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Finding the Target

CHAIRMAN’S LETTER

The era of precision medicine is firmly upon us. With the rise of ge-
netic testing and genomic sequencing, one-size-fits-all chemotherapy 
treatments have given way to targeted therapies, allowing oncologists to 
tailor treatment regimens to the mutational status of individual patients. 

But questions do remain: Who gets tested? Who pays? What are the 
barriers to implementing regular genomic sequencing for all patients?

In this issue of ONCOLOGY®, we spoke with Tanios S. Bekaii-Saab, 
MD, of the Mayo Clinic in Phoenix, Arizona, about the importance of 
genomic sequencing and the need to make genetic testing universal in 
gastrointestinal (GI) cancers. 

“I think every single patient with a GI malignancy…has the right [to 
be sequenced], and we have to find every way possible to get them 
sequenced,” says Bekaii-Saab. “I need to understand what the rare 
mutational status of each patient is.”

Bekaii-Saab also discusses the rapid improvements in treatment for 
GI cancers, specifically colorectal cancer, that come from the ability to 
identify the proper target and proper treatment for each patient. “We’re 
catching up, and we’re catching up quickly,” Bekaii-Saab says of the use 
of biologic and immune-based therapies in the field of GI cancer. “And I 
think in the next 3 to 5 years, we’ll probably be ahead of the curve again.”

The need for regular testing and sequencing applies to all tumor types, 
and in this issue, you will also hear from Mark G. Kris, MD, of Memorial 
Sloan Kettering Cancer Center in New York, New York, on the avalanche 
of recent FDA approvals of lung cancer treatments—each made possible 
by the rise of targeted therapies.

Also in this issue, you will read a review of predictive biomarkers for 
immunotherapy response. With the meteoric rise of immune therapeutics 
for patients with cancer, the ability to predict and understand responses 
to these treatments has become essential.

For this month’s clinical quandary, you will read about the challenges 
of treating a patient with advanced prostate cancer during the corona-
virus disease 2019 pandemic. How have treatment protocols changed? 
What can we do to ensure the best possible treatment with the lowest 
possible risk? Read on to find out.

Within these pages, you will also read a review of the optimal treat-
ment duration of trastuzumab (Herceptin) for patients with breast cancer 
and a case study of a 33-year-old woman given a diagnosis of a locally 
advanced GI stromal tumor, and the impact her treatment has had 
regarding her fertility and potential for bearing children.

I hope you find our journal helpful in caring for your patients through 
what is likely one of the most challenging times in their lives. As always, 
thank you for reading.

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 
Testing in GI Cancer:

A Patient’s “Right”? Or Wrong?
Howard S. Hochster, MD

Distinguished Professor of Medicine, Rutgers Robert Wood Johnson Medical School
Associate Director for Clinical Research, Rutgers Cancer Institute of New Jersey

Director of Oncology Research, RWJBarnabas Health

In this issue of ONCOLOGY®, the 
Q&A with Tanios S. Bekaii-Saab, 
MD, raises some interesting ques-

tions on next-generation sequencing 
(NGS) testing. Bekaii-Saab is a na-
tional leader in gastrointestinal (GI) 
cancer, especially hepato-biliary can-
cer. He has contributed to important 
studies in GI Oncology through 
many organizations and especially 
Academic and Community Cancer 
Research United, and most impor-
tantly, he is a friend.

In this Q&A (see page 314), he 
says that NGS testing should be done 
at diagnosis for all patients with GI 
cancer, and this is no longer a priv-
ilege but a patient’s right. Although 
I agree with the basic premise that 
NGS will give us the greatest amount 
of information in a single test, I think 
this statement needs a little more 
consideration.

First, at the time of diagnosis, the 
test is not sent immediately but usu-
ally requires the medical oncologist 
to try to order it after first consult-
ing with the patient, and potential-
ly from another hospital where the 
surgery was done. First, if an endo-
scopic biopsy was done, we often 
find (after considerable chasing) that 
insufficient tissue remains. Second, 
this process takes a minimum of 2 
weeks, so now the patient is already 

4 to 5 weeks post diagnosis, and pos-
sibly more if they had surgery with 
a recovery period. Further waiting is 
often traumatic for the patient.

Next, we have to consider the 
utility of NGS testing. Bekaii-Saab 
mentions microsatellite instability 
status, which we must be sure to get 
right. But that is usually done on 
the biopsy or surgical specimen by 
immunohistochemistry (IHC) for 
presence or deficiency of mismatch 
repair enzymes. We do not need NGS 
for this. Next is RAS and RAF sta-
tus. These key enzymes in the growth 
signaling pathway need to be known 
to get the regimen correct. But these 
can be done in 48 hours or less by a 
polymerase chain reaction test than 
requires far less DNA. At present, 
RAS status may be far less conse-
quential than right versus s left sided-
ness and is only helpful if one wishes 
to start with an anti-EGFR antibody. 
BRAF status is quite consequential 
for both prognosis and treatment—
particularly as the BRAF inhibitors 
move into first-line therapy. But NGS 
sequencing is not as fast or cheap as 
a PCR test. What about HER2? It 
is so important for both prognosis 
and treatment with anti-HER2 anti-
bodies (please consider SWOG 1613 
trial, now accruing) and is a critical 
biomarker for those overexpressing. 

But seriously, we have been defining 
HER2 overexpression by IHC for 
more than a decade in breast cancer; 
we do not need NGS for this. We just 
need to ensure those who are RAS 
wild type are tested with IHC and 
fluorescence in situ hybridization—
and they will constitute an 8% sub-
group in this setting. 

So, what remains? A few import-
ant NTRK and similar fusions con-
stituting 1% of all colon cancer. It’s 
true you could miss a few patients 
with high tumor mutational burden, 
but these are mostly POLE mutated 
and rarer than hen’s teeth. Ninety 
percent of the time we will not find 
any actionable mutation given our 
state of knowledge and available 
therapeutics.

Finally, let’s consider the cost of 
upfront NGS for colon cancer alone. 
With 40,000 new cases per year 
of metastatic colon cancer alone, 
at $5000 each for NGS, we would 
spend $200 million! The options 
above cost a fraction of this cost. We 
can save the money and use it for 
circulating DNA testing later in the 
course of therapy when mutations 
may have evolved. NGS is a very use-
ful test in many circumstances, but 
in most GI cancers the mutational 
landscape and therapeutic options 
limit its utility.
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Introduction
Prior to the introduction of trastu-
zumab, the first targeted anti-HER2 
agent, in 1998, patients diagnosed with 
HER2-positive breast cancer felt like 
they were being handed a death sen-
tence. Despite treatment with aggressive 
chemotherapy, their tumors recurred 
faster, more often spread to brain and 
liver, and were associated with higher 
rates of death than HER2-negative tu-
mors.1 HER2-positive breast cancer was 
also more prevalent in younger patients, 
making the diagnosis even more devas-
tating.2 However, in the 1980s, cancer 
researcher Axel Ullrich, PhD, and on-
cologist Dennis Slamon, MD, PhD, rec-
ognized that HER2 could be targeted 
by a small molecule that binds to the 
receptor on the cell surface and blocks 
the signal telling the cell to divide.3 This 
small molecule was called trastuzumab, 
and it eventually completely changed 
how HER2-positive breast cancer was 
treated. 

The availability of trastuzumab 
gave much-needed hope to patients 
diagnosed with this aggressive form of 
breast cancer. The drug was first ap-
proved in the metastatic setting, and 
then the results of 2 pivotal randomized 
control trials in 20054-5 demonstrated 
that the administration of trastuzumab 

in the adjuvant setting decreased the 
risk of breast cancer recurrence by 50%, 
leading to its approval in 2006 by the 
FDA for use as adjuvant therapy for ear-
ly-stage HER2-positive breast cancer.6 
These trials showed trastuzumab to be 
unequivocally effective in the adjuvant 
setting; however, the optimal duration 
of treatment was still unknown. 

The HERA trial was designed to ad-
dress the question of adjuvant trastu-
zumab duration, randomizing patients 
1:1:1 to receive 1 year of adjuvant 
trastuzumab, 2 years of adjuvant tras-
tuzumab, or no adjuvant trastuzumab; 
then, important disease-related out-
comes were compared among groups.7 
Investigators demonstrated statistical-
ly significant improvement in 2-year 
disease-free survival (DFS) in patients 
treated with 1 and 2 years of adjuvant 
trastuzumab compared with patients 
who received no trastuzumab; howev-
er, there was no difference in outcomes 
for 1 year vs 2 years of trastuzumab. 
HERA’s results led to the adoption of 
1 year of adjuvant trastuzumab as the 
standard of care.

Since that time, the field of anti–
HER2-targeted therapy has exploded, 
with the development of multiple target-
ed agents for use in the advanced and 
up-front settings. We also have a wealth 

of options in addition to adjuvant 
trastuzumab for our patients with the 
highest-risk early-stage disease. APHI-
NITY (NCT01358877) established the 
benefit of the addition of a year of ad-
juvant trastuzumab/pertuzumab for pa-
tients with node-positive disease.8 The 
KATHERINE trial (NCT01772472) 
established the benefit of switching to 
adjuvant ado-trastuzumab emtansine 
(T-DM1; Kadcyla) rather than con-
tinuing trastuzumab if a pathological 
complete response is not achieved with 
neoadjuvant anti–HER2 therapy (albeit 
with more toxicity than adjuvant tras-
tuzmab).9 In addition to these options 
for intensifying therapy, there are also 
new regimens to allow for less intense 
therapy for patients with lower-risk 
(mostly node-negative) disease.10 But 
even for these patients, a year of tras-
tuzumab has remained the standard of 
care after chemotherapy and local ther-
apy (surgery +/– radiation) is finished.

Although trastuzumab significantly 
improves outcomes for women diag-
nosed with HER2-positive breast can-
cer and has few adverse effects (AEs), 
the disadvantages are that it requires in-
travenous administration every 3 weeks 
and can be associated with cardiac AEs. 
It is also expensive. Because of this, 
many patients suffer financial toxicity 

Optimizing the Duration 
of Trastuzumab: A Fresh 
Perspective
Melissa A. Taylor, MD, Department of Medicine, Emory University School of Medicine 
Kristina F. Byers, PharmD, Winship Cancer Institute, Emory University 
Jane L. Meisel, MD, Winship Cancer Institute, Emory University
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from medical bills as well as from time 
out from work and the need to find ex-
tra child or elder care in order to come 
in every 3 weeks for treatment. In addi-
tion, keeping a port for an entire year 
can be a constant reminder of cancer 
for patients, which can be challenging 
emotionally. 

Given all of these factors, the question 
of whether a duration of trastuzumab 
that is shorter than 1 year may be ac-
ceptable for some patients with ear-
ly-stage HER2-positive breast cancer 
is an important and very relevant one. 
Here, we will review the studies that 
have examined this question and eval-
uate their results. 

Examining the Evidence: 1 Year 
of Trastuzumab vs a Shorter 
Duration 
In 2009, the results of the FinHer trial 
demonstrated that women treated with 
fluorouracil, epirubicin, and cyclophos-
phamide (FEC) and docetaxel, and a 
9-week course of trastuzumab, had an 
improvement in distant DFS of 11.7% 
at 3 years compared with docetaxel and 
FEC without trastuzumab (HR, 0.32; 
P = .029).11 This result was remarkably 
similar to the joint analysis of the two 
2005 studies that showed an improve-
ment in DFS of 11.8% at 3 years.4-5 
FinHer  (ISRCTN 76560285) was the 
first trial to show that a shorter duration 
of treatment might be just as effective as 
the standard-of-care 12-month duration. 
Inspired by FinHer’s promising results, a 
number of additional clinical trials were 
designed to answer this specific question. 

The PHARE trial (NCT00381901) 
was a phase 3, open-label trial in France 
that randomized 3380 women with ear-
ly-stage HER2-positive breast cancer to 
either 6 months or 12 months of adjuvant 
trastuzumab. The primary outcome was 
noninferiority of DFS in the 6-month 
group, with a predefined noninferiority 
margin of 1.15. The results showed DFS 
events in 20.4% of the 12-month group 
compared with 21.2% in the 6-month 

group. The hazard ratio (HR) of 1.08 
(95% CI, 0.93-1.25) included the non-
inferiority margin, thus the trial did not 
show noninferiority. However, the overall 
survival (OS) estimates were similar: The 
12-month group had a survival estimate 
of 86.2% at 5 years compared with 
84.2% in the 6-month group. At 7 years, 
the survival estimate for the 12-month 
group was 82.3% compared with 80.6% 
for the 6-month group.12

The HORG trial ( NCT00712140) was 
a randomized, controlled noninferiority 
trial conducted in Greece that also com-
pared 6 months of adjuvant trastuzumab 
with the standard 12-month duration of 
therapy in 481 women with early-stage 
HER2-positive breast cancer. The primary 
end point was DFS at 3 years. The results 
demonstrated a 3-year DFS rate of 95.7% 
in the 12-month group and 93.3% in the 
6-month group, representing a difference 

of 2.4% and no statistically significant 
difference in OS (HR, 1.57; 95% CI, 
0.86-2.10; P = .137).13 Like the PHARE 
trial, the HORG trial also failed to show 
noninferiority for the 6-month group; 
however, both groups still demonstrated 
very promising 3-year DFS rates.

T h e  P E R S E P H O N E  t r i a l 
(NCT00712140) took place in the 
United Kingdom and included 2045 
patients with early-stage breast cancer 
with a noninferiority limit HR set at 
1.32. This study demonstrated a 4-year 
DFS of 89.4% and 89.8% in the 6-month 
and 12-month groups, respectively, with 
a HR of 1.07 (90% CI, 0.93-1.24; P = 
.011). This study did show noninferiority 
of 6 months of trastuzumab compared 
with 12 months. OS at 4 years was also 
statistically noninferior, at 94.8% in 
the 12-month group and 93.8% in the 
6-month group with a HR of 1.14 (90% 
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TABLE 1. Summary of Study Populations for Trials Examining 6 
Months vs 1 Year of Trastuzumab

Trial PHARE PERSEPHONE HORG

N 3380 4088 481

Nodal status 

Negative 1842 2022 101

1-3 positive nodes 1008 965 204

> 3 positive nodes 497 455 176

Missing data 33 620 0

Estrogen receptor status

Negative 1410 1265 165

Positive 1970 2823 315

Scarff-Bloom-Richardson grade

I 106 63 20

II 1351 1270 190

III 1843 2619 252

Missing data 80 136 8
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CI, 0.95-1.37; P = .0010).14 The overall 
numerical results were very similar to 
those of the PHARE trial, but the slightly 
larger noninferiority margin between 
PERSPEHONE and PHARE determined 
the differences in the final conclusions 
between the 2 studies. (Table 1) 

Two trials examined noninferiority of 
9 weeks of trastuzumab compared with 
12 months: Short-HER (NCT00629278) 
and SOLD (NCT00593697). These 
studies used the promising results of the 
FinHer trial with 9 weeks of trastuzum-
ab therapy as the experimental group. 
The Short-HER trial consisted of 1254 
patients with early-stage breast cancer 
and used a noninferiority margin of HR 
less than 1.29. The 5-year DFS was 88% 
in the 12-month group and 85% in the 
9-week group, with an HR of 1.13 (90% 
CI, 0.89-1.42). The 5-year OS was 95.2% 
in the 12-month group and 95.0% in the 

9-week group.15 The SOLD trial included 
2174 women, and the results did not 
demonstrate noninferiority, with a 5-year 
DFS of 88.0% in the 9-week group and of 
90.5% in the 12-month group (HR,1.35; 
90% CI, 1.12-1.72). The 5-year OS did 
not differ significantly between groups: 
94.7% vs 95.9% in the 9-week and 
12-month groups, respectively (HR,1.36 
90% CI, 0.98-1.89).16 (Table 2)

Of these 5 trials, only PERSPEHONE’s 
results showed noninferiority. In a me-
ta-analysis of the 5 trials, there was a 
statistically significant difference in the 
DFS and OS between the shorter dura-
tion of treatment—both 9 weeks and 
6 months, pooled—compared with the 
12-month duration of treatment, with a 
HR of 1.21 (95% CI, 1.08-1.37) for DFS 
and an HR of 1.31 (95% CI, 1.08-1.59) 
for OS. However, these differences were 
not statistically significant for lower-risk 

patients with node-negative disease (HR, 
1.20; P = .11) and estrogen receptor 
(ER)-positive disease (HR, 1.15; P = 
.09).17 A meta-analysis of the HORG, 
PERSEPHONE, and PHARE trials more 
closely examined ER status as an effect 
modifier on trastuzumab duration. Pa-
tients with ER-negative disease had a sta-
tistically significant improvement in DFS 
with the 12-month duration of treatment 
(HR,1.39; 95% CI, 1.14-1.70). Patients 
with ER-positive disease did not have a 
statistically significant difference in DFS 
between the 6-month and the 12-month 
durations of therapy (HR,1.10 95% 
CI, 0.90-1.34), indicating that a shorter 
course of therapy may be acceptable in 
this patient population.18

Risks and Benefits
Shared decision-making and patient-re-
ported outcomes (PROs) are becoming 
more important in today’s health care 
system, and especially in breast cancer 
treatment. A study by Simes et al looked 
at what patients believed to be an accept-
able survival benefit to warrant making 
the decision to undergo adjuvant che-
motherapy for early-stage breast cancer. 
The authors found that more than 70% 
of patients justified treatment for a 5% 
or greater improvement in OS at 5 years. 
Factors that were found to be import-
ant in determining patient preferences 
included support required by patients’ 
dependents, support system, and treat-
ment-related toxicities.19 Another study 
by Tevis et al looked at the benefits and 
challenges of incorporating PROs into 
clinical trials. The study recognized that 
PROs “provide information to support 
patients in shared decision-making, 
serve as a measurement of patient-cen-
tered care, allow hospitals to monitor 
outcomes of care over time, play a role 
in value-based payments, and identify 
targets for quality improvement efforts.” 
Common metrics to measure PROs in-
clude survival and disease control, de-
gree of recovery and functional status, 
access to treatment, treatment-related 
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TABLE 2. Summary of Study Populations for Trials Examining 9 
Weeks vs 1 Year of Trastuzumab

Trial SOLD Short-HER

N 2174 1253

Nodal status 

Negative 1296 672

1-3 positive nodes 642 383

> 3 positive nodes 236 198

Missing data 0 0

Estrogen receptor status

Negative 740 400

Positive 1434 853

Scarff-Bloom-Richardson grade

I 857 509

II 1057 549

III 260 191

Missing data 0 4
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complications, health-related quality 
of life, and long-term consequences of 
therapy.20 

It is important to consider these PROs 
and preferences in context of the lim-
ited absolute benefit seen with shorter 
vs longer courses of trastuzumab, par-
ticularly for ER-positive, node-negative 
patients. Additionally, given the recent 
coronavirus disease 2019 (COVID-19) 
pandemic, it is important to consider 
the risk that frequent contact with the 
health care system poses for patients 
being treated for breast cancer. Cancer 
patients are reported to have a high 
risk of complications and death from 
COVID-19,21 and it is important to min-
imize their risk of exposure while still 
providing adequate treatment. 

Special Considerations: the 
COVID-19 Pandemic 
A recent study by Kuderer et al pub-
lished in The Lancet examined the out-
comes of a cohort of cancer patients 
with COVID-19 across the United 
States, Canada, and Spain, and found 
that, compared with patients without 
cancer who contracted COVID-19, pa-
tients with cancer and COVID-19 had a 

higher associated 30-day all-cause mor-
tality; this was especially true of patients 
with increased age (odds ratio [OR], 
1.84; 95% CI, 1.52-2.10), ≥2 comor-
bidities (OR, 4.5; 95% CI, 1.33-15.28), 
and active cancer (OR, 5.20; 95% CI, 
2.77-9.77). Breast can-
cer represented the most 
common type of malig-
nancy in the study, af-
fecting 21% of patients.22 
Another study examining 
patients hospitalized due 
to COVID-19 in China’s 
Huebi province com-
pared 105 patients with 
cancer and 536 patients 
without cancer; the re-
sults indicated that that 
those with cancer had a 
higher death rate (OR, 
2.34; 95% CI, 1.15-
4.77).23

 In response to the 
increased burden on 
the health care system during the 
COVID-19 pandemic and the recog-
nition that cancer patients represent a 
high-risk population, breast cancer or-
ganizations implemented guidelines for 

treatment to minimize the risk of con-
tracting COVID-19. The COVID-19 
Breast Cancer Consortium included 
representatives from the American So-
ciety of Breast Surgeons, the National 
Accreditation Program for Breast Cen-

ters, the National Com-
prehensive Care Net-
work, the Commission on 
Cancer, and the American 
College of Radiology, 
and its recommendations 
state that it is acceptable 
to consider reducing the 
duration of trastuzumab 
therapy to 6 months due 
to the “substantial surviv-
al benefit and the absence 
of data suggesting any 
detrimental defect of use 
during the pandemic.”24 
Similarly, the guidelines 
released by the Europe-
an Society for Medical 
Oncology recommend 

that “for selected HER2-positive breast 
cancer, low-risk or elderly patients with 
cardiovascular or other comorbidities, 
adjuvant anti-HER2 therapy may rea-
sonably be discontinued after 6 months 
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TABLE 3. Summaries of Trial Results
Trial N Primary 

end point
Secondary 
end point

Duration of 
trastuzumab 
treatment

Chemotherapy 
combination 

Median 
follow-up 
(years)

Predefined 
margin of 
noninferiority

Survival 
HR (95% 
CI)

Cardiac events 
(experimental 
vs 1 yr)

Noninferior 
to 1 year

PERSEPHONE 2045 DFS OS, cardiac 
events, cost-
effectiveness

6 months Anthracycline/ 
taxane + T 
(concurrent/ 
sequential)

4.9 HR <1.32 DFS: 1.05 
(0.88-1.25); 
OS: 1.14 
(0.95-1.37)

4.01% vs 8.02% Yes

HORG 481 DFS OS, toxicity 6 months FEC-D + T 4.2 HR <1.53; 3-yr 
DFS

DFS: 1.57 
(0.86-2.10); 
OS: 1.45 
(0.57-3.67)

— No

PHARE 3380 DFS OS, cardiac 
events

6 months Anthracycline/ 
taxane + T 
(concurrent/ 
sequential)

3.5 HR <1.15; 3-yr 
DFS

DFS: 1.28 
(1.05-1.56); 
OS: 1.46 
(1.06-2.01)

3.96% vs 6.57% No

Short-HER 1253 DFS, OS Failure rate, 
cardiac 
events

9 weeks AC or EC-D or 
FEC-D + T

5.2 HR <1.29; 5-yr 
DFS

DFS: 1.15 
(0.91-1.46); 
OS: 1.06 
(0.73-1.55)

1.28% vs 2.87% No

SOLD 2174 DFS Cardiac 
events

9 weeks FEC-D + T 5.2 HR <1.30 DFS: 1.39 
(1.12-1.72); 
OS: 1.36 
(0.98-1.89)

2.03% vs 3.86% No

A, Adriamycin; C, cyclophosphamide; D, docetaxel; DFS, disease-free survival; E, epirubicin; F, fluorouracil; HR, hazard ratio; OS, overall survival; T, trastuzumab. 

“The authors 
found that 

more than 70% 
of patients 

justified 
treatment for a 
5% or greater 

improvement in 
OS at 5 years.”
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instead of 12 months.”25 Italy released 
recommendations that were adopt-
ed during the COVID-19 outbreak in 
a study published in The Oncologist, 
which discussed the strategies used at 
the beginning of the outbreak to ensure 
best possible care while mitigating the 
risk of infection using a personalized 
risk-benefit ratio. For patients who 
were determined to be at “high risk” 
of infection—of older age and with co-
morbidities—it was also recommended 
to consider shortening duration of tras-
tuzumab therapy to 6 months.26 In the 
span of a few weeks, health care systems 
were challenged to transform how can-
cer care is delivered in the setting of a 
pandemic. While it will be essential to 
resume certain care practices during the 
recovery phase, there may be closer con-
sideration of changes that were found to 
be beneficial to patient care, such as re-
duced duration of trastuzumab therapy.

Cardiotoxicity
Trastuzumab has been shown to have 
potential cardiac-related AEs. In all 5 
studies included in Table 3, the patients 
received baseline echocardiograms, 
and women with preexisting cardiac 
disease were excluded. Cardiac events 
in the PHARE and the PERSEPHONE 
trial were analyzed separately. In the 
PHARE trial, 5.9% of patients in the 
12-month group and 3.4% of patients 
in the 6-month group experienced New 
York Heart Association Class I or II car-

diac dysfunction during therapy with 
trastuzumab.27 In the PERSEPHONE 
trial, there was significantly more clin-
ical cardiac toxicity in the 12-month 
group compared with the 6-month 
group (13% vs 10%; P = .04), and twice 
as many 12-month as 6-month patients 
stopped early because of cardiac events 
(8% vs 4%; P <.0001). In the 12-month 
group, 8% of patients had a decrease in 
left ventricular ejection 
fraction (LVEF) to <50% 
compared with 6% in 
the 6-month group (P = 
.004), which suggests a 
longer period of cardiac 
stress and slower recov-
ery. Age was shown to 
be an independent risk 
factor, with patients aged 
>70 years having an OR 
for cardiac dysfunction 
of 2.72. Patients with a 
lower LVEF at baseline 
(between 50% and 55%) 
had an OR of 5.22 for 
developing cardiac dys-
function.28 In any study, 
it is important to consider 
generalizability of the study population. 
Initial exclusion criteria in the PHARE 
trial included patients who had previ-
ous medical conditions prohibiting the 
use of trastuzumab, such as document-
ed congestive heart failure, arrythmias, 
angina pectoris, severe dyspnea at rest, 
and oxygen dependency. Patients who 

would have a difficult time with fol-
low-up, and patients who could not 
have regular controls from social, geo-
graphic, or psychological reasons were 
also excluded.12 Many patients with 
early-stage breast cancer also have 1 or 
more of these risk factors and/or meet 
these exclusion criteria, and for them, a 
shorter duration of treatment of trastu-
zumab may be more appropriate than 
the standard duration.  

Financial Toxicity
With the exponentially rising cost of 
health care in today’s practice environ-
ment, it is important to consider the 
cost-effectiveness of treatment when 
considering 2 different treatment du-
rations. At the time the PERSEPHONE 
trial was published, the average costs for 
patients in the 6-month and 12-month 
arms were 2538.64 British pounds 
(~US$3299.4) and 12,333.83 British 
pounds (~US$16,033.98), respective-

ly.29 Currently in the Unit-
ed States, the cost of treat-
ment is much higher than 
at the time of the PERSE-
PHONE trial. The current 
cost of 12 months of tras-
tuzumab every 3 weeks 
for a person weighing  
75 kg is shown in Table 4.

This cost information 
was obtained from aver-
age wholesale pricing and 
will vary by institution; 
however, it still allows for 
an estimate of the overall 
cost of a 12-month dura-
tion of therapy. The annual 
cost to the patient before 
insurance is $181,438 

and the annual cost to the institution 
is $90,342. The cost differential is dra-
matic: an $83,736 difference between 
a 12-month and a 6-month duration of 
treatment. For patients lucky enough to 
have insurance that covers most of the 
cost, this is not an issue. For patients who 
have limited or no insurance, the cost 
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TABLE 4. Current Cost of 12 Months of Trastuzumab Every 3 
Weeks (based on a patient weight of 75 kg)
Dose  
(mg/kg)

Dose  
(75 kg)

Cost per dose 
to payer

Cost per dose to  
institution Doses (#) Annual cost 

to payer

8 600 mg $13,966 $6950 1 $13,966 

6 450 mg $10,467 $5212 16 $167,472 

Total $181,438

“The rapid 
advancements 

in breast 
cancer therapy 

often lead to 
more expensive 

treatments, 
higher 

deductibles 
and more co-

pays.”
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of treatment could � nancially devastate 
them and their families for decades. 
Results of a 2018 study published in the 
American Journal of Medicine found that 
patients with cancer are 2.65 times more 
likely to � le for bankruptcy than those 
without cancer, which increases their risk 
for death.30 The rapid advancements in 
breast cancer therapy often lead to more 
expensive treatments, higher deductibles, 
and more co-pays, all of which contribute 
to � nancial toxicity and ongoing anxiety 
around the diagnosis and treatment of 
breast cancer.

Emotional Costs
The cost of treatment is not the only � -
nancial toxicity affecting patients with 
early-stage breast cancer. There is also 
the issue of missing work to undergo 
treatment. The � rst infusion of trastu-
zumab takes around 90 minutes while 
the subsequent infusions take 30 min-
utes, but each treatment requires a visit 
to the infusion center for treatment, and 
periodically, a visit with the prescrib-
ing physician beforehand is required 
as well. Transportation time to these 
appointments and waiting room time 
also must be factored into the total du-
ration of each trastuzumab treatment, 
which is all time a patient spends away 
from family, work, or other activities 
they enjoy. A prospective study from 
France looked at the impact of breast 
cancer treatment on employment for a 
cohort of 1874 women and found that 
at 2 years after diagnosis, 21% of pa-
tients had not returned to work. Patients 
treated with chemotherapy plus trastu-
zumab had signi� cantly higher odds of 
not returning to work at 2 years (OR, 
2.15; 95% CI, 1.29-3.57) compared 
with chemotherapy plus hormone ther-

apy. Patients treated with chemothera-
py alone also had increased odds of not 
returning to work (OR, 1.58; 95% CI, 
1.05-2.37); however, the difference was 
not as signi� cant as for chemotherapy 
plus trastuzumab. The study authors 
commented on potential reasons for the 
statistically signi� cant differences in re-
turning to work; they noted that for pa-
tients being treated with trastuzumab, 
speci� cally, those reasons can include 
persistent fatigue, being more likely to 
perceive themselves as sick for a longer 
time, and being overwhelmed with ac-
cumulation of treatments.31

Conclusions
Results from the individual randomized 
controlled trials, with the exception of 
the PERSEPHONE trial, and the pooled 
meta-analysis of all 5 trials, demonstrate 
that a treatment duration of 6 months or 
9 weeks of trastuzumab is not statistically 
noninferior to a treatment duration of 
12 months. However, for patients with 
node-negative or ER-positive disease, 
there was no significant difference 
between the longer and shorter dura-
tions of treatment. For many patients 
with node-negative and/or ER-positive, 
HER2-positive breast cancer, a shorter 
duration of trastuzumab would likely 
be suf� cient, and if they have cardiac or 
other comorbidities, may even be safer 
overall. A shorter duration of trastuzum-
ab also reduces costs to the patient and 
the health care system generally, reducing 
the overall cost of treatment by almost 
$100,000 per patient. Patients who 
would have a hard time managing a rig-
orous 12-month trastuzumab treatment 
schedule, and are in a lower-risk category, 
would likely have the same bene� t from a 
shorter duration of therapy with far less 

emotional and � nancial strain. When the 
current COVID-19 pandemic is factored 
in, that pushes the needle even further 
in the direction of doing less rather than 
more when appropriate, in order to 
minimize exposure.

Evidence-based medicine is the back-
bone of the health care system, but it 
is critical to consider the difference 
between statistically signi� cant data and 
clinically signi� cant data, and to discuss 
the numbers as well as the realities with 
our patients. For many patients with 
early-stage HER2-positive breast cancer, 
a shorter course of trastuzumab may 
be more appropriate than a full year 
of treatment when taking into account 
� nancial and logistical considerations as 
well as their other medical conditions.
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INTERVIEW

Treatment options for patients 
with lung cancer are rapidly 
improving, leading to better and 
more durable outcomes. Since 
2018, the FDA has approved 
21 different drugs or drug 
combinations for the treatment 
of various forms of lung cancer, 
with 6 of those approvals com-
ing in May 2020 alone.1

With the resounding success 
of osimertinib (Tagrisso) that 
was recently presented in trial 
results at the 2020 American 
Society of Clinical Oncology 
(ASCO) Virtual Program, and 
several in-progress clinical trials 
exploring therapeutics for mo-
lecular targets and early-stage 
disease, the treatment paradigm 
for patients with lung cancer is 
poised to change.

ONCOLOGY® recently sat 
down with Mark G. Kris, MD, 
of Memorial Sloan Kettering 
Cancer Center to discuss the 
recent trends in lung cancer 
treatment and the avalanche 
of therapeutic agents moving 
through the development pipe-
line that have already begun to 
rede� ne the accepted standards 
of care.

Q: What are the major 
trends in lung cancer 

right now?

KRIS: Well, I think an overarch-
ing thing is that in lung cancer 
treatment today, there really 
isn’t a patient who gets managed 
by just 1 specialist. Whether or 
not other modalities are add-
ed, [the course of treatment] 
is very patient-speci� c. There 
needs to be a discussion [for 

every patient] about the role for 
other treatments. For example, 
radiation in metastatic lung 
cancer, after some bene� t from 
a systemic therapy, is something 
that’s done routinely now, and 
something that would never 
have been done years ago. In 
fact, if you did radiation, you’d 
be outed as somebody who 
was practicing way outside the 
[standard of] care. But that’s 
now a standard thing. And I 
think there are good reasons for 
that, biological and practical as 
well. So, I think that’s among 
the biggest things—that we now 
need to consider everything that 
could be done.

In a case presented at last 
year’s [New York Lung Cancers 
Symposium] a small tumor in 
a patient was discovered, and 
the tumor could be removed 
surgically, it could be treated 
with radiation, or intervention 
radiologists using a bladed 
procedure could also do it. So 
how do you choose among these 
options, particularly for that 
individual patient? And that’s 
a challenge. It really is. This is 
the discussion that goes on in 
an institution—when you say, 
I’m going to operate on this 
person, the radiation oncologist 
says, well, wait a minute, have 
you considered this? Or the 
intervention radiologist says 
that, too, and how do you take 
all those opinions and choose 
what the right treatment is?

And now, after you have a 
curative surgery, who gets ad-
ditional systemic treatments? I 
think this year the presentation 
at virtual ASCO [on results 

from the phase 3 ADAURA 
trial], about giving osimertinib 
to patients with resected lung 
cancers, is going to change 
things, because normally many 
of those patients would not have 
been considered for therapy, or 
if they were considered for che-
motherapy, would be considered 
too complicated of a patient. 
But this is now an option that 
most patients could have. So, 
every patient needs to have this 
consideration of treatment. 

Another issue is the need to 
consider every patient for test-
ing now. It was not a standard 
of care to do mutation testing 
on every patient who had a 
resected lung cancer. It is now. 
So how are we going to do 
that? And why are we going to 
do that? So, these are the kind 
of things that are important 
right now, taking advantage of 
breakthroughs and putting them 
into practice.

Q: Can you talk a little 
more about the 

importance of genomic 
testing for lung cancer?

KRIS: There are characteristics 
of every tumor that de� ne the 
course of the illness. Under-
standing those characteristics—
and it might be a mutation, it 
might be amplification, but 
it also might be what kind 
of T cells are in that person’s 
tumor—can point you to a ther-
apy. I think EGFR is a very good 
example. It’s very speci� c. If you 
have this EGFR mutation, the 
tumor cells are very sensitive. 
It’s also a diagnostic test for 
lung cancer. No other cancer has 

Kris is a medical 
oncologist at Memorial 
Sloan Kettering Cancer 
Center.

The New Era in Lung Cancer Care
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these EGFR mutations. If you 
have it, you’ve got lung cancer. 
There are a lot of implications 
of that. But [having a] better 
biologic understanding gives 
you a better chance to match 
a treatment to the cancer in 
that person. And we all want 
to do that. That’s something 
we’ve all struggled to do, in-
stead of giving treatment ‘X’ 
to everybody. We’re doing that 
again now with checkpoint 
inhibitors. Everybody gets a 
checkpoint at some point in 
their care, unless they have a 
target. But I think that’s the 
biggest thing about the muta-
tion testing: It helps you define 
a patient, it helps you define 
the tumor in a patient and 
lets you match the treatment. 
And we’re trying to carry that 
paradigm forward as much as 
we can.

Q: What are some of the 
other major changes 

you’ve seen over the 
course of your career?

KRIS: When I began in this area, 
there was no treatment for 
metastatic lung cancer. So, if 
you were 53 years old and you 
had lung cancer that spread to 
your liver, you were sent to the 
phase 1 clinic, because there 
was no treatment. And if you 
were going to go on a National 
Cancer Institute trial, any drug 
that they had would be given 
to you as the first treatment. 
Any drug. Whether it had any 
relevance to lung cancer or not, 
that was the standard of care.

Now, we have a lot of treat-
ments that are specific to lung 
cancer that really changed the 
face of the illness. Previously, 
there was an unmet need; 
people didn’t focus on it. And 
I could agree with those peo-
ple because there wasn’t yet a 
clear path forward. A lot of 

the tough cancers have that 
characteristic, because there 
isn’t a clear path forward. 
The investigators and young 
doctors entering research 
groups say, “Well, why are 
you going [into lung cancer]? 
Stick with leukemia, we’ve 
made some progress, and if 
we understood it better, we’d 
make even more.” 

Whereas with lung cancer, 
there was no progress other 
than operating. So where are 
you going to start? That kind 
of was the issue with me. I was 
very lucky because I was allied 
here with our surgeons. Our 
surgeons were experts and they 
knew everything about the 
illness. They knew everything 
about surgery, including where 
the problems were—like those 
cases where they did successful 
surgery, but the patient didn’t 
survive anyway because the 
cancer grew back. And it 
was the surgical leadership, 
actually, that dragged all of 
us into trying to do adjuvant 
and new adjuvant treatments 
to patients, because they saw 
that people, despite a success-
ful surgery, had metastasis at 
some point and they look for 
systemic therapies. But that 
was very helpful to me, too, 
because we had that the sur-
gical base here, and they really 
focused in on the problem: the 
people who weren’t cured by 
an operation. They gave us 
the chance to help cure those 
people.

Q: To you, what’s the 
most exciting work 

going on right now in your 
field?

KRIS: Well, the bottom line is to 
cure [the patients]. So, things 
that have a chance to cure 
people with advanced lung 
cancers are, to me, the most 

exciting, and one of those 
things would be the use of 
immunotherapeutics.
When you look at the clinical 
trial results for people who got 
immunotherapeutic agents, 
you see that in some patients 
with stage IV cancers, the 
cancer doesn’t come back. 
We all have these patients in 
our practice, and it’s pretty 
unusual for patients with met-
astatic cancer for the cancer 
just not to come back. Their 
life goes back to normal. It’s 
pretty amazing, and it’s kind 
of interesting that, [if you read 
the] medical literature, nobody 
wants to say they’re cured. 
It’s the same in other cancers, 
too, like the melanoma space. 
People don’t want to say these 
people are cured 5 years later 
after having metastatic mel-
anoma, and no cancers have 
come back. Every disease site 
is controlled, but people don’t 
want to say they’re cured.

Q: Which trials or 
treatments are 

making the biggest impact 
or poised to make the 
biggest impact in the lung 
cancer space right now?

KRIS: I think the data Roy 
Herbst presented [from the 
phase 3 ADAURA trial] at the 
virtual ASCO meeting [repre-
sent] a game changer. Going 
forward, large clinical trials, 
that are completed already, 
studied giving postoperative 
checkpoint inhibitors, T cells, 
and preoperative checkpoint 
inhibitors in an attempt to 
improve outcomes with sur-
geries or surgery and chemo-
therapy. We’re waiting for the 
results. So, that’s the next very 
hopeful group of trials that 
[could] change therapy. The 
other big completed trial was 
of durvalumab (Imfinzi) after 

concurrent chemotherapy 
and radiation. We went for 
decades without improving 
upon giving chemotherapy 
and radiation for people with 
locally advanced, but not 
steady, cancer—people who 
were not able to have surgery. 
We tried all kinds of things; 
nothing helped. In fact, some 
things harmed. And then 
suddenly, by giving a year 
of durvalumab, more people 
are cancer free afterward and 
more people are cured there, 
too. So, I think that’s the other 
really important trial of the 
last 5 years.

And we continue to chip 
away, with new drugs for 
the various mutations: MET, 
HER2, BRAF. Drugs for all 
of these are getting approved. 
Capmatinib (Tabrecta) for 
MET exon 14, entrectinib 
(Rozlytrek) for ROS1, these 
drugs…they chip away at [the 
cancer] but they’re not yet part 
of a curative package. They 
shrink the cancer and they 
shrink it well for a period of 
time, but it doesn’t lead to a 
cure. But trying to parlay that 
information to a cure is our 
challenge.

Q: How is coronavirus 
disease 2019 

(COVID-19) affecting 
care? How has it changed 
your practice?

KRIS: Well, an addition [to 
the New York Lung Cancers 
Symposium] this year will 
be a session on practice and 
tele-oncology: how to look for 
ways to provide care and do 
it in a way that is appropriate 
right now with COVID-19. 
I think the message is, you 
can’t—and we’d like to think 
we didn’t—you can’t stop the 
delivery of care for patients 
with lung cancers, for any 
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reason. It can’t be stopped. So 
our challenge is, How do we 
continue to provide the same 
level of care, and the same 
complexity, with the right 
decision making, when there’s 
this unbelievable force pervad-
ing everything and making it 
very, very hard to continue 
care? That was the issue for 
us. It wasn’t taking care of  
COVID-19. It was continuing 
care in the face of COVID-19. 
So, for our patients, with all 
the different issues that they 
face, none of them went away. 
And COVID-19 was added to 
that list. So, that’s the problem, 
both for us as doctors, and for 
our patients and their families.

The other thing is, and 
this was an unintended con-
sequence, we tell people put 
your care team together, have 
the people that are important 
to you be at the visit, be your 
second set of ears, be there 
to ask the questions that you 
might forget. And now that’s 
gone. That person isn’t there. 
They’re banned from the 
building. So, they’re physically 
isolated, and then they’re hu-
manly isolated by the people 
that they have chosen to rely 
on, to help them make these 
decisions. So, that’s been a real 
hardship for patients.
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CLINICAL TRIALS IN PROGRESS

TITLE : A Salvage Trial of AR Inhibition With ADT and 
Apalutamide With Radiation Therapy Followed by Docetaxel 
in Men With PSA Recurrent Prostate Cancer After Radical 
Prostatectomy (STARTAR; NCT03311555)

BACKGROUND: It was initially shown in the phase 
2 STREAM trial (which combined 6 months of androgen-
deprivation therapy [ADT] with 160 mg/day enzalutamide 
and salvage radiation to the prostate bed) that patients had 
2-year progression-free survival of 65%. 

The addition of enzalutamide did not cause any 
additional toxicities. 

Apalutamide is a second-generation androgen receptor 
(AR) antagonist similar to enzalutamide and would likely 
have similar activity in this patient population. Based 
on the CHAARTED study showing benefit of docetaxel in 
metastatic hormone-sensitive prostate cancer, 6 cycles 
of docetaxel have been included as part of the regimen to 
further enhance the efficacy.

Hence, with STARTAR, we aim to further prolong 
prostate-specific antigen (PSA) recurrence-free survival in 
men with recurrent disease after radical prostatectomy and 
high-risk features by combining standard ADT and salvage 
external beam radiation with the AR inhibitor apalutamide 
and 6 cycles of docetaxel.

STARTAR is a nonblinded, single-arm phase 2 
multicenter study. The end points are 36-month (3-year) 
PSA recurrence-free survival and the proportion of men at 

12, 24, and 36 months with a PSA of less than 0.1 ng/mL 
who also have testosterone recovery to more than 100 ng/dl.

STARTAR is an investigator-initiated trial, funded by 
Janssen; it has opened within the Department of Defense 
Prostate Cancer Clinical Trials Consortium.

INCLUSION CRITERIA: Eligible men should have 
recurrent PSA-only prostate cancer within 4 years of 
prostatectomy; PSA greater than 0.2 ng/mL and less than 
4 ng/mL; and absence of metastatic disease on CT and 
bone scans. Men should have a prior Gleason score of 8 
to 10; it may be 7 with at least one of the following: pT3 
disease, positive margins, or 4 or fewer positive nodes with 
adequate laboratory parameters. None of the following are 
allowed: prior systemic chemotherapy, immunotherapy, or 
sipuleucel-T (Provenge).

PATIENT ACCRUAL INFORMATION
 � Open date: open to enrollment at Duke in March 

2018. Also open in Wake Forest, Cornell, and 
Nebraska. 

 � Accrual goal: 42.
 � Percent accrued: 93% enrolled; 3 slots remaining. 

First patient enrolled in March 2018.

STUDY SITES: Four: Duke Cancer Center(lead site); 
Wake Forest University Comprehensive Cancer Center; 
Weill Cornell Medical College, New York; and the GU 
[genitourinary] Research Network, Omaha, Nebraska.

Co-principal investigators:
Tian Zhang, MD, MHS
Duke University Medical Center 103861
Durham NC 27710
tian.zhang2@duke.edu 
Phone: (919) 668-4667
Fax: (919) 660-0178

Andrew Armstrong, MD, ScM
Duke University Medical Center 103861
Durham NC 27710
andrew.armstrong@duke.edu 
Phone: (919) 668-4667
Fax: (919) 660-0178

sTARTAR TRIAL

SCREENING

 � prostate adenocarcinoma

 � PSA relapse within 4 years 
of prostatectomy

 � Detectable and rising PSA 
>0.20 ng/mL

 � Gleason score: 8-10 or  
7 with at least one of

 � pT3 disease
or

 � positive margins
or

 � 4 or fewer positive 
nodes
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TREATMENT
36 weeks

Apalutamide 240 mg/d & ADT
for 36 weeks

8 weeks 6 weeks 4 weeks

4-week
washout

66-74 Gy to 
prostate bed 

M-F 
starting week 9 
+/- pelvic XRT

75 mg/m2

every 3 weeks 
w/o prednisone

x 6 cycles

External beam 
radiotherapy:

Docetaxel:

18 weeks
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The 2020 (American Urological As-
sociation) AUA Virtual Experience 
included expert insight on the new 

AUA Guideline for Advanced Prostate 
Cancer from 2 experts on the panel that 
created the guideline.1

In their discussion during the AUA 
virtual platform, William Lowrance, 
MD, MPH,  investigator, Huntsman 
Cancer Institute and associate profes-
sor, Division of Urology, University of 
Utah in Salt Lake City; and Michael S. 
Cookson, MD, professor and chairman  
Department of Urology, the Stephenson 
Cancer Center and University of Okla-
homa College of Medicine in Oklahoma 
City, highlighted the core components of 
the consensus guideline for urologists to 
follow in their daily practice.

“The primary aim of this guideline is 
to assist clinicians with decision-making. 
The evidence-based guideline recom-
mendations are furnished according to 
disease state across the entire continuum 
of advanced prostate cancer,” said Low-
rance, who served as chair of the panel.

The focus of the guideline is patients 
who have exhausted all local therapy 
options and now require systemic treat-
ment options. These include patients 
with biochemical recurrence, metastat-
ic hormone-sensitive prostate cancer 
(mHSPC), nonmetastatic CRPC, and 
metastatic CRPC. The guideline grades 
the strength of evidence as high (A), 

moderate (B), and low or very low (both 
under the umbrella of C).

Early Evaluation and Counseling
The guideline lays out principles that 
should be followed with the early eval-
uation and counseling of patients with 
suspicion of advanced prostate cancer who 
do not yet have histologic confirmation. 
Lowrance said a tissue diagnosis from the 
primary tumor or metastatic site should 
be obtained by the clinician.

When diagnosis is confirmed, the 
guideline recommends physician-pa-
tient discussions of treatment options 
that cover these factors: patients’ tumor 
characteristics, life expectancy, comor-
bidities, and treatment preferences. The 
treatment strategy should, if possible, in-
clude a multidisciplinary approach. Also, 
when possible, pain control and other 
symptom support should be optimized, 
explained Lowrance.

Biochemical Recurrence 
Without Metastatic Disease
In the hormone-sensitive setting, PSA 
recurrence almost always precedes clinical 
detection of metastases,” said Lowrance. 
Thus, in men with biochemical recurrence 
without metastases, clinicians should 
perform serial PSA measurements, clinical 
evaluations, and staging evaluations.

For these staging evaluations, the 
guideline recommends use of standard-

of-care imaging, comprising bone scans 
and axial imaging with CT or MRI. 
Given the emergence of advanced PET 
imaging in the paradigm for advanced 
prostate cancer, the guideline stipulates 
that, “Clinicians may utilize novel PET-
CT scans in patients with PSA recur-
rence after failure of local therapy as an 
alternative to conventional imaging or 
in the setting of negative conventional 
imaging.”

In those patients with a rising PSA 
whose imaging does not reveal any me-
tastases, the guideline recommends that 
the patients be offered observation or 
enrollment on a clinical trial. As routine 
practice, androgen deprivation therapy 
(ADT) should not be started in these  
patients.

mHSPC
The guideline states that genetic counsel-
ing and germline testing should be offered 
to all men with mHSPC, regardless of age 
and family history. The germline testing in 
this setting focuses on genes that influence 
homologous recombination repair, such 
as BRCA1, BRCA2, and ATM.

Patients with mHSPC should be of-
fered surgical castration or ADT com-
bined with either LHRH agonists or 
antagonists (grade B). Further, grade A 
evidence supports the guideline recom-
mendation that “clinicians should offer 
continued ADT in combination with  

Experts Develop New 
Guideline for Advanced 
Prostate Cancer
Jason M. Broderick

GUIDELINES GU CANCER

ONC0820_305-306_AUA Guidelines.indd   305ONC0820_305-306_AUA Guidelines.indd   305 8/7/20   9:39 AM8/7/20   9:39 AM



either androgen pathway–directed ther-
apy (eg, abiraterone acetate [Zytiga] 
plus prednisone; apalutamide [Erleada]; 
or enzalutamide [Xtandi]) or docetaxel-
based chemotherapy,” said Lowrance.

Lowrance, shared some of the data 
supporting the use of androgen path-
way–directed therapies in this setting. 
In the phase 3 TITAN trial (N = 1050), 
apalutamide plus ADT reduced the risk 
of death by 33% versus ADT alone in 
patients with mHSPC (HR, 0.67; 95% 
CI, 0.51-0.89; P = .005).2 And the phase 
3 ENZAMET trial (N = 1125), showed 
the same 33% reduction in the risk of 
death with enzalutamide plus ADT ver-
sus ADT alone in patients with mHSPC 
(HR, 0.67; 95% 0.52-0.86; P = .002).3

Nonmetastatic CRPC
This population comprises patients with 
a rising PSA but no sign of metastatic 
disease on standard imaging despite “the 
persistence of a castrate-level testoster-
one,” said Cookson.

In recent years, the first agents have 
been specifically approved by the FDA 
for the treatment of these patients, based 
on a demonstrated metastasis-free sur-
vival (MFS) benefit. All 3 therapies are 
androgen receptor antagonists: apa-
lutamide, darolutamide (Nubeqa), and  
enzalutamide.

Apalutamide, enzalutamide, and 
darolutamide all demonstrated an MFS 
benefit over placebo in the pivotal SPAR-
TAN (HR, 0.28; P <.001),4 PROSPER 
(HR, 0.29; P <.001),5 and ARAMIS (HR, 
0.41; P <.001)6 trials, respectively. All  
3 trials enrolled over 1200 patients with 
nonmetastatic CRPC at high risk for 
developing metastatic disease (PSA dou-
bling time of ≤10 months). Cookson not-
ed that since the completion of the data 
analysis for the guideline, overall survival 
(OS) data from the PROSPER trial were 
published showing that enzalutamide led 
to a 27% reduced risk of death versus 
placebo, with a median OS of 67 versus 
56.3 months, respectively (HR, 0.73; 
95% CI, 0.61-0.89; P = .001).7

mCRPC
Docetaxel is indicated for the first-line 
treatment of patients with mCRPC with 
several treatments approved for use 
before and after the chemotherapy. The 
immunotherapy sipuleucel-T (Provenge) 
is approved by the FDA for asymptomatic 
or minimally symptomatic mCRPC. En-
zalutamide and abiraterone acetate (plus 
prednisone) are approved for use both in 
chemotherapy-naïve patients and following 
failure of docetaxel. The chemotherapy 
cabazitaxel (Jevtana) is approved as a 
second-line, post-docetaxel option.

The radiopharmaceutical radium-223 
(Xofigo) is approved for the treatment of 
patients with CRPC with symptomatic 
bone metastases but no known visceral 
metastatic disease. In this setting, radi-
um-223 has demonstrated an OS benefit 
over standard therapy in both chemo-
therapy-naïve patients and those with 
prior docetaxel.

Genetic testing and related treatments 
are a burgeoning area of the mCRPC par-
adigm as research has shown that, “DNA 
damage response (DDR) alterations have 
been identified in 23% of patients with 
mCRPC, including both somatic and 
germline defects. Among the DDR al-
terations, BCRA2 is the most frequently 
altered, and these gene alterations are 
expected to confer sensitivity to PARP 
inhibitors; thus, nearly 20% of patients 
with mCRPC may potentially benefit 
from this therapy,” explained Cookson.

The AUA guideline includes the grade 
C recommendation that, “Clinicians 
should offer a PARP inhibitor to patients 
with deleterious or suspected deleteri-
ous germline or somatic homologous 
recombination repair gene-mutated 
mCRPC following prior treatment with 
enzalutamide or abiraterone acetate, 
and/or a taxane-based chemotherapy. 
Platinum-based chemotherapy may be 
offered as an alternative for patients who 
cannot use or obtain a PARP inhibitor.”

Two PARP inhibitors were recently 
approved by the FDA for the treatment 
of patients with mCRPC. In May 2020, 

the FDA approved rucaparib (Rubraca) 
for the treatment of adult patients with 
BRCA mutation (germline and/or somat-
ic)–associated mCRPC who have been 
treated with androgen receptor–directed 
therapy and a taxane-based chemothera-
py. The approval was based on data from 
the phase 2 TRITON2 study, in which 
the confirmed objective response rate 
was 44% in a cohort of 62 patients with 
BRCA-mutated mCRPC.8

Also in May 2020, the FDA approved 
olaparib (Lynparza) for the treatment of 
adult patients with deleterious or sus-
pected deleterious germline or somat-
ic homologous recombination repair 
gene-mutated mCRPC who have pro-
gressed following prior treatment with 
enzalutamide or abiraterone acetate. The 
approval was supported by the phase 3 
PROfound trial, in which the risk of dis-
ease progression or death was reduced 
by 66% with olaparib compared with 
abiraterone acetate or enzalutamide 
(HR, 0.34; P <.0001) in patients with 
BRCA1/2- or ATM-mutant mCRPC.9

The final option for mCRPC that 
Cookson covered was the immune check-
point inhibitor pembrolizumab, which is 
available as an option for patients with 
microsatellite instability–high or mis-
match repair–deficient tumors.

Bone Health
Cookson concluded the discussion with a 
focus on bone health. Preventative treat-
ments with bisphosphonates or denosumab 
should be recommended to patients with 
advanced prostate cancer whose bone loss 
has put them at high fracture risk, accord-
ing to the guideline. It is also indicated that, 
when appropriate, these patients should be 
referred to experts in the area of osteopo-
rosis. Among patients with mCRPC with 
bony metastases, the guidelines include the 
grade B recommendation that, “Clinicians 
should prescribe a bone protective agent, 
denosumab or zoledronic acid, to prevent 
skeletal-related events,” said Cookson. 

For full reference list, visit 
cancernetwork.com/AUA_guideline
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Case
A 33-year-old White woman had been 
having some nonspecific intermittent ab-
dominal pain for the past 2 years, which 
had been attributed to various different 
conditions including uterine fibroids, 
irritable bowel syndrome, fibromyalgia, 
and pelvic floor dysfunction. After visits 
to several different health care provider, 
a CT scan of the abdomen and pelvis 
eventually revealed a large lobulated 
mesenteric mass measuring 13.5 x 9.5 
cm (Figure 1). A CT-guided biopsy of 
this mass revealed proliferation of epi-
thelioid to spindled cells with moderate 

eosinophilic cytoplasm (Figures 2A 
and 2B). Immunohistochemical stains 
of the biopsy specimen were strong-
ly positive for DOG1 (Figure 2C), 
CKIT, and CAM5.2; weakly positive 
for cytokeratin AE1/AE3; and negative 
for CK7, CK20, S100 protein, desmin, 
chromogranin, synaptophysin, CDX2, 
TTF1, PAX8, calretinin, and ER. WT1 
was positive with cytoplasmic staining 
but negative with nuclear staining. The 
mitotic rate was estimated to be at least 
2 per 50 high-power fields (HPF). No 
necrosis was identified. 

A gastrointestinal stromal tumor 

(GIST) mutation panel (analyzing KIT, 
PDGFRα, and BRAF genes) was per-
formed on DNA extracted from the bi-
opsy using next-generation sequencing 
(50% estimated tumor cellularity). Two 
mutations were detected: KIT p.A502_
Y503dup (c.1504_1509dupGCCTAT; 
exon 9; pathogenic; 48% variant al-
lele frequency) and BRAF p.R444W 
(c.1330C>T; exon 11; likely pathogen-
ic; 28% variant allele frequency). No 
PDGFRα mutations were identified.

After 8 weeks of neoadjuvant thera-
py with imatinib 800 mg by mouth (po) 
daily, CT scans showed interval decrease 
in the patient’s mesenteric mass, down to 
8.3 x 6.2 cm (Figure 3A). After anoth-
er 4 weeks of neoadjuvant imatinib, CT 
scans did not show any further signifi-
cant decrease in the size of the mass (8.1 
x 6.2 cm) (Figure 3B). 

She underwent exploratory laparot-
omy with omentectomy, appendectomy 
excision of mesenteric implants, small 
bowel resection, and uterine fibroid 
resection. Pathology of postoperative 
material showed a jejunal GIST tumor 
with central hyalinization and calcifi-
cation, consistent with therapy effect. 
Greatest tumor dimension was 9.5 cm, 
mitotic rate was 0 mitoses/5mm2, and 
all margins were negative with no nodal 
involvement. Metastatic GIST was iden-
tified in omental nodules and colon-as-

Locally Advanced Gastrointestinal 
Stromal Tumor in a 33-Year-Old 
Woman Seeking to Conceive
Mehmet Sitki Copur, MD; Allison M. Cushman-Vokoun, MD, PhD; Abigail Delaney, MD; James Padussis, MD; Whitney 
Wedel, MD; Scott Lauer, MD; and Geoffrey Talmon, MD 

CASE STUDY

ABSTRACT: Gastrointestinal stromal tumors (GISTs) are rare neoplasms of 
the gastrointestinal tract. They commonly present with nonspecific symptoms 
and thus are often discovered incidentally. They are best identified by CT scan, 
and most stain positive for CD117 (C-Kit), CD34, and/or DOG-1. Several risk 
stratification classification systems have been developed based on tumor size, 
mitotic rate, location, and perforation. Traditional chemotherapy and radiation 
therapy have been very ineffective, making surgery the mainstay of treatment. 
The discovery of mutations associated with these tumors has revolutionized 
the treatment approach. Imatinib mesylate, a selective tyrosine kinase receptor 
inhibitor, used as adjuvant or neoadjuvant therapy, has greatly improved the 
morbidity and mortality associated with GISTs. As the survival of patients has 
increased with the long-term use of targeted therapies, quality-of-life issues 
now have become much more relevant and have come to the forefront of care. 
We present a young woman who was successfully treated for GIST but now 
faces associated long-term adverse effects of imatinib, including the challenge 
of preserving fertility and the potential for childbearing. 
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sociated mesenteric nodules. She was 
staged as pathologic stage pyT3pyN-
0pyM1.

After surgery, she was placed on ad-
juvant imatinib 800 mg daily to be giv-
en for the next 3 to 5 years. Her most 
recent CT scan, done 3 months post 
surgery, showed no evidence of disease 
(Figure 3C). The patient expresses her 
strong desire to be able to conceive and 
have her own biologic children in the 
near future.

Introduction
GISTs  account for less than 1% of all 
gastrointestinal neoplasms, yet they 
constitute the most common soft-tissue 
sarcomas of the gastrointestinal tract.1 
While the age-adjusted yearly incidence 
has been estimated at around 6.8 cases 
per million, based on a study utilizing 
Surveillance Epidemiology End Results 
data,2 the actual incidence is not known. 
This is partly due to lack of universal 
comprehensive testing for the char-
acteristic KIT and/or PDGFRα gene 
mutations. Additionally, small, indolent 

GIST tumors—each only a few millime-
ters in diameter—do commonly occur in 
the general population, but they do not 
get included in cancer registries.3,4 The 
most common site for GIST tumors is 
the stomach (60%), followed by nondu-
odenal small intestine (30%), duodenum 
(5%), and rectum (4%); they appear 
much less commonly in the esophagus, 
colon, and appendix (1%).5 GISTs are 
equally distributed across all geographic 
and ethnic groups. Men and women are 
equally affected. Most patients present 
aged between 50 and 80 years.6 

GISTs seem to be associated with no 
specific symptoms. Patients with a sus-
pected GIST can present with a variety 
of symptoms, ranging from early satiety 
to abdominal pain, to gastrointestinal 
or intraperitoneal bleed with accompa-
nying symptoms of fatigue and anemia. 
Neoplastic GIST cells appear to origi-
nate from a precursor cell lineage in 
the myenteric plexus of gastrointestinal 
tract that differentiates into the intersti-
tial cells of Cajal (ICCs).7 Most tumors 
express the characteristic CD117 anti-

gen, part of a tyrosine kinase receptor, 
which has been exploited for the devel-
opment of novel therapeutic tyrosine 
kinase inhibitors (TKIs) (Figure 3).

Pathology
Biopsy is the mainstay of diagnosis. 
Endoscopic ultrasound-guided biopsies 
are preferred due to reduced possibili-
ty of bleeding and of intra-abdominal 
tumor spread risk. In advanced cases, 
image-guided percutaneous biopsies are 
appropriate. From incidentally discov-
ered benign nodules that measure less 
than 10 mm to large sarcomas, GISTs 
represent a morphological and biolog-
ical continuum. Despite clinicopatho-
logical differences, most GISTs share a 
similar genetic profile with KIT or PDG-
FRα gain‐of‐function mutations (onco-
genic mutations).8,9 KIT (CD117) is 
expressed in more than 95% of GISTs; 
80% of these patients have an activat-
ing mutation in the gene encoding for 
the KIT receptor tyrosine kinase, and 
in 5% to 10% the mutation is in the 
gene encoding the PDGFRα receptor 
tyrosine kinase. The remaining 10% to 
15% of GISTs are KIT and PDGFRα 
wild-type, and in 10% to 15% of these 
tumors, BRAF p.V600E mutations can 
occur (<5% of GISTs overall).10-13 KIT 
mutation in GIST does not cause KIT 
expression—a fact that is occasionally 
misunderstood—but it modifies KIT 
function.5 Activation of KIT and PDG-
FRα by their ligands regulates important 
cell functions, including proliferation, 
apoptosis, chemotaxis, and adhesion. 
KIT function is also critical for the de-
velopment and maintenance of different 
cell types, including hematopoietic cells, 
mast cells, melanocytes, gametocytes, 
and ICCs.14-16 Based on immunopheno-
typic, ultrastructural, and cell signaling 
similarities, GISTs are believed to orig-
inate from KIT-expressing progenitor 
ICCs through somatic KIT or PDGFRα 
mutations, which are believed to be an 
early step in GIST pathogenesis. 

KIT and PDGFRα mutations can be 

 Figure 1. Lobulated Mesenteric Mass Prior to Neoadjuvant Imatinib. 
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categorized into 2 groups: mutations in 
the receptor regulatory domains (extra-
cellular and juxtamembrane) and mu-
tations in the tyrosine kinase enzymatic 
domains (TK1 and TK2). The majority 
of KIT mutations occur in the juxtame-
brane domain (KIT exon 11), followed 
by mutations in the extracellular domain 
(KIT exon 9). Most of the PDGFRα 
mutations occur in exon 18 in TK2. 
While exon 11 mutations are common in 
all sites of GISTs, exon 9 mutations are 
more likely to be seen in intestinal sites. 
PDGFRα exon 18 mutations occur more 
commonly in gastric GISTs. Continuous 
ligand‐independent activation of KIT or 
PDGFRα kinases through these muta-
tions leads to activation of downstream 
signal transduction pathways promoting 
cell survival and proliferation. BRAF is 
a serine-threonine kinase that functions 
downstream of receptor tyrosine kinases 
in the MAPK pathway, to activate cell 
proliferation.13

Immunohistochemical staining of biop-
sy specimens for CD117, DOG1, and/or 
CD34, and molecular genetic testing to 
identify KIT and/or PDGFRα mutations, 
help establish the diagnosis. Absence of 
KIT and/or PDGFRα mutations does not 
exclude the diagnosis of GIST; conversely, 
KIT positivity alone may not be sufficient 
to confirm the diagnosis. Tumors lacking 
KIT, PDGFRα, or BRAF mutations 
should be further evaluated with succi-
nate dehydrogenase immunostaining and, 
if deficient, germline mutation testing 
should be considered. 

Prognostic Factors
Tumor size (ie, >10 cm) and mitotic rate 
(ie, >5 mitoses per 5mm2) have been the 
most widely used pathologic features to 
predict poor prognosis. Tumor site has 
been utilized as another important factor 
for risk stratification; a gastric location in-
dicates less aggressive behavior compared 
with GIST tumors of intestinal or rectal 
origin.17,18 Tumor genotype is another 
independent prognostic factor, with KIT 
exon 11 deletions predicting higher risk of 
relapse after resection, but also excellent 
sensitivity to imatinib.19 Tumors with 
KIT exon 9 mutations may have better 
relapse-free survival (RFS) after cura-
tive resection, but they are less sensitive 
to imatinib therapy (requiring higher 
doses or alternative TKIs).19 PDGFRα 
exon 18 mutations have been associated 
with better prognosis; however, the most 
common mutation in exon 18 (p.D842V) 
predicts resistance to early-generation 
TKIs.18,20 Female sex has been implicated 
as an independent prognostic factor for 
better progression-free survival (PFS) and 
overall survival (OS).19

Neoadjuvant Therapy
Between 15% to 50% of GIST patients 
present at an advanced stage at the time 
of diagnosis.21 Prior to the advent of 
imatinib, the lack of effective systemic 
treatment options meant surgery was 
the only recognized treatment for GIST. 
Notoriously dismal response rates of 
GISTs to conventional chemotherapy or 
radiation therapy (overall response rate, 

<5%) led to often-poor surgical outcomes 
in locally advanced disease, with an OS of 
12 to 19 months and a 5-year survival rate 
of less than 5% to 10%.22,23 In patients 
with advanced GISTs, preoperative thera-
py with imatinib can significantly improve 
these outcomes in terms of both PFS and 
fewer intraoperative tumor ruptures and 
multivisceral resections.24 In a prospec-
tive study of potentially resectable GIST  
patients, the efficacy of preoperative 
600 mg daily imatinib provided partial 
response in 7% and stable disease in 83% 
of the patients. The estimated 2-year PFS 
and OS rates were 83% and 93%, respec-
tively.25 In another prospective study, pre-
operative imatinib improved resectability 
and reduced surgical morbidity in patients 
with primary resectable or unresectable 
GIST, providing a median tumor size re-
duction of 34% and an estimated 3-year 
PFS rate of 77%.26 While the efficacy and 
safety of preoperative imatinib has been 
well established, it is difficult to deter-
mine a definitive survival benefit of this 
approach since all patients have also been 
treated with postoperative imatinib for 
at least 2 years. One disadvantage of this 
approach is that the preoperative imatinib 
use can impede accurate assessment of re-
currence risk. Thus, this approach should 
be considered only if surgical morbidity 
would be reduced by downstaging tumor 
size, as in the case presented here.

Surgery
Primary treatment of localized or re-
sectable GISTs is surgical resection. 

 Figure 2. Sections Demonstrate a Proliferation of Spindled to Epithelioid Cells (hematoxylin and eosin stain, 200x magnification) 
(A&B);  DOG-1 Immunohistochemical Staining (C).
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Perioperative imatinib has been utilized 
to decrease surgical morbidity prior to 
surgery or if residual tumor remains after 
surgery. GISTs are friable tumors with a 
propensity to rupture. The principal goal 
of surgery is to achieve complete resection 
with clear margins and an intact pseudo-
capsule. In the absence of pathologically 
enlarged nodes, lymphadenectomy is not 
necessary because of the low incidence 
of nodal involvement. For microscopi-
cally positive margins, re-resection is not  
required. If a complex surgical procedure 

will be needed due to extent of disease, a 
multidisciplinary tumor board discussion 
must be held regarding the use of neoad-
juvant imatinib. Several case studies have 
shown the value of preoperative imatinib 
in enabling organ- and/or sphincter-spar-
ing surgeries and in improving surgical 
outcomes.27

The role of laparoscopy in GIST is an 
expanding area of research. Despite the 
lack of prospective studies, some small 
case series and retrospective studies have 
revealed the feasibility and benefits of 

this approach with shorter hospital stays, 
decreased morbidity, and low recurrence 
rates.28,29 This approach has been most 
suitable for GISTs measuring less than 5 
cm at favorable anatomic sites, such as the 
anterior wall of the stomach, jejunum, and 
ileum, and some small rectal locations.

Adjuvant Therapy
In approximately 85% of patients with 
GIST, complete resection is possible; 
however, surgery is not always curative. 
Following complete resection, almost half 

Fertility in the Setting of GISTs

A pproximately 1.7 million people 
are diagnosed with cancer 
yearly in the United States and 

of those, almost 25% are aged less 
than 45 years.1 Most data estimate that 
annually, 54,000 Americans treated 
for cancer will be at risk for infertility.2 
While much of this is iatrogenic, in that 
many chemotherapeutic drugs and 
radiation treatments are gonadotoxic, 
sometimes infertility results simply as 
a delay in the ability to pursue child-
bearing, secondary to cancer treatment. 
This is particularly true with regard to 
female patients, as a woman’s repro-
ductive lifespan is finite and begins to 
decline exponentially beyond age 37. 
When cancer patients and their family 
members are surveyed post treatment, 
they consistently express regret both 
at not being presented with fertility 
preservation options and at the general 
lack of counseling with respect to how 
their treatment would affect future 
childbearing.

The authors in this publication 
describe the case of a young wom-
an diagnosed with a gastrointestinal 
stromal tumor (GIST) at age 33. As 
the treatment of GISTs has improved, 
particularly with advent of imatinib, 
focus on quality of life after cancer has 

become paramount. In young women 
like this patient, so-called quality of 
life after cancer often includes family 
planning and childbearing. While 
this woman was young at diagnosis, 
adjuvant therapy with imatinib may be 
maintained for 3 to 5 years, and so she 
will be of advanced maternal age (36 to 
38 years) by the time she has complet-
ed her treatment. Simply by delaying 
her childbearing, she will compromise 
her fertility due to age-related dimin-
ishing ovarian reserve. Many patients 
desire fertility preservation with either 
oocyte or embryo cryopreservation, 
knowing that without such a procedure, 
this delay could render them unable to 
complete their family plan.

Literature regarding imatinib treat-
ment and future fertility is scarce. Most 
data regarding imatinib and fertility 
involve the scenario of unplanned 
pregnancy during active treatment.3 
Although the majority of data indicate 
that pregnancy clearly is possible while 
taking imatinib or after treatment, long-
term studies of reproductive capacity 
are limited. A single case report de-
scribes diminished ovarian response at 
time of oocyte retrieval in an adolescent 
fertility preservation case. Egg quality 
and ovarian response was dramatically 

improved after 2 months off the med-
ication.4 More studies and long-term 
data are necessary so patients can be 
adequately counseled regarding future 
fertility after treatment.

The future for young cancer patients 
desiring fertility after treatment remains 
bright. Continued improvements in 
assisted reproductive technology 
have allowed thousands of patients 
to achieve their childbearing potential 
after cancer treatments. With improved 
dialogue, teamwork, and education, we 
can continue to provide patients with 
the best quality of life after cancer.
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of patients develop recurrence or meta-
static disease, with a 5-year survival rate 
of 50%.30,31 Adjuvant imatinib therapy 
was first evaluated in ACOSOG Z9001, 
in which patients with 3 cm or larger pri-
mary localized GISTs were randomized to 
400 mg daily imatinib or to placebo after 
complete resection of their tumors for a 
duration of 1 year.32 At a median follow-up 
of 74 months, RFS was significantly better 
in the imatinib arm; however, the OS rates 
were not different between the arms.33 
Mutational analysis of all patients further 
revealed that while patients with KIT exon 
11 deletions had a higher likelihood of 
RFS, patients with KIT exon 11 insertion 
or point mutation, KIT exon 9 mutation, 
PDGFRα mutation, or wild-type GIST 
did not. Tumor genotype did not affect 
RFS in the placebo arm. After the initial 
ACOSG Z9001, several other randomized 
studies investigated the optimal duration 
of adjuvant therapy. The EORTC-62024 
study compared 2 years of adjuvant 
imatinib therapy with observation in 
patients with localized intermediate-risk 
or high-risk GISTs.34 While the RFS rate 
was significantly higher in the imatinib 
arm, the difference between arms in 5-year 
RFS did not reach statistical significance. 
In another study, the Scandinavian Sar-
coma Group randomized high-risk GIST 
patients to 12 months vs 36 months of 
imatinib after curative intent surgery.35 
This study was the first to show an OS 
advantage in addition to a RFS advantage. 
After a median follow-up of 90 months, 
5-year RFS was 71.1% vs 52.3%, and 

5-year OS was 91.9% vs 85.3%, both 
in favor of 36-month adjuvant imatinib. 
Nongastric GIST and high–mitotic count 
GIST patients were at a higher risk for 
recurrence. The most recent analysis of 
this trial (SSGXVIII/AIO) was presented at 
the American Society of Clinical Oncology 
2020 Virtual Meeting. Over a median 
follow-up of 119 months, 53% of 1-year 
treatment patients experienced a recur-
rence event, 30% of those patients died, of 
whom 82% died as a result of metastatic 
GIST. In the 3-year treatment group, 44% 
experienced a recurrence event, and 18% 
of those patients died, of whom 83% 
died as a result of metastatic GIST. OS 
at 10 years was higher with longer ima-
tinib treatment, at 79% with 3 years of 
therapy vs 65% with 1 year (HR, 0.55; 
P = .004).36 Finally, a single-arm phase 2 
trial enrolled high-risk GIST patients onto 
400 mg daily imatinib for 5 years or until 
progression, relapse, or intolerance.37 The 
primary end point was RFS. The 5- and 
8-year estimated RFS rates were 90% 
and 81%, respectively, while the 5- and 
8-year OS rates were both 95%. Nearly 
half of the patients discontinued treatment 
early, and most recurrences occurred after 
treatment discontinuation. Common 
reasons for early discontinuation includ-
ed patient choice (20%), adverse effects 
(AEs) (17%), protocol deviation (4%), 
and loss of follow-up (4%). The most 
common AEs of all grades were nausea 
(71%), diarrhea (63%), fatigue (50%), 
muscle spasm (41%), vomiting (39%), 
and periorbital edema (34%).

Adverse Effects 
The most commonly reported AEs of ima-
tinib are fluid retention, diarrhea, nausea, 
fatigue, muscle cramps, abdominal pain, 
and rash. All improve with prolonged 
therapy.38 Liver function abnormalities, 
low blood counts, gastrointestinal bleed-
ing, lung toxicity, and congestive heart 
failure rarely have been reported.39

Fertility
Modern social structure and medical 
advances have led to increasing num-
bers of women choosing childbearing 
at an older age. Increasing incidence of 
GISTs and its successful treatment now 
have brought the issues of preservation 
of fertility and childbearing potential in 
younger patients affected with this dis-
ease. Although contraception advice and 
termination of early pregnancy have been 
the standard practice in patients with this 
disease, cases of GIST during pregnancy 
have been reported.40

Tan et al presented a meta-analysis (N 
= 12) of women diagnosed with a GIST 
tumor in the perigestational period. Anal-
ysis of these cases demonstrated that 8 of 
12 went on to deliver healthy infants. The 
majority (7 of 8) of these women were not 
initiated on imatinib therapy until they 
reached postpartum status. The study 
does report a single case of a woman 
who remained on imatinib therapy for 
a known GIST tumor throughout the 
pregnancy. She underwent a successful 
delivery and the infant had continued 
normal development up to 1 year later.41

 Figure 3. Interval Decrease of Mesenteric Mass after 8 Weeks of Neoadjuvant Imatinib (A);  Stable Mesenteric Mass After 12 weeks of 
Neoadjuvant Imatinib (B); Three Months Post Surgery, Showing No Abdominal Disease (C).
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Limited data are available regarding 
gestational exposure to imatinib; they 
consist mostly of case studies and series. 
Animal data indicate an increased risk of 
teratogenicity during organogenesis and an 
increased risk of fetal loss with exposure 
at equivalent recommended dosages.42,43

The largest data set of women found to 
be gestationally exposed to imatinib (N = 
180) demonstrates potential risk of fetal 
abnormalities and fetal loss. The majority 
of exposures in the data set occurred in 
the � rst trimester; of these women, 28% 
underwent elective termination secondary 
to treatment. Three of these terminations 
were performed following identi� cation 
of multisystem fetal abnormalities on 
obstetric ultrasound. These study results 
cited a 14.4% risk of spontaneous abor-
tion; however, they also demonstrated 
that normal infants were delivered in 50% 
of exposed pregnancies. Given limited 
evidence of fetal harm, best practices still 
include prevention of pregnancy while 
taking imatinib and consideration of 
termination should a pregnancy occur 
while taking the drug.44

While there are a paucity of data with 
regard to imatinib in pregnancy, data are 
even more scarce with regard to fertility 
while on imatinib therapy or fertility after 

cessation of therapy. Available literature 
demonstrates a single case report indicat-
ing that active treatment with imatinib 
can result in reversible diminished ovarian 
function when undergoing fertility pres-
ervation. Long-term data, however, are 
clearly lacking.45

Conclusions
GISTs are rare tumors that account for 
a small percentage of gastrointestinal 
neoplasms and they are usually discovered 
incidentally. While surgery remains the 
backbone of treatment, our understand-
ing of aberrant molecular pathways in 
the pathogenesis of this disease and the 
rapid development of molecular therapies 
targeting these pathways have resulted in 
dramatic results rede� ning the manage-
ment of these traditionally chemothera-
py-resistant tumors. Neoadjuvant imatinib 
therapy—with the goal of shrinking the 
tumor and allowing organ preservation 
and less extensive surgery than would oth-
erwise be required for some patients—and 
long-term adjuvant therapy—for patients 
with high risk of recurrence—now enable 
many GIST patients to live long, normal 
lives. Quality of life has now become an 
important issue for patients on long-term 
TKI therapy.

Outcome of the Case
After successful curative-intent surgery, 
the patient remains on 800-mg adjuvant 
imatinib with a goal of 3 to 5 years of 
treatment. Discussions were held about 
her fertility while on imatinib, her options 
for healthy childbearing, her individual 
prognostic factors, and her predicted 
survival with the treatment options that 
are currently available. She also had 
a comprehensive consultation with a 
fertility expert (the third author). She 
was offered several options, including 
contraception until after completion of 
her treatments, oocyte cryopreservation, 
and embryo cryopreservation. Based on 
the data (although limited) indicating 
that the diminished ovarian reserve while 
on imatinib is reversible, she decided to 
pursue pregnancy after her adjuvant 
treatment is completed.
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INTERVIEW

Treatment for patients with 
gastrointestinal (GI) cancer, 
specifically colorectal cancer 
(CRC), has undergone a major 
paradigm shift. Improvements 
in the understanding of cancer 
biology and the implementation 
of precision therapy have allowed 
oncologists to begin to deliver the 
proper treatment to the proper 
target, improving outcomes.

ONCOLOGY® recently 
sat down with Tanios S. Bekaii-
Saab, MD, of the Mayo Clinic 
in Phoenix, Arizona, to discuss 
the rapidly evolving treatment 
landscape of GI cancers, the most 
recent practice-changing studies, 
and the need to make genomic 
sequencing the standard of care 
for all patients with GI cancer.

Q: Can you discuss the 
importance of next-

generation sequencing 
in GI cancers?

BEKAII-SAAB: I don’t think any-
more that genomic sequencing, 
next-generation sequencing 
(NGS), is a privilege; it should be 
a right. I think every single patient 
with a GI malignancy—speci� -
cally colon cancer, but [actually] 
all GI malignancies—has the 
right [to be sequenced], and we 
have to � nd every way possible 
to get them sequenced.

I need to understand what the 
rare mutational status of each 
patient is. What does BRAF

look like? Do we have a BRAF
mutation? I want to know about 
HER2 ampli� cation. I want to 
know about tumor mutational 
burden (TMB), [since] now we 
have an approval with high TMB 
for pembrolizumab (Keytruda). 
The cutoff point may be a little 
controversial; the 10 is not as 
meaningful but many of these 
patients with TMB of 15 and 
20 are actually [having] great 
responses and responding really 
well to immune therapies. And 
in pancreas cancer, for example, 
I want to understand if there 
is a BRCA mutation that may 
essentially be driving the cancer. 

So, you can see the story 
forming here. But going back to 
colon cancer, I have at least 4 or 
5 things I need to know from the 
get-go before I even start treating 
the patient. One could argue that, 
hey, let’s get microsatellite insta-
bility–high (MSI-H) and RAS and 
BRAF and HER2 separately. But 
it turns out that if you get them 
separately, it’s much more expen-
sive than getting NGS. And with 
NGS, you actually get more than 
just the 3 or 4 things; you can get 
other things like NTRK fusions. 

Now we know that NTRK
fusions, which are incredibly rare, 
can be found. So, we’re looking 
at needles in a haystack. The less 
you test, the less likely it is that 
you are going to � nd rare targets. 
So, we’re not only looking for the 
common targets, but for the rare 

ones as well. And so, 1 snapshot 
with NGS should give you all the 
tools you need—or most of the 
tools, I should say, because there 
are still a lot of unknowns. But it 
should give you most of the tools 
you need to essentially plan ahead 
of time for that patient. What 
biologic am I going to start with? 
Is that a hopeful immunotherapy 
in this patient? Is chemotherapy 
the best choice, or is pembroli-
zumab the better choice? Should 
we enroll this patient on the 
BRAF V600E–mutated study, 
the follow-up to BEACON CRC 
(NCT02928224)? 

Let me tell you why [identi-
fying] HER2 amplification is 
important. HER2 ampli� cation 
not only puts the patient on path 
for HER2-targeted strategies, 
which are being studied in mul-
tiple trials with multiple agents 
being developed, but it turns out 
that HER2 ampli� cation tells 
us quite a bit about resistance 
to EGFR inhibitors. So, let’s say 
you have a left-sided tumor—
naturally, you would think this 
patient should do great on an 
EGFR inhibitor. But it turns out 
that if the patient has a HER2
ampli� cation, which occurs in 
about 4% of the patients, that 
patient will not respond to an 
EGFR inhibitor. And in fact, 
they progress very rapidly. So, all 
of these things—MSI-H, TMB, 
RAS, BRAF, HER2, plus a slew 
of others—can be a part of this 

Bekaii-Saab is
a medical oncologist 
at the Mayo Clinic in 
Phoenix, Arizona
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NGS, this genomic profiling of 
the tumor. So, [again,] I think at 
this point in time, NGS should 
become a right and not a priv-
ilege, and all patients should 
have access to it. And the sooner 
the better, because it sets us on 
a much better track in terms of 
identifying the best options for 
patients with GI cancers.

Q: What is driving the 
current progress in 

the field? Is it the increased 
testing?

BEKAII-SAAB: The answer is not 
just testing alone; testing was 
so random in the past that you 
couldn’t make sense out of it. 
We also didn’t have any agents 
or studies being looked at in the 
different spaces. Rather, I think 
what’s energizing the field is the 
fact that while testing is being 
done, we’re understanding 
more, and with more clarity, 
about what these different tar-
gets mean, what these different 
expressions mean, and how 
we can go after them. Six or 7 
years ago it started with MSI-H 
cancer; we started seeing those 
results [from immune-based 
therapy] percolating in the later 
line[s of therapy] and moved 
[those therapies] to the first 
line, which just transformed 
the way we treat this disease. 
The biology that we’re learning 
about starts in the later stage, 
then moves to the first line, 
and also ultimately moves to 
the adjuvant setting. So, we’re 
starting to transform this cancer 
earlier and earlier. I think in 3 
to 5 years, survival, for many 
patients, is going to be the 
equivalent of a cure, when we 
do things earlier on and the right 
way. A lot of work is still ahead 
of us, though, with tons of in-
formation [to work through]. 
This is where meetings like 
ISGIO [International Society of 

Gastrointestinal Oncology] [are 
so important, to] keep you up to 
date with where the science is, 
what’s changing practice today, 
what is likely to change practice 
tomorrow, and what we should 
be looking at after tomorrow.

Q: Can you tell me a little 
more about the ISGIO 

conference? What will we 
see at this year’s meeting? 
This is your first year as the 
program director.

BEKAII-SAAB: The meeting this 
year is certainly revamped. 
We’re going to be changing a 
few things and keeping some 
things that worked in the past, 
especially the focus on fellow 
education and fellows’ involve-
ment. We’re also diversifying the 
chairs of the different sessions 
quite a bit, ensuring [more] di-
versity, including representation 
from multiple institutions. We’ll 
also introduce some debate-style 
crossfire and other elements that 
will keep it quite interactive. 
But we also want to preserve 
the spirit of ISGIO. That will 
essentially ensure that it’s a 
meeting where not just fellows, 
but young faculty, early in their 
career, will not only be able to 
be involved but [will] be quite 
educated [from the discussions 
of the meeting], in terms of 
how they practice and in terms 
of understanding the evolving 
landscape of research and 
standard-of-care therapies in 
various GI malignancies.

Q: What are some of 
the key studies that 

have come out in the past 
year or two that have been 
practice-changing within 
the field?

BEKAII-SAAB: I think that [the 
results] of KEYNOTE-177 
(NCT02563002) are among 

the biggest stories over the last 
few years—at least in colon 
cancer. We’ve known for a 
while that in this subgroup of 
patients with MSI-H metastatic 
CRC, we have up to 30% to 
40% of patients who have a 
response to pembrolizumab in 
the refractory setting. For most 
of these patients, the response is 
quite meaningful. What I mean 
by that is it’s not just the level 
of response—which in many 
patients is actually a complete 
response—but the durability 
of the response as. About 20% 
to 30% of patients continue to 
respond, even after you stop the 
treatment at 2 years, and then 
continue to be in remission. So, 
the natural question leading to 
KEYNOTE-177 was, ‘We see 
these incredible responses in the 
later lines—can we bring this 
up to the first line?’ And I’ll be 
frank with you, in my practice, I 
actually changed—even before 
[the results of] KEYNOTE-177 
[were published]—to using 
pembrolizumab in the first line 
for patients with MSI-H tumors. 
And my thought was originally 
that, you know, some of these 
patients, 20% to 30% of them, 
will never need chemotherapy 
in their lifetime. They respond 
so well to these agents; I don’t 
want to wait too long before 
[using it]. 

And so, I was very pleased 
with the results of the study, 
which essentially showed that 
indeed, in about one-third 
of the patients at least, if not 
more, pembrolizumab induces 
a significant response. [The 
results] essentially transform 
this disease from one where we 
have to try chemotherapy first 
and fail before we go to im-
munotherapy, to patients now 
getting immunotherapy first. 
And then, as I said, for 30% to 
40% of those patients—and I 

don’t like to use the word “cure” 
loosely in stage IV disease—this 
is the equivalent of a cure. Those 
patients end up in remissions 
that are durable, and they may 
never ever see chemotherapy in 
their lifetimes. So that’s great. 

Now survival—we’re still 
waiting on that. There are 2 
possible scenarios. The first 
scenario is what a lot of people 
are predicting: Survival won’t 
be much different between 
pembrolizumab given first 
versus chemotherapy being 
given first. The reason, [accord-
ing to] a lot of folks, is, well, 
when you give chemotherapy 
first when patients progress, 
they will all have access to 
pembrolizumab and therefore 
most of them will be crossed 
over to immunotherapy. So, the 
thought is that, whether you get 
it first or later, it won’t change 
the overall survival much. On 
the other hand, a small group 
of folks thinks that actually, 
we’re probably going to see a 
survival benefit. It may not be 
as big as the PFS, but it will be 
there and it will be meaningful. 
Their reasoning is, since this is 
appears to be a game-changer, 
the sooner you change, or the 
sooner you attack the biology of 
the cancer, the better you will do 
on the long run and, therefore 
you will affect overall survival 
positively. I’m kind of closer to 
this camp, but I’ll tell you that 
either way, I frankly don’t care 
what the survival results are go-
ing to be. We know that they’re 
not going to be detrimental and 
when I have about one-third 
to 40% of my patients go on 
pembrolizumab for a couple of 
years, and they’ll be in durable 
complete remission and may 
never see chemotherapy in 
their lifetime, I think that’s an 
achievement. 

So, if the survival is positive, 
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that’s great. If the survival is 
borderline better, with pem-
brolizumab versus some sort 
of chemotherapy, when you 
look at the big story, prolonging 
their likelihood of not pro-
gressing, with a quality of life 
that’s much better, I think it’s 
a no-brainer. This has changed 
the landscape of how we treat 
MSI-H metastatic CRC. But let 
me even go further: I would say 
this has transformed the way 
we treat MSI-H tumors, period, 
beyond just metastatic CRC. [In 
other words], if I have a gastric 
cancer or a pancreas cancer or 
a cholangiocarcinoma patient 
who has MSI-H, I will treat 
them with pembrolizumab first, 
before even trying to treat them 
with chemotherapy. I do believe 
that the results, as we’ve seen 
in the later lines, are consistent 
regardless of anatomic site. It 
doesn’t matter where the cancer 
starts; it’s the MSI-H phenotype 
that’s essentially determining 
the level of response. So that’s 
[practice-changing]. I think 
that is an incredible study that 
just changed the way we think 
about those patients—4% of all 
our patients with colon cancer. 
That’s a lot of patients in a very 
common disease. It gives us a 
lot of hope that we’re curing 
patients in stage IV disease with 
this modality. 

The other trial that comes 
to mind is BEACON CRC 
(NCT02928224), a phase 
3, randomized trial with en-
corafenib plus cetuximab plus 
or minus binimetinib versus 
irinotecan and cetuximab in 
patients with refractory BRAF 
V600E–mutated [tumors]. 
What we’ve seen in this study is 
that the biologic combo, [versus 
chemotherapy plus cetuximab], 
is improving survival and over-
all survival. Up to 25% of 
patients will have a meaningful 

response, and patients’ quality 
of life is significantly better, with 
less toxicity. So that now is a 
standard for our patients with 
CRC and BRAF V600E muta-
tions. We talked about this with 
KEYNOTE-177 and now with 
BEACON CRC; it is essentially 
leading the way to move these 
combination of agents into the 
first line and into the adjuvant 
setting, ultimately. 

Another study that I think 
changed or transformed the way 
we treat patients, with caveats, 
is POLO (NCT02184195), 
which looked at patients with 
pancreatic cancer with germ-
line BRCA1/2 mutations. The 
results showed that if you treat 
patients with a platinum-based 
therapy and then, after at least 
16 cycles of exposure [if they’re 
stable and have had a response, 
they take] olaparib [Lynparza], 
which is a PARP inhibitor, their 
progression-free survival is 
significantly improved. That 
study was transformative, in 
a sense; it doesn’t necessarily 
change practice for most pa-
tients, but for the first time, in 
pancreatic cancer, we have a 
biologic option that was shown 
to essentially prolong progres-
sion-free survival and [patients 
had] a response to it. We never 
had that in pancreas cancer: to 
have a target and an agent that 
goes after the target. So that is 
transformative. That tells us 
that biology drives cancer, and 
when you identify the driver, 
you can actually flip a switch or 
offload the switch in a way to 
essentially establish some form 
of remission and for some, it’s a 
durable remission. 
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authors have no significant financial 
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You’ve said that the field of GI cancer 
treatment is 2 to 3 decades behind 
other forms of cancer in terms of 
biologic and immune-based therapy. Do 
you feel like the field is starting to catch 
up?

BEKAII-SAAB: We remain a little bit behind, but we are 
catching up, and we’re catching up quickly. And that’s 
good news. For 20 years in colon cancer, we wasted a lot 
of energy debating whether fluorouracil plus oxaliplatin 
(FOX) or folinic acid plus fluorouracil plus irinotecan 
(FOLFIRI) is best, and whether bevacizumab or anti-EGFR 
inhibitors should be [used] first. [Fortunately,] that debate 
is done with, and we’re moving essentially to an era where 
the question has become, What do I do with my MSI-H 
patient? Do I even need to consider chemotherapy? What 
do I do with a BRAF V600E–mutated patient? What do I 
do with my HER2-amplified patient? What do I do with the 
KRAS patient? What do I do with a lot of the other things 
that I, at this point in time, don’t understand? How can I 
channel the patient toward a clinical trial that’s specific 
for them? We’re starting to break down common cancers 
and all these subgroups.

So, germline testing for every single one of these patients 
is needed. And we need to look at somatic alterations, as 
well, with NGS, because that changes how we treat our 
patients. If a patient has a BRCA mutation—whether it’s 
germline or somatic—which is about 5% to 8% of patients, 
that patient needs to go on a platinum-based therapy. It’s 
important to keep in mind that these findings have impli-
cations not only for targeted agents, but, say, in pancreas 
cancer, it also helps you understand whether you use a 
platinum first or a taxane. 

So, we’re catching up quickly and starting to make sense 
of all this biology that we’ve been trying to learn over the 
past 20 years. And today, thankfully, we are starting to 
understand how to place a lot of these agents into these 
baskets that are transforming how we treat our patients. 
And the great thing is, this is only the tip of the iceberg. 
We’re learning so much about these hidden targets, and 
so many agents are either being looked at or will be looked 
at. Ultimately, these agents will transform how we treat 
colon cancer, and GI cancers overall. So, we’re catching 
up, and I think in the next 3 to 5 years, we’ll probably be 
ahead of the curve again.

KEY QUESTION
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Challenges of Treating a Patient With 
Advanced Prostate Cancer During the 
COVID-19 Pandemic

A 78-year-old man had a 
medical history of hyper-
tension, atrial fi brillation, 
chronic kidney disease, 

and metastatic castration-resistant 
prostate cancer (CRPC). He had pro-
gressed to fi rst-line therapy for CRPC with 
abiraterone plus androgen-deprivation 
therapy (ADT) and as second-line therapy 
he was being treated with docetaxel, with 
biochemical progression in his last pros-
tate-specifi c antigen measurement. 

He was admitted to the hospital on April 
2020, in the middle of the coronavirus dis-
ease 2019 (COVID-19) pandemic, because 
of painful bone lesions and deterioration 
of renal function. His fourth chemother-
apy cycle and monthly zoledronic acid 
had been administered 4 weeks prior to 
admission. 

Four days into this hospitalization, the 
patient developed respiratory symptoms 
characterized by shortness of breath 
and cough. Pulse oximeter confi rmed by 
blood gas analysis revealed hypoxemia, 
requiring supplemental oxygen via nasal 
cannula at 2 L/min to maintain an oxygen 
saturation level of more than 90%. A chest 
x-ray compared with the prior one taken 
a month ago showed bilateral patchy 
opacities predominantly on the right lung 
(Figures 1A and B). Nasopharyngeal 
swab specimens were positive for severe 

Which of the following statements are true about cancer 
and COVID-19?

A. Patients with cancer have an 
increased risk of infection and related 
complications.

B. Transmembrane protease serine 
2 (TMPRSS2) inhibition may be a 
protective factor for infection in 
patients with prostate cancer.

C. Predictive factors for mortality in 
patients with cancer are similar to 
those in all patients with COVID-19.

D. Palliative care delivery has changed 
with this pandemic.

E. All of the above are true.

TURN TO PAGE 318 for the answer and a discussion of this case by experts.
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 Figure 1. Chest x-ray comparison of 
normal study 1 month prior to admission, 
(A) at time of respiratory symptoms 
initiation showing bilateral patchy infi ltrates 
with right lung predominant distribution, 
(B) and 48 hours after treatment 
initiation at time of symptoms aggravation 
consistent with progression of bilateral 
lung infi ltrates (C).
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acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) by real-time reverse 
transcriptase-polymerase chain reaction 
(rRT-PCR).

Additional laboratory tests revealed 
leukocytosis (14.900 cells/μl), lympho-
penia (600 cells/μl), elevated C-reactive 
protein (31 mg/dL), elevated lactate 
dehydrogenase (580 U/L), and worsen-
ing of kidney function: creatinine 2.95 
mg/dL (baseline creatinine, 1.70 mg/
dL),  consistent with diagnosis of severe 
bilateral COVID-19 pneumonia with 
acute respiratory failure.

Treatment with antibiotics with az-
treonam, ciprofloxacin, and linezolid (be-
cause of his β-lactam allergy); antiretro-
viral therapy with lopinavir-ritonavir; and 
low-molecular-weight heparin (LMWH) 
thromboprophylaxis was started. After 
48 hours of full medical therapy, his 
clinical condition deteriorated and his 
oxygen requirements increased. A fol-
low-up chest x-ray revealed worsening 
bilateral patchy infiltrates (Figure 1C). 
A multidisciplinary discussion among 
the internal medicine, pulmonology, 
intensive care, and medical oncology 
teams was held. The patient was not 
considered a candidate for mechanical 
ventilation due to a shortage of intensive 
care unit beds as a result of the pan-
demic, neoplastic disease in progression 
with second-line therapy, poor perfor-
mance status, and coexisting comorbid-
ities. He was sent home with palliative 
care with quarantine precautions for 
himself and his family, and died 3 days 
later due to respiratory failure.

Discussion
COVID-19 is a viral respiratory illness 
caused by SARS-CoV-2 and was declared 
a global pandemic on March 11, 2020. 

It has affected all medical disciplines. 
Treating patients effectively within this 
health crisis has now become a major 
challenge for clinicians. Cancer care de-
livery is no exception, as all aspects of 
its practice––from screening to palliative 
care––have had to be modified, with in-
evitable consequences for medium- and 
long-term prognosis.1,2 Worldwide, the 
practice of oncology has now changed.3 
Oncologists face challenges such as de-
lays in surgical procedures, preferential 
use of oral agents instead of parenter-
al therapy regimens, and ensuring that 
telemedicine visits are available. Mean-
while, patients are experiencing travel 
restrictions on account of quarantine 
policies, and are fearful of visiting hos-
pitals because of the exposure risk and 
unavailability of outpatient services, 
among other concerns.4 

Present data suggest that cancer  
patients possess an increased risk for  
severe COVID-19 and its complications, 
including death.5-8 Initial information 
from China revealed a higher infection 
rate among cancer patients compared 
with all COVID-19 cases (0.79% vs 
0.37%), with an odds ratio (OR) of 2.31 
(95% CI, 1.89-3.02)8, and other studies 
describe  higher  infection rates approx-
imately 6 times greater in patients with 
malignancy compared with the general 
population.9,10 

In Chinese studies, 13.4% to 41.3% 
of COVID-19 cases in patients with 
cancer were believed to occur through 
hospital-associated transmission. The 
most common neoplasm associated with 
this infection was lung cancer (22.4%-
28% of cases). One- to two-thirds of 
patients (39.2%-64.2%) had coexisting 
chronic diseases. Almost all patients (> 
94%) had abnormal findings on com-
puted tomography (CT) at COVID-19 
disease presentation, and the proportion 

of patients who had received oncolog-
ic treatment within the last month was 
21.4% to 34.3%. Acute respiratory 
distress syndrome developed in 15.6% 
to 28.6% of patients with cancer, with 
mechanical ventilation requirement 
and intensive care unit (ICU) admission 
rates of 35.7% to 41.8% and 21.4%, 
respectively. Compared with the over-
all population, patients with cancer 
developed more severe illness (47.8%-
53.6% vs 19%), had a more rapid de-
terioration (13 vs 43 days), and had a 
tenfold higher case-fatality rate (25%-
28.6% vs 2.3%).5-8,11 Patients receiving 
any modality of oncologic treatment 
within 14 days of COVID-19 diagno-
sis demonstrated an increased risk for 
admission to an ICU, mechanical ven-
tilation requirement, or death (HR, 4.1; 
95% CI, 1.1-15.3; P = .037), whereas 
patients with a patchy consolidation on 
CT at presentation showed an increased 
risk of complications or death (HR, 5.4; 
95% CI, 1.5-19.7; P = .010).6

Currently, the United States has the 
largest number of COVID-19 cases of 
all countries, with New York City being 
the country’s first epicenter. The city’s 
data incorporated new predictive fac-
tors for adverse outcomes in patients 
with cancer who also have COVID-19. 
The highest case-fatality rate occurred 
in those with lung cancer (55%). Gen-
itourinary and breast cancers were as-
sociated with lower mortality (14% and 
15%, respectively). Factors related with 
increased mortality included the fol-
lowing: age (76 vs 66 years, P = .0006); 
comorbidities, such as hypertension  
(P = .047); coronary artery disease  
(P = .012);  chronic heart failure (P = 
.019); chronic lung disease (P < .001); 
and metastatic disease (P = .06). Labora-
tory findings such as anemia (P = .047), 
higher absolute neutrophil counts (P = 
.017), elevated D-dimer levels (P = .002), 
lactic acid (P = .001), and lactate dehy-
drogenase (LDH; P = .01) were signifi-
cantly associated with worse survival. In 
the multivariate analysis of factors asso-

CORRECT ANSWER: E. All of the Above
Continued from page 317
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ciated with case fatality, being aged 65 
or younger was a protective factor for 
death (OR, 0.23; 95% CI, 0.07-0.61; P 
= .005), and factors such as ICU admis-
sion (OR, 4.83), D-dimer (OR, 1.15), 
lactic acid (OR, 1.99), LDH (OR, 1003), 
and comorbidity score (OR, 1.52) were 
all related to a poor prognosis with sta-
tistical significance. New York City data 
also reaffirm that cancer patients have a 
2.45-fold elevated fatality rate (P < .001) 
compared with the general population.12

Therefore, statements A and C are 
correct options.

Regarding prostate cancer, current 
information is based on Italy’s experi-
ence, which revealed that all male pa-
tients with cancer had an increased risk 
of SARS-CoV-2 infection (OR, 1.79; 
95% CI, 1.62-1.98; P < .0001) with 
higher hospitalizations and mortality 
rates. When the prostate cancer popu-
lation (n = 118) was divided according 
to treatment with ADT versus no ADT, 
a significantly higher risk of COVID-19 
was identified in the non-ADT–treated 
group (OR, 4.05; 95% CI, 1.55-10.59; P 
= .006). Additionally, when other types 
of cancer were compared with the ADT 
group, an increased risk was sustained 
(OR, 5.17; 95% CI, 2.02-13.40; P = 
.001).13 This may be explained through 
the expression of TMPRSS2––mainly in 
the prostate, but also in the lung––which 
is upregulated by androgen receptor,  
facilitates viral entry and replication, 
and cleaves angiotensin converting en-
zyme 2 for augmented viral entry.14,15  
Androgen sensitivity could be a deter-
minant factor in COVID-19 severity and 
ADT downregulates this phenomenon.16 
Thus, option B is also a valid statement.

The data in relation to COVID-19 and 
cancer must be interpreted with caution 
because of the retrospective nature and 
heterogeneity of the studies. In addition, 
these reports do not include informa-
tion regarding do-not-resuscitate or 
do-not-intubate orders, which could 
impact mortality and severe events cal-
culation. 

COVID-19 has exposed the weak-
nesses of health care systems in several 
areas including palliative care, which 
has faced many challenges during this 
pandemic.17 One example is Italy, where 
the requests of home care assistance 
doubled in a system that was already 
saturated. There also was a lack of the 
equipment required to protect patients 
and health care workers, limited patient 
follow-up at home, and, in some cases, 
a cessation of activities by hospices.18 In 
Singapore, palliative care teams were 
disassembled so that physicians could 
work on the front lines.19 Furthermore, 
prohibiting the presence of a family 
member resulted in many patients dying 
alone, which has profoundly affected the 
palliative care carried out by specialists, 
in which a multidisciplinary approach 
and family involvement is essential. 

For patients with cancer, the manage-
ment of COVID-19 needs to be adjusted 
according to the type of  cancer, disease 
stage, expected survival, line of treat-
ment, and previous performance sta-
tus.20 These have always been important 
when patients with cancer face an acute 
illness; however, they become more cru-
cial when the patient and the system are 
unable to adapt, and resources are limit-
ed, as has been the case during this pan-
demic. Currently, clinicians must discuss 
care goals in advance with their patients 
who have cancer and allow them to 
make their own decisions.17,21 

Therefore, option D is also correct. 
Would the treatment the 78-year-old 

patient received have been different had 
his last progression not occurred during 
the pandemic? As clinicians, we can-
not avoid thinking about this question. 
Perhaps the outcome would have been 
different. For instance, the access to an 
ICU would not have been so restricted, 
his condition could have improved, and 
he could have reached a better perfor-
mance status that might have allowed 
for further therapeutic interventions. 
Nowadays, there are many treatment 
options for metastatic CRPC; hence, the 

patient would have had an alternative 
for a third-line treatment such as en-
zalutamide or cabazitaxel. 

In conclusion, our clinical case is a 
good example of the combination of 
several predictive risk factors such as 
age, coexisting comorbid conditions, 
laboratory findings, and recent onco-
logical treatment (chemotherapy) that 
lead to worse outcomes in patients with 
cancer who have COVID-19. 
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specific antigen (PSA) response, progression, and 
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men with metastatic castration-resistant prostate 
cancer (mCRPC) stratified by race. All patients 
receive free treatment with abiraterone acetate, 
an androgen ligand synthesis inhibitor, and with 
apalutamide, an androgen receptor inhibitor, to 
enhance androgen-deprivation therapy (ADT). Our 
goal is to determine if there are any race-driven 
differences in the efficacy of this combination.

The end points are radiographic progression-
free survival and PSA kinetics, time to nadir, and 
percentage of men who achieve a PSA less than 0.1 
ng/mL. We will also estimate the rate of objective 
response and the incidence of bone flares; measure 
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determination of treatment efficacy.
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Background
Progress in cancer immunotherapy is ad-
vancing rapidly, primarily as the result 
of better understanding the complexities 
of immune system modulations, both in 
sickness and health. Discoveries in cancer 
immunotherapy and immuno-oncology’s 
successful application in various tumor 
types led to the award of the 2018 Nobel 
Prize in Physiology or Medicine to James 
P. Allison, PhD, and Tasuku Honjo, MD, 
PhD.1 The US FDA has approved sever-
al immuno-oncology agents since 2011.  
Despite the notable successes, however, 
many patients don’t benefit from cancer 
immunotherapy, in part due to the inte-
grated nature of the human immune sys-
tem and its interaction with cancer cells.2 

The hallmarks of cancer include ge-
netic and epigenetic changes that lead to 
the transformation of normal cells, the 
interaction of these cancer cells with the  
immune environment, and the cancer cells’ 
capability to evade the immune response.3 
To clarify how immune resistance works, 
it is helpful to delineate the causative 
contributors to immune sensitivity and 
cancer. Antitumor activity of the immune 
system is considered to be cancer immu-
nosurveillance, and this surveillance may 
be interrupted by evading the immune re-
sponse or suppressing its effect.3,4 Careful 
assessment of the methods to predict and 
assess the response to immunotherapy 
beyond currently used assays is necessary. 
Improved understanding of the mecha-

nisms involved in inducing and escaping 
tumor immune response—and especially 
the role of the tumor microenvironment—
will inform the development of therapeu-
tic agents.

The Cancer Immunity 
Cycle and Tumor Immune 
Microenvironment Phenotypes
The cancer immunity cycle is the process 
by which cancer cells release antigens that 
are processed and presented by antigen-pre-
senting cells, with subsequent T-cell priming 
and activation. The activated T-cells then 
migrate out of the lymph nodes into sys-
temic circulation; they traffic to the tumor 
site, infiltrate the tumor, and (perhaps) 
cause cytotoxic T-cell tumor killing.5 Each 

Predictive Biomarkers for 
Immunotherapy Response 
Beyond PD-1/PD-L1
Sourat Darabi, PhD, MS1*; David R. Braxton, MD1; Burton L. Eisenberg, MD1,2; and Michael J. Demeure, MD, MBA1,3 

1Hoag Family Cancer Institute, Newport Beach, CA; 2University of Southern California, Los Angeles, CA; 3Translational Genomics Research Institution, Phoenix, AZ

ABSTRACT: Advances in immuno-oncology over the last several years have led to FDA approvals of 

novel agents. As our understanding of immune response and its checkpoints has evolved, further advances 

have been made in treatment for several cancer types. To predict a response to immunotherapy, the initial 

biomarkers used were expression of the PD-1 receptor and PD-L1, as assessed by immunohistochemistry. 

More recently, predictive biomarkers have included microsatellite instability, DNA mismatch repair, and 

tumor mutational burden. Although these markers may be clinically relevant in predicting an immunotherapy 

response, cancer immunotherapy fails some patients. Improved understanding of the human immune system 

is necessary, as is a careful evaluation of the methods used to predict and assess response to immuno-

oncology treatments. With the application of therapeutic immune-modulating agents, more comprehensive 

assays, and associated bioinformatics tools to accurately assess the tumor microenvironment, we may better 

predict responses to immuno-oncology agents and the ever-increasing complexity of their clinical use.
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step in this process can be influenced by 
tumor intrinsic factors, host factors, host 
microbiome, environmental factors, and 
prior treatments.6 For instance, if a tumor 
does not produce antigens, then an immune 
response will fail to be initiated.7 Likewise, 
if a host cannot mount an immune response 
due to immunosenescence (age-related 
deterioration of the immune system), the 
tumor will evade eradication even if an 
abundant antigen is present.8 

There are 3 tumor immune microenvi-
ronment phenotypes. First, inflamed (hot) 
tumors show a high degree of cytotoxic 
T-cell infiltration and elaborate proinflam-
matory cytokines. Higher response rates 
to anti–PD-1/PD-L1 therapy in inflamed 
tumors have been reported.6 While an in-
flamed microenvironment is thought to be 
necessary for effective checkpoint blockade, 
it is apparent that its presence alone does 
not guarantee clinical responses. Second, 
immune-excluded (warm) tumors show 
T-cells within the tumor stroma but little in-
filtration into the tumor. These peritumoral 
lymphocytes have been shown to be phe-
notypically distinct from tumor-infiltrating 
lymphocytes, and this microenvironment 
portends a diminished immunological 
and clinical response to anti–PD-L1/PD-1 
therapy.6, 9-11 Third, immune desert (cold) 
tumors show few or no T-cells within the 
microenvironment; they are unlikely to 
respond to anti–PD-L1/PD-1 therapy.6 Un-
derstanding the components of the cancer 
immunity cycle and the tumor immune 
microenvironment phenotypes provide a 
framework for developing novel predictive 
biomarkers and treatment strategies within 
the immunotherapy development arena. 

Among the most intriguing facets of 
the cancer immunity cycle currently be-
ing studied is the host systemic immune 
response. Every person has a homeostatic 
baseline of immune cell abundance and 
T-cell receptor diversity circulating within 
their peripheral blood, and this baseline 
differs significantly among individuals.12 
This variation is overwhelmingly dictated 
by environmental factors, with only sparse 
contributions from heritable factors.12,13 

Furthermore, as an individual ages, there 
are significant declines in naïve CD8+ 
T-cells and compensatory increases in 
central memory CD4+ T-cells.14 Because 
naïve CD8+ T-cells are the cell types nec-
essary for recognizing new antigens, their 
decline is consistent with the observation 
of immunosenescence in older individuals.8 
Immunosenescence also involves decreased 
T-cell receptor diversity15,16 and a broad 
decline in overall immune system activity. 
Seropositivity for cytomegalovirus (CMV) 
appears to significantly adversely impact 
the immune repertoire and may mediate 
immunosenescence; however, it is still 
unclear if CMV seropositivity impacts the 
effectiveness of immunotherapeutics.8,17

Significant evidence indicates that the 
diversity of the T-cell receptor repertoire is 
vital in the context of immune checkpoint 
blockade, or inhibition (ICI). The diversity 
and size of T-cell receptor clones responding 
to ICI have been shown to correlate with 
clinical responses and survival in patients 
with pancreatic cancer18 and metastatic 
melanoma.19 Similarly, peripheral lymph-
openia has been shown to be present in 
20% of patients with solid tumors, and it 
is associated with poor survival in multiple 
tumor types in the setting of ICI.20-22 Addi-
tionally, the amount of tumor present has 
been shown to be an important determinant 
of ICI failure,23 which suggests that in some 
patients, the immune system may be unable 
to expand sufficiently to accomplish tumor 
cell killing when faced with high tumor 
burden. This evidence supports the assertion 
that a significant proportion of patients in-
herently lack robust immune regulation and 
therefore will not benefit from current ICI 
strategies. Recent technological advances 
enabling measurement of the peripheral 
immune system and of the tumor immune 
microenvironment can inform strategies 
to replace an inadequate adaptive immune 
system with treatments such as cellular 
therapies (eg, chimeric antigen receptor 
T-cell therapy).

Even if a patient can mount a systemic 
immune response, the tumor may evade the 
immune system by a variety of tumor-intrin-

sic mechanisms. Alterations in oncogenic 
signaling pathways, including TP53, PTEN, 
MYC, beta catenin, and LKB1, have been 
shown to mediate immune evasion in a 
variety of cancers via manipulation of 
factors important in T-cell recruitment and 
infiltration.24 Similarly, tumors may elabo-
rate cytokines unsuitable to support a cy-
totoxic T-cell–mediated immune response. 
In a post hoc analysis of the IMVIGOR 
trial (NCT02108652) of atezolizumab in 
metastatic urothelial carcinoma, high levels 
of systemic and tumor microenvironment 
interleukin-8, a cytokine that typically 
serves to attract neutrophils, were found to 
correlate with reduced benefit of the PD-L1 
inhibitor.25 Failures of the immune system at 
the systemic and microenvironment levels 
likely lead to cold or warm tumor immune 
microenvironment phenotypes.

Known Biomarkers
Tumor immunotherapy increases the an-
titumor response by the patient’s immune 
system. This antitumor response involves 
different types of immune cells. In the 
past few years, ICIs have evolved and 
are now included in therapies for cancer 
types including non–small cell lung can-
cer (NSCLC), melanoma, bladder cancer, 
renal cell carcinoma, breast cancer, and 
endometrial cancer.26,27 ICIs target the key 
mediators of pathways that are involved 
in immune response. FDA-approved ICIs 
utilized for different tumor types include 
pembrolizumab, atezolizumab, avelumab, 
durvalumab, ipilimumab, and nivolumab. 
Several commercially available tests can 
identify biomarkers that indicate the level 
of response to immunotherapy. Detection 
of these predictive biomarkers assists in 
identifying patients for immunotherapy 
as well as those who may be resistant to 
such treatments.28 

Cytotoxic T lymphocytes identify the 
tumor-associated antigens on cancer cells 
and destroy them. PD-1 is a membrane 
receptor protein on T-cells that induces 
cell death. PD-1 reduces antigen receptor 
activation by PD-L1 and PD-L2. PD-L1 
presents on dendritic cells in activated 
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macrophages. PD-1 plays an important 
role in the mechanism of immune escape 
by binding to PD-L1 or PD-L2 and acti-
vating the signaling pathway in cancer 
cells that express PD-L1.4

Various methods are used to detect the 
expression of PD-L1. Immunohistochem-
istry (IHC) assays may be useful in deter-
mining the response to immunotherapy. 
Antibody clones to identify and quantify 
PD-L1 protein are 22C3, SP142, 28-8, 
and SP263 that are registered at FDA on 
Dako and Ventata platforms.29 Different 
clinical trials that led to the approval of 
the immuno-oncology agents used differ-
ent assays to assess PD-L1 expression, so 
it is unclear if these assays are similar. In 
addition, intratumor heterogeneity, tech-
nical issues, time of biopsy, and variation 
in interpretation of “positivity” are cur-
rent challenges in PD-L1 assays.29

Besides PD-1/PD-L1 expression analy-
sis, the presence of microsatellite instabili-

ty (MSI) is an important response marker. 
It is characterized by deficient DNA mis-
match repair (MMR). The DNA MMR 
pathway includes MLH1, MSH2, PMS2, 
and MSH6 proteins, and when the path-
way is defective (dMMR), it can be a mea-
sure to select patients for immunotherapy 
(Table).

Tumor Mutational Burden
A biomarker frequently used to predict 
whether a tumor might respond favorably 
to treatment with anti–PD-1 or anti–PD-
L1 immunotherapy is tumor mutational 
burden (TMB), defined as “a quantitative 
measure of the total number of somatic 
nonsynonymous mutations within the 
coding region of a tumor genome.”30 
The hypothesis is that tumors exhibiting 
high TMB will expose more neoantigens 
that are capable of eliciting an immune 
response. Initially, TMB was determined 
using whole exome sequencing (WES) 

derived by next-generation sequence 
analysis of tumor samples and matching 
nontumor tissue. It is important to under-
stand the evidence to support the use of 
TMB, the techniques by which TMB is 
determined, and the limitations associated 
with this biomarker.

WES is uncommon in real-world prac-
tice. Rather, TMB is determined by inter-
preting data from large tumor sequencing 
panels that include only somatic genes. 
Determining TMB from such a panel is 
a normalized extrapolation expressed as 
the number of mutations per megabase 
(mut/Mb); however, there is variability 
among labs in how this is performed and 
interpreted.31 Differences arise in sample 
preparation and in sequencing techniques 
such as panel design, coverage and depth, 
bioinformatics pipelines, thresholds for 
variant calling, and cutoffs for calling high 
TMB; these have all differed in studies re-
porting TMB as a biomarker of response 
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TABLE. Selected Biomarkers of Immunotherapy Discussed, by Sample Type, Methodology, and 
Indication 6,18-19, 30, 66-67, 85-89

Biomarkers of immunotherapy Sample type Methodology Indication

PD-1/PD-L1- IHC TT IHC/ Flow Cytometry SOC

Tumor mutational burden TT NGS SOC

DNA mismatch repair TT IHC/NGS SOC

Microsatellite instability TT NGS SOC

Somatic mutations TT NGS SOC

Circulating tumor DNA PB NGS SOC

Cytokines PB ELISA Investigational

Cellular peripheral immune response PB Mass cytometry-time of flight  
(CyTOF)

Investigational

Circulating monocytes PB  High-dimensional single-cell mass 
cytometry

Investigational

Gut microbiome Stool Metagenomics Investigational

MicroRNA Serum NGS Investigational

Neutrophil/lymphocyte ratio Blood or infiltrate tissue Complete blood count Investigational

T cell receptor repertoire TT/PB NGS Investigational

ELISA, enzyme-linked immunosorbent assay; IHC, immunohistochemistry; NGS, next-generation sequencing; PB, peripheral blood; SOC, standard of 
care; TT, tumor tissue.
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to ICI. Matched tumor–normal sequenc-
ing allowed for accurate somatic variant 
calls among these studies, although fewer 
labs sequence normal matching DNA. 
Most, but not all, commercial labs used 
in clinical practice sequence large panels, 
each consisting of 300 to 600 genes. Panels 
often cover the entire coding regions, or a 
relevant regions of genes, or hotspots of 
known mutations. Large-panel sequenc-
ing does have advantages, including lower 
cost, decreased DNA requirements, and 
more rapid results when compared with 
WES. Therefore, when one must sequence 
a patient’s paraffin-embedded (often small) 
tumor samples to provide timely results to 
guide therapeutic decisions, gene panels 
may be the best option. 

Recent analysis suggests that targeted 
somatic gene panels, if they are sufficiently 
large (sequencing at least 315 genes, or 1.1 
Mb), do correlate well with TMB as deter-
mined by WES.32 However, the correlation 
may not hold equally well across all tumor 
types. Examination of FoundationOne 
CDx data compared with The Cancer 
Genome Atlas (TCGA) data for 33 tumor 
types determined that TMB estimation was 
reliable (R2 ≥0.75) in just 24 of 33 TCGA 
cancer types.33 After removing the cases of 
ultra-high TMB or hypermutated tumors, 
the correlation was worse. The reliability 
of TMB calls based on FoundationOne 
CDx was deemed adequate in melanoma, 
lung adenocarcinoma, cervical squamous 
cell cancer, head and neck squamous cell 
cancer, and stomach adenocarcinoma. In 
several other tumor types, though, the pan-
el test was found to inadequately estimate 
TMB. Overall, across all tumor types stud-
ied, a meta-analysis of published critical tri-
als examining the use of immuno-oncolo-
gy agents showed a 47% risk reduction for 
death in patients whose tumors had high 
TMB when compared with those with low 
TMB.34 It is not clear, however, that all in-
dividual cancer types adhere to this obser-
vation. Cutaneous melanoma and NSCLC 
are most studied, and this may be because 
these tumors, compared with most others, 
have higher overall TMB.35  

Melanoma 
Malignant melanoma is among the tumor 
types exhibiting the highest TMB, likely 
due to the role of DNA damage caused 
by ultraviolet light in the pathogenesis 
of these tumors.36 Several studies have 
shown that patients whose melanoma tu-
mors exhibit high TMB have prolonged 
survival when treated with immuno-
therapy drugs.37 Snyder et al (2014) an-
alyzed the exomes of 64 patients with 
malignant melanoma and demonstrated 
that patients treated with ipilimumab 
whose tumors harbored more than 100 
nonsynonymous mutations per exome 
had improved survival compared with 
those with fewer mutations (P = .04).38 
They used a bioinformatics pipeline that 
incorporated patients’ human leukocyte 
antigen (HLA) type, major histocompat-
ibility complex (MHC) class I binding 
prediction, and modeling of T-cell re-
ceptor binding to develop a neoepitope 
signature that was highly correlated with 
survival (P = .002). Retrospective anal-
ysis of archival samples from an initial 
and a validation cohort representing a 
total of 65 patients using the Founda-
tionOne CDx 315-gene panel showed 
that TMB was significantly higher in re-
sponders to anti–PD-1/PD-L1 therapy 
than in nonresponders (P <.005).39 In the 
validation cohort, the responders’ tumors 
had a median of 37.1 mut/Mb compared 
with 12.8 in nonresponders (P = .002). 
Both progression-free survival (PFS) and 
overall survival (OS) were better for the 
group of treated patients whose tumors 
had a high TMB. A recent review by  
Krieger et al cited 40 studies that present 
outcome data for melanoma.40 Of these, 
only 3 studies reported TMB as a bio-
marker, including the study by Johnson 
cited previously. One of the retrospective 
studies (Yaghmour et al, 2016) included a 
small number of patients and used differ-
ent commercial sequencing panels, but no 
difference in OS for patients with melano-
ma was observed, perhaps due to relatively 
small numbers (P = .17).41 The other study 
(Roszik et al, 2016) predicted TMB from 

the 312 patients from the TCGA mela-
noma dataset.42 Results of another study  
(Forschner et al, 2019) showed that TMB 
in circulating tumor DNA (ctDNA) was 
higher in the patients who responded to 
combined PD-1 and CTLA-4 blockade.43 
These investigators used a 710-gene panel 
in which all exonic and flanking intronic 
regions were sequenced. A high TMB was 
defined as more than 23.1 mut/Mb. Inter-
estingly, the authors found that a decrease 
in ctDNA to less than 50% was favorably 
associated with improved survival. A high 
predicted TMB correlated with survival 
in patients treated with ipilimumab or 
adoptive T-cell therapy. In melanoma, a 
low TMB does not preclude response to 
PD-1/PD-L1 response, and in and of itself, 
TMB has a poor predictive value in dis-
tinguishing patients whose tumors will or 
will not respond to ICI therapy. 44

Lung Cancer
In 2015, the first study to show benefit 
from PD-1 blockade in NSCLC was KEY-
NOTE-001 (NCT01295827), in which 495 
patients were treated with pembrolizumab. 
The benefit was correlated with PD-L1 
expression of greater than 50% in the 
tumors; however, TMB was not assessed 
or reported.45 Also in 2015, Rivzi et al 
reported that patients whose tumors had 
higher somatic nonsynonymous mutational 
burden by WES had more durable clinical 
responses to treatment with pembrolizum-
ab.46 Durable clinical benefit (DCB) was 
defined as a complete or partial response 
or stable disease for 6 or more months. In 
their study, 73% of patients whose tumors 
had a high TMB (above the median) had 
DCB, whereas only 13% of those with low 
TMB exhibited a benefit (P = .04).

For patients with advanced NSCLC, 
high TMB assessed with targeted large gene 
panels also seems to predict durable clinical 
benefit with PD-1 or PD-L1 blockade.47 In 
this series, the benefit was associated with a 
TMB above the 50th percentile of the study 
cohort and was independent of PD-L1 IHC 
findings. Moreover, other findings, includ-
ing variants in EGFR or STK11, mitigated 
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the benefit of immunotherapy. Further, 
patients with high TMB and strong IHC 
staining for PD-L1 fared the best. 

TMB also added predicted response be-
yond PD-L1 status in the CheckMate 026 
(NCT02041533) clinical trial, in which 541 
patients with previously untreated stage IV 
NSCLC and a PD-L1 tumor expression 
of at least 1% were randomly assigned to 
receive either nivolumab or standard-of-
care chemotherapy. OS was similar in both 
cohorts, although the toxicity profile was 
better for the group of patients receiving 
nivolumab.48 Post hoc analysis showed 
that the subset of patients with both PD-
L1 expression  more than 50% and high 
TMB had a greater likelihood of response 
to nivolumab, faring better than patients 
whose tumors exhibited only 1 or neither 
of these characteristics. Also of note, Chang 
et al retrospectively assessed TMB in 44 of 
the patients in this study using the Foun-
dationOne CDx assay and compared this 
with the findings obtained from WES.49 
A very strong correlation (Spearman’s r = 
0.90) existed between the results obtained 
from both methods. The CheckMate 227 
study (NCT02477826) demonstrated that 
patients fared better with dual ICI using 
nivolumab and ipilimumab than they did 
with chemotherapy.50 Improved overall 
tumor response and survival in NSCLC was 
seen in patients regardless of whether their 
tumors had more or fewer than 10 mut/
Mb sequenced using the FoundationOne 
CDx assay. 

Not all studies support TMB as an inde-
pendent biomarker predictive of a favorable 
response to ICI. Most do, however, support 
the predictive value of TMB, and recently 
published reviews and meta-analyses con-
clude that TMB is a valid biomarker.37,51,52 
In April 2020, the FDA granted Fast Track 
designations for immunotherapeutic agents 
for metastatic or recurrent NSCLC as 
well as for urothelial, cervical, and central 
nervous system cancers based on a high 
TMB. In addition, in June 2020, the FDA 
approved pembrolizumab for children 
and adults with high TMB (≥10 mut/Mb) 
solid tumors. 

Other Tumors
The recent FDA approvals for immuno-
therapy in advanced renal cell carcinoma, 
and interest in this application, have led to 
clinical trials that compare different treat-
ment options and the optimal biomarkers 
for immunotherapy. Somatic mutation data 
analysis from TCGA in 366 clear cell renal 
cell carcinoma tumors showed that higher 
TMB was associated with poor survival 
in this cohort. The most frequent somatic 
mutations were in VHL, BAP1, PBRM1, 
and SETD2 genes.53 In the CheckMate 214 
study (NCT02231749), patients with renal 
cell carcinoma were randomized to take the 
combination of nivolumab plus ipilimumab 
or monotherapy with sunitinib; 41% in the 
combination arm achieved an objective re-
sponse compared with 34% in the sunitinib 
arm. 54 In another study, KEYNOTE-426 
(NCT02853331), the combination of  
axitinib and pembrolizumab was compared 
with sunitinib; the objective response was 
59.3% with the combination vs 35.7% 
with sunitinib.55

The relationship between TMB and 
response to immunotherapy in bladder 
cancer was analyzed based on tumor 
immune microenvironment and tumor 
genome. Patients with high TMB in their 
tumors had significantly improved survival 
compared with the low-TMB group.56 
Another research group assessed the 
association between TMB and prognosis 
in bladder cancer through TCGA data 
analysis, which showed that patients with 
high TMB have a better prognosis with im-
munotherapy than those with low TMB.57 
As reported by Thomas et al in 2018, 
patients with breast cancer whose tumors 
show high TMB have longer survival.58 In 
a study of patients with colorectal cancer 
(CRC), however, low TMB correlated with 
favorable PFS but the association did not 
reach statistical significance.59 Finally, 
in a large pooled analysis of more than 
10,000 patients with various tumor types 
receiving immuno-oncology treatments, 
authors assessed the relationship between 
TMB and clinical outcome, concluding 
that patients with high TMB had better OS 

when they received immunotherapy versus 
chemotherapy regardless of tumor type.60

Mismatch Repair Deficiency, 
Hypermutation, and Immuno-
Oncology
Hypermutated tumors appear to be re-
sponsive to treatment with immuno-on-
cology agents. Hypermutation occurs 
when proofreading mechanisms of DNA 
replication are impaired, resulting in an 
accumulation of large numbers of replica-
tion errors. DNA mismatch repair would 
normally correct most of these errors; 
however, some patients have defects in 
MMR genes. Lynch syndrome, for instance, 
is characterized by an autosomal inherited 
heterozygous mutation in one of the MMR 
genes: MLH1, MSH2, MSH6, and PMS2. 
61 Lynch syndrome may also be due to the 
deletion of the 3’ exons of the TACSTD1 
gene encoding EPCAM. 62 MSI-H could be 
caused by hypermethylation of the MLH1 
promoter.63 Hypermutation may also be ob-
served in the setting of germline or somatic 
mutations in the DNA POLE or POLD1 
genes.64,65 Patients with Lynch syndrome are 
at an increased risk for CRC, particularly 
at young age, as well as for cancers of the 
endometrium, ovary, stomach, small bowel, 
pancreas, biliary tract, ureter, renal pelvis, 
brain, and sebaceous glands.66

Because dMMR CRCs have high TMB, a 
trial using pembrolizumab was conducted 
in 41 patients, including 32 with metastatic 
CRC. Patients were treated with pembroli-
zumab (10 mg/kg of body weight) every 14 
days. The overall response rate (ORR) was 
40% in patients with dMMR tumors and 
0% for those whose tumors were MMR 
proficient. PFS was associated with high 
TMB (P = .02). WES showed a mean of 
1782 somatic mutations in MSI-H/dMMR 
tumors compared with only 73 observed 
in MMR-proficient tumors.67 A subsequent 
study has validated the observation across 
multiple tumor types, with a 53% response 
rate and 21% complete response rate seen 
in patients with advanced dMMR tumors.68  

In May 2017, the FDA approved pem-
brolizumab for the treatment of tissue-ag-
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nostic metastatic or unresectable MSI-H/
dMMR cancers that had progressed on 
prior treatment or for which no satisfactory 
treatment options exist. The approval was 
based on several studies involving patients 
with 15 different cancer types, including 
149 patients with CRC, and it was the 
first cancer-site–agnostic FDA approval. 
One of the studies leading to this approv-
al was the important KEYNOTE-016 
trial (NCT01876511),67 and another was 
KEYNOTE-158 (NCT02628067), which 
enrolled 233 patients with 27 different 
non-CRC cancer types that were all MSI-H/
dMMR.69 The ORR to treatment with 
pembrolizumab was 34%, and one-third 
of the responding patients had a complete 
response. Furthermore, 77.6% of these 
had response durations of more than 24 
months.48 In an analysis of cBioPortal 
data, patients with mutations in POLE 
or POLD1 across all tumor types who 
were treated with ICIs had improved OS 
compared with patients who did not harbor 
one of these mutations. In the study’s multi-
variable Cox regression analysis controlling 
for MSI status and tumor type, the presence 
of a POLE or POLD1 mutation was an 
independent predictor of a benefit for ICI 
treatment (P = .047; HR, 1.41; 95% CI, 
1.00-1.98).70 

Emerging Biomarkers and Future 
Directions
As our knowledge evolves and grows, 
we will be better able to understand the 
biomarkers that inform the response to 
immunotherapy agents. We already under-
stand that certain mutations may inhibit 
ICI. In nonsquamous NSCLCs that are 
EGFR and ALK wild type, mutations in 
STK11/LKB1 predict primary resistance to 
pembrolizumab, in that the addition of this 
agent did not improve outcomes associated 
with platinum doublet chemotherapy.71 
This finding supports the lack of immu-
no-oncology drug benefit in KRAS-mutated 
lung adenocarcinomas with STK11/LKB1 
comutations. The STK11/LKB1 gene en-
codes a serine-threonine kinase that, when 
inactivated through mutation, is associated 

with an immunologically inert (cold) tumor 
immune microenvironment with decreased 
infiltration of CD8+ T lymphocytes.72,73 
Lung cancers that exhibited both KRAS and 
STK11/LBK1 mutations were most resis-
tant to PD-1 ICI, with only 7.4% of patients 
deriving a response.74 In this study, patients 
with wild-type STK11/LBK1 tumors that 
harbored KRAS mutations had an ORR of 
28.6%. The investigators also noted that 
tumors with a STK11/LBK1 mutation 
were more likely to be PD-L1–negative, 
although patients with PD-L1–positive, 
STK11/LBK1-mutated tumors still failed 
to respond to PD-1/PD-L1 blockade.

Other genomic events also appear to 
result in acquired resistance to immune 
therapy. For example, biallelic loss of 
PTEN was first reported in a patient with 
metastatic uterine leiomyosarcoma who 
had a complete remission on pembroli-
zumab but then developed an acquired 
resistance.75 This has been proposed as a 
mechanism of resistance in melanoma as 
well.76 Also in melanoma, loss of B2M77 
and loss-of-function mutations of the JAK1 
or JAK2 genes78 are thought to be mecha-
nisms of acquired resistance. In a study by  
Zaretzki et al, 4 patients with melanoma 
had initial responses to immunotherapy 
with pembrolizumab but then developed 
late resistance.  Samples of their tumors 
from before and after treatment were eval-
uated by whole exome and transcriptome 
sequence analysis. It was found that one 
patient developed a nonsense inactivating 
mutation in the JAK1 gene that was not 
seen in the original tumor sample. Another 
patient’s tumor had acquired a splice site 
variant in the gene encoding JAK2. RNA 
sequencing confirmed that both mutations 
resulted in a truncated protein lacking 
the kinase domain. This makes sense, 
considering that JAK 1 and JAK2 gene 
products are thought to be necessary for 
interferon signaling and response.79 A third 
patient developed a frameshift deletion in 
B2M, resulting in impaired MHC class I 
cell membrane localization. No acquired 
mutation could be identified in the fourth 
patient studied. The study suggests that 

JAK1 and JAK2 loss-of-function mutations 
may confer resistance to ICI in other tumor 
types as well.80

Studies such as these, with clear biologic 
correlates, will continue to be important to 
improve the understanding of how genomic 
events modulate tumor immunogenicity. 
We know that not all mutations are equally 
immunogenic; only a minority of somatic 
mutations result in neoantigens that are 
presented in the context of MHC to acti-
vate T-cells.81,82 Knowing a patient’s HLA 
type and peptide binding motifs allows for 
predictions of mutated tumor-derived pep-
tides, which can also inform the potential 
immunogenicity of tumors. This may be 
even more relevant when combining cellular 
therapy and immuno-oncology with several 
agents currently in the pipeline.83 Different 
types of available cellular-based treatments 
include CRISPR-engineered T-cells or 
ɣδT-cells, chimeric antigen receptor (CAR) 
T-cells, and macrophage-based therapies; 
most of these treatments are autologous. 

In addition to the markers that can be 
identified through tumor testing, additional 
biomarkers from peripheral blood can and, 
some research studies suggest, should be 
assessed, although the value of some is 
still unclear. For instance, interferon-ɣ is 
overexpressed and is associated with clinical 
response in patients with melanoma, but 
the same result was not reported in NSCLC 
or renal cell carcinoma.84 Bioinformatics 
tools and high-dimensional single-cell mass 
cytometry were used to analyze and char-
acterize a subset of immune cells in patients 
with advanced-stage melanoma before and 
after immunotherapy. The investigators 
reported that the frequency of circulating 
monocytes, CD14+CD16-HLA-DRhi, was a 
strong predictive factor in the success or fail-
ure of immunotherapy.85 High-resolution 
assays of the peripheral immune response 
and tumor microenvironment may one day 
enable us to fully apply the precision medi-
cine paradigm to immuno-oncology. These 
assays include single-cell RNA sequencing, 
mass cytometry time-of-flight (CyTOF), 
high-resolution T-cell receptor repertoire 
sequencing, and tumor DNA WES. For 
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instance, Subrahmanyam et al used CyTOF 
to � nd predictive markers for anti–PD-1 
and anti–CTLA-4 pro� ling in peripheral 
blood from patients with melanoma. The 
authors concluded that CD8+ and CD4+ 

memory T-cells are important in response 
to anti–CTLA-4 therapy and could be 
potential biomarkers.86

A gut microbiome pro� le could be an-
other indication of response to treatment. 
For example, Akkermansia muciniphila 
presence in stool samples is associated with 
a better outcome in NSCLC and renal cell 
carcinoma.87 It is unclear whether manip-
ulation of the microbiome might improve 
response to immunotherapy. Furthermore, 
the ratio of neutrophil to lymphocyte and 
absolute lymphocyte count could be mea-
sured before treatment in patients with 
metastatic disease to assess response to ipili-
mumab. A high neutrophil/lymphocyte ratio 
(≥4) is an indication of poor prognosis.88

Epigenetic markers could also potentially 
be a prognostic marker in immunotherapy. 
Investigation of circulating microRNA as 
a predictive marker in NSCLC showed a 
7-miR signature that is associated with 
outcome in patients who were treated with 
nivolumab.89 Many of these assays, and the 
advanced bioinformatic algorithms that 
produce the assay outputs, have not yet 
been put through the rigorous validation 
procedures necessary for deployment into 
the clinical laboratory (Table). 

Further, novel imaging studies to mon-
itor effector T-cell traf� cking may � nd a 
place in the rapid assessment of treatment 
efficacy. One such modality developed 
by ImaginAb (Inglewood, CA) uses im-
munoPET scans with Zr-89 radiolabeled 

antibodies to CD8+ T-cells to assess im-
mune-cell traf� cking against tumor cells. 
To date, a phase 1 dose-escalation study 
demonstrated safety and established the 
effective dose and the optimal PET imaging 
protocols. Additional studies, including a 
phase 2 trial, are ongoing to demonstrate 
the utility of CD8 immunoPET as a pre-
dictive marker for immunotherapy. Once 
validated, implementing these assays and 
imaging modalities into routine clinical 
practice will bring new practical challenges 
in interpreting the results of, and acting on, 
these immune assays.

Discussion
Numerous challenges remain in immu-
no-oncology, including the determination of 
the drivers of cancer immunity, preclinical 
model design, early-phase trials, immune 
escape, and many more as elucidated by 
Hedge et al (2020).2 Currently, however, 
the methods to determine if immunother-
apy would be effective are limited to PD-1/
PD-L1 expression, MSI, MMR, and TMB 
status through IHC and next-generation 
sequencing, with the preference of paraf-
� n-embedded tumor samples. When tumor 
sample is not readily available, or perhaps 
for sequential monitoring, assessment of 
TMB from ctDNA in plasma samples is 
possible and appears to correlate with 
� ndings seen from the analysis of tumor 
samples by WES.90 However, the optimal 
determination of TMB remains the WES of 
paired tumor and normal germline DNA in 
order to call true somatic variants. As tech-
nology evolves and expressed variants can 
be determined, transcriptome analysis may 
supplant exome sequencing. Furthermore, 

bioinformatics techniques will continue to 
improve, allowing for improved analytics.

Other novel immunotherapy agents 
are in the pipeline, under investigation to 
target different biomarkers. For example, a 
coinhibitory molecule called TIGIT—T-cell 
immunoreceptor with immunoglobulin and 
immunoreceptor tyrosine-based inhibitory 
motif domain—is involved in immuno-
surveillance and is upregulated in certain 
cancers. Anti-TIGIT antibodies are in the 
pipeline as immunotherapy agents, to be 
used as monotherapy or in combination 
with anti–PD-1/PD-L1 antibodies; they 
have shown synergy when combined. 91

Poliovirus receptor-related immunoglobulin 
domain-containing protein (PVRIG) is 
another immuno-inhibitory receptor where 
antagonist antibodies to inhibit PVRIG is 
currently in development. COM701 is an 
anti-PVRIG antibody that is currently under 
investigation.92

Evidence is clearly driving the � eld to-
ward increasingly utilizing high-complexity 
laboratory testing to help select and monitor 
patients being treated with immunothera-
peutics. A deep understanding of different 
mechanisms in immune response, and of 
potential biomarkers to assess sensitivity to 
immunotherapy, is crucial in the continuing 
effort to drive clinical bene� t in patients 
with cancer.
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TELEHEALTH
FROM THE PUBLISHERS OF: 

Telemedicine has fast become an 
important part of our new nor-
mal as the need to provide con-

tinuity of care to patients with chronic 
conditions in the face of a global pan-
demic continues to grow. Moving for-
ward, there will be a significant number 
of patients for whom it will not make 
sense to have to physically come into 
a doctor’s office when they can get the 
same level of care by simply doing a 
video visit with their physician. This, in 
part, accounts for the meteoric rise of 
telehealth and telemedicine.

Many in the medical community are 
starting to realize that the broad adop-
tion of telemedicine across the system 
could be a great equalizer for commu-
nities that have historically struggled 
to access care–remote rural or under-
served urban communities. There’s 
great hope that telemedicine could be 
one development that helps bridge a 
persistent divide in outcomes, as long 
as accessing it is easy and inexpensive 
for patients.

It’s understandable that some pa-
tients may view telemedicine as a 
challenge, either because of their lack 
of confidence with technology or not 
feeling that they have the resources to 
connect with their doctor remotely. As 
a practicing internist, I’ve had the priv-
ilege of helping patients with the basics 
of getting started with their first tele-
health appointment.

Here are 5 things you can tell your 
patients to do to help them prepare for 
their first virtual visit:

1. TEST YOUR TECH: Virtual visits will re-
quire a basic familiarity with videocon-
ferencing on a tablet or smartphone. 
Though the device patients use is up to 
them, it’s important that their internet 
connection—either Wi-Fi or cellular—
is fast enough to do the call. Urge your 
patients to give it a test before their first 
appointment. Depending on the plat-
form you use, your patient may need 
to have an app already downloaded 
on their phone and be registered as a 
new user. Every platform is different, so 
make sure to tell your patient in advance 
if there are any special requirements.

2. PREPARE QUESTIONS IN ADVANCE: Tele-
medicine visits are typically about 20% 
shorter than in-person appointments. 
As with any in-person doctor visit, pa-
tients will want to maximize their time 
by preparing questions they have in ad-
vance of the appointment. Encourage 
them to set an agenda and have ques-
tions handy during the call to ensure 
they get everything answered.

3. CHECK COVERAGE AND CO-PAYS WITH YOUR 
INSURANCE PROVIDER: Efforts by insur-
ance providers to update coverage poli-
cies amid the surge in telemedicine have 
created a patchwork of policies that 

isn’t always clear. Have your patients 
contact your organization before their 
first telemedicine visit to double-check 
what’s covered under their plan.

4. GET COMFORTABLE: Telemedicine visits 
are subject to HIPAA (the Health In-
surance Portability and Accountability 
Act) and are private matters, so make 
sure your patients are aware and have 
a quiet, discreet space in which to take 
the call and use headphones or earbuds 
if possible. Good lighting is also import-
ant for any visible concerns they may 
have. Ask them to wear clothing that is 
easy to move in so they are best able to 
participate in a physical exam.

5. BE PREPARED TO TALK ABOUT FOLLOW-UP 
CARE: Before ending the video call, make 
sure that patients understand clear next 
steps (if applicable). They should have 
a clear understanding of how to get in 
touch with you and understand where 
and how to get necessary prescriptions. 
They can always check in with the ad-
ministrative staff of your office after 
your telehealth visit if they need written 
paperwork for follow-up purposes.

Peter Alperin, MD, is a practicing internist 
and vice president at Doximity.
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Myelodysplastic syn-
dromes (MDS) are a 
group of clonal my-

eloid neoplasms characterized 
by ineffective hematopoiesis, 
risk of clonal evolution and 
progression to acute myeloid 
leukemia (AML), abnormal 
blood and marrow cell mor-
phology and cytopenias. Al-
though MDS shares clinical 
and pathological features with 
AML, MDS has a lower per-
centage of blasts in peripheral 
blood and bone marrow than 
AML. The cause of the muta-
tions in hematopoietic stem 
cells that give rise to MDS is 
unknown, although in some 
cases the mutations are due to 
prior exposure to cytotoxic 
chemotherapy and/or ionizing 
radiation, or due to exposure 
to environmental toxins.1-5 
More than 90% of cases of 
MDS harbor detectable driver 
mutations, including mutations 
in DNMT3A, EZH2, RUNX1, 
TET2, IDH1, IDH2, TP53, 
ASXL1 and mutations in genes 
encoding components involved 
in 3’ RNA splicing.5

MDS has a highly hetero-
geneous clinical presentation. 
Not all patients with MDS 
present with fatigue, infections, 
or other symptoms related to 
cytopenias. In some asymp-
tomatic patients, MDS is only 
detected via abnormal results 
on a routine complete blood 
count. Anemia is the most com-
mon cytopenia, and the fatigue 
associated with anemia may be 
disproportionate to the degree 
of anemia.5,6 Other symptoms, 
such as leukopenia-associated 
or thrombocytopenia-associat-
ed bleeding may be present.5

Diagnosis and Risk 
Stratification of MDS
Diagnosis of MDS is based on 
morphological evidence of dys-
plasia via visual assessment of a 
bone marrow aspirate and bi-
opsy, with the use of additional 
complementary studies such as 
flow cytometry, karyotyping, 
or molecular genetics that 
support and refine diagnosis.7 
Risk stratification of MDS via 
the International Prognostic 
Scoring System (IPSS) was 
originally based on a score 
compiled from summing the 
scores that range from 0 to 2 
in each of the 3 variables of 
bone marrow blast percentage, 
karyotype, and cytopenias.8 
Risk groups were defined as 
low (0 points), intermediate-1 
(0.5-1.0 points), intermediate-2 
(1.5-2.0 points), and high (2.5-
3.5 points).8

The revised IPSS (IPSS-R) 
stratifies for risk based on 5 
variables.9 Different numbers 
of points are assigned to each 
variable, with bone marrow 
blast percentage (3 points), 
karyotype (4 points), hemo-
globin (1.5 points), platelets (1 
point), and absolute neutrophil 
count (0.5 points) used as the 
variables for stratification. The 
summation of points from each 
category defines 5 risk groups 
for both overall survival and 
evolution to AML.9 The risk 
categories for IPSS-R are very 
low (≤ 1.5 points), low (> 1.5 
to 3 points), intermediate (3 
to 4.5 points), high (> 4.5 to 
6 points), and very high (> 6 
points).9

IPSS-R incorporates a cyto-
genetic MDS score and differ-
ent cutoff points for cytopenias 
than IPSS and should be used 
to evaluate risk. However, no 

therapeutic regimens have been 
approved using IPSS-R.7 Addi-
tionally, IPSS-R was developed 
in patients with newly-diag-
nosed MDS at initial presen-
tation and not in patients who 
develop MDS related to prior 
treatment with chemotherapy 
and/or radiotherapy.7

Additional prognostic mod-
els could provide increased 
resolution to evaluating risk. 
The global MDACC model 
enables risk assessment of all 
patients with MDS at any point 
in the course of their disease.7,10 
Additional challenges to de-
termining prognosis in MDS 
include the observation that 
patients with lower-risk disease 
often experience a highly het-
erogeneous disease course, and 
the presence of comorbidities 
can affect survival in older 
patients who are diagnosed 
with MDS.7

Mutations in DNMT3A, 
EZH2, RUNX1, TET2, IDH1, 
IDH2, TP53, and ASXL1 
have been associated with 
worse prognosis in MDS while 
mutations in SF3B1, a gene 
encoding a splicing factor, have 
been associated with better 
prognosis.5,7 The presence of 
different mutations could also 
potentially predict response 
to treatment. For example, 
patients with TET2 mutations 
may have higher response rates 
to azacitidine than patients 
without TET2 mutations.7

Current Treatment 
Regimens for MDS
Current treatment for MDS 
relies primarily on risk-adapted 
therapy from IPSS.7 In pa-
tients with newly-diagnosed 
lower-risk MDS, treatment is 
based on whether the patient 

requires transfusions. In trans-
fusion-independent patients, 
observation is common until 
they become dependent on 
transfusion. For patients with 
lower-risk MDS, treatment 
typically proceeds from the use 
of growth factor inhibitors to 
lenalidomide to a hypomethyl-
ating agent (HMA; azacitidine 
or decitabine). If these patients 
fail all 3 therapies, they should 
be considered for allogeneic 
stem cell transplant (alloSCT) 
and/or clinical trials.7 Patients 
with higher-risk MDS can un-
dergo alloSCT when eligible, 
receive an HMA, and receive 
treatment normally adminis-
tered to patients with AML. 
Prognosis is poor in higher-risk 
patients who fail any of these 
lines of therapy but are partic-
ularly worse in patients who 
fail an HMA. AlloSCT and/or 
enrollment in a clinical trial 
should be considered.7

Some therapeutic regimens 
in MDS are off-label. Eryth-
ropoiesis-stimulating agents 
(ESAs) such as epoetin and dar-
bepoetin are used extensively 
off-label in patients with MDS 
to address anemia. Because 
the National Comprehensive 
Cancer Network (NCCN) 
guidelines support the use of 
ESAs in patients with MDS, it 
is reimbursed by Medicare as 
compendium use.11 The BCL-2 
inhibitor venetoclax is under 
clinical evaluation in MDS and 
has not been approved for use. 
Nonetheless, it is sometimes 
used off-label in the second-line 
setting in patients who failed 
an HMA.11

Supportive care in MDS 
includes treatment beyond 
transfusions. Since infection 
is the leading cause of death 
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in MDS, fevers should be 
taken seriously, although the 
role of antimicrobials when 
febrile neutropenia is present 
is controversial.11 Patients with 
thrombocytopenia refractory 
to platelet transfusions may 
require additional therapy, 
which can include antifibri-
nolytic agents. Additionally, 
patients who receive repeated 
red blood cell transfusions may 
require iron chelation.11

In April 2020, the United 
States Food and Drug Admin-
istration (FDA) approved the 
erythroid maturation agent 
luspatercept for the treatment 
of very low- to intermedi-
ate-risk MDS patients who 
fail an ESA and require 2 or 
more red blood cell units over 
8 weeks.12 The approval was 
based on results from the phase 
3, double-blind MEDALIST 
trial (NCT02631070) that 
demonstrated that luspatercept 
reduced the severity of anemia 
in patients with lower-risk 
MDS who had been receiving 
regular transfusions and had 
disease that was refractory to, 
or unlikely to respond to ESAs, 
or had discontinued ESAs due 
to adverse events (AEs).13 In 
the trial, 153 patients were 
randomly assigned to receive 
luspatercept, and 76 were 
randomly assigned to receive 
placebo. The primary endpoint 
was achieving transfusion-in-
dependence for 8 weeks or 
longer, which occurred in 38% 
of patients in the luspatercept 
arm compared with 13% of 
patients in the placebo arm 
(P < .001). More patients in 
the luspatercept arm met the 
key secondary endpoint of 
transfusion-independence for 
12 weeks or longer.13 At week 

24, 28% of patients in the 
luspatercept arm were trans-
fusion-independent compared 
with 8% in the placebo arm 
(P < .001). This difference 
remained significant through 
week 48, when 33% of pa-
tients in the luspatercept arm 
and 12% of patients in the 
placebo arm were transfu-
sion-independent (P < .001).13 
The most frequently occurring 
all-grade AEs in 10% or more 
of patients with luspatercept or 
placebo were fatigue (27% and 
13%, respectively), diarrhea 
(22% and 9%), asthenia (20% 
and 12%), nausea (20% and 
8%), dizziness (20% and 5%), 
and back pain (19% and 5%). 
Grade 3 or 4 AEs occurred in 
42% of patients receiving lus-
patercept and 45% of patients 
receiving placebo during the 
trial. Serious AEs occurred 
in 31% of patients receiving 
luspatercept and 30% of pa-
tients receiving placebo. Dose 
reductions occurred in 5% of 
patients receiving luspatercept 
and no patients receiving 
placebo.13

In July 2020, the FDA ap-
proved oral tablets of decit-
abine with cedazuridine 
(ASTX727) to treat MDS 
based on results from the 
phase 3, 2-sequence cross-
over  ASCERTAIN tr ia l 
(NCT03306264).14 The trial 
achieved its primary endpoint 
of systemic exposure equiva-
lence between ASTX727 and 
IV decitabine with an oral/
IV ratio of around 99% in 
patients with intermediate- 
and high-risk MDS. The most 
common AEs occurring in 
≥20% of patients included 
fatigue, constipation, hem-
orrhage, myalgia, mucositis, 

arthralgia, nausea, dyspnea, 
diarrhea, rash, dizziness, febrile 
neutropenia, edema, headache, 
cough, decreased appetite, up-
per respiratory tract infection, 
pneumonia, and transaminase 
increase. Serious AEs that oc-
curred in  more than 5% of pa-
tients were febrile neutropenia, 
pneumonia, and sepsis. The 
safety profiles were similar for 
the oral vs IV formulations.14

Emerging and 
Investigational 
Therapies in MDS
Emerging and investigational 
therapies in MDS harbor the 
promise of advancing thera-
peutic options in these patients. 
The development of new ther-
apies is particularly important 
for patients who fail treatment 
with HMAs. Although HMAs 
are the standard-of-care treat-
ment for patients with MDS, 
only approximately 50% of 
patients respond to them, and 
responses are typically tran-
sient, with loss of response of-
ten occurring within 2 years.15 
Loss of response to HMAs is 
correlated with poor prognosis, 
and subsequent lines of therapy 
are limited.15

The oral Polo-like kinase 
1 inhibitor rigosertib was 

combined with azacitidine in 
a phase 1/2 trial in patients 
with MDS who were naïve to 
HMAs and in patients who 
had failed HMAs. Of the 55 
patients evaluable for response, 
median duration of response 
was 12.2 months in HMA-
naïve patients and 10.8 months 
in HMA-failure patients.16 
Responses to treatment oc-
curred in all IPSS-R subgroups. 
In the low/intermediate-risk 
subgroup (n = 17), complete 
response (CR) occurred in 
4 patients and marrow CR 
(mCR) occurred in 5 patients. 
In the high-risk subgroup (n = 
23), CR occurred in 2 patients, 
partial response (PR) in 1 pa-
tient, and mCR in 8 patients. 
In the very high-risk subgroup 
(n = 33), CR occurred in 
5 patients and mCR in 10 
patients.16 Four safety optimi-
zation strategies were used to 
minimize genitourinary toxici-
ties, including taking rigosertib 
at least 2 hours after lunch to 
avoid nocturnal bladder dwell 
time, encouraging oral hydra-
tion of at least 2 liters of fluid 
per day, mandatory bladder 
emptying before bedtime, and 
assessing urine pH around 2 
hours after the morning dose 
of rigosertib.16
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Immune checkpoint inhib-
itors both as monotherapy 
and in combination with other 
therapies are being investigated 
in MDS. Trials with the an-
ti-PD1 monoclonal antibody 
pembrolizumab in patients 
with HMA-treatment failure, 
resulted in no CRs, 1 PR, an 
overall response rate (ORR) of 
4%, and a 24-week OS rate of 
49%. In total, 36% of patients 
experienced treatment-related 
AEs, most of which were grade 
1 or 2.15,17 A phase 2 trial of 
the anti-CTLA-4 monoclonal 
antibody ipilimumab vs the 
anti-PD1 monoclonal antibody 
nivolumab in 35 patients with 
MDS that failed to respond to 
HMAs showed an OS of 8.0 
months in both arms, a 15% 
CR in the ipilimumab arm, 
and no CRs in the nivolumab 
arm.18

The BCL-2 inhibitor vene-
toclax is being investigated 
in MDS as a monothera-
py and in combination with 
azacitidine. A phase 1 trial 
(NCT02966782) is evaluating 
plasma concentration, clear-
ance, Cmax, and other parame-
ters of venetoclax with or with-
out azacitidine in patients with 
relapsed or refractory MDS.19 
Interim results indicated an 
ORR of 7%, a median PFS of 
3.4 months, and an estimated 
6-month OS of 57% in the 
venetoclax single-agent arm. 
In the venetoclax plus azaciti-
dine arm, ORR was 50% and 
median PFS and OS were not 
reached. The most frequent 
treatment-emergent AEs were 
neutropenia, thrombocytope-
nia, nausea, and diarrhea.20

The selective NEDD8 inhibi-
tor pevonedistat was combined 
with azacitidine in a phase 2 

trial (NCT02610777) vs sin-
gle-agent azacitidine in patients 
with higher risk MDS/chronic 
myelomonocytic leukemia or 
low-blast AML. Event-free 
survival was 21 months in 
the pevonedistat arm vs 16.6 
months in the single-agent 
pevonedistat arm. The safety 
profile was comparable be-
tween the 2 arms, with grade 
3 or higher AE rates of at 90% 
vs 87% in the pevonedistat vs 
single-agent azacitidine arm.21

Finally, novel formulations 
of HMAs could yield longer 
half-lives, decreased toxicity, 
and/or a more manageable 
route of administration. The 
July 2020 FDA approval of 
oral decitabine with cedazuri-
dine is one example of such a 
novel formulation.14 Guadecit-
abine is another next-genera-
tion HMA that is administered 
subcutaneously with a longer 
half-life and exposure than 
traditional decitabine.15

In the interview below, Guill-
ermo Garcia-Manero, MD, 
provides his insights into the 
current and changing treat-
ment landscape in patients 
with MDS.

Q: What are the goals 
of therapy in patients 

with lower-risk MDS vs 
higher-risk MDS?

GARCIA-MANERO, MD: This is a 
controversial topic. In patients 
with higher-risk disease, the 
goal is improvement of surviv-
al. In patients with lower-risk 
disease, this is, again, a little 
bit controversial. Of course, 
the main objective for patients 
with lower-risk disease would 
be improvement of cytopenias, 
and hopefully that translates 
into improvement in quality of 

life, reduced transfusion needs, 
less anemia, less thrombocyto-
penia. But there is an emerging 
concept that perhaps we can 
also improve survival in a 
subset of patients with what we 
now call low-risk disease that 
may actually have a relatively 
short survival. I think that we 
should also consider improve-
ment of survival as a goal of 
therapy in these patients.

Q: In which patients 
with MDS is 

supportive care important?

GARCIA-MANERO, MD: Support-
ive care is important for all 
patients with MDS. Both 
high-risk and low-risk patients 
need transfusion support. They 
may be a candidate for growth 
factor inhibitors, and they may 
need interventions to decrease 
the risk of infectious complica-
tions that we have shown to be 
one of the most frequent causes 
of death in patients with this 
particular disease.11 Supportive 
care is fundamental for all 
patients with MDS. 

Q: How does off-label 
use of drugs (eg, 

venetoclax, ESAs) affect 
the treatment landscape of 
MDS?

GARCIA-MANERO, MD: ESAs, or 
erythropoiesis-stimulating 
agents, have been one of the 
clear scaffolds of both the 
treatment and the supportive 
care of patients with MDS, 
but there are no significant 
prospective randomized studies 
showing that they benefit our 
patients.11 However, they are 
an important part of therapy 
in patients with MDS, partic-
ularly patients with lower-risk 
disease who are anemic. 

Now, the role of venetoclax 
is more complex. Venetoclax 
is a very active compound for 
patients with AML, and it is 
actively being investigated 
for patients with high-risk 
MDS. We should not be using 
this compound off-label right 
now in patients with high-risk 
MDS; instead, we should really 
learn from these clinical trials 
that are ongoing and accruing 
before we make venetoclax the 
standard-of-care treatment. I 
say that because I think that 
eventually we are going to 
learn that there are subsets 
of patients that may or may 
not benefit from this drug, 
and therefore a better under-
standing of patients in whom 
to use venetoclax in is really 
important. This is particularly 
important because venetoclax 
can cause severe cytopenia and 
may have some unwanted side 
effects in patients with MDS 
if we use this drug indiscrim-
inately.

Q: What role might oral 
hypomethylating 

agents have in treatment 
of patients with MDS?

GARCIA-MANERO, MD: The hy-
pomethylating agents decit-
abine and azacitidine are our 
main treatment options for 
patients with MDS. These 
IV or subcutaneous injected 
drugs require multiple visits 
per month, which can pose 
a major problem for this pa-
tient population that tends to 
be older. As a result, an oral 
hypomethylating agent would 
be a dramatic improvement for 
our patients. 

There are currently 2 differ-
ent strategies in the develop-
ment of oral hypomethylating 
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agents. One strategy uses an 
oral form of azacitidine with a 
lower pharmacokinetic profile 
than that of regular azacitidine. 
Therefore, this compound 
should perhaps be considered a 
different drug than the original 
azacitidine, and it should be 
studied as such. 

In contrast, another com-
pound known as ASDX-727, 
that is basically oral decitabine, 
has an identical pharmaco-
kinetic profile to that of IV 
decitabine.14 So in that context, 
ASDX-727 could basically be 
interchanged with the original 
decitabine.

This is a very important 
topic. I believe that the oral 
hypomethylating agents in time 
will replace IV and subcutane-
ous hypomethylating agents, 
but they will have different 
implications and potentially 
different uses. And one last 
thing that is very important 
is that many of these com-
pounds we are discussing (eg, 
venetoclax) are already oral 
compounds, so we have been 
discussing the development 
of total oral therapies for our 
patients, which will be tre-
mendously facilitated by oral 
hypomethylating agents.

Another consideration with 
the oral hypomethylating 
agents is actually that, because 
they are oral, they have more 
flexibility in terms of dose 
and schedules. This could, for 
example, allow for attenuated 
low-dose schedules that we 
could use in patients with 
low-risk MDS. I think this 
is going to give us flexibility 
and will expand the use of 
these hypomethylating agents 
beyond traditional use in MDS 
and AML.

Q: What are rational 
combinations for 

immune checkpoint 
inhibitors in MDS?

GARCIA-MANERO, MD: My group 
and others have shown that 
hypomethylating agents trigger 
a PD-1/PD-L1 cascade, and we 
have been actively investigating 
the activity of these compounds 
in MDS, both in the frontline 
setting and preclinically.15 
Our data indicate that the 
anti-CTLA-4 monoclonal 
antibody ipilimumab could 
have significant activity in this 
group of patients, and we are 
now expanding those clinical 
trials.18 Although these drugs 
are widely approved for mul-
tiple tumors, they are not yet 
ready for use in patients with 
MDS outside of clinical trial 
protocols. We still need larger 
randomized trials. The main 
issue with immune checkpoint 
inhibitors is potential toxicity, 
especially pneumonitis, that 
could be complex to treat in 
these patients with MDS.

Q: How can patients 
with MDS best be 

selected for treatment 
with current, novel, and 
emerging therapies?

GARCIA-MANERO, MD: This is a 
very important topic. At this 
point, we believe it is man-
datory that patients not only 
have standard morphological, 
cytogenetic, and flow-cytom-
etry analyses done but that 
they also have next-generation 
sequencing analyses done. In 
our hospital, we perform an 
81-gene panel, but different 
institutions have different but 
sufficiently similar genomic 
profiling assays. This is critical 
to deploy at baseline. We have 

calculated that if we look at the 
most common mutations in 
MDS, we can probably inform 
close to 40% of the patients. 
The genes with actionable in-
terest today are TP53, IDH1, 
IDH2, FLT3, and NPM1. 
People may question why I 
mentioned FLT3, but our data 
and others indicate that in the 
relapse setting, a significant 
fraction of patients, approxi-
mately 15% of them, may ac-
tually have a detectable FLT3 
mutation at the time of hy-
pomethylating-agent failure.22 
Detecting these mutations can 
actually help direct what will 
potentially be an appropriate, 
more-effective therapy for this 
group of patients. 

Furthermore, genomic anal-
ysis has implications in terms 
of calculating the prognosis of 
the patient, regardless of what-
ever therapy you decide to give, 
and also, very importantly, it 
may help us calculate what 
is the potential outcome with 
alloSCT. Another important 
aspect of these genomic assays 
is that, in our opinion, not only 
do they need to be performed 
at baseline but also sequential-
ly. We have observed that many 
patients who lose response to 
whatever therapy they are re-
ceiving gain mutations in some 
of these genes that I mentioned 
earlier; therefore there may be 
an opportunity for the use of 
second-line targeted therapies.

Of course, this means that 
approximately 60% of patients 
do not have a genomic lesion 
that informs treatment. Some 
of these patients, however, still 
have cytogenetic abnormalities 
and can experience improved 
outcomes if they are treated 
with an AML-like program. 

Cytogenetic and molecular in-
formation is crucial to predict 
prognosis, to select therapy, 
and to determine the role of 
stem-cell transplant.

Q: What novel 
therapeutic targets 

are there in MDS, and how 
are they being developed?

GARCIA-MANERO, MD: Right now, 
there is a plethora of investi-
gational clinical trials being 
conducted in MDS. This is 
starting to result in drugs 
being approved for patients 
with MDS. 

A study with the anti-CD47 
agent magrolimab is near 
completion and has significant 
activity in MDS. Ongoing 
clinical trials are assessing 
inhibitors of IDH2 and IDH1. 
We are all anticipating results 
from studies with venetoclax, 
both in the frontline and in the 
relapse settings. These are very 
important randomized trials 
that will allow us to actually 
understand the proper role 
of venetoclax in high-risk 
MDS. In addition, multiple 
agents have completed phase 
3 trials or are currently being 
evaluated. Agents such as 
rigosertib and the anti-TIM-3 
immune-checkpoint inhibitor 
MBG453 show promise in 
treating patients with MDS.23

Q: How are patients 
with progressive 

or refractory disease 
managed?

GARCIA-MANERO, MD: This is a 
major problem because the 
natural history of the prognosis 
of patients with progressive 
or refractory MDS is very 
poor. When we performed the 
phase 3 trial of rigosertib, we 
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learned that there are 2 types 
of patients, what we call pri-
mary failure, which includes 
patients who never responded 
to therapy, and then patients 
with secondary failure, which 
includes patients who had a 
response to the hypomethyl-
ating agent but then later lost 
that response. In this high-risk 
setting, survival is very short, 
approximately 4 to 6 months. 
Induction chemotherapy very 
rarely works in this context, 
and transplant does not really 
have activity unless we can 
achieve a complete response 
with the patient. 

In this context, assessing 
mutations and conducting 
cytogenetic profiling is really, 
really important to guide sub-
sequent treatment. Patients 
with specific mutations may be 
candidates for certain therapies 
in the context of a clinical trial. 
That is really how we approach 
it. Otherwise, there is no good 
standard-of-care therapy, and 
the prognosis is poor. 

Now, on the other hand, 
there is also the subset of pa-
tients with lower-risk HMA 
failure. These are not true 
progressive patients, but rath-
er patients who were treated 
with a hypomethylating agent 
[whose therapy failed them.] 
They do quite well with a 
stem-cell transplantation, but 
unfortunately many of these 
patients are not transplant 
candidates. Therefore we need 
new therapies for this patient 
population. In summary, treat-
ment decisions should be made 
based on cytogenetic and ge-
nomic assessments. There may 
be some subsets of patients 
that could benefit from some 
type of adopted standard-of-

care treatment, but in reality, 
most of these patients should 
be considered, if possible, for 
some form of clinical trial.
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