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MULTIPLE MYELOMA

Targeting Protein Synthesis and Degradation in Multiple Myeloma:  
A Look at What’s on the Horizon
Matthew Ho Zhi Guang, MD, and Giada Bianchi, MD
In this review, the authors discuss the molecular mechanisms and scientific rationale of FDA-
approved and investigational agents targeting protein synthesis, folding, and degradation in 
multiple myeloma.

BLADDER CANCER

BK Virus-Associated Urinary Bladder Cancer in a Kidney Transplant Recipient: A Case 
Report and Review of the Pathogenesis
Nemer Junior El-Mouallem, MD, and Asit K. Paul, MD, PhD 
The reactivation of polyomavirus hominis 1, more commonly known as BK virus (BKV), in solid organ 
transplant recipients could lead to several clinical consequences, including urinary bladder cancer. 
The investigators present a case of BKV-positive urothelial carcinoma in a 38-year-old woman who 
received a live donor kidney transplant 15 months prior to her cancer diagnosis. 

PLASMA CELL LEUKEMIA

Primary Plasma Cell Leukemia: A Practical Approach to Diagnosis and Clinical Management
Wilson I. Gonsalves, MD
The correct and timely diagnosis of primary plasma cell leukemia (pPCL) is highly dependent 
upon the ability of the hematologist or pathologist to identify circulating plasma cells on a 
peripheral blood smear. This expertise varies among institutions, thus making the likelihood 
of diagnosis nonuniform. Given that patients with pPCL do not benefit as much from current 
treatment strategies compared with other patients with multiple myeloma, they should be 
considered for enrollment in therapeutic clinical trials.

MULTIPLE MYELOMA

Understanding Differences in Critical Decisions in the Multiple Myeloma Patient Journey 
in the Era of Precision Medicine 
Kathy Giusti, MBA; Anne Q. Young, MPH; Melissa Winget, PhD; and Kerri Lehrhaupt, BSc
Patient knowledge drives appropriate treatment decision making early and throughout the 
course of disease. Involvement with a third-party research and support organization, such as the 
Multiple Myeloma Research Foundation, appears to be a critical success factor in this process. 
However, a deep knowledge gap persists about the field of genomics in multiple myeloma.

HEAD AND NECK CANCER CME

CME-certified enduring materials sponsored by Physicians’ Education Resource®, LLC
Mutational Burden: Impact on Head and Neck Cancer  
Barbara Burtness, MD
Barbara Burtness, MD, addresses current unmet needs in head and neck cancer therapy, including the 
key biological differences between HPV-associated versus traditional head and neck cancer, advances 
in genomically personalized therapies, and the rationale that supports the use of immune checkpoint 
inhibition in head and neck squamous cell cancer.
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The diverse aspects of  multiple myeloma are addressed in this issue of  The American 
Journal of  Hematology/Oncology®. Drs Guang and Bianchi, in “Targeting Protein Synthesis 
and Degradation in Multiple Myeloma: A Look at What’s on the Horizon,” focus on 
the molecular mechanisms and scientific rationale of  both approved and investigational 
agents that target protein synthesis, folding, and degradation in the disease. 
 The timely and accurate diagnosis of  primary plasma cell leukemia (pPCL) is discussed 
by Gonsalves in his article, “Primary Plasma Cell Leukemia: A Practical Approach to Di-
agnosis and Clinical Management.” He addresses the difficulty in identifying circulating 
plasma cells on a peripheral blood smear, largely a function of  the expertise of  the hema-
tologist or pathologist. Routine quantification of  circulating clonal plasma cells by flow 
cytometry could identify a new cutoff  to define pPCL that would be more amenable to 
identification, according to Dr Gonsalves. He suggests that compared with those patients 
with multiple myeloma, patients with pPCL gain little benefit from the currently available 
treatment strategies, and should be considered for enrollment in therapeutic clinical trials.
 In “Understanding Differences in Critical Decisions in the Multiple Myeloma Patient 
Journey in the Era of  Precision Medicine,” Giusti and colleagues explore the role of  
patient knowledge in treatment decision making throughout the course of  the disease. 
According to the authors, third-party research and support organizations, such as the 
Multiple Myeloma Research Foundation, can lead to success in the process. 
 El-Mouallem and Paul present the case of  a 38-year-old woman who demonstrated a 
reactivation of  polyomavirus hominis 1, more commonly known as BK virus (BKV). She 
developed urothelial carcinoma as a result. The patient had received a live donor kidney 
transplant 15 months prior to her cancer diagnosis. The authors review the proposed 
pathogenesis and mechanisms of  oncogenesis by which BKV can lead to tumor formation.
 In this month’s CME article, the impact of  mutational burden and its effect on head 
and neck cancer is discussed. Barbara Burtness, MD, professor of  medicine at the Yale 
University School of  Medicine and Yale Cancer Center, as well as the editor-in-chief  of  
Cancers of  the Head and Neck, discusses the promise of  immune checkpoint inhibitors in 
this tumor type.
   Thanks for reading!

Michael J. Hennessy, Sr
Chairman and Chief Executive Officer

The content of  this publication is for general information purposes only. The reader is encouraged to confirm the information presented with other sources. The American Journal of 
Hematology/Oncology® makes no representations or warranties of any kind about the completeness, accuracy, timeliness, reliability, or suitability of any of the information, includ-
ing content or advertisements, contained in this publication and expressly disclaims liability for any errors and omissions that may be presented in this publication. The American 
Journal of Hematology/Oncology® reserves the right to alter or correct any error or omission in the information it provides in this publication, without any obligations. The American 
Journal of Hematology/Oncology® further disclaims any and all liability for any direct, indirect, consequential, special, exemplary, or other damages arising from the use or misuse of 
any material or information presented in this publication. The views expressed in this publication are those of the authors and do not necessarily reflect the opinion or policy of The 
American Journal of Hematology/Oncology®.

Chairman’s Letter
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This issue of  The American Journal of  Hematology/Oncology® was not necessarily 
planned to feature 3 articles on multiple myeloma, but we reviewed submissions 
whose content happened to cover distinct and diverse topics within this field. 
There is no doubt that the area of  myeloma has witnessed a transformation over 

the last decade from a disease with few options beyond 
cytotoxic drugs to 1 that can be addressed with several 
biologically targeted agents of  diverse mechanisms of  
actions—proteasome inhibitors that mortally fill cells 
with antibody and other protein debris, antibodies against 
receptors that have both signaling and immune effect, 
histone deacetylase inhibitors that depress the expression 
of  genes silenced with malignant progression, and immu-
nomodulatory drugs that modulate the microenvironment 
through angiogenesis and immune reactions. More drugs 
have been approved for myeloma in the last decade than 
for many of  the more common cancers, with resulting 
improvements in longevity and sustained remissions (even 

though many specialists still refrain from using the word “cure”). Drs Guang and 
Bianchi describe the elegant biology that makes protein trafficking and degrada-
tion a key target for myeloma. As these more differentiated malignant plasma cells 
churn out large amounts of  antibody and related fragments, they present several 
therapeutic opportunities related to these pathways. 
 An explosion in new therapies is invariably associated with questions regarding 
optimal initial and subsequent therapies and combinations. Several trials have 
combined biological therapies to not only improve effectiveness, but lessen side 
effects of  cytotoxic therapies. While clinical trials can guide us in best practices, 
every patient’s clinical trajectory is unique. Advocacy and patient organizations 
serve as support, sounding boards and movers of  policies, and research agen-
das—exemplified by organizations such as the Multiple Myeloma Research 
Foundation (MMRF). A survey by Giusti and colleagues provides evidence of  
the adage that “knowledge is power;” in this case, patient comprehension about 
various aspects of  clinical care, research and decision making, test results, and 
their willingness to share information and contribute tissue for research were all 
enhanced on the basis of  their affiliation with MMRF. This tells us that patient 
communities and supportive organizations should be an integral part of  the 
healthcare system. Perhaps this is self-evident, but in this time of  rapid changes 
in healthcare policy, it may serve us well to remember that research, informed 
decision-making, and patient representation all contribute to optimal care.
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Targeting Protein Synthesis and Degradation 
in Multiple Myeloma: A Look at What’s on the Horizon

 
 

Matthew Ho Zhi Guang, MD, and Giada Bianchi, MD

Introduction
Multiple myeloma (MM) is a cancer of plasma cells characterized 
by increased survival and proliferation of terminally differentiat-
ed plasma cells in the bone marrow.1 Clinically, MM diagnosis is 
prompted by the detection of monoclonal intact immunoglobulin 
(M spike), also known as free light chains (not in association with 
heavy chains), in the serum and urine of patients presenting with  
1 or more of hypercalcemia, renal failure, anemia, and bone 
disease (the CRAB criteria). Major progress in our understand-
ing of MM biology over the past 4 decades has led to significant 
improvements in how we treat MM, reflected by a 3- to 4-fold 
increase in patient median survival. Although MM is now better 
controlled over longer periods for many patients, it remains in-

curable and resistance to novel agents represents a major clinical 
problem. This review will focus on the molecular mechanisms 
underlying protein handling in MM and on bench-to-bedside 
translation of therapies targeting protein synthesis, folding, and 
degradation in MM. Rational combination of these agents holds 
promise to help overcome proteasome inhibitor (PI) resistance in 
MM, with the goal of achieving prolonged remission, if not cure, 
for most patients with multiple myeloma.

Scientific Rationale for Targeting Protein-Handling Pathways  
in Multiple Myeloma
The process of protein synthesis and folding is intrinsically prone 
to errors, and eukaryotic cells are equipped with quality control 
mechanisms to ensure that native proteins adopt proper tertiary 
and quaternary conformations. The cytotoxic accumulation of 
misfolded proteins causes endoplasmic reticulum (ER) stress and 
activates the unfolded protein response (UPR), which, together 
with autophagy, aggresome, and the ubiquitin-proteasome system 
(UPS), has the goal of maintaining protein homeostasis.2,3 It is 
estimated that one-third of newly synthesized proteins are de-
graded via the proteasome within minutes of their synthesis due 
to an intrinsic inability to achieve stably folded conformations.4 
These rapidly degraded proteins are termed “defective ribosomal 
products” (DRiPs). Due to high protein turnover, cancer cells 
typically produce an even higher percentage of DRiPs, making 
them reliant on an intact UPS for survival.5-8 This is especially 
true for MM, a cancer characterized by a high synthesis rate of 
immunoglobulins. In fact, MM cells exhibit stigmata of ongoing 
proteotoxic stress with baseline induction of UPR and accumu-
lation of polyubiquitinated proteins, providing a substrate for 
proteasome-mediated degradation.9-11

 Studies have shown that an imbalance between the cargo for 
proteasomal degradation (polyubiquitnated proteins) and the 
activity of the proteasome is a key determinant of PI sensitivity in 
MM.12 Drugs that increase proteasome workload (eg, heat shock 
protein [HSP] inhibitors, ER stressors) synergize with drugs that 
decrease proteasome activity (eg, PIs) in MM. The results of in 
vitro studies have shown that proteasome inhibition, perhaps 
even UPR induction, results in the compensatory activation of 
aggresome, autophagy, and heat shock response pathways in an 

Abstract

The natural history of multiple myeloma (MM) has pro-
foundly changed over the last 20 years, largely due to the 
introduction of novel agents targeting MM in the context 
of the bone marrow microenvironment. Once a rapidly fa-
tal cancer, MM can now be effectively treated in most pa-
tients, with median overall survival approaching 10 years. 
The landscape of MM therapy is rapidly changing, with 
9 drugs approved by the Food and Drug Administration 
(FDA) for MM in the past 14 years, including 4 in 2015. In 
this on-the-horizon review, we will discuss the molecular 
mechanisms and scientific rationale of FDA-approved 
and investigational agents targeting protein synthesis, 
folding, and degradation in MM. In fact, a pathognomonic 
feature of MM is the abundant synthesis and secretion 
of a monoclonal immunoglobulin, or free light chain, 
underscoring the importance of an intact protein synthe-
sis-folding-degradation axis in this cancer. Clinical use of 
proteasome inhibitors has proved successful in MM, but 
acquired resistance remains a major concern, prompting 
further research into targeting alternative proteolytic 
pathways for synergistic MM killing with the goal of im-
proving outcome in patients with multiple myeloma.

AJHO. 2017;13(3):4-14
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effort to protect MM cells from proteotoxicity (Figure 1).2,13-15 
   Further work assessing the combinatorial effects of blocking 2 
or more of these pathways in MM are currently ongoing, some of 
which are highlighted below. 

Ubiquitin-Proteasome System
At the core of protein homeostasis in eukaryotes is the UPS 
(Figure 1A). Proteins targeted for proteasome degradation are 
polyubiquitinated via a 3-enzyme cascade involving E1 (activat-
ing), E2 (conjugating), and E3 (ligase) enzymes, while deubiq-
uitinating enzymes (DUBs) act in opposition to E3 ligases to 
remove ubiquitin.16-19 The 26S proteasome is an ATP-dependent, 
multicatalytic complex comprising a 20S catalytic core flanked on 
either side by 19S regulatory caps.20 Polyubiquitinated substrates 
are recognized by the 19S regulatory subunit that, in concert with 
DUBs, remove ubiquitin and facilitate engagement with the 20S 
core that contains the catalytically active β1 (caspase-like activity), 
β2 (trypsin-like activity), and β5 (chymotrypsin-like activity) 
subunits.19,21,22 The PIs bortezomib, carfilzomib, ixazomib, and 
oprozomib primarily target the β5 subunit, while marizomib 
appears to have activity against all 3 β-subunits.23-26 

 Prior to degradation, proteasome-associated DUBs (eg, RPH11, 
UCH37, and USP14) remove ubiquitin chains, which would  
otherwise sterically hinder the translocation of target proteins 
to the 20S core.27 Similar to PIs, DUB inhibitors trigger poly-
ubiquitinated protein accumulation and apoptosis in MM, but 
without inhibiting the catalytic subunits of the proteasome.28-30 
Thus, DUB inhibitors could theoretically overcome resistance 
to proteasome inhibition when this is mediated by mutations 
in the catalytic subunits of the proteasome. Furthermore, DUB 
inhibition offers the opportunity to promote the degradation of 
proteins that are preferential clients of specific DUBs. 

Autophagy
Autophagy, a conserved process of autoproteolysis that plays a key 
role in maintaining protein homeostasis (Figure 1B), participates 
in the quality control of protein synthesis/degradation by seques-
tering misfolded/aggregated proteins in autophagosomal vesicles 
for subsequent lysosome degradation.31 Studies have shown that 
crosstalk exists between UPS, ER stress, and autophagy.32-34 Al-
though elevated basal autophagic activity in primary MM cells is 
associated with shorter overall survival (OS) and progression-free 

FIGURE 1: Drugs Targeting Protein Handling Pathways in Multiple Myeloma
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survival (PFS), autophagy’s role in MM is controversial given that 
it can be pro-survival and pro-apoptotic depending on factors we 
have yet to fully understand.32 The current consensus is that a 
basal level of autophagy is essential for MM survival as an alter-
native proteolytic pathway in the face of decreased proteasome 
activity/increased proteotoxic stress, thus providing a rationale 
for the combination of autophagy inhibitors with PI in MM. 
However, persistent, sustained, and uncontrolled autophagy is 
likely to result in cell death, outlining the difficulties in therapeu-
tically targeting autophagy.35

Aggresome Pathway
In vitro, the aggresome pathway is activated when proteasomes 
are blocked. Polyubiquitinated protein aggregates are transported 
along the microtubule to the microtubule-organizing center in 
a histone deacetylase 6 (HDAC6)-dependent manner to form 
aggresomes that target proteins for refolding or degradation by 
autophagy (Figure 1C).36-39 The results of in vitro studies show 
that combined inhibition of the proteasome and aggresome leads 
to synergistic cell death in MM, providing strong rationale for 
combining PI with HDAC6 selective inhibitors.40 

Heat Shock Chaperone Proteins 
Heat shock chaperone proteins (HSPs) are a class of enzymes 
that chaperone the proper folding and function of proteins, and 
that direct misfolded proteins to degradation; therefore, they 
participate in protein quality control (Figure 1D).41-44 In MM, 
HSPs support proliferation and survival by 1) facilitating proper 
folding of newly synthesized proteins to prevent proteotoxic stress 
and 2) preferentially supporting the folding and expression of sev-
eral oncogenes.45 Two main families of HSPs are being targeted 
therapeutically in MM: HSP90 and HSP70. Interestingly, HSP70 
overexpression in neurons results  in inhibition of caspase-depen-
dent and -independent apoptosis, suggesting a third pro-survival 
function.46,47 Inhibition of HSP90 or the proteasome results in 
compensatory upregulation of HSP70, thereby making the latter 
an attractive target in combinatory anti-MM therapy. Recently, 
there has been growing interest in developing inhibitors against 
heat shock factor 1 (HSF1), the “master regulator” of heat shock 
response, in an attempt to avoid compensatory upregulation of 
individual chaperones.45 

Endoplasmic Reticulum Stress and Unfolded Protein Response
The UPR is a tripartite response triggered by the accumulation of 
unfolded/misfolded proteins in the ER (Figure 1E).48,49 The UPR 
functions to restore equilibrium in the ER; however, prolonged/
persistent activation of UPR results in apoptosis.50 The 3 distinct 
UPR branches are regulated by 3 kinases: IRE1, PERK, and 
ATF6. Activation of IRE1 results in the splicing of XBP1 mRNA 
which, together with activated ATF6, regulates ER expansion, 
increases expression of chaperone proteins, and initiates ER-as-

sociated de-gradation to reduce ER stress.51 Depending on the 
magnitude and duration of stress, IRE1 can either activate antia-
poptotic signaling through protein kinase B or trigger apoptosis 
through c-Jun N-terminal kinases (JNK) activation.52-54 Further-
more, JNK activation can initiate autophagy, thereby serving as 
a link between ER stress and autophagy.54 Finally, protein kinase 
R-like ER kinase (PERK) activation inhibits eIF2α, leading to a 
repression of global protein synthesis while selectively inducing 
the translation of ATF4.55 ATF4 activates cyclophosphamide, 
doxorubicin, vincristine, and prednisone (CHOP), and together 
they upregulate protective autophagy in the face of transient pro-
teotoxic stress.56 However, if the stress is prolonged, CHOP can 
trigger apoptosis, outlining the double-edged nature of this stress 
response pathway.57 
 Forced expression of spliced X-box binding protein 1 (XBP1) 
in B cells induces an MM-like phenotype in mice, and high XBP1 
expression in primary MM cells correlates with poor OS, suggest-
ing that chronic IRE1-XBP1 activation may be important for MM 
survival.58 However, it was recently demonstrated that decreased 
XBP1 splicing confers bortezomib resistance in MM.59 By sup-
pressing XBP1s, MM cells decommit to plasma cell maturation 
and decrease immunoglobulin production, proteasome load, and 
ER stress, resulting in acquired resistance to PI.12,59 
 
Clinical Translation of Therapies Targeting Protein-Handling 
Pathways in Multiple Myeloma
Drugs Targeting the Ubiquitin-Proteasome Pathway
Apart from FDA-approved bortezomib, carfilzomib, and ixaz-
omib, there are 2 novel PIs in advanced clinical development, 
oprozomib and marizomib. Oprozomib (ONX 0912), an oral 
analogue of carfilzomib, is an irreversible epoxyketone PI. In 
preclinical studies, oprozomib demonstrated cytotoxicity in MM 
in combination with lenalidomide and/or HDAC inhibitor 
molecules, as well as bone anabolic effects.60,61 A phase Ib/
II trial of single-agent oprozomib showed an overall response 
rate (ORR) of 22% to 34% in relapsed/refractory MM (R/R 
MM), including bortezomib- and carfilzomib-refractory MM 
(NCT01416428).62 In the R/R MM setting, the combination of 
oprozomib with dexamethasone (NCT01832727) or with poma-
lidomide and dexamethasone (NCT01999335) has resulted in 
ORRs of 42% and 50% to 59%, respectively.63,64 
 Attempts at overcoming PI resistance by blocking all  
proteasome catalytic subunits prompted the development of 
marizomib, a pan-proteasome inhibitor.65,66 A phase I study 
of marizomib (NCT00461045) reported an ORR of 7.4% in 
bortezomib-, lenalidomide-, and/or thalidomide-refractory 
patients.67 Based on encouraging preclinical data supporting the 
combination of marizomib and pomalidomide/dexamethasone, 
clinical trials evaluating this combination are now underway 
(NCT02103335).68
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TABLE. Investigational Drugs Targeting Protein Synthesis/Degradation Pathways in Multiple Myelomaa

Drug Name/ Sponsor Mechanism of Action Study Design Status/ 
Clinical Trials ID/PMID

Drugs that target protein handling pathways

Proteasome inhibitors

Marizomib (NPI-0052) 
Triphase Research 
and Development I 
Corporation (USA)

Proteasome inhibition; caspase  
8- and 9-mediated apoptosis

Marizomib alone Phase I/II NCT00461045

Marizomib + POM + low-
dose dexamethasone in 

R/R MM

Phase I  
NCT02103335

Oprozomib (ONX 
0912,  

PR-047) 
Onyx Therapeutics 

(USA)

Proteasome inhibition; caspase 8- and 9-mediated apoptosis; 
p53 and p21 upregulation terminal UPR induction; miR33b 

upregulation, PIM1 downregulation 

Oprozomib alone Phase I/II  
NCT01416428

Oprozomib + DEX + LEN/
cyclophosphamide in ND 

MM

Phase I/II  
NCT01881789

Oprozomib + DEX in R/R 
MM

Phase IB/II 
NCT01832727

Oprozomib + POM + DEX 
in R/R MM Phase I/II NCT01999335

Oprozomib + melphalan 
+ prednisone in ND MM 

(transplant-ineligible)
Phase I/II NCT02072863

Inhibitors of deubiquitinating enzymes (DUBs) 

VLX1570 
Vivolux AB (Sweden) Inhibits proteasome DUB  (USP14) activity VLX1570 + DEX in  

R/R MM Phase I/II NCT02372240

P5091 
NA Inhibits DUB USP7 to induce apoptosis in MM cells N/A Preclinical  

PMID: 2297537795

B-AP15 
NA

Blocks USP14 and UCHL5: growth arrest via downregulation of 
CDC25C, CDC2, and cyclin B1; induction of caspase-dependent 

apoptosis; activation of UPR
N/A Preclinical 

PMID: 2431925469

RA190 
NA

Inhibits 19S proteasome-associated ubiquitin receptor Rpn13 
to inhibit proteasome function without blocking proteasome 

activity or the 19S deubiquitylating activity
N/A Preclinical 

PMID: 2711840996

Histone deacetylase inhibitors

Vorinostat 
Acetylon (USA)

Caspase 8/9-mediated apoptosis; terminal UPR induction; 
polyubiquitinated protein accumulation; aggresome disruption

Ricolinostat + LEN + DEX 
in R/R MM Phase I/II NCT00773747

Ricolinostat 
Acetylon (USA)

Caspase 8/9-mediated apoptosis; terminal UPR induction; 
polyubiquitinated protein accumulation; aggresome disruption

Ricolinostat + LEN + DEX 
in R/R MM Phase I/II NCT01583283

ACY-241 
Acetylon (USA)

Downregulation of MYC and IRF4 proteins; inhibits aggresome 
formation

ACY-241 + POM + DEX vs 
ACY-241 alone in R/R MM

Phase Ia/Ib 
NCT02400242

Autophagy inhibitors

Chloroquine 
New York University 
School of Medicine 

(USA)

Inhibits autophagy by inhibiting autophagosome and lysosome 
fusion

Chloroquine in 
combination with BTZ 

and cyclophosphamide in 
R/R MM

Phase I/II  
NCT01438177

3-MA 
NA Inhibits autophagy at the level of PI3K class III N/A Preclinical  

PMID: 1964810897

Bafilomycin A1 
NA

Inhibits autophagy by inhibiting 
autophagosome and lysosome fusion N/A Preclinical 

PMID: 2117406733

CDC25C indicates cell division cycle 25 homolog; DEX, dexamethasone; DUB, deubiquitinating enzyme, LEN, lenalidomide; MM, multiple myeloma; 
ND, newly diagnosed; PMID, PubMed; POM, pomalidomide; R/R, relapsed/refractory; UCHL5, ubiquitin C-terminal hydrolase L5; UPR, unfolded 
protein response; USP14, ubiquitin specific peptidase 14; CDC 25C, cell division cycle 25 homolog. aTable adapted from Bianchi et al (2015).
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TABLE. Investigational Drugs Targeting Protein Synthesis/Degradation Pathways in Multiple Myelomaa (continued)

Drug Name/Sponsor Mechanism of Action Study Design Status 
Clinical Trials ID/PMID

Unfolded protein response

Sunitinib (SU11248) 
National Cancer Institute (USA) Inhibition of IRE1 kinase activity Sunitinib in R/R MM Phase II 

NCT00514137

Nelfinavir 
Swiss Group for Clinical 
Cancer Research (CHE)

Triggers UPR, inhibition of proteasome 
activity and p-AKT, synergizes with PI in 

both PI-sensitive and -resistant MM

Nelfinavir + LEN/DEX in 
progressive MM

Phase I/II 
NCT01555281

Lovastatin, zoledronic acid, 
digeranyl bisphosphonate 

NA

Inhibition of the isoprenoid biosyntheticpathway 
and Rab geranylgeranylation disrupts light chain 

trafficking, resulting in accumulations of light chain in 
the endoplasmic reticulum and activation of UPR

Nelfinavir + BTZ/DEX in 
resistant MM

Phase II 
NCT02188537

4μ8C 
NA Inhibition of XBP1 mRNA splicing N/A Preclinical 

PMID: 2231541499

MAL3-101 
NA Induction of XBP1 mRNA splicing N/A Preclinical 

PMID: 22750096100

MKC-3946 
NA Inhibition of XBP1 mRNA splicing N/A Preclinical 

PMID: 1455999451

STF-083010 
NA Inhibition of XBP1 mRNA splicing N/A Preclinical 

PMID: 2108171382

GSK2656157 
NA

Inhibition of PERK and eIF2α 
phosphorylation, ATF4 translation and N/A Preclinical 

PMID: 23333938101

Heat shock protein inhibitors

KW-2478 
Kyowa Hakko Kirin Pharma (Japan) HSP90 inhibitor; apoptosis KW-2478 in combination 

with BTZ in R/R MM
Phase II 

NCT01063907

NVP-AUY922 
Novartis (Switzerland)

HSP90 inhibitor; apoptosis; 
downregulation of survival pathways

AUY922 +/- BTZ +/- 
DEX in R/R MM

Phase I/II 
NCT00708292

IPI-504 
Infinity Pharmaceuticals (USA) HSP90 inhibitor; inhibition of UPR IPI-504 in R/R MM Phase I 

NCT00113204

Tanespimycin (17-AAG) 
Bristol-Myers Squibb (USA)

HSP90 inhibitor; inhibition of downstream 
signaling pathways; induces UPR

Tanespimycin + BTZ in 
relapsed MM

Phase I 
NCT00546780

SNX-5422 
Esanex (USA) HSP90 inhibitor; apoptosis SNX-5422 in refractory 

MM
Phase I 

NCT00595686

NVP-HSP990 
NA

HSP90 inhibitor; induces apoptosis and 
cell cycle arrest N/A Preclinical 

PMID: 22309072102

NVP-BEP800 
NA

HSP90 inhibitor; apoptosis; inhibition of 
STAT3, ERK, and AKT pathways N/A Preclinical 

PMID: 2117406733

SNX-2112 
NA

HSP90 inhibitor; cell cycle arrest and cytotoxicity 
in MM; downregulation of AKT and ERK; inhibits 

angiogenesis and osteoclasto-genesis
N/A Preclinical 

PMID: 18948577104

MAL3-101 
NA

HSP70 inhibitor; induces apoptosis and 
cell cycle arrest in MM N/A Preclinical 

PMID: 21977030105

PU-H71 
NA

HSP90 inhibitor; induces cell cycle arrest, apoptosis, 
and UPR N/A Preclinical 

PMID: 20977755106

BTZ indicates bortezomib; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; DEX, dexamethasone; HSP, heat shock protein; MM, 
multiple myeloma; PERK, protein kinase R-like ER kinase; R/R, relapsed/refractory; UPR, unfolded protein response; XBP1, X-box binding protein 1. 
aTable adapted from Bianchi et al (2015).
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Deubiquitinating Enzyme Inhibitors
The small-molecule DUB inhibitors RA190, P5091, and B-AP15 
target RPN13, USP7, and USP14/UCHL5, respectively. In 
vitro, they induce proteotoxicity and apoptosis in MM without 
direct inhibition of catalytic subunits of the proteasome.69-71 The 
USP14 inhibitor VLX1570 also demonstrated promising preclini-
cal activity and is currently being evaluated in an early-phase 
clinical trial in MM.28 

Heat Shock Chaperone Protein Inhibitors 
HSP90 is the most well-studied chaperone protein in MM. 
Several HSP90 inhibitors have completed phase I clinical studies 
(Table). Notably, among patients who were evaluable (n = 67), the 
combination of tanespimycin with bortezomib in R/R MM was 
associated with an ORR of 15%.72 However, modest activity and/
or significant toxicity hampered clinical development of next-gen-
eration HSP90 inhibitors.73

Histone Deacetylase Inhibitors 
Panobinostat, in combination with bortezomib and dexametha-
sone, was recently approved as a third-line therapy in patients with 
MM with prior bortezomib and immunomodulatory drug (IMiD) 
exposure. Vorinostat is a class I and II HDAC inhibitor currently 
undergoing clinical trials. The phase III Vantage 008 trial reported 
improvements in ORR (54% vs 41%; P <.0001) and PFS (7.6 vs 
6.8 months; P = .10) when vorinostat was added to bortezomib.74 
Although nonselective HDAC inhibitors show promising clinical 
activity, they are associated with significant adverse effects (par-
ticularly of a gastrointestinal and hematologic nature) due to the 
indiscriminate targeting of multiple HDACs, leading to extensive 
modulation of downstream histone and nonhistone protein func-
tions.75 Isoform-specific HDAC inhibitors, focusing on inhibition 
of HDAC6 and the aggresome pathway, have been developed in 
an effort to maintain efficacy and limit toxicities. Two promising 
HDAC6-selective inhibitors (ACY-241 and ACY-1215) are currently 
undergoing clinical trials. A phase Ib study of ricolinostat (ACY-
1215) in combination with bortezomib/dexamethasone reported 
45% and 25% ORRs in R/R MM and bortezomib-refractory MM, 
respectively, while ricolinostat in combination with lenalidomide/

dexamethasone had an ORR of 55% in R/R MM.76,77 BG45, an 
HDAC3-selective inhibitor, has also shown promising preclinical 
results, demonstrating anti-myeloma activity alone and in combi-
nation with bortezomib; translation to an early phase clinical trial 
is anticipated soon.78

Unfolded Protein Response Modulators
Pharmacological induction of UPR via ER stressors, such as 
tunicamycin, thapsigargin, and brefeldin A, has proven to potently 
synergize with a PI in vitro; however, clinical translation is limited 
by anticipated toxicities based on animal models.11,79-81 A more 
elegant way to exploit the UPR against MM hinges on identifying 
which of the tripartite signaling pathways and their downstream 
effectors are necessary for MM survival and proliferation. Such 
identification efforts were recently undertaken, revealing that sin-
gle knockdown of each branch of the UPR has modest effects on 
MM viability at baseline; however, an intact IRE1-XBP1 pathway 
is required for bortezomib-mediated cytotoxicity.59 Inhibition of 
either the endoribonuclease or kinase domains of IRE1 was found 
to have an anti-MM effect, especially combined with PI.82,83 
   PERK inhibition has also recently emerged as a potential 
therapeutic option in MM. In preclinical studies, GSK2606414, 
a selective PERK inhibitor, was shown to synergistically enhance 
the apoptotic effect of bortezomib in MM.84 Nelfinavir is an 
HIV-protease inhibitor that has demonstrated anti-MM activity 
through UPR induction, CHOP upregulation, poly (ADP-ribose) 
polymerase cleavage, and proteasome inhibition in preclinical 
studies.85 Nelfinavir could also re-sensitize bortezomib-refractory 
primary MM cells towards bortezomib treatment.85 A phase II 
trial of nelfinavir and bortezomib reported an ORR of 30% in 
the dose escalation cohort and an ORR of 50% in an exploratory 
extension cohort comprising patients with both bortezomib-refrac-
tory and lenalidomide-resistant MM.86 No clinical-grade inhibitors 
of ATF6 have been reported at the time of writing.

Immunomodulatory Drugs 
The clinical synergism between proteasome inhibitors and the 
IMiDs thalidomide, lenalidomide, and pomalidomide is well 
established.87,88 The molecular mechanisms of activity of these 

TABLE. Investigational Drugs Targeting Protein Synthesis/Degradation Pathways in Multiple Myelomaa (continued)

Drug Name 
Sponsor Mechanism of Action Study Design Status 

Clinical Trials ID/PMID

Protein degraders

Phthalimide-conjugated 
degrader 

NA

Can be engineered to facilitate selective degradation of 
specific proteins by using phthalimide moiety to hijack the 

cereblon E3 ubiquitin ligase complex
N/A Preclinical 

PMID: 2599937094

MM indicates multiple myeloma; UPR, unfolded protein response. aTable adapted from Bianchi et al (2015). 
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compounds have long been obscure, and the anti-angiogenic effect 
was initially thought to be primarily responsible for their anti-MM 
activity.89 However, the degradation of the transcription factors 
Ikaros (IKZF1) and Aiolos (IKZF3) was recently shown to be the 
base of the anti-MM effect of lenalidomide.90,91 In an unexpected 
twist, lenalidomide was shown to bind to the E3 ubiquitin-ligase 
complex made up of the damage-specific DNA-binding protein 1 
(DDB1) and cereblon, enhancing its activity and facilitating ubiq-
uitination and proteasome-mediated degradation of IKZF1 and 
IKZF3. IMiD-mediated stimulation of thymus and natural killer 
(NK) immunity similarly depends on the degradation of IKZF1 
and IKZF3, resulting in IL-2 production in T lymphocytes. Based 
on these findings, the clinical synergism between bortezomib, a 
PI, and lenalidomide, a facilitator of proteasome-mediated IKZF1 
and IKZF3 degradation, appears paradoxical and remains to be 
clarified at the cellular and molecular levels.

Conclusions and Future Directions
Although disrupting proteostasis via a PI has been successful 
in MM, innate or acquired resistance remains a major clinical 
challenge. Combination treatments have only partially overcome 
these issues, and progressive acquisition of resistance to multiple 
agents with each disease relapse is a well-known phenomenon in 
MM. Recent research efforts have focused on modulating other 
facets of protein homeostasis pathways (ie, aggresome, autophagy, 
UPR, DUB, HSP), with the goal of exacerbating proteotoxcity and 
overcoming MM drug resistance (Figure 1). 
 Recent insight into the mechanism of IMiDs has led to a novel 
therapeutic strategy (degronomid) that exploits the ability of 
IMiDs to redirect the cereblon E3 ubiquitin ligase complex toward 
specific proteins, thus targeting them for degradation.92,93 As a 
proof-of-concept, the phthalimide conjugate d-bromodomain and 
extra-terminal 1 was able to selectively induce cereblon-dependent 
BET protein degradation both in vitro and in mice (Figure 1F).94 
This ability to hijack the UPS to selectively degrade proteins that 
are otherwise considered undruggable (eg, MYC, β-catenin, and 
myeloid cell leukemia 1) could be a powerful tool in the treatment 
of MM and other malignancies. 
 In conclusion, the understanding of MM reliance on protein- 
handling pathways paved the way to therapeutically target this 
Achilles’ heel by exacerbating baseline proteotoxic stress. In com-
bination with IMiDs and immunotherapies, drugs targeting the 
protein synthesis/degradation machinery hold the key to achiev-
ing sustained remission, if not cure, in most MM patients.
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and Review of the Pathogenesis
 
 

Nemer Junior El-Mouallem, MD, and Asit K. Paul, MD, PhD 

Introduction
Polyomavirus hominis 1, more commonly known as BK virus 
(BKV), infects up to 90% of the general population.1 It is typically 
contracted during childhood and may remain latent in the urinary 
tract.2 It has a subclinical or nonspecific course in immunocompe-
tent individuals. After an asymptomatic initial infection, the virus 
disseminates and establishes a persistent infection in the urinary 
tract. With the advent of the use of immunosuppressive regimens 
required to maintain the viability of donor organ transplants, BKV 
may reactivate in the urinary tract and cause an array of clinical 
syndromes. Approximately one-third of renal transplant recipients 
on immunosuppressive medications experience urothelial BKV 
reactivation.3 This can lead to BKV allograft rejection, ureteral ste-
nosis, and hemorrhagic cystitis.3,4 Several case reports of urothelial 
carcinoma have been described in renal transplant patients with 

high levels of BKV reactivation.1,5-22 This has raised the question 
of a potential role for BKV in the development of urinary tract tu-
mors in the immunosuppressed solid organ transplant population. 
We present a case of a BKV T-Ag (tumor-antigen) positive urotheli-
al bladder carcinoma diagnosed in a renal transplant recipient. We 
also summarize a literature review of the published case reports of 
BKV-positive urothelial carcinomas.1,5-22 

Case Report
Our patient is a 38-year-old female who underwent a living donor 
kidney transplant in March 2014 for end-stage renal disease caused 
by long-standing reflux nephropathy. She had been maintained on 
an immunosuppressive regimen that included cyclosporine, myco-
phenolate mofetil, and prednisone. In June 2015, she developed 
painless gross hematuria, at which time she underwent a cystoscopy 
that revealed several bladder polyps. Transurethral resection of 
the bladder tumor revealed a high-grade urothelial carcinoma. 
Imaging with computed tomography revealed a markedly lobulat-
ed wall thickening of the antero-superior urinary bladder with a 
suggestion of local invasion into the abdominal wall musculature 
(Figure 1). Therefore, the patient underwent anterior exenteration, 
which included a radical cystectomy, bilateral native nephrectomy, 
ureterectomy, hysterectomy, bilateral salpingo-oopherectomy, left 
pelvic lymph-node dissection, and the creation of an ileal conduit. 
Pathologic staging revealed that more than 90% of the bladder 
was involved by high-grade urothelial carcinoma (Figure 2). Tumor 
extension was noted into the vagina, uterus, and adnexa. One deep 
pelvic lymph node was positive for involvement by tumor. A deep 
soft-tissue surgical margin was involved as well. Both urothelial 
carcinoma and carcinoma in situ portions of the surgical tissue 
obtained showed strong and diffuse positivity for BKV by immu-
nohistochemical staining of T-Ag (Figure 3). Since the surgery, the 
patient has been under both clinical and radiological active surveil-
lance. She has remained on an immunosuppressive regimen. To 
date, the patient does not have any evidence of cancer recurrence.

Discussion
There is a growing body of evidence to support a potential on-
cogenic role for BKV, especially in the immunocompromised 
host following renal transplant. This encompasses experimen-

Abstract

The reactivation of polyomavirus hominis 1, more com-
monly known as  BK virus (BKV), in solid organ trans-
plant recipients may lead to several clinical consequenc-
es, including urinary bladder cancer. We present a case 
of a BKV-positive urothelial carcinoma of the urinary 
bladder in a 38-year-old female who received a live 
donor kidney transplant 15 months prior to her cancer 
diagnosis. The patient was treated with a radical surgery 
including cystectomy. Both urothelial carcinoma and 
carcinoma in situ portions of the surgical tissue obtained 
from the cystectomy specimen showed strong and dif-
fuse expression of BKV  T-Ag (tumor-antigen) by immu-
nohistochemical staining. Although they are uncommon, 
reported cases of BKV-positive bladder cancer in solid 
organ transplant recipients have been on the rise. We 
review proposed pathogeneses and mechanisms of 
oncogenesis by which BKV can lead to tumor formation. 
Despite the growing body of data, the carcinogenic 
potential of the BK virus remains controversial.
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tal, epidemiological and clinical evidence.1 Once considered 
rare, reported cases of BKV-positive bladder cancer in solid 
organ transplant recipients have been on the rise (Table 1). 
 In our case, the patient developed a high-grade urothelial 
carcinoma that was diffusely and strongly positive for BKV. 
Similar to previously reported cases, the urothelial tumor 
developed in a solid organ transplant patient on chronic 
immunosuppression. Animal studies in immune-depleted or 
immature rodents have demonstrated the development of 
different tumors after a BKV challenge. The BKV T-Ag has 
the ability to inactivate tumor suppressor proteins of the pRB 
family, thereby driving the cell cycle into a proliferative state 
and improving the milieu for oncogenesis.23 Moreover, the 
T-Ag can bind to p53, which is thought to inhibit apoptosis.24 
In mouse experiments, T-Ag inactivation of tumor suppressor 
genes pRB and p53 in the urothelium resulted in urothelial 
cancer resembling human carcinoma in situ.25

 The exact role of BKV in the development of human 
tumors remains a subject of debate. Although an immuno-
compromised state seems to enhance the oncogenic potential 
of BKV, bladder cancer has been observed to arise in immu-

nocompetent individuals infected with BKV as well. Among 
133 immunocompetent patients diagnosed with BKV in 1 
series, the most frequently occurring neoplasm was bladder 
cancer (15.8%).25 It is still unclear whether the virus primarily 
represents a “passenger” or “innocent bystander” state that 
leads to a lytic infection, or whether it plays a direct role in 

FIGURE 1: Computed Tomography Examination of the  
Abdomen and Pelvis.
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role in oncogenesis.1,22 Recent data have shown that the urotheli-

um-specific expression of polyomavirus SV40 T-Ag in transgenic 

mice produced tumors strongly resembling carcinoma in situ 

lesions of the human urinary bladder.1 It has been hypothesized 

that the release of progeny BK virions from cell nuclei leading to 

cell lysis (the lytic infection phase) is considered to counteract the 

hypothesis of viral tumor induction and oncogenesis. However, 

there may be a unifying hypothesis at play: Although lytic infection 

FIGURE 1: Computed Tomography Examination of the Ab-
domen and Pelvis The coronal image demonstrates the tumor 
(T) arising from the anterosuperior urinary bladder (UB) wall 
extending to the left of the midline. 

FIGURE 2: High-Grade Invasive Urothelial Carcinoma Show-
ing Nested and Sheet-Like Tumor Growth As Well As Necrosis
Hematoxylin-eosin stain, 200x.

FIGURE 3: Immunostain Detecting Expression of BK Viral 
Oncoprotein (large T antigen, pAb416, Calbiochem, 1:100 dilu-
tion). Diffuse nuclear accumulation of T-antigen in viable cells 
(DAB chromogen, 100X) is shown in the micrograph.

FIGURE 2: High-Grade Invasive Urothelial Carcinoma 
Showing Nested and Sheet-Like Tumor Growth as well 
as Necrosis Hematoxylin-eosin stain, 200x.
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 The exact role of BKV in the development of human tumors 

remains a subject of debate. Although an immunocompromised 

state seems to enhance the oncogenic potential of BKV, bladder 

cancer has been observed to arise in immunocompetent individuals 

infected with BKV as well. Among 133 immunocompetent patients 

diagnosed with BKV in 1 series, the most frequently occurring 

neoplasm was bladder cancer (15.8%).25 It is still unclear whether 

the virus primarily represents a “passenger” or “innocent bystand-

er” state that leads to a lytic infection, or whether it plays a direct 

role in oncogenesis.1,22 Recent data have shown that the urotheli-

um-specific expression of polyomavirus SV40 T-Ag in transgenic 

mice produced tumors strongly resembling carcinoma in situ 

lesions of the human urinary bladder.1 It has been hypothesized 

that the release of progeny BK virions from cell nuclei leading to 

cell lysis (the lytic infection phase) is considered to counteract the 

hypothesis of viral tumor induction and oncogenesis. However, 

there may be a unifying hypothesis at play: Although lytic infection 

FIGURE 1: Computed Tomography Examination of the Ab-
domen and Pelvis The coronal image demonstrates the tumor 
(T) arising from the anterosuperior urinary bladder (UB) wall 
extending to the left of the midline. 

FIGURE 2: High-Grade Invasive Urothelial Carcinoma Show-
ing Nested and Sheet-Like Tumor Growth As Well As Necrosis
Hematoxylin-eosin stain, 200x.

FIGURE 3: Immunostain Detecting Expression of BK Viral 
Oncoprotein (large T antigen, pAb416, Calbiochem, 1:100 dilu-
tion). Diffuse nuclear accumulation of T-antigen in viable cells 
(DAB chromogen, 100X) is shown in the micrograph.

The coronal image demonstrates the tumor (T) arising from the 
anterosuperior urinary bladder (UB) wall extending to the left 
of the midline.

More than 90% of the bladder involves high-grade urothelial 
carcinoma.

trong an  iffuse ositivit  for  s o n b  immuno isto-
chemical staining of T antigen.
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TABLE. Summary of Case Reports of BKV-Associated Urothelial Carcinomas of the Bladder Published in the Medical 
Literature Between 2002-2016. Superscript numbers correspond to references.

Age 
(years)

Gender
Type of 

transplant

Time From 
Transplant 
to Cancer 
Diagnosis

Pathology
BKV 

Nephropathy

Tumor cell– 
Specific 

Expression 
Profiles

Distinctive 
Features

 38  F1
Cadaveric 

kidney- 
pancreas

4 years 

High-grade 
urothelial carcinoma 

with glandular 
differentiation

Present

T-Ag, p16, p53, 
BerEP4, 

p63, CK20, 
-catenin. 

Ki-67 83%

VP-1 DNA and 
mRNA detected in 

the tumor

 60 M1 Kidney 11 years 

High-grade urothelial 
carcinoma admixedwith 
invasive micropapillary 

carcinoma and 
adenocarcinoma in situ

Absent

T-Ag, p16,p53, 
BerEP4, p63, 

CK20, 
-catenin.  

Ki-67 71%

VP-1 DNA was detected 
in tumor cells, mRNA 

was not

39  F5 Cadaveric 
kidney-

 2 years,  
2 months Urothelial cancer N/A N/A

Temporal correlation 
was noted between 
high urinary BK viral 

loads and occurrence of 
bladder cancer

 56  F6 Cadaveric 
kidney  6 months

Multifocal 
nephrogenic adenoma 

of the bladder
Absent

PAX8, T-Ag, 
VP-1, p53.  

Ki-67 2%-3%
N/A

65 M7

Living 
related- 
donor 
kidney

12 years

Pleomorphic giant cell 
carcinoma of the 

bladder (70%) admixed 
with areas of invasive 
high-grade urothelial 

carcinoma (20%) 
and trophoblastic 

differentiation (10%)

Absent

T-Ag, CK903, 
CK7, p63, 
p53, p16. 
Scattered 

cells positive 
for B-HCG

Patient had 
synchronous prostatic 
adenocarcinoma which 
was negative for BKV

65 F8 Heart 8 years
High-grade invasive urothelial 

carcinoma with invasive 
micropapillary features

N/A T-Ag.  
Ki-67>80%

VP-1 expression was 
negative in cancer cells, 

positive in inflamed 
urothelium

46 M9 Cadaveric 
kidney 7 years High-grade urothelial 

carcinoma Present T-Ag

Primary tumor and 
metastases stained 

positive for T-Ag, 
adjacent healthy tissue 

was negative

38 M10 Cadaveric 
kidney 6 years High-grade 

urothelial carcinoma Present T-Ag
Associated with 

diffuse carcinoma in 
situ

 38 F11 Kidney 
pancreas 6.5 years Urothelial 

adenocarcinoma Present T-Ag N/A

55 M12 Kidney- 
pancreas  9 years

High-grade invasive urothelial 
carcinoma, micropapillary 

variant
Present T-Ag

No evidence of viral 
particles on 

electron microscopy

75  F12 Kidney  7 years Multifocal invasive urothelial 
carcinoma Present T-Ag

Concomitant 
adenocarcinoma 
of the prostate, 
negative for BKV

57 M13 Kidney 5 years Transitional-cell carcinoma of 
the renal pelvis Present T-Ag BKV PCR present 

in tumor

-catenin, beta-catenin; -HCG, beta-human chorionic gonadotropin; BKV, BK virus; CK, cytokeratin; N/A, not available; PCR, polymerase chain 
reaction; T-Ag, tumor-antigen; VP-1, viral protein-1. 
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TABLE. Summary of Case Reports of BKV-Associated Urothelial Carcinomas of the Bladder Published in the Medical 
Literature Between 2002-2016. Superscript numbers correspond to references (continued).

Age 
(years)

Gender
Type of 

Transplant

Time From 
Transplant 
to Cancer 
Diagnosis

Pathology
BKV 

Nephropathy

Tumor–cell 
Specific 

Expression 
Profiles

Distinctive Features

40 F14 Kidney 4 years Urothelial carcinoma Present

T-Ag on renal 
biopsy, not 
reported on 

bladder cancer 
biopsy

N/A

33 M15 Kidney 10 years

High-grade 
urothelial carcinoma 
with micropapillary 

features

N/A T-Ag
T-Ag positivity in primary tumor 
and metastatic focus as well as 

in nondysplastic urothelium

50 M15 Kidney 10 years

High-grade urothelial 
carcinoma with 
micropapillary 

features

N/A T-Ag, p16
Urothelial cancer in situ in 
allograft ureter positive for 

T-Ag

31 M15 Kidney 18 years High-grade urothelial 
carcinoma Present T-Ag, p16

Subsequent renal cell carcinoma 
(T-Ag negative) was diagnosed 

in kidney transplant

71 M15 Cadaveric 
kidney 9 years Urothelial carcinoma N/A T-Ag, p16

Invasive and in situ urothelial 
carcinoma was positive for 

T-Ag. Incidental prostate cancer 
was negative for T-Ag

 57 M16 Kidney 
pancreas 4 years High-grade 

urothelial carcinoma Present T-Ag, p53
T-Ag positivity noted in both 

bladder tumor and metastatic 
focus

56 M17 Kidney 6.5 years High-grade urothelial 
carcinoma Present T-Ag Primary tumor and metastases 

were positive for T-Ag

64 F18 Kidney 5 years High-grade invasive 
urothelial carcinoma Present

T-Ag, p53, 
CK7, PAX8, 
p63, p16

Renal graft was obtained from a 
pediatric donor

59 M19 Kidney 4 years

2 separate high- 
grade papillary 

urothelial 
carcinomas 

in the renal pelvis

Present T-Ag

BKV PCR present in the primary 
tumor. T-Ag was positive 

in both tumor and normal renal 
parenchyma

47 M20 Kidney 4.5 years
High-grade urothelial 

carcinoma in the 
ureter graft

Present T-Ag N/A

54 M21 Cadaveric 
kidney 9 years

High-grade urothelial 
carcinoma in the 

renal pelvis
Absent T-Ag

T-Ag positivity seen in both 
invasive and in situ tumor cells. 

Negative staining for VP-1 
capsid protein

65 M22 Heart 6 years

High-grade urothelial 
carcinoma with 
micropapillary 

features

N/A T-Ag, p16, p53

T-Ag positivity in cancer cells 
and inflamed urothelium. VP-1 

expression was positive in 
inflamed urothelium, negative 

in cancer cells

-catenin, beta-catenin; -HCG, beta-human chorionic gonadotropin; BKV, BK virus; CK, cytokeratin; N/A, not available; PCR, polymerase chain 
reaction; T-Ag, tumor-antigen; VP-1, viral protein-1. 
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oncogenesis.1,22 Recent data have shown that the urothelium- 
specific expression of polyomavirus SV40 T-Ag in transgenic 
mice produced tumors strongly resembling carcinoma in situ 
lesions of the human urinary bladder.1 It has been hypothesized 
that the release of progeny BK virions from cell nuclei leading 
to cell lysis (the lytic infection phase) is considered to counter-
act the hypothesis of viral tumor induction and oncogenesis. 
However, there may be a unifying hypothesis at play: Although 
lytic infection and oncogenic infection are not able to co-exist 
at the single-cell level, cell populations can be affected by the 
virus differently at the whole-tissue level.     
   One population of cells may include the permissive urothelial 
cells that allow the infective lytic cycle to occur, while another cell 
population may include the nonpermissive cells, where “uncou-
pling” is the main event at play. Uncoupling refers to the virus 
aborting the process of cell lysis in favor of oncogenesis.26 

   Alexiev et al1 assembled these observations on pathogenesis 
into 1 unified model. In summary, this model proposes that 
BKV reactivates in the urinary tract in the setting of immuno-
suppression. This inactivates p53 and pRb, leading to G2/S 
(gap 2/synthesis) phase initiation. One of 2 possible sets of de-
velopments ensues thereafter. The first is a productive infection 
in permissive cells, leading to cell lysis, with no eventual tumor 
growth seen. The offshoot to this scenario is that neighboring 
cells can get infected as well. With time, a portion of these cells 
become nonpermissive, aborting the process of virion assembly 
and cell lysis in favor of oncogenesis. The second scenario plays 
out as activation of viral mutations and viral replication, which 
leads to a cascade of host cell genomic instability and, ultimate-
ly, neoplasia.
 VP-1 is a late gene region viral protein that is the main 
component of the BKV capsid.22,27 Its expression in tumor cells 
may be more indicative of a lytic infection, while its lack of 
expression may be suggestive of an oncogenic role via the process 
of uncoupling. Two cases of BKV-associated urinary bladder 
carcinoma in renal transplant recipients reported by Alexiev et al 
had VP-1 DNA detected in the tumor cells by polymerase chain 
reaction. VP-1 messenger RNA (mRNA) was detected in 1 of these 
cases and was missing in the other.1 Their data did not allow the 
determination of whether the viral sequences were integrated into 
the host genome. However, a recent case published by Kenan et al 
documented integration of BKV genome into cancer cells, and it 
presented evidence for molecular uncoupling of T-Ag expression 
from viral assembly via robust expression of T-Ag and prohibition 
of VP-1 expression.21 Another recent case reported by Alexiev 
et al22 noted T-Ag and VP-1 expression in BKV related cystitis 
surrounding malignant areas; however, VP-1 expression and 
cytopathic changes were lost in areas of malignant transformation, 
coupled with persistent expression of T-Ag in tumor cells.22 Lavien 
et al reported a BKV-associated invasive urothelial carcinoma 
in a cardiac transplant patient on immunosuppression. In this 

instance, T-Ag expression remarkably was evident in both cancer 
tissue and inflamed bladder tissue; however, VP-1 expression was 
found only in the inflamed urothelium and not in the carcinoma 
tissue.8 These studies provide further support for the central role 
that the large T-Ag plays in oncogenesis.

Conclusion
Despite the rising number of case reports describing BKV-asso-
ciated urothelial carcinomas and the growing body of data to 
support this possible viral oncogenic role, there remains a need 
for conclusive evidence of BKV involvement in carcinogenesis, 
and an elucidation of the pathophysiologic mechanisms leading 
to tumor development. The observed association of BKV 
infection with urothelial carcinoma in solid organ transplant 
recipients merits clinical awareness for early diagnosis and 
management of these malignancies.
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Introduction
Plasma cell leukemia (PCL) represents the most aggressive form 
of multiple myeloma (MM) in the spectrum of clinical aggressive-
ness of plasma cell disorders. Similar to other forms of MM, it is 
characterized by the expansion of malignant plasma cells within the 
bone marrow, activity capable of resulting in end organ damage, 
such as lytic bone destruction, anemia, hypercalcemia, or renal 
insufficiency. However, unlike other MM forms, but akin to a 
leukemia, it is characterized by the circulation of a large number of 

clonal plasma cells. Although Gluzinski and Reichenstein were the 
first to describe a case of PCL back in 1906,1 it was Kyle and Noel 
who went on to define it as the presence of plasma cells consisting 
of more than 20% of the differential white count in the peripheral 
blood, or an absolute plasma cell peripheral blood count of greater 
than 2.0 x 109 cells/L.2 If PCL is detected at diagnosis de novo 
without a prior history of MM, it is considered primary plasma cell 
leukemia (pPCL). However, if PCL arises in a patient with a known 
history of MM, it is considered secondary PCL (sPCL). The con-
dition occurs as a progressive event of the disease in 1% to 4% of 
patients with MM.3 With the improvement in survival experienced 
by patients with MM,4 many are living long enough to have their 
MM transform into sPCL.  
   It is important to note that even lower levels of circulating clonal 
plasma cells below the World Health Organization’s threshold for 
defining PCL portend a poor prognosis comparable with that of the 
strictly defined PCL.5,6 Similarly, the diagnosis of PCL can easily be 
overlooked because the identification of the circulating clonal plasma 
cells in the peripheral blood is difficult by light microscopy alone; it is 
hard to differentiate them from circulating clonal lymphocytes seen in 
conditions such as chronic lymphocytic leukemia, hairy cell leukemia, 
or marginal zone lymphoma. Therefore, immunophenotypic analysis 
via flow cytometry is mostly warranted. 
 The survival of patients with pPCL is poor compared with newly 
diagnosed MM. An analysis of the Surveillance, Epidemiology, and 
End Results database that included 445 patients with pPCL diagnosed 
between 1973 and 2009 demonstrated that during the time periods 
of 1973-1995, 1996-2000, 2001-2005, and 2006-2009,  median overall 
survival (OS) was 5, 6, 4, and 12 months, respectively.7 One possible 
explanation for the modest improvement in outcomes in the last time 
period is the upfront incorporation of novel-agent therapies. Because 
information about therapies was not available in this analysis, no 
definite conclusion can be drawn. However, early mortality was still a 
challenge because about 15% died within the first month during the 
most recent period.7 
 Although encouraging, gains in outcomes in pPCL are far from 
ideal and require improvement. Several recent single-institution 
series, as well as prospective trials incorporating novel agents up 
front in the therapy, report much more impressive improvements in 
patients with pPCL.8-10

Abstract

Primary plasma cell leukemia (pPCL) represents a rare 
but most aggressive form of multiple myeloma. Its 
leukemic clinical characteristics, as seen by the presence 
of circulating clonal plasma cells, its unique molecular 
and cytogenetic aberrations, and its exceedingly poor 
survival outcomes set it apart from traditional multiple 
myeloma. Recent advances in the utilization of novel 
agents and high-dose chemotherapy in the upfront man-
agement of patients with pPCL is finally bearing fruit in 
terms of improving survival outcomes, albeit modestly. 
Early recognition of pPCL in a newly diagnosed multiple 
myeloma patient is crucial for providing the optimal 
intensive therapy. This review highlights the current 
understanding of the various clinicopathologic presenta-
tions and approaches to the diagnosis and treatment of 
pPCL. It specifically provides a clinical approach for the 
optimal management of this entity. It also shines light 
on the future of next-generation therapies that may be 
incorporated in the management of pPCL. In the future, 
prospective multicenter studies are required to revise 
the diagnostic criteria of pPCL by utilizing more sensi-
tive and specific diagnostic modalities, such as periph-
eral blood multiparameter flow cytometry. Such studies 
should also attempt to identify the optimal sequence of 
novel therapeutic agents to treat this disease and pro-
vide the best chance for long-term survivals.
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Clinical and Pathologic Features 
Given the relative infrequency of pPCL compared with MM, as well as 
the lack of prospective clinical data, information regarding the clinical 
presentation of pPCL is derived from retrospective single-institution 
series.2,11-17 Patients with pPCL tend to be younger (aged 50-59 years) 
compared with patients with MM (aged 70-79 years)13 and tend to 
have a higher predisposition to develop extramedullary disease within 
the liver, spleen, lymph nodes, and other soft tissues. It is also not 
uncommon for patients with pPCL to present with malignant pleural 
effusions and neurological deficits secondary to central nervous system 
involvement.17 Patients also tend to have more renal insufficiency as a 
result of light chain-only secreting disease, as well as to have cytopenias, 
such as anemia and thrombocytopenia, as a result of higher amounts 
of bone marrow involvement.12,18 In contrast, patients with pPCL have 
lower likelihood of lytic bone disease than patients with MM.13 Patients 
with pPCL are more likely to have elevated serum lactic dehydrogenase 
(LDH) and increased β2 microglobulin.16,19  
 Patients with pPCL are believed to have a different tumor biol-
ogy than patients with MM. The clonal plasma cells appear more 
immature, or “plasmablastic,” in morphology. From a cytogenetics 
standpoint, patients with pPCL are less likely to be hyperdiploid 
in comparison with their MM counterparts.12 The t(11;14) is the 
most common cytogenetic abnormality, but deletion 17p, t(4;14) 
and CKSB1 duplication are also more commonly present than 
in MM.13 Whole-exome sequencing on pPCL clonal plasma cells 
demonstrate effects in the cadherin/Wnt signaling, extracellular 
matrix-receptor interaction, extracellular matrix organization, and 
G2M cell cycle checkpoint.20

Diagnostic Approach 
All patients with MM suspected of having pPCL must undergo a 
detailed history and physical examination. A comprehensive laboratory 
test evaluation of their blood should be performed, including at least 
a complete blood count with differential, peripheral blood smear; elec-
trolyte panel; creatinine; liver enzymes; bilirubin; alkaline phosphatase; 
LDH; uric acid; β2 microglobulin; albumin; serum protein electro-
phoresis with immunofixation; and serum free light chain analysis. If 
possible, multiparameter flow cytometry should be performed on the 
peripheral blood to confirm the presence of clonal circulating plasma 
cells; they typically have immunophenotypes of CD138+, CD38+, 
CD19–, and CD45+/–. Whole body imaging with either magnetic res-
onance imaging, computerized tomography (CT), or 18[F]fluorodeoxy-
glucose positron emission tomography/CT to assess for both lytic bone 
lesions and extramedullary plasmacytomas is necessary. A 24-hour 
urine collection for electrophoresis, immunofixation, and total protein 
assessment should also be performed. Finally, it is essential to perform 
a bone marrow biopsy and aspirate to assess for morphology; prolifer-
ation rate, if possible; immunophenotyping; and cytogenetic analysis 
by fluorescence in situ hybridization (FISH). FISH is performed on the 
plasma cells from the bone marrow aspirate. The FISH probes should 
be directed on specific abnormalities, such as del(17p13), del(13q), 

del(1p21), and (1q21) amplification, and chromosome 14 abnormali-
ties such as t(11;14), t(4;14), t(14;20) and t(14;16). 

Therapy Options 
The main goal of therapy is to achieve rapid cytoreduction and to 
reverse or prevent end-organ complications, and in so doing, prevent 
early mortality while prolonging survival. Conventional chemothera-
py has only led to an OS of 7 months. Thus, the use of novel agents 
and stem cell transplantation modalities are crucial parts of the 
therapeutic armamentarium. 

Proteasome inhibitors 
The incorporation of bortezomib into the induction regimens of 
patients with pPCL has been reported in various single-institution 
studies. The largest prospective analysis was by the GIMEMA group, 
which enrolled 29 patients with newly diagnosed pPCL to be treated 
with bortezomib-based regimens. The objective response rate (ORR) 
was 79% and the 2-year progression-free survival (PFS) and OS were 
40% and 55%, respectively. Similarly, Katodritou and colleagues from 
the Greek myeloma group reported on the use of bortezomib-based 
regimens in 25 patients with pPCL.21 The ORR was 80% and the OS 
was 18 months.21 Finally, Reece and colleagues reported a retrospective 
analysis of 10 patients with newly diagnosed pPCL treated with a com-
bined regimen of bortezomib with cyclophosphamide and dexameth-
asone followed by autologous stem cell transplantation (ASCT). The 
ORR was 100% (very good partial response [VGPR]; 50%; complete 
response [CR]; 20%) after induction therapy. Consolidation with an 
ASCT deepened the response by increasing the CR rate to 44%. The 
median PFS was 18 months, and after 25 months, 70% of patients 
were still alive. 

Immunomodulators (IMiDs) 
There have been conflicting reports on the efficacy of thalidomide 
in the treatment of pPCL, especially because it is not believed to be 
active in extramedullary MM. Petrucci and colleagues reported on 
5 cases of pPCL and sPCL treated with single-agent thalidomide; 
no response was shown and all patients died within 120 days of 
treatment.22 Nevertheless, the use of thalidomide can be effective 
from a synergistic standpoint when used in combination with 
other novel agents and alkylator therapies. On the other hand, 
lenalidomide has the most data available from an IMiD in newly 
diagnosed patients with pPCL; the combination of lenalidomide 
and dexamethasone was evaluated in a prospective phase II study of 
23 patients with newly diagnosed pPCL. Of these, 61% and 35% 
achieved a partial response and VGPR, respectively.9 After a medi-
an follow-up of 15 months, the OS and PFS were 63% and 52%, 
respectively, suggesting the efficacy of this combination in compar-
ison with historical outcomes of patients with pPCL.9,23,24 Finally, a 
single case report has demonstrated the use of pomalidomide plus 
low-dose dexamethasone in a case of sPCL. Furthermore, given 
that it has resulted in 2 complete and 2 partial responses among 13 
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patients with extramedullary disease,25 it should be considered for 
use due to the extramedullary features present in pPCL. 

Autologous stem cell transplantation 
Given the generally poor prognosis of patients with pPCL, ASCT has 
been widely adopted as an integral part of therapy for these patients. 
The retrospective series from the Mayo Clinic supported this approach 
by demonstrating an improved median OS of 34 versus 11 months 
when comparing patients who received and did not receive an ASCT.13 
The European Group for Blood and Marrow Transplantation registry 
reported the outcomes of 272 patients with pPCL who underwent 
an ASCT between 1980 and 2006.26 The median PFS and OS were 
14.3 months and 25.7 months, respectively.26 Similarly, the Center 
for International Blood and Marrow Transplant Research (CIBMTR) 
reported the outcomes of 97 patients with pPCL who received an 
upfront ASCT between 1995 and 2006.27 The 3-year PFS and OS were 
34% and 64%, respectively. There appeared to be a trend toward a 
superior OS in patients who received a tandem ASCT compared with 
those receiving a single ASCT.27 

Allogeneic stem cell transplant 
The CIBMTR also reported on 50 patients who received an allo-
geneic stem cell transplant between 1995 and 2006.27 Most (68%) 
received a myeloablative conditioning regimen, whereas the others 
received a nonmyeloablative, or reduced intensity, conditioning 
regimen. At 3 years, the cumulative incidence of relapse was signifi-
cantly lower in the allogeneic group (38% vs 61%) compared with 
the ASCT group, but treatment-related mortality (TRM) was high-
er in the allogeneic transplant group (41% vs 5%).27 As a result, the 
3-year OS rates were 64% and 39% for the ASCT and allogeneic 
stem cell transplant groups, respectively.27 

Treatment Approach 
Until recently, there were very few prospective studies available to 
evaluate the best course of therapy for patients with newly diagnosed 
pPCL. However, the Intergroupe Francophone du Myélome reported 
on a prospective study in pPCL that investigated 40 patients who 
received a bortezomib and dexamethasone induction regimen with 
alternating doses of either doxorubicin or cyclophosphamide for a 
total of 4 cycles.8 This was followed by an upfront ASCT, which was 
then followed by allogeneic transplant for younger patients or a second 
ASCT for the remainder of the patients.8 Those included in the 
tandem ASCT arm underwent another year of consolidation therapy 
with bortezomib, lenalidomide, and dexamethasone alternating 
with maintenance therapy with lenalidomide.8 In the group of 40 
patients, the median OS and PFS were 36.3 months and 15.1 months, 
respectively.8  The ORR to induction was 69%, with a VGPR or better 
in 36%.8 This response was deepened at the end of the treatment 
program, with 59% achieving a VGPR or better.8 The median OS and 
PFS was 36.3 and 17.9 months, respectively, for patients undergoing 
an allogeneic stem cell transplant versus not reached for both in the 

group who underwent a tandem ASCT. Unlike the CIBMTR registry 
data,27 relapse mortality, was largely driving decreased PFS and OS in 
patients receiving ASCT followed by allogeneic stem cell transplant. 
Moreover, patients receiving an allogeneic stem cell transplant did 
not receive posttransplant consolidation/maintenance therapy, 
unlike patients in the tandem ASCT cohort, who did.  
 An intensive risk-adapted approach is encouraged when 
managing patients with PCL (Figure). Induction therapy with a 
triplet, novel agent–containing regimen that includes proteasome 
inhibitors and IMiDs, such as VRd (bortezomib, lenalidomide, and 
dexamethasone) or KRd (carfilzomib, lenalidomide, and dexameth-
asone), is a reasonable choice. In some patients with pPCL with an 
extensive burden of disease, more aggressive combination regimens 
such as VDT-PACE (bortezomib, dexamethasone, thalidomide 
or lenalidomide, cisplatin, doxorubicin, cyclophosphamide, and 
etoposide) could be utilized. This is because VDT-PACE incorpo-
rates drugs, such as cyclophosphamide and doxorubicin, which 
are particularly active in proliferative diseases. For elderly or frail 
patients who may not be able to tolerate such an intensive regimen, 
CyBorD (cyclophosphamide, bortezomib, and dexamethasone) or 
PAD (bortezomib, doxorubicin, and dexamethasone) can be used 
as a milder alternative.  
   After induction therapy, in transplant-eligible patients with 
pPCL, an upfront ASCT is recommended to achieve a deeper 
response and likely longer disease control. If possible, a tandem 
ASCT should be considered. Given the inferior results of allogene-
ic stem cell transplant compared with tandem ASCT as a result of 
higher relapse mortality, an allogeneic stem cell transplant should 
be considered and performed preferably only in the setting of a 
clinical trial. Although the data are scarce, post–ASCT mainte-
nance is highly recommended given the high propensity for early 
relapse. These maintenance regimens can include either borte-
zomib or lenalidomide, or both, in combination-based regimens 
because of the significant disease control experienced by patients 
with MM who have high-risk cytogenetics.28  
   Patients with pPCL not eligible for ASCT-based options should 
still be treated with combinations of novel agents as induction 
therapy, with plans for indefinite maintenance therapy to keep 
the disease controlled. Infectious disease prophylaxis is crucial in 
these individuals because of their significantly impaired immunity. 
Standard antiviral prophylaxis, as well as bacterial prophylaxis, 
is warranted, especially with proteasome inhibitor and steroid 
therapy, respectively. Although rare, the high tumor burden and 
proliferation does predispose these patients to tumor lysis, and 
appropriate prophylaxis with allopurinol (and in some severe cases, 
rasburicase) may be indicated. Adequate antithrombotic prophylax-
is is also crucial, especially in the setting of IMiDs. Finally, whereas 
osteolytic bone lesions are less common in pPCL than in MM, all 
patients with pPCL should be started on bisphosphonate therapy 
at diagnosis to decrease the risk of future skeletal-related events, as 
is traditionally done in MM. 
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Future Perspectives  
The correct and timely diagnosis of pPCL is highly dependent 
upon the ability of the hematologist or pathologist to identify 
circulating plasma cells on a peripheral blood smear. This expertise 
varies among individuals and institutions, making the likelihood 
of diagnosis not uniform. In the future, routine quantification of 
circulating clonal plasma cells by flow cytometry could identify a 
new cutoff to define PCL that would be more amenable to identi-
fication. Finally, given that patients with pPCL do not benefit as 
much from the currently available treatment strategies compared 
with other patients with MM, these patients should be considered 
for enrollment in therapeutic clinical trials. It remains unknown as 
to where the incorporation of novel antibodies, such as elotuzumab 
and daratumumab, will fit in the treatment schema of patients with 
pPCL. Similarly, the emergence of adoptive immunotherapy modali-
ties, such as chimeric antigen receptor T-cell therapy targeting either 
B-cell maturation antigen or CD19 plasma cell antigens, appears to 
hold promise as therapies for pPCL in the future. One particular 
agent of considerable interest will be venetoclax, a selective BCL-2 

inhibitor, which has shown encouraging efficacy in MM, especially 
in clonal plasma cells harboring a t(11,14) cytogenetic abnormality 
that coincidentally is the most common abnormality in pPCL.29
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Introduction
Multiple myeloma (MM), characterized by a malignant proliferation 
of monoclonal plasma cells,1-4 comprises clonally diverse subsets of 
malignant plasma cells exhibiting a vast genetic diversity that contributes 
to the complex pathogenesis of this disease and underpins its difficulty 
in treatment.1-4 It is the second most common hematologic cancer in 
the United States: approximately 95,688 individuals have MM5 and 
0.7% will be diagnosed during their lifetime.6 In the United States, it 
is estimated that 33,330 new cases of MM are diagnosed each year will 
be diagnosed in 2016,5 with 86,000 new cases worldwide.7 Overall, MM 
is more common in men than in women and twice as likely in African 
Americans compared with Caucasians.5 
 An MM diagnosis is based on the presence of a bone marrow clonal 
plasma cell count ≥10% and the presence of a monoclonal or M-pro-
tein.8,9 Recommended diagnostics include a detailed medical history, 
physical exam, routine laboratory testing, bone marrow biopsy/aspiration 
for cytogenetic analysis or fluorescence in situ hybridization (FISH), and 
radiographic imaging. Also recommended to further evaluate symptoms 
are magnetic resonance imaging (MRI), computed tomography (CT), or 
positron emission tomography (PET).8,9 
 In 2015, MM resulted in 11,240 deaths in the United States,10 a num-
ber that was projected to increase to 12,650 in 2016.5 Novel and targeted 
agents have improved survival, but patients with stable disease still 
experience symptoms, such as pain and fatigue, and report poor physical 
functioning.11 Longitudinal research demonstrated that patients with 
MM report significantly lower health-related quality of life than age- and 
gender-matched controls.12 MM also poses a financial burden on patients 
via increased work disability rates and high out-of-pocket treatment costs, 
among other factors.13 
 MM remains, for many patients, incurable.14 Yet, the survival and com-
plete response rates for patients have improved with available therapies.15 
Recent advances in genetic sequencing, bio-informatics, and clinical trial 
design have enabled a new era of precision medicine powered by the 
wider availability of genomic and clinical data.16-18 Precision medicine 
is now accelerating the discovery of novel targeted therapeutic agents 
by providing greater understanding of the genomic basis of cancers,16-18 
including in MM.19 
 Research suggests better health outcomes result when patients are 
knowledgeable about their respective disease and feel self-empowered to 
make informed treatment decisions.20 However, prior research has shown 

Abstract

Empowering patients to make informed decisions 
about their diagnosis and treatment is critical to 
advancing precision medicine. How patients perceive 
key decision points that are germane to their diagno-
sis and treatment and how these decisions are affect-
ed by involvement with third-party patient research 
and support organizations are important to explore.
   A cross-sectional survey collected data from 100 pa-
tients (≥25 years) with multiple myeloma affiliated with 
the Multiple Myeloma Research Foundation (MMRF) 
and from a comparator group of nonaffiliated patients 
(n = 77). Patients’ experiences with provider choice, 
insurance coverage, diagnostics, tissue banking, 
genomics, connecting with other patients, standard of 
care, clinical trials, and sharing data were assessed. 
Column proportion tests evaluated differences between 
MMRF-affiliated and nonaffiliated patients.
   MMRF-affiliated patients self-reported being better 
informed than nonaffiliated patients regarding knowl-
edge of their disease and treatment options, under-
standing of diagnostic testing and genomics, and 
provider choice; they were also more willing to share 
data and bank tissue for research purposes. Critical 
gaps in understanding the standard of care, precision 
medicine, genomics, and clinical trials participation 
were identified among all patients.
   Patient knowledge drives appropriate treatment 
decision-making early and throughout the course of 
disease. Involvement with a third-party research and 
support organization (eg, the MMRF) may be a crit-
ical success factor in this process. However, a deep 
knowledge gap persists about the field of genomics 
and access to genomic testing and tissue banking, 
thereby identifying educational opportunities to be 
addressed in support of next-generation precision 
medicine treatments.

AJHO. 2017;13(3):26-37
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that a minority of patients with lymphoma and/or MM reported having 
insufficient information about their disease.21 Third-party organizations 
focused on providing knowledge and support systems to patients with 
MM can potentially serve a meaningful role in filling this unmet need. 
Yet, the extent to which involvement with such organizations relates 
to patients’ understanding of their disease and to engagement in their 
diagnosis and treatment has not been investigated (see Gap Analysis). 

Research Objectives 
With the emerging importance of precision medicine, patients must 
play an active role in the diagnosis, treatment, and management of their 
disease. The current study assessed how, shortly after diagnosis, patients 
with MM perceive and understand 10 key decision points pertinent to 
diagnosis and treatment: provider choice, insurance coverage, diagnos-
tic testing, imaging, tissue banking, genomics, connecting with other 
patients, standard of care, clinical trials, and sharing data. Additionally, 
this study examined if involvement with a third-party organization 
relates both to patients’ better awareness of, and engagement in, these 
critical decisions.

Methods and Materials  
Participants 
Patients with newly diagnosed MM were recruited by Kantar Health 
(New York, NY) using Multiple Myeloma Research Foundation (MMRF) 
22 resources (n = 100) or from Lightspeed Research and its affiliated 
online panels (n = 77). Inclusion criteria for all participants were: lives 
in the United States, ≥25 years, diagnosed with MM in the past 4 to 12 
months, self-reported being at least somewhat knowledgeable about MM, 
and self-reported having at least some input in treatment decisions. 

Patient Survey 
This study was conducted by Kantar Health and sponsored by the 
MMRF, with data fielded from April through September 2015. The 
study protocol was granted an exemption by the Pearl Institutional 
Review Board (Indianapolis, IN). Potential respondents were e-mailed 
an invitation to complete a 30-minute online survey. Participants indi-
cated their informed consent by reading the e-mail invitation and then 
clicking the link to begin the survey. 
 As part of the survey, patient demographics were collected (Table 
1). The 10 key decision points developed for the survey were based 
on results from an initial qualitative study with 26 patients with MM 
(recruited from Lightspeed Research and affiliate panels) and 6 hematol-
ogists/oncologists from a MedQuery online panel (unpublished data). 
To quantitatively evaluate these decision points, patients  in the present 
study were asked about their experiences with provider choice, insurance 
coverage, diagnostic testing, imaging, tissue banking, genomics, connect-
ing with other patients, standard of care, clinical trials, and sharing data.

Analyses 
Descriptive statistics were calculated. Differences between MMRF- 
affiliated and nonaffiliated patients were assessed using column 
proportions tests. Specifically, the proportion of MMRF-affili-
ated patients, relative to nonaffiliated patients, was compared 
for each response category for each survey item. Due to low base 
rates, responses were collapsed across categories for some of these 
comparisons. There were no missing data, as the survey required 
responses to all items. Two tailed P-values (<.05) were considered 
statistically significant. 

Gap Analysis

Current Practice Best Practice Resulting Gap

Among those who did not bank tissue in the 
current study, the overwhelming majority 
reported tissue banking was neither offered 
to them nor did they request this service. 
For those who underwent genomic testing, 
fluorescence in situ hybridization was the 
most commonly reported procedure.

Tissue banking and genomic testing are 
recommended for characterizing a given 
patient’s multiple myeloma following 
diagnosis. These testing procedures will 
likewise play a key role in advancing the 
identification and subsequent develop-
ment of precision medicine therapies.

Patients may be insufficiently informed 
about the potential benefits of tissue bank-
ing and genomic tests. When there is limited 
access to the technology requisite for per-
forming genomic testing, tissue banking will 
allow future genomic testing to be conduct-
ed as it becomes more widely available.

A majority of patients in the current study 
were not currently enrolled or planning to 
enroll in a multiple myeloma clinical trial.

Patient participation in clinical trials is key 
for advancing the development of targeted 
therapies for multiple myeloma.

Patients may be unaware they qualify to 
participate in clinical trials or they may 
hold inaccurate perceptions about the po-
tential risks and benefits of participating.

In this study, multiple patients with myelo-
ma affiliated with a third-party research and 
support organization were more likely than 
their unaffiliated counterparts to report 
being connected with their fellow patients 
and willing to share their clinical data.

Patient-to-patient communication and 
having a sense of belonging to a larger 
community of people facing similar chal-
lenges provide important sources of social 
support and empowerment for those 
diagnosed with a life-threatening condition 
such as multiple myeloma. 

Third-party patient research and support 
organizations can play an important role 
in facilitating community-based commu-
nication and data sharing among patients 
with multiple myeloma.
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Table 1. Patient Demographics

Variable Response Categories
Number of Patients 

liated ith  
% (n)

on  
% (n) P-Value

Sex

Male 61.0% (61) 54.5% (42)  .39 

Female 39.0% (39) 45.5% (35)  .39

Race

Caucasian 97.0% (97) 74.0% (57) <.001

African American 2.0% (2) 16.9% (13) <.01

Native American 0.0% (0) 1.3% (1)  .26

Asian/Pacific Islander 0.0% (0) 3.9% (3)  .05

Other race 1.0% (1) 3.9% (3)  .20

Hispanic/Latino

Yes 5.0% (5) 7.8% (6)  .45 

No 95.0% (95) 92.2% (71)  .45

Age (years)

25-25 2.0% (2) 3.9% (3)  .45

36-45 29.0% (29)  11.7% (9)  .01

46-55 29.0% (29) 26.0% (20)  .66

56-65 27.0% (27) 39.0% (30)  .09

66-75 11.0% (11) 18.2% (14)  .18

76-85 2.0% (2) 1.3% (1)  .72

86-100 0.0% (0) 0.0% (0)  .50

Educational attainment

High school degree or less 5.0% (5) 16.9% (13)  .01 

Some college 9.0% (9) 26.0% (20) <.01

College graduate 36.0% (36) 28.6% (22)  .30 

Postgraduate/graduate degree 40.0% (40) 19.5% (15) <.01

Other education 10.0% (10) 9.1% (7)  .84

Employment status

Employed (net) 65.0% (65) 46.8% (36)  .02

Unemployed (net) 30.0% (30) 50.6% (39)  .01

Prefer not to answer 5.0% (5) 2.6% (2)  .42

Type of primary insurance

Private/commercial 50.0% (50) 59.7% (46)  .20 

Medicaid 11.0% (11) 13.0% (10)  .69 

Medicare alone 14.0% (14) 1.3% (1) <.01

Medicare plus supplement 20.0% (20) 22.1% (17)  .74 

Veterans Health Administration 5.0% (5) 2.6% (2)  .42 

No insurance 0.0% (0) 0.0% (0)  .50 

Don’t know/prefer not to answer 0.0% (0) 1.3% (1)  .26

P-values are 2-sided; values > .05 are statistically significant.
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Results 
Participant Characteristics 
The study shows that 58% (n = 103) of respondents were male and 87% 
(n = 154) self-identified as Caucasian. MMRF-affiliated patients were 
significantly more likely to be Caucasian than nonaffiliated patients, 
whereas the latter were significantly more likely to self-identify as African 
American than the former. On average, nonaffiliated patients were older 
(56.78 years; standard deviation [SD] = 1.22) than MMRF-affiliated 
patients (52.92 years; SD = 1.09; P = .02). MMRF-affiliated patients were 
significantly more likely to report completing postgraduate work/graduate 
degree and being employed. Conversely, unaffiliated patients were signifi-
cantly more likely to report having a high school degree or less or some 
college and being unemployed. MMRF-affiliated patients were significant-
ly more likely to have Medicare coverage alone than nonaffiliated patients. 
Patient groups did not differ on the other demographic variables assessed.

Provider Choice 
Compared with nonaffiliated patients, a significantly greater 
proportion of MMRF-affiliated patients reported seeking a second 
opinion after receiving their initial diagnosis (Table 2). When 
choosing a hematologist/oncologist, MMRF-affiliated patients were 
more likely to use disease-related criteria, including choosing a phy-
sician who is recognized as a clinical expert in the field, is published 
in this field, has a higher number of patients with MM in his/her 
practice, and whose practice is in geographic proximity. In contrast, 
nonaffiliated patients were significantly more likely to select a 
hematologist/oncologist from a recommendation or referral from 
another healthcare provider or because this specialist’s services were 
covered by insurance. MMRF-affiliated patients were significantly 
more likely than nonaffiliated patients to “agree strongly” or “very 
strongly” agree when asked if they feel comfortable phoning or 
e-mailing to ask their hematologist/oncologist questions and if they 
feel comfortable challenging when disagreeing or not understand-
ing something (Table 2).

Insurance Coverage 
Across patient groups, a minority reported difficulties gaining access to 
certain diagnostic tests and treatments due to insurance/reimbursement 
barriers (Table 2). MMRF-affiliated patients were more likely to report 
insurance problems than nonaffiliated patients, a difference that was not 
statistically significant.

Diagnostic Testing 
MMRF-affiliated patients were significantly more likely than nonaffiliated 
patients to report understanding their diagnostic test results “very well” or 
“extremely well” (Table 2) and were significantly more likely to view them-
selves as “very well” or “extremely well” informed about their disease com-
pared with nonaffiliated patients. Unaffiliated patients were significantly 
more likely to be unaware or unsure of their MM and light chain types. 
A significantly greater proportion of MMRF-affiliated patients reported 
discussing their risk profile with their hematologist/oncologist (Table 2).

Imaging 
Most patients in both groups reported receiving x-rays, although the more 
sensitive advanced diagnostic imaging, such as MRI, CT scans, or PET 
scans, were less frequently reported (Table 2). MMRF-affiliated patients 
were significantly more likely than nonaffiliated patients to have requested 
a PET scan if they had not received this procedure, whereas a significantly 
larger percentage of nonaffiliated patients reported they planned to have 
a PET scan in the near future if they had not already done so. Patients’ 
most frequently cited reasons for not having a PET scan were their doctor 
had not mentioned it, followed by not understanding the need for this 
procedure (Table 2).

Tissue Banking 
A significantly larger proportion of MMRF-affiliated patients were willing 
to bank tissue, and to report having actually done so, for research purpos-
es via a bone marrow biopsy compared with nonaffiliated patients (Table 
2). Nonetheless, sizeable percentages of patients in both groups have 

Table 1. Patient Demo raphics continued)

Variable Response Categories
Number of Patients 

liated ith  
% (n)

on  
% (n) P-Value

US born

Yes 96.0% (96) 92.2% (71)  .28

No 4.0% (4) 5.2% (4)  .71

Prefer not to answer 0.0% (0) 2.6% (2)  .12

Annual household Income

Under $50,000 26.0% (26) 39.0% (30)  .07

$50,000 to $99,999 41.0% (41) 33.8% (26)  .33

$100,000 or more 26.0% (26) 18.2% (14)  .22

Prefer not to answer 7.0% (7) 9.1% (7)  .61
 

MMRF indicates Multiple Myeloma Research Foundation; non-MMRF, patients not affiliated with the Multiple Myeloma Research Foundation. 
P-values are 2-sided; values > .05 are statistically significant.
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DEX indicates dexamethasone; LEN, lenolidamide; myc, myelocytomatosis viral oncogene, IRF4, interferon regulatory factor 4; MM, multiple myeloma; 

Table 2. Patient periences ith Pro ider hoice, nsurance o era e, Dia nostic estin , ma in , and issue 
Banking 

Pro ider hoice 
tained Second pinion Response Categories

Number of Patients 
liated ith  

% (n)
on  

% (n) P-Value

Yes 56.0% (56) 27.3% (21) <.001

No 44.0% (44) 72.7% (56) <.001

Factors in choice of hem/onc

Physician referral 48.0% (48) 71.4% (55) <.01

Other patient referral 22.0% (22) 5.2% (4) <.01

Close to home 44.0% (44) 26.0% (20)  .02

Number of patients in practice 13.0% (13) 3.9% (3)  .04

Expertise in field 28.0% (28) 14.3% (11)  .03

Has published in field 16.0% (16) 2.6% (2) <.01

Covered by insurance 20.0% (20) 41.6% (32) <.01

Relationship with hem/onc

Can phone/e-mail hem/onc with questions 36.0% (36) 16.9% (13) .01

Hem/onc encouraged me to learn about my disease 25.0% (25) 13.0% (10) .05

Feel comfortable asking hem/onc questions 50.0% (50) 37.7% (29)  .10

Feel comfortable challenging hem/onc if disagree or 
don’t understand

34.0% (34) 14.3% (11) <.01

Hem/onc encouraged me to seek a second opinion 24.0% (24) 7.8% (6)  .01

Have a close personal relationship with hem/onc 28.0% (28) 18.2% (14)  .13

Insurance Coverage

Insurance coverage difficulties

Yes   21.0% (21) 11.7% (9)  .10 

No 78.0% (7) 81.8% (63) .53 

Not sure   1.0% (1)  6.5% (5) .05

Diagnostic Testing

Understand diagnostic test results

Extremely well/very well 48.0% (48) 23.4% (18) <.01

Not well at all/not very well 0.0% (0) 1.3% (1)  .26

Informed about disease overall

Extremely well/very well 51.0% (51) 23.4% (18) <.001

Not at all well/not very well 0.0% (0) 2.6% (2) .12

Disease awareness

Not aware/not sure of multiple myeloma type 16.0% (16) 49.4% (38) <.001

Not aware/not sure of light chain type 31.0% (31) 63.6% (49) <.001

Discussed prognosis with hem/onc

Yes 81.0% (81) 84.4% (65)  .56

No 19.0% (19) 15.6% (12)  .56

Discussed what disease means for me with hem/onc

Yes 67.0% (67) 50.6% (39) .03

No 19.0% (19) 22.1% (17) .62

P-values are 2-sided; values > .05 are statistically significant.
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Pro ider hoice 
tained Second pinion Response Categories

Number of Patients 
liated ith  

% (n)
on  

% (n) P-Value

Discussed what disease means for me with hem/onc

Yes 67.0% (67) 50.6% (39)  .03

No 19.0% (19) 22.1% (17)  .62

Not aware/not sure 14.0% (14) 27.3% (21)  .03

Imaging

Imaging/testing received

Genomic testing 68.0% (68) 32.5% (25) <.001

X-rays 81.0% (81) 68.8% (53)  .06

MRI 62.0% (62) 62.3% (48)  .96 

CT/CAT 54.0% (54) 51.9% (40)  .79 

PET 46.0% (46) 46.8% (36)  .92

Requested PET (if no PET)

Yes 29.6% (16) 9.8% (4)  .02

No 68.5% (37) 82.9% (34)  .12

Not sure 1.9% (1) 7.3% (3)  .19

If no PET, reasons why

Plan to have PET soon  1.9% (1) 22.0% (9) <.01

Insurance coverage issue 16.7% (9) 12.2% (5)  .55

Copayment is too high  7.4% (4)  4.9% (2)  .62

Doctor did not mention a need for PET 59.3% (32)  43.9% (18)  .14

Do not understand the need for PET 33.3% (18) 22.0% (9)  .23

Never heard of PET  16.7% (9)  7.3% (3)  .18

Other  9.3% (5)  4.9% (2)  .42

Not sure  7.4% (4) 17.1% (7)  .15

Tissue Banking

Willing to bank tissue

Yes 82.0% (82)  46.8% (36) <.001

No 2.0% (2)  11.7% (9)  .01

Not sure 16.0% (16)  41.6% (32) <.001

Had tissue banked

Yes 49.0% (49) 13.0% (10) <.001

No 26.0% (26) 54.5% (42) <.001

Not sure 25.0% (25) 32.5% (25)  .28

Tissue banking offered or requested (if not banked) 

Offered 11.5% (3) 7.1% (3)  .54

Requested  11.5% (3) 7.1% (3)  .54

Neither offered, nor requested 76.9% (20)  85.7% (36)  .36

CT/CAT indicates computerized tomography or computerized axial tomography; hem/onc, hematologist or oncologist; MRI, magnetic resonance 
imaging; non-MMRF, patients not affiliated with the Multiple Myeloma Research Foundation; PET, positron emission tomography. P-values are 2-sided; 
values > .05 are statistically significant.

Table 2. Patient periences ith Pro ider hoice, nsurance o era e, Dia nostic estin , ma in , and issue 
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not engaged in this practice. Among those who did not bank tissue, the 
majority reported that tissue banking was neither offered to them nor did 
they request this service (Table 2).

Genomics 
MMRF-affiliated patients were significantly more likely than MMRF- 
affiliated patients to have reported undergoing genomic testing (Table 3) 
and were significantly more likely than to report understanding their 
results “very well” or “extremely well.” A minority of patients in each 
group reported understanding their genomic test results “not very 
well” or “not well at all.” MMRF-affiliated patients were more likely to 
report fluorescence in situ hybridization (FISH), cytogenetics/karyo-
typing, and gene expression profiling, whereas the 2 patient groups 
were comparably likely to report genomic sequencing and that FISH 
was the most common type of genomic test they underwent. Overall, 
MMRF-affiliated patients were significantly more likely than nonaf-
filiated patients to know if they had a genetic abnormality. Of those 
patients who had not undergone testing, a majority of both groups 
reported that their physician had not mentioned the need for genomic 
testing (Table 3). Of relevance to genomic testing, patients were asked if 
they had heard of “precision medicine,” and the majority were unfamil-
iar with this term.

Connecting with Other Patients 
MMRF-affiliated patients were significantly more likely than nonaffil-
iated patients to report being connected with other patients (Table 3) 
and through different online venues, including Facebook, e-mail, other 
social media platforms, or online forums. Conversely, nonaffiliated 
patients were significantly more likely to report using in-person support 
groups for this purpose (Table 3).

Standard of Care 
For both groups, over half of patients were unaware or unsure of the 
guideline-recommended standard of care for MM treatment (Table 
3). Among those who were aware, MMRF-affiliated patients reported 
greater awareness than unaffiliated patients, but this difference was 
statistically nonsignificant. Both MMRF-affiliated and nonaffiliated pa-
tients were similarly likely to report being “very involved” or “extremely 
involved” in their treatment decisions (Table 3). 

Clinical Trials 
MMRF-affiliated patients were significantly more likely to report either 
participating in or planning to participate in clinical trials, compared 
with nonaffiliated patients (Table 3). However, a majority in both 
groups were not currently planning to enroll in an MM clinical trial. 
Of these individuals, MMRF-affiliated patients were more likely to 
report actively looking into clinical trial information than nonaffiliated 
patients, but this difference was not significant. Conversely, nonaffiliat-
ed patients were significantly more likely to report being “very willing” 
to participate in a clinical trial. The most common reasons cited by 
patients for nonparticipation were satisfaction with current treatment, 

more often by MMRF-affiliated patients; not knowing enough about 
clinical trials; and concerns surrounding the safety and side effects of 
experimental therapies (Table 3).

Sharing Data  
MMRF-affiliated patients were significantly more likely to indicate their 
willingness to share their health information to advance MM research. 
Additionally, MMRF-affiliated patients were more likely than nonaffiliat-
ed patients to use a mobile app or spreadsheet to track and share their test 
results (Table 3).

Discussion 
Due to the heterogeneity of MM and its complex pathogenesis, drug 
discovery is now being driven by the development of precision medi-
cine-based molecular targeting strategies.16-18 The Precision Medicine 
Initiative is accelerating the discovery of novel targeted therapeutic agents 
for patients with MM, with the goal of swiftly translating cutting-edge 
research into available next-generation treatments.16-18 
 When initially receiving an MM diagnosis, patients are challenged with 
a chaotic influx of information regarding a life-threatening cancer, various 
diagnostic test results, new encounters with their hematologist/oncologist, 
and impending treatment decisions. This study assessed how individuals 
with MM experience key decision points in their patient journey follow-
ing initial diagnosis through treatment. Involvement with a third-party 
research and support organization, in this case the MMRF, may facilitate 
patients’ understanding of these issues. However, gaps were also identified 
regarding knowledge of the standard of care, awareness of precision 
medicine, understanding of and participation in genomics research, and 
involvement in clinical trials.  
 The present research characterized some of the key informational needs 
specific to patients early in their journey, particularly those impacted 
by their involvement with a third-party organization. MMRF-affiliated 
patients, compared with unaffiliated patients, were significantly more 
informed on their MM disease state and reported a greater understanding 
of their various diagnostic test results. They were also better prepared for 
early, critical discussions with their hematologist/oncologist regarding 
their diagnosis and treatment-related decisions. This is especially notable 
because many of the initial decisions that a patient makes when under-
going diagnostic testing have considerable downstream ramifications on 
their prognosis, individualized treatment options, and availability of pre-
treatment biologic samples. These findings have important implications, 
as prior research has shown greater health literacy among patients with 
cancer can be traced to a higher likelihood of receiving treatment.23 
 Patient activation, which occurs when patients have adequate knowl-
edge about their disease and the ability to act upon this information, is 
linked to better health behaviors and improvements in a variety of health 
outcomes.24 Aligned with this prior research, patients in both groups 
reported comparable levels of engagement in their treatment decisions. 
However, MMRF-affiliated patients appeared to play a more active role 
in choosing an appropriate provider, as they were more inclined to use 
disease-related criteria when choosing their hematologist/oncologist and 
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were more than twice as likely to obtain a second opinion after initial 
diagnosis. This suggests these patients were more effectively able to self-ad-
vocate regarding their diagnosis and treatment, although further research 
will be needed to tie these behaviors to actual treatment outcomes. 
 The current study identified additional opportunities to provide 

support and information for patients with MM. As the results of a 
previous study demonstrate, the health-related information preferences 
of patients with cancer change over the course of their disease,25 so 
ongoing efforts are needed to understand the progress of the journey 
of patients who have MM. 

Table 3. Patient periences ith enomics, onnectin  ith ther Patients, Standard o  are, linical rials, and 
Sharin  Data

Pro ider hoice 
tained Second pinion Response Categories

Number of Patients 
liated ith  

% (n)
on  

% (n) P-Value

Genomics

Understand genomic test results (if had testing)

Extremely well/very well 48.5% (33)  8.0% (2) <.01

Not well at all/not very well 14.7% (10) 24.0% (6)  .30

Physician recommended genomic testing (if did not have testing)

Yes 9.4% (3) 5.8% (3)  .54

No 81.3% (26)  78.8% (41)  .79

Not sure 9.4% (3) 15.4% (8)  .43

Has heard of precision medicine

Yes 15.0% (15) 24.7% (19)  .12

No 85.0% (85) 75.3% (58)  .12

Genomic testing type (if received)

Cytogenetics/karyotyping 28.0% (28) 2.6% (2) <.001 

FISH 40.0% (40) 14.3% (11) <.001 

Gene expression profiling 20.0% (20) 7.8% (6)  .03 

Genomic testing (unsure of type) 21.0% (21) 9.1% (7)  .03 

Genomic sequencing 3.0% (3) 5.2% (4)  .46

Other 8.0% (8)  11.7% (9)  .41 

Has a genetic abnormality

Yes 25.0% (25)  11.7% (9)  .03

No 45.0% (45) 29.9% (23)  .04

Not sure 30.0% (30) 58.4% (45) <.001

Connecting with Other Patients

Connected to other patients

Yes 74.0% (74) 33.8% (26) <.001

No 26.0% (26) 66.2% (51) <.001

How connected (if connected to other patients)

Facebook 62.2% (46) 19.2% (5) <.001

Other social media 23.0% (17)  3.8% (1)  .03

Online forums 45.9% (34) 15.4% (4)  .01

E-mail 45.9% (34) 23.1% (6)  .04

In-person support groups 32.4% (24)  61.5% (16)  .01

BTZ indicates bortezomib; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; DEX, dexamethasone; HSP, heat shock protein; MM, 
multiple myeloma; PERK, protein kinase R-like ER kinase; R/R, relapsed/refractory; UPR, unfolded protein response; XBP1, X-box binding protein 1.
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FISH indicates fluorescence in situ hybridization; hem/onc, hematologist or oncologist; IMF, International Myeloma Foundation; non-MMRF, patients not 
affiliated with the Multiple Myeloma Research Foundation. P-values are 2-sided; values > .05 are statistically significant.

Table 3. Patient periences ith enomics, onnectin  ith ther Patients, Standard o  are, linical rials,  
and Sharin  Data continued)

Variable Response Categories
Number of Patients 

liated ith  
% (n)

on  
% (n) P-Value

Standard of Care

Aware of standard of care

Yes 45.0% (45) 35.1% (27)  .19

No 24.0% (24) 32.5% (25)  .22

Not sure 31.0% (31) 32.5% (25)  .84

What is standard of care (if known) 

Triplet therapies (net) 37.8% (17) 29.6% (8)  .49

Doublet therapies (net)  20.0% (9) 11.1% (3)  .33

Chemotherapy (net)  15.6% (7) 18.5% (5)  .75

Stem cell transplant (if eligible) 26.7% (12) 14.8% (4)  .25

Personally involved in treatment decisions

Extremely/very 57.0% (57) 46.8% (36)  .18

Not at all/not very 1.0% (1) 7.8% (6)  .02

Knowledgeable about available treatments

Very/somewhat 95.0% (95) 74.0% (57) <.001

Not at all/slightly 5.0% (5) 26.0% (20) <.001

Clinical trials

Participation in clinical trials

Currently enrolled 15.0% (15) 3.9% (3)  .02

Plan to enroll 19.0% (19) 6.5% (5)  .02

Previously participated 6.0% (6) 2.6% (2)  .28

Have never participated 60.0% (60) 87.0% (67) <.001

Actively looking for a clinical trial (if not enrolled)

Yes 21.2% (14) 10.1% (7)  .08

No 78.8% (52)  89.9% (62)  .08

Willing to participate in clinical trials (if not enrolled)

Very willing 12.1% (8) 27.5% (19)  .03

Somewhat willing  54.5% (36) 55.1% (38)  .95

Not willing  33.3% (22) 17.4% (12)  .04

Reasons why less than “very” willing to participate in clinical trials

Doing well on current treatment  81.8% (36) 43.9% (25) <.001

Need more information  45.5% (20) 42.1% (24)  .74

Don’t want to be a test subject          18.2% (8) 17.5% (10)  .93

Afraid to receive placebo  25.00% (11) 35.1% (20)  .28

Don’t want to travel far  29.5% (13) 19.3% (11)  .24

Decided against further treatment 2.3% (1) 1.8% (1)  .85

Hem/onc has not recommended  36.4% (16) 50.9% (29)  .15

Concerned about risks  40.9% (18) 38.6% (22)  .82

BTZ indicates bortezomib; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; DEX, dexamethasone; HSP, heat shock protein; MM, 
multiple myeloma; PERK, protein kinase R-like ER kinase; R/R, relapsed/refractory; UPR, unfolded protein response; XBP1, X-box binding protein 1.
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One key knowledge gap was the general lack of awareness regarding the 
standard of care for MM. Due to significant progress in the approval of 
effective therapeutic agents in recent years, efforts are needed to effectively 
inform patients and providers and to offer the requisite tools for them to 
select optimal treatments. Other important elements include the use of 
tissue banking and appropriate genomic testing. Overall, these findings 
underscore the need to close the gap between patients’ willingness to 
bank their tissue and following through with using this service. Continual 
efforts to improve all patients’ awareness of genomic testing are thus war-
ranted, as this initiative is specifically working toward the collection and 
translation of genomic data into new precision-based therapies for MM.19 

 The availability of individualized information should lead to improved 
decision making for patients regarding treatments. However, some 
attention should be given to the existing barriers to care. According to the 
results of this study, work is still needed to ensure that all patients, regard-
less of their insurance coverage status or ability to pay, have access to the 
necessary diagnostic tests and treatments. Additionally, although there 
do appear to be strong connections within the patient community and a 
general willingness to share healthcare information for research purposes, 
only a small percentage of patients in each group were either participating 
in or planning to participate in clinical trials. With a rare disease like 
MM, encouraging a sufficient number of patients to enroll in clinical 
trials will be integral to identifying more precise, efficacious treatments 
and developing a cure. Adequate outlets for clinical trial enrollment and 

data sharing need to be provided to patients as they begin to understand 
the importance of taking an active role in their disease management. 
 Representing a substantial strength of the current study, the critical de-
cision points assessed in this study were previously identified by patients 
with MM as both relevant and important through a qualitative research 
study (unpublished data). Specifically, the decision points examined and 
the subsequent findings are more likely to have greater external validity 
and higher fidelity to the unique needs of patients with MM. 
 Limitations of this study included the following; data were self- 
reported by patients and no verification of diagnosis, treatments, or diag-
nostic tests was available. Therefore, recall bias may have affected results. In 
addition, because participants predominantly self-identified as Caucasian, 
non-Hispanic, and born in the United States, the survey findings may not 
represent the experiences of patients outside those patient groups. Lastly, 
no additional statistical analysis was performed in this study to control for 
selection bias and for potential confounding due to differences in demo-
graphics between the MMRF-affiliated and nonaffiliated groups and their 
treatment decisions. This is an area of interest for future research.

Conclusion 
Being involved with a trusted third-party organization, such as the 
MMRF, may empower patients to be better informed and more actively 
engaged in the management of their disease. As the concept of precision 
medicine advances in the MM research community, it remains critically 

Table 3. Patient periences ith enomics, onnectin  ith ther Patients, Standard o  are, linical rials,  
and Sharin  Data continued)

Variable Response Categories
Number of Patients 

liated ith  
% (n)

on  
% (n) P-Value

Concerned about side effects  38.6% (17)  36.8% (21)  .86

Unsure how to find appropriate trial  9.1% (4) 15.8% (9)  .32 

Other  4.5% (2)  3.5% (2)  .79

Sharing Data

Willing to share health data for research

Yes 93.0% (93) 53.2% (41) <.001

No 1.0% (1) 14.3% (11)   <.01

Not sure 6.0% (6) 32.5% (25) <.001

Tracking/sharing test results

Personal journal/diary 34.0% (34) 40.3% (31)  .39

Spreadsheet 29.0% (29) 6.5% (5) <.001

Mobile app 32.0% (32) 5.2% (4) <.001

Print outs/hardcopies 16.0% (16) 7.8% (6)  .10

Online health portal 5.0% (5) 0.0% (0)  .05

IMF myeloma manager 0.0% (0) 0.0% (0)  .50

Something else 1.0% (1) 0.0% (0)  .38

None of these 22.0% (22) 44.2% (34) <.01

FISH indicates fluorescence in situ hybridization; hem/onc, hematologist or oncologist; IMF, International Myeloma Foundation; non-MMRF, patients not 
affiliated with the Multiple Myeloma Research Foundation. P-values are 2-sided; values >.05 are statistically significant.
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important for patients and providers to supply key elements of data that 
will impact treatment decisions throughout the course of their disease. 
However, there are knowledge gaps that need to be addressed through 
patient-centered education and collaborative research initiatives, as these 
initiatives are intricately linked to developing customized treatment strat-
egies and to accelerating genomic research discoveries. To achieve these 
bold objectives, third-party organizations appear to play a vital role in 
keeping patients well-informed from the very start of their journey from 
diagnosis through treatment.
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Introduction 
Background 
Head and neck cancer is the eighth most common cancer worldwide and 
the sixth most common cause of death from cancer, with an estimated 
400,000 deaths each year (4.9% of total cancer deaths).1 Annually, there 
are an estimated 600,000 new cases worldwide, with a 5-year overall 
survival (OS) rate between 50% and 60%.2,3 Head and neck cancers 
comprise tumors of the oral cavity, larynx, pharynx, salivary glands, and 
nasal passages. These tumors usually originate from squamous cells that 
line the inside surface of the head and neck and are referred to as head 
and neck squamous cell carcinoma (HNSCC). Known risk factors for 
HNSCC include smoking and alcohol consumption,4 and in some head 
and neck cancer types, human papilloma virus (HPV) infection.5 HPV is, 
most notably, a causal factor in oropharyngeal squamous cell carcinoma 
(SCC). Approximately 30% of HNSCC is associated with high-risk, 
oncogenic HPV types.6 HNSCC is widely viewed as having 2 distinct 
clinical entities: HPV-positive and HPV-negative tumors. Patients with 
HPV-positive HNSCC have a better prognosis compared with those with 
HPV-negative HNSCC.7 
 Standard therapies for head and neck cancer consist of surgery, 
chemotherapy, and/or radiation. Treatment depends on the anatom-
ical location and stage of the disease. In a resectable patient when 
the prognosis is so poor that disfiguring surgery is not justified, and 
in nonresectable patients, combined concomitant chemoradiation is 
preferred.8,9 Cisplatin-based chemoradiotherapy is the standard of care 
for locoregionally advanced disease. For those patients who are deemed 
inappropriate candidates for combined modality therapy, radiotherapy 
combined with cetuximab, the anti–epidermal growth factor receptor 
(EGFR) monoclonal antibody, may be an alternative. Increased levels of 
EGFR expression and activation have been associated with poor prog-
nosis.10 Therefore, cetuximab is commonly combined with radiation to 
improve OS compared with radiation alone.11 The Erbitux in First-
Line Treatment of Recurrent or Metastatic Head and Neck Cancer 
(EXTREME) phase III trial compared platin-5-fluorouracil alone 
versus combined with cetuximab as first-line treatment in recurrent or 
metastatic HNSCC. The cetuximab arm of the study demonstrated 
a significant improvement in OS, progression-free survival (PFS), and 
response rate (RR). The quality-of-life analyses, however, had no signifi-
cant differences between the treatment arms.12 
 Currently, there is no universally agreed upon second-line therapy. An 
open-label, randomized phase III trial comparing afatinib versus metho-
trexate in second-line recurrent or metastatic HNSCC demonstrated that 
afatinib was associated with significant improvements in PFS and had 
a manageable safety profile.13 The clinical outcomes from this study did 
not ad ersely affect elderly patients ≥ 5 years  in a su group analysis 14 
Methotrexate plus cetuximab has been shown to be well tolerated and 
provide a significant survival benefit in the second-line setting in adult 
patients.15 Ixabepilone, a novel tubulin-polymerizing agent, was examined 
in second-line HNSCC (NCT00033618). The primary endpoint was met 
with a RR of 16% in the ixabepilone arm, within the 90% confidence 

interval (CI), for a true response rate of 20%.16 This study provides 
evidence that ixabepilone has activity in advanced HNSCC comparable 
to other active agents in the second-line setting. There have also been 
several phase II trials that examined the role of cetuximab in second-line 
HNSCC, all with similar outcomes regardless if it was used as a single 
agent or in combination with a platinum-based regimen. Responses were 
seen in 10% to 13% of patients, disease control rate was observed in 46% 
to 55% of patients, and median OS was 5.2 to 6.1 months.17-19 
 At the time they receive a diagnosis, many patients with head and 
neck cancer have comorbid conditions, several of which are significantly 
related to survival in head and neck cancer (eg, congestive heart disease, 
cardiac arrhythmia, peripheral vascular disease, pulmonary disease, renal 
disease).20 Consideration of comorbid conditions can greatly impact the 
treatment and prognosis of HNSCC. 
 Although radiation for head and neck cancers can be curative, 
relatively high doses can damage any tissues within the head and neck. 
This toxicity profile can be significant, particularly when combined 
with chemotherapy. Common toxicities include mucositis, radiation 
dermatitis, xerostomia, dysphagia, and hypothyroidism.21 Techniques for 
radiation dose distribution, such as intensity-modulated radiation therapy 
and proton therapy, have been proven to reduce toxicity in patients with 
head and neck cancer.22,23 A key goal in the field has been to reduce treat-
ment-related toxicities, improve patient quality of life, and reduce costs. 
These factors represent unmet needs in the field.

Novel Immunotherapy Approaches to Head and Neck Cancer Treatment 
Several new therapeutic approaches to care for patients with HNSCC 
have been the focus of recent investigations. One such approach is the 
use of immune checkpoint inhibitors. HNSCC often expresses the 
ligand, PD-L1. In August 2016, pembrolizumab received an accelerated 
approval from the Food and Drug Administration (FDA) for patients 
with recurrent or metastatic HNSCC with disease progression on or 
after platinum-containing chemotherapy. This approval was based on 
the findings of the KEYNOTE-012 trial. A number of studies continue 
to assess pembrolizumab in the treatment of patients with HNSCC in 
various disease stages and patient subtypes (KEYNOTE-055, -048, and 
-040). Other checkpoint inhibitors under investigation include nivolum-
ab (NCT02426892), avelumab (NCT01772004), and ipilimumab 
(NCT02488759).24 
 Oncolytic virus therapy is perhaps the next major breakthrough in 
cancer treatment following the success of immunotherapy using immune 
checkpoint inhibitors. Oncolytic viruses are engineered viruses that selec-
tively replicate in and kill cancer cells without harming normal tissues.25 
To date, 2 genetically engineered oncolytic viruses have been approved 
for marketing as drugs: Oncorine (H101) for head and neck cancer and 
esophagus cancer in China and T-VEC (talimogene laherparepvec) for 
melanoma in the United States and the European Union. Currently, 
JX-594 (pexastimogene devacirepvec; Pexa-Vec), a genetically engineered 
vaccinia virus that has a mutation in the thymidine kinase (TK) gene, is 
being studied in HNSCC (NCT00625456). 
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 Considering HPV is a significant cause of head and neck cancers, a 
treatment approach to HPV-positive HNSCC could include a neoantigen 
vaccine. At present, however, HPV vaccines mostly remain a preventive 
strategy. Although they protect against HPV strains responsible for the 
majority of HPV-related oropharyngeal SCC, in terms of a preventive 
measure to reduce the incidence of this cancer, the efficacy of HPV 
vaccines is unknown.26 The use of HPV vaccines as a therapeutic tool in 
HPV-related oropharyngeal SCC has shown limited efficacy in several tri-
als (NCT02002182, NCT01462838),27 but there are several HPV vaccine 
therapies in clinical trials for HNSCC (Table).

Genomic Landscape in HPV-positive and HPV-negative HNSCC Tumors 
HPV has been implicated in the etiology of HNSCC tumors. Although 
genomic structural alterations are commonly seen in HNSCC regardless 
of HPV status, emerging data from HNSCC genome sequencing studies 
provide an opportunity to develop personalized therapy for patients based 
on their HPV status. The mutational frequency is similar in HPV-positive 
and HPV-negative HNSCC, but the types of gene mutations greatly 
vary.28 A comprehensive list of distinct molecular abnormalities—in partic-
ular, therapeutically relevant genetic aberrations—has not been reported 
between these 2 entity types; however, there have been great strides in 
understanding genetic aberrations correlated to HPV status. HPV status, 
not necessarily anatomic site, is the most important factor determining 
tumor biology.28 
 Most studies examining the genomic landscape in head and neck 
cancer are conducted with largely HPV-negative patients with HNSCC. In 
some studies, approximately 85% of the patients are HPV-negative.29,30 As 
a result, alteration of p53 signaling and cell-cycle pathway genes has been 
shown to occur almost exclusively in HPV-negative tumors.28 Additionally, 
the mutational spectrum in HPV-negative HNSCC includes mutations 
in TP53, CDKN2A, MLL2, CUL3, NSD1, PIK3CA, and NOTCH genes, 
as well as copy-number increases in EGFR, CCND1, and FGFR1.28,31 The 
importance of the mitogen-activated protein kinase pathway in HPV-nega-
tive HNSCC is demonstrated by EGFR amplification.32 
 Although evidence is lacking in large HPV-positive HNSCC cohorts, 

the results of recent studies demonstrate a distinct genetic profile in 
HPV-positive tumors that includes mutations in DDX3X, CYLD, and 
FGFR and enrichment for PI3K pathway alterations and rarer KRAS 
mutations.28 Seiwer et al (2015) also explained that alterations in the fol-
lowing favored HPV-positive tumors: the DNA-damage pathway (BRCA1, 
BRCA2, FANCG, FANCA, FANCD2, and ATM), FGF signaling (FGFR2, 
FGFR3, and FGFR4), JAK/STAT signaling (STAT1, JAK1, and JAK2), 
and immunology-related genes (HLA-A and HLA-B).28 
 Further, TRAF3 mutations are observed in HPV-positive HNSCC, and 
TRAF3 plays a critical role in antiviral response.30,32 Both HPV-positive 
and -negative tumors share alterations, such as PI3K signaling, NOTCH 
aberrations, and mothers against decapentaplegic homolog (SMAD) 
signaling. The PI3K-PTEN-AKT-mTOR pathway is important in both 
HPV-positive and HPV-negative tumors by PI3KCA amplification; how-
ever, PIK3CA mutations are more frequently observed in HPV-positive 
subtypes.28,30 Additional studies to examine the clinical implications of 
genomic mutations will be vital with respect to personalized medicine. 
 Barbara Burtness, MD, professor of medicine (medical oncology) at 
the Yale University School of Medicine and Yale Cancer Center, and the 
editor-in-chief of Cancers of the Head and Neck, offered her insights on the 
mutational burden and impact on head and neck cancer.

Moderator: What are some of the current unmet needs in head and 
neck cancer therapy? 
Dr Burtness: There are many patients who are treated for head and 
neck cancer who are cured. However, the surgery, radiation, and 
chemoradiation that we use to get there can be associated with se-
quelae that are very long-lasting. Some of these sequelae can interfere 
with swallowing, nutrition, speech, the ability to interact with other 
people, and the ability to return to work. Even for those patients who 
have a good prognosis, we are always interested in ways to make our 
therapies less toxic. If we could avoid the most deforming surgeries, 
if we could reduce the doses of radiation so there’s less chronic 
impairment of swallowing muscles and less neck fibrosis, and if we 
could avoid concurrent cisplatin, which seems to be associated with 

Therapy Vaccine Type Immune Target Stage Clinical Trial 
Number(s)

INO-3112 DNA HPV E6, E7 Phase I/II NCT02163057

MAGE-A3/HPV16 Peptide MAGE-A3, HPV-16-specific peptide Phase I 
Phase I

NCT00257738 
NCT00704041

ISA101 Peptide Synthetic HPV E6 and E7 peptides Phase II NCT02426892

HESPECTA (ISA201) Peptide Two synthetic HPV16 peptides covalently linked to 
amplivant synthetic TLR 1/2 ligand Phase I NCT02821494

ADXS11-001 Biologic Live, attenuated Listeria monocytogenes expressing 
HPV-E7-lysteriolysin-O fusion Phase II NCT02002182

TABLE. Clinical Trials for HPV Vaccine Therapies in HNSCC

HNSCC indicates head and neck squamous cell carcinoma; HPV, human papilloma virus; MAGE-A3, melanoma-associated antigen 3; TLR, toll-
like receptor



MUTATIONAL BURDEN: IMPACT ON HEAD AND NECK CANCER

VOL. 13, NO. 3 THE AMERICAN JOURNAL OF HEMATOLOGY/ONCOLOGY® 41

an increased risk in noncancer mortality, the lives of head and neck 
cancer survivors would be improved. 
 We also know from cohorts of patients that some groups of 
patients do not have as high a chance of cure. Among the patients 
who have HPV-associated disease, if there is a significant history of 
tobacco consumption, those patients have a lower chance of cure 
from chemoradiation or surgery. In patients who have very bulky dis-
ease or HPV-negative disease, the current treatments do not cure the 
majority of people with locally advanced disease. I think we need new 
agents to incorporate into the standard management of people with 
intermediate- and high-risk disease. In metastatic disease, we have 
seen real breakthroughs in the past year. Nonetheless, the majority of 
patients who have metastatic head and neck cancer will succumb to 
that disease. Curative treatments in that setting are required.

What are some of the key biological differences between HPV- 
associated versus traditional head and neck cancer? What are the clini-
cal implications of these different types? 
The HPV-associated cancers do not have mutations in p53, and they 
do not have loss of heterozygosity at p16. Also, it appears that HPV- 
associated cancers may be less proficient at homologous recombi-
nation. They are quite sensitive to DNA-damaging strategies like 
radiation and cisplatin. HPV-associated cancers do not appear to be 
as hypoxic; hypoxia in HPV-negative cancers has been associated with 
treatment resistance. On the other hand, HPV-negative cancers are 
quite commonly hypoxic and very predominantly have loss of tumor 
suppressor function through mutation of p53 and NOTCH.

What progress have we made with genomically personalized therapy in 
head and neck cancer so far? 
The predominance of loss of tumor suppressor function is the 
underlying driver of head and neck cancer. There have been fewer po-
tentially actionable genomic alterations in head and neck cancer than 
we’ve seen in some other solid tumors. There is very exciting evidence 
about the PI3K inhibitor, buparlisib, in a randomized phase II trial, 
where patients with platinum-refractory disease were treated either 
with paclitaxel or paclitaxel plus buparlisib, and the buparlisib arm 
did significantly better. We have not yet seen whether those results are 
tied to PIK3CA mutations. 
 The MATCH trial is a very large NCI trial (NCI-MATCH) in 
which patients who don’t have a standard treatment option for their 
metastatic or recurrent solid tumor are biopsied and a genomic 
profile is generated from the tissue. There is an attempt to match 
the mutations in that genomic profile with a panel of targeted thera-
pies, which have already been validated for that molecular target 
but in a different cancer. There are [several] arms within this trial 
that look promising for patients with head and neck cancer: FGFR 
inhibitor, PTEN loss, PIK3CA mutations. Among the first 795 pa-
tients who enrolled in the NCI-MATCH trial, there was a very low 
success rate in matching the patients with head and neck cancer to a 
targeted therapy. But with the recent expansion of the trial and the 

larger number of treatment arms, outcomes look more promising 
for patients with head and neck cancer. 
 We are moving the use of molecular profiling into the postoper-
ative setting with a current ECOG-ACRIN trial, which is EA3132 
(NCT02734537). As mentioned previously, the loss of the tumor 
suppressor function of p53 is difficult to target with a small-molecular 
inhibitor that would restore the function of p53. However, there is 
evidence that the radioresistance that develops or that’s present in the 
setting of [a] p53 mutation or disruptive p53 mutation can be reversed, 
to some extent, by the addition of cisplatin. We have a trial for patients 
who have undergone resection of an HPV-negative head and neck 
cancer and who meet the usual criteria for receiving postoperative 
radiation, but do not meet the usual criteria for receiving postoperative 
chemoradiation. All trial patients received genomic profiling, which can 
be useful. If the cancer were to come back in the future, patients would 
already know their genomic profile. 
 The correlative co-chair of the study, Dr Christine Chung, analyzes 
the p53 sequence to determine if there is a mutation and whether the 
mutation would be predicted to produce a disruption of p53 function. 
Based on that, patients in the trial are randomized to radiation or 
cisplatin and radiation. Our hope is that we will be able to demonstrate 
disease improvement—that the addition of cisplatin to radiation reduces 
the risk of recurrence in this poor prognosis group of patients who have 
disruptive p53 mutations.

Given the heterogeneous nature of head and neck cancer tumors, 
what strategies might work best when designing head and neck 
cancer therapies? 
I think it is important to study the different types of head and neck 
cancer in separate trials. Trial outcomes vary based on the types of 
HNSCC being studied. Additionally, the research questions being 
addressed in each trial differ drastically. I would say good prognosis 
HPV-associated cancer, intermediate prognosis HPV-associated can-
cer, and HPV-negative cancer are 3 separate populations that should 
be studied in separate trials.

What are some of the most commonly mutated genes that have been 
identified in HNSCC with the help of next-generation sequencing? 
The most commonly mutated gene in HPV-negative cancer is p53. 
NOTCH1 is important in epithelial tissue, like head and neck epitheli-
um, and essentially serves a tumor suppressor function. Mutation leads 
to a loss of tumor suppressor function. Although PIK3CA mutations 
and amplification are common both in HPV-positive and HPV-neg-
ative cancers, there are particular hotspots for PIK3CA mutations in 
HPV-positive cancers. FGFR and its ligands are commonly abnormal, 
whether through mutation or amplification or changes in expression. In 
HPV-positive cancers, abnormalities in TRAF3 have been described. In 
HPV-negative cancer, PTEN loss may be present, either due to mutation 
or due to changes in expression, but is likely related to resistance to 
EGFR inhibitors. The chromatin modifier NSP1 may be very interesting 
in larynx cancer.
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What is the rationale supporting the use of immune checkpoint 
inhibition in HNSCC? Further, does the HPV status have an impact 
on treatment response? 
As I stated previously, the largest unmet need in the treatment of 
HNSCC is the need for new therapies that would be less toxic and less 
likely to lead to permanent sequelae. As part of that approach, we need 
new mechanisms of action in some of our poorer prognosis cancers. 
The advent of a major new strategy in anticancer therapies is important. 
It turns out that HNSCC [does] have many of the hallmarks of cancers 
that might be amenable to immune checkpoint inhibition. HNSCCs of-
ten express the ligand PD-L1. Tumor infiltrating lymphocytes are present 
and have been demonstrated to be related to outcome. It is known that 
viral antigens are continually expressed in the cancer cells in HPV-asso-
ciated and Epstein-Barr virus–associated cancers of the oropharynx and 
nasopharynx. Viral antigens might provide a target for immune cells if 
the immune cells could be reactivated. In HPV-positive cancers, activa-
tion of the gene editing protein APOBEC3B leads to a higher mutation-
al burden. There is some reason to believe that might be associated with 
better immune targeting. In tobacco-associated cancers, there’s a high 
mutational burden probably related to the loss of p53 function. 

Pembrolizumab showed promising antitumor activity in recurrent/
metastatic HNSCC in the KEYNOTE-012 study. Would you be able 
to briefly describe the key findings from this study and its clinical 
implications? 
KEYNOTE-012 was an open-label, multicohort, multicenter, phase Ib 
trial with pembrolizumab. The trial looked at pembrolizumab in a num-
ber of different cancers that had not been well studied with immune 
checkpoint inhibitors up until that time. The cohort for patients with 
head and neck cancer was initially recruited with patients who were PD-
L1–positive. Of the initial 104 patients who were screened for this study, 
60 enrolled and treated patients were PD-L1-positive. This group of PD-
L1–positive patients included both HPV-associated and HPV-negative 
cancers. The pembrolizumab treatment was well tolerated with about the 
same range of drug-related adverse events as had been seen with these 
[types of] agents in other cancers, and no drug-related deaths occurred in 
the initial cohort. The objective response rate was 18%, and in a recent 
update presented at ASCO last year, the durability of these responses 
with a 16-month follow-up was also reported. 
 The outcome of the PD-L1–positive cohort in the phase Ib trial led to 
an expansion cohort, which did not mandate PD-L1 expression. Similar 
outcomes were reported in this second cohort as the PD-L1–positive co-
hort. Pooled analysis of the total population across the 2 cohorts showed 
the overall response rate was 18%, and the durability for those patients 
who had response was quite good. These data led to FDA approval of 
pembrolizumab in platinum-refractory head and neck cancer. Addition-
ally, a randomized trial [that] examined immune checkpoint inhibition 
in recurrent or metastatic HNSCC was reported in The New England 
Journal of Medicine in October. The CheckMate 141 study was a phase 
III trial with 361 patients and a 2:1 randomization (NCT02105636). 
Nivolumab showed improvement over an investigator’s choice of 

palliative chemotherapy or cetuximab in platinum-refractory disease. Im-
provements in median OS were observed: from 5.1 months in the group 
that received standard therapy to 7.5 months in the nivolumab group. 
Interestingly, the response rate in the nivolumab group of patients, 
which had not been selected with PD-L1 testing, was 13%.

What are some of the most promising therapies for head and neck 
cancer on the horizon? 
Immune checkpoint inhibitors are a promising therapy. They are clearly 
active, although modestly active, with response rates between 13% and 
18%. I think that we need strategies that can couple the tolerability and 
the durable responses of immune checkpoint inhibitors with a greater 
ability to shrink cancers. This should be a focus of researchers, as many 
of our patients are symptomatic. I think that current trials that look at 
integrating immunotherapy with chemotherapy, targeted therapy, or 
radiation are promising. Another promising therapy is the previously 
mentioned buparlisib to second-line paclitaxel. There is intriguing ran-
domized phase II data looking this therapy.
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Best Initial Treatment Strategies  

for EGFR-Mutant Lung Cancer
 
 

Emily A. Barber, BS, and Karen L. Reckamp, MD, MS

Introduction

Lung cancer is the leading cause of cancer related mortality 

worldwide in both men and women.1 Patients with advanced 

epidermal growth factor receptor (EGFR) mutated non–small-

cell lung cancer (NSCLC) treated with tyrosine kinase inhibitors 

(TKIs), such as gefitinib, erlotinib, and afatinib, show improved 

progression-free survival (PFS) compared with standard chemo-

therapy as first-line therapy.2-5 Unfortunately, patients develop 

resistance through multiple routes, including acquired EGFR 

mutations such as T790M.6  In order to combat this resistance, 

second- and third-generation EGFR TKIs have been developed. 

In order to prevent or delay the development of resistance, 

multiple strategies have been investigated, such as the combina-

tion of high-dose pulses with low-dose continuous EGFR TKI 

therapy or co-targeting bypass signaling pathways as in the com-

bined inhibition of both EGFR and MET.7 The development of 

third-generation TKIs has improved patient outcomes; however, 

therapeutic resistance still occurs. As the options for therapy 

increase, the available data should be considered in choosing a 

frontline treatment.

Current Options for First-Line Therapy

EGFR TKIs have been established as frontline therapy for 

patients with metastatic EGFR mutant lung. Differentiating 

between these treatment options requires an evaluation of the 

studies that have been performed. 

 The IPASS trial led the field, and was a randomized, phase 

3 trial that compared gefitinib to carboplatin and paclitaxel 

in 1217 previously untreated never or light ex-smokers with 

advanced NSCLC, but did not require EGFR mutation. The pri-

mary endpoint was PFS, and at 12 months, the PFS was 24.9% 

with gefitinib and 6.7% with carboplatin/paclitaxel. In the sub-

group of patients with an EGFR mutation, PFS was significantly 

longer among those who received gefitinib.2 Importantly, those 

without EGFR mutation had improved PFS with chemotherapy, 

highlighting the importance of molecularly testing for activating 

EGFR mutations. 

 A randomized, phase 3 trial compared gefitinib versus 

carboplatin/paclitaxel in previously untreated patients with 

EGFR-mutated metastatic NSCLC.8 Analysis of the first 200 

patients revealed that PFS was significantly longer in patients in 

the gefitinib group resulting in early termination. The gefitinib 

group had a median PFS of 10.8 versus 5.4 months in the 

chemotherapy group and a higher response rate of 73.7% versus 

30.7%.

 A third study comparing gefitinib and cisplatin plus docetaxel 

had similar results.9 This randomized, phase 3 study involved 

177 previously untreated patients diagnosed with stage IIIB/IV 

NSCLC or postoperative recurrence with EGFR mutations and 

evaluated PFS as the primary endpoint. The gefitinib group had 

significantly longer median PFS compared with the cisplatin 

plus docetaxel group (9.2 versus 6.3 months).

 A randomized, phase 3 trial compared erlotinib with carbo-

Abstract

EGFR activating mutations were described in lung 

cancer over a decade ago, and in that time, targeted 

therapy with epidermal growth factor receptor (EGFR) 

tyrosine kinase inhibitors (TKIs) have become the treat-

ment of choice as first-line therapy.  Targeted therapy 

improves responses and progression-free survival when 

compared with chemotherapy in these patients with 

advanced disease.  Despite improvements in outcomes, 

resistance develops and the majority of patients expe-

rience tumor progression and are not cured.  The intro-

duction of third-generation EGFR  TKIs that effectively 

block activating mutations and the T790M resistance 

mutation while sparing wild-type EGFR has led to 

improved outcomes following the development of resis-

tance.  The future of EGFR therapy will explore the use 

of these agents and combinations to potentially delay or 

eliminate resistance to increase efficacy and ultimately 

survival.  This review will focus on current therapies 

used in the first-line setting for advanced EGFR mutation 

positive non–small cell lung cancer (NSCLC) followed by 

emerging data that may lead to a transition in the choice 

for initial therapy in these patients. 
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S-1 is an oral fluoropyrimidine consisting of tegafur (a prodrug 

of 5-fluorouracil), gimeracil (an inhibitor of dihydropyrimidine 

dehydrogenase, which degrades fluorouracil), and oteracil (which 

inhibits phosphorylation of fluorouracil in the gastrointestinal 

tract, thereby reducing the gastrointestinal toxic effects of fluo-

rouracil). In this study, 36 patients received a median of 4 cycles 

with an ORR of 30.6%. The median time to progression and 

the median survival time were 5.2 and 15.4 months, respective-

ly. These promising results led to a randomized phase 3 study 

evaluating the efficacy and safety of S-1 with cisplatin versus 

single-agent cisplatin in patients with stage IVB, recurrent, or per-

sistent carcinoma of the cervix, which completed accrual in April 

2016 but results have not yet been published (NCT00770874). 

S-1 was also recently combined with irinotecan in a phase 1 trial, 

which thus far demonstrated an acceptable toxicity profile. 50

Targeted AgentsAngiogenesis Inhibitors and Bevacizumab

Targeting angiogenesis to block the growth of nutrient-supplying 

blood vessels in cancerous tumors has been the latest most effica-

cious adjunct to the treatment of advanced cervical cancer. Since 

2006, small studies suggested that the combination of bevacizum-

ab, a vascular endothelial growth factor (VEGF) inhibitor, and 

chemotherapy was highly active in advanced cervical cancer. 51,52 

A phase 2 multicenter trial then evaluated single-agent bevaci-

zumab among women with persistent or recurrent squamous cell 

carcinoma of the cervix. 53 In this single-arm study, all patients 

had been exposed to at least one prior chemotherapy regimen 

(both cisplatin- and non–cisplatin-based) and most had received 

prior radiation (82.6%) or hysterectomy (56%). Bevacizumab was 

shown to have acceptable toxicity with few grade 3 or 4 adverse 

events, including hypertension (n = 7), thromboembolism (n = 

5), gastrointestinal (n = 4), anemia (n = 2), other cardiovascular 

(n = 2), vaginal bleeding (n = 1), neutropenia (n = 1), and grade 

4 urinary fistula (n = 1). One death occurred due to infection. It 

also showed clinical activity, with a median PFS of 3.40 months 

(95% CI, 2.53-4.53 months) and OS of 7.29 months (95% CI, 

6.11-10.41 months). The study suggested that bevacizumab merit-

ed further investigation in phase 3 trials. 

 The most significant and practice-changing study for the man-

agement of advanced cervical cancer was GOG 240, a phase 3 random-

ized study in which women diagnosed with recurrent, persistent, 

or metastatic cervical cancer who had only received chemo-

therapy used concurrently with radiation for locally advanced 

non-metastatic disease were enrolled. 7 A total of 452 women were 

randomized into a factorial 2 × 2 design study, where approxi-

mately half the patients received topotecan with paclitaxel and 

the other half received cisplatin and paclitaxel. Additionally, 

about half of the patients in each of these treatment groups 

received bevacizumab with their chemotherapy. The addition of 

bevacizumab to combination chemotherapy was associated with 

an improvement of 3.7 months in median OS (Table 1). The 

difference in OS translated into an HR for death of 0.71 in favor 

of the addition of bevacizumab (P = .004). Response rates were 

48% with bevacizumab and 36% with chemotherapy alone (P = 

.008). As a secondary outcome in the study, topotecan-paclitaxel 

did not outperform cisplatin-paclitaxel, even among patients with 

prior exposure to cisplatin. There was significantly more toxicity 

in patients who received bevacizumab compared to those who re-

ceived chemotherapy alone, and was representative of the known 

Author

 Treatment

N
ORR (%)  PFS (months) P

OS (months)
P

Miller35

Cisplatin TP
134 

130 19 
36 2.8 

4.8 < .001 8.8 
9.7 NS 

Long22

Cisplatin ToP
146 

147 13 
27 2.9 

4.6 .014 6.5 
9.4 .021 

Monk23

TP 
VP 

GP 
ToP

103 
108 

112 
111

29.1 
25.9 

22.3 
23.4

5.82 
3.98 

4.70 
4.57

 
.06 

.04 
.19

12.87 9.99 10.28 10.25

 
.71 

.90 
.89

Tewari7

Chemotherapy Chemotherapy/Bevacizumab
225 

227 5.9 
8.2 5.9 

8.2 .002 
13.3 

17.0 .004 

Kitagawa25

TP 
TC

123 
121 6.9 

6.2 6.9 
6.2 .053 

18.3 
17.5 .032 

GP indicates gemcitabine/cisplatin; NS, not stated; OS, overall survival; ORR, objective response rate; PFS, progression-free survival; TC, 

paclitaxel/carboplatin; TP paclitaxel/cisplatin; ToP, topotecan/cisplatin; VP, vinorelbine/cisplatin.

TABLE 1. Phase 3 Randomized Trials of Frontline Therapy for Advanced Cervical Cancer
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