADS 20.2 (129) 8.9 (57)
PHQ9 2.5 (16) 9.1 (58)
MUST 32.8 (210) 8.3 (53)
BMI 56.1 (359) 5.8 (37)
EFS 3.8 (24) 13.1 (84)
GFI 0.0 (1) 8.4 (54)
Rockwood pictorial frailty scale 1.4 (9) 8.8 (56)
HNA 44.8 (287) 11.3 (72)
EORTC QLQ-C30 9.8 (63) 11.4 (73)
CGA-GOLD questionnaire Not asked as not well known 8.1(52)

Percentage of all participants. ASA: American Society of Anaesthesiologists; POSSUM: Physiological and Operative Severity Score for the enUmeration of
Mortality and morbidity; G8: Geriatric 8; VES13: Vulnerable Elders Survey; ACE27: Adult Comorbidity Evaluation 27; CCI: Charlson Comorbidity Index;
ADLs: Activities of Daily Living; iADLs: Instrumental Activities of Daily Living; AMT: Abbreviated Mental Test; MMSE: Mini Mental State Examination;
MoCA: Montreal Cognitive Assessment; GDS: Geriatric Depression Scale; HADS: Hospital Anxiety and Depression Scale; PHQ9: Patient Health
Questionnaire-9; MUST: Malnutrition Universal Screening Tool; BMI: Body Mass Index; EFS: Edmonton Frailty Scale; GFI: Groningen Frailty Indicator;
HNA: Holistic Needs Assessment; EORTC QLQ-C30: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30;
CGA-GOLD: Comprehensive Geriatric Assessment - Geriatric Oncology Liaison Development.

background of respondents. Future work should consider collecting more baseline
characteristics of the respondents to allow for multivariate analysis of factors
associated with different assessment preferences.

There is variability in assessment methods for older people with cancer across the
United Kingdom and variation in perceived access to supporting services. Clinical
history taking was preferred to scoring systems. Fostering closer links with
geriatricians appears supported.
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Table 5 Multi-disciplinary access (%)

Health professional Urgent access Routine access No access Don't know
Geriatrician 24.8 (118/475) 48.0 (228/475) 19.4 (92/475) 7.8 (37/475)
Medical physician 41.3 (191/462) 37.2 (172/462) 16.2 (75/462) 5.2 (24/462)
Single organ specialists 43.6 (203/466) 44.2 (206/466) 7.5 (35/466) 4.7 (22/466)
General practitioners 39.9 (188/471) 49.5 (233/471) 7.2 (34/471) 3.4 (16/471)
Physiotherapists 42.9 (204/476) 47.1 (224/476) 5.9 (28/476) 4.2 (20/476)
Occupational therapists 37.2 (178/479) 52.0 (249/479) 6.1 (29/479) 4.8 (23/479)
Dietician 38.9 (186/478) 54.0 (258/478) 4.2 (20/478) 2.9 (14/478)
Social workers 24.7 (116/470) 58.9 (277/470) 9.8 (46/470) 6.6 (31/470)
Psychological 26.5 (126/475) 56.8 (270/475) 11.8 (56/475) 4.9 (23/475)
Older peoples nurse 17.3 (82/473) 31.3 (148/473) 33.6 (159/473) 17.8 (84/473)
Psychiatry 16.5 (78/473) 47.1 (223/473) 21.8 (103/473) 14.6 (69/473)
Palliative care 78.7 (377/479) 19.2 (92/479) 0.6 (3/479) 1.5 (7/479)
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ARTICLE HIGHLIGHTS

Research background

The United Kingdom Independent Taskforce report “Achieving World-Class Cancer Outcomes”
calls for improved assessment methods for older people. Existing evidence and international
bodies such as the American Society of Clinical Oncology and the International Society of
Geriatric Oncology support this concept and recommend routine comprehensive geriatric
assessment. However, assessment methods across a nation have yet to be described.

Research motivation

Older patients with cancer often have complex multi-morbidity and wider needs. These patients
have poorer outcomes and are less likely to receive curative treatment. By better understanding
current clinical assessment methods, future clinical care pathways can be designed around gaps
in practice and be evaluated for effectiveness.

Research objectives

This nationwide survey aimed to identify current assessment methods and access to relevant
supporting services for older people with cancer. By understanding current clinical practice and
views, future research can focus towards interventions likely to be most acceptable and useful.

Research methods

A web-based survey was distributed between January to April 2016 via United Kingdom
nationally recognised professional societies. The survey targeted relevant health professionals
working with older people with cancer in the United Kingdom.

Research results

There was variability in assessment methods and access to supporting services for older people
with cancer in the United Kingdom. Health professionals preferred performance status and
traditional history-taking to scoring tools. Few had geriatricians involved in the assessment of
older people and only half involved general practitioners. Access to key multidisciplinary team
members was variable. This is the first study to describe assessment methods used by front-line
clinicians in the United Kingdom. This data is important to informing design of future services to
improve clinical assessment and support for older people with cancer.

Research conclusions

There was variability in assessment methods and access to supporting services. Clinical history
taking was preferred to scoring systems. Future research evaluating delivery of comprehensive
geriatric assessment should bear these results in mind. Future studies should consider moving
away from scoring tools if the intention is for use in clinical practice. Developing care pathways
to better link up existing supporting services would be a helpful initial step to improve access to
key other professionals.

Research perspectives

A number of questions remain. How can comprehensive geriatric assessment be feasibly
embedded within cancer care pathways across a nation? Is the workforce adequately trained to
managed co-existing needs alongside cancer treatment? If not, would changes in education
provide cancer services with the skills to better manage complex older patients? Or is
collaborative working more effective? How can we test new assessment methods for feasibility
and clinical effectiveness in cancer services?
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Abstract

BACKGROUND

Histiocytic sarcoma (HS) of the spleen is reported to be a rare and lethal disease.
The clinicopathological features of splenic HS have not been well described. The
objective of this paper is to describe the diagnosis and treatment of a case of this
rare disease and provide a review of the literature.

CASE SUMMARY

In this article, we discuss the case of a 40-year-old Hispanic female who
presented with progressive thrombocytopenia and multiple hypoechoic lesions in
the spleen without splenomegaly. Positron emission tomography-computed
tomography showed increased activity in cervical lymph nodes, as well as
multiple bone and splenic lesions with positive uptake. Two bone marrow
biopsies and fine-needle aspiration of the cervical lymph node were inconclusive.
Laparoscopic splenectomy was performed, and gross examination showed a
110.1 g spleen with multiple rubbery, nodular lesions within the subcapsular
sinus and splenic parenchyma. The microscopic findings showed multinodular
histiocyte proliferation with atypia and multilobulated nuclei, which were
positive for CD163, CD4, and CD68 by immunohistochemical analysis. The final
pathologic diagnosis was difficult and was found to be low-grade HS of the
spleen, after consultations with two renowned hematopathology institutions. At
the patient’s five-month follow-up visit, her bone marrow metastasis had
progressed. She is waiting to be enrolled in a clinical trial.

CONCLUSION
Pathologic diagnosis of splenic HS can be challenging. Low-grade differentiation
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may be associated with a slow progressive disease.
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Core tip: Histiocytic sarcoma (HS) of the spleen is a rare and potentially lethal condition.
We report a patient with thrombocytopenia of unknown etiology, multiple splenic
lesions, and disseminated bone metastasis treated by laparoscopic splenectomy. The final
pathologic diagnosis showed low-grade HS of the spleen. It is very rare that HS occurs
without splenomegaly.
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INTRODUCTION

Histiocytic sarcoma (HS) is a rare malignant neoplasm that occurs in lymph nodes,
skin, and the gastrointestinal tract. It is a malignant proliferation of cells showing
morphologic and immunophenotypic characteristics of mature tissue histiocytes!,
and represents less than 0.5% of all non-Hodgkin’s lymphoma. HS of the spleen is a
rare and potentially lethal condition that can remain asymptomatic or only mildly
symptomatic for an extended period””. The diagnosis depends on verification of
histiocytic lineage and distinguishing HS from other benign or malignant diseases,
such as benign histiocytic proliferation, hemophagocytic syndrome, malignant
histiocytosis, and acute monocytic leukemia using immunohistochemical techniques
and molecular genetic tools!™l.

Due to its rarity, the number of “true” cases reported as primary splenic HS in the
English literature are few (up to eight cases reported), with most recent references
from 2012. The clinicopathological features of HS have not been well described.
Primary splenic HS cases often show a multi-nodular lesion in an enlarged spleen,
with no specific findings in imaging studies®’l. Patients with splenic HS have a poor
prognosis due to the aggressive behavior of this entity, even though a splenectomy
might induce temporary remission. Liver or bone marrow infiltration constitutes a
common finding that partially obscures the prognostic evaluation. Early evaluation
and diagnosis, before dissemination of the disease, may improve the prognosis and
prospects of survival. We report a case of thrombocytopenia of unknown etiology
with multiple splenic lesions and disseminated bone metastasis treated by
laparoscopic splenectomy. The final diagnosis was low-grade HS of the spleen.

CASE PRESENTATION

Chief complaints
Left upper quadrant pain, drenching sweats.

History of present illness

A 40-year-old Hispanic female was referred to our clinic due to persistent
thrombocytopenia and multiple splenic lesions. She initially presented with
drenching sweats and left upper abdominal pain that was associated with progressive
thrombocytopenia for four months. She denied recent weight loss, fever, or chills.

History of past illness

The patient denied previous medical or surgical history.

Personal and family history
Not contributory.
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Physical examination upon admission
On physical examination, no hepatomegaly, splenomegaly, or superficial
lymphadenopathy was observed.

Laboratory examinations

Initial assessment revealed thrombocytopenia with a platelet count of 37000/ mm?.
Her white blood cell count was 10300/pL, and hemoglobin was 14.0 g/dL. The
biochemistry profile was unremarkable. Further study of serum protein
electrophoresis, peripheral blood flow cytometry, and fine-needle aspiration (FNA) of
the right cervical level II lymph node was unremarkable. She had two bone marrow
biopsies, which did not show evidence of lymphoproliferative disorder.

Imaging examinations

Magnetic resonance imaging (MRI) of the spleen demonstrated a normal-sized spleen
(greatest dimension 10 cm) with multiple T1 hypointense/T2 hyperintense lesions,
suggestive of possible extramedullary hematopoiesis or lymphoma. Positron emission
tomography-computed tomography (PET/CT) showed mild uptake (standardized
uptake value (SUV) 3.5) in one of the lesions along the splenic hilum. All other splenic
nodules were non-avid. A small cervical node (SUV 3.3), left breast nodule (SUV 2.1),
and several bone sites (brightest at T3, SUV 4.3) were also noted.

FINAL DIAGNOSIS
Low-grade HS of spleen.

TREATMENT

Diagnostic assessment and treatment

The patient was started on 40 mg of prednisone. This was progressively increased to
80 mg daily, with some improvement in her platelet count, which had been stable at
75000/ mm?. She was otherwise doing well. She had no complaints of fever or weight
loss, and no enlarged lymph nodes or neurological symptoms were noted on physical
examination. The case was discussed at a tumor board. A decision was made to
perform laparoscopic splenectomy. The patient was placed on a steroid taper with
prednisone, 20 mg daily, preoperatively. Subsequently, her platelet count was
hovering around 41000/ mm?®.

During surgery, a 10 mm trocar was inserted at the mid-clavicular line between the
umbilicus and the left costal margin, and three trocars (10 mm, 5 mm, 5 mm) were
placed at the anterior axillary line and midline during the procedure. A laparoscopic
view showed a normal-sized liver and spleen, with no accessory splenules visualized.
In addition, no metastatic or disseminated lesions were detected. The spleen was
extracted from a 4 cm midline incision. The operation time was 2 h, and blood loss
was 150 mL. To address her thrombocytopenia, 20 U of platelets were transfused after
splenic vessels were transected.

Pathological findings

Gross specimen: The weight of the resected spleen was 110.1 g and measured 12 cm x
8.0 cm x 3.6 cm. There were numerous nodular, tan, rubbery, well-circumscribed
lesions with smooth surfaces. The lesions were located within the subcapsular sinus
and splenic parenchyma (greater than ten lesions).

Microscopically, the H and E-stained sections showed a spleen with multinodular
proliferation of histiocytoid cells. There was an accompanying infiltrate of scattered
small lymphoid cells, neutrophils, and eosinophils. The histiocytoid cells had
abundant eosinophilic cytoplasm and showed variable nuclear atypia (Figures 1 and
2). Immunohistochemistry showed immunoreactivity for CD163, CD4, and CD68,
factor XIlIla, and CD14. The Ki-67 showed a proliferative index of 10%. Only rare
mitotic figures, with rare atypical mitoses, were noted. The patient’s pathologic
diagnosis was difficult. After consulting two renowned pathology institutions, the
final pathologic diagnosis was HS of the spleen.

OUTCOME AND FOLLOW UP

The postoperative course was uneventful. The patient’s platelet count normalized
after surgical intervention: 13900/ mm?® on postoperative day one (POD1) and
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Figure 1 H and E staining and immunohistochemistry. A: H and E staining. Neoplastic cells have abundant eosinophilic and vacuolated cytoplasm, with a large
eccentric nucleus and prominent nucleoli (60 x magnification); B: Immunoreactivity for CD163 (20 x magnification); C: Immunoreactivity for CD68 (20 x magnification);
D: Immunoreactivity for CD4 (20 x magnification); E: Immunoreactivity for Factor XIIl (20 x magnification); F: Ki-67. Proliferation index is approximately 10% (20 x

magpnification).

16300/ mm?® on POD2. The patient was discharged on POD2 with instructions to
follow-up one month after surgery. She has been feeling well and had marked
improvement in pain and night sweats, with platelet values remaining stable. She has
not noticed any enlarged lymph nodes, fever, weight loss, or neurological deficits. The
patient was seen at a renowned cancer center after a final diagnosis of low-grade HS.
Her repeat PET, one month after surgery, showed low avidity of bone marrow
without interval changes. She remains in observation without adjuvant treatment.
However, her five-month PET scan showed progressed bone marrow metastasis. She
is waiting to be enrolled in a clinical trial.

DISCUSSION

HS is a rare malignant proliferation of cells showing morphologic and immun-
ophenotypic features, similar to mature tissue histiocytes. Clinically, it is generally
accepted that most patients with HS have a poor prognosis due to early disseminated
disease and limited response to chemotherapy!l. Previous cases, including extra-nodal
HS of non-splenic origin, showed that the stage of the disease and possibly tumor size
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Figure 2 Computed tomography. A, B: Spleen shows multiple circumscribed intermediate density lesions of variable size and varying enhancement, with the largest
at the hilum measuring 2.4 cm x 2.1 cm and 2.7 cm x 2.1 cm. The differential diagnosis includes lymphoma, splenic peliosis, infection with multiple abscesses, and
metastasis.

can be important prognostic indicators”'"l. HS of the spleen is a rare condition, and its
clinicopathological features have not been well described!!. According to the nine
cases reported so far (Table 1), the majority of patients are female (6/9), with an age
range of 29-82 years (median 67), and presented with thrombocytopenia and
multinodular lesions in the setting of splenomegaly. The most common distant
metastases are liver and bone marrow. Survival time ranges from 1 month to 5 years
(median six months). Early diagnosis, before dissemination of this disease, may
improve the prognosis. Extra-nodal extension and bone marrow involvement with
consequent cytopenia (due to hemophagocytosis) obscure the prognosis.

The diagnosis of HS was based on histology and cytomorphology examinations,
along with an immunohistochemical profile that pointed toward histiocytic lineage.
Histologically, the lesion was composed of non-cohesive large cells with polygonal to
cuboidal shape. These large neoplastic cells have abundant eosinophilic cytoplasm
with vacuoles and a large, oval, eccentrically-located nucleus with vesicular
chromatin and prominent, irregular nucleoli. Rarely, hemophagocytosis and giant
cells may also be seen.

Cytomorphologic findings are not specific for HS; hence, immunohistochemical
stains were utilized to prove histiocytic differentiation. The neoplastic cells were
positive for CD68, CD163, CD14, CD4, CDl11c, lysozyme, and alpha-1-antitrypsin and
negative for epithelial and hematolymphoid differentiation markers. The proliferation
index was highly variable, demonstrated by Ki-67 (range from 1 to 99%). Some genetic
aberrations have been variably detected in cases of HS, among which BRAF (present
in up to 70% of cases), HRAS, and BRAF gene fusion are the most frequently linked.

The conclusive diagnosis of HS is based on not only histological and
immunohistochemical examination of histiocytic differentiation but also exclusion of
other immunophenotypes, including lymphoid, epithelial, and melanocytic
differentiation. Among the differential diagnoses, Langerhans cell histiocytosis (LCH),
hemophagocytic lymphohistiocytosis, follicular cell sarcoma, and interdigitating cell
sarcoma are among the most emphasized. HS and LCH are both determined by
histiocytic proliferation. However, these entities have structural, enzymatic, and
immunohistochemical differences that allow for proper differentiation in the majority
of cases. The presence of positive immunohistochemistry for alpha-1-antitrypsin and
lysozymes in this case effectively ruled out LCH. Follicular dendritic cell sarcoma was
also discarded using the same criteria for LCH. Interdigitating dendritic cell sarcoma
shares an immunohistochemical profile closely related to HS, while still being
negative for alpha-1-antitrypsin. BRAF mutation has not been detected in these cases.
The presence of positive staining for lysozymes can obscure the differential diagnosis;
however, the ultrastructural examination demonstrated the scattered distribution of
these instead of abundant and evenly distributed lysozymes in HS. Hemophagocytic
lymphohistiocytosis is also a neoplastic proliferation of histiocytes by definition.
Hematophagocytosis, while found in both entities, is more common and prominent in
the former and constitutes a rare finding in the latter.

Imaging findings are essential for the early diagnosis of HS. However, satisfactory
diagnostic imaging characteristics are still lacking. Contrast-enhanced CT scans
demonstrated multiple, partially confluent, hypoattenuating masses in the enlarged
spleen with multiple liver infiltration, and ultrasonography revealed multiple, ill-
defined hypoechoic lesions. HS commonly presents as multiple hypointense T1 and
hyperintense T2 lesions on MRI, which can also be found in cases of splenic neoplasm
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Table 1 Comparison of main clinical features among the reported cases with primary splenic histiocytic sarcoma (including our case)

Case [Ref.] Age (yr)/Sex  Chief complaint Imaging Weight of spleen  Treatment  Survival  Metastasis
10 38/male Weakness Multinodular 264 g S - -

2l 29/male Edema Nodular 735 ¢ S (R+C) 5Yr1Mo  Liver

3 60/male Thrombocytopenia Nodular 610 g S+C 1Yr6Mo  Liver, BM
4P 66/female Edema, anemia Multinodular 750 g R+S+C 2 Yr 6 Mo Liver, BM
5111 71/female Thrombocytopenia Multinodular 470 g C 6 Mo Hilum LN
6"l 82/female Evans syn Multinodular 110 g R 1 Mo Liver

717 58/ female Anemia Nodular 800 g R+S+C 3 Mo -

glel 67/female Thrombocytopenia Non-nodular 760 g S 6 Mo BM

9Ll 81/female Anemia, thrombocytopenia Multinodular 236 g S 5 Mo Liver

10 40/female Thrombocytopenia Multinodular 1101 g S - BM

S: Surgery (splenectomy); R: Radiation; C: Chemotherapy; BM: Bone marrow; LN: Lymph node.

such as splenic lymphoma, hemagiomatosis, or angiosarcoma. Case reports have
indicated the possible role of PET scan in histiocytic lineage disorders, such as LCH!?,
and PET scans can be very valuable in the evaluation of disease dissemination and
tailoring treatment in HSI"’l. In our patient, initially, among those multiple splenic
lesions on MRI, only one of the lesions along the splenic hilum showed a mild SUV of
3.5 on PET/CT, and all other splenic nodules showed non-avidity on the PET scan.
No significant interval avidity changes were seen at previous active bone sites in the
repeated PET scan three months later. However, progression of bone marrow
metastasis was seen five months later, which is consistent with the characteristics of
low-grade disease.

Splenectomy is useful for definitive diagnosis of the disease. At the early stage of
the disease, splenectomy would be expected to be beneficial for those with HS of the
spleen to prevent continuous dissemination from the primary tumor site. Our patient
presented with multiple splenic lesions with a disseminated bone lesion. Two bone
marrow biopsies and FNA of lymph nodes were inconclusive concerning the
diagnosis. Moreover, our patient suffered from progressive thrombocytopenia.
Laparoscopic splenectomy was performed for both therapeutic and diagnostic
purposes. There is no standard treatment regimen for patients with HS, and patients
should be encouraged to enroll in a clinical trial if one is available!"]. Adjuvant
treatments of HS include radiotherapy, chemotherapy, and combinations thereof,
depending on the stage of the disease. Lymphoma-type systemic chemotherapy has
been recommended for multiple systemic diseases. Nine previously reported cases of
HS of the spleen recovered asymptomatically after splenectomy for a definitive
diagnosis (including five patients who underwent subsequent chemotherapy™). All
but one patient (who was alive 13 mo after splenectomy and whose outcome is not yet
known) died from liver infiltration(®'l,

Our patient presented with disseminated bone metastasis and multiple splenic
lesions, without initial splenomegaly. Her bone marrow metastases were stable and
then progressed at eight months after diagnosis without adjuvant treatment. She
remains in good performance status without other distant organ metastases. Her low-
grade differentiated tumor may be associated with a slow progressive disease.

CONCLUSION

HS of the spleen is a rare, lethal disease. The pathologic diagnosis can be difficult due
to its differentiation with malignant LCH or other benign histiocytic proliferation, as
in our case. PET scans can be very valuable in the evaluation of disease dissemination.
Low-grade differentiation may be associated with a slow progressive disease.
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