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Exploring Novel Mechanisms 
of Action–Then and Now

CHAIRMAN’S LETTER

The success of systemic therapies in the treatment of hematologic and 
solid tumors has revolutionized oncology treatment, with multiple im-
munotherapy and targeted agents supplanting prior standard-of-care 
disease management practices. Advances in lung cancer are unrivaled 
by research in many diseases, making reflection on the last generation 
of breakthroughs critical in understanding how far the field has come. 

“[T]he fact that we could take scientific discoveries…and [trans-
late that to] targeted therapy and immunotherapy is fantastic,” Roy S. 
Herbst, MD, PhD, of Yale Cancer Center and Smilow Cancer Hospital, in 
New Haven, Connecticut, and cochair of the 22nd Annual International 
Lung Cancer Congress®, hosted by Physicians’ Education Resource®, 
LLC (), said in an interview with ONCOLOGY®. “It speaks to how we 
are bridging the gap and helping people live longer with this disease. 
That’s what gets me up every morning: seeing the science translated to 
the patient.”

In the interview, Herbst takes a deep dive into his career as a lung 
cancer physician and the research he has conducted. He details the 
timelines of significant clinical research studies, such as pivotal trials 
that led to approvals of targeted agents against EGFR and have revolu-
tionized approaches to treating advanced non–small cell lung cancer.

Also in this issue, the ONCOLOGY® editors debuted the first install-
ment of Product Profile, aimed at discovering real-world implications 
of systemic therapies with new indications. This month, we spoke with 
Kathryn Maples, PharmD, BCOP, clinical pharmacy specialist of multi-
ple myeloma at Winship Cancer Institute of Emory Healthcare in Atlan-
ta, Georgia, about belantamab mafodotin (Blenrep). In a disease state 
that saw multiple FDA approvals and designations throughout the pre-
ceding year, belantamab mafodotin stood out as being the first B-cell 
maturation antigen–targeted agent for use in patients with myeloma, 
offering a new therapeutic mechanism of action in a population of  
patients who are often treated with multiple lines of therapy throughout 
the course of their disease.

Aiko Nagayama, MD, PhD, of Keio University School of Medicine in 
Tokyo, Japan, and her colleagues presented a comprehensive review of 
novel therapies for triple-negative breast cancer, which has traditionally 
been associated with poor outcomes as compared with other tumor 
subtypes. At the forefront, the authors discuss antibody-drug conju-
gates and immunotherapy agents that have recently been approved. 

As always, the articles within these pages and more on break-
throughs in oncology across multidisciplinary specialties can be found 
at CancerNetwork.com, home of the journal ONCOLOGY®.  

Mike Hennessy Sr
Chairman and Founder of ONCOLOGY®’s

parent company, MJH Life Sciences™
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LETTER TO THE READERS

Next-Generation Sequencing for 
Advanced Pancreatic Cancer: A 

Technology Whose Time Has NOT Come
Howard S. Hochster, MD

In this edition of ONCOLOGY®,  
Christine Y. Chung, DO, and col-
leagues report on the next-genera-

tion sequence (NGS) testing status of  
77 patients referred to their prac-
tice for phase 1 study enrollment. It 
seems in the case of both community  
and academic practices, in their 
Colorado area referral zone, about 
half the patients had previously  
received either tumor or circulating 
tumor (ct)DNA testing for action-
able mutations. Although the authors 
point out the rate of sequencing is 
approximately equal in the 2 settings, 
my question is why physicians are 
even doing this expensive testing.

Through The Cancer Genome At-
las1 determination of molecular pro-
file for 150 pancreatic cancers, we 
know that 93% of patients will have 
KRAS mutations and another 10% 
other, usually concurrent RAS mu-
tations. TP53 mutations occur 72% 
of the time, and only 4% to 5% have 
a BRCA mutation. Other actionable 
mutations are really quite rare. For 
example, 3% will have BRAF mu-
tations. Also, in the SWOG 1513 
study (NCT02890355),2 E. Gabriela 
Chiorean, MD, and her colleagues 
showed, in a second-line chemother-
apy setting, that perhaps 30% had 
some kind of DNA repair defective 
gene based on a defined “HDR” assay, 
yet the addition of a PARP inhibitor to 
FOLFIRI (folinic acid, 5-FU, oxalipla-
tin, and irinotecan) was not beneficial. 

In the “Know Your Tumor” (KYT) 

study3 referenced by Chung, the  
patients who had sequencing-in-
formed treatment seemed to do bet-
ter. But let’s look further at these data. 
Nearly 1900 patients were enrolled 
and 1082 were sequenced. Only 667 
had outcome data and 38% of these 
were considered “actionable,” yet 
many of these are mutations with no 
known molecular drugs effective for 
pancreatic cancer, including ATM, 
AKT2, PALB2, and CDK muta-
tions. The outcome data are heavily 
influenced by the very few with mi-
crosatellite instability–high tumors, 
diagnosable with immunohistochem-
istry—no NGS required—and NTRK 
fusions. The outcome of this so-called 
actionable group was indeed superi-
or, yet what does it represent? This 
is a noncontrolled trial that perhaps 
tells us that patients with DNA repair 
deficits do better overall, perhaps due 
to sensitivity to our current chemo-
therapy drugs. It does tell us very little 
beyond the few actionable mutations 
we already know about.

Finally, we know that patients with 
germline mutations may be candi-
dates for olaparib (Lynparza) follow-
ing induction chemotherapy.  Howev-
er, the guidelines recommend that all 
patients receive germline testing. This 
is less expensive than tumor NGS or 
even ctDNA testing, and may be done 
even by generally available platforms 
such as 23andMe. If we perform  
tumor NGS to find BRCA muta-
tions and then later perform germline  

testing, this will lead to increased  
costs to the health care system.  
Additionally, the approval for use 
of this PARP inhibitor in pancreatic 
cancer does not include patients with 
somatic BRCA mutations. 

A new class of RAS inhibitor drugs, 
specifically targeting KRAS G12C is 
now in the clinic. These drugs are 
showing activity in non–small cell 
lung cancer and potentially will be  
active in colon cancer. Once these 
drugs and others targeting more 
common KRAS mutations have been 
shown effective for pancreatic cancer, 
there will be a good reason to perform 
NGS testing on all patients with pan-
creatic cancer. At the moment, NGS 
testing is an expensive test that would 
cost the health care system over $200 
million annually, if all 60,000 cases of 
newly diagnosed pancreatic cancer 
were tested. Personally, I am looking 
forward to when this will be a cost- 
effective technology.
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Compared with decades ago, 
survival times for patients with 
lung cancer have dramatically 
increased, thanks to the intro-
duction of targeted therapies and 
immune checkpoint inhibitors. 
Since these initial advances, 
investigators have focused on 
ways to further these results, 
by overcoming mechanisms of 
innate and acquired resistance 
across modalities and by dis-
covering additional biomarkers 
of response.

Even as therapies garner 
increasingly favorable ef� cacy 
pro� les, it will be imperative 
to identify the barriers to re-
sponse that continue to be seen 
in certain subsets of patients. 
To discuss the research path 
that led the � eld to this point, 
ONCOLOGY® sat down with 
Roy S. Herbst, MD, PhD, who 
is Ensign Professor of Medi-
cine (medical oncology) and 
professor of pharmacology, 
chief of medical oncology, and 
associate cancer center director 
for translational science at Yale 
Cancer Center and Smilow 
Cancer Hospital, in New Haven, 
Connecticut, to shed light on 
the topic.

Herbst is the program cochair 
of the 22nd Annual Interna-
tional Lung Cancer Congress®, 
hosted by Physicians’ Education 

Resource, LLC (PER®), to be 
held July 29 to 31, 2021. The 
meeting will cover emerging 
topics in lung cancers and will 
review continuing trends in the 
treatment paradigm.

Q: During your career, 
lung cancer has 

become one of the most 
rapidly progressing 
disciplines in oncology. What 
has changed in that time?
HERBST: I started in this field 
in 1994. At that time, I was a 
fellow at Dana-Farber [Cancer 
Institute]. What we had was cy-
totoxic chemotherapy, and it was 
pretty toxic with little bene� t. 
There was no real plateau [in 
the survival curves], or no tail 
on the curve, so to speak. 

I had trained in research. Not 
much progress had [occurred in 
the � eld when I started]. We were 
seeing some effects with bringing 
chemotherapy to the early stages 
of disease with radiation, but it 
was clear we needed to do more. 

I started to see patients with 
lung cancer at Dana-Farber and 
I got involved with some early 
clinical trials. Soon thereafter, I 
was recruited to [The Univer-
sity of Texas] MD Anderson 
Cancer Center in Houston. [I 
was involved with] early trials 
with tyrosine kinase inhibi-

tors, against EGFR, the first 
one being ZD1839 (ge� tinib; 
Iressa). I was very interested in 
that pathway scienti� cally, and 
I became the lead investigator 
on those trials at MD Anderson. 
They were open in lung, breast, 
and prostate cancer, and they 
worked really well in lung. 
We saw about 1 in 10 patients 
responding, and we started to 
see these drugs were working. 
We treated patients and we 
searched for the biomarker. We 
realized that those patients who 
had not smoked to date did best 
and, of course, around 2004, 
several groups in Boston, using 
samples from trials that we had 
actually helped design, found a 
speci� c mutation in the EGFR
gene in patients who responded 
well.1 The rest is history. 

From then on, we saw such 
great advances in lung cancer 
with targeted therapy. Then 
around 2009 to 2010, we saw 
immunotherapy [emerge]. Using 
science to guide therapy and 
bring the therapy from the lab to 
the clinic has dropped the death 
rate in lung cancer historically.

Q: What is it like for you 
to be a part of that 

kind of revolution? 
HERBST: We’ve always treat-
ed patients with compassion. 

Herbst is Ensign 
Professor of Medicine 
(medical oncology) 
and professor of 
pharmacology, chief 
of medical oncology, 
and associate cancer 
center director for 
translational science 
at Yale Cancer Center 
and Smilow Cancer 
Hospital, in New Haven, 
Connecticut, as well 
as cochair of the 22nd 
Annual International 
Lung Cancer Congress®, 
hosted by Physicians’ 
Education Resource, 
LLC (PER®).

Tracing Steps of Clinical Research 
in Lung Cancer
“Using science to guide therapy…has dropped the 
death rate in lung cancer historically.”
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We’ve always used multimodality care, 
and when you can, surgery and radiation 
with medical oncology, or chemotherapy. 
We’ve been able to raise the bar, [but it’s] 
still not nearly far enough. Many patients 
still die from this disease. 

But the fact that we could take scientific 
discoveries—sometimes with biomarkers, 
so we can understand who benefits [more] 
than others, and learning more about the 
science in the lab first— and [translate that 
to] targeted therapy and immunotherapy is 
fantastic, I think. It speaks to how we are 
bridging the gap and helping people live 
longer with this disease. That’s what gets 
me up every morning: seeing the science 
translated to the patient. 

Q: In frontline advanced disease, 
treatment breaks down 

along 2 tracks: targeted therapy, 
if a driver mutation is present, or 
immunotherapy. Will that approach 
continue, or is there a setting 
in which immunotherapy would 
displace targeted therapy?
HERBST: Right now, we look for driver  
mutations. While the response rates are 
high [with targeted therapy], the recur-
rence will occur at some point because of 
resistance to those drugs. But right now, 
it’s pretty clear that if you have a target, 
you use the target first, and then immu-
notherapy is used more in patients who 
don’t have those targets. Many of them 
are more likely to be smokers, and they 
have [higher] tumor mutational burden. 

That said, the fact that we don’t cure 
anyone with targeted therapy, and [the fact 
that] these patients do [develop recurrent 
disease], begs this question: Can we use 
either standard checkpoint PD-1/PD-L1 
or other immunotherapy in these patients 
to try to have a better effect? These are all 
things that we’re looking at now in the lab 
and in the clinic. 

Q: How do you break through 
and expand the benefit of 

immunotherapy for more patients?
HERBST: You have to ask [whether there’s]  

primary resistance or acquired resistance. 
[An example of] primary resistance is that 
even with PD-L1–high tumors, [when 
patients are treated] with pembrolizumab 
[Keytruda], only 50% [respond]. Why are 
those other 50% negative? We have to 
look at those 50% and understand what 
else is happening. What are the regulatory 
mechanisms going on even though we see 
PD-L1 [expression]? 

[Then, some patients] initially respond 
to immunotherapy, and then they become 
refractory; [in other words], they’ve re-
sponded and then they stopped responding. 
What’s going on? That’s the group for 
whom we have to look at tumor images. 
Are there new mutations? Have they lost 
MHC1? We are uncovering resistance 
mechanisms. What we do is we take those 
models of those patients’ tumors and put 
them into mice. [When] we have a mouse 
model of a patient’s tumor that became 
resistant, then we can start to look at innate 
immune mechanisms or other ways to ac-
tivate the immune system [in that patient]. 
That’s what keeps me going: trying to find 
new combos, new immunotherapies that 
use biology to promote even better therapy.

Q: What is the latest thinking 
about the best way to use liquid 

biopsy vs tissue testing? 
HERBST: I clearly want tissue testing for 
diagnosis; I don’t think you should make 
a histology [decision] based on a liquid 
biopsy. But after that, if [the test is] sensi-
tive enough and assuming enough tumor 
is being shed, the [liquid] biopsy is a very 
good way to measure mutational status. 
If the liquid is negative, I would look to 
tissue, [the test of] which is going to be 
more sensitive. 

Q: How did you become interested 
in improving diversity in clinical 

trials? Why, in your experience, is it 
so difficult to get patients of color 
from underserved communities to 
participate?
HERBST: Diversity coordinates with access. 
We certainly want to make sure everyone 

has access to clinical trials. I think that 
by putting someone on a clinical trial, 
it forces the clinician to think about the 
standard of care. I think care is improved 
in settings where there are clinical trials. 
You [also] want to have experience in those 
minority populations for the [disease] 
activity, although I don’t believe that in 
most cases there’ll be much difference. You 
want there to be trust of the community 
and the drugs. Diversity is important. Di-
versity is important in the workplace. It’s 
important in clinical trials [and] supported 
in all aspects of life.

Q: Of all your research, what 
results do you think have had 

the most impact? 
HERBST: My most impactful work is the 
use of EGFR inhibitors in lung cancer: 
understanding of their use, of toxicity, 
the response, bringing those drugs to the 
clinic, and understanding biomarkers 
involved in their use. Then, of course, 
bringing it all the way to phase 3 [trials 
of osimertinib (Tagrisso) in untreated 
patients as adjuvant] therapy with highly 
positive response. Those results were pre-
sented at the American Society of Clinical 
Oncology 2020 Virtual Scientific Program 
plenary and in the New England Journal 
of Medicine.2,3

FINANCIAL DISCLOSURE: The author has no 
significant financial interest in or other relationship 
with the manufacturer of any product or provider 
of any service mentioned in this article.
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Introduction
Pancreatic adenocarcinoma (PDAC) is the 
fourth leading cause of cancer death in the 
United States1 with a 5-year overall sur-
vival (OS) rate around 8% in the United 
States,2 despite years of research and ther-
apeutic development. Current treatment 
of PDAC is mostly focused on surgical re-
section for cure. In cases of unresectable 
or metastatic PDAC, however, chemo-
therapy has been the only other treatment 
option outside clinical trials until recently. 

In the last 15-to 20 years, a large body 
of transcriptomic and immunophenotyp-
ic research has led to the development 
of numerous targeted therapy–based 
and immunotherapy-based clinical trial 
options; subsequently, the first FDA ap-
proval of a targeted therapy in advanced 
PDAC occurred in 2005. With the recent 
approval of olaparib (Lynparza) for the 
maintenance treatment of adult patients 
with germline BRCA-mutated metastatic 
PDAC, pancreatic cancer treatment has 

begun to transition from a one-size-fits-
all approach to a more precise approach 
based on genetic variants.3 

While tissue-based assays such as Foun-
dationOne CDx remain the mainstay for 
molecularly characterizing PDAC, new-
er blood-based platforms have begun 
to emerge. Guardant360, for instance, 
molecularly profiles tumors based on 
circulating tumor DNA that is released 
into the blood via apoptosis, necrosis, 
and active secretion.3 Guardant360 can 

ABSTRACT: 

BACKGROUND: Pancreatic adenocarcinoma (PDAC) 
is relatively rare but highly aggressive, with most patients  
diagnosed once they have metastatic or locally invasive 
disease. Molecular profiling is being explored as a tool for 
selecting patients for targeted therapy clinical trials and for 
assessing whether targeted therapies may be effective in 
PDAC. Whether molecular profiling is being performed at 
both academic and community oncology clinics has yet to 
be examined. Here, we characterized the molecular profiling 
practice patterns in patients with PDAC in academic versus 
community practices in Denver, Colorado. 

METHODS: We retrospectively reviewed records of all  
patients with refractory, metastatic PDAC who were referred 
to a tertiary clinical trials drug development unit in Denver 
between 2014 and 2019. 

RESULTS: Of 77 patients, 41 (55%) were men with a 
mean age of 65 years (SD, 9.3). Fifty-three patients (69%) 
were referred from the community and 20 (26%) from  
academic centers; 4 (5%) were self-referred. A total of 51% 
received profiling prior to referral; 29 of 50 (58%) were 

from the community and 10 of 21 (47%) from academic 
settings. Guardant was the most commonly ordered test  
(47 of 77; 61%); FoundationOne was the second most common 
(40 of 77; 52%). Twenty-three of 77 patients (30%) received 
both Guardant and FoundationOne testing, and 3 of 77 (4%) 
received Caris MI Profile. One patient received a Mocha assay 
and another received Ascend/Clarient fluorescence in situ  
hybridization (FISH). Four patients were self-referred, 2 of 
whom underwent both Guardant and FoundationOne, 1 
who underwent Guardant testing only, and 1 who did not  
receive any molecular profiling testing.   

CONCLUSIONS: This study characterizes molecular pro-
filing practice patterns in individuals with advanced PDAC 
who were referred to a tertiary clinical trials drug develop-
ment unit. Both academic and community physicians were 
found to order profiling about 50% of the time. Further  
research is needed to determine impact on clinical trial  
enrollment and detection of PDAC.

KEYWORDS: molecular profiling, pancreatic  
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detect EGFR mutations in non–small 
cell lung cancer (NSCLC); consequently, 
it became the first FDA-approved liq-
uid biopsy companion diagnostic that 
uses next-generation sequencing (NGS). 
The role of molecular profiling in PDAC  
remains under investigation.

In a retrospective analysis of 1856 
patients with pancreatic cancer who 
were referred to the Know Your Tumor 
(KYT) program,4 1082 (58%) received 
personalized reports based on molecular  
testing results. Only 189 patients had 
actionable molecular alterations and 
underwent matched therapies, but these 
treatments were associated with a sig-
nificantly longer median OS than that of 
patients who received only unmatched 
therapies.4 More recently, the POLO trial5 
(NCT02184195) evaluated the efficacy  
of olaparib as maintenance therapy in 
patients with a germline BRCA1 or 
BRCA2 mutation and metastatic pan-
creatic cancer who had not progressed 
during first-line platinum-based chemo-
therapy. The results revealed that progres-
sion-free survival was significantly longer 
in the olaparib group, leading to the first 
FDA approval for a targeted therapy in 
BRCA-mutated PDAC with a PARP  
inhibitor. Because it is FDA approved  
for all solid tumors, pembrolizumab  
(Keytruda) is FDA approved for PDAC—
specifically, disease with microsatellite 
instability (MSI) tumors and for dis-
ease with high tumor mutation burden.6  
Numerous other active studies are exam-
ining potential molecular targets of PDAC.

In the past, molecular profiling has 
been shown to be underutilized in com-
munity-based practices. In one study, 
292 community oncologists completed 
a questionnaire to assess how well they 
understood this technology; about 69% 
either could not define what molecular 
profiling was, or answered incorrectly.7 
The investigators also found that com-
munity-based oncologists use molecular 
profiling far less frequently than do aca-
demic-based oncologists (59 of 292 com-
munity oncologists of whom were polled 

on use of these tests). For example, 33% 
of community oncologists vs 74% of ac-
ademic oncologists said they use molecu-
lar profiling in treating their patients with 
lung cancer.7

The aim of our study was to evaluate 
whether there are differences in molecu-
lar profiling practice patterns based on 
treatment site for individuals with PDAC, 
a question that has not yet been addressed 
in the literature. Here, we examined the 
practice patterns of academic vs commu-
nity physicians in relation to molecular 
profiling practices and PDAC in Denver, 
Colorado. 

Methods
We performed a retrospective review of  
77 patients with refractory, metastatic 
PDAC who were referred between August 
2014 and May 2019 to the Sarah Cannon 
Research Institute (SCRI) at HealthONE, 
an oncology drug development unit in Den-
ver. These patients all had refractory disease 
after surgical intervention, chemotherapy, 
and/or radiation therapy. All patients with 
metastatic PDAC who were referred to 
SCRI in this period were included. 

Patients with PDAC were referred by  
31 community physicians from 12 differ-
ent community-based practices and by  

TABLE 1. Patient Demographics

Patient characteristic Total (n = 77)

n (%)

Age in years, mean (SD) 65 (9.3)

Gender

Female 36 (45)

Male 41 (55)

Initial stage

IA 3 (3.9)

IB 3 (3.9)

IIA 4 (5.2)

IIB 13 (16.9)

III 5 (6.5)

IV 37 (48)

Unknown 13 (16.9)

Comorbidities, median (range) 2 (0-7)

Previous surgery 18 (23.4)

Pancreatoduodenectomy 13 (16.9)

Distal pancreatectomy 1 (1.3)

Segmental pancreatectomy 1 (1.3)

Total pancreatectomy 1 (1.3)

Other 2 (2.6)

No surgery 59 (76.6)

Prior chemotherapy regimen 

Gemcitabine/abraxane 64 (83.1)

FOLFIRINOX 55 (71.4)

5-FU 14 (18.2)

Xeloda 10 (13)
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12 academic physicians from 4 different 
academic medical centers (Table 1). 
As a proxy for identifying academic vs 
nonacademic practices, we classified each 
referring oncologist based on whether 
they are affiliated with a National Cancer 
Institute–designated cancer center.

All available data were entered into 
a Microsoft Excel database (Microsoft 
Corporation, 2016). A univariate analysis 
was performed to compare patients who 
were referred to Sarah Cannon Research 
Institute (SCRI) from community vs 
academic medical centers. Patients who 
“self-referred” (n = 4) were not included 
in the univariate analysis. This analysis 
was completed using R Studio (Team, R, 
2015). Fisher exact and χ2 tests were used 
to assess categorical variables; the t test 
was used for continuous variables. Statis-
tical significance was set at P < .05. This 
research was approved by the HealthOne 
HCA institutional review board.

Results
A total of 41 of 77 patients (55%) were 
men; the mean age of the cohort was  
65 years (Table 1). Patients had between 0 
and 7 medical comorbidities. Functional 
status was determined by ECOG perfor-
mance score (PS), which ranged from 0 to 
3; 53% of patients had an ECOG PS of 
1. Additionally, 28 of 77 patients (39%) 
were smokers; 41 (57%) were not and  
3 had unknown status (4%). Initial staging 
varied from stage I to stage IV, and 37 of 
77 (48%) were stage IV when referred to 
our facility. As seen in Table 1, surgical 
intervention prior to referral occurred 
in 18 of 77 patients (23%); the surgeries 
including 13 pancreatoduodenectomies, 
1 distal pancreatectomy, 1 segmental 
pancreatectomy, and 1 total pancreatec-
tomy. Almost all patients (97%; 75/77) 
underwent chemotherapy prior to referral, 
which consisted of either gemcitabine and 
nab-paclitaxel (Abraxane); FOLFIRINOX 
(folinic acid, fluorouracil, irinotecan, oxal-
iplatin); fluorouracil; or a combination of 
these. Eleven patients (14%) participated 
in some treatment portion of a clinical trial 

prior to referral and 22 received radiation.
Fifty-three of the 77 patients (69%) 

were referred from the community and 
20 (26%) from academic centers; 4 (5%) 
were self-referred. A total of 51% received 
profiling prior to referral; 29 of 50 (58%) 
were from the community and 10 of 21 
(47%) from academic settings. Guardant 
was the most commonly ordered test (47 of 
77; 61%); FoundationOne was the second 
most common (40 of 77; 52%). Twenty- 
three of 77 patients (30%) received both 
Guardant and FoundationOne testing, and 

3 of 77 (4%) received Caris MI Profile. One 
patient received a Mocha assay and another 
received Ascend/Clarient fluorescence in 
situ hybridization (FISH). Four patients 
were self-referred, 2 of whom underwent 
both Guardant and FoundationOne, 1 
who underwent Guardant testing only, 
and 1 who did not receive any molecular 
profiling testing. All blood-based molecular 
tests were ordered between 2013 and 2019. 

When we compared patients from 
community and academic medical centers, 
we found them to be of similar age, with 

TABLE 1 CONTINUED. Patient Demographics

Patient characteristic Total (n = 77)

n (%)

On trial prior to referral

Yesa 11 (14.3)

No 66 (85.7)

Patients receiving radiation 22 (28.6)

ECOG 0 7 (9.1)

ECOG 1 53 (68.8)

ECOG 2 6 (7.8)

ECOG 3 4 (5.2)

ECOG unknown 6 (7.8)

Smoking status

Current 28 (38.9)

Nonsmoker 41 (56.9)

Unknown 3 (4.2)

Patient referral source

Academic medical center 20 (26)

Community medical center 53 (68.8)

Self-referred 6 (7.8)

Physician location

Academic medical center 12

Community medical center 31

Center type

Academic medical center 4

Community medical center 12

5-FU, fluorouracil; FOLFIRINOX, folinic acid, fluorouracil, irinotecan, oxaliplatin.
aTrials: nivolumab/ulocuplumab (1), capecitabine+/-ruxolitinib (1), TH302 hypoxia-inducing prodrug conju-
gate) (1), SBP-101 (polyamine inhibitor) (1), unknown (1), 15-1613 Bayer PTEFb (CDK9i) (1), Trial 15-1135: 
MLN0128 + alisertib (1), OncoMed M18-006 demcizumab and gemcitabine/abraxane, AM0010 + FOLFOX 
(1), phase 1 trial TAK-931 (CDC7 inhibitor) (1), phase 1 OMP52M51, notch 1 Rc inhibitor (1), phase 1 Kinex 
oral paclitaxel (1), Protocol BBI503 stemness kinase inhibitor, phase 1 trial FF-10502
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more male patients being referred from the 
academic than community settings (65% 
vs 46%) and more individuals with initial 
stage being unknown being referred from 
the academic than community settings (30% 
vs 11%), although these differences were not 
statistically significant (Table 2). We also 
found that a higher percentage of patients 
referred from academic medical centers 
(25%) than community medical centers 

(11%) have previously been part of a clinical 
trial (Table 2). It’s worth to note that this 
difference was not statistically significant.

Discussion
This study analyzes practice patterns and 
the use of molecular profiling in selection 
of clinical trials for PDAC, by examining 
both academic and community oncology 
practices that refer patients to a tertiary 

clinical trials drug development unit in 
Denver. Both academic and community 
physicians were found to order profiling 
about 50% of the time. Given that blood-
based molecular profiling has become 
more widely available and supported by 
more generous patient financial assistance 
programs only in recent years, it is possible 
that its use may overtake tissue-based 
testing in the future. It was just in the past 
year (August 2020) that Guardant360, a 
blood-based test, was approved by the FDA 
as the first liquid biopsy NGS companion 
diagnostic test for solid tumors.8 All blood-
based molecular tests in our study were 
ordered between 2013 and 2019. During 
this time, only 40 tissue-based molecular 
profiling tests were ordered, fewer than the 
47 blood-based molecular profiling tests 
ordered. Moreover, given our understand-
ing of tumor heterogeneity and challenges 
of limited biopsy samples in advanced 
PDAC, it remains important to study and 
validate how concordant or discordant 
these testing modalities are. Interestingly, 
blood-based testing was ordered in addition 
to tissue-based testing in 30% of patients in 
our analysis. As more patients receive both 
types of testing,  the results may provide 
insight into answering questions regard-
ing concordance. Ongoing trials are also  
exploring whether there may be some ben-
efit to ordering repeat molecular profiling 
at various lines of therapy in order to best 
understand mechanisms of resistance to 
anticancer therapies.

Historically, a lack of insurance cov-
erage has often been cited as a barrier to 
obtaining molecular profiling of an indi-
vidual’s tumor. Recently, however, CMS has 
proposed national coverage of diagnostic 
tests that use NGS technology in patients 
with recurrent or metastatic solid cancers 
who have not previously used the test and 
who wish to pursue further treatment.9 

Additionally, the FDA has approved tissue- 
and blood-based testing as general tumor 
profiling or as companion diagnostic tests 
in all solid tumors (but not blood cancers). 
Specifically, testing is approved in PDAC 
for BRCA1/2; in NSCLC for EGFR, ALK,  

TABLE 2. Univariate Differences of Characteristics Between Patients Referred 
From Academic vs Community Medical Centers

Characteristic Referral source P

Academic MC 
(n = 20; 26.0%)

Community MC 
(n = 52; 67.5%)

Age in years, mean (SD) 66 (8.3) 64 (8.1) .49a

Gender

Female 7 (35) 28 (53.8) .24b

Male 13 (65) 24 (46.2)

Initial stage

IA 0 (0) 3 (5.8) .55c

IB 0 (0) 2 (3.8) 1.0c

IIA 1 (5) 3 (5.8) 1.0c

IIB 2 (10) 8 (15.3) 0.72c

III 1 (5) 4 (7.7) 1.0c

IV 10 (50) 26 (50) 1.0b

Unknown 6 (30) 6 (11.5) .08c

Underwent surgery 18 (69) 21 (75)

Receiving chemotherapy 19 (95) 51 (98.1) .48c

Gemcitabine/abraxane 18 (90) 44 (84.6) .72c

FOLFIRINOX 17 (85) 36 (69) .24c

5-FU 3 (11) 11 (21) .74c

Xeloda 1 (5) 9 (17) .26c

Received radiation 6 (30) 14 (26.9) .77c

On trial prior to presentation 5 (25) 6 (11.5) .16c

ECOG 0 3 (15) 3 (5.8) .26c

ECOG 1 15 (75) 35 (67.3) .58c

ECOG 2 1 (5) 3 (5.8) 1.0c

ECOG 3 0 (0) 4 (7.7) .57c

ECOG unknown 1 (5) 7 (13.5) .43c

Current smoker 7 (35) 1.93 (1.30) .79c

5-FU, fluorouracil; FOLFIRINOX, folinic acid, fluorouracil, irinotecan, oxaliplatin; MC, medical center.
at test 
bχ2 
cFisher exact. 
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and BRAF; in breast cancer for ERBB2; 
and in colorectal cancer for KRAS and 
NRAS.10 In our analysis, insurance was a 
factor in only 1 case in which the provider 
ordered the test; testing was not performed 
due to pending insurance approval.

Our study had the notable finding that 
community and academic oncologists 
ordered molecular profiling at the same 
rate—about 50% of the time—a result 
that is contrary to previous data. As more 
targeted therapy clinical trials move into 
the community setting and we continue to 
see more US FDA approvals for targeted 
therapies every year, it is possible that 
community oncologists will continue to 
perform molecular profiling with the same 
frequency as academic oncologists. 

As mentioned previously, the KYT trial4 
was a retrospective study in which patients 
received personalized reports based on mo-
lecular testing results. It was the first step in 
attempting to understand the application 
of molecular profiling in PDAC. Only 189 
patients had actionable molecular alter-
ations and underwent matched therapies, 
but these treatments were associated with 
a significantly longer median OS than that 
of patients who received only unmatched 
therapies. Although the KYT trial results 
showed promising, positive results, multiple 
potential confounding factors may have 
affected them. For example, the matched 
treatment may be effective in prolonging 
survival itself, or it could be that the pres-
ence of an actionable mutation and/or the 
ability to receive matched treatment might 
in themselves be a good prognostic factor 
for better outcomes. Also, the selection 
of patients who survived long enough to 
receive 2 different therapies introduced a 
selection bias toward those individuals with 
more indolent disease and better prognosis. 
Additionally, matched therapies were often 
given in conjunction with chemotherapy, 
which poses a challenge in attributing the 
contribution of parts of each therapy to any 
clinical benefits seen. Moreover, it should be 
noted that although the results of the KYT 
trial seemed promising, the adoption of 
precision medicine for patients with PDAC 

had no effect on survival for 97.5% of 
patients. For the 2.5% who could receive a 
matched treatment, further research by way 
of randomized clinical trials is warranted 
to better understand the role of molecular 
profiling in PDAC.11 Continuing to perform 
molecular profiling on PDAC tumors will 
be necessary in order to conduct these 
clinical trials. Given that less than 10% 
of those with advanced cancers may have 
actionable mutations12 as determined by 
currently available commercial assays, 
further research is also needed in the dis-
covery of novel targets in PDAC.

Several recent tumor-agnostic approv-
als have also paved the way for targeted 
therapy in advanced PDAC. For example, 
2 tropomyosin receptor kinase inhibitors—
larotrectinib (Vitrakvi) and entrectinib (Ro-
zlytrek)—have recently been FDA approved 
for NTRK fusion–positive cancers, having 
demonstrated response rates greater than 
75% independent of tumor histology.13 
Closely analyzing the real-world data of 
outcomes with these targeted therapies in 
PDAC will be critical to understanding their 
efficacy in this specific indication. 

When we compared patients referred 
for early-phase clinical trials from com-
munity and academic medical centers, we 
found no statistically significant differences 
in the age, gender, stage at diagnosis, prior 
treatments, or ECOG PS between the  
2 groups (Table 2). Thus, we do not believe 
there was a clinically relevant confounding 
variable related to these characteristics that 
may have influenced why there were no 
differences in rate of molecular profiling 
testing.

To date, it is not entirely clear what the 
correct setting and application of molecular 
profiling in PDAC is. Continued enrollment 
into clinical trials will be necessary to an-
swer this question. Similarly, performing 
molecular profiling on PDAC is needed to 
generate real-world data on the efficacy of 
targeted therapies that have been approved 
in a tumor-agnostic manner and to help 
identify potential new treatments. Outside 
of a clinical trial, randomized controlled 
trials would need to be conducted in order 

to determine whether molecular profiling 
in metastatic PDAC is cost-effective and 
whether it improves survival. Such answers 
are important, because private and public 
payers will have to determine how much 
information is required to establish clinical 
utility and, subsequently, the tier at which 
molecular testing continues to be covered.

A main limitation to this study is its 
retrospective nature and the small sample 
size of 77 patients. It was also a single-cen-
ter study, in which most patients were 
from Colorado. Additionally, only 25% of 
physicians were from academic institutions, 
which may reveal inherent bias. Lastly, as 
all of these patients were referred to our 
center for clinical trial consideration, they 
represent only a subset of individuals with 
PDAC and may be individuals who do not 
represent the entire population in terms of 
willingness to receive molecular profiling. 
The driving factors that underlie why a 
select group of community oncologists send 
for molecular profiling and refer patients to 
a tertiary clinical trials center are unclear at 
this time. These oncologists may represent 
a more select group of community physi-
cians who are more inclined to be leaders 
in molecular-based testing and treatments. 

Conclusions
This study analyzes molecular profiling 
practices in community vs academic 
centers in Denver, Colorado. Our study 
demonstrated that community- and ac-
ademic-based oncologists both ordered 
molecular profiling in patients with PDAC 
about 50% of the time. This is contrary to 
prior data suggesting that academic centers 
perform molecular profiling more often. 
Further research is needed to determine 
how molecular profiling practices may 
impact treatment selection, clinical trial 
enrollment, and OS. 
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Introduction
Triple-negative breast cancer (TNBC) is a 
heterogenous disease that essentially is a 
diagnosis of receptor exclusion, referring 
to tumors that lack hormone receptors 
and lack of HER2 amplification. Clini-
cally, patients with TNBC, as compared 
with other breast cancer subtypes, have 
a higher risk of recurrence and poor 
prognosis.1 Better treatments for TNBC 
represent a major unmet clinical need in 
the field of breast oncology, and over the 
past few years, a number of attempts have 

been made to change the natural history 
of this biologically aggressive disease. 

One of the major breakthroughs for 
TNBC has come from a better under-
standing of the molecular subtypes of 
TNBC. Recent genomic, transcriptomic, 
proteomic, and epigenomic studies have 
shed light on the multilayered heterogene-
ity of TNBC tumors (Table 1). In one of 
the first descriptions of the heterogeneity 
of TNBC, Lehmann et al reported that 
there are at least 6 subtypes of TNBC: 
basal-like 1 (BL1), basal-like 2 (BL2), 

immunomodulatory (IM), mesenchymal 
(M), mesenchymal stem-like, and luminal 
androgen receptor (LAR), with distinct 
gene expression profiles.2 Each of these 
molecular subtypes displays different but 
overlapping clinicopathological character-
istics, heterogenous mutational profiles, 
and genomic instability.3 This classifica-
tion was later refined to 4 subtypes—BL1, 
BL2, M, and LAR—by excluding the 
contribution from tumor-infiltrating 
lymphocytes (TILs) and stromal cells.4 A 
recent study of whole genome sequencing 

Novel Therapies for Metastatic 
Triple-Negative Breast Cancer: 
Spotlight on Immunotherapy and 
Antibody-Drug Conjugates 
Aiko Nagayama, MD, PhD; Neelima Vidula, MD; and Aditya Bardia, MD, MPH

ABSTRACT: 

BACKGROUND: Triple-negative breast cancer (TNBC) is a biologically heterogeneous disease that is often associated 
with worse outcomes compared with other subtypes such as hormone receptor–positive tumors and HER2-positive tumors. 
While chemotherapy remains the mainstay of standard therapy for metastatic TNBC (mTNBC), several novel treatments 
have been developed over the past few years. In this review article, we review the major developments in the management 
of patients with mTNBC.

SUMMARY: The combination of chemotherapy and immunotherapy is a potential therapeutic option for PD-L1–positive 
mTNBC, as the FDA recently approved atezolizumab (Tecentriq) and pembrolizumab (Keytruda) in combination with 
chemotherapy. Also, 2 targeted therapies—olaparib (Lynparza) and talazoparib (Talzenna)—are FDA approved for the 
management of mTNBC with germline BRCA mutations, and sacituzumab govitecan, an anti-Trop2 antibody-drug 
conjugate (ADC), was recently approved for previously treated mTNBC. A number of promising therapies are on the 
horizon, including AKT inhibitors for PI3K-altered TNBC as well as other ADCs.

KEY MESSAGE: The successful clinical development of immunotherapies, PARP inhibitors, and ADCs for the 
management of mTNBC has improved the survival outcome of patients. Over the coming years, the therapeutic 
developments in precision medicine will likely change the mTNBC landscape, and might make the current definition of 
TNBC as breast cancer that is estrogen receptor negative, progesterone receptor negative, and HER2 negative obsolete. 
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of TNBC tumors also confirmed that 
59% were predicted to be homologous 
recombination repair deficiency (HRD) 
high, mainly by BRCA1/2 deficiency, and 
HRD-high patients demonstrated better 
prognosis whereas HRD-low patients, 
some with mismatch repair deficiency 
and PIK3CA/AKT1 pathway alterations, 
demonstrated worse prognosis.5 On the 
protein level, quantitative analysis of 
TNBC cell lines and breast tumors again 
showed diverse expression of signaling 
and biological pathways.6 Furthermore, 
some of the hormone receptor–positive 
tumors can lose the hormone receptors 
under pressure from endocrine therapy 
and evolve into acquired TNBC with a 
distinct genomic profile.7,8 Collectively, 
TNBC tumors display considerable  
intratumoral heterogeneity, highlight-
ing the potential value of single-cell 
sequencing over bulk RNA sequencing 
in understanding the biology of TNBC.9 

In terms of treatment targets in TNBC 
tumors, traditional chemotherapies, such 
as anthracycline, taxanes, and platinum 
agents, have been the mainstay of early- 
line management of mTNBC. Apart from 
cytotoxic chemotherapy, other treatment 
strategies and actionable targets such as 
PARP inhibition, immunotherapy, AKT 
inhibition, and antibody-drug conjugates 
(ADCs) in mTNBC are quickly drawing 
attention. In this review article, we dis-
cuss the major developments of targeted 
therapies and immunotherapies in the 
management of patients with mTNBC. 

PARP Inhibitors for BRCA-
Mutated TNBC
The DNA damage response process  
involves sensing and responding to DNA 
damage, mediating DNA repair, cell cycle 
regulation, replication stress response, and 
apoptosis.10 The deficiency of DNA dam-
age response harbors genomic instability 
in cells, but it also provides therapeutic 
targets, particularly to DNA-damage 
agents. Carriers of deleterious heterozy-
gous germline mutations in the BRCA1 
and BRCA2 genes demonstrate the  

deficiency of homologous recombination 
repair, a conservative process of repairing 
double strand DNA breaks. PARP inhib-
itors induce apoptosis in BRCA-deficient 
tumor cells by mediating stalled repli-
cation forks and double-strand DNA 
breaks.11 For patients with germline 
BRCA1/2 mutations, PARP inhibitors, 
including olaparib (Lynparza) and tala-
zoparib (Talzenna), are FDA approved 
as targeted therapies. 

The efficacy and safety of olaparib 
was demonstrated in the randomized, 
open-label, phase 3 OlympiAD trial 
(NCT02000622) conducted in patients 
with metastatic HER2-negative breast 
cancer with germline BRCA mutations. 
Between April 2014 and November 2015, 
205 participants were assigned to receive 
olaparib and 97 to receive standard ther-
apy with single-agent chemotherapy of 
physician’s choice (capecitabine, eribulin, 
or vinorelbine). The results demonstrated 
a significant improvement in median pro-
gression-free survival (PFS) with olaparib 
(7.0 vs 4.2 months; HR, 0.58; P <.001) 
with fewer grade 3 and above adverse 
events (AEs) in the olaparib arm. The 
response rate was 59.9% in the olaparib 
group and 28.8% in the standard-therapy 
group.12 The final overall survival (OS) 
analysis demonstrated no statistically 
significant improvement (19.3 vs 17.1 
months; HR, 0.90; P = .513).13 In the 
TNBC subgroup, PFS favored olaparib 
(HR, 0.43, 95% CI, 0.29-0.63) but the 
median OS was not statistically differ-
ent between the 2 groups (17.4 vs 14.9 
months; HR, 0.93; P = .51). Similarly, 
another PARP inhibitor, talazoparib, was 
investigated in a randomized, open-label, 
phase 3 EMBRACA trial (NCT01945775) 
in patients with advanced breast cancer 
and germline BRCA1/2 mutations.14 
Between October 2013 and April 2017, 
287 patients were assigned to receive 
talazoparib and 144 to standard therapy 
(capecitabine, eribulin, gemcitabine, or vi-
norelbine). Median PFS was significantly 
improved in the talazoparib group com-
pared with the standard therapy group 

(8.6 vs 5.6 months; HR, 0.54; P <.001) 
with manageable toxicities.15 Again, the 
OS analysis demonstrated no statistically 
significant improvement (19.3 vs 19.5 
months; HR, 0.848; P = .17) in the entire 
cohort.16 In TNBC subgroup (130 patients 
in the talazoparib arm and 60 patients in 
the standard-therapy arm), PFS favored 
talazoparib (5.8 vs 2.9 months; HR, 0.60; 
95% CI, 0.41-0.87; P = .0058).16 

Putting together these data, PARP 
inhibitors for patients with germline 
BRCA1/2 mutation improved clinically 
meaningful PFS with manageable toxicity. 
The potential utility of PARP inhibitors 
in TNBC is being explored in patients 
with early-stage breast cancer in the 
neoadjuvant17 and adjuvant settings,18 
in overcoming resistance by combi-
nation therapy,19 and in wider patient 
selection with HRD phenotype beyond 
germline BRCA mutations.20 Notably, 
a single agent, olaparib, achieved an 
82% response rate in 11 patients with 
germline PALB2 mutation in the recent 
proof-of-principle study.21 The compar-
ison of efficacy and safety of a PARP 
inhibitor vs platinum-based treatment 
in patients with TNBC and germline 
BRCA1/2 mutation has not yet been done.

Immunotherapy for mTNBC
In the past decade, considerable evidence 
has been uncovered showing that tumors 
acquire an immune escape system to 
facilitate tumor growth by usurping the 
PD-1/PD-L1 axis between TILs and tumor 
cells.22 Also, inhibiting PD-L1 can induce 
antitumor activity.23 

T h e  p i v o t a l  I M p a s s i o n 1 3 0 
(NCT02425891) phase 3 trial investi-
gated a selective PD-L1 inhibitor, atezoli-
zumab (Tecentriq), plus nab-paclitaxel 
(Abraxane) vs placebo plus nab-paclitaxel 
in patients with mTNBC. From June 
2015 through May 2017, a total of 451 
patients were randomized on the study. 
Patients receiving atezolizumab plus 
nab-paclitaxel had a statistically signifi-
cant but clinically moderate improvement 
in PFS in the PD-L1–positive subgroup 
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(7.5 vs 5.0 months; HR, 0.62; 95% CI, 
0.49-0.78; P < .001).24 However, a more 
impressive and significant improvement 
in OS (25.4 vs 17.9 months; HR, 0.67; 
95% CI, 0.53-0.86) was demonstrated in 
the final analysis.25,26 This led to the FDA 
approval of atezolizumab in combination 
with nab-paclitaxel as first-line therapy 
for PD-L1–positive (defined as ≥ 1% in 
immune cells by the SP142 Ventana assay) 
mTNBC in 2019. 

In contrast to the results of IMpas-
sion130, the phase 3 IMpassion131 study 
(NCT03125902) evaluated atezolizumab 
in combination with paclitaxel compared 
with placebo plus paclitaxel and failed to 
demonstrate an improvement in PFS and 
OS.26 This study enrolled and randomized 
651 participants in a 2:1 ratio to receive 
atezolizumab plus paclitaxel or placebo 
plus paclitaxel. The primary end point, 
PFS in the PD-L1–positive population, 
was not statistically different between 
the 2 arms (6.0 vs 5.7 months; HR, 0.82; 
P = .20). Further research is needed to 
better understand these results, and how 
the difference of chemotherapy partner, 
and the impact of steroids in modulating 
a response to immunotherapy, may have 

contributed to the study’s results. More 
research is also needed to understand how 
to optimize PD-L1 positivity evaluation 
to select patients who may benefit from 
immunotherapy.27 

As per the FDA label, the atezolizumab 
approval is for “adult patients with un-
resectable locally advanced or metastatic 
TNBC whose tumors express PD-L1 (PD-L1 
stained tumor-infiltrating immune cells of 
any intensity covering ≥ 1% of the tumor 
area), as determined by an FDA-approved 
test.” This is particularly important because 
there is considerable variation in the me-
dian PFS estimates with immunotherapy 
depending on the type of assay used.27 A 
post hoc analysis evaluated PD-L1 status 
using 3 assays: Ventana SP142, SP263 
immunohistochemistry (IHC) assay (posi-
tivity defined as 1% or more PD-L1 stained 
immune cells), or the Dako PD-L1 IHC 
22C3 assay (positivity defined as 1 or more 
combined proportion score [CPS]). Patients 
in the SP142 PD-L1–positive population 
achieved the greatest clinical benefit from 
atezolizumab plus nab-paclitaxel. Thus, 
PD-L1 expression as a predictive biomarker 
needs to be assessed cautiously due to its 
variability with measurement assays and 

positivity thresholds both within and across 
tumor types.28

The optimal criteria and assay of PD-L1 
positivity continued to be important con-
siderations in KEYNOTE-355, the study 
of another immune checkpoint inhibitor, 
pembrolizumab (Keytruda). The phase 3 
KEYNOTE-355 trial (NCT02819518) 
investigated pembrolizumab with che-
motherapy (investigator’s choice of either 
nab-paclitaxel, paclitaxel, or gemcitabine/
carboplatin) compared with placebo and 
chemotherapy for patients with previously 
untreated, advanced or metastatic TNBC 
whose tumors expressed PD-L1, defined 
by a CPS of 10 or greater, a different assay 
from the SP142/Ventana assay utilized 
in the IMpassion130 trial.29 The study 
enrolled 847 patients and demonstrated 
a statistically significant improvement 
in PFS with pembrolizumab and chemo-
therapy compared with chemotherapy 
alone (9.7 vs 5.6 months; HR, 0.65; P = 
.0012) in the population with CPS 10 or 
greater.30 The study results led to the reg-
ulatory approval of pembrolizumab for 
patients with PD-L1–positive mTNBC, in 
combination with various chemotherapy 
partners, in November 2020. 
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TABLE 1. Key Studies Reporting Genetic and Transcriptomic Classifications in Early Triple-Negative Breast Cancer 

Classifications Triple-negative breast cancer

IHC/FISH Lack of ER, PgR, and HER2

Lehmann subtype2,4

BL1 BL2 IM M MSL LAR

DNA-damage 
response, TP53 
mutation

Growth factor 
signaling, metabolic 
pathway

Immune signatures, 
checkpoint inhibitor 
genes

Cell motility, 
differentiation, 
EMT

Angiogenesis Luminal gene 
expression, AR 
expression

RNA/DNA profiling60

BLIA BLIS MES LAR

STAT signal 
transduction 
molecules 
and cytokines, 
overexpression of 
CTLA4

Downregulation of 
immune-regulating 
pathways

Cell cycle, mismatch repair, DNA damage networks AR, ER, prolactin, 
HER4, focal gains on 
11q13 (CCND1, FGF 
family)

WGS5

HRD-high HRD-low

Germline/somatic mutations of BRCA1/2; hypermethylation of BRCA1 
and RAD51C or loss of PALB2 and PTEN

Mismatch repair deficiency; mutations of PIK3CA, AKT1

AR, androgen receptor; BL1, basal-like 1; BL2, basal-like 2; BLIA, basal-like immune-activated; BLIS, basal-like immunosuppressed; EMT, epithelial–mesenchymal 
transition; ER; estrogen receptor; FISH, fluorescence in situ hybridization; HRD, homologous recombination deficiency; IHC, immunohistochemistry; IM, 
immunomodulatory; LAR, luminal androgen receptor; M, mesenchymal; MSL, mesenchymal stem-like; WGS, whole-genome sequencing.
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TABLE 2. Summary of Clinical Trials for Metastatic Triple-Negative Breast Cancer and the Efficacy Analysis by Biomarkers

First-line therapy

Clinical trial Study 
phase

Population Treatment arms Pts (N) ORR (%) PFS (m) OS (m) Study ID (NCT)

TNT 3

Unselected first-line mTNBC
Carboplatin 188 31.4 3.1 12.8

0053272761

DTX 188 34.0 4.4 12.0

Germline BRCA1/2 mut
Carboplatin 25 68.0 6.8 NR

DTX 18 33.3 4.4 NR

OlympiAD 3
HER2-negative metastatic BC 
with germline BRCA1/2 mut

Olaparib 205 59.9 7.0 19.3
0200062212

Cape/eribulin, VNR 97 28.8 4.2 19.6

EMBRACA 3
Advanced BC with germline 
BRCA1/2 mut

Talazoparib 287 61.8 5.8 22.3

0194577514,16,62

Eribulin/cape/VNR/
GEM

144 12.5 2.9 19.5

IMpassion130 3

Unselected first-line mTNBC
Atezo + nab-PTX 451 56.0 7.2 21.0

0242589124-26

Nab-PTX 451 45.9 5.5 18.7

PD-L1 positive
Atezo + nab-PTX 185 58.9 7.5 25.4

Nab-PTX 184 42.6 5.0 17.9

IMpassion131 3

Unselected first-line mTNBC
Atezo + PTX 431 54.0 5.7 19.2

0312590263

PTX 220 47.0 5.6 22.8

PD-L1 positive
Atezo + PTX 191 63.0 6.0 22.1

PTX 101 55.0 5.7 28.3

KEYNOTE-355 3

mTNBC

Pembro + chemo-
therapy

566
NR

7.5
NR

0281951830

chemotherapy 281 5.6

PD-L1 positive (CPS ≥10)

Pembro + chemo-
therapy

220
NR

9.7
NR

chemotherapy 103 5.6

LOTUS 2

mTNBC
Ipatasertib + PTX 62 40.0 6.2 25.8

0216271933,34

PTX 62 32.0 4.9 16.9

PIK3CA/AKT1/PTEN altered
Ipatasertib + PTX 26 50.0 9.0 25.8

PTX 16 44.0 4.9 22.1

IPATunity130 3
mTNBC with PIK3CA/AKT1/
PTEN alteration

Ipatasertib + PTX 168 39.0 7.4
NR 0333772435

PTX 87 35.0 6.1

PAKT 2

mTNBC
Capivasertib + PTX 70 34.8 5.9 19.1

0242360339

PTX 70 28.8 4.2 12.6

PIK3CA altered
Capivasertib + PTX 17 35.3 9.3 NR

PTX 11 18.2 3.7 10.4

ONC0521_249-255_Review Article- TNBC.indd   252ONC0521_249-255_Review Article- TNBC.indd   252 5/10/21   10:52 AM5/10/21   10:52 AM



REVIEW ARTICLEBREAST CANCER

Targeting the PIK3CA/AKT/
PTEN Pathway
The PIK3CA/AKT signaling pathway is 
often activated through activation muta-
tions in PIK3CA or AKT1 or alterations 
in PTEN31,32; also, approximately half of 
TNBC tumors have deficient expression 
of tumor suppressor PTEN,3 which is 
associated with AKT pathway activation. 
These findings have led to considerable 
therapeutic interest in evaluating AKT in-
hibitors, particularly in combination with 
chemotherapy as well as immunotherapy. 

The LOTUS trial (NCT02162719), a 
randomized, double-blind, phase 2 trial, 
evaluated the efficacy of a selective oral 
ATP-competitive small molecule AKT 
inhibitor, ipatasertib, as first-line therapy 
in combination with paclitaxel, vs placebo 
and paclitaxel in patients with mTNBC.33 
Between September 2014 and February 
2016, 62 patients each were assigned to 
ipatasertib plus paclitaxel and to placebo 
plus paclitaxel. The addition of ipatasertib 
to paclitaxel was associated with a longer 
median PFS in the intention-to-treat popu-
lation (6.2 vs 4.9 months; HR, 0.60; 95% 

CI, 0.37-0.98; P = .037). Although the PFS 
in 48 patients with PTEN-low tumors 
assessed by IHC failed to demonstrate a 
statistically significant improvement with 
ipatasertib vs placebo, 42 patients with 
genetic PTEN-inactivating alterations 
or PIK3CA/AKT1-activating mutations 
demonstrated a PFS improvement with 
ipatasertib (9.0 vs 4.9 months; nonstrat-
ified HR, 0.44; 95% CI, 0.20-0.99; P = 
.041).33 The median OS was numerically 
longer in the ipatasertib arm compared 
with placebo (25.8 vs 16.9 months; HR, 
0.80), but given the phase 2 design needed 
confirmation in a phase 3 trial34. 

As follow-up to the LOTUS trial, the 
IPATunity130 phase 3 registration trial 
(NCT03337724) assigned 168 patients 
with advanced or metastatic TNBC 
with PIK3CA/AKT1/PTEN alterations 
to receive ipatasertib, and 87 patients 
to receive placebo, both combined with 
paclitaxel on days 1, 8, and 15 of 28-
day cycles.35 Surprisingly, there was no 
difference in median PFS between the 
2 groups (7.4 vs 6.1 months; HR, 1.02; 
95% CI, 0.71-1.45; P = .9237) after  

8.3 months of follow-up. Thus, the phase 
3 trial failed to demonstrate the PFS 
benefit expected based on the results of 
the phase 2 LOTUS trial. The OS data are 
still immature, and a question that needs 
to be addressed is whether there may be 
a subpopulation among patients with 
PIK3CA/AKT1/PTEN–altered TNBC 
who may derive benefit from the drug. 
In addition, a pan-class I PI3K inhibitor, 
buparlisib, failed to improve the outcome. 
In the adaptive phase 2/3 BELLE-4 study 
(NCT01572727), 416 patients with 
HER2-negative locally advanced and 
metastatic breast cancer with no prior 
chemotherapy in the advanced setting 
were randomized 1:1 to receive either 
buparlisib plus paclitaxel or placebo 
plus paclitaxel.36 No PFS improvement 
occurred with buparlisib vs placebo in 
the entire cohort (8.9 vs 9.2 months, 
respectively; HR, 1.18) or PI3K path-
way–activated cohort (9.1 vs 9.2 months, 
respectively; HR, 1.17). The results of this 
study also contrasted with the findings 
from the LOTUS trial. Capivasertib is 
another potent, highly selective oral small 
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TABLE 2 CONTINUED. Summary of Clinical Trials for Metastatic Triple-Negative Breast Cancer and the Efficacy Analysis by 
Biomarkers

Second-line and later therapy

Clinical trial Study 
phase

Population Treatment arms Pts (N) ORR (%) PFS (mo) OS (m) Study ID (NCT)

KEYNOTE-119 3 

mTNBC

Pembro 312 9.6 2.1 9.9

0255565764

Cape/eribulin/
GEM/VNR 

310 10.6 3.3 10.8

PD-L1 positive (CPS ≥10)

Pembro 96 17.7 2.1 12.7

Cape/eribulin/
GEM/VNR

98 9.2 3.4 11.6

Bardia et al 1/2 mTNBC Sacituzumab 
govitecan

108 33.3 5.5 13.0 0163155245 

ASCENT 3 Pretreated mTNBC

Sacituzumab 
govitecan  

235 35 5.6 12.1

0257445546

Eribulin/cape/VNR/
GEM

233 5 1.7 6.7

Modi et al 1b HER2-low BC Trastuzumab 
deruxtecan

54 37.0 11.1 NR 0256490053 

atezo, atezolizumab; BC, breast cancer; cape, capecitabine, CPS, combined proportion score; DTX, docetaxel; GEM, gemcitabine; mTNBC, metastatic triple-nega-
tive breast cancer; mut, mutated; NR, not reported; ORR, objective response rate; OS, overall survival; pembro, pembrolizumab; PFS, progression-free survival; pts, 
patients; PTX, paclitaxel; VNR, vinorelbine.
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molecule that inhibits the isoforms of 
AKT1, AKT2, and AKT3.37,38 The PAKT 
trial (NCT02423603) is a double-blind, 
randomized phase 2 trial that enrolled 
patients with untreated mTNBC. Be-
tween May 2014 and June 2017, a total 
of 140 patients were randomly assigned 
to paclitaxel with either capivasertib or 
placebo in a 1:1 ratio. Similar to LOTUS, 
this study demonstrated an improvement 
in median PFS with capivasertib and 
paclitaxel compared with paclitaxel and 
placebo among 28 patients with genetic 
alterations of PI3CA, AKT1, PTEN (9.3 
vs 3.7 months; HR, 0.30; 95% CI, 0.11-
0.79; P = .01).39 The most frequent serious 
AE was diarrhea, experienced in 13.2% 
of the capivasertib cohort. 

Overall, the best approach to incorpo-
rate an AKT inhibitor into the treatment 
of TNBC has yet to be established.40 More 
specifically, questions remain as to which 
PTEN alterations confer sufficient loss 
of function to be targeted as frameshift 
mutations.

Antibody-Drug Conjugates  
for mTNBC
Finally, ADCs have gained considerable 
momentum in the field of mTNBC. An 
ADC is composed of 3 well-defined 
components: a monoclonal antibody 
(mAb), a cytotoxic payload, and a linker 
that connects them. A cancer-specific 
antibody binds to an antigen on the cell 
surface, gets internalized, and releases 
its potent payload to take effect.41 Apart 
from the selective delivery of ADC, the 
mAb induces apoptosis by inhibiting 
signal transduction42 or by the bystander 
killing effect, in which free payload in the 
cytosol permeates the plasma membrane 
in the tumor microenvironment to impact 
cells, including those that do not express 
the target antigen.43

Sacituzumab govitecan (IMMU-132; 
Trodelvy) is an ADC that targets Trop-2, 
which is overexpressed in the majority 
of TNBC, with the antibody linked with 
SN-38, a topoisomerase-1 inhibitor.44 
In a basket  single-arm phase 1/2, , 

multicenter trial enrolling patients with 
advanced epithelial cancers, sacituzumab 
govitecan demonstrated considerable 
single-agent activity among heavily pre-
treated patients with mTNBC.45 A total of  
108 patients received sacituzumab  
govitecan and the response rate was 
33.3% (95% CI, 24.6%-43.1%) and 
the median PFS was 5.5 months (95% 
CI, 4.1-6.3). This result compared 
favorably with the historical data of 
response rates with chemotherapy, thus 
leading to the accelerated approval of 
sacituzumab govitecan by the FDA in 
April 2020. Shortly after this approval, 
results of the confirmatory phase 3 trial 
(ASCENT; NCT02574455) investigating 
sacituzumab govitecan vs chemotherapy 
of physician’s choice (eribulin, capecit-
abine, gemcitabine, or vinorelbine) 
in mTNBC were reported. This trial 
demonstrated a survival benefit from  
sacituzumab govitecan with a significantly 
improved median PFS (5.6 vs 1.7 months;  
HR, 0.41; P <.0001) and median  
OS (12.1 vs 6.7 months; HR, 0.48;  
P <.0001) compared with chemotherapy 
of physician’s choice.46 Also, sacituzumab 
govitecan induced clinical benefit— 
improved PFS and OS—over physi-
cian’s choice of therapy in patients with  
mTNBC, irrespect ive  of  Trop-2  
expression; however, greater effica-
cy was observed in those who had a  
medium or high Trop-2 score, according 
to data from an exploratory biomarker 
analysis of the phase 3 ASCENT trial 
that were presented during the 2020 San 
Antonio Breast Cancer Symposium. The 
most common any-grade AEs included 
nausea, neutropenia, diarrhea, fatigue, 
and anemia. Due to its compelling 
evidence of efficacy and no additional 
safety concerns, this trial was terminated 
early based on the recommendation by 
the independent data safety monitoring 
committee in March 2020. Collectively, 
these results demonstrate the promising 
potential of sacituzumab govitecan to 
impact the standard management of 
pretreated mTNBC. 

Similarly, ladiratuzumab vedotin, an 
ADC targeting LIV-1, combined with a 
microtubule inhibitor, monomethyl au-
ristatin E, as the toxic payload, has been 
developed for patients with relapsed/
refractory TNBC.47 As a monotherapy, 
ladiratuzumab vedotin is being studied 
to determine its safety and tolerability 
profile in patients with LIV-1–positive 
advanced or metastatic breast cancer, 
including 51 patients with mTNBC, in 
a phase 1, open-label, dose-escalation 
study (NCT01969643). Preliminary 
results from this trial have shown an ob-
jective response rate (ORR) of 32% and 
clinical benefit rate (CBR) of 36% with 
good tolerability, suggesting an encour-
aging antitumor signal in patients.48,49 
In combination with immunotherapy, 
the synergistic effect of ladiratuzumab 
vedotin with pembrolizumab is being 
investigated in a single-arm, open-label, 
phase 1b/2 study.50 The ongoing study 
including 26 patients with mTNBC 
showed an ORR of 54% with at least 3 
months of follow-up. 

In preclinical studies, the bystander 
killing effect mediated by anti-HER2 
ADCs showed the antitumor effect in 
HER2-low–expressing tumors, including 
HER2 IHC 1+ or 2+, and HER3-posi-
tive tumors.51 Trastuzumab deruxtecan 
(DS-8201; Enhertu) is a humanized  
anti-HER2 mAb conjugated with a po-
tent topoisomerase inhibitor, DX-895152; 
this drug demonstrated antitumor activi-
ty in HER2-low–expressing breast cancer, 
with an ORR of 37.0% and duration 
of response of 10.4 months in a phase 
1b trial.53 Trastuzumab deruxtecan was 
approved by the FDA for patients with 
HER2-positive metastatic breast cancer 
in December 2019, and its efficacy in 
HER2-low tumors is being assessed in an 
ongoing phase 3 clinical trial.54 Similarly, 
ongoing studies are evaluating combina-
tion of ADCs with targeted therapies, 
particularly therapeutic agents synergistic 
with the payload moiety.55 The summary 
of various clinical trials and results by 
biomarkers is outlined in Table 2.
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Other Targets
A number of ongoing clinical trials are 
targeting key signaling pathways and 
molecular alterations in TNBC. For ex-
ample, a subset of TNBC expresses the 
androgen receptor (AR), and there has 
been interest in targeting the receptor, 
similar to prostate cancer.56,57 In a piv-
otal phase 2 clinical trial, patients with 
AR-positive TNBC received bicalutamide. 
However, despite the biomarker selection, 
the ef� cacy was modest, with a 6-month 
CBR of 19%.56 More encouraging results 
were seen with next-generation potent 
AR inhibitors such as enzalutamide, with 
a CBR (16 weeks) of 33% in patients 
with evaluable AR-positive TNBC.57

Further research is needed to develop 
better predictive biomarkers as well as 
combinatorial therapies for AR-positive 
TNBC. Another approach is to improve 
tolerability of chemotherapy by devel-
oping oral agents such as oral taxanes, 
as well as drugs like trilaciclib (Cosela) 

which can put bone marrow cells in G1 
cell-cycle arrest, thereby reducing the 
myelosuppressive toxicity from che-
motherapy and improving the ef� cacy/
toxicity ratio.58,59

In summary, over the past few years 
there have been major strides in both 
understanding TNBC biology and in 
targeting TNBC with precision ther-
apies. However, major questions and 
challenges remain. In particular, in the 
era of precision medicine, the need exists 
to develop biomarkers beyond routine 
genotyping. For example, can we identify 
patients with HRD-high subtype TNBC 
who could derive bene� t from PARP 
inhibitors? Can we identify biomarkers 
to predict the response from single-agent 
immunotherapy? How can we identify 
activation of compensatory pathways 
and overcome resistance to targeted 
therapies? Successful clinical application 
of different therapies targeting differ-
ent subsets of TNBC could potentially 

transform the therapeutic landscape of 
mTNBC and make the current de� nition 
of TNBC obsolete.
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FORGE AHEAD
WITH A BOLD APPROACH

For appropriate patients faced with 
relapsed/refractory multiple myeloma IMPORTANT SAFETY INFORMATION

WARNINGS AND PRECAUTIONS
Ocular Toxicity: Ocular adverse reactions occurred in 77% of the 
218 patients in the pooled safety population. Ocular adverse 
reactions included keratopathy (76%), changes in visual acuity 
(55%), blurred vision (27%), and dry eye (19%). Among patients with 
keratopathy (n = 165), 49% had ocular symptoms, 65% had clinically 
relevant visual acuity changes (decline of 2 or more lines on Snellen 
Visual Acuity in any eye), and 34% had both ocular symptoms and 
visual acuity changes. 
Keratopathy: Keratopathy was reported as Grade 1 in 7% of patients, 
Grade 2 in 22%, Grade 3 in 45%, and Grade 4 in 0.5% per the KVA 
scale. Cases of corneal ulcer (ulcerative and infective keratitis) have 
been reported. Most keratopathy events developed within the � rst 
2 treatment cycles (cumulative incidence of 65% by Cycle 2). Of the 
patients with Grade 2 to 4 keratopathy (n = 149), 39% recovered to 
Grade 1 or lower after median follow-up of 6.2 months. Of the 61% 
who had ongoing keratopathy, 28% were still on treatment, 9% 
were in follow-up, and in 24% the follow-up ended due to death, 
study withdrawal, or lost to follow-up. For patients in whom events 
resolved, the median time to resolution was 2 months (range: 11 days 
to 8.3 months).
Visual Acuity Changes: A clinically signi� cant decrease in visual 
acuity of worse than 20/40 in the better-seeing eye was observed in 
19% of the 218 patients and of 20/200 or worse in the better-seeing 
eye in 1.4%. Of the patients with decreased visual acuity of worse 
than 20/40, 88% resolved and the median time to resolution was 
22 days (range: 7 days to 4.2 months). Of the patients with 
decreased visual acuity of 20/200 or worse, all resolved and the 
median duration was 22 days (range: 15 to 22 days).
Monitoring and Patient Instruction: Conduct ophthalmic 
examinations (visual acuity and slit lamp) at baseline, prior to each 
dose, and promptly for worsening symptoms. Perform baseline 
examinations  within 3 weeks prior to the � rst dose. Perform each 
follow-up examination at least 1 week after the previous dose and 
within 2 weeks prior to the next dose. Withhold BLENREP until 
improvement and resume at same or reduced dose, or consider 
permanently discontinuing based on severity. Advise patients to 
use preservative-free lubricant eye drops at least 4 times a day 
starting with the � rst infusion and continuing until end of treatment. 
Avoid use of contact lenses unless directed by an ophthalmologist. 
Changes in visual acuity may be associated with di�  culty for 
driving and reading. Advise patients to use caution when driving or 
operating machinery. BLENREP is only available through a restricted 
program under a REMS. 
Thrombocytopenia: Thrombocytopenia occurred in 69% of 218 
patients in the pooled safety population, including Grade 2 in 13%, 
Grade 3 in 10%, and Grade 4 in 17%. The median time to onset 
of the � rst thrombocytopenic event was 26.5 days. 
Thrombocytopenia resulted in dose reduction, dose interruption, 
or discontinuation in 9%, 2.8%, and 0.5% of patients, respectively. 
Grade 3 to 4 bleeding events occurred in 6% of patients, including 
Grade 4 in 1 patient. Fatal adverse reactions included cerebral 
hemorrhage in 2 patients. Perform complete blood cell counts at 
baseline and during treatment as clinically indicated. Consider 
withholding and/or reducing the dose based on severity.
Infusion-Related Reactions: Infusion-related reactions occurred 
in 18% of 218 patients in the pooled safety population, including 
Grade 3 in 1.8%. Monitor patients for infusion-related reactions. For 
Grade 2 or 3 reactions, interrupt the infusion and provide supportive 
treatment. Once symptoms resolve, resume at a lower infusion rate. 
Administer premedication for all subsequent infusions. Discontinue 
BLENREP for life-threatening infusion-related reactions and provide 
appropriate emergency care.
Embryo-Fetal Toxicity: Based on its mechanism of action, BLENREP 
can cause fetal harm when administered to a pregnant woman. 
Advise pregnant women of the potential risk to a fetus. 

Advise females of reproductive potential to use e� ective 
contraception during treatment with BLENREP and for 4 
months after the last dose. Advise males with female partners 
of reproductive potential to use e� ective contraception during 
treatment with BLENREP and for 6 months after the last dose. 
Pregnancy testing is recommended for females of reproductive 
potential prior to initiating BLENREP.

ADVERSE REACTIONS
The pooled safety population described in Warnings and Precautions 
re¡ ects exposure to BLENREP at a dosage of 2.5 mg/kg or 3.4 mg/kg 
(1.4 times the recommended dose) administered intravenously once 
every 3 weeks in 218 patients in DREAMM-2. Of these patients, 194 
received a liquid formulation (not the approved dosage form) rather 
than the lyophilized powder.
Patients received BLENREP at the recommended dosage of 
2.5 mg/kg administered intravenously once every 3 weeks (n = 95). 
Permanent discontinuation due to an adverse reaction occurred 
in 8% of patients who received BLENREP; keratopathy (2.1%) 
was the most frequent adverse reaction resulting in permanent 
discontinuation. Dosage interruptions due to an adverse reaction 
occurred in 54% of patients who received BLENREP. Adverse 
reactions which required a dosage interruption in >3% of patients 
included keratopathy (47%), blurred vision (5%), dry eye (3.2%), 
and pneumonia (3.2%). Dose reductions due to an adverse reaction 
occurred in 29% of patients. Adverse reactions which required a 
dose reduction in >3% of patients included keratopathy (23%) and 
thrombocytopenia (5%).
The most common adverse reactions (≥20%) were keratopathy 
(71%), decreased visual acuity (53%), nausea (24%), blurred 
vision (22%), pyrexia (22%), infusion-related reactions (21%), and 
fatigue (20%). The most common Grade 3 or 4 (≥5%) laboratory 
abnormalities were lymphocytes decreased (22%), platelets 
decreased (21%), hemoglobin decreased (18%), neutrophils 
decreased (9%), creatinine increased (5%), and gamma-glutamyl 
transferase increased (5%).
Serious adverse reactions occurred in 40% of patients who received 
BLENREP. Serious adverse reactions in >3% of patients included 
pneumonia (7%), pyrexia (6%), renal impairment (4.2%), sepsis 
(4.2%), hypercalcemia (4.2%), and infusion-related reactions (3.2%). 
Fatal adverse reactions occurred in 3.2% of patients, including sepsis 
(1%), cardiac arrest (1%), and lung infection (1%).

USE IN SPECIFIC POPULATIONS
Lactation: Because of the potential for serious adverse reactions 
in the breastfed child, advise women not to breastfeed during  
treatment with BLENREP and for 3 months after the last dose.
Females and Males of Reproductive Potential: Based on � ndings 
in animal studies, BLENREP may impair fertility in females and males.
Geriatric Use: Of the 218 patients who received BLENREP in 
DREAMM-2, 43% were aged 65 to less than 75 years and 17% were 
aged 75 years and older. Keratopathy occurred in 80% of patients 
aged less than 65 years and 73% of patients aged 65 years and older. 
Among the 95 patients who received BLENREP at the 2.5-mg/kg 
dose, keratopathy occurred in 67% of patients aged less than 
65 years and 73% of patients aged 65 years and older.
Renal or Hepatic Impairment: The recommended dosage has not  
been established in patients with severe renal impairment (eGFR 
15 to 29 mL/min/1.73 m2) or end-stage renal disease (ESRD) with 
eGFR <15 mL/min/1.73 m2 not on dialysis or requiring dialysis. The 
recommended dosage has not been established in patients with 
moderate or severe hepatic impairment (total bilirubin >1.5 × ULN 
and any AST).
Please see Brief Summary of full Prescribing Information, 
including BOXED WARNING, on the following pages.

ADC=antibody-drug conjugate; BCMA=B-cell maturation antigen; 
RRMM=relapsed or refractory multiple myeloma.

Target BCMA for RRMM
BLENREP is the � rst and only BCMA-targeted ADC monotherapy.                
So you can o� er your RRMM  patients a di� erent option.

INDICATION
BLENREP is indicated for the treatment of adults with relapsed or 
refractory multiple myeloma who have received at least 4 prior therapies, 
including an anti-CD38 monoclonal antibody, a proteasome inhibitor, and 
an immunomodulatory agent.
This indication is approved under accelerated approval based on response 
rate. Continued approval for this indication may be contingent upon 
verification and description of clinical benefit in a confirmatory trial(s).

IMPORTANT SAFETY INFORMATION

WARNING: OCULAR TOXICITY
BLENREP caused changes in the corneal epithelium resulting 
in changes in vision, including severe vision loss and corneal 
ulcer, and symptoms such as blurred vision and dry eyes.
Conduct ophthalmic exams at baseline, prior to each dose,      
and promptly for worsening symptoms. Withhold BLENREP 
until improvement and resume, or permanently discontinue, 
based on severity.
Because of the risk of ocular toxicity, BLENREP is available 
only through a restricted program under a Risk Evaluation 
and Mitigation Strategy (REMS) called the BLENREP REMS.

Learn more at BLENREPHCP.com
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FORGE AHEAD
WITH A BOLD APPROACH

For appropriate patients faced with 
relapsed/refractory multiple myeloma IMPORTANT SAFETY INFORMATION

WARNINGS AND PRECAUTIONS
Ocular Toxicity: Ocular adverse reactions occurred in 77% of the 
218 patients in the pooled safety population. Ocular adverse 
reactions included keratopathy (76%), changes in visual acuity 
(55%), blurred vision (27%), and dry eye (19%). Among patients with 
keratopathy (n = 165), 49% had ocular symptoms, 65% had clinically 
relevant visual acuity changes (decline of 2 or more lines on Snellen 
Visual Acuity in any eye), and 34% had both ocular symptoms and 
visual acuity changes. 
Keratopathy: Keratopathy was reported as Grade 1 in 7% of patients, 
Grade 2 in 22%, Grade 3 in 45%, and Grade 4 in 0.5% per the KVA 
scale. Cases of corneal ulcer (ulcerative and infective keratitis) have 
been reported. Most keratopathy events developed within the � rst 
2 treatment cycles (cumulative incidence of 65% by Cycle 2). Of the 
patients with Grade 2 to 4 keratopathy (n = 149), 39% recovered to 
Grade 1 or lower after median follow-up of 6.2 months. Of the 61% 
who had ongoing keratopathy, 28% were still on treatment, 9% 
were in follow-up, and in 24% the follow-up ended due to death, 
study withdrawal, or lost to follow-up. For patients in whom events 
resolved, the median time to resolution was 2 months (range: 11 days 
to 8.3 months).
Visual Acuity Changes: A clinically signi� cant decrease in visual 
acuity of worse than 20/40 in the better-seeing eye was observed in 
19% of the 218 patients and of 20/200 or worse in the better-seeing 
eye in 1.4%. Of the patients with decreased visual acuity of worse 
than 20/40, 88% resolved and the median time to resolution was 
22 days (range: 7 days to 4.2 months). Of the patients with 
decreased visual acuity of 20/200 or worse, all resolved and the 
median duration was 22 days (range: 15 to 22 days).
Monitoring and Patient Instruction: Conduct ophthalmic 
examinations (visual acuity and slit lamp) at baseline, prior to each 
dose, and promptly for worsening symptoms. Perform baseline 
examinations  within 3 weeks prior to the � rst dose. Perform each 
follow-up examination at least 1 week after the previous dose and 
within 2 weeks prior to the next dose. Withhold BLENREP until 
improvement and resume at same or reduced dose, or consider 
permanently discontinuing based on severity. Advise patients to 
use preservative-free lubricant eye drops at least 4 times a day 
starting with the � rst infusion and continuing until end of treatment. 
Avoid use of contact lenses unless directed by an ophthalmologist. 
Changes in visual acuity may be associated with di�  culty for 
driving and reading. Advise patients to use caution when driving or 
operating machinery. BLENREP is only available through a restricted 
program under a REMS. 
Thrombocytopenia: Thrombocytopenia occurred in 69% of 218 
patients in the pooled safety population, including Grade 2 in 13%, 
Grade 3 in 10%, and Grade 4 in 17%. The median time to onset 
of the � rst thrombocytopenic event was 26.5 days. 
Thrombocytopenia resulted in dose reduction, dose interruption, 
or discontinuation in 9%, 2.8%, and 0.5% of patients, respectively. 
Grade 3 to 4 bleeding events occurred in 6% of patients, including 
Grade 4 in 1 patient. Fatal adverse reactions included cerebral 
hemorrhage in 2 patients. Perform complete blood cell counts at 
baseline and during treatment as clinically indicated. Consider 
withholding and/or reducing the dose based on severity.
Infusion-Related Reactions: Infusion-related reactions occurred 
in 18% of 218 patients in the pooled safety population, including 
Grade 3 in 1.8%. Monitor patients for infusion-related reactions. For 
Grade 2 or 3 reactions, interrupt the infusion and provide supportive 
treatment. Once symptoms resolve, resume at a lower infusion rate. 
Administer premedication for all subsequent infusions. Discontinue 
BLENREP for life-threatening infusion-related reactions and provide 
appropriate emergency care.
Embryo-Fetal Toxicity: Based on its mechanism of action, BLENREP 
can cause fetal harm when administered to a pregnant woman. 
Advise pregnant women of the potential risk to a fetus. 

Advise females of reproductive potential to use e� ective 
contraception during treatment with BLENREP and for 4 
months after the last dose. Advise males with female partners 
of reproductive potential to use e� ective contraception during 
treatment with BLENREP and for 6 months after the last dose. 
Pregnancy testing is recommended for females of reproductive 
potential prior to initiating BLENREP.

ADVERSE REACTIONS
The pooled safety population described in Warnings and Precautions 
re¡ ects exposure to BLENREP at a dosage of 2.5 mg/kg or 3.4 mg/kg 
(1.4 times the recommended dose) administered intravenously once 
every 3 weeks in 218 patients in DREAMM-2. Of these patients, 194 
received a liquid formulation (not the approved dosage form) rather 
than the lyophilized powder.
Patients received BLENREP at the recommended dosage of 
2.5 mg/kg administered intravenously once every 3 weeks (n = 95). 
Permanent discontinuation due to an adverse reaction occurred 
in 8% of patients who received BLENREP; keratopathy (2.1%) 
was the most frequent adverse reaction resulting in permanent 
discontinuation. Dosage interruptions due to an adverse reaction 
occurred in 54% of patients who received BLENREP. Adverse 
reactions which required a dosage interruption in >3% of patients 
included keratopathy (47%), blurred vision (5%), dry eye (3.2%), 
and pneumonia (3.2%). Dose reductions due to an adverse reaction 
occurred in 29% of patients. Adverse reactions which required a 
dose reduction in >3% of patients included keratopathy (23%) and 
thrombocytopenia (5%).
The most common adverse reactions (≥20%) were keratopathy 
(71%), decreased visual acuity (53%), nausea (24%), blurred 
vision (22%), pyrexia (22%), infusion-related reactions (21%), and 
fatigue (20%). The most common Grade 3 or 4 (≥5%) laboratory 
abnormalities were lymphocytes decreased (22%), platelets 
decreased (21%), hemoglobin decreased (18%), neutrophils 
decreased (9%), creatinine increased (5%), and gamma-glutamyl 
transferase increased (5%).
Serious adverse reactions occurred in 40% of patients who received 
BLENREP. Serious adverse reactions in >3% of patients included 
pneumonia (7%), pyrexia (6%), renal impairment (4.2%), sepsis 
(4.2%), hypercalcemia (4.2%), and infusion-related reactions (3.2%). 
Fatal adverse reactions occurred in 3.2% of patients, including sepsis 
(1%), cardiac arrest (1%), and lung infection (1%).

USE IN SPECIFIC POPULATIONS
Lactation: Because of the potential for serious adverse reactions 
in the breastfed child, advise women not to breastfeed during  
treatment with BLENREP and for 3 months after the last dose.
Females and Males of Reproductive Potential: Based on � ndings 
in animal studies, BLENREP may impair fertility in females and males.
Geriatric Use: Of the 218 patients who received BLENREP in 
DREAMM-2, 43% were aged 65 to less than 75 years and 17% were 
aged 75 years and older. Keratopathy occurred in 80% of patients 
aged less than 65 years and 73% of patients aged 65 years and older. 
Among the 95 patients who received BLENREP at the 2.5-mg/kg 
dose, keratopathy occurred in 67% of patients aged less than 
65 years and 73% of patients aged 65 years and older.
Renal or Hepatic Impairment: The recommended dosage has not  
been established in patients with severe renal impairment (eGFR 
15 to 29 mL/min/1.73 m2) or end-stage renal disease (ESRD) with 
eGFR <15 mL/min/1.73 m2 not on dialysis or requiring dialysis. The 
recommended dosage has not been established in patients with 
moderate or severe hepatic impairment (total bilirubin >1.5 × ULN 
and any AST).
Please see Brief Summary of full Prescribing Information, 
including BOXED WARNING, on the following pages.

ADC=antibody-drug conjugate; BCMA=B-cell maturation antigen; 
RRMM=relapsed or refractory multiple myeloma.

Target BCMA for RRMM
BLENREP is the � rst and only BCMA-targeted ADC monotherapy.                
So you can o� er your RRMM  patients a di� erent option.

INDICATION
BLENREP is indicated for the treatment of adults with relapsed or 
refractory multiple myeloma who have received at least 4 prior therapies, 
including an anti-CD38 monoclonal antibody, a proteasome inhibitor, and 
an immunomodulatory agent.
This indication is approved under accelerated approval based on response 
rate. Continued approval for this indication may be contingent upon 
verification and description of clinical benefit in a confirmatory trial(s).

IMPORTANT SAFETY INFORMATION

WARNING: OCULAR TOXICITY
BLENREP caused changes in the corneal epithelium resulting 
in changes in vision, including severe vision loss and corneal 
ulcer, and symptoms such as blurred vision and dry eyes.
Conduct ophthalmic exams at baseline, prior to each dose,      
and promptly for worsening symptoms. Withhold BLENREP 
until improvement and resume, or permanently discontinue, 
based on severity.
Because of the risk of ocular toxicity, BLENREP is available 
only through a restricted program under a Risk Evaluation 
and Mitigation Strategy (REMS) called the BLENREP REMS.

Learn more at BLENREPHCP.com
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Permanent discontinuation due to an adverse reaction occurred in 8% of patients 
who received BLENREP; keratopathy (2.1%) was the most frequent adverse reaction 
resulting in permanent discontinuation.
Dosage interruptions due to an adverse reaction occurred in 54% of patients  
who received BLENREP. Adverse reactions which required a dosage interruption  
in >3% of patients included keratopathy (47%), blurred vision (5%), dry eye (3.2%), 
and pneumonia (3.2%).

Dose reductions due to an adverse reaction occurred in 29% of patients. Adverse 
reactions which required a dose reduction in >3% of patients included keratopathy 
(23%) and thrombocytopenia (5%). 

The most common adverse reactions (≥20%) were keratopathy, decreased visual 
acuity, nausea, blurred vision, pyrexia, infusion-related reactions, and fatigue.  
The most common Grade 3 or 4 (≥5%) laboratory abnormalities were lymphocytes 
decreased, platelets decreased, hemoglobin decreased, neutrophils decreased, 
creatinine increased, and gamma-glutamyl transferase increased.

Table 1 summarizes the adverse reactions in DREAMM-2 for patients who  
received the recommended dosage of 2.5 mg/kg once every 3 weeks.

Table 1. Adverse Reactions (≥10%) in Patients Who Received BLENREP  
in DREAMM-2

Adverse Reactions

BLENREP
N = 95

All Grades 
(%)

Grade 3-4
(%)

Eye disorders

Keratopathya 71 44
Decreased visual acuityb 53 28
Blurred visionc 22 4

Dry eyesd 14 1

Gastrointestinal disorders

Nausea 24 0
Constipation 13 0
Diarrhea 13 1

General disorders and administration site conditions

Pyrexia 22 3

Fatiguee 20 2

Procedural complications

Infusion-related reactionsf 21 3

Musculoskeletal and connective tissue disorders

Arthralgia 12 0

Back pain 11 2

Metabolic and nutritional disorders

Decreased appetite 12 0

Infections

Upper respiratory tract infectiong 11 0

a   Keratopathy was based on slit lamp eye examination, characterized as corneal 
epithelium changes with or without symptoms.

b  Visual acuity changes were determined upon eye examination.
c  Blurred vision included diplopia, vision blurred, visual acuity reduced,  
and visual impairment.

d  Dry eyes included dry eye, ocular discomfort, and eye pruritus.
e  Fatigue included fatigue and asthenia.
f  Infusion-related reactions included infusion-related reaction, pyrexia, chills, diarrhea, 
nausea, asthenia, hypertension, lethargy, tachycardia.

g  Upper respiratory tract infection included upper respiratory tract infection, 
nasopharyngitis, rhinovirus infections, and sinusitis.

Clinically relevant adverse reactions in <10% of patients included:

Eye Disorders: Photophobia, eye irritation, infective keratitis, ulcerative keratitis.

Gastrointestinal Disorders: Vomiting.

Infections: Pneumonia.

Investigations: Albuminuria.

 

Table 2 summarizes the laboratory abnormalities in DREAMM-2.

Table 2. Laboratory Abnormalities (≥20%) Worsening from Baseline  
in Patients Who Received BLENREP in DREAMM-2

Laboratory Abnormality

BLENREP
N = 95

All Grades
(%)

Grades 3-4
(%)

Hematology

Platelets decreased 62 21

Lymphocytes decreased 49 22

Hemoglobin decreased 32 18

Neutrophils decreased 28 9

Chemistry

Aspartate aminotransferase increased 57 2

Albumin decreased 43 4

Glucose increased 38 3

Creatinine increased 28 5

Alkaline phosphatase increased 26 1

Gamma-glutamyl transferase increased 25 5

Creatinine phosphokinase increased 22 1

Sodium decreased 21 2

Potassium decreased 20 2

6.2 Immunogenicity
As with all therapeutic proteins, there is potential for immunogenicity. The detection  
of antibody formation is highly dependent on the sensitivity and specificity of the 
assay. Additionally, the observed incidence of antibody (including neutralizing 
antibody) positivity in an assay may be influenced by several factors including assay 
methodology, sample handling, timing of sample collection, concomitant medications, 
and underlying disease. For these reasons, comparison of the incidence of antibodies in 
the studies described below with the incidence of antibodies in other studies or to other 
products may be misleading.

The immunogenicity of BLENREP was evaluated using an electrochemiluminescence 
(ECL)-based immunoassay to test for anti-belantamab mafodotin antibodies.  
In clinical studies of BLENREP, 2/274 patients (<1%) tested positive for anti-
belantamab mafodotin antibodies after treatment. One of the 2 patients tested positive 
for neutralizing anti-belantamab mafodotin antibodies following 4 weeks on therapy. 
Due to the limited number of patients with antibodies against belantamab mafodotin-
blmf, no conclusions can be drawn concerning a potential effect of immunogenicity on 
pharmacokinetics, efficacy, or safety.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary

Based on its mechanism of action, BLENREP can cause fetal harm when administered 
to a pregnant woman, because it contains a genotoxic compound (the microtubule 
inhibitor, MMAF) and it targets actively dividing cells [see Clinical Pharmacology (12.1), 
Nonclinical Toxicology (13.1) of full Prescribing Information]. Human immunoglobulin 
G (IgG) is known to cross the placenta; therefore, belantamab mafodotin-blmf has 
the potential to be transmitted from the mother to the developing fetus. There are 
no available data on the use of BLENREP in pregnant women to evaluate for drug-
associated risk. No animal reproduction studies were conducted with BLENREP.  
Advise pregnant women of the potential risk to a fetus.

The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown. All pregnancies have a background risk of birth defect, loss,  
or other adverse outcome. In the U.S. general population, the estimated background 
risk of major birth defects and miscarriage in clinically recognized pregnancies is  
2% to 4% and 15% to 20%, respectively.

Data

Animal Data: Animal reproductive or developmental toxicity studies were  
not conducted with belantamab mafodotin-blmf. The cytotoxic component  
of BLENREP, MMAF, disrupts microtubule function, is genotoxic, and can be  
toxic to rapidly dividing cells, suggesting it has the potential to cause embryotoxicity  
and teratogenicity.

 
 
 
 

(continued on next page)(continued on next page)

The following is a brief summary only; see full Prescribing Information  
for complete product information.

 
1 INDICATIONS AND USAGE
BLENREP is indicated for the treatment of adults with relapsed or refractory multiple 
myeloma who have received at least 4 prior therapies, including an anti-CD38 
monoclonal antibody, a proteasome inhibitor, and an immunomodulatory agent.

This indication is approved under accelerated approval based on response rate 
[see Clinical Studies (14) of full Prescribing Information]. Continued approval for this 
indication may be contingent upon verification and description of clinical benefit  
in a confirmatory trial(s).

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Ocular Toxicity
Ocular adverse reactions occurred in 77% of the 218 patients in the pooled safety 
population. Ocular adverse reactions included keratopathy (76%), changes in visual 
acuity (55%), blurred vision (27%), and dry eye (19%) [see Adverse Reactions (6.1)]. 
Among patients with keratopathy (n = 165), 49% had ocular symptoms, 65% had 
clinically relevant visual acuity changes (decline of 2 or more lines on Snellen Visual 
Acuity in any eye), and 34% had both ocular symptoms and visual acuity changes.

Keratopathy

Keratopathy was reported as Grade 1 in 7% of patients, Grade 2 in 22%, Grade 3  
in 45%, and Grade 4 in 0.5% per the KVA scale. Cases of corneal ulcer (ulcerative  
and infective keratitis) have been reported. Most keratopathy events developed within 
the first 2 treatment cycles (cumulative incidence of 65% by Cycle 2). Of the patients 
with Grade 2 to 4 keratopathy (n = 149), 39% of patients recovered to Grade 1 or lower 
after median follow-up of 6.2 months. Of the 61% who had ongoing keratopathy, 28% 
were still on treatment, 9% were in follow-up, and in 24% the follow-up ended due  
to death, study withdrawal, or lost to follow up. For patients in whom events resolved,  
the median time to resolution was 2 months (range: 11 days to 8.3 months).

Visual Acuity Changes

A clinically significant decrease in visual acuity of worse than 20/40 in the better-seeing 
eye was observed in 19% of the 218 patients and of 20/200 or worse in  
the better-seeing eye in 1.4%. Of the patients with decreased visual acuity of worse 
than 20/40, 88% resolved and the median time to resolution was 22 days (range:  
7 days to 4.2 months). Of the patients with decreased visual acuity of 20/200  
or worse, all resolved and the median duration was 22 days (range: 15 to 22 days).

Monitoring and Patient Instruction

Conduct ophthalmic examinations (visual acuity and slit lamp) at baseline, prior to  
each dose, and promptly for worsening symptoms. Perform baseline examinations 
within 3 weeks prior to the first dose. Perform each follow-up examination at least 
1 week after the previous dose and within 2 weeks prior to the next dose. Withhold 
BLENREP until improvement and resume at same or reduced dose, or consider 
permanently discontinuing based on severity [see Dosage and Administration (2.3)  
of full Prescribing Information]. 
Advise patients to use preservative-free lubricant eye drops at least 4 times a 
day starting with the first infusion and continuing until end of treatment. Avoid 
use of contact lenses unless directed by an ophthalmologist [see Dosage and 
Administration (2.1) of full Prescribing Information].
Changes in visual acuity may be associated with difficulty for driving and reading. 
Advise patients to use caution when driving or operating machinery.

BLENREP is only available through a restricted program under a REMS  
[see Warnings and Precautions (5.2)].

5.2 BLENREP REMS
BLENREP is available only through a restricted program under a REMS called  
the BLENREP REMS because of the risks of ocular toxicity [see Warnings  
and Precautions (5.1)].
Notable requirements of the BLENREP REMS include the following:

•  Prescribers must be certified with the program by enrolling and completing training 
in the BLENREP REMS.

•  Prescribers must counsel patients receiving BLENREP about the risk of ocular toxicity 
and the need for ophthalmic examinations prior to each dose.

•  Patients must be enrolled in the BLENREP REMS and comply with monitoring.

•  Healthcare facilities must be certified with the program and verify that patients  
are authorized to receive BLENREP.

•  Wholesalers and distributers must only distribute BLENREP to certified healthcare 
facilities.

Further information is available, at www.BLENREPREMS.com and 1-855-209-9188.

5.3 Thrombocytopenia
Thrombocytopenia occurred in 69% of 218 patients in the pooled safety population, 
including Grade 2 in 13%, Grade 3 in 10%, and Grade 4 in 17% [see Adverse Reactions 
(6.1)]. The median time to onset of the first thrombocytopenic event was 26.5 days. 
Thrombocytopenia resulted in dose reduction, dose interruption, or discontinuation in 
9%, 2.8%, and 0.5% of patients, respectively.

Grade 3 to 4 bleeding events occurred in 6% of patients, including Grade 4 in 1 patient. 
Fatal adverse reactions included cerebral hemorrhage in 2 patients.

Perform complete blood cell counts at baseline and during treatment as clinically 
indicated. Consider withholding and/or reducing the dose based on severity  
[see Dosage and Administration (2.3) of full Prescribing Information].
5.4 Infusion-Related Reactions
Infusion-related reactions occurred in 18% of 218 patients in the pooled safety 
population, including Grade 3 in 1.8% [see Adverse Reactions (6.1)].
Monitor patients for infusion-related reactions. For Grade 2 or 3 reactions, interrupt  
the infusion and provide supportive treatment. Once symptoms resolve, resume  
at a lower infusion rate [see Dosage and Administration (2.3) of full Prescribing 
Information]. Administer premedication for all subsequent infusions. Discontinue 
BLENREP for life-threatening infusion-related reactions and provide appropriate 
emergency care.

5.5 Embryo-Fetal Toxicity
Based on its mechanism of action, BLENREP can cause fetal harm when administered 
to a pregnant woman because it contains a genotoxic compound (the microtubule 
inhibitor, monomethyl auristatin F [MMAF]) and it targets actively dividing cells.

Advise pregnant women of the potential risk to a fetus. Advise females of reproductive 
potential to use effective contraception during treatment with BLENREP and for 4 
months after the last dose. Advise males with female partners of reproductive potential 
to use effective contraception during treatment with BLENREP and for 6 months after 
the last dose [see Use in Specific Populations (8.1, 8.3)].
6 ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere  
in the labeling:

• Ocular toxicity [see Warnings and Precautions (5.1)].
• Thrombocytopenia [see Warnings and Precautions (5.3)].
• Infusion-related reactions [see Warnings and Precautions (5.4)]. 
6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trials of a drug cannot be directly compared with rates  
in the clinical trials of another drug and may not reflect the rates observed in practice.

The pooled safety population described in Warnings and Precautions reflects exposure 
to BLENREP at a dosage of 2.5 mg/kg or 3.4 mg/kg (1.4 times the recommended dose) 
administered intravenously once every 3 weeks in 218 patients in DREAMM-2.  
Of these patients, 194 received a liquid formulation (not the approved dosage form) 
rather than the lyophilized powder. Among the 218 patients, 24% were exposed  
for 6 months or longer.

Relapsed or Refractory Multiple Myeloma

The safety of BLENREP as a single agent was evaluated in DREAMM-2 [see Clinical 
Studies (14.1) of full Prescribing Information]. Patients received BLENREP at the 
recommended dosage of 2.5 mg/kg administered intravenously once every 3 weeks  
(n = 95). Among these patients, 22% were exposed for 6 months or longer.

Serious adverse reactions occurred in 40% of patients who received BLENREP. 
Serious adverse reactions in >3% of patients included pneumonia (7%), pyrexia (6%), 
renal impairment (4.2%), sepsis (4.2%), hypercalcemia (4.2%), and infusion-related 
reactions (3.2%). Fatal adverse reactions occurred in 3.2% of patients, including sepsis 
(1%), cardiac arrest (1%), and lung infection (1%).

 BLENREP caused changes in the corneal epithelium resulting in 
changes in vision, including severe vision loss and corneal ulcer, 
and symptoms, such as blurred vision and dry eyes [see Warnings 
and Precautions (5.1)].

Conduct ophthalmic exams at baseline, prior to each dose, and 
promptly for worsening symptoms. Withhold BLENREP until 
improvement and resume, or permanently discontinue, based on 
severity [see Dosage and Administration (2.3) of full Prescribing 
Information, Warnings and Precautions (5.1)].

Because of the risk of ocular toxicity, BLENREP is available  
only through a restricted program under a Risk Evaluation  
and Mitigation Strategy (REMS) called the BLENREP REMS  
[see Warnings and Precautions (5.2)].

WARNING: OCULAR TOXICITY

 
BLENREP
(belantamab mafodotin-blmf)  
for injection, for intravenous use
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Permanent discontinuation due to an adverse reaction occurred in 8% of patients 
who received BLENREP; keratopathy (2.1%) was the most frequent adverse reaction 
resulting in permanent discontinuation.
Dosage interruptions due to an adverse reaction occurred in 54% of patients  
who received BLENREP. Adverse reactions which required a dosage interruption  
in >3% of patients included keratopathy (47%), blurred vision (5%), dry eye (3.2%), 
and pneumonia (3.2%).

Dose reductions due to an adverse reaction occurred in 29% of patients. Adverse 
reactions which required a dose reduction in >3% of patients included keratopathy 
(23%) and thrombocytopenia (5%). 

The most common adverse reactions (≥20%) were keratopathy, decreased visual 
acuity, nausea, blurred vision, pyrexia, infusion-related reactions, and fatigue.  
The most common Grade 3 or 4 (≥5%) laboratory abnormalities were lymphocytes 
decreased, platelets decreased, hemoglobin decreased, neutrophils decreased, 
creatinine increased, and gamma-glutamyl transferase increased.

Table 1 summarizes the adverse reactions in DREAMM-2 for patients who  
received the recommended dosage of 2.5 mg/kg once every 3 weeks.

Table 1. Adverse Reactions (≥10%) in Patients Who Received BLENREP  
in DREAMM-2

Adverse Reactions

BLENREP
N = 95

All Grades 
(%)

Grade 3-4
(%)

Eye disorders

Keratopathya 71 44
Decreased visual acuityb 53 28
Blurred visionc 22 4

Dry eyesd 14 1

Gastrointestinal disorders

Nausea 24 0
Constipation 13 0
Diarrhea 13 1

General disorders and administration site conditions

Pyrexia 22 3

Fatiguee 20 2

Procedural complications

Infusion-related reactionsf 21 3

Musculoskeletal and connective tissue disorders

Arthralgia 12 0

Back pain 11 2

Metabolic and nutritional disorders

Decreased appetite 12 0

Infections

Upper respiratory tract infectiong 11 0

a   Keratopathy was based on slit lamp eye examination, characterized as corneal 
epithelium changes with or without symptoms.

b  Visual acuity changes were determined upon eye examination.
c  Blurred vision included diplopia, vision blurred, visual acuity reduced,  
and visual impairment.

d  Dry eyes included dry eye, ocular discomfort, and eye pruritus.
e  Fatigue included fatigue and asthenia.
f  Infusion-related reactions included infusion-related reaction, pyrexia, chills, diarrhea, 
nausea, asthenia, hypertension, lethargy, tachycardia.

g  Upper respiratory tract infection included upper respiratory tract infection, 
nasopharyngitis, rhinovirus infections, and sinusitis.

Clinically relevant adverse reactions in <10% of patients included:

Eye Disorders: Photophobia, eye irritation, infective keratitis, ulcerative keratitis.

Gastrointestinal Disorders: Vomiting.

Infections: Pneumonia.

Investigations: Albuminuria.

 

Table 2 summarizes the laboratory abnormalities in DREAMM-2.

Table 2. Laboratory Abnormalities (≥20%) Worsening from Baseline  
in Patients Who Received BLENREP in DREAMM-2

Laboratory Abnormality

BLENREP
N = 95

All Grades
(%)

Grades 3-4
(%)

Hematology

Platelets decreased 62 21

Lymphocytes decreased 49 22

Hemoglobin decreased 32 18

Neutrophils decreased 28 9

Chemistry

Aspartate aminotransferase increased 57 2

Albumin decreased 43 4

Glucose increased 38 3

Creatinine increased 28 5

Alkaline phosphatase increased 26 1

Gamma-glutamyl transferase increased 25 5

Creatinine phosphokinase increased 22 1

Sodium decreased 21 2

Potassium decreased 20 2

6.2 Immunogenicity
As with all therapeutic proteins, there is potential for immunogenicity. The detection  
of antibody formation is highly dependent on the sensitivity and specificity of the 
assay. Additionally, the observed incidence of antibody (including neutralizing 
antibody) positivity in an assay may be influenced by several factors including assay 
methodology, sample handling, timing of sample collection, concomitant medications, 
and underlying disease. For these reasons, comparison of the incidence of antibodies in 
the studies described below with the incidence of antibodies in other studies or to other 
products may be misleading.

The immunogenicity of BLENREP was evaluated using an electrochemiluminescence 
(ECL)-based immunoassay to test for anti-belantamab mafodotin antibodies.  
In clinical studies of BLENREP, 2/274 patients (<1%) tested positive for anti-
belantamab mafodotin antibodies after treatment. One of the 2 patients tested positive 
for neutralizing anti-belantamab mafodotin antibodies following 4 weeks on therapy. 
Due to the limited number of patients with antibodies against belantamab mafodotin-
blmf, no conclusions can be drawn concerning a potential effect of immunogenicity on 
pharmacokinetics, efficacy, or safety.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary

Based on its mechanism of action, BLENREP can cause fetal harm when administered 
to a pregnant woman, because it contains a genotoxic compound (the microtubule 
inhibitor, MMAF) and it targets actively dividing cells [see Clinical Pharmacology (12.1), 
Nonclinical Toxicology (13.1) of full Prescribing Information]. Human immunoglobulin 
G (IgG) is known to cross the placenta; therefore, belantamab mafodotin-blmf has 
the potential to be transmitted from the mother to the developing fetus. There are 
no available data on the use of BLENREP in pregnant women to evaluate for drug-
associated risk. No animal reproduction studies were conducted with BLENREP.  
Advise pregnant women of the potential risk to a fetus.

The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown. All pregnancies have a background risk of birth defect, loss,  
or other adverse outcome. In the U.S. general population, the estimated background 
risk of major birth defects and miscarriage in clinically recognized pregnancies is  
2% to 4% and 15% to 20%, respectively.

Data

Animal Data: Animal reproductive or developmental toxicity studies were  
not conducted with belantamab mafodotin-blmf. The cytotoxic component  
of BLENREP, MMAF, disrupts microtubule function, is genotoxic, and can be  
toxic to rapidly dividing cells, suggesting it has the potential to cause embryotoxicity  
and teratogenicity.

 
 
 
 

(continued on next page)(continued on next page)

The following is a brief summary only; see full Prescribing Information  
for complete product information.

 
1 INDICATIONS AND USAGE
BLENREP is indicated for the treatment of adults with relapsed or refractory multiple 
myeloma who have received at least 4 prior therapies, including an anti-CD38 
monoclonal antibody, a proteasome inhibitor, and an immunomodulatory agent.

This indication is approved under accelerated approval based on response rate 
[see Clinical Studies (14) of full Prescribing Information]. Continued approval for this 
indication may be contingent upon verification and description of clinical benefit  
in a confirmatory trial(s).

4 CONTRAINDICATIONS
None.

5 WARNINGS AND PRECAUTIONS
5.1 Ocular Toxicity
Ocular adverse reactions occurred in 77% of the 218 patients in the pooled safety 
population. Ocular adverse reactions included keratopathy (76%), changes in visual 
acuity (55%), blurred vision (27%), and dry eye (19%) [see Adverse Reactions (6.1)]. 
Among patients with keratopathy (n = 165), 49% had ocular symptoms, 65% had 
clinically relevant visual acuity changes (decline of 2 or more lines on Snellen Visual 
Acuity in any eye), and 34% had both ocular symptoms and visual acuity changes.

Keratopathy

Keratopathy was reported as Grade 1 in 7% of patients, Grade 2 in 22%, Grade 3  
in 45%, and Grade 4 in 0.5% per the KVA scale. Cases of corneal ulcer (ulcerative  
and infective keratitis) have been reported. Most keratopathy events developed within 
the first 2 treatment cycles (cumulative incidence of 65% by Cycle 2). Of the patients 
with Grade 2 to 4 keratopathy (n = 149), 39% of patients recovered to Grade 1 or lower 
after median follow-up of 6.2 months. Of the 61% who had ongoing keratopathy, 28% 
were still on treatment, 9% were in follow-up, and in 24% the follow-up ended due  
to death, study withdrawal, or lost to follow up. For patients in whom events resolved,  
the median time to resolution was 2 months (range: 11 days to 8.3 months).

Visual Acuity Changes

A clinically significant decrease in visual acuity of worse than 20/40 in the better-seeing 
eye was observed in 19% of the 218 patients and of 20/200 or worse in  
the better-seeing eye in 1.4%. Of the patients with decreased visual acuity of worse 
than 20/40, 88% resolved and the median time to resolution was 22 days (range:  
7 days to 4.2 months). Of the patients with decreased visual acuity of 20/200  
or worse, all resolved and the median duration was 22 days (range: 15 to 22 days).

Monitoring and Patient Instruction

Conduct ophthalmic examinations (visual acuity and slit lamp) at baseline, prior to  
each dose, and promptly for worsening symptoms. Perform baseline examinations 
within 3 weeks prior to the first dose. Perform each follow-up examination at least 
1 week after the previous dose and within 2 weeks prior to the next dose. Withhold 
BLENREP until improvement and resume at same or reduced dose, or consider 
permanently discontinuing based on severity [see Dosage and Administration (2.3)  
of full Prescribing Information]. 
Advise patients to use preservative-free lubricant eye drops at least 4 times a 
day starting with the first infusion and continuing until end of treatment. Avoid 
use of contact lenses unless directed by an ophthalmologist [see Dosage and 
Administration (2.1) of full Prescribing Information].
Changes in visual acuity may be associated with difficulty for driving and reading. 
Advise patients to use caution when driving or operating machinery.

BLENREP is only available through a restricted program under a REMS  
[see Warnings and Precautions (5.2)].

5.2 BLENREP REMS
BLENREP is available only through a restricted program under a REMS called  
the BLENREP REMS because of the risks of ocular toxicity [see Warnings  
and Precautions (5.1)].
Notable requirements of the BLENREP REMS include the following:

•  Prescribers must be certified with the program by enrolling and completing training 
in the BLENREP REMS.

•  Prescribers must counsel patients receiving BLENREP about the risk of ocular toxicity 
and the need for ophthalmic examinations prior to each dose.

•  Patients must be enrolled in the BLENREP REMS and comply with monitoring.

•  Healthcare facilities must be certified with the program and verify that patients  
are authorized to receive BLENREP.

•  Wholesalers and distributers must only distribute BLENREP to certified healthcare 
facilities.

Further information is available, at www.BLENREPREMS.com and 1-855-209-9188.

5.3 Thrombocytopenia
Thrombocytopenia occurred in 69% of 218 patients in the pooled safety population, 
including Grade 2 in 13%, Grade 3 in 10%, and Grade 4 in 17% [see Adverse Reactions 
(6.1)]. The median time to onset of the first thrombocytopenic event was 26.5 days. 
Thrombocytopenia resulted in dose reduction, dose interruption, or discontinuation in 
9%, 2.8%, and 0.5% of patients, respectively.

Grade 3 to 4 bleeding events occurred in 6% of patients, including Grade 4 in 1 patient. 
Fatal adverse reactions included cerebral hemorrhage in 2 patients.

Perform complete blood cell counts at baseline and during treatment as clinically 
indicated. Consider withholding and/or reducing the dose based on severity  
[see Dosage and Administration (2.3) of full Prescribing Information].
5.4 Infusion-Related Reactions
Infusion-related reactions occurred in 18% of 218 patients in the pooled safety 
population, including Grade 3 in 1.8% [see Adverse Reactions (6.1)].
Monitor patients for infusion-related reactions. For Grade 2 or 3 reactions, interrupt  
the infusion and provide supportive treatment. Once symptoms resolve, resume  
at a lower infusion rate [see Dosage and Administration (2.3) of full Prescribing 
Information]. Administer premedication for all subsequent infusions. Discontinue 
BLENREP for life-threatening infusion-related reactions and provide appropriate 
emergency care.

5.5 Embryo-Fetal Toxicity
Based on its mechanism of action, BLENREP can cause fetal harm when administered 
to a pregnant woman because it contains a genotoxic compound (the microtubule 
inhibitor, monomethyl auristatin F [MMAF]) and it targets actively dividing cells.

Advise pregnant women of the potential risk to a fetus. Advise females of reproductive 
potential to use effective contraception during treatment with BLENREP and for 4 
months after the last dose. Advise males with female partners of reproductive potential 
to use effective contraception during treatment with BLENREP and for 6 months after 
the last dose [see Use in Specific Populations (8.1, 8.3)].
6 ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere  
in the labeling:

• Ocular toxicity [see Warnings and Precautions (5.1)].
• Thrombocytopenia [see Warnings and Precautions (5.3)].
• Infusion-related reactions [see Warnings and Precautions (5.4)]. 
6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction 
rates observed in the clinical trials of a drug cannot be directly compared with rates  
in the clinical trials of another drug and may not reflect the rates observed in practice.

The pooled safety population described in Warnings and Precautions reflects exposure 
to BLENREP at a dosage of 2.5 mg/kg or 3.4 mg/kg (1.4 times the recommended dose) 
administered intravenously once every 3 weeks in 218 patients in DREAMM-2.  
Of these patients, 194 received a liquid formulation (not the approved dosage form) 
rather than the lyophilized powder. Among the 218 patients, 24% were exposed  
for 6 months or longer.

Relapsed or Refractory Multiple Myeloma

The safety of BLENREP as a single agent was evaluated in DREAMM-2 [see Clinical 
Studies (14.1) of full Prescribing Information]. Patients received BLENREP at the 
recommended dosage of 2.5 mg/kg administered intravenously once every 3 weeks  
(n = 95). Among these patients, 22% were exposed for 6 months or longer.

Serious adverse reactions occurred in 40% of patients who received BLENREP. 
Serious adverse reactions in >3% of patients included pneumonia (7%), pyrexia (6%), 
renal impairment (4.2%), sepsis (4.2%), hypercalcemia (4.2%), and infusion-related 
reactions (3.2%). Fatal adverse reactions occurred in 3.2% of patients, including sepsis 
(1%), cardiac arrest (1%), and lung infection (1%).

 BLENREP caused changes in the corneal epithelium resulting in 
changes in vision, including severe vision loss and corneal ulcer, 
and symptoms, such as blurred vision and dry eyes [see Warnings 
and Precautions (5.1)].

Conduct ophthalmic exams at baseline, prior to each dose, and 
promptly for worsening symptoms. Withhold BLENREP until 
improvement and resume, or permanently discontinue, based on 
severity [see Dosage and Administration (2.3) of full Prescribing 
Information, Warnings and Precautions (5.1)].

Because of the risk of ocular toxicity, BLENREP is available  
only through a restricted program under a Risk Evaluation  
and Mitigation Strategy (REMS) called the BLENREP REMS  
[see Warnings and Precautions (5.2)].

WARNING: OCULAR TOXICITY

 
BLENREP
(belantamab mafodotin-blmf)  
for injection, for intravenous use
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8.2 Lactation
Risk Summary

There is no data on the presence of belantamab mafodotin-blmf in human milk  
or the effects on the breastfed child or milk production. Because of the potential  
for serious adverse reactions in the breastfed child, advise women not to breastfeed 
during treatment with BLENREP and for 3 months after the last dose.

8.3 Females and Males of Reproductive Potential
BLENREP can cause fetal harm when administered to pregnant women  
[see Use in Specific Populations (8.1)].
Pregnancy Testing

Pregnancy testing is recommended for females of reproductive potential  
prior to initiating BLENREP.

Contraception

Females: Advise women of reproductive potential to use effective contraception  
during treatment and for 4 months after the last dose.

Males: Because of the potential for genotoxicity, advise males with female partners  
of reproductive potential to use effective contraception during treatment with BLENREP 
and for 6 months after the last dose [see Nonclinical Toxicology (13.1)  
of full Prescribing Information].
Infertility

Based on findings in animal studies, BLENREP may impair fertility in females  
and males. The effects were not reversible in male rats, but were reversible  
in female rats [see Nonclinical Toxicology (13.1) of full Prescribing Information].
8.4 Pediatric Use
The safety and effectiveness of BLENREP in pediatric patients have not  
been established.

8.5 Geriatric Use
Of the 218 patients who received BLENREP in DREAMM-2, 43% were aged 65  
to less than 75 years and 17% were aged 75 years and older. Clinical studies of 
BLENREP did not include sufficient numbers of patients aged 65 and older to determine 
whether the effectiveness differs compared with that of younger patients. Keratopathy 
occurred in 80% of patients aged less than 65 years and 73% of patients aged 65 
years and older. Among the patients who received BLENREP at the 2.5-mg/kg dose  
in DREAMM-2 (n = 95), keratopathy occurred in 67% of patients aged less than  
65 years and 73% of patients aged 65 years and older. Clinical studies did not include 
sufficient numbers of patients 75 years and older to determine whether they respond 
differently compared with younger patients.

8.6 Renal Impairment
No dose adjustment is recommended for patients with mild or moderate renal 
impairment (estimated glomerular filtration rate [eGFR] 30 to 89 mL/min/1.73 m2  
as estimated by the Modification of Diet in Renal Disease [MDRD] equation)  
[see Clinical Pharmacology (12.3) of full Prescribing Information]. The recommended 
dosage has not been established in patients with severe renal impairment  
(eGFR 15 to 29 mL/min/1.73 m2) or end-stage renal disease (ESRD) with  
eGFR <15 mL/min/1.73 m2 not on dialysis or requiring dialysis [see Clinical 
Pharmacology (12.3) of full Prescribing Information].
8.7 Hepatic Impairment
No dose adjustment is recommended for patients with mild hepatic impairment  
(total bilirubin ≤upper limit of normal [ULN] and aspartate aminotransferase  
(AST) >ULN or total bilirubin 1 to ≤1.5 × ULN and any AST).

The recommended dosage of BLENREP has not been established in patients with 
moderate or severe hepatic impairment (total bilirubin >1.5 × ULN and any AST)  
[see Clinical Pharmacology (12.3) of full Prescribing Information].
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).

Ocular Toxicity

•  Advise patients that ocular toxicity may occur during treatment with BLENREP  
[see Warnings and Precautions (5.1)].

•  Advise patients to administer preservative-free lubricant eye drops as recommended 
during treatment and to avoid wearing contact lenses during treatment unless 
directed by a healthcare professional [see Dosage and Administration (2.3) of full 
Prescribing Information, Warnings and Precautions (5.1)].

•  Advise patients to use caution when driving or operating machinery as BLENREP  
may adversely affect their vision [see Warnings and Precautions (5.1)].

BLENREP REMS 

BLENREP is available only through a restricted program called BLENREP REMS 
[see Warnings and Precautions (5.2)]. Inform the patient of the following notable 
requirements:

 • Patients must complete the enrollment form with their provider.

 •  Patients must comply with ongoing monitoring for eye exams  
[see Warnings and Precautions (5.1)].

Thrombocytopenia

•  Advise patients to inform their healthcare provider if they develop signs  
or symptoms of bleeding [see Warnings and Precautions (5.3)].

Infusion-Related Reactions

•  Advise patients to immediately report any signs and symptoms of infusion-related 
reactions to their healthcare provider [see Warnings and Precautions (5.4)].

Embryo-Fetal Toxicity

•  Advise pregnant women of the potential risk to a fetus. Advise females of 
reproductive potential to inform their healthcare provider of a known or suspected 
pregnancy [see Warnings and Precautions (5.5), Use in Specific Populations  
(8.1, 8.3)].

•  Advise women of reproductive potential to use highly effective contraception during 
treatment and for 4 months after the last dose [see Warnings and Precautions (5.5), 
Use in Specific Populations (8.3)].

•  Advise males with female partners of reproductive potential to use effective 
contraception during treatment with BLENREP and for 6 months after the last dose 
[see Use in Specific Populations (8.3), Nonclinical Toxicology (13.1) of full Prescribing 
Information].

Lactation

•  Advise women not to breastfeed during treatment with BLENREP and  
for 3 months after the last dose [see Use in Specific Populations (8.2)].

Infertility

•  Advise males and females of reproductive potential that BLENREP may impair  
fertility [see Use in Specific Populations (8.3)].
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Introduction
Prostate cancer (PCa) is the most com-
mon noncutaneous cancer in men in the 
United States. Approximately 191,930 
men will be diagnosed and 33,330 men 
will die from PCa in 2020.1 With the in-
troduction of widespread prostate-spe-
cific antigen (PSA) screening, most men 
are diagnosed at the localized PCa stag-

es. Several well-established treatment 
options, such as radical prostatectomy, 
radiation therapy, and whole-gland 
cryotherapy, are available for localized 
PCa. Although these treatment modal-
ities are highly effective in providing a 
cure at the localized stage, they are often 
associated with debilitating adverse ef-
fects (AEs) such as erectile dysfunction 

and urinary incontinence. As a result,  
patients often delay or defer treatment 
of their PCa altogether. 

In the past decade, active surveil-
lance (AS) has increased for low- and 
very low-risk PCa, which has reduced 
overtreatment and sequelae of defini-
tive treatment. However, as noted in the 
PROTECT trial, approximately 50% of 
AS patients will ultimately require treat-
ment due to disease progression.2 Addi-
tionally, some patients will progress to 
the nonlocalized disease stages during 
the surveillance period and miss the op-
portunity for a cancer cure. Risk-strat-
ification methods to better select and 
monitor patients for AS is an area of 
active investigation. Yet, for many pa-
tients, both the increased oncologic 
risks associated with AS and the qual-
ity-of-life concerns related to whole-
gland treatment are understandably 
unacceptable. As a result, the evolving 
literature around focal therapy has gar-
nered much attention among patients 
and providers. 

Focal treatment modalities treat 
the diseased area of the organ while  

Primary Focal Therapy for 
Localized Prostate Cancer:  
A Review of the Literature 
Mitch Hayes, MD; Michael Lin-Brande, MD; and Sudhir Isharwal, MD 
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Thomas J. Polascik, MD 
considers the future of primary 
focal therapy for localized 
prostate cancer. page 269
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ABSTRACT: 

BACKGROUND: Currently established treatment strategies for localized 
prostate cancer (PCa) include active surveillance and whole-gland treatments, 
such as radical prostatectomy and radiation therapy. These whole-gland 
treatments are not uncommonly associated with significant morbidity. Recent 
studies suggest that a single index lesion drives the disease progression in 
most cases. With improvements in pretreatment imaging modalities such as 
multiparametric MRI, the prostate’s index lesion can often be accurately 
localized and targeted. 

METHODS: We performed a review of focal therapies for PCa, focusing on 
oncologic and functional outcomes.

RESULTS: Several modalities for focal therapy approaches are under 
investigation. Focal therapy of PCa is a rapidly developing area of research. In 
comparison with whole-gland treatment, it is clear that short- and intermediate-
term functional and quality-of-life outcomes are excellent with focal therapies. 
However, only intermediate-term surrogate oncologic outcomes are available 
for specific focal treatments such as high-intensity focused ultrasound and 
cryoablation. For many other modalities such as irreversible electroporation, 
only follow-up biopsy information is available. 

CONCLUSIONS: This review discusses the rationale for focal prostate 
treatment, describes the current state of the literature, and lists potential 
advantages and drawbacks to various therapeutic modalities. 
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preserving the normal surrounding 
tissue to preserve organ function and 
minimize AEs. Focal treatment of ma-
lignancies has been successfully imple-
mented in breast, thyroid, lung, colon, 
and kidney cancers among others, with 
oncologic outcomes comparable with 
those of radical surgical resection. Re-
cently, focal treatment modalities have 
been applied to PCa. Although PCa is 
largely a multifocal disease, a single 
focus of cancer, often called the index 
lesion, is thought to drive progression 
and to harbor the genetic precursor cells 
of advanced late-stage cancer.3 Pretreat-
ment disease localization was previous-
ly a challenge in PCa, but significant 
strides have been made in this area with 
the advances in multiparametric MRI 
(mpMRI) for diagnosis and staging.  
mpMRI is highly sensitive for high-grade 
PCa and for detecting the index lesion 
at rates of 72% and 80%, respectively, 
on examining whole-mount pathology.4 
With ultrasound fusion platforms, the 
disease area can be precisely localized 
and targeted with a transrectal or tran-
sperineal approach. Several devices that 
deliver ablative energies have become 
available to target the specific disease 
area for treatment. Standard-of-care 
options such as surgery and radiation 
are also being modified and subsequent-
ly investigated to evaluate the safety and 
efficacy of partial prostate treatment.

This article describes the available 
focal therapy options for primary treat-
ment of localized PCa, along with their 
respective outcomes, drawbacks, and 
applicability.

Methods
We reviewed PubMed using multiple 
permutations of relevant search terms 
including but not limited to prostate 
cancer, focal therapy, focal ablation, 
focal high-intensity focused ultrasound 
(HIFU)” cryoablation, focal laser ab-
lation, irreversible electroporation, 
photodynamic therapy, brachytherapy, 
radiofrequency ablation, partial prosta-

tectomy, and focal transurethral ultra-
sound ablation (TULSA). We focused 
on the studies describing the primary 
treatment of PCa. Studies of salvage 
focal therapies were excluded. A full-
text review of all selected articles was 
performed.

Results
Rationale for the Use of Focal 
Therapy
In 2012, in response to increasing 
concerns over harms caused by PCa 
overtreatment, the US Preventative 
Services Task Force (USPSTF) discour-
aged the use of PSA screening to detect 
PCa. The USPSTF has since reversed its 
PSA screening position, due to longer 
follow-up of clinical trial patients that 
showed a decrease in number necessary 
to screen to prevent 1 death from PCa, 
and due to more frequent adoption of 
AS to avoid overtreatment of indolent 
disease. Now the USPSTF makes a grade 
C recommendation for PSA screening 
based on shared decision-making be-
tween physicians and patients. Although 
increased adoption of AS for low-risk 
disease has decreased overtreatment and 
related AEs, the decision of any patient 
and their physician to cease AS and 
pursue definitive whole-gland treatment 
remains challenging. Discontinuation of 
AS occurs both because of progression to 
aggressive disease and because of patient 
and physician anxiety about untreated 
cancer. A clear unmet need exists for 
a more nuanced balance of treatment 
options, falling between AS and radical 
therapies, to optimally treat visible cancer 
with minimal AEs.

Between 13% and 38% of radical 
prostatectomy specimens contain a sin-
gle focus of cancer.5 The histopathology 
of index lesions predicts PCa’s natural 
history in the vast majority of patients.6 
Advances in MRI technology, including 
improved protocols and the introduction 
of the 3 Tesla machine, allow better lo-
calization of PCa lesions. Whole-mount 
pathology of prostatectomy specimens 

has demonstrated concordance of the 
lesion with a visible lesion on MRI.4 
Further, systematic biopsy combined 
with MRI-targeted biopsy allows optimal 
sampling of the prostate to determine 
the extent and multifocality of PCa. 
Image-guided localization enables inves-
tigators to target and treat these lesions 
with a multitude of ablative energies, 
radiation, and partial-gland surgery. 
These treatment modalities allow the 
preservation of anatomical structures 
sustaining continence and erectile func-
tion, thus minimizing AEs. 

Focal Therapy Treatment 
Modalities
Several focal treatment modalities are 
available to selectively treat the disease 
area in the prostate. They differ in terms 
of energy source and their effects on the 
prostate tissue. Selection of the treat-
ment modality for focal treatment of 
PCa depends on the availability of the 
focal treatment modality at the treat-
ment center, training of the physician, 
size of the prostate, location of the in-
dex lesion, extent of disease outside the 
index lesion, calcifications in the pros-
tate, and patient-specific factors. Widely 
used patient selection criteria, as well as 
common focal treatments, are summa-
rized in the Figure. 

Here, we summarize available treat-
ment modalities, proposed mechanisms, 
and findings from the pivotal studies. 
Important oncologic outcomes from the 
studies are noted in the Table.

Focal High-Intensity Focused 
Ultrasound
HIFU uses high-energy ultrasound to 
target and ablate a parabolic-shaped 
area of prostate tissue. The prostate 
is imaged via a transrectal ultrasound 
probe, and the PCa lesion is mapped 
out. Ultrasound energy then induces cell 
necrosis by thermal energy, heating the 
tissue up to 100°C.7

Several devices are commercially avail-
able and have been studied, including 
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Ablatherm, Focal One, and Sonablate 
500. HIFU has been studied in primary 
whole-gland treatment, salvage treat-
ment, and primary focal therapy settings. 
National Comprehensive Cancer Net-
work (NCCN) guidelines recommend 
salvage HIFU for radio-recurrent PCa. 
However, no guideline recommendations 
exist for the use of HIFU in the primary 
setting. The FDA approved HIFU for 
tissue ablation in 2015, but it was not 
approved for PCa treatment due to 
inadequate data for its efficacy in the 
primary setting. 

A multicenter study reported 5-year 
outcomes for 625 men who received pri-
mary focal HIFU. Patients with localized 
Gleason 9 or less, cT3b or lower, and PSA 
≤30 ng/mL were included in the study. 
The primary outcome was failure-free 
survival (FFS), a composite outcome of 
avoiding whole-gland therapy, systemic 
therapy, metastasis, and PCa–specific 
death. In the study, 83% of the cohort 
had Gleason 6 or 7 disease, and 75% 
had PSA <10 ng/mL. FFS was 88% at 
5 years for all patients. In a prespeci-
fied subgroup analysis, FFS for low-, 

intermediate-, and high-risk patients 
was 96%, 88%, and 84%, respectively, 
and metastasis-free survival was 96%, 
99%, and 97%, respectively. The most 
common complication was urinary tract 
infection at a rate of 10.4%. The most 
severe complication was rectourethral 
fistula formation in 2 patients (0.3%),  
1 of whom required reconstruction. At  
2 to 3 years of follow-up, 80% of patients 
reported no urinary leakage at all, and 
98% were pad-free. Erectile function and 
retreatment rates were not reported.8

Recently, Abreu and colleagues eval-
uated the use of hemigland HIFU in the 
primary setting in 100 men with localized 
PCa. By NCCN risk stratification, 20% 
had low-risk, 50% had intermediate fa-
vorable, 17% had intermediate unfavor-
able, and 5% had high-risk disease. The 
2-year survival rates specific for freedom 
from treatment failure, local recurrence of 
Gleason 7 or greater, repeat focal HIFU, 
and radical treatment were 73%, 76%, 
90%, and 91%, respectively. Of the men 
who underwent posttreatment biopsy, 
17% had in-field recurrence and 14% 
had out-of-field recurrence with Gleason 

grade group 2 and higher. No declines in 
potency, measured by the International 
Index of Erectile Function (IIEF), were 
noted after treatment. Posttreatment 
continence was also excellent.9 In an-
other study by Nahar and colleagues, 
52 patients were treated with primary 
focal HIFU, of whom 67% harbored 
Gleason score 7 or higher. In-field (17%) 
and out-of-field recurrences (13%) were 
noted. Approximately 10% of patients 
had grade 3 or higher complications. In 
all patients with available data, urinary 
and sexual function returned to baseline 
at 3 to 6 months and at 12 months, 
respectively.10

Based on the available short- to inter-
mediate-term studies, HIFU is marked 
by good efficacy, low rates of in-field and 
out-of-field recurrences, and preservation 
of urinary and sexual function. Several 
limitations are noted for focal HIFU, 
however. The patient must be free of 
limiting rectal pathology that would 
preclude use of a transrectal probe for 
delivery. Large glands >40 g may be a 
contraindication for HIFU using some 
older devices, as the focal length may not 
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FIGURE. Patient Selection and Available Treatment Modalities for Focal Therapy of Prostate Cancer

Prostate cancer work-up
 �H&P
 � PSA
 �mpMRI
 � Systematic biopsy
 � Fusion biopsy

Potential FT candidates*
 � Low- or intermediate-risk disease
 � PSA level <10 
 � Single MRI visible lesion with biopsy-
proven disease 
 � Low volume of GGG 1 disease 
outside index lesion

Focal HIFU
 � For nonanterior lesions

Focal cryotherapy

Irreversible electroporation (IRE)

Photodynamic therapy (PDT)

Focal brachytherapy

Focal laser ablation (FLA)

Radiofrequency ablation (RFA)

Others: partial prostatectomy, TULSA

FT, focal therapy; H&P, history and physical; HIFU, high-intensity focused ultrasound; GGG, Gleason grade group; mpMRI, multiparametric MRI; PSA, prostate- 
specific antigen; TULSA, transurethral ultrasound ablation
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be adequate.11 Anterior lesions treated 
with primary HIFU have been shown to 
require additional treatment at a higher 
rate than posterior lesions, as the pene-
tration depth of the ultrasound energy 
is limited.12 Widespread calcifications 
may also be a limitation; they can cause 
acoustic shadowing, which does not 
allow passage of the therapeutic sound 
waves. Further efforts are under way to 
identify patients who will fail the focal 
HIFU treatment, so they may be offered 
a different focal modality or whole-gland 
treatment.

Focal Cryoablation
Cryoablation is rapid cooling performed 
by transperineal needle placement down 
to temperatures of –40 °C. It results in the 
formation of an ice ball and subsequent 
tumor lysis. Preclinical trials suggested 
that margins of at least 1 cm around the 
target tissue are needed to ensure cancer 
ablation.13

Most of the data for the focal pros-
tate cryoablation studies come from the 
COLD (Cryo On-Line Data) registry. 
The largest prospective registry of focal 
cryoablation reported early outcomes 
of 122 men; largely, they had intermedi-
ate-risk disease, confirmed with mpMRI 
targeted biopsy or transperineal mapping, 
with a maximum cancer core length of  
6 mm. These patients were explicitly 
selected due to unsuitability for HIFU 
(because of anterior disease, anteri-
or-posterior height of greater than 3 cm, 
or widespread calcifications). Standard 
FFS was the primary outcome, at a rate 
of 90.5% at 3 years. Stratified by risk, FFS 
was better in intermediate-risk disease 
(93%) compared with high-risk disease 
(84%). A total of 6.5% required addition-
al focal cryotherapy at last follow-up. In 
a subgroup analysis of 2 groups stratified 
by PSA, those with PSA <10 ng/mL had 
higher FFS (97%) compared with patients 
with PSA >10 ng/mL (84%).14

Complications were reported in 27.8% 
of men; urinary tract infection and tem-
porary urinary retention were the most 

common. Serious complications included 
osteomyelitis in 1 patient who was man-
aged conservatively, and no rectourethral 
fistulas were reported. At 3 years, 87% 
and 89% had returned to baseline Inter-
national Prostate Symptom Scores (IPSS) 
and IIEF scores, respectively.15

Another prospective single-institution 
registry of 119 men who received primary 
focal cryotherapy reported slightly lower 
FFS, 73% and 56% at 3 and 5 years, 
respectively. Radical treatment–free sur-
vival was also reported, at rates of 83% 
and 70% at 3 and 5 years, respectively.16 
Similar outcomes have been noted with 
hemigland ablation. In a retrospective 
study of 160 patients with largely 
intermediate-risk cancer, FFS without 
retreatment was 85% at 5 years. High 
baseline PSA was predictive of failure.17

Cryotherapy is not the first energy 
modality of choice for posterior or apical 
tumors, as surrounding tissue damage can 
occur, affecting the neurovascular bundles 
and subsequently erectile function.18 As 
such, patient selection is critical in the 
success of focal cryotherapy. Similarly, 
cryotherapy may also not be well suited 
for small glands, as the expanding ice 
ball may extend beyond the prostate.18 
However, although these preferences 
for tumor location and prostate size are 
repeatedly seen in the literature, trials 
with well-defined selection criteria do 
not support or refute those preferences. 

Photodynamic Therapy
Photodynamic therapy (PDT) uses oral 
or intravenous drugs that are inactive 
until they are photosensitized, at which 
time they form reactive oxygen species 
leading to tissue destruction. A laser 
fiber is targeted at the prostate, which 
is typically placed using transrectal 
ultrasound guidance. Several types of 
photosensitizing drugs are used and are 
usually categorized as either tissue-based 
or vascular-based, depending on where 
the drugs are activated. The drugs can 
take up to several days to reach max-
imum dose in the tissue, while vascu-

lar-based drugs activate within minutes 
after photosensitization.19

In a large phase 3 randomized con-
trolled trial, patients with low-risk PCa 
were randomized to either AS or padeli-
porfin vascular-targeted PDT. The median 
follow-up was 24 months and 206 men 
were randomized to PDT. The primary 
outcome was time to progression, a 
composite outcome of having 4 or more 
positive cores, any Gleason pattern 4 
or greater, at least 1 cancer core length 
greater than 5 mm, PSA >10 ng/mL on 
3 consecutive measures, any T3 PCa, or 
metastasis. The study measured the me-
dian time for the PCa to progress from 
low-risk to moderate-risk or high-risk; 
this time was longer in the PDT group 
than the AS group, at 28.3 months vs 14.1 
months (P <.0001). When compared with 
the AS group, more men in the PDT group 
had negative biopsies at 24 months (49% 
vs 14%; P <.0001) and fewer men in the 
PDT group underwent radical therapy of 
either radiation or surgery (6% vs 29%; 
P <.0001). Erectile and urinary function 
were similar between the 2 groups at  
24 months. AEs in the PDT group were 
pain, urethral stricture, urge incontinence, 
and urinary retention.20

Other studies of relatively small  
cohorts have shown similar short-term 
outcomes. In one prospective trial,  
82 men with low-risk PCa were treated 
with PDT. The primary end point was 
progression-free survival (PFS), defined 
as an intermediate-risk or high-risk group 
by D’Amico classification or radical 
therapy. Median PFS was 86 months, 
and only 24% of patients underwent 
radical treatment.21 

Overall, PDT is effective in delaying the 
progression of low-risk cancer compared 
with AS. Potential drawbacks to PDT 
include the need to avoid direct sunlight 
following the procedure for 48 hours to 
reduce AEs and the potential of an aller-
gic reaction to the photosensitized agent. 

Irreversible Electroporation
Irreversible electroporation (IRE) uses 
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microsecond electrical pulses to gener-
ate pores in the cell membrane. While 
reversible electroporation allows for 
temporary changes to the cell, IRE leads 
to cell destruction as the cells cannot 
maintain homeostasis. Compared with 
other ablative modalities, IRE appears 
to spare surrounding nerves and vessels 
from collateral damage.22 In theory, this 
property suggests that IRE is better suited 
for focal treatment of PCa compared with 

other ablative modalities. During IRE of 
the prostate tumor, patients are placed 
in the lithotomy position under general 
anesthesia with full muscle paralysis to 
reduce muscle spasms. Needle probes are 
placed transperineally, typically using a 
brachytherapy template.23

Valerio and colleagues studied the 
safety and feasibility of focal IRE. A 
total of 34 patients, primarily with low- 
and intermediate-risk PCa, underwent 

focal IRE. No grade 3 complications 
were noted. At 6 months follow-up, 
from a functional perspective, 100% 
of men were continent and 95% were 
potent after focal IRE. Approximately 
20% had residual cancer, as evaluated 
by mpMRI.24 In a phase 1/2 study, van 
den Bos and colleagues evaluated the 
histopathology of the prostate tissues of 
men who underwent IRE, and all cells 
within the electrode zone were completely 
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TABLE. Oncologic Outcomes of Focal Therapies by Modality 

Mode Authors and year Prospective (p) or 
retrospective (r)

Patients Highest 
GGG

Follow-up Primary outcome Rate of outcome

Focal HIFU

Guillamier et al (2018) p 625 2 56 mo FFS 88% at 5 y

Tourinho-Barbosa et al 
(2020)

p 190 3 45 mo FFSa 54% at 5 y

Abreu et al (2020) r 100 4 18 mo FFS 73% at 2 y

Focal cryotherapy

Shah et al (2019) p 122 3 28 mo FFS
93% for intermediate 
risk and 85% for high 
risk at 3 y

Tourinho-Barbosa et al 
(2020)

p 119 3 45 mo FFSa 56% at 5 y

Oishi et al (2019) r 160 5 40 mo TFS 85% at 5 y

Focal PDT
Azzouzi et al (2017) p 206 1 24 mo Treatment failure

28% at 24 mo 
(compared with 58% 
in active surveillance) 

Lebdai et al (2017) p 82 1 68 mo PFS 76% at 80 mo 

Focal IRE 

Blazevski et al (2020) p 123 3 36 mo FFS 97% at 3 yr 

Scheltema et al. (2018) r 50 3 12 mo 
Residual csPCa at 
follow-up biopsy

29.5% at 12 mo 

HDR brachytherapy

Peters et al (2019) p 30 3 48 mo BCDFS 70% at 4 y

King et al (2018) r 354 2 8.6 y Metastasis, PCSM
15.7% and 8.2% at  
12 y (intermediate 
risk only)

FLA 

Eggener et al (2016) p 27 2 12 mo 
Residual cancer at 
follow-up biopsy

37% at 12 mo (11% 
in field) 

Chao et al (2018) p 34 3 24 mo 
Residual cancer at 
follow-up biopsy

40% at 24 mo (all in 
field)

Focal RFA Orczyk et al (2020) p 20 3 12 mo 
Residual csPCa at 
follow-up biopsy

20% at 6 mo (all in 
field) 

Partial 
prostatectomy

Villers et al (2017) p 17 3 24 mo 
Local recurrence-free 
survival

67% at 3 y

Focal TULSA Antinnen et al (2019) p 6 4 3 wk
Histological 
destruction of tissue

100% in field 

BCDFS, biochemical disease–free survival; csPCa, clinically significant prostate cancer; FFS, failure-free survival; FLA, focal laser ablation; GGG, Gleason grade 
group; HDR, high dose rate; HIFU, high-intensity focused ultrasound; IRE, irreversible electroporation; PCSM, prostate cancer–specific mortality; PDT, photodynamic 
therapy; PFS, progression-free survival; RFA, radiofrequency ablation; TFS, treatment-free survival; TULSA, transurethral ultrasound ablation.   
aIncludes retreatment.
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ablated. No skip lesions were noted, 
demonstrating the effectiveness of the 
IRE as an ablation modality.25

Blazevski and colleagues evaluated 
their experience with IRE in 123 men 
with PCa, a majority (91%) with in-
termediate-risk disease, at a median 
follow-up of 3 years. FFS, defined by 
whole-gland treatment, systemic disease, 
or death, was 96% at 3 years. In up to 
9% of the patients, in-field recurrences 
were noted. Eighteen men required re-
treatment: 12 underwent repeat IRE and  
6 had whole-gland treatment. Functional 
outcomes were excellent, with 98% of 
men remaining pad free and 76% having 
no change in erectile function.26

There are no randomized trial compar-
isons of IRE with radical prostatectomy 
in the literature. However, Scheltema and 
colleagues made a pair match comparing 
50 men with cT1c-T2b, unifocal disease 
who underwent IRE with 50 men who 
underwent robot-assisted nerve-sparing 
radical prostatectomy. No significant 
differences emerged in the baseline on-
cologic and functional characteristics. At 
12 months, urinary continence and sexual 
function were superior in the men who 
underwent IRE treatment compared with 
those who had robot-assisted laparoscop-
ic radical prostatectomy (RARP), but 
higher local failure (29.5%) was noted 
in the men treated with IRE.27

IRE is a promising focal therapy treat-
ment. However, further larger studies 
with appropriate control arms are needed 
to establish its role in PCa treatment, 
as well as to define potential selection 
criteria and drawbacks. 

Focal Brachytherapy
Whole-gland brachytherapy and salvage 
brachytherapy have been used to treat lo-
calized PCa and have been recommended 
in the NCCN guidelines to treat low-risk 
disease. However, little evidence exists for 
primary MRI-guided brachytherapy for 
focal therapy of PCa. Although the field 
has anticipated the promise of focal high 
dose rate (HDR) brachytherapy for PCa, 

clinical trials have not, in many cases, 
delivered promising outcomes.28 

King and colleagues reviewed their 
experience with focal MRI-guided 
brachytherapy in a large cohort of  
354 men: 40%, 39%, and 21% of pa-
tients had very low-risk, low-risk, and 
intermediate-risk disease, respectively. 
At a median of 11 years follow-up, 22 
men (6.2%) had developed metastatic 
disease. The 12-year metastasis rates 
for patients with very low-risk, low-risk, 
and intermediate-risk disease were 0.8%, 
8.7%, and 15.7%, respectively.

More importantly, the 12-year 
PCa-specific mortality estimates were 
1.6% in very low-risk, 1.4% in low-risk, 
and 8.2% in intermediate-risk disease, 
respectively. Due to the high rate of me-
tastasis and PCa-specific mortality rates, 
the authors concluded that partial gland 
ablation with brachytherapy might not 
be appropriate for patients with inter-
mediate-risk disease.29

Other prospective studies with short-
er-term follow-up have shown concor-
dant results. Biochemical recurrence-free 
survival after focal HDR brachytherapy 
was poor in one study with 4 years of fol-
low-up, at a rate of 70% in 30 patients.30 
No other relevant oncologic outcomes, 
such as FFS or salvage whole-gland 
treatment, were reported in this study.

Focal Laser Ablation
Focal laser ablation (FLA) is an MRI-guid-
ed technique that uses a low-powered 
laser fiber to deliver thermal energy 
transrectally to the soft-tissue target. 
The tissue ablation temperature exceeds  
60 °C. This technology was adapted from 
use in intracranial neoplasms.31

Only a few small studies have reported 
outcomes from use in the primary treat-
ment of PCa. One phase 2 trial of 27 men, 
primarily with low-risk disease, received 
FLA for up to 2 MRI-visible lesions. 
No residual cancer was noted in 96% 
of men, utilizing MRI-targeted biopsy 
3 months after treatment, but residual 
cancer was detected in 37% at a fol-

low-up systematic biopsy at 12 months. 
The complication profile was favorable, 
with hematuria, perineal ecchymosis, and 
urinary retention as the most common 
AEs.32 No significant difference was seen 
in IPSS or Sexual Health Inventory for 
Men (SHIM) scores between baseline 
and at 12 months. In another study 
by Lepor and colleagues, 25 men with 
Gleason score <8, cT1c-T2a, and PSA 
<10 ng/mL were treated with FLA and 
monitored with MR thermometry. No 
decline in IPSS or SHIM score was noted 
at 3 months, with 96% of men noted to 
have a negative ablation-zone biopsy.33

In a larger prospective trial of 120 pa-
tients who underwent FLA for primarily 
low- or intermediate-risk disease, 15% 
harbored residual clinically significant 
disease upon follow-up MRI-targeted bi-
opsy; 17% required retreatment of some 
sort. A change in technique significantly 
limited this study during the study peri-
od.34 Two-year oncologic outcomes were 
reported in another prospective study 
of primary FLA, and 18.8% harbored 
clinically significant PCa at follow-up 
biopsy.35

Prostate volume limitations and con-
traindications to FLA are not well defined 
in the literature.36 

Focal Radiofrequency Ablation
Focal radiofrequency ablation (RFA) has 
been studied as a treatment for cancer in 
various organs, including the liver and 
kidney. It delivers thermal energy using 
medium-frequency alternating current by 
way of a transperineal probe.37

Only 1 prospective phase 2 study exists 
in the literature. It recently reported the 
short-term outcomes of 20 men who 
underwent bipolar RFA, 90% of whom 
had Gleason 7 disease. At a 6-month 
follow-up targeted biopsy, 80% of men 
were free of clinically significant PCa 
within the treated lesion. Utilizing the 
Expanded Prostate Cancer Index Com-
posite questionnaire, 89% of patients 
who had no baseline urinary dysfunction 
were found to be free of incontinence at  
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12 months. Using responses to the IIEF, 
the investigators found that 91.7% of 
patients with no baseline erectile dys-
function reported the ability to achieve 
adequate erections with or without 
phosphodiesterase-5 inhibitors.38 No 
serious AEs were reported.

Due to the paucity of literature for 
focal RFA in this setting, additional 
research is needed to establish selection 
criteria and drawbacks.

Partial Prostatectomy 
Partial prostatectomy is a subtotal 
surgical resection of a prostate tumor, 
and cancer control outcomes of this 
approach have been sparsely recorded 
in the literature. However, recently, the 
short-term results of a single-arm multi-
center prospective trial of robotic partial 
prostatectomy for anterior tumors were 
reported.39 Seventeen patients, primarily 
with anterior preurethral tumors visible 
on MRI, were enrolled. All patients un-
derwent robotic partial prostatectomy via 
a transperitoneal approach. Perioperative 
outcomes were excellent, with no grade 
3 complications reported. Three-month 
continence and erectile function rates 
were 100% and 83%, respectively. 
Long-term oncologic outcomes were 
not reported. However, the local re-
currence-free survival rate was 67% at  
3 years, and 24% of men underwent a 
completion radical prostatectomy.

Although this is a novel approach for the 
treatment of anterior zone PCa, only a few 
men would be eligible to meet the inclusion 
criteria of preurethral tumors, and with a 
high local failure rate, some would require 
whole-gland therapy soon after.

Focal Transurethral  
Ultrasound Ablation 
MRI-guided TULSA is a novel procedure 
in which prostate tissue is ablated in 
a continuous sweeping fashion by the 
directed ultrasound. The ablation zone 
is monitored with MR thermometry. It 
has been studied mainly as a whole-gland 
therapy for PCa.

Recently, the TULSA-PRO (designat-
ed for the technology’s manufacturer, 
Profound Medical) Ablation Clinical 
Trial protocol was developed, and the 
single-arm multicenter trial was com-
pleted for the whole-gland treatment 
of PCa. Patients with Gleason 6 and 7, 
cT1 to cT2b, and MRI visible tumors, 
with PSA <15 ng/mL, were enrolled in 
the study. Patients with prostate volume 
>90 cc, intraprostatic calcifications 
>1 mm, and prostate tumors within 3 
mm of the prostate apex on MRI were 
excluded. The trial’s primary objectives 
were safety and efficacy, defined as PSA 
decline equal to or greater than 75%. 
The secondary oncologic objective was 
disease improvement at repeat biopsy, 
defined as no cancer or reduced cancer 
grade on 10-core biopsy at 12 months. 
Urinary function was evaluated with 
IPSS, and erectile dysfunction was eval-
uated with the IIEF score. A total of 115 
men, 33% with low-risk disease and 67% 
with intermediate-risk disease, underwent 
whole-gland therapy. At 12 months, 8% 
of patients had grade 3 complications, 
with urinary tract infection and urethral 
stricture being the most common. A total 
of 96% of patients met the primary objec-
tive of PSA decline >75%. A total of 23% 
of patients developed moderate erectile 
dysfunction requiring medical manage-
ment. No cancer was noted at 12-month 
biopsy in 75% to 80% of men. The risk 
factors for treatment failure were noted 
to be intraprostatic calcification, failure 
to achieve thermal dose coverage >96%, 
and Prostate Imaging–Reporting and 
Data System >3 lesion at 12 months.40

TULSA-PRO is awaiting FDA approv-
al, and further studies are under way to 
study its role in the focal therapy of PCa. 
The results of multiple treat-then-resect 
studies have been reported, indicating 
the safety and potential efficacy of focal 
TULSA. A phase 1 study investigated 
the feasibility of MRI-guided TULSA. 
Six men with 1 to 2 MRI-visible lesions 
far from the neurovascular bundles were 
enrolled. No treatment-related complica-

tions were reported in the 3 weeks leading 
up to RARP. At surgical pathology, no 
residual in-field cancer was seen.41

Discussion 
Treatment of localized PCa reduces the 
risks of progression and PCa-specific 
death, but significant adverse long-term 
functional outcomes of prostatectomy 
and radiation therapy for localized PCa 
treatment have been well characterized. 
Up to 18% of patients report significant 
bother from urinary leakage, and 43% 
are bothered by sexual dysfunction at  
15 years.42 AS may preserve functionality 
for some well-selected patients at the cost 
of a higher risk of progression before 
definitive treatment can be performed. 
For many intermediate-risk patients for 
whom the risk of progression with AS is 
unacceptably high, but for whom quality 
of life with whole-gland treatment would 
be too low, focal therapy offers a possi-
ble solution. This potential benefit with 
regard to functional preservation is well 
supported by the data we have discussed. 
Incontinence and erectile dysfunction 
rates for focal therapy are milder in both 
the maximum degree and duration of 
recovery when compared with rates for 
whole-gland therapy. Even in the most 
contemporary nerve-sparing robotic 
prostatectomy series, severe incontinence 
and erectile dysfunction are reported at 
detectable rates that are not seen in any 
of the focal therapy cohorts.43

However, many questions remain 
unanswered for every mode of focal 
therapy for PCa. The longest-term on-
cologic outcomes are 5 years for HIFU 
and cryoablation. Metastasis-free and 
cancer-specific survival are very high, 
as would be expected with intermedi-
ate-term outcomes. Radical whole-gland 
treatment is avoided in most patients, 
and FFS is as high as 88% in men with 
intermediate-risk disease 5 years follow-
ing focal HIFU.8 Similarly, high radical 
treatment–free survival is seen with focal 
cryotherapy over a medium-term period, 
but it has been reported as low as 70% 
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at 5 years. Many patients receiving both 
cryotherapy and HIFU will need repeat 
focal treatment for definitive cancer 
control.44 The majority of patients who 
undergo focal treatment avoid radical 
therapy, likely at a rate lower than those 
with intermediate-risk disease who ini-
tially pursue AS in contemporary proto-
cols.2,45 However, to our knowledge, only 
1 randomized trial comparing any focal 
therapy to AS has reported this outcome, 
and this was for a low-risk cohort.28 As 
for energy modalities beyond HIFU and 
cryoablation, it is unclear at this point 
whether similar intermediate-term out-
comes will be seen.

Other considerations are the outcomes 
of patients who require salvage treatment 
after focal therapy, our understanding of 
which is limited to small retrospective 
series. Marra and colleagues conducted a 
systematic review of short-term oncologic 
and functional outcomes following radical 
salvage treatment after focal therapy; they 
found little signi� cant difference between 
outcomes following primary radical treat-
ment, but the overall quality of evidence 
was low.46 Another more recent series 
of 45 men who underwent post-HIFU 
prostatectomy found that one-third of 
men required either additional radiation 
or androgen deprivation therapy at 12 
months postoperatively, and only 65% 
were pad free, suggesting worse outcomes 
compared with primary prostatectomy.47

Patient selection criteria for focal ther-
apy continue to evolve as the literature 

matures. Various cancer risk groups have 
been evaluated in many of the above 
studies, and as would be expected, high-
risk patients do not fare as well as the 
patients with intermediate- or low-risk 
disease.48 Ideal tumor location has been 
widely described but poorly studied. A 
recent retrospective article comparing 
focal HIFU outcomes for anterior tumors 
and posterior tumors found that anterior 
location was predictive of treatment 
failure on multivariate analysis.12 This 
has been postulated in the literature 
previously. Prostate swelling during 
treatment can shift target lesions, and 
this effect has been described as having an 
exaggerated effect on anterior lesions.13

Comparable tumor location studies for 
cryotherapy have not been published. 
However, posterior tumors are thought 
to be unfavorable for this modality of 
treatment, due to collateral tissue de-
struction of the neurovascular bundle 
that is not seen with focal HIFU.13 The 
effects of other clinical factors have been 
described as well, such as PSA >10 ng/
mL; this has been demonstrated as a risk 
factor for treatment failure in multiple 
studies.48

In the AS era, a Delphi consensus 
statement has claimed that the ideal 
focal therapy candidate is a patient with 
a small unifocal mpMRI-visible lesion 
with biopsy-proven intermediate-risk 
disease and a maximum volume of 3 mL 
if con� ned to a single hemigland.48 What 
is known is that due to the intensive fol-

low-up imaging and biopsies necessary, 
and the possible need for retreatment in 
most protocols, a high level of long-term 
patient adherence is required. Current 
guidelines do not recommend primary 
focal therapy outside the context of a 
clinical trial. 

Conclusions 
Focal therapy for PCa could balance 
undertreatment and overtreatment of 
localized PCa for highly selected patients. 
Long-term oncologic outcomes are not 
yet available for any modality. Interme-
diate-term oncologic outcomes appear 
promising for HIFU and cryoablation, 
and functional outcomes are superior 
to those of any form of whole-gland 
therapy. Patient selection remains key 
in the success of focal treatment mo-
dalities. Patients should be informed 
regarding currently available outcomes, 
the necessity of adherence to a stringent 
follow-up protocol, and the possible need 
for additional targeted therapy or future 
radical treatment in case of recurrence.
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Prostate Cancer Focal Therapy Has Made Great 
Strides and the Future Remains Bright

Although partial-gland therapies, 
also known as focal therapies, 
have been incorporated into the 

surgical treatment pathway of nearly 
every solid organ system, the prostate 
has been particularly challenging due 
mainly to 2 concerns: cancer multifo-
cality and the diffi culties of accurately 
imaging the boundaries of a distinct 
tumor(s) as typically occurs in other 
organs, such as the kidney. Despite 
these challenges, however, the slow 
but steady acceptance of the concept 
of focal therapy for prostate cancer 
has been growing over the past 2 de-
cades, with gratitude to the dedicated 
individuals who have had the foresight 
to propel focal therapy to eventually 
become a standard treatment for 
select men. Support for the develop-
ment of image-targeted interventions is 
also extended to our industry partners 
and collaborative scientists who con-
tinue to push the envelope on technical 
enhancements and new discoveries 
that aid in the detection, characteriza-
tion, and image-guided treatment of 
such neoplasms. 

With the widespread adoption of 
multiparametric MRI, we now have 
a reliable imaging platform to direct 
patient selection and provide intrap-
rocedural guidance and posttherapy 
surveillance.1 MRI still leaves room for 
improvement, though, as up to 15% of 
tumors are MRI-invisible and the 3-
dimensional shape of each cancer with 
precise determination of the boundar-
ies leaves room for discovery.2,3 Also, 
over the past 2 decades, physicians 
and patients have become more com-
fortable with the management of multi-
focality, provided that untreated, small, 
and indolent satellite tumors can be 
confi dently monitored and do not pose 
a threat to a patient’s life expectancy.

As the authors discuss, a number 
of short- to medium-term outcomes 
have been reported on primary focal 
therapy, ranging from single-institution 
and multicenter series to small clinical 
trials.4 From a functional point of view, 
most would agree that the results of 
focal therapy overall have been excep-
tional at preserving urinary function 
and continence. Potency outcomes 
have also been very competitive with, if 
not better than, traditional whole-gland 
therapies. However, cancer control has 
yet to demonstrate mature long-term 
data. Regarding oncologic outcomes, 
the reality is that even traditional thera-
pies such as radiation and surgery have 
failure rates and certainly have adverse 
effects on the quality of life of many 
men. We should not expect focal ther-
apy to improve the failure rate when 
compared with whole-gland therapy. 
Since it is a partial-gland therapy, a 
consensus panel believed that retreat-
ment rates up to 20% with focal thera-
py were clinically acceptable.5 Further 
therapy may be required if a targeted 
ablation does not control a clinically 
signifi cant tumor, and other men may 
require additional treatment if a de 
novo, or out-of-fi eld, tumor is subse-
quently detected and deemed in need 
of therapy during follow-up.

Several ablative devices are on the 
market, some of which combine phys-
ical ablation with targeted drug/device 
therapy. This takes on yet another chal-
lenge when determining effi cacy of 
focal therapy, as new devices and 
treatments will similarly be introduced 
over time. We need a means to ad-
dress the effectiveness of these treat-
ments, particularly in situations where 
the natural history of prostate cancer 
is often prolonged, requiring in excess 
of 10 years to determine oncologic

outcomes. For the most part, clearly 
functional outcomes can be assessed 
in the short term, and the data to date 
have been very supportive of focal 
ablation.4,5

Patient selection remains the corner-
stone of properly applied focal therapy. 
With the well-chosen tumor/patient, 
many will be able to avoid radical treat-
ment in the intermediate term while 
preserving genitourinary function. If 
this goal can be realized, it should be 
understood that a limited percentage of 
men may require an additional ablation 
at some point that may be reasonable 
as long as the cancer can contin-
ue to be controlled and quality of life 
maintained. We have already seen this 
in the renal literature, where a small 
percentage of patients will require a 
second ablation for treatment of a small 
T1a renal cell carcinoma, and this has 
been accepted by most practitioners 
and patients.

As we move forward with collect-
ing long-term cancer outcomes, it is 
important to be mindful that patient and 
tumor selection remain the cornerstone 
of successful partial-gland ablation. 
Finally, it is important to be forthcoming 
with patients regarding the intended 
goals, benefi ts, and limitations of focal 
therapy, and to have them understand 
that retreatment, identifi cation of de 
novo tumors, or progression is always 
possible. 
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CIN CAN STRIKE AT ANY MOMENT

IN A WORLD FILLED WITH COVID-19 … 

It’s time to take a critical fresh look at chemotherapy-induced neutropenia (CIN), and how 
the COVID-19 pandemic is changing the standard-of-care guidelines.

There is a direct association between baseline 
blood counts and the likelihood of developing 
a fever or being diagnosed with a documented 
infection or bacteremia.8

Once regimens are 
disrupted due to low 
ANC levels, the eruption 
of complications begin 

CIN remains the most 
common serious toxicity of 
current chemotherapeutic 
regimens. Despite advances 
in therapy, it continues 
to put patients at risk 
of immune-compromising 
infections.9 These repeated 
infections and subsequent 
lower ANC levels may result 
in treatment delays and 
dose reductions3—as well 
as costly extended or 
repeated hospitalizations 
and eventually decreased 
survival.10,11  

CIN’s devastating 
impact on your patient’s 
treatment regimen 

CIN can not only compromise 
your patient’s immune 
system and make them 
vulnerable to long-term 
infection, but it may also 
wreak havoc on the regimen 
you prescribed, making them 
face the devastating “4 Ds”:

DECREASE
their recommended 
treatment dose

DELAY
their treatment cycles

DOWNGRADE
their prescribed regimen 

DISCONTINUE
their recommended 
treatment dose

hospitalizations, which place 
substantial economic costs and 
strains on the healthcare system.5-8

Cancer plus COVID-19–and the 
threat patients everywhere are 
now facing

Infection has always been a 
concern in patients who may 
be at risk of neutropenia 
associated with chemotherapy. 
And now, with the onset of 
the global COVID-19 pandemic, 
they are facing an even higher 
mortality rate. While cancer- 
associated risk factors with 
COVID-19 are not yet fully 
understood, individuals with 
active hematologic or lung 
malignancies, lymphopenia, 
or baseline neutropenia show 
worse outcomes when also 
diagnosed with COVID-19.1 The 
result? A revisiting of practice 
guidelines, the expansion of 
prophylactic granulocyte-
colony stimulating factor 
(G-CSF) for patients who 
are at intermediate risk for 
neutropenia, and a renewed 
urgency to address the high 
unmet need of preventing CIN.2

When ANC drops, so do your 
patient’s defenses 

During chemotherapy, the 
absolute neutrophil count 
(ANC) drops until it reaches 
its lowest point (nadir). The 
timely detection and 
diagnosis of CIN make it 
possible to administer 
the appropriate G-CSF.3

Otherwise, severe (Grade 
4) neutropenia may cause 
dose reductions in therapy 
regimens and compromise 
the chemotherapy’s effi  cacy, 
potentially reducing a 
patient’s survival.4 Fever 
and systemic infections 
from neutropenia are also 
serious complications (Figure 
1), as they may lead to 

DAYS 1-10: THE GREATEST RISK
G-CSFs leave patients vulnerable 

• It takes up to 8 days for G-CSFs to 
 accelerate the maturation and 
 proliferation of neutrophil precursors 
 in bone marrow1

• G-CSF benefi ts are not seen until the 
 eighth day following chemotherapy12

• Patients treated with various 
 chemotherapies may still experience 
 Grade 4 neutropenia between Days 
 6-8, even with the use of G-CSF12

Cycle 1 of chemotherapy may 
put patients at risk 

• In Cycle 1, the ANC nadir takes place 
 between Days 7-1013

• CIN episodes are the highest 
 in Cycle 1 in patients with 
 breast cancer9

Although infections may linger in the healthcare setting, it’s critical to 
reduce exposure and protect patients with cancer during the COVID-19 
pandemic. This is precisely why prophylactic prevention therapy is now 
being recommended to include patients who may also be at intermediate 
risk of developing FN.19

LEARN MORE TODAY AT
CINRisk.com
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FIGURE 1: GRADE 4 
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• Most initial neutropenic events and 
 infection events occur in Cycle 114

• The risk of initial hospitalization 
 spikes by Day 10, particularly in high-risk patients with febrile neutropenia (FN)15 (Figure 2)
• Chemotherapy-related death rates have been observed in certain study populations to be as high as 
 13%, with 37% of these deaths occurring during Cycle 116 

Patients go unprotected as early as Week 1

G-CSFs may leave patients vulnerable to CIN as early as Week 1 of Cycle 1.12,17 Should their ANC drop 
and approach 1.0 (or below), they run the risk of encountering life-threatening consequences, including 
infection, FN, hospitalization, and death.18

THE RISK IS REAL
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CIN CAN STRIKE AT ANY MOMENT

IN A WORLD FILLED WITH COVID-19 … 

It’s time to take a critical fresh look at chemotherapy-induced neutropenia (CIN), and how 
the COVID-19 pandemic is changing the standard-of-care guidelines.

There is a direct association between baseline 
blood counts and the likelihood of developing 
a fever or being diagnosed with a documented 
infection or bacteremia.8

Once regimens are 
disrupted due to low 
ANC levels, the eruption 
of complications begin 

CIN remains the most 
common serious toxicity of 
current chemotherapeutic 
regimens. Despite advances 
in therapy, it continues 
to put patients at risk 
of immune-compromising 
infections.9 These repeated 
infections and subsequent 
lower ANC levels may result 
in treatment delays and 
dose reductions3—as well 
as costly extended or 
repeated hospitalizations 
and eventually decreased 
survival.10,11  

CIN’s devastating 
impact on your patient’s 
treatment regimen 

CIN can not only compromise 
your patient’s immune 
system and make them 
vulnerable to long-term 
infection, but it may also 
wreak havoc on the regimen 
you prescribed, making them 
face the devastating “4 Ds”:

DECREASE
their recommended 
treatment dose

DELAY
their treatment cycles

DOWNGRADE
their prescribed regimen 

DISCONTINUE
their recommended 
treatment dose

hospitalizations, which place 
substantial economic costs and 
strains on the healthcare system.5-8

Cancer plus COVID-19–and the 
threat patients everywhere are 
now facing

Infection has always been a 
concern in patients who may 
be at risk of neutropenia 
associated with chemotherapy. 
And now, with the onset of 
the global COVID-19 pandemic, 
they are facing an even higher 
mortality rate. While cancer- 
associated risk factors with 
COVID-19 are not yet fully 
understood, individuals with 
active hematologic or lung 
malignancies, lymphopenia, 
or baseline neutropenia show 
worse outcomes when also 
diagnosed with COVID-19.1 The 
result? A revisiting of practice 
guidelines, the expansion of 
prophylactic granulocyte-
colony stimulating factor 
(G-CSF) for patients who 
are at intermediate risk for 
neutropenia, and a renewed 
urgency to address the high 
unmet need of preventing CIN.2

When ANC drops, so do your 
patient’s defenses 

During chemotherapy, the 
absolute neutrophil count 
(ANC) drops until it reaches 
its lowest point (nadir). The 
timely detection and 
diagnosis of CIN make it 
possible to administer 
the appropriate G-CSF.3

Otherwise, severe (Grade 
4) neutropenia may cause 
dose reductions in therapy 
regimens and compromise 
the chemotherapy’s effi  cacy, 
potentially reducing a 
patient’s survival.4 Fever 
and systemic infections 
from neutropenia are also 
serious complications (Figure 
1), as they may lead to 

DAYS 1-10: THE GREATEST RISK
G-CSFs leave patients vulnerable 

• It takes up to 8 days for G-CSFs to 
 accelerate the maturation and 
 proliferation of neutrophil precursors 
 in bone marrow1

• G-CSF benefi ts are not seen until the 
 eighth day following chemotherapy12

• Patients treated with various 
 chemotherapies may still experience 
 Grade 4 neutropenia between Days 
 6-8, even with the use of G-CSF12

Cycle 1 of chemotherapy may 
put patients at risk 

• In Cycle 1, the ANC nadir takes place 
 between Days 7-1013

• CIN episodes are the highest 
 in Cycle 1 in patients with 
 breast cancer9

Although infections may linger in the healthcare setting, it’s critical to 
reduce exposure and protect patients with cancer during the COVID-19 
pandemic. This is precisely why prophylactic prevention therapy is now 
being recommended to include patients who may also be at intermediate 
risk of developing FN.19
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• Most initial neutropenic events and 
 infection events occur in Cycle 114

• The risk of initial hospitalization 
 spikes by Day 10, particularly in high-risk patients with febrile neutropenia (FN)15 (Figure 2)
• Chemotherapy-related death rates have been observed in certain study populations to be as high as 
 13%, with 37% of these deaths occurring during Cycle 116 

Patients go unprotected as early as Week 1

G-CSFs may leave patients vulnerable to CIN as early as Week 1 of Cycle 1.12,17 Should their ANC drop 
and approach 1.0 (or below), they run the risk of encountering life-threatening consequences, including 
infection, FN, hospitalization, and death.18

THE RISK IS REAL
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Hand-Foot Skin Reaction Secondary 
to Sunitinib in a Patient With Metastatic 
Clear Cell Renal Cell Carcinoma
Karen Férez-Blando, MD; Francisco J. Castro-Alonso, MD; Judith Dominguez-Cherit, MD; Maria T. Bourlon, MD, MSc

A man, age 45 years, was 
diagnosed with interme-
diate-risk stage IV clear 
cell renal carcinoma 

(lung and lymph node metastases). 
He was prescribed fi rst-line systemic 
treatment with sunitinib (Sutent) 
50 mg per day (each cycle: 4 weeks 
on, 2 weeks off). Upon day 22 of his 
second sunitinib cycle, he came to the 
oncology clinic complaining of diffi culty 
walking due to bilateral sole pain. He 
described initial tingling sensations, 
which then became burning and 
painful, with symmetrical erythema and 
edema of the soles, without blisters. 
These turned into painful plaques with 
yellowish discoloration and hyperker-
atosis on pressure-bearing areas. He 
denied fever or other symptoms. The 
pain limited his instrumental activities 
of daily living, but not his self-care 
activities of daily living. Total body skin 
examination disclosed hyperkeratotic 
plaques on the undersurface of the 
great toes and heels of both feet, pre-
dominantly at sites of pressure (Figure 
1); no blisters, crusts, ulcers, or fi ssures 
were found. No relevant fi ndings were 
found upon physical examination of his 
hands, mucosae, and scalp. A diagno-
sis of grade 2 hand-foot skin reaction 
(HFSR) was made. 

Besides oral analgesics, which of the following is the best 
treatment for this patient?

A. Hot compresses and scrubbing the lesions

B. Low- or medium-potency topical steroid 
(ie, hydrocortisone 1% cream) plus a 
keratolytic agent (ie, urea 40% cream)

C. High-potency topical steroid (ie, 
clobetasol propionate 0.05% ointment) only

D. High-potency topical steroid (ie, 
clobetasol propionate 0.05% ointment) plus a 
keratolytic agent (ie, urea 40% cream).

E. Discontinue sunitinib until improvement 
to grade 1

TURN TO PAGE 273 for the answer and a discussion of this case by experts.
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 Figure 1. Hyperkeratotic Plaques.
These plaques, on the undersurface of 
the great toes and heels of both feet, 
occur predominantly at sites of pressure 
and friction.
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Discussion
Hand-foot syndrome (HFS) is a well- 
described cutaneous adverse event (AE) 
of certain chemotherapeutic agents, like 
capecitabine, docetaxel, 5-fluorouracil, 
and pegylated liposomal doxorubicin. It 
was first described in 1974 by Zuelke; 
alternative names for this AE include 
acral erythema, palmar-plantar erythro-
dysesthesia, and Burgdorf reaction.1 
Clinical dermatological manifestations 
may include erythema, edema, dryness, 
blisters, fissures, ulcers, and/or desqua-
mation. Varying degrees of paresthesia, 
dysesthesia, and pain can accompany 
such changes.2 Although palms and 

soles are the most commonly affected 
areas, changes in the dorsal surfaces and 
nails can occur.3 

With the advent of targeted therapies 
such as multikinase inhibitors (MKIs), 
a novel profile of cutaneous AEs has 
emerged. Since the MKI-related skin 
changes affecting the palms and soles 
differ from the ones caused by chemo-
therapy, the term HFSR is used when 
referring to the MKI-induced syn-
drome.4 The differences between HFS 
and HFSR are summarized in Table 1. 
HSFR has been associated with various 
MKIs, including regorafenib (Stivarga), 
cabozantinib (Cabometyx), sorafenib 

(Nexavar), sunitinib, axitinib (Inlyta), 
and pazopanib (Votrient).5 Although 
it isn’t life-threatening, HFSR can lead 
to cessation of therapy, dose reduction, 
and impaired quality of life.6 

HFSR affects 31.2% to 79.4% of pa-
tients using MKIs.7-9 The frequency of 
all-grade HFSR differs greatly among 
the MKIs—for instance, the frequency 
with regorafenib is 46% to 84%; with 
cabozantinib, 35%; sorafenib, 10% to 
62%; and sunitinib, 10% to 28%. The 
corresponding frequencies for grade 3 
or greater HFSR are 20.4%, 9.5%, 2% 
to 36%, and 4% to 12%, respectively. 
Notably, the incidence of HFSR from 
a specific MKI can vary among tumor 
types, as different doses might be indi-
cated for them.1,10,11 

HFSR has several risk factors. In a 
meta-analysis of randomized controlled 
trials involving 24,956 patients, the 

CORRECT ANSWER: D. High-potency topical steroid 
(ie, clobetasol propionate 0.05% ointment) plus a 
keratolytic agent (ie, urea 40% cream).
Continued from page 272

TABLE 1. Differences Between Hand-Foot Syndrome and Hand-Foot Skin Reaction

Hand-foot syndrome Hand-foot skin reaction

Causative agents Conventional chemotherapy (5-fluorouracil, cytarabine,
liposomal doxorubicin, etc)

MKIs (most), BRAF inhibitors (few), EGFR inhibitors (rare)

Risk factors Chemotherapy dosage; female gender MKI dosage; female gender; good performance status; tumor 
type

Clinical manifestations Diffuse erythema and edema, fissures, desquamation, and 
blisters

Focal, well-demarked yellow calluslike plaques with 
erythematous rims; excessive desquamation in resolution phase

Distribution Symmetric and diffuse; erythema over thenar and hypothenar 
eminences, joints, and Achilles tendons; palms more involved 
than soles

Symmetric on pressure points and areas of increased friction; 
soles more involved than palms

Symptoms Dysesthesia begins as tingling sensations and progresses into 
burning pain; decreases in pain and temperature sensation, 
with preservation of light touch and proprioception

Prodromal symptoms of numbness and tingling; paresthesia, 
dysesthesia, pain, and decreased heat tolerance

Hyperkeratosis Rare Often

Onset Weeks to months after starting treatment Days to weeks after starting treatment

Pathogenesis Accumulation of cytostatic agents in skin via eccrine sweat 
ducts; damage to small nerve fibers

Crosstalk between vascular endothelial cells and keratinocytes 
through the release of s-HBEGF; possible local tissue damage 
with insufficient repair due to inhibition of VEGFR and PDGFR

Histopathology Epidermal detachment and necrosis; damage to eccrine glands Epidermal hyperplasia; necrotic keratinocytes; interface 
dermatitis

Management Preventive: antiperspirant in palms and soles, regional cooling; 
interruption or dose modification; high-potency topical 
corticosteroids; wound care for ulceration and erosions; 
topical keratolytic agents; frequent emollient use

Preventive: avoidance of excessive pressure and repeated 
friction; use of emollients, topical keratolytic agents, and topical 
corticosteroids; dose escalation and transient dose modification 
or drug withholding, according to severity grade

Long-term sequelae Palmoplantar keratoderma; cases of patients losing their 
fingertips; increased risk of secondary infections

None reported

MKI, multikinase inhibitor; PDGFR, platelet-derived growth factor receptor;
s-HBEGF, soluble heparin-binding epidermal growth factor. 
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main risk factors for HFSR were: 
(A) Tumor type. The highest risk was 

with thyroid cancer, with a relative risk 
(RR) of 12.62; the RR for renal cell car-
cinoma was 8.10.

(B) MKI used. Cabozantinib repre-
sented the highest RR with 12.10; the 
RR with sunitinib was 2.97.

(C) Dosing. Severity and frequency 
of HFSR positively correlated with the 
dosage of MKI.12 

(D) Additional risk factors. These 
include female sex, good performance 
status, preexisting calluses, poorly fit-
ting shoes, and repeated friction to the 
hands and feet.5 

The pathogenesis of HFSR is still 
unclear. Proposed mechanisms include 
direct cytotoxic effect of the MKIs to 
the epidermis, eccrine secretion of MKI, 
and MKI-induced deficient capillary 
maintenance in high-friction areas.9,13

A crosstalk between vascular endo-
thelial cells and keratinocytes has also 
been suggested as an etiological mech-
anism. In this model, MKI triggers the 
release of soluble heparin-binding epi-
dermal growth factor from vascular 
endothelial cells. This stabilizes sirtuin 
1, an essential keratinization inducer in 
keratinocytes, hence causing hyperkera-
tinization. 

HFSR typically appears within the 
first 2 to 4 weeks of treatment initia-
tion, with severity also likely to peak 
early.7,14,15 HFSR clinical presentation 
can be divided into several phases. In 
the prodromal phase, the patient notic-
es dysesthesia, which progresses over 
several days to burning pain; palms and 
soles become symmetrically erythema-
tous and edematous. The inflammatory 
phase follows: A well-defined symmet-
rical erythema and tense bullae appear 
on the palms and soles. The hyperker-
atotic phase is next: Localized well- 
demarcated painful yellowish hyper-
keratotic patches overlie erythema-
tous base pressure-bearing areas.5 The  
patient can experience paresthesia, 
dysesthesia, and pain, which may be 

out of proportion to the clinical appear-
ance of the lesions. Finally, the resolu-
tion phase is characterized by excessive 
desquamation and fissures.1,5,16,17 Oth-
er concomitant alterations have been  
described, including scalp dysesthesia, 
angular cheilitis, perianal rashes, and 
facial erythema resembling seborrheic 
dermatitis. It is uncertain whether the 
pathophysiology is the same.1

Several prophylactic measures have 
been described. It is recommended that 
before initiating treatment with a kinase- 
targeted therapy, a patient’s hands and 
feet should be examined for existing hy-
perkeratotic lesions and, if present, de-
brided by a podiatrist or dermatologist. 
Patients should take measures to ensure 
that their skin remains extremely mois-
turized, utilizing 10% urea cream, and 
to avoid friction as much as possible  
(summarized in Table 2), and these 
measures should be maintained even if 
HFSR occurs.4,7,9,16 Answer A is there-
fore incorrect: Hot compresses and 
scrubbing the lesions (no matter how 
hyperkeratotic they look) will worsen 
HFSR. 

Patients who use 10% urea cream 
prophylactically, 3 times a day, have 
lower rates of HFSR. This was ob-
served in a randomized, open-label trial 
that included 871 patients with hepa-
tocellular carcinoma being treated with 
sorafenib. The use of urea-based cream 
extended the time to the first occurrence 
of HFSR, and it improved patient quali-
ty of life compared with best supportive 
care.18 Other topical keratolytic agents 
(ammonium lactate 6%-12%; salicylic 
acid 5%-10%) can be used to treat focal 
hyperkeratosis. Higher concentrations 
of keratolytics (urea 40%) might be im-
plemented once HFSR is established.16 
In addition, celecoxib has been suggest-
ed to lower incidence rates of HFSR. 
In an open-label prospective study of  
116 patients with advanced hepato-
cellular cancer, patients who received 
sorafenib with celecoxib achieved low-
er grade 2 and grade 3 HFSR incidence 
rates compared with those who received 
sorafenib alone.19 Finally, a retrospec-
tive study found that prophylactic oral  
dexamethasone 2 mg, taken once  a 
day, delayed dose modifications of  

TABLE 2. Patient Skincare Dos and Don’ts for HFSR Prevention

DO DON’T

• Bathe with cold water

• Use mild soaps and syndets (synthetic 
detergents)

• Pat your skin to dry

• Apply moisturizing ointments several times 
a day

• Apply topical keratolytic agents (urea 10%-
40%, ammonium lactate 6%-12%, or salicylic 
acid 5%-10%) focally to treat hyperkeratosis

• Identify and eliminate sources of friction, such 
as ill-fitting clothing or shoes

• Wear appropriate shoes: When standing, there 
should be at least a half-inch of space for the 
longest toe at the end of each shoe, with room 
to wiggle all toes 

• Sandals can be worn to relieve painful 
pressure points, if sun exposure is avoided

• Wear cotton socks and gloves at night to 
prevent injury and retain moisture

• Cool skin with packs as often as needed, but 
intermittently, not continuously

• Walk on hot surfaces (such as the sand at the 
beach) or use hot compresses.

• Use soaps and/or sanitizers that contain alcohol

• Exfoliate, scrub, or rub your skin

• Use home remedies

• Practice physical activity that can promote 
friction or callus formation on the palms or soles 
(ie, excessive running, repetitive motions on 
electronic devices, etc)

CLINICaL QUaNDaRIES RENaL CELL CaRCINOMa
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regorafenib and decreased the inci-
dence of grade 3 HFSR (3.2% in the  
experimental population vs 25.7% in 
the controls).20 

After establishing a diagnosis of 
HFSR, treatment should be individu-
alized using the National Cancer Insti-
tute’s Common Terminology Criteria 
for Adverse Effects. HFSR of grade 1 is 
characterized by minimal changes, such 
as erythema, edema, or hyperkerato-
sis without pain, and it can be treated 
with topical lidocaine 2% to 6% in gel, 
cream, or patch form. In grade 2 HFSR, 
painful skin changes (eg, blisters, ery-
thema, hyperkeratotic plaques) limit 
instrumental daily life activities, and 
grade 3 HFSR is characterized by severe 
skin changes (eg, moist desquamation, 
ulceration, blistering, fissures, or local 
injury causing infectious complications) 
and pain that limits self-care activities 
of daily life.5,16,21 Treatment of grade  
2 and 3 HFSR involves pain control 
with systemic medications, including 
nonsteroidal anti-inflammatory drugs 
and opioids or γ-aminobutyric acid  
antagonists.7,17

Superpotent topical steroids, such as 
clobetasol propionate ointment 0.05% 
or fluocinonide 0.05%, are recom-
mended for treatment of the inflamed, 
erythematous areas.7,15 Topical steroids 
induce vasoconstriction, promote anti-
mitotic actions, and have anti-inflam-
matory activity.22 No studies have com-
pared the different strengths of topical 
steroids in HFSR. Superpotent ones are 
usually recommended since the percu-
taneous absorption in hyperkeratotic 
or lichenified lesions on the palms and 
soles is diminished.23,24 Clobetasol, due 
to its superior potency, has also proved 
effective in treating “steroid-resistant 
dermatosis.”25 The vehicle also mat-
ters; an ointment base, not cream, is  
preferred for infiltrated, lichenified le-
sions. An ointment’s occlusive effect 
increases the hydration of the stra-
tum corneum, enhancing the drug’s  
penetration.26-28 Answer B is therefore 

incorrect: Hydrocortisone 1% cream is 
a low-potency steroid. Steroids are an 
adjuvant to and not a substitute for the 
aforementioned supportive measures. 
Answer C is therefore incorrect: Super-
potent steroids are not recommended as 
HFSR monotherapy.

Other translational studies have sug-
gested treatment with sildenafil, hepa-
rin-containing ointments,29 and narrow-
band UV-B phototherapy,23 but more 
research is needed.15 In a randomized 
multicenter phase 2 trial, patients with 
metastatic renal cell carcinoma who 
were being treated with sorafenib found 
that hydrocolloid dressing containing 
ceramide improved symptom manage-
ment of HFSR.24 An ongoing phase 3 
randomized trial is investigating this 
therapy.30 Several other therapy trials 
with topical sildenafil (NCT03229512), 
tazarotene (NCT04071756), and nico-
tinamide (NCT04242927) are ongoing.

The option of holding MKI, as a 
measure to improve HFSR, should be 

reserved for severe cases (grade 3) or 
refractoriness to supportive measures. 
When holding is needed, most HFSR 
treatment algorithms recommend hold-
ing MKI for 7 days (or until HFSR 
symptoms resolve), then resuming at a 
lower dose. If HFSR worsens or does 
not improve, dose interruption or dis-
continuation is suggested. If severe 
HFSR recurs despite supportive mea-
sures, therapy should be discontinued.7 
Answer E is therefore incorrect: For 
grade 2 HFSR, try supportive measures 
before discontinuing the MKI. D, then, 
is the best answer.

Prognosis for patients with HFSR 
is good, since this AE is reversible 
and treatable. It has been suggested 
that HFSR occurrence is a predictor 
of prolonged survival. In individuals 
with renal cell carcinoma treated with 
sunitinib and sorafenib, HFSR is asso-
ciated with significantly better progres-
sion-free survival (PFS).7,16 A similar 
observation was made in patients with 

 Figure 2. Imaging Findings Pre- (superior) and Post (inferior) Sunitinib 
Treatment. Basal CT scan shows (A) an enlarged mediastinal lymph node (arrow) 
and (B) a pulmonary metastasis (arrowhead). Follow-up CT scan reveals partial 
response in (C) the mediastinal lymph node (arrow) and (D) pulmonary metastasis 
(arrowhead).
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metastatic colorectal cancer treated  
with regorafenib who experienced  
severe HFSR.31

Outcome of This Case
The patient was treated with a high- 
potency topical steroid (clobetasol 
0.05% ointment twice daily) and a 
keratolytic agent (urea 40% cream 
once daily), which improved the symp-

toms to grade less than or equal to 1 
in 2 weeks. Clobetasol was tapered af-
ter 2 weeks. Rechallenge courses with 
urea were given when hyperkeratosis 
relapsed. Supportive care recommen-
dations were reinforced. Sunitinib dose 
did not need to be delayed or adjusted. 
The patient had a partial response in his 
first CT response evaluation, which is 
maintained to this day (Figure 2). He 

has had a PFS of 12 months to date, 
with no grade greater than or equal to 2 
HFSR recurrence.

FINANCIAL DISCLOSURE: The authors have 
no significant financial interest in or other 
relationship with the manufacturer of any 
product or provider of any service mentioned in 
this article.
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Advanced Technology Will Help Drive  
Reimbursement Change
Stephan Ondra, MD

Limited by the slow pace of change in 
traditional reimbursement models, 
shifts in the paradigm for patient care 

have also lagged far behind the possibilities 
created by transformative technology. The 
COVID-19 pandemic has changed that, cat-
alyzing improvements in reimbursement by 
both commercial and government payers, 
not only for traditional telehealth but for 
other technologies that are advancing how 
we think about patient monitoring and care.

While the pandemic has accelerated the 
acceptance of telehealth and remote pa-
tient monitoring, the groundwork was being 
laid even prior to COVID-19. According to 
McKinsey & Company, United States con-
sumer telehealth adoption has skyrocketed 
from 11% in 2019 to 46% currently. Due to 
the needs created by the pandemic and the 
expansion of reimbursement for telehealth 
services, providers have rapidly scaled 
offerings and are seeing 50 to 175 times 
the number of patients via telehealth than 
they did before.

In addition to the explosion of tele-
health usage by patients covered by both 
Medicare and commercial health plans, 
US policy makers have also embraced 
reimbursement for additional technology- 
enhanced methods to remotely monitor 
patients and identify those who could have 
care intervention prior to deterioration, and 
potentially prevent a full clinical deterio-
ration. Such approaches not only provide 
a more convenient way for patients to be 
monitored, but also improve the efficiency 

of the system and the value of care deliv-
ery services by offering the information 
required to get the right level of care to 
the right patient at the right time.

As patients and providers become 
more comfortable with a combination of 
traditional approaches to care, telehealth, 
and remote patient monitoring technology, 
health care coverage will become more 
convenient and efficient, and of higher 
value. That’s good news in the effort to 
lower the nation’s health care costs while 
raising the level of patient care experiences 
and outcomes.

 � Innovations drive care up, costs 
down. Telehealth alone can only 
begin to address the fundamental 
challenges of provider shortages and 
care access, and it changes the care 
paradigm in limited ways. Continuous 
remote patient monitoring (cRPM) is 
an important addition to traditional 
telehealth sessions for patients with 
chronic health issues. cRPM con-
tinuously monitors vital signs while 
the patient is at home and alerts the 
provider if health deterioration begins 
to occur—often before the patient 
feels any symptoms. The data shared 
give the provider the necessary infor-
mation, early on, to determine the best 
treatment for the patient.

 � Value-based reimbursement: the new 
norm. In order to continue to fund and 
advance cRPM and other artificial 
intelligence–based care delivery  

innovations, the reimbursement  
model must change in ways that 
enable and encourage the broader 
utilization of these innovations. 

 � Transformative models focus on 
prevention. Paradigm-shifting tech-
nology will be an important enabler 
in the transition to value-based 
reimbursement and related care 
models. The ultimate goal is to  
improve health outcomes and the 
care experience, while also saving 
money through more efficient tar-
geting of care resources.

Conclusions
The future looks bright for further adoption 
of telehealth and the use of technologies 
such as cRPM. These and other innovations 
will become part of a portfolio of technology 
and other care model change-enablers 
destined to improve care outcomes while 
creating a more cost-effective solution to 
soaring health care costs and the finite re-
sources that have been stretched even fur-
ther due to the impact of COVID-19. As we 
move toward value-based reimbursement 
models, providers, insurers, and payers will 
need more proactive approaches that can 
measurably improve outcomes, save lives, 
and lower overall health care costs—often 
from the convenience of a patient’s home.
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Product Profile

Drug name: Belantamab 
mafodotin-blmf (Blenrep)

Date of approval: August 5, 2020

Initial indication: Accelerated 
approval for the treatment of 
adult patients with relapsed or 
refractory multiple myeloma  
who have received at least  
4 prior therapies including an 
anti-CD38 monoclonal antibody, 
a proteasome inhibitor, and an 
immunomodulatory agent1

Dosage and administration: 
2.5 mg/kg administered as 
an intravenous infusion over 
approximately 30 minutes once 
every 3 weeks until disease 
progression or unacceptable 
toxicity

How supplied: 100 mg as a 
lyophilized powder in a single-
dose vial for reconstitution and 
dilution

Pivotal clinical trial: Phase 2 
DREAMM-2 trial (NCT03525678)2

PRODUCT PROFILE
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EXPERT COMMENTARY ON THE PRODUCT PROFILE OF

Belantamab Mafodotin

MULTIPLE MYELOMA

Eligible patients 
• Relapsed or refractory multiple myeloma
• ≥4 prior lines of therapy
• Refractory to iMIDs and PIs
• Refractory or intolerant to an anti-CD38 
monoclonal antibody

• ECOG performance status ≤2

Primary end points
• ORR by IRC in the full analysis and efficacy 
populations

Key secondary end points
• ORR by investigator assessment in the full 
analysis and efficacy populations, CBR, DOR, 
time to response, PFS, OS, safety

Stratification factors
• Number of prior lines of therapy (≤4 or >4) and 
status of cytogenetic features

Belantamab 
mafodotin at 2.5 mg/
kg on day 1 of every 
3-week cycle until 

disease progression 
or death

Belantamab 
mafodotin at 3.4 mg/
kg on day 1 of every 
3-week cycle until 

disease progression 
or death

CBR, clinical benefit rate; DOR, duration of response; iMID, immunomodulatory drugs; IRC, 
independent review committee; ORR, overall response rate; OS, overall survival; PI, proteasome 
inhibitor; PFS, progression-free survival. 

Trial Design of DREAMM-2
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PRODUCT PROFILE MULTIPLE MYELOMA

Q: Can you briefl y describe 
the mechanism of action of 

belantamab mafodotin?
MAPLES: Belantamab mafodotin [bela-
maf] is a first-in-class, novel anti-
body-drug conjugate. It is an antibody 
targeting  BCMA [B-cell maturation 
antigen], which is expressed on multi-
ple myeloma cells. The antibody-drug 
conjugate has a payload of monomethyl 
auristatin F, which is more like our 
traditional cytotoxic chemotherapy 
[drugs]. The antibody component binds 
to the BCMA expressed on the myeloma 
cells. The whole antibody conjugate is 
taken into the cell, where the payload is 
then released to cause the cell death, so 
it helps deliver more of that cytotoxic 
chemotherapy into just those BCMA-
targeted cells.

Q: What are some of the biggest 
concerns with the toxicity 

profi le of bela-maf? Have any new 
safety concerns become more 
apparent with its use in the real-
world treatment setting?
MAPLES: The top 3 grade 3/4 adverse 
effects that we saw in the clinical trials 
were keratopathy (changes to the cor-
nea), thrombocytopenia, and anemia. 
Those are the top 3 adverse effects  that 
we’re seeing in clinical practice, as well. 
The most important thing to know, and 
especially [to discuss with] patients, is 
the [possibility of] keratopathy. Some 
patients will have symptomatic eye toxic-
ity: blurry vision, dry eyes, or changes in 
their vision. Many patients will not have 
symptoms, but they’ll have those cornea 
changes on exam. That’s an important 
[distinction] to make to the patients, 
because they’re not used to having their 

treatment held. Patients [with myeloma], 
especially at this stage in the game, have 
been on therapy for many, many years 
and are used to it. With bela-maf, we’re 
having to dose, then hold, and dose, then 
hold, because of the keratopathy. [It’s 
important to] explain to them that they 
may not have any symptoms, but what 
the eye doctor is seeing on their eyes is 
resulting in the dose being held. What 
we’ve seen in clinical practice has been 
consistent with what we saw on the clini-
cal trials, and we are seeing that [with the 
use of] dose holds and dose reductions, 
these symptoms are resolving. And most 
commonly, I would say we’re seeing them 
occur around cycle 2 or cycle 3. 

Beyond the eye toxicity, we most 
commonly see thrombocytopenia and 
anemia, especially in these heavily 
pretreated patients, so [management 
involves] utilizing platelet transfusions 
and blood transfusions, as needed.

Q: Do you recommend that all 
patients who are on this 

drug be monitored by an eye care 
professional? 
MAPLES: That’s actually a requirement for 
the REMS [Risk Evaluation and Miti-
gation Strategy] program. In the clinical 
trials, the eye care professional had to be 
an ophthalmologist, but with the FDA 
approval, it can be any eye care profes-
sional. The patient will see this eye care 
professional for a baseline exam, prior 
to starting [bela-maf], and then they will 
see them every 3 weeks, prior to every 
single dose. It’s a good thing to educate 
the patients on, because it’s going to be 
1 more doctor visit that they will have 
to have every 3 weeks, to make sure that 
we’re following the REMS program and 

having their eyes checked. They will see 
those eye doctors very frequently, and 
we work very closely with them for any 
additional medications that they may 
need for their eye toxicity.

Q: Should patients and providers 
know about any additional 

aspects of the REMS program, 
beyond the close eye monitoring?
MAPLES: The REMS program has 3 key 
players. First, the providers have to 
enroll, and they will take an assessment 
quiz as part of their enrollment. But 
then they can assign delegates, so that 
could be their [physician assistant, nurse 
practitioner], or it could be their clinical 
pharmacists. I have been assigned as a 
delegate for my providers. Those are 
going to be the people who are assessing 
what the eye doctor tells us. 

The eye doctor � lls out a form that 
grades the patient’s vision changes as well 
as their keratopathy changes. We input 
these data into the REMS program [to 
determine] if the patient can continue 
therapy. The patient also has to enroll, 
so we do that initially as part of their 
patient education. 

The third component, which is im-
portant for infusion pharmacists and 
nurses to be aware of, is the infusion 
center, which also has to be enrolled in 
the REMS program. They have the � nal 
component, called the REMS checklist; 
once the drug is given, they sign off on 
the exact milligram dose that was given, 
and the day that it was given.

The eye doctors are not enrolled, but 
they’re a key player. Making sure that 
you have all 3 of those things set up 
before you get your � rst patient going 
is very critical. 

Q: Are dosing modifi cations 
common with this agent? 

MAPLES: If the patient experiences a grade 
2 toxicity—be it visual acuity changes 
or keratopathy—the recommendation 
is to hold [the dose] until they return to 
grade 1. At that point, you can resume 

COMMENTARY BY

Kathryn Maples, PharmD, BCOP
Clinical Pharmacy Specialist, Multiple Myeloma
Winship Cancer Institute
Emory Healthcare 
Atlanta, GA
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at the 2.5-mg/kg dosing. However, if 
a patient experiences grade 3 toxicity, 
then the recommendation is to again hold 
until they return to grade 1. At that point, 
you would reduce down to a 1.9-mg/kg 
dose. Based on of the grade of the toxicity, 
we’re always going to be holding, but the 
difference between grade 2 and grade 3 is 
[that the latter] requires a dose reduction.

Q: Should clinicians be aware of 
any major drug interactions?

MAPLES: Luckily, with this medication, 
there are not many significant drug 
interactions. Of course, [we’d like] to 
avoid any other medications that cause 
eye toxicity. As this is an antibody-based 
medication, we don’t have many signif-
icant drug interactions to worry about.

Q: Have any barriers to 
administration or receipt by 

the patient emerged since this 
agent’s approval, such as common 
reimbursement issues or logistical 
challenges to obtaining the 
medication?
MAPLES: The biggest barrier is the REMS 
program. While it exists for a necessary 
reason and it’s very doable, it is a cum-
bersome thing to get started, just to make 
sure that everything is in alignment. Our 
biggest barrier was making sure that we 
had everything set up at the infusion 
center before we could even get the drug 
delivered. If your institution, like mine, 
has multiple infusion sites, they may 
each have to be registered individually, 
so only 1 of ours is currently registered. 
Something for patients to keep in mind 
is that even if they’re used to getting 
treatment at one place, they may have 
to get it somewhere else just based upon 
the requirements there. 

In terms of reimbursement, the patients 
who we are putting on this medication 
have more than those 4 prior therapies, 
so just being mindful of the type of 
patient who you’re initiating on this 
therapy will reduce any issues with 
getting reimbursement. 

[You should] think about getting the 
eye appointment scheduled [for the 
patient]. This is not a therapy that you 
can decide on today and start treatment 
tomorrow. It will take at least a week 
or so to get set up, so that’s something 
for the patient and the team to keep in 
mind.

FINANCIAL DISCLOSURE: The authors have 
no signifi cant fi nancial interest in or other 
relationship with the manufacturer of any 
product or provider of any service mentioned 
in this article.
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Kathryn Maples, PharmD, 
BCOP, Discusses 
Belantamab Mafodotin for 
Multiple Myeloma

In an interview with ONCOLOGY®, 
Kathryn Maples, PharmD, BCOP, offers 
a comprehensive review of real-world 
treatment considerations of belantamab 
mafodotin as therapy for adult patients 
with relapsed or refractory multiple 
myeloma who have received at least 
4 prior therapies. She discusses 
toxicities associated with the agent, 
its mechanism of action, the REMs 
program, dosing modifi cations, and 
barriers to therapy administration.

…on the REMs Program for Belantamab 
Mafodotin
Cancernetwork.com/Maples_bela-maf1

…on Getting Centers Set Up for Belantamab 
Mafodotin Administration
Cancernetwork.com/Maples_bela-maf2
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The Management of 
Biochemical Recurrence 
in Prostate Cancer

280 M A Y  2 0 2 1

New imaging technologies improve early 
detection of biochemical recurrence 
(BCR) after definitive treatment for 

prostate cancer, but the clinical role of these 
imaging modalities and management based 
on these results continue to have unanswered 
questions, according to experts who partic-
ipated in a recent CancerNetwork® Around 
the Practice virtual presentation, moderated by 
Raoul Concepcion, MD, of the Comprehensive 
Prostate Center in Nashville, Tennessee. The 
presentation featured an interactive online 
platform in which audience members answered 
several polling questions, which were discussed 
by the panelists. 

Follow-up After Defi nitive Treatment 
for Prostate Cancer
The � rst polling question asked the audience to 
estimate the percentage of patients de� nitively 
treated for prostate cancer who would subse-
quently have BCR. Of the respondents, 40% 
estimated a BCR rate of 30% to 50% in this 
group of patients, whereas 20% estimated rates 
of less than 10%, 10% to 30%, and more than 
50%, respectively. The second polling question 
asked for a true or false response to the following 
statement: “For patients who do have a BCR, 
initial therapy should always be androgen depri-
vation therapy (ADT).” Of the respondents, 60% 
answered “false,” and 40% answered “true.” 

MEET OUR 
EXPERT PANEL

Raoul Concepcion, MD
Comprehensive Prostate Center

Nashville, TN

Munir Ghesani, MD
Icahn School of Medicine at Mount Sinai

New York, NY

Judd Moul, MD
Duke Cancer Center

Durham, NC

Brian Helfand, MD
NorthShore University Health System

& University of Chicago
Chicago, IL

To watch the full event,
scan the QR code

KEY TAKEAWAYS:
• After radical prostatectomy, a rise in prostate-specifi c antigen (PSA) level to 0.2 ng/mL or greater is 

considered recurrence. For patients with high-risk disease, consecutive rises in PSA level prior to reaching
0.2 ng/mL is also considered a recurrence.

• It is important to look at the surgical pathology because in some cases, benign glands at the margin 
can result in low levels of PSA that are not cancer related. Identifying recurrence is more challenging 
after defi nitive radiotherapy because the prostate gland remains in situ, and therefore some level of PSA 
is detectable.

• Therapy should be initiated for patients with Gleason scores of greater than 8 at the time of surgery, if 
biochemical recurrence is less than 3 years and if the PSA doubling time is less than 9 to 12 months.

• The recommended imaging modality is a positron emission tomography (PET) CT or PET MRI. The most 
widely available agent is fl uciclovine, a fl uorine 18-based agent, used to localize recurrent disease in 
patients who are presenting with increased PSA levels.

• There are multiple agents and combinations currently under investigation that may become available over 
the next few years. 18F-DCFPyL, a second-generation prostate-specifi c membrane antigen PET agent, is 
furthest along in the FDA review process and will most likely be considered as the next agent for approval.

• Overall, the greatest unmet need for patients with prostate cancer is the ability to localize disease reliably 
with current imaging modalities at very low PSA levels.
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For patients who received initial defini-
tive therapy, the National Comprehensive 
Cancer Network (NCCN) guidelines 
recommend measuring prostate-specific 
antigen (PSA) every 6 to 12 months for  
5 years and then annually thereafter, along 
with an annual digital rectal examination 
(which may be omitted if PSA is undetect-
able).1 Judd Moul, MD, of the Duke Cancer 
Center in Durham, North Carolina, said 
that after radical prostatectomy, he typically 
sees his patients every 3 months for the first 
year. If their features are particularly high-
risk, he will continue to see them every 3 to 
4 months for up to 3 years, and if lower risk, 
he will decrease visits to every 6 months for 
the next 2 to 3 years and annually thereafter 
up to 10 years.

Although various PSA cutpoints have 
been used to define BCR, Brian Helfand, 
MD, of NorthShore University Health Sys-
tem and University of Chicago in Chicago, 
Illinois, said that he uses a PSA level of 
0.2 ng/mL as the cutoff following rad-
ical prostatectomy, as results from one 
study showed that most (86%) postoper-
ative patients with PSA level greater than 
0.2 ng/mL developed PSA progression 
by year 1, with a 100% (95% CI, 87%-
100%) risk of progression by year 3.2 
Helfand added that most people would 

agree that consecutive rises in PSA on 
an ultrasensitive assay before reaching  
0.2 ng/mL are also considered a BCR, 
especially with higher-risk disease.

Identifying recurrence following radia-
tion therapy is more challenging because the 
in situ prostate gland produces a low level of 
PSA, according to Helfand. He uses what he 
refers to as the Phoenix definition (PSA level  
2 ng/mL greater than the lowest PSA level 
reached), which had a sensitivity and spec-
ificity of 64% and 74%, respectively, for 
predicting clinical failure in one study.3 He 
added that consecutive rises in PSA level 
taken at least 1 month apart also increase 
suspicion for recurrence.

Although the PSA nadir usually occurs 
within 3 to 6 months following define 
ADT (androgen deprivation therapy) plus 
radiation therapy, Moul said that it can take 
up to 18 months to reach the PSA nadir 
following radiation therapy without ADT. 
Moul added that detectable PSA unrelated 
to cancer may be observed in a subset of 
patients who have benign glands at the 
surgical margin after radical prostatectomy.

When deciding whether to initiate treat-
ment with a BCR, the panelists said that 
the timing of recurrence is important to 
consider, and Helfand added that a rapid rate 
of PSA doubling is particularly concerning. 

Results from a study of 379 men with 
BCR showed that a pathological Gleason 
score of 8 or higher, 3 or fewer years from 
radical prostatectomy to recurrence, and 
PSA doubling time less than 3 months or 
3.0 to 8.9 months were independently asso-
ciated with shorter time to disease-specific 
mortality. Concepcion said that a patient 
with these risk factors would be at risk for 
succumbing to his disease if therapy were 
not initiated.4

Case 1: The panelists discussed 
the case of a White man, age 58 
years, who presented in 2010 with 
a PSA level of 15 ng/mL. Transrectal 
ultrasonography-guided biopsy 
showed that 5 of 12 core biopsies 
were positive and classified as Glea-
son group 2, and staging work-up 
was negative. Surgical pathology 
after robotically assisted radical 
prostatectomy showed pathologic 
stage of T3a. The PSA level was 
0.8 ng/mL 6 months after surgery, 
but follow-up was not done for  
another 3 years when he had a PSA 
level of 8.3 ng/mL. The patient was 
asymptomatic and had no signs of 
metastatic disease on bone scan 
and CT.
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Poll results: For patients who 
do have a BCR, initial therapy 

should always be ADT.

40%  
True

VS 

60%  
False

voted

voted

ADT, androgen deprivation therapy; BCR, biochemical recurrence.

What is your impression of the estimate of patients who have been 
definitively treated for prostate cancer who will subsequently have BCR?

Poll results: Estimation of patients treated for  
prostate cancer with subsequent BCR

BCR, biochemical recurrence.

Estimated rate of recurrence
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The first polling question regarding 
case 1 asked the audience whether they 
would start this patient on ADT. Of the 
respondents, 66% answered yes, 17% 
answered no, and 16% said there was 
not enough information to decide.

Munir Ghesani, MD, of the Icahn 
School of Medicine at Mount Sinai 
in New York, New York, pointed out 
that the current standard of care for 
work-up has changed since 2013 and 
includes several imaging options beyond 
the conventional bone scan and CT 
(summarized in the NCCN guidelines).1 
18F-fluciclovine is a positron emission 
tomography (PET)–CT radiotracer 
that, according to Ghesani, is currently 
available at most commercial radiophar-
macies across the United States. The 
LOCATE trial (NCT02680041) showed 
that 18F-fluciclovine PET-CT detected 
lesions in the pelvic region or prostate 
bed in 52% of patients with negative or 
equivocal pelvic CT and changed man-
agement plans in 59% of all patients.5 

According to Ghesani, 11C-choline is also 
an approved radiotracer for PET, but its 
short half-life limits its availability to sites 
that have a cyclotron. In December 2020, 
the FDA approved Gallium-68 PSMA-11 
(68Ga-PSMA-11) for PET for men with 
suspected metastases of prostate cancer 

that are potentially curable by surgery 
or radiation therapy or suspected recur-
rence of prostate cancer based on PSA 
levels, although Ghesani noted that the 
approval is currently limited to University 
of California, Los Angeles, University 
of California, San Francisco, and sites 
performing studies that have approached 
the FDA about cross-referencing the 
investigational new drug.6

A poll of the audience revealed 
that 47% of respondents would use  
18F-fluciclovine PET-CT to image and 
restage the case patient, whereas 30% 
would use 68Ga-PSMA-11 PET-CT 
and 23% would use technetium bone 
scan. However, the panelists noted that 
many insurance carriers cover only the  
18F-fluciclovine PET-CT after a bone scan 
and CT have been performed, and some 
even limit coverage to patients with a 
minimum PSA level of 2.0 ng/mL. Fur-
thermore, Ghesani said that bone scan 
and CT have low sensitivity for detection 
of BCR and often fail to show the extent 
of disease when recurrence is detected, 
which can lead to suboptimal targeting of 
treatment. He stressed the importance of 
collaborating with insurance providers and 
societies to eliminate the requirements for 
bone scans and CT prior to more sensitive 
imaging modalities in the near future. 

Case 2:  The panelists discussed 
the case of an African American 
man, age 64 years, who presented 
in March 2016 with a PSA level 
of 5.8 ng/mL. Multiparametric 
MRI of the prostate revealed a 
prostate gland volume of 66.3 mL 
and a Prostate Imaging Report-
ing and Data System 4 lesion of  
1.5 cm to the right peripheral zone. 
Mechanical fusion biopsy showed 
that 2 of 3 core biopsies of the right 
peripheral zone had Gleason group 
3 (4 + 3), and 3 of 12 systematic 
biopsies showed Gleason group 
4 (4 + 4) in the mid-left peripheral 
zone. The patient underwent ex-
ternal beam radiation therapy but 
declined ADT. Serial PSAs showed 
a rise from 0.8 ng/mL in June 2017 
to 1.7 ng/mL in June 2018. 

In the first polling question about the 
case, the majority (approximately 90%) 
of the audience members recommended 
restaging the patient. In the next question, 
56% of respondents said that they would 
use CT and technetium bone scan to restage 
the patient. Other answer choices receiving 
responses included18F-fluciclovine PET-CT 
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CASE 1: Would you start 
this patient on androgen 

deprivation therapy?a

66%  
Yes

VS 

17%  
No

voted

voted

a Sixteen percent thought that not enough information was provided  
to make a decision.

CASE 1: If this patient presented today, and assuming you would  
restage the patient, what imaging modality would you choose?

23% Technetium bone scan and CT 
of abdomen and pelvis with 
and without IV contrast

Fluciclovine F18 PET-CT

Gallium-68  
PSMA-11 PET

47%

30%

IV, intravenous; PET, positron emission tomography; PSMA, prostate-specific membrane antigen.
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(30%) and 68Ga-PSMA-11 PET-CT (14%). 
Moul said that his approach to the case 
patient would depend in part on the pa-
tient’s current health and life expectancy. 
“If he’s in poor health, I would probably 
observe him,” he said. “If he was in robust 
health, or…had a greater than 10-year life 
expectancy, I would work him up.” Moul 
added that 18F-fluciclovine PET-CT would 
be “an ideal imaging test” in the work-up.

Ghesani said that according to at least 
1 study, 68Ga-PSMA-11 PET-CT may 
have better sensitivity for BCR than  
18F-fluciclovine PET-CT in the setting of 
a very low PSA level. Findings from a 
prospective trial (NCT03515577) showed 
that the detection rates were significantly 
higher with 68Ga-PSMA-11 (56%) than 
with 18F-fluciclovine (26%) in 50 patients 
with PSA level of 0.2 to 2.0 ng/mL (odds 
radio, 4.8; P = .0026).7 However, Ghesani 
said that 18F-fluciclovine PET is still con-
siderably more sensitive than CT and bone 
scan. “If only fluciclovine PET is available, 
it still will be very appropriate to do that 
scan,” he said. 

Ghesani added that patients are usu-
ally scanned sooner after injection with 
the 18F-fluciclovine PET-CT than with 
68Ga-PSMA-11, and the lower degree of 
urinary excretion may be advantageous 
for identifying small areas of recurrence in 
the prostate bed. Results of a prospective 
study of patients with BCR after definitive 
primary therapy (N = 58) showed that 

detection rates of 18F-fluciclovine versus 
68Ga-PSMA-11 varied by location of recur-
rence: 18F-fluciclovine had a higher rate of 
detection than that of 68Ga-PSMA-11 for 
local recurrence (37.9% vs 27.6%; P = .03), 
a similar rate for local pelvic lymph nodes 
(46.6% vs 50%; P = .71), and a lower 
rate for extrapelvic lymph nodes (41.4% 
vs 51.7%; P = .26) and bone (25.9% vs 
36.2%; P = .23).8 The study authors con-
cluded that further research is needed but 
suggested that the varying strengths of 
each tracer may complement each other.8

Emerging Imaging Modalities 
and Future Directions
Ghesani said that at least 5 combinations 
of 2 gallium-based and 3 fluorine-based 
radiotracer agents are in the pipeline, with 
the second-generation PSMA-PET agent 
18F-DCFPyL the furthest along in the FDA 
review process. However, Helfand noted 
that the ability to reliably localize disease 
with low PSA level remains the greatest un-
met need regarding BCR and detection, and 
identifying the roles for recently approved 
and emerging radiotracers will be import-
ant moving forward. Moul concluded that 
although the new imaging modalities are 
clinically useful, care must be taken to 
avoid overly aggressive management, par-
ticularly in older patients. “Don’t forget to 
keep your doctor’s hat on and look at the 
patient, look what’s in front of you, and 
put it in context,” he said.
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CASE 2: Based on these PSA 
kinetics, would you restage 

the patient at this point?

90%  
Yesa

VS 

10%  
Nob

voted

voted

PSA, prostate-specific antigen.
aApproximately 90% reported “yes.”
bNo data were provided for “no” response.

CASE 2: What imaging modality would you use to restage this patient?

56% Technetium bone scan and CT 
of abdomen and pelvis with 
and without IV contrast

Fluciclovine F18 
PET-CT

Gallium-68 PSMA-11 PET

30%

14%

IV, intravenous; PET, positron emission tomography; PSMA, prostate-specific membrane antigen.
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Targeted Therapy Treatment 
Options for Patients With 
Relapsed/Refractory 
Multiple Myeloma

The second most common hemato-
logical malignancy in high-income 
countries,1 multiple myeloma (MM) 

accounts for 1% of neoplastic diseases1 

and represents 18% of hematologic
malignancies in the United States.2 More 
than 32,000 people received an MM 
diagnosis in the United States in 2020.3

Although advances in treatment over the
past 2 decades have enabled lengthier
survival, the disease remains incurable4,5; 
the 5-year survival rate is 53.9%.6

Relapse and disease progression are 
inevitable for patients with MM. Multiple 
relapses enable resistant clones to develop, 
meaning shorter consecutive relapses and 
the ultimate development of relapsed/
refractory MM (RRMM), characterized 
by muted response to, or resistance to, 
standard therapies.7,8

Of all patients with RRMM, 61.3% 
received novel therapy in 2014, com-
pared with 8.7% in 2000, and survival 
has become longer in recent years.9 How-
ever, at some point, most patients with 
RRMM will stop responding to standard 
doublet or triplet regimens. These are 
composed of a proteasome inhibitor 
(PI), such as bortezomib, car� lzomib, 
or ixazomib; an immunomodulatory 
drug (IMiD), such as lenalidomide or 
pomalidomide; and a monoclonal anti-
body (mAb), such as daratumumab or 
elotuzumab, together with autologous 
stem cell transplantation (in certain pa-
tients).2,10 For patients with triple-class 
refractory MM (previously treated with 
a PI, an IMiD, and a CD38-directed 
mAb), cytotoxic therapies—such as 
the combination of dexamethasone, 

Expert Interview With 
Sagar Lonial, MD

Lonial discussed challenges and 
options in the management of 

relapsed/refractory multiple myeloma
in later lines of therapy. 

To see the full video with
Lonial, scan the code.

KEY TAKEAWAYS:
• Relapse and disease progression are inevitable for patients with 

multiple myeloma (MM) and ultimately lead to the development of 

relapsed/refractory MM (RRMM).

• In patients with RRMM, each successive relapse has a less 

favorable treatment response and treatment options become

more limited.

• Agents with novel mechanisms of action can offer potential 

options for patients with RRMM. 
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thalidomide, cisplatin, doxorubicin, 
cyclophosphamide, and etoposide—
can be effective, with response rates of 
about 50%. However, the toxic adverse 
effects (AEs) and short duration of pro-
gression-free survival (PFS) mean these 
therapies are best used as a bridge to 
other treatments.9,11

“When we get to that level of treat-
ment, typically 3 or 4 prior lines of ther-
apy, it becomes a lot more challenging 
to find new drugs and new targets, as 
well as to manage effects from previous 
therapy and generalized debilitation that 
may occur with subsequent treatment of 
myeloma,” said Sagar Lonial, MD, who 
is the Anne and Bernard Gray Family 
Chair in Cancer and professor and chair, 
Department of Hematology and Medical 
Oncology, Emory University School of 
Medicine, and chief medical officer, 
Winship Cancer Institute of Emory 
University, both in Atlanta.

The goal at that point in treatment, said 
Lonial, is to stabilize the disease. “What 
we want to do is improve quality of life,” 
he explained. “We want the treatment to 
be tolerated well enough that patients 
can continue in the context of stable 
disease, and that some of the effects of 
progression—whether anemia, or renal 
insufficiency, or other issues—are ad-
dressed with the stabilization of disease.”

Approved Approaches 
to RRMM
Selinexor, which inhibits the XPO1 pro-
tein and stimulates tumor-suppressor 
proteins,2,12 was approved by the FDA in 
December 2020 for use in combination 
with bortezomib and dexamethasone for 
treatment of patients with MM who have 
received at least 1 prior therapy.13 It was 
tested in the STORM trial in 122 partic-
ipants with triple-class refractory MM.12

Patients in the trial had previous ex-
posure to bortezomib, carfilzomib, lena-
lidomide, pomalidomide, daratumumab, 
and an alkylating agent, and their disease 
was refractory to at least 1 PI, 1 IMiD, 
and daratumumab. All patients were 

given 80 mg of oral selinexor plus 20 
mg of dexamethasone twice a week. The 
primary end point was overall response 
rate (ORR), defined as confirmed partial 
response or better as assessed by an 
independent review committee; overall 
survival (OS) and response duration 
were assessed as secondary end points.12

The median duration of response 
was 4.4 months (95% CI, 3.7-10.8) 
and the median PFS was 3.7 months 
(95% CI, 3.0-5.3). A partial response 
or better (defined as ≥  50% reduction 
in the serum level of myeloma protein) 
occurred in 26% of patients (95% CI, 
19%-35%) and included 2 stringent 
complete responses, 6 very good partial 
responses, and 24 partial responses. 
Thirty-nine percent of patients had a 
minimal response or better (defined as 
≥ 25% to < 50% reduction in the serum 
level of myeloma protein; 95% CI, 
31%-49%). Median OS was 8.6 months 
(95% CI, 6.2-11.3); patients who had a 
minimal or partial response or better had 
a median OS of 15.6 months.12

Thrombocytopenia occurred in 73% 
of STORM study participants, while 
73%, 72%, and 67% experienced fatigue, 
nausea, and anemia, respectively. Grade 
3 or higher AEs included thrombocyto-
penia (59%), anemia (44%), hypona-
tremia (22%), and neutropenia (21%). 
Treatment was discontinued by 18% of 
participants because of AEs determined 
to be related to the study drugs.12

Melphalan flufenamide (melflufen), 
an anticancer peptide-drug conjugate, 
was approved by the FDA in Febru-
ary 2021 for patients with RRMM 
following 4 or more prior lines of 
therapy.14 Melflufen was evaluated in 
the multicenter, single-arm HORIZON 
trial, which enrolled 157 patients with 
RRMM refractory to pomalidomide and/
or an anti-CD38 monoclonal antibody, 
of whom 119 (76%) had triple-class–
refractory disease, 55 (35%) had 
extramedullary disease, and 92 (59%) 
were refractory to previous alkylator 
therapy.15 The ORR (the primary end 

point) was 29% (95% CI, 22%-37%) 
in the all-treated population and 26% 
(95% CI, 18%-35%) in those patients 
with triple-class–refractory disease. In 
the all-treated and triple-class–refractory 
populations, median PFS was 4.2 months 
(95% CI, 3.4-4.9) and 3.9 months (95% 
CI, 3.0-4.6), respectively.15

All 157 patients in the treated pop-
ulation reported treatment-emergent 
AEs, whereas 149 (95%) reported at 
least 1 melflufen-related treatment- 
emergent AE. A total of 150 patients 
(96%) experienced grade 3 or higher 
treatment-emergent AEs, most commonly 
neutropenia (124 [79%]), thrombo-
cytopenia (120 [76%]), and anemia 
(67 [43%]).15 

Another treatment option for heavily 
pretreated RRMM is an antibody-drug 
conjugate (ADC), which combines 
mAbs specific to surface antigens 
with cell-killing agents. An ideal ADC 
has a mAb that is highly selective for 
a tumor-associated antigen but has 
restricted or no expression on healthy 
cells, a potent cytotoxic agent designed 
to induce target-cell death, and a linker 
that is stable in circulation but releases 
the cytotoxic agent in target cells.16

The first B-cell maturation anti-
gen (BCMA)-targeted ADC to be ap-
proved for MM, belantamab mafodotin 
(belamaf) was approved by the FDA in 
August 2020 for use in patients with 
triple-class refractory MM previously 
treated with at least 4 medications.17

Belamaf was examined in the 
DREAMM-2 study, an international, 
multicenter, open-label phase 2 trial of 
patients with RRMM who had experi-
enced disease progression after at least 
3 lines of therapy and were refractory 
to both immunomodulatory drugs and 
proteasome inhibitors, and refractory 
and/or intolerant to an anti-CD38 
monoclonal antibody, with an ECOG 
performance score of 0 to 2. A total 
of 196 patients were randomized to 
receive either 2.5 mg/kg or 3.4 mg/kg 
of intravenous belamaf every 3 weeks 
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until disease progression or unacceptable 
toxicity. Patients in the 2.5-mg/kg cohort 
had a median of 7 previous lines of ther-
apy; patients in the 3.4-mg/kg cohort had 
a median of 6 previous lines of therapy.18

Thirty (31%; 97.5% CI, 20.8%-42.6%) 
of 97 patients in the 2.5-mg/kg cohort 
and 34 (34%; 97.5% CI, 23.9%-46.0%) 
of 99 patients in the 3.4-mg/kg cohort 
had an overall response as assessed by 
an independent review committee. Eigh-
teen patients (19%) in the 2.5-mg/kg 
cohort, and 20 patients (20%) in the 
3.4-mg/kg cohort achieved a very good 
or better partial response. In total, 
33 patients (34%; 95% CI, 24.7%-
44.3%) in the 2.5-mg/kg cohort and 
39 (39%; 95% CI, 29.7%-49.7%) in 
the 3.4-mg/kg cohort achieved a clinical 
benefit, defined as minimal response or 
better as assessed by the independent 
review committee.18

The chance of a duration of response 
lasting 4 months or longer was estimated 
to be 78% (95% CI, 57%-89%) in the 
2.5-mg/kg cohort and 87% (95% CI, 
69%-95%) in the 3.4-mg/kg cohort.18

As of data cutoff on June 21, 2019, 
18 patients in the 2.5-mg/kg cohort and 25 
in the 3.4-mg/kg had a response duration 
of 4 months or longer; PFS follow-up was 
ongoing. The median PFS was 2.9 months 
(95% CI, 2.1-3.7) in the 2.5-mg/kg cohort 
and 4.9 months (95% CI, 2.3-6.2) in the 
3.4-mg/kg cohort. At data cutoff, 56 (58%) 
participants in the 2.5-mg/kg cohort and 
55 (56%) in the 3.4-mg/kg cohort had died 
or were experiencing disease progression.18

The most common grade 3 or 4 AEs 
were keratopathy (an anticipated AE 
associated with monomethyl auristatin 
F, the payload in belamaf),19 experienced 
by 26 patients (27%) in the 2.5-mg/kg 
cohort and 21 patients (21%) in the 
3.4-mg/kg cohort; thrombocytopenia, 
experienced by 19 patients (20%) in the 
2.5-mg/kg group and 33 patients (33%) 
in the 3.4-mg/kg group; and anemia, 
experienced by 19 patients (20%) in the 
2.5-mg/kg group and 25 patients (25%) 
in the 3.4-mg/kg group.18

Overall, 93 patients (98%) in the 
2.5-mg/kg cohort and 99 patients 
(100%) in the 3.4-mg/kg cohort ex-
perienced AEs. AEs leading to dose 
reductions were reported in 28 patients 
(29%) in the 2.5-mg/kg group and 41 
patients (41%) in the 3.4-mg/kg group. 
AEs leading to dose delays occurred 
in 51 patients (54%) in the 2.5-mg/kg 
cohort and in 61 patients (62%) in the 
3.4-mg/kg cohort. AEs led to treatment 
discontinuation in 8 patients in the 
2.5-mg/kg cohort and 10 patients in the 
3.4-mg/kg cohort.18

The Challenge of Heavily 
Pretreated RRMM
It is more difficult to treat heavily 
pretreated patients because they have 
already failed multiple lines of therapy. 
Lonial, an author on the DREAMM-2 
study, is optimistic about the potential 
benefits of belamaf for these patients. 
“The ORR was about 30% and the 
median PFS was about 3 months,18 but 
the duration of response was close to 
11 months,”20 he said. “To me, that 11 
months really speaks to both efficacy 
and tolerability of the treatment.” He 
pointed out that although a majority of 
participants experienced keratopathy, 
the most common manifestations of this 
condition were dry or itchy eyes or minor 
changes in visual acuity. “Only 18% of 
patients who received belamaf actually 
had to have the drug held because of a 
significant change in visual acuity or [be-
cause of] corneal keratopathy,” he said.18

DREAMM-6 (NCT03544281), an 
ongoing phase 1/2 study of belamaf 
in combination with lenalidomide/
dexamethasone or bortezomib/dexa-
methasone, involves 18 patients with 
heavily pretreated RRMM refractory 
to an IMiD and to a PI, and refractory 
or intolerant to an anti-CD38 mAb in 
the DREAMM-2 study. In this trial, 
keratopathy occurred in all 18 patients 
and led to dose reductions in 7 (39%) 
and dose delay in 15 (83%), with no 
discontinuations.21

As a BCMA-targeted therapy, belamaf 
avoids the off-target AEs and potential 
cytotoxicity associated with treatments 
such as chemotherapy. “CD38, while 
it is clearly effective, is expressed on a 
number of different cells that may poten-
tially result in some chronic long-term 
immunosuppression through the use 
of CD38-targeted therapy,” explained 
Lonial. “Elotuzumab, which targets 
SLAMF7, also appears to have some 
activity, but there are some off-target 
effects in terms of NK [natural killer] 
cells.22 So the ability for that to be more 
focused on a myeloma cell is not as 
clear as it is with a target like BCMA, 
which is almost exclusively expressed 
on plasma cells.”

This more narrow expression is a pos-
itive for patients with RRMM, explained 
Lonial. “We know that targeting BCMA 
as part of the normal response is part of 
what keeps a myeloma cell alive. It’s part 
of what induces proliferation of a myeloma 
cell, and ligating a BCMA with its natural 
ligands also induces drug resistance,” he said. 
“So being able to block those 3 important 
things that myeloma cells like to do, by 
targeting BCMA—even if it doesn’t result 
in cell death—may resensitize cells, or slow 
down their growth, or slow down their drug 
resistance overall. So BCMA is in many 
ways almost an ideal target in myeloma.”

Belamaf may not be right for every 
patient, and Lonial takes a practical 
approach when individualizing therapy. 
“One [should] consider some very spe-
cific patient-related issues,” he said. “For 
instance, how far away does the patient 
live? How often do they want to come 
into the clinic? What is their degree of 
sensitivity to certain [adverse] effects 
or toxicity?” 

In the case of belamaf, Lonial said, 
patients need to be seen at the clinic only 
every 3 weeks, but they also need regular 
examinations by an ophthalmologist be-
cause of the risk of keratopathy. A typical 
exam day would be that “they see [their 
ophthalmologist] in the morning, then 
us in the afternoon. If everything is OK, 
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we dose the patient in the afternoon. I 
think that represents a pretty significant 
supportive care approach that can reduce 
the incidence of significant keratopathy 
or AEs,” noted Lonial.

With selinexor plus dexamethasone, 
patients must be willing to accept poten-
tial gastrointestinal upset in the form of 
nausea, diarrhea, and vomiting. Accord-
ing to Lonial, “[We need to] balance out 
the patient’s expectations for treatment, 
benefits, and AEs, their distance from the 
clinic, and issues related to supportive 
care—those all weigh in as we think 
about how to approach a patient in the 
refractory myeloma setting.”

Future Treatment Options 
for RRMM
Other BCMA-targeted therapies being 
considered for the treatment of RRMM 
include chimeric antigen receptor (CAR) 
T-cell therapy and bispecific antibodies. 
The advantage of CAR T-cell therapy, used 
for various kinds of cancer, is that patients 
are given their own genetically modified 
cells without any need for medication.5 
Although response rates are generally high, 
Lonial pointed out that the time it takes 
to alter a patient’s cells can be a hurdle. 

“The challenge is that not every patient 
to whom you want to give a CAR T-cell 
therapy can wait the 6 weeks to have that 
product manufactured,” Lonial said. He also 
pointed out that the likelihood of relapse 
is considerable, unlike the situations when 
CAR T-cell therapy is used against acute 
lymphoblastic lymphoma or diffuse large 
B-cell lymphoma.

Bispecific antibodies that target BCMA 
and another tumor-specific antigen such as 
CD19 or CD38 have been developed to im-
prove clinical efficacy by reducing the risk 
of disease relapse due to antigen escape. 
The advantage of bispecific antibodies is 
that they can be administered immediately, 
but they can cause AEs such as cytokine 
release syndrome and neurotoxicity.23

Other treatments being studied include 
bispecific antibodies and CAR T cells that 
target the gene GPRC5D, and therapies 

that target cell surface antigen FcRH5.5 

“While we are probably curing about 
10% to 15% of [patients with] myeloma 
with what we have circa 2020, I think 
that BCMA, GPRC5D, FcRH5, and 
mutation-driven therapies have the real 
promise of taking that number to 60%, 
70%, or even 80% down the road, and 
we just have to figure out how to do it,” 
Lonial said.
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Transplant-Associated 
Thrombotic Microangiopathy 
(TA-TMA): Pathophysiology and 
Diagnostic Criteria
An estimated 18,000 hematopoietic 
stem cell transplant (HSCT) procedures 
are performed in the United States each 
year.1,2 Transplant-associated thrombotic 
microangiopathy (TA-TMA) is the result 
of a systemic vascular endothelial injury 
following transplantation. The true inci-
dence of TA-TMA is currently unknown 
due to a lack of awareness of the condition 
and due to non-standardized diagnostic 
criteria. Single center and registry studies 
have reported rates between 1 and 20%. 
Severe TA-TMA, leading to multi-organ 
failure is associated with mortality rates 
above 80%.1,2 The clinical presentation 
of TA-TMA is similar to that of other 
TMAs and includes thrombocytopenia, 
Coombs-negative hemolysis, the presence of 
schistocytes on peripheral blood smear, and 
acute renal failure, mental status changes, 
or both. Early treatment can improve out-
comes. However, clinical manifestations that 
overlap with those of other TMAs and the 
lack of specific diagnostic criteria hinder the 
early diagnosis of TA-TMA.1,2 

The pathophysiology of TA-TMA is 
thought to involve an endothelial injury 
stemming from the conditioning regimen 
or other endothelial activating events (i.e, 
infections, drug or graft versus host disease).3 

Endothelial activation induces cytokine 
release along with other proinflammatory 
changes and capillary flow obstruction, 
as a result of fibrin-related aggregates and 
platelet and leukocyte adhesion, which 
then lead to organ dysfunction. Other 
inflammatory changes, such as changes 
in nitric oxide (NO) levels and excessive 
complement activation, can also play a 
role in the pathophysiology of TA-TMA.4,5 

The etiology of TA-TMA is multifactorial. 
The proposed risk factors for TA-TMA 
include (1) conditioning regimens with  
high-dose chemotherapy or total body 
irradiation (TBI); (2) immunosuppressive 
drugs, such as calcineurin inhibitors (CNIs) 
or mechanistic target of rapamycin (mTOR) 

inhibitors; (3) infections (eg, Epstein-Barr 
virus [EBV], cytomegalovirus [CMV], 
adenovirus, or Aspergillus); and (4) graft-
versus-host disease (GvHD).1,2,6 Other 
patient characteristics are advanced age or 
sex, with females having a higher predispo-
sition to TA-TMA.2 Clinical management 
of TA-TMA should include consideration 
of the individual characteristics and med-
ical history of each patient, as well as the 
complex etiology of TA-TMA.

The aforementioned risk factors contrib-
uting to the development of TA-TMA are 
summarized in the “three-hit hypothesis.”7 
Patients with an inherited predisposition 
to complement activation or a pre-existing 
endothelial injury (hit 1) undergo a toxic 
conditioning regimen, resulting in endothe-
lial injury (hit 2), and triggers activation of 
the complement system due to medication 
toxicity, alloreactivity, infections, antibodies, 
or some combination of all of these (hit 3). 
It is possible that the three-hit hypothesis 
will evolve over time, as more risk factors in 
the development of TA-TMA are identified. 

Because TA-TMA has overlapping clinical 
features with other disorders, it is important 
to rule out (1) thrombotic thrombocytopenic 
purpura (TTP) by verifying normal levels 
of ADAMTS13 (>10%) and normal von 
Willebrand factor (vWF) multimers; and 
(2) classic hemolytic uremic syndrome 
(HUS) caused by Shiga toxin–producing  
Escherichia coli (STEC), through stool 
culture and testing for Shiga toxin.7 Lastly, 
a modified version of the Ham test can 
differentiate transplant-associated atypical 
HUS (aHUS) from other TMAs, although 
this might not be needed in clinical practice.

Several diagnostic criteria have been 
developed to facilitate the early diagnosis 
of TA-TMA (Table). These criteria all re-
quire the identification of schistocytes in the  
peripheral blood smear in variable amounts, 
and additional criteria of microangiopathic 
hemolytic anemia. The overall TMA criteria 
proposed by Cho et al.8 adapted the compo-
nents of the Blood and Marrow Transplant 
Clinical Trials Network and International 
Working Group of the European Society 
for Blood and Marrow Transplantation 

criteria (Table). More recently, Jodele et al.9 
proposed a new set of diagnostic criteria, 
which include 3 additional criteria: renal 
and neurologic dysfunction, as measured by 
proteinuria levels (≥ 30 mg/dL as an early 
marker of kidney disease); hypertension  
(> 140/90 mmHg for adults and > 95th per-
centile for pediatric patients); and terminal 
complement activation, as confirmed by 
elevated levels of serum C5b-9.

Despite the proposed diagnostic criteria, 
diagnosis of TA-TMA remains very difficult, 
as it is common for patients to develop  
anemia and thrombocytopenia after receiv-
ing an HSCT. Schistocytes might be absent 
in these patients because of high vascular 
permeability and the extravasation of red 
blood cells into tissues. Furthermore, inter-
pretation of the percentage of schistocytes 
can vary dramatically between institutions.12 
Different institutions have also adapted 
different diagnostic criteria, suggesting the 
need for a unified approach to the diagnosis 
of TA-TMA.

Molecular Targets and Novel 
Treatment Options in TA-TMA
Therapeutic plasma exchange (TPE) is 
frequently used for the treatment of TA-
TMA. Although it can provide temporary 
benefit to patients with TA-TMA and an 
acute response, studies have shown varying 
response rates with TPE.1 TPE may improve 
hematologic criteria such as platelet count, 
hemoglobin and haptoglobin levels, and 
lactate dehydrogenase (LDH) levels, and 
may reduce inflammatory cytokine levels 
and thrombotic markers, but it does not 
ameliorate the ongoing tissue and organ 
damage or affect survival.1,13-16 Therefore, 
there is an urgent need for alternative treat-
ment options for TA-TMA. 

Endothelial injury resulting from an 
HSCT activates the leptin pathway (LP) 
of complement. Mannose-binding lectin– 
associated serine protease (MASP2), the 
effector enzyme of the LP, was recently 
found to be involved in the development 
of TTP, aHUS, and TA-TMA.17 Plasma 
MASP2 levels were significantly increased 
in all patients with TMA compared with 
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controls, although they were relatively 
lower in patients with TA-TMA than in 
patients with other TMAs. There was 
also a positive correlation between serum  
C5b-9 and MASP2 levels in patients with 
TTP (R2 = 0.419), but not in patients with 
the non-TTP types of TMA, including TA-
TMA (R2 = 0.035; n = 9).

Narsoplimab, a specific inhibitor of 
MASP2 and the LP, was evaluated in an 
open-label, phase 2, single-arm study for 
the treatment of patients with TA-TMA, 
and the results were presented at the 2021 
Transplantation and Cellular Therapy 
Meeting.18 The data comprised the full 
analysis set of patients receiving at least 1 
dose of narsoplimab (n = 28) and those in the 
per-protocol population, who received the 
protocol-specified narsoplimab treatment 
for at least 4 weeks (n = 23). 

Results showed that treatment with  
narsoplimab resulted in an objective 
response rate (ORR) of 61% (95% CI, 
40.6%-78.5%; P < .0001) in the full  
analysis set of patients (n = 28) and an ORR 
of 74% (95% CI, 51.6%-89.8%; P < .0001) 
in the per-protocol group (n = 23). The post 
HSCT-TMA 100-day survival rates were 
68% and 83%, respectively; in those who 
had complete responses (CRs), the 100-
day survival rate was 94%. The median 

overall survival (OS) in the full analysis, per- 
protocol, and CR populations were 
274 days, 361 days, and not estimable,  
respectively.18 Patients also showed improve-
ment in TMA markers, such as platelet 
counts, LDH, and haptoglobin levels.  
Narsoplimab had an acceptable safety 
profile, and the most common adverse 
events (AEs) were nausea (25.0%), vomiting 
(32.1%), diarrhea (32.1%), neutropenia 
(25.0%), and pyrexia (35.7%). Six deaths 
were reported in the study, with causes 
commonly related to HSCT, including neu-
tropenic sepsis, septic shock, acute myeloid 
leukemia, TMA, and GvHD. 

An updated analysis of the study was 
presented at the 2021 Annual Meeting 
of the European Society for Blood and  
Marrow Transplantation (EBMT).19  
Response to narsoplimab was found to be 
consistent across different subgroups regard-
less of age, sex, and coexisting conditions 
such as GvHD, significant infection, multi-
ple-organ TMA involvement, mismatched 
donor, and transfusion within 2 weeks 
before the first narsoplimab dose. Narso-
plimab was granted priority designation 
by the FDA for the treatment of TA-TMA 
in January 2021.20

Eculizumab (ECU) is a terminal comple-
ment inhibitor that was approved by the 

FDA for the treatment of aHUS in 2011.21 It 
is a humanized monoclonal antibody against 
complement C5, blocking the cleavage of C5 
to C5a and C5b, and therefore preventing 
complement-mediated endothelial damage.22 
In a retrospective study of 10 patients with 
TA-TMA, early treatment with ECU after 
allogeneic HSCT neither altered the disease 
process nor restored organ function, but it 
did prolong survival. The overall hemato-
logic response rate was 70% and the OS 
rate was 60%. Only 1 patient achieved a 
CR with corresponding organ recovery. A 
systematic review and meta-analysis that 
pooled data from 6 studies (n = 116) revealed 
that ECU improves survival rate and overall 
response rate in patients with TA-TMA and 
exhibits a manageable safety profile.23 The 
estimated overall response rate, CR rate, 
and survival rate at the last follow-up (SR) 
were 71%, 32%, and 52%, respectively. 
Infection was the most common AE, and the 
main cause of death, together with GvHD. 
Randomized, controlled clinical trials and 
more extensive prospective cohort studies 
are needed for better assessment of the effi-
cacy and safety of ECU in TA-TMA. These 
findings also suggest that monitoring serum 
C5b-9 levels is crucial in TA-TMA and may 
help to identify patients who could benefit 
from ECU therapy. 

TABLE. Diagnostic Criteria for TA-TMA8-11

Clinical marker International 
Working Group10

Blood and Marrow Transplant 
Clinical Trials Network11

Overall TMA grouping 
(O-TMA)8

Criteria proposed 
by Jodele et al.9

Schistocytes > 4% >  2 per hpf > 2 per hpf Present

Platelet count < 50,000/mm3 or 
< 50% of normal 
baseline

NS < 50,000/mm3 or < 50% of 
normal baseline

< 50,000/mm3 or 
< 50% of normal 
baseline

LDH Increased Increased Increased Increased

Haptoglobin Decreased NS Decreased Low hemoglobin/ 
anemia

Transfusions Increased NS NS Increased

Creatinine NS 2 × baseline NS NS

Coombs test NS Negative Negative NS

Coagulation studies Normal Normal Normal NS

ADAMTS13 mutation NS NS NS <  5% to 10%

hpf, high-power field; LDH, lactate dehydrogenase; NS, not significant. 
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Clinical Considerations for the 
Diagnosis and Management of 
TA-TMA in Pediatric Patients
In pediatric patients, TA-TMA is usually 
observed soon after allogeneic HSCT, 
with a median diagnosis at 35 to 47 days 
posttransplant. Between 88% and 92% of 
cases occur within the first 100 days follow-
ing transplant.7,24,25,26 Patients who receive 
autologous HSCT may develop TA-TMA 
even earlier, with a median diagnosis at  
18 days posttransplant.7 

Hypertension is usually the first clinical 
sign of TA-TMA. However, hypertension 
is also fairly common after HSCT, particu-
larly in recipients of CNIs. In the pediatric 
population, TA-TMA should be suspected 
when a patient requires additional anti-
hypertensive medication.7 Other clinical 
features include thrombocytopenia (par-
ticularly refractoriness to platelet transfu-
sion), elevated LDH, proteinuria, anemia, 
and decreasing haptoglobin appearing 
shortly after. During the initial 100 days 
following HSCT, routine monitoring of 
these markers is recommended. Dvorak et 
al.7 have proposed the “TA-TMA triad”; 
that is, hypertension, thrombocytopenia, 
and elevated LDH, which should trigger 
a more detailed evaluation for TA-TMA, 
including complement studies and organ 
function assessment.7,24 

The recommendations associated with 
the TA-TMA triad are based on prospective 
studies that have monitored patients post-
HSCT to determine risk factors associated 
with moderate and severe TMA, as well 
as disease markers for early diagnosis.24,26 
In one study, severe TMA occurred in 
18% of HSCT recipients. Hypertension, 
elevated LDH levels, and proteinuria were 
determined to be the earliest markers 
of severe TMA.24 Proteinuria (> 30 mg/
dL) and marked terminal complement 
activation at the time of TMA diagnosis, 
as determined by elevated serum C5b-9 
levels, were associated with less than 20% 
survival at year 1 posttransplant and 9% 
OS. Patients without proteinuria and with 
a normal serum concentration of C5b-9 
have a longer OS (P < .01). 

In a multicenter, large cohort study 
of pediatric patients (N = 614) who re-
ceived prospective TA-TMA screening at  
13 centers, 98 patients (16%) were diag-
nosed with TA-TMA at a median of 22 days 
following transplant.27 TA-TMA diagnosis 
was based on the presence of more than  
4 of 7 laboratory/clinical markers of TA-
TMA concurrently or tissue histology 
showing TA-TMA. Overall, patients with 
TA-TMA had significantly lower OS and 
increased transplant-related complica-
tions that required intensive care support, 
including respiratory failure and acute 
kidney injury. 

In this study, the association of neuroblas-
toma with TA-TMA was also investigated.27 
A total of 72 patients had undergone  
autologous HSCT for neuroblastoma. None 
of the 21 patients who received a single 
transplant was diagnosed with TA-TMA. 
Among the patients who were scheduled to 
receive tandem HSCT, 13 (25%) developed 
TA-TMA. As patients with neuroblastoma 
receiving tandem HSCT appear to be at 
high risk for developing TA-TMA, further 
investigations of the associated mechanisms 
of endothelial injury might facilitate the 
improvement of patient outcomes. 

In a recent study, the treatment of pediat-
ric patients (N = 64) with high-risk TA-TMA 
and multiorgan injury with the complement 
blocker ECU led to a significant improve-
ment in 1-year post-HSCT survival com-
pared with a previously reported untreated 
cohort with the same high-risk features 
(66% vs 16.7%, respectively).28 A median 
of 11 doses of ECU treatment was required 
for patients to respond to and benefit from 
the therapy, and TA-TMA was resolved at 
a median of 66 days, resulting in treatment 
discontinuation. Patients with higher serum 
C5b-9 levels at the start of treatment were 
less likely to respond to ECU (odds ratio, 
0.15; P = .0014), and required more doses 
(r = 0.43; P = .0004). Patients with gastroin-
testinal (GI) bleeding required the highest 
number of ECU doses compared with those 
without GI bleeding (20 vs 9; P  = .0015). 
They also had the lowest response rates 
to ECU and lowest 1-year survival rates 

compared with patients without GI bleeding 
(35% vs 80%, P = .0004, and 44% vs 78%; 
P = .01, respectively). More than 70% of 
the survivors experienced proteinuria on 
long-term follow-up. Although comple-
ment blockade with ECU was an effective 
therapeutic strategy for a high proportion 
of patients with high-risk TA-TMA, some 
patients with severe disease did not achieve 
a CR, suggesting the need for additional 
actionable endothelial injury pathways. 

Despite limitations, these studies provide 
crucial data and emphasize the importance 
of routine, scheduled monitoring of pediatric 
patients undergoing HSCT for TA-TMA. 
Complement activation, as measured by 
elevated blood serum levels of C5b-9 and 
proteinuria, increases the risk of developing 
TA-TMA. Patient stratification would allow 
early interventions and prolong survival in 
both pediatric and adult patients. Prospec-
tive TA-TMA screening is also critical to 
enforce standardized diagnostic and care 
guidelines for patients who are at risk of 
developing TA-TMA.
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