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SARCLISA is an anti-CD38 therapy proven to deliver superior PFS (median PFS, 11.53 months
with SARCLISA + Pd vs 6.47 months with Pd alone, HR=0.596, 95% CI: 0.44, 0.81, P=0.0010).

SARCLISA also demonstrated a signifi cant increase in ORR (60.4% with SARCLISA + Pd
[95% CI: 52.2%, 68.2%] vs 35.3% with Pd alone [95% CI: 27.8%, 43.4%], P<0.0001)1*

Indication
SARCLISA (isatuximab-irfc) is indicated, in combination 
with pomalidomide and dexamethasone, for the 
treatment of adult patients with multiple myeloma 
who have received at least two prior therapies 
including lenalidomide and a proteasome inhibitor.

Important Safety Information
CONTRAINDICATIONS
SARCLISA is contraindicated in patients with severe 
hypersensitivity to isatuximab-irfc or to any of
its excipients. 

WARNINGS AND PRECAUTIONS
Infusion-Related Reactions
Infusion-related reactions (IRRs) have been observed in 
39% of patients treated with SARCLISA. All IRRs started 
during the fi rst SARCLISA infusion and resolved on the 
same day in 98% of the cases. The most common 
symptoms of an IRR included dyspnea, cough, chills, 
and nausea. The most common severe signs and 
symptoms included hypertension and dyspnea.

Print Header Banner w/o Cells  |  100% placement in Letter/A4  |  60% placement in 6x9/A5

IN THE TREATMENT OF RELAPSED REFRACTORY MULTIPLE MYELOMA
IN COMBINATION WITH POMALIDOMIDE AND DEXAMETHASONE (Pd)

ACHIEVE GREATER OUTCOMES
FOR YOUR PATIENTS

CR=complete response; IMWG=International Myeloma Working Group; IRC=independent response committee; ORR=overall response rate; 
PFS=progression-free survival; PR=partial response; sCR=stringent complete response; VGPR=very good partial response.

* ORR included sCR, CR, VGPR, and PR. sCR, CR, VGPR, and PR were evaluated by an IRC using the IMWG response criteria.

Please see Important Safety Information throughout, and accompanying Brief Summary of the full
Prescribing Information. 

S:6.75"

S:10"

T:7.5"

T:10.75"

B:7.75"

B:11"

11416304_Sarclisa_HCP_Biopharm_CW_M5FR.indd   111416304_Sarclisa_HCP_Biopharm_CW_M5FR.indd   1 9/24/20   12:30 PM9/24/20   12:30 PM

OCTOBER 2020 | Vol 34 • No 10

 SINCE 1987

®  OCTOBER 2020   VOL. 34  NO. 10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  H
IF

 IN
H

IB
IT

O
R

S
 IN

 R
C

C
 • C

LIN
IC

A
L T

R
IA

L B
A

R
R

IE
R

S
 • O

N
C

O
F

E
R

T
ILIT

Y
 Q

U
A

N
D

A
R

Y
           

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
A

N
C

E
R

N
E

T
W

O
R

K
.C

O
M



11416304 Sarclisa HCP Biopharm Cover Wrap M5FR
Date:
Client:
Product:
Client Code:
WF Issue #
Releasing as:
Final Size:
Finishing:
Gutter:
Colors:

Producer:
AD:
AE:
QC:
Production:
Digital Artist:
FR Spellcheck:

9-24-2020 12:30 PM
SANOFI US SERVICES INC
SANOFI - ISATUXIMAB
MAT-US-2016919
7292081
PDFx1a, single pages
Varies per specs
None
None
4C

Peter Hoover
Theresa McEvoy
Meredith Beir
Lynwood
Heather Cave x 2838
©YIP (NYC-FCB)
None

Job info

Team

Special Instructions

Helvetica LT Std (Bold Condensed), Greycliff 
CF (Bold, Regular, Medium), Helvetica Neue LT 
Std (55 Roman)

Fonts Images

Inks

PREPARED BY

Additional Information

Additional Comments for Sizing

Oncology / Biopharm special program

6 page gate fold cover wrap plus 2 page SSI

Final cover wrap files must be sent as Single Pag-
es (with bleeds), and need to be sized according 
to the specs listed in the attached document. To 
ensure proper page sequencing, please label files 

 Cyan,  Magenta,  Yellow,  Black

NY_SANO_A056538_4C.tif (CMYK; 435 ppi; 
68.85%; 4.8MB), SAR_US_RM_HCP_Dose_4CP_
FC_Grd_Pos.ai (26.2%; 97KB)

Scale: 1" = 1"

Bleed
Trim/Flat
Live/Safety

7.25" w x 11" h  7.25" w x 11" h
7" w x 10.75" h  7" w x 10.75" h
6.25" w x 10" h  6.25" w x 10" h 

Path: PrePress:Sanofi:11416304:11416304_Sarclisa_HCP_Biopharm_CW_M5FR.indd

_ _

C2 Gatefold Flap Front (Trim: 7"w x 10.75"h)

SARCLISA + Pda

(n=154)

Pda

(n=153)

Patients with relapsed 
refractory multiple myeloma 
who received at least 2 
prior therapies, including 
lenalidomide and a PI (N=307) Ra

nd
om

iz
ed

 1:
1

Important Safety Information (cont’d)
Infusion-Related Reactions (cont’d)
To decrease the risk and severity of IRRs, premedicate patients prior to SARCLISA infusion
with acetaminophen, H2 antagonists, diphenhydramine or equivalent, and dexamethasone.
Monitor vital signs frequently during the entire SARCLISA infusion. For patients
with grade 1 or 2 reactions, interrupt SARCLISA infusion and
provide appropriate medical support. 

Please see Important Safety Information throughout, and
accompanying Brief Summary of the full Prescribing Information.

SARCLISA Is the First Anti-CD38 Antibody Studied in 
a Phase 3 Trial in Combination With Pd vs Pd Alone

ICARIA-MM: A multicenter, open-label, randomized, phase 3 study1

ASCT=autologous stem cell transplant; IMiD=immunomodulatory drug; IV=intravenous; M-protein=myeloma protein; OS=overall survival; 
PI=proteasome inhibitor.

The phase 3 ICARIA-MM trial included
patients with poor prognostic factors1-3

Treatment history

Refractory to lenalidomide

Refractory to IMiD® + Pl

Received prior ASCT

93%

73%

56%

Impaired renal function

High-risk chromosomal
abnormalities

≥75 years

36%

20%

20%

Patient factors

* PFS results were assessed by an IRC, based on central laboratory data for M-protein, and central radiologic imaging review using the IMWG 
criteria. Median time to follow-up was 11.6 months.

†sCR, CR, VGPR, and PR were evaluated by the IRC using the IMWG response criteria.

Primary endpoint: PFS*
Key secondary endpoints: ORR,† OS

  SARCLISA 10 mg/kg was administered as an IV infusion weekly in the fi rst cycle and every
2 weeks thereafter

  Treatment administered in 28-day cycles until disease progression or unacceptable toxicity

a Pomalidomide 4 mg was taken orally once daily from day 1 to day 21 of each 28-day cycle. Low-dose dexamethasone (orally or IV)
40 mg (20 mg for patients ≥75 years of age) was given on days 1, 8, 15, and 22 for each 28-day cycle. 
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Important Safety Information (cont’d)
Infusion-Related Reactions (cont’d)
If symptoms improve, restart SARCLISA infusion at half of the initial rate, with supportive care as
needed, and closely monitor patients. If symptoms do not recur after 30 minutes, the infusion rate may
be increased to the initial rate, and then increased incrementally. In case symptoms do not improve
or recur after interruption, permanently discontinue SARCLISA and institute
appropriate management. Permanently discontinue SARCLISA if a grade 3 or
higher IRR occurs and institute appropriate emergency medical management.

Please see Important Safety Information throughout, and
accompanying Brief Summary of the full Prescribing Information.

SARCLISA + Pd Extended Median PFS to ~1 Year
Superior PFS with SARCLISA + Pd vs Pd alone1
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The median duration of treatment was 41 weeks with SARCLISA + Pd vs 24 weeks with Pd.1

At a median follow-up time of 11.6 months, 43 patients (27.9%) receiving SARCLISA + Pd and
56 patients (36.6%) receiving Pd had died. Median OS was not reached for either treatment group
at interim analysis. The OS results at interim analysis did not reach statistical signifi cance.1

reduction in the risk of progression or death
in patients receiving SARCLISA + Pd140%
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Important Safety Information (cont’d)
Neutropenia 
SARCLISA may cause neutropenia. Neutropenia (reported as laboratory abnormality)
occurred in 96% of patients and grade 3-4 neutropenia occurred in 85% of patients
treated with SARCLISA, pomalidomide, and dexamethasone (Isa-Pd). Febrile
neutropenia occurred in 12% of patients and neutropenic infections, defi ned as
infection with concurrent grade ≥3 neutropenia, occurred in 25% of patients treated
with Isa-Pd. The most frequent neutropenic infections included those of upper
respiratory tract (10%), lower respiratory tract (9%), and urinary tract (3%).

SARCLISA + Pd Showed a
Signifi cant Increase in ORR1

Pa
tie

nt
s 

(%
)

SARCLISA + Pd (n=154) Pd (n=153)

   ORR: P<0.0001

4.5% sCR + CR

27.3% VGPR

28.6% PR

60.4%
ORR

31.8%
≥VGPR %

ORR
2% sCR + CR

6.5% VGPR

26.8% PR

35.3
≥VGPR8.5%

100

80

60

40

20

0

increase
in ≥VGPR

~4×

ORR: SARCLISA + Pd (95% CI: 52.2%, 68.2%), Pd (95% CI: 27.8%, 43.4%). 95% CI estimated using the
Clopper-Pearson method.

The median duration of response among responders was 13.3 months (95% CI: 10.6, NR) with SARCLISA + Pd
vs 11.1 months (95% CI: 8.5, NR) with Pd alone.1

Median time to fi rst response was 35 days with 
SARCLISA + Pd vs 58 days with Pd alone among responders1

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®)
Preferred Category 1 recommendation for isatuximab-irfc (SARCLISA)
Isatuximab-irfc (SARCLISA), in combination with pomalidomide and dexamethasone, is a Preferred 
Category 1 option for previously treated multiple myeloma by the National Comprehensive Cancer 
Network® (NCCN®).4

NCCN makes no warranties of any kind whatsoever regarding their content, use or application and disclaims any responsibility for 
their application or use in any way. 

NR=not reached.
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SARCLISA®                   Rx Only 
(isatuximab-irfc) injection, for intravenous use  
Brief Summary of Prescribing Information
1 INDICATIONS AND USAGE
SARCLISA is indicated, in combination with pomalidomide 
and dexamethasone, for the treatment of adult patients with 
multiple myeloma who have received at least two prior 
therapies including lenalidomide and a proteasome inhibitor.
2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dosage
•   Administer pre-infusion medications [see Dosage and 

Administration (2.2)].
•   SARCLISA should be administered by a healthcare 

professional, with immediate access to emergency 
equipment and appropriate medical support to manage 
infusion-related reactions if they occur [see Warnings and 
Precautions (5.1)].

The recommended dose of SARCLISA is 10 mg/kg actual 
body weight administered as an intravenous infusion in 
combination with pomalidomide and dexamethasone, 
according to the schedule in Table 1 [see Clinical Studies (14) 
in the full prescribing information].

Table 1: SARCLISA Dosing Schedule in Combination 
with Pomalidomide and Dexamethasone

Cycle Dosing schedule

Cycle 1 Days 1, 8, 15, and 22 (weekly)

Cycle 2 and beyond Days 1, 15 (every 2 weeks)

Each treatment cycle consists of a 28-day period. Treatment is 
repeated until disease progression or unacceptable toxicity.
SARCLISA is used in combination with pomalidomide and 
dexamethasone. 
Missed SARCLISA Doses
If a planned dose of SARCLISA is missed, administer the 
dose as soon as possible and adjust the treatment schedule 
accordingly, maintaining the treatment interval.
2.2 Recommended Premedications
Administer the following premedications prior to SARCLISA 
infusion to reduce the risk and severity of infusion-related 
reactions [see Warnings and Precautions (5.1)]:
•   Dexamethasone 40 mg orally or intravenously (or 20 mg 

orally or intravenously for patients ≥75 years of age).
•   Acetaminophen 650 mg to 1000 mg orally (or equivalent).
•   H2 antagonists.
•   Diphenhydramine 25 mg to 50 mg orally or intravenously 

(or equivalent). The intravenous route is preferred for at 
least the first 4 infusions.

The above recommended dose of dexamethasone (orally 
or intravenously) corresponds to the total dose to be 
administered only once before infusion as part of the 
premedication and of the backbone treatment, before 
SARCLISA and pomalidomide administration.
Administer the recommended premedication agents 15 to 60 
minutes prior to starting a SARCLISA infusion.
2.3 Dose Modifications
No dose reduction of SARCLISA is recommended. Dose delay 
may be required to allow recovery of blood counts in the event of 
hematological toxicity [see Warnings and Precautions (5.2, 5.4)]. 
For information concerning drugs given in combination with 
SARCLISA, see manufacturer’s prescribing information.
For other medicinal products that are administered with 
SARCLISA, refer to the respective current prescribing information.
2.4 Preparation
Prepare the solution for infusion using aseptic technique as follows:
Calculate the dose (mg) of required SARCLISA based on 
actual patient weight (measured prior to each cycle to have 
the administered dose adjusted accordingly) [see Dosage and 
Administration (2.1)]. More than one SARCLISA vial may be 
necessary to obtain the required dose for the patient.
•   Parenteral drug products should be inspected visually for 

particulate matter and discoloration prior to administration, 
whenever solution and container permit.

•   Remove the volume of diluent from the 250 mL Sodium 
Chloride Injection, USP, or 5% Dextrose Injection, 
USP diluent bag that is equal to the required volume of 
SARCLISA injection.

•   Withdraw the necessary volume of SARCLISA injection 
and dilute by adding to the infusion bag of 0.9% Sodium 
Chloride Injection, USP or 5% Dextrose Injection, USP 
to achieve the appropriate SARCLISA concentration for 
infusion.

•     The infusion bag must be made of polyolefins (PO), 
polyethylene (PE), polypropylene (PP), polyvinyl chloride 
(PVC) with di-(2-ethylhexyl) phthalate (DEHP) or ethyl vinyl 
acetate (EVA).

•   Gently homogenize the diluted solution by inverting the bag. 
Do not shake.

2.5 Administration
•   Administer the infusion solution by intravenous infusion 

using an intravenous tubing infusion set (in PE, PVC with or 
without DEHP, polybutadiene [PBD], or polyurethane [PU]) 

with a 0.22 micron in-line filter (polyethersulfone [PES], 
polysulfone, or nylon).

•   The infusion solution should be administered for a period 
of time that will depend on the infusion rate (see Table 2). 
Use prepared SARCLISA infusion solution within 48 hours 
when stored refrigerated at 2°C–8°C, followed by 8 hours 
(including the infusion time) at room temperature.

•       Do not administer SARCLISA infusion solution concomitantly 
in the same intravenous line with other agents.

Infusion Rates
Following dilution, administer the SARCLISA infusion 
solution intravenously at the infusion rates presented in 
Table 2. Incremental escalation of the infusion rate should be 
considered only in the absence of infusion-related reactions [see 
Warnings and Precautions (5.1) and Adverse Reactions (6.1)].

Table 2: Infusion Rates of SARCLISA Administration

Dilution 
Volume

Initial 
Rate

Absence of 
Infusion- 
Related 
Reaction

Rate 
Increment

Maximum
Rate

First  
infusion 250 mL 25 mL/ 

hour
For 60 

minutes
25 mL/hour 

every 30 
minutes

150 mL/ 
hour

Second  
infusion 250 mL 50 mL/ 

hour
For 30 

minutes

50 mL/
hour for 30 

minutes then 
increase by 
100 mL/

hour every 30 
minutes

200 mL/
hour

Subsequent  
infusions 250 mL

200  
mL/ 
hour

– – 200 mL/ 
hour

4 CONTRAINDICATIONS
SARCLISA is contraindicated in patients with severe 
hypersensitivity to isatuximab-irfc or to any of its excipients 
[see Warnings and Precautions (5.1)].
5 WARNINGS AND PRECAUTIONS
5.1 Infusion-Related Reactions
Infusion-related reactions have been observed in 39% of 
patients treated with SARCLISA [see Adverse Reactions 
(6.1)]. All infusion-related reactions started during the first 
SARCLISA infusion and resolved on the same day in 98% of 
the cases. The most common symptoms of an infusion-
related reaction included dyspnea, cough, chills, and nausea. 
The most common severe signs and symptoms included 
hypertension and dyspnea [see Adverse Reactions (6.1)].  
To decrease the risk and severity of infusion-related 
reactions, premedicate patients prior to SARCLISA infusion 
with acetaminophen, H2 antagonists, diphenhydramine, or 
equivalent; dexamethasone [see Dosage and Administration 
(2.2)]. Monitor vital signs frequently during the entire 
SARCLISA infusion. For patients with grade 1 or 2 reactions, 
interrupt SARCLISA infusion and provide appropriate medical 
support. If symptoms improve, restart SARCLISA infusion at 
half of the initial infusion rate, with supportive care as needed, 
and closely monitor patients. If symptoms do not recur after 
30 minutes, the infusion rate may be increased to the initial 
rate, and then increased incrementally, as shown in Table 2 
[see Dosage and Administration (2.5)]. In case symptoms 
do not improve or recur after interruption, permanently 
discontinue SARCLISA and institute appropriate management.  
Permanently  discontinue  SARCLISA therapy if a grade 
3 or higher infusion-related reaction occurs and institute 
appropriate medical management.
5.2 Neutropenia
SARCLISA may cause neutropenia. Neutropenia (reported 
as laboratory abnormality) occurred in 96% of patients and 
grade 3-4 neutropenia occurred in 85% of patients treated 
with SARCLISA, pomalidomide, and dexamethasone 
 (Isa-Pd). Febrile neutropenia occurred in 12% of patients  
and neutropenic infections, defined as infection with 
concurrent grade ≥3 neutropenia, occurred in 25% of patients 
treated with Isa-Pd. The most frequent neutropenic infections 
included those of upper respiratory tract (10%), lower 
respiratory tract (9%), and urinary tract (3%) [see Adverse 
Reactions (6.1)].
Monitor complete blood cell counts periodically during 
treatment. Consider the use of antibiotics and antiviral 
prophylaxis during treatment. Monitor patients with 
neutropenia for signs of infection. In case of grade 4 
neutropenia delay SARCLISA dose until neutrophil count 
recovery to at least 1.0 × 109/L, and provide supportive care 
with growth factors, according to institutional guidelines. No 
dose reductions of SARCLISA are recommended.
5.3 Second Primary Malignancies
Second primary malignancies were reported in 3.9% of 
patients in the SARCLISA, pomalidomide and dexamethasone 
(Isa-Pd) arm and in 0.7% of patients in the pomalidomide and 
dexamethasone (Pd) arm, and consisted of skin squamous 
cell carcinoma (2.6% of patients in the Isa-Pd arm and in 
0.7% of patients in the Pd arm), breast angiosarcoma (0.7% 
of patients in the Isa-Pd arm) and myelodysplastic syndrome 

(0.7% of patients in the Isa-Pd arm). With the exception of 
the patient with myelodysplastic syndrome, patients were 
able to continue SARCLISA treatment. Monitor patients for 
the development of second primary malignancies, as per 
International Myeloma Working Group (IMWG) guidelines.
5.4 Laboratory Test Interference
Interference with Serological Testing (Indirect Antiglobulin 
Test)
SARCLISA binds to CD38 on red blood cells (RBCs) and 
may result in a false positive indirect antiglobulin test 
(indirect Coombs test). In ICARIA-multiple myeloma (MM), 
the indirect antiglobulin test was positive during SARCLISA 
treatment in 67.7% of the tested patients. In patients with a 
positive indirect antiglobulin test, blood transfusions were 
administered without evidence of hemolysis. ABO/RhD typing 
was not affected by SARCLISA treatment. Before the first 
SARCLISA infusion, conduct blood type and screen tests on 
SARCLISA-treated patients. Consider phenotyping prior to 
starting SARCLISA treatment. If treatment with SARCLISA 
has already started, inform the blood bank that the patient is 
receiving SARCLISA and SARCLISA interference with blood 
compatibility testing can be resolved using dithiothreitol-
treated RBCs. If an emergency transfusion is required, non–
cross-matched ABO/RhD-compatible RBCs can be given as 
per local blood bank practices [see Drug Interactions (7.1)].
Interference with Serum Protein Electrophoresis and 
Immunofixation Tests
SARCLISA is an IgG kappa monoclonal antibody that can be 
incidentally detected on both serum protein electrophoresis 
and immunofixation assays used for the clinical monitoring 
of endogenous M-protein. This interference can impact 
the accuracy of the determination of complete response in 
some patients with IgG kappa myeloma protein [see Drug 
Interactions (7.1)].
5.5 Embryo-Fetal Toxicity
Based on the mechanism of action, SARCLISA can cause fetal 
harm when administered to a pregnant woman. SARCLISA 
may cause fetal immune cell depletion and decreased bone 
density. Advise pregnant women of the potential risk to a 
fetus. Advise females with reproductive potential to use 
an effective method of contraception during treatment with 
SARCLISA and for at least 5 months after the last dose [see 
Use in Specific Populations (8.1, 8.3)]. The combination of 
SARCLISA with pomalidomide is contraindicated in pregnant 
women because pomalidomide may cause birth defects 
and death of the unborn child. Refer to the pomalidomide 
prescribing information on use during pregnancy.
6 ADVERSE REACTIONS
The following clinically significant adverse reactions from 
SARCLISA are also described in other sections of the labeling:
•   Infusion-Related Reactions [see Warnings and Precautions 

(5.1)]
•   Neutropenia [see Warnings and Precautions (5.2)]
•   Second Primary Malignancies [see Warnings and 

Precautions (5.3)]
6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates 
observed in practice.
Multiple Myeloma
The safety of SARCLISA was evaluated in ICARIA-MM, 
a randomized, open-label clinical trial in patients with 
previously treated multiple myeloma. Patients were eligible for 
inclusion if they had ECOG status of 0–2, platelets ≥75,000 
cells/mm3, absolute neutrophil count ≥1 × 109/L, creatinine 
clearance ≥30 mL/min (MDRD formula), and AST and/
or ALT ≤3 × ULN. Patients received SARCLISA 10 mg/kg 
intravenously, weekly in the first cycle and every two weeks 
thereafter, in combination with pomalidomide and low dose 
dexamethasone (Isa-Pd) (n=152) or pomalidomide and low 
dose dexamethasone (Pd) (n=149) [see Clinical Studies (14) in 
the full prescribing information]. Among patients receiving  
Isa-Pd, 66% were exposed to SARCLISA for 6 months or longer 
and 24% were exposed for greater than 12 months or longer.
The median age of patients who received Isa-Pd was 68 years 
(range 36–83); 58% male, 76% white, and 14% Asian.
Serious adverse reactions occurred in 62% of patients 
receiving Isa-Pd. Serious adverse reactions in >5% of 
patients who received Isa-Pd included pneumonia (26%), 
upper respiratory tract infections (7%), and febrile neutropenia 
(7%). Fatal adverse reactions occurred in 11% of patients 
(those that occurred in more than 1% of patients were 
pneumonia and other infections [3%]).
Permanent discontinuation due to an adverse reaction 
(grades 1-4) occurred in 7% of patients who received Isa-Pd. 
The most frequent adverse reactions requiring permanent 
discontinuation in patients who received Isa-Pd were infections 
(2.6%). In addition, SARCLISA alone was discontinued in 3% 
of patients due to infusion-related reactions.
Dosage interruptions due to an adverse reaction occurred in 
31% of patients who received SARCLISA. The most frequent 
adverse reaction requiring dosage interruption was infusion- 
related reaction (28%).
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The most common adverse reactions (≥20%) were 
neutropenia, infusion-related reactions, pneumonia, upper 
respiratory tract infection, and diarrhea.
Table 3 summarizes the adverse reactions in ICARIA-MM.

Table 3: Adverse Reactions (≥10%) in Patients 
Receiving SARCLISA, Pomalidomide, and 

Dexamethasone with a Difference Between Arms of 
≥5% Compared to Control Arm in ICARIA-MM Trial

Adverse 
Reactions

SARCLISA + 
Pomalidomide + 

Dexamethasone (Isa-Pd) 
(N=152)

Pomalidomide + 
Dexamethasone (Pd) 

(N=149)

All 
grades 

(%)

Grade 
3  

(%)

Grade 
4  

(%)

All 
grades 

(%)

Grade 
3  

(%)

Grade 
4  

(%)

Infusion-related 
reaction 38 1.3 1.3 0 0 0

Infections

Pneumonia* 31 22 3.3 23 16 2.7

Upper 
respiratory tract 
infection†

57 9 0 42 3.4 0

Blood and lymphatic system disorders

Febrile 
neutropenia 12 11 1.3 2 1.3 0.7

Respiratory, thoracic and mediastinal disorders

Dyspnea‡ 17 5.0 0 12 1.3 0

Gastrointestinal disorders

Diarrhea 26 2 – 19 0.7 –

Nausea 15 0 – 9 0 –

Vomiting 12 1.3 – 3.4 0 –

CTCAE version 4.03
* Pneumonia includes atypical pneumonia, bronchopulmonary 
aspergillosis, pneumonia, pneumonia haemophilus, 
pneumonia influenzal, pneumonia pneumococcal, 
pneumonia streptococcal, pneumonia viral, candida 
pneumonia, pneumonia bacterial, haemophilus infection, 
lung infection, pneumonia fungal, and pneumocystis 
jirovecii pneumonia.

† Upper respiratory tract infection includes bronchiolitis, 
bronchitis, bronchitis viral, chronic sinusitis, 
fungal pharyngitis, influenza-like illness, laryngitis, 
nasopharyngitis, parainfluenzae virus infection, pharyngitis, 
respiratory tract infection, respiratory tract infection viral, 
rhinitis, sinusitis, tracheitis, upper respiratory tract infection, 
and upper respiratory tract infection bacterial.

‡ Dyspnea includes dyspnea, dyspnea exertional, and dyspnea 
at rest.

Table 4 summarizes the hematology laboratory abnormalities 
in ICARIA-MM.

Table 4: Treatment Emergent Hematology Laboratory 
Abnormalities in Patients Receiving Isa-Pd 

Treatment versus Pd Treatment – ICARIA-MM

Laboratory 
Parameter 
n (%)

SARCLISA + 
Pomalidomide + 

Dexamethasone (Isa-Pd) 
(N=152)

Pomalidomide + 
Dexamethasone (Pd) 

(N=149)

All 
Grades

Grade  
3

Grade  
4

All 
Grades

Grade  
3

Grade  
4

Anemia 151  
(99)

48  
(32) 0 145  

(97)
41  
(28) 0

Neutropenia 146  
(96)

37  
(24)

92  
(61)

137  
(92)

57  
(38)

46 
(31)

Lymphopenia 140  
(92)

64  
(42)

19  
(13)

137  
(92)

52  
(35)

12  
(8)

Thrombocytopenia 127  
(84)

22  
(14)

25  
(16)

118  
(79)

14  
(9)

22 
(15)

Description of Selected Adverse Reactions  
Infusion-related reactions  
In ICARIA-MM, infusion-related reactions (defined as adverse 
reactions associated with the SARCLISA infusions, with an 
onset typically within 24 hours from the start of the infusion) 
were reported in 58 patients (38%) treated with SARCLISA. 
All patients who experienced infusion-related reactions, 
experienced them during the 1st infusion of SARCLISA, with 
3 patients (2%) also having infusion-related reactions at their 
2nd infusion, and 2 patients (1.3%) at their 4th infusion. 
Grade 1 infusion-related reactions were reported in 3.9%, 
Grade 2 in 32%, Grade 3 in 1.3%, and Grade 4 in 1.3% 
of the patients. Signs and symptoms of Grade 3 or higher 
infusion-related reactions included dyspnea, hypertension, 

and bronchospasm. The incidence of infusion interruptions 
because of infusion-related reactions was 29.6%. The median 
time to infusion interruption was 55 minutes. 
In a separate study (TCD 14079 Part B) with SARCLISA 10 
mg/kg administered from a 250 mL fixed-volume infusion in 
combination with Pd, infusion-related reactions (all Grade 2) 
were reported in 40% of patients, at the first administration, 
the day of the infusion. Overall, the infusion-related 
reactions of SARCLISA 10 mg/kg administered as a 250 mL 
fixed-volume infusion were similar to that of SARCLISA as 
administered in ICARIA-MM. 
Infections
In ICARIA-MM, the incidence of Grade 3 or higher infections 
was 43% in Isa-Pd group. Pneumonia was the most 
commonly reported severe infection with Grade 3 reported 
in 22% of patients in Isa-Pd group compared to 16% in 
Pd group, and Grade 4 in 3.3% of patients in Isa-Pd group 
compared to 2.7% in Pd group. Discontinuations from 
treatment due to infection were reported in 2.6% of patients in 
Isa-Pd group compared to 5.4% in Pd group. Fatal infections 
were reported in 3.3% of patients in Isa-Pd group and in 4% 
in Pd group.
6.2 Immunogenicity 
As with all therapeutic proteins, there is a potential for 
immunogenicity. The detection of antibody formation is 
highly dependent on the sensitivity and specificity of the 
assay. Additionally, the observed incidence of antibody 
(including neutralizing antibody) positivity in an assay 
may be influenced by several factors, including assay 
methodology, sample handling, timing of sample collection, 
concomitant medications, and underlying disease. For these 
reasons, comparison of the incidence of antibodies in the 
studies described below with the incidence of antibodies in 
other studies or to other isatuximab-irfc products may be 
misleading. 
In ICARIA-MM, no patients tested positive for antidrug 
antibodies (ADA). Therefore, the neutralizing ADA status was 
not determined. Overall, across 6 clinical studies in multiple 
myeloma (MM) with SARCLISA single agent and combination 
therapies including ICARIA-MM  (N=564), the incidence of 
treatment emergent ADAs was 2.3%. No clinically significant 
differences in the pharmacokinetics, safety, or efficacy of 
isatuximab-irfc were observed in patients with ADAs.
7 DRUG INTERACTIONS
7.1 Laboratory Test Interference
Interference with Serological Testing
SARCLISA, an anti-CD38 antibody, may interfere with 
blood bank serologic tests with false positive reactions in 
indirect antiglobulin tests (indirect Coombs tests), antibody 
detection (screening) tests, antibody identification panels, 
and antihuman globulin crossmatches in patients treated with 
SARCLISA [see Warnings and Precautions (5.4)].
Interference with Serum Protein Electrophoresis and 
Immunofixation Tests
SARCLISA may be incidentally detected by serum protein 
electrophoresis and immunofixation assays used for the 
monitoring of M-protein and may interfere with accurate 
response classification based on International Myeloma 
Working Group (IMWG) criteria [see Warnings and 
Precautions (5.4)].
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
SARCLISA can cause fetal harm when administered to 
a pregnant woman. The assessment of isatuximab-irfc-
associated risks is based on the mechanism of action and 
data from target antigen CD38 knockout animal models 
(see Data). There are no available data on SARCLISA use 
in pregnant women to evaluate for a drug-associated risk of 
major birth defects, miscarriage or adverse maternal or fetal 
outcomes. Animal reproduction toxicity studies have not been 
conducted with isatuximab-irfc. The estimated background 
risk of major birth defects and miscarriage for the indicated 
population is unknown. All pregnancies have a background 
risk of birth defect, miscarriage, or other adverse outcomes. 
In the U.S. general population, the estimated background risk 
of major birth defects and miscarriage in clinically recognized 
pregnancies is 2% to 4% and 15% to 20%, respectively.
The combination of SARCLISA and pomalidomide is 
contraindicated in pregnant women because pomalidomide 
may cause birth defects and death of the unborn child. Refer 
to the pomalidomide prescribing information on use during 
pregnancy. Pomalidomide is only available through a REMS 
program.
Clinical Considerations  
Fetal/neonatal reactions
Immunoglobulin G1 monoclonal antibodies are known 
to cross the placenta. Based on its mechanism of action, 
SARCLISA may cause depletion of fetal CD38-positive 
immune cells and decreased bone density. Defer 
administration of live vaccines to neonates and infants 
exposed to SARCLISA in utero until a hematology evaluation 
is completed.

SARCLISA® 
(isatuximab-irfc) injection, for intravenous use

Data 
Animal data
Mice that were genetically modified to eliminate all CD38 
expression (CD38 knockout mice) had reduced bone density 
which recovered 5 months after birth. Data from studies using 
CD38 knockout animal models also suggest the involvement 
of CD38 in regulating humoral immune responses (mice), 
feto-maternal immune tolerance (mice), and early embryonic 
development (frogs).
8.2 Lactation
Risk Summary
There are no available data on the presence of isatuximab-irfc 
in human milk, milk production, or the effects on the breastfed 
child. Maternal immunoglobulin G is known to be present in 
human milk. The effects of local gastrointestinal exposure and 
limited systemic exposure in the breastfed infant to SARCLISA 
are unknown. Because of the potential for serious adverse 
reactions in the breastfed child from isatuximab-irfc administered 
in combination with pomalidomide and dexamethasone, 
advise lactating women not to breastfeed during treatment with 
SARCLISA. Refer to pomalidomide prescribing information for 
additional information.
8.3 Females and Males of Reproductive Potential
Pregnancy Testing
With the combination of SARCLISA with pomalidomide, 
refer to the pomalidomide labeling for pregnancy testing 
requirements prior to initiating treatment in females of 
reproductive potential. 
Contraception
Females
SARCLISA can cause fetal harm when administered to a 
pregnant woman [see Use in Specific Populations (8.1)]. 
Advise female patients of reproductive potential to use 
effective contraception during treatment and for at least 5 
months after the last dose of SARCLISA. Additionally, refer 
to the pomalidomide labeling for contraception requirements 
prior to initiating treatment in females of reproductive 
potential.
Males
Refer to the pomalidomide prescribing information.
8.4 Pediatric Use
Safety and effectiveness in pediatric patients have not been 
established.
8.5 Geriatric Use
Of the total number of subjects in clinical studies of 
SARCLISA, 53% (306 patients) were 65 and over, while 14% 
(82 patients) were 75 and over. No overall differences in safety 
or effectiveness were observed between subjects 65 and over 
and younger subjects, and other reported clinical experience 
has not identified differences in responses between the adults 
65 years and over and younger patients, but greater sensitivity 
of some older individuals cannot be ruled out.
10 OVERDOSAGE
There is no known specific antidote for SARCLISA overdose. 
In the event of overdose of SARCLISA, monitor the patients 
for signs or symptoms of adverse effects and take all 
appropriate measures immediately.
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1DAILY DOSE

1L MAINTENANCE¹
Indicated for � rst-line maintenance treatment of advanced ovarian 
cancer after response to platinum-based chemotherapy. 

Indication
ZEJULA is indicated for the maintenance treatment of adult patients with advanced epithelial ovarian, fallopian tube, or primary 
peritoneal cancer who are in a complete or partial response to first-line platinum-based chemotherapy.

Important Safety Information
Myelodysplastic Syndrome/Acute Myeloid Leukemia (MDS/AML), 
including some fatal cases, was reported in 15 patients (0.8%) 
out of 1785 patients treated with ZEJULA monotherapy in clinical 
trials. The duration of therapy in patients who developed secondary 
MDS/cancer therapy-related AML varied from 0.5 months to 
4.9 years. These patients had received prior chemotherapy with 
platinum agents and/or other DNA-damaging agents including 
radiotherapy. Discontinue ZEJULA if MDS/AML is con� rmed.
Hematologic adverse reactions (thrombocytopenia, anemia and 
neutropenia) have been reported in patients receiving ZEJULA. In 
PRIMA, the overall incidence of Grade ≥3 thrombocytopenia, anemia 
and neutropenia were reported, respectively, in 39%, 31%, and 21% of 
patients receiving ZEJULA. Discontinuation due to thrombocytopenia, 
anemia, and neutropenia occurred, respectively, in 4%, 2%, and 2% of 
patients. In patients who were administered a starting dose of ZEJULA 
based on baseline weight or platelet count, Grade ≥3 thrombocytopenia, 
anemia and neutropenia were reported, respectively, in 22%, 23%, 
and 15% of patients receiving ZEJULA. Discontinuation due to 
thrombocytopenia, anemia, and neutropenia occurred, respectively, in 
3%, 3%, and 2% of patients. Do not start ZEJULA until patients have 
recovered from hematological toxicity caused by prior chemotherapy 
(≤ Grade 1). Monitor complete blood counts weekly for the 
� rst month, monthly for the next 11 months, and periodically 
thereafter. If hematological toxicities do not resolve within 
28 days following interruption, discontinue ZEJULA, and 
refer the patient to a hematologist for further investigations.  
Hypertension and hypertensive crisis have been reported in 
patients receiving ZEJULA. In PRIMA, Grade 3-4 hypertension 
occurred in 6% of patients receiving ZEJULA vs 1% of patients 
receiving placebo, with no reported discontinuations. Monitor blood 

pressure and heart rate at least weekly for the � rst two months, 
then monthly for the � rst year, and periodically thereafter during 
treatment with ZEJULA. Closely monitor patients with cardiovascular 
disorders, especially coronary insuf� ciency, cardiac arrhythmias, 
and hypertension. Manage hypertension with antihypertensive 
medications and adjustment of the ZEJULA dose, if necessary.
Embryo-Fetal Toxicity and Lactation: Based on its mechanism of action, 
ZEJULA can cause fetal harm. Advise females of reproductive potential 
of the potential risk to a fetus and to use effective contraception during 
treatment and for 6 months after receiving their � nal dose of ZEJULA. 
Because of the potential for serious adverse reactions from ZEJULA 
in breastfed infants, advise lactating women to not breastfeed during 
treatment with ZEJULA and for 1 month after receiving the � nal dose.
The most common adverse reactions (Grades 1-4) in ≥10% of all 
patients who received ZEJULA in PRIMA were thrombocytopenia (66%), 
anemia (64%), nausea (57%), fatigue (51%), neutropenia (42%), 
constipation (40%), musculoskeletal pain (39%), leukopenia (28%), 
headache (26%), insomnia (25%), vomiting (22%), dyspnea (22%), 
decreased appetite (19%), dizziness (19%), cough (18%), hypertension 
(18%), AST/ALT elevation (14%), and acute kidney injury (12%).
Common lab abnormalities (Grades 1-4) in ≥25% of all patients 
who received ZEJULA in PRIMA included: decreased hemoglobin 
(87%), decreased platelets (74%), decreased leukocytes 
(71%), increased glucose (66%), decreased neutrophils (66%), 
decreased lymphocytes (51%), increased alkaline phosphatase 
(46%), increased creatinine (40%), decreased magnesium 
(36%), increased AST (35%) and increased ALT (29%). 

Please see Brief Summary on the following pages.

PROVEN EFFICACY IN 1L MAINTENANCE
REGARDLESS OF BIOMARKER STATUS1,4

 THE FIRST AND ONLY ONCE-DAILY ORAL PARP INHIBITOR FOR PLATINUM-RESPONSIVE ADVANCED OVARIAN CANCER1-3

VISIT ZEJULA.COM/HCP TO LEARN MORE ABOUT THE PRIMA TRIAL.
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Keeping Cancer in “Check”

CHAIRMAN’S LETTER

Since the approval of the first immune checkpoint inhibitor (ICI) 
ipilimumab (Yervoy) in 2011, immunotherapies have revolutionized 
the therapeutical approach to treating patients with cancer. From 
anti–CTLA-4 agents to anti–PD-1 therapies and beyond, ICIs have 
become a cornerstone of treatment, leading to better outcomes 
and longer survival for patients with cancer. 

In this issue of ONCOLOGY®, we spoke with Mario Sznol, MD, a 
professor of medicine at Yale School of Medicine and Yale Cancer 
Center, about the rapidly expanding role of immunotherapy, and 
about future directions in the immuno-oncology field. 

“The field is in transition,” says Sznol of the recent developments 
and trends in immuno-oncology. “An enormous number of promis-
ing new agents are coming out.” 

“But we are only looking at a small fraction of the big world of 
things that can be done,” Sznol adds when discussing the potential 
future of immuno-oncology. “I think what we’re lacking now is just 
the biomarkers.”

For this month’s clinical quandary, you will read about disorders 
of sex development and malignant germ cell tumors. What are the 
keys to making a correct diagnosis? And what is the most relevant 
and effective treatment? Read on to find out.

Also in this issue, you will read an original research article from 
Rachael Galvin, DO, MPH, and colleagues about barriers to clinical 
trial enrollment in patients with pancreatic adenocarcinoma. With 
early-phase clinical trials being so critical to the development of 
newer and more effective therapeutics, why are so many eligible 
patients electing not to participate? Galvin and her coauthors share 
the results of their study, along with some conclusions on how to 
overcome these barriers.

Within these pages, you will also read a review of strategies to 
optimize axillary surgery in patients with breast cancer receiving 
neoadjuvant endocrine therapy and considerations for the man-
agement of oncology patients during the coronavirus disease 2019 
pandemic, written from the experience of Marc Braunstein, MD, 
PhD, and his colleagues at New York University (NYU) Long Island 
School of Medicine and NYU Winthrop Hospital.

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

The FDA Is Needed 
Now More Than Ever

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

The FDA was created in 1906, 
during the administration of 
Theodore Roosevelt, by the 

Pure Food and Drug Act to ensure 
the safety and purity of the Ameri-
can food supply by prohibiting in-
terstate transport of “adulterated” 
food.1 This resulted from the writ-
ing of various contemporary jour-
nalists, including Upton Sinclair. 

Although the FDA initially  
supervised food quality and pro-
duction, it came into a new age 
of pharmaceutical oversight and 
approval in 1938 with of the Fed-
eral Food, Drug, and Cosmetic Act 
signed by President Franklin Del-
ano Roosevelt. This act gave the 
mandate of ensuring that drugs 
and over-the-counter products be 
“safe and effective” with greater 
oversight responsibilities, includ-
ing premarketing review.2 The FDA 
achieved its vaunted regulatory 
status and international respect 
with the thalidomide application 
in 1961. In this application for a 
treatment of “morning sickness” 
for pregnant women, FDA review-
ers delayed approval over efficacy 
claims. This saved Americans, by 
and large, for the trauma of an ep-
idemic of birth defects, specifically 
phocomelia, because of use of this 
drug in pregnancy.3

As a result of this close call, the 
FDA has been the most cautious 
and evidence based of all interna-
tional pharmaceutical oversight 
agencies; FDA decisions are con-

sidered the gold standard for drug 
approvals throughout the world.

Such a long-term and conscien-
tiously earned reputation is highly 
valued and difficult to maintain. 
It can be easily lost and, unfortu-
nately, the current FDA seems des-
tined to squander 60 years of hard- 
earned trust. First, we heard a sci-
entifically unsophisticated pres-
ident advocate for a drug that 
lacked all evidence of efficacy (and, 
in fact, had failed many oncology 
trials based on a wide range of 
proposed activity, including au-
tophagy). Yet, apparently under 
political pressure, the FDA gave 
hydroxychloroquine an emergen-
cy use authorization, and the US 
government stockpiled massive 
quantities of the drug. Subsequent-
ly, phase 3 trials showed this drug 
may be harmful and was not effec-
tive. This was a bad precedent. And 
the perception of political influence 
was reinforced with the emergen-
cy use authorization for plasma. 
although the approval is based on 
historical use of immune plasma, 
and a very large data base, it was 
uncontrolled. Comments by FDA 
Commissioner Stephen M. Hahn, 
MD,  said “35% of patients ben-
efitted” were not helpful, as a 3% 
difference in mortality was seen 
between early and late application 
of plasma. 

Given the already existing vac-
cine skeptics, the FDA must do 
more than ever to assure the safety 

of the any severe acute respiratory 
syndrome coronavirus 2 vaccine. 
We need truth and transparency 
and we call on Hahn to uphold 
these standards. Leadership must 
be above suspicion of playing pol-
itics. We call on FDA officials to 
maintain the complete standards 
of safety and efficacy for this vac-
cine, without “cutting corners.” We 
need complete and accurate pre-
sentation of the phase 3 data, that 
can be reviewed in detail by health 
care providers.  We, as physicians, 
must be able to assure our patients 
of major benefits and minimal risks 
of any approved vaccines. 

Hahn and colleagues, please be 
the FDA we expect and need!
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Introduction
The increasing use of neoadjuvant sys-
temic therapy has allowed surgeons to 
tailor local-regional treatment strategies 
in breast cancer, resulting in increased 
opportunities for breast conservation 
and decreased need for axillary lymph 
node dissection (ALND).1 In contrast 
to patients with HER2-positive or tri-

ple-negative disease, patients with hor-
mone receptor (HR)-positive breast can-
cer experience low pathologic complete 
response (pCR) rates after neoadjuvant 
chemotherapy (NAC), leading to chal-
lenges in selecting the appropriate pre-
operative therapy when patients are not 
suitable candidates for upfront surgery.1,2 
Clinical trials have demonstrated that 

neoadjuvant endocrine therapy (NET) 
can effectively downsize HR-positive 
tumors and improve breast conserva-
tion rates3-5; however, axillary manage-
ment strategies and outcomes have been  
largely underreported. Patients treated 
with NET were not included in the large 
trials examining sentinel lymph node bi-
opsy (SLNB) following preoperative ther-
apy6-8 and they are also excluded from 
ongoing clinical trials investigating (1) 
whether patients who experience a nod-
al pCR after NAC benefit from regional 
nodal radiation,9 and (2) if axillary radi-
ation provides comparable local regional 
control to ALND for patients with resid-
ual nodal disease after NAC.10

Given the limited available data, guide-
lines for axillary management after NET 
have been largely extrapolated from the 
NAC population11; yet recent work from 
our group and others has demonstrated 
significant variation in clinical practice. 
Current trends demonstrate a modest in-
crease in use of NET to optimize breast 
conservation12,13; we hypothesize that 
increased use of genomic assays for treat-
ment selection14 as well as the coronovi-
rus disease 2019 (COVID-19) crisis will 
result in the continuation of this trend, 

Strategies to Optimize Axillary 
Surgery in Patients With Breast 
Cancer Receiving Neoadjuvant 
Endocrine Therapy
Anna Weiss, MD1,2; Elizabeth A. Mittendorf, MD, PhD1,2; and Tari A. King, MD1,2 

1Division of Breast Surgery, Department of Surgery, Brigham and Women’s Hospital, Boston, MA. 
2Breast Oncology Program, Dana-Farber/Brigham and Women’s Cancer Center, Boston, MA.

REVIEW ARTICLE 

ABSTRACT: Current guidelines for axillary surgery following systemic 
therapy do not differentiate between neoadjuvant endocrine therapy (NET) 
and neoadjuvant chemotherapy (NAC). Without specific guidelines, many 
assume that axillary surgery after NET should mirror that after NAC; however, 
NET has traditionally been used for patients with biologically favorable disease, 
so alternative axillary surgery strategies may be appropriate. Unfortunately, 
clinical trials that have examined NET have not rigorously studied axillary 
management or outcomes. The limited observational data available reveal that 
axillary lymph node dissection (ALND) is less frequently performed for positive 
nodes following NET than NAC; ALND rates after NET are more like those of 
upfront surgery patients. Although outcomes of omitting ALND after NET in 
patients who remain node positive are unknown, hypothesis-generating work 
from the National Cancer Database suggests that most patients selected for 
NET have limited nodal burden, and the prognostic significance of residual 
nodal disease after NET may not carry the same implications as residual 
disease after NAC. As such, there is opportunity to define axillary surgery 
strategies after NET that differ from those used after NAC. 
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highlighting the need for thoughtful 
consideration of post-NET axillary man-
agement strategies. Here, we summarize 
available data and propose an algorithm 
for surgical management of the axilla fol-
lowing NET.

Current Standards for Axillary 
Management After NET
NET has traditionally been limited to older 
patients with favorable tumor biology,15 a 
population in whom less treatment, includ-
ing omission of axillary surgery, has been 
deemed appropriate.16 However, there is 
growing interest in NET,12 including clinical 
trials investigating NET in younger patients 
who would otherwise be candidates for 
NAC or primary surgery.5,17,18 The National 
Comprehensive Cancer Network (NCCN) 
guidelines for surgical axillary staging do 
not distinguish between NET and NAC.11 
Thus, among patients fit for surgery being 
treated with curative intent, surgical man-
agement of the axilla after NET has been 
largely extrapolated from algorithms devel-
oped for the NAC population (Figure 1). 
SLNB is the accepted surgical staging pro-
cedure following systemic therapy among 
both clinically node-negative (cN0)19 and 

clinically node-positive (cN1) populations, 
provided there has been an adequate clin-
ical response.6-8 Residual nodal disease of 
any size detected on SLNB after NAC has 
been shown to confer a high likelihood of 
additional disease in nonsentinel lymph 
nodes, and completion ALND (cALND) 
remains standard.8,20 

Data to support the application of 
NAC axillary management algorithms 
to patients who receive NET are limited. 
A Swedish prospective multicenter trial 
that investigated the feasibility of SLNB 
after neoadjuvant systemic therapy in 195 
patients with cT1-4d, N1 breast cancer 
included only 1 patient treated with NET.21 
A single-institution prospective feasibility 
trial from Japan included 36 cN0-1 pa-
tients with unknown receptor status, 16 
of whom were treated with NET.22 SLNB 
was technically successful in 100% of the 
NET-treated patients and 85% (17/20) of 
the NAC-treated patients. Eight patients 
declined cALND after negative SLNB, but 
the false-negative rate among the remaining 
25 patients was 4% (1/25) overall, 0% 
following NET and 8% (1/12) following 
NAC, leading authors to conclude that 
SLNB after NET is as feasible as SLNB af-

ter NAC. Two single-institution retrospec-
tive reviews of prospectively maintained 
databases examined the oncologic safety 
of performing SLNB after systemic therapy, 
including NET, and omitting cALND based 
on negative SLNB results.23,24 Chang et 
al23 reported similar 5-year local-regional 
recurrence-free survival among patients 
who were treated with SLNB, SLNB 
followed by cALND for positive nodes, 
or ALND (P = .33). This study included 
198 patients treated with NAC or NET 
between 2002 and 2015, but did not 
specify the number treated with NET vs 
NAC. Galimberti et al24 examined 396 
patients with cT1-4N0-2 breast cancer of 
any subtype who were treated with neoad-
juvant systemic therapy between 2000 and 
2010; 56 were treated with NET (48 cN0 
and 8 cN1/2). Five-year overall survival 
(OS) was comparable between patients 
with pathologic node-negative (ypN0) 
disease treated with SLNB and patients 
with pathologic node-positive (ypN+) 
disease treated with cALND: 92.2% (95% 
CI, 88.5%-93.9%) and 88.7% (95% CI, 
83.7%-93.6%), respectively. Study authors 
deemed SLNB after systemic therapy  
acceptable in the cN1/2 population; results 

 Figure 1 This figure depicts the current standards for axillary management for patients treated with neoadjuvant systemic therapy, both 
chemotherapy and endocrine therapy alike. However, it is important to note that those treated with neoadjuvant endocrine therapy do not 
meet inclusion criteria for these clinical trials. 

ALND, axillary lymph node dissection; cN, clinical node status; SLNB, sentinel lymph node biopsy; ypN; pathological node status.
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TABLE. Axillary Outcomes Data Following Neoadjuvant Endocrine Therapy: 3 Randomized Clinical Trialsa 

Trial Year Agents, duration
Eligibility 
highlights

Pretreatment axillary 
assessment 

Axillary surgical 
management

Primary end 
point, outcome

Axillary end point, 
outcome

PROACT3 2006 Anastrozole vs 
tamoxifen

3 months

Breast tumors ≥ 
3 cm in at least 1 
direction

Concurrent NAC 
permitted

Method of assessment 
not standardized

Clinical nodal status:
• 46% (208/451) patients 

had cN1 or cN2 
disease

• 43.4% (99/228) of 
anastrozole patients

• 48.9% (109/223) of 
tamoxifen patients

Axillary surgery not 
standardized

Axillary surgery not 
reported

Objective response 
rate by ultrasound

• 39.5% (90/228) 
response among 
anastrozole 
patients

• 35.4% (79/223) 
response among 
tamoxifen 
patients

• (OR, 1.24; 95% 
CI, 0.84-1.83; P 
= .29)

Comparison of axillary 
node downstaging 
(defined as cN1 at 
baseline and cN0 at 
3 months, or cN2 at 
baseline and cN0 or 
cN1 at 3 months)

Axillary node 
downstaging 
rates were similar: 
43.4% (43/99) after 
anastrozole compared 
with 38.5% (42/109) 
after tamoxifen
(OR, 1.257; 95%
CI, 0.718-2.202; P = 
.4239)

ACOSOG 
Z1031B27

2011  Exemestane, 
letrozole, or 
anastrozole

16-18 weeks

• Palpable tumors 
≥ 2 cm

• Tumors with strong 
ER staining (as 
defined by Allred 
score 6-8)

• Additional biopsy 
after 2 weeks of 
NET to measure 
Ki-67 staining

• If 2-week Ki-67 
was >10%, patients 
were to switch to 
chemotherapy

Method of assessment 
not standardized

Clinical nodal status (N 
= 236b):
• Ki-67 >10% (n = 49)

• 55.1% (27/49) cN0
• 38.8% (19/49) cN1
• 6.1% (3/49) cN2

• Ki-67 ≤10% (N = 165)
• 68.5% (113/165) 

cN0
• 27.9% (46/165) cN1
• 2.4% (4/165) cN2
• 0.6% (1/165) cN3
• 0.6% (1/165) cNx

• Unknown Ki-67 (NET 
treated) (N = 22)

• 95.5% (21/22) cN0
• 4.5% (1/22) cN1

Axillary surgery not 
standardized

• NAC patients (N 
= 35)

• 31.4% (11/35) 
SLNB

• 25.7% (9/35) 
SLNB+cALND

• 42.9% (15/35) 
ALND

• NET patients (N 
= 186)

• 5.4% (10/186) 
no axillary 
staging 
procedure

• 61.3% (114/186) 
SLNB

• 12.9% (24/186) 
SLNB+cALND

• 20.4% (38/186) 
ALND

pCR rate among 
patients whose 
2-week Ki-67 
was >10% and 
switched to NAC 
(N = 35)

• 5.7% (2/35) pCR 
rate

No formal axillary end 
point

Residual nodal burden 
(N = 221b):

• NAC patients (N 
= 35)

• * 2.9% (1/35) 0 
LNs in specimen

• * 55.9% (19/35) 0 
+LNs

• * 31.4% (11/35) 
1-3 +LNs

• * 11.3% (4/35) 4-9 
+LNs

• NET patients (N = 
186)

• * 5.4% (10/186) 
N/A

• * 50.5% (94/186) 
0 +LNs

• * 28.5% (53/186) 
1-3 +LNs

• * 9.7% (18/186) 
4-9 +LNs

• *5.9% (11/185) 10 
or more +LNs

GEICAM
2006-035

2012 NAC (epirubicin/ 
cyclophosphamide 
and docetaxel) vs 
NET (exemestane)

24 weeks

• Tumors >2 cm; 
smaller tumors 
allowed if nodal 
disease present

• Luminal A tumors 
(as defined by 
cytokeratin 8/18 
positive)

• cN status (cN0 vs 
cN+) was included 
as a stratification 
factor

MRI evaluation

Axillary nodal 
involvement 
pathologically confirmed

• NAC patients (N = 47)
• 51% (24/47) cN0
• 47% (22/47) cN1
• 2% (1/47) cN2

• NET patients (N = 48)
• 58% (28/48) cN0
• 40% (19/48) cN1
• 2% (1/48) cN2

Axillary surgery 
partially 
standardized

• SLNB prior to 
systemic therapy 
allowed

• All patients 
treated with ALND 
(unless negative 
pretreatment 
SLNB)

The following were 
not reported by 
treatment arm:

• percent with 
pretreatment 
SLNB 
performed

• results of 
pretreatment 
SLNB

Clinical response 
rate by MRI

• 66% (31/47) 
response among 
NAC patients

• 48% (23/48) 
response among 
NET patients

• (P = .075)

Axillary node status at 
surgery

• 36% (17/47) after 
NAC had negative 
axillary lymph nodes

• 29% (14/48) after 
NET had negative 
axillary lymph nodes

• (P = .6084)

aAll trials compared neoadjuvant systemic treatments among postmenopausal patients with hormone receptor–positive breast cancer.
bFifteen patients did not proceed with surgery; pretreatment axillary assessment sample size (N = 236) does not equal surgical sample size (N = 221).
ALND, axillary lymph node dissection; cALND, completion ALND; cN, clinical node status; ER, estrogen receptor; +LNs, positive lymph nodes; NAC, neoadjuvant chemotherapy; 
NET, neoadjuvant endocrine therapy; OR, odds ratio; pCR, pathological complete response; SLNB, sentinel lymph node biopsy. 
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were not reported separately for NET- vs 
NAC-treated patients. 

Despite NCCN guidelines that patients 
treated with neoadjuvant systemic therapy 
who have positive sentinel lymph nodes 
should undergo cALND, our group has 
recently reported significant variation with 
respect to axillary management after NET. 
In a National Cancer Database (NCDB) 
analysis of stage II to III HR-positive breast 
cancer patients,13 axillary management 
following NET more closely aligned with 
upfront surgery patients than with those 
receiving NAC. Specifically, we reported 
similar rates of axillary staging with SLNB 
among patients treated with NET and those 
having upfront surgery (odds ratio [OR], 
1.01; 95% CI, 0.87-1.18 for cN0 patients; 
and OR, 0.95; 95% CI, 0.80-1.13 for cN1). 
Among patients found to have positive sen-
tinel nodes, NET patients were less likely 
to undergo cALND than upfront surgery 
patients (the OR of omitting ALND was 
1.31; 95% CI, 1.04-1.64, for cN0 patients 

treated with NET as compared with up-
front surgery patients; and OR, 1.45, 95% 
CI, 1.00-2.10, for cN1 patients treated 
with NET). While omitting cALND in this 
scenario diverges from current guidelines 
as outlined above, given the known selec-
tion biases in the use of NET (ie, patients 
selected for NET in this NCDB cohort 
were older, more frequently had favorable 
tumor biology, and less frequently had 
cN1 disease),13 these findings suggest that 
perhaps the observed axillary treatment 
patterns represent what surgeons consider 
“right-size” therapy following NET. 

Clinical Trial Data Addressing 
Nodal Disease After NET
Robust clinical trial data have demon-
strated the benefit of NET to downsize 
breast tumors,25 but trials have not rig-
orously studied axillary outcomes. A pro-
spective single-arm trial by Olson et al,26 
specifically aimed at improving surgical 
outcomes with NET, treated 115 post-

menopausal patients with stage II to III 
HR-positive breast cancer with 16 to 24 
weeks of preoperative letrozole (Femara). 
Presenting nodal status was determined 
by physical exam without prescribed 
imaging, and breast and axillary surgery 
were determined by surgeon and patient 
preference. Of the patients who com-
pleted therapy, 62% (62/106) were cN0, 
32% (34/106) were cN1, and 6% (6/106) 
were cN2. Overall, 98% (94/96) had ax-
illary surgery, but the specific procedures 
were not specified, making it difficult to 
draw conclusions about management of 
the axilla. The sparse randomized clinical 
trial data available are presented in the 
Table. Although these trials often failed 
to standardize axillary assessments and 
surgeries, there is opportunity to learn 
how surgeons tend to treat the axilla by 
reviewing the few prospective NET trials 
that have reported axillary management 
and outcomes. 

The phase 3 trial PROACT3 random-

 Figure 2. This figure depicts a suggested axillary management algorithm for hormone receptor–positive cN0 patients, treated with 
neoadjuvant endocrine therapy. While pretreatment axillary ultrasound is recommended, it is not critical for this algorithm, because these 
patients would have met Z0011/AMAROS criteria if surgery were their primary treatment (provided they have cT1-2 breast tumors).

ALND, axillary lymph node dissection; cT, clinical tumor category; LN, lymph node; NET, neoadjuvant endocrine therapy; SLNB, sentinel 
lymph node biopsy; ypN; pathological node status.
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ized 451 postmenopausal patients with 
HR-positive T2-4 N0-2 M0 breast can-
cer to 3 months of anastrozole (Arimidex) 
or tamoxifen (Nolvadex), with concomi-
tant NAC permitted. The trial’s axillary 
end point was axillary node downstaging 
(defined as cN1 to cN0, or cN2 to cN0-1 
after treatment). Patients randomized to 
anastrozole had presenting clinical nodal 
status (43.4% [99/228] cN1-2) similar to 
those randomized to tamoxifen (48.9% 
[109/223] cN1-2). Axillary node down-
staging rates were also similar between 
groups: 43.4% (43/99) after anastrozole 
and 38.5% (42/109) after tamoxifen 
(OR, 1.26; 95% CI, 0.72-2.20; P = .42). 
Unfortunately, PROACT did not stan-
dardize nor report details of the axillary 
surgery performed or final pathologic 
node status, making it difficult to pro-
vide axillary management guidance or 
advance understanding of residual nodal 
disease after NET.

The American College of Surgeons On-
cology Group (ACOSOG) Z1031 trial4 
was a 2-part study examining choice of 
NET (part A) and testing the hypothesis 
that Ki-67 could be used to assess response 
to NET (part B). In part A, 374 patients 
with estrogen receptor (ER)-positive, 
cT2-4N0-3 breast cancer were random-
ized to 16 to 18 weeks of 1 of 3 aromatase 
inhibitors (letrozole, anastrozole, or ex-
emestane [Aromasin]) to determine the 
optimal agent for use in future trials.4 In 
part B, 245 patients were randomized to 
the same 3 agents, then subjected to a core 
biopsy for immunohistochemical analysis 
of Ki-67 staining at 2 weeks. Patients with 
Ki-67 staining of more than 10% were 
switched to NAC.27 Forty-nine patients 
had Ki-67 staining more than 10% but 
only 35 patients accepted protocol treat-
ment with NAC. Axillary assessments 
and surgery were not prespecified, but 
part B of the trial reported surgical details 

and volume of residual nodal disease. Of 
the NET patients, 33.3% (62/186) were 
treated with ALND and 44.1% (82/186) 
were ypN+. Of patients switched to NAC, 
68.6% (24/35) were treated with ALND 
and 42.7% (15/35) had ypN+ disease. 
Thus, ALND rates were lower for NET 
patients, although rates of ypN+ disease 
were similar between the 2 groups. Be-
cause management was not standardized, 
these findings are difficult to interpret but 
may suggest treatment bias to perform 
less axillary surgery in NET patients.

The Spanish Breast Cancer GROUP 
(GEICAM) 2006-03 study was a phase 2 
clinical trial that randomized 95 pre- and 
postmenopausal patients with luminal A 
(ER-positive, progesterone receptor–pos-
itive, cytokeratin 8/18–positive) breast 
cancer to 24 weeks of NAC or NET.5 All 
patients’ breasts/axillae were evaluated 
with MRI, baseline nodal involvement 
was confirmed by biopsy (SLNB al-

 Figure 3. This figure depicts a suggested axillary management algorithm for hormone receptor–positive cN1 patients, treated with 
neoadjuvant endocrine therapy. This algorithm is predicated on thorough pretreatment axillary imaging, to include at least ultrasound, to 
characterize the patient’s presenting nodal disease burden, and to select patients with minimal nodal disease for thoughtful deescalation of 
axillary surgery.

ALND, axillary lymph node dissection; cN, clinical node status; LN, lymph node; NET, neoadjuvant endocrine therapy; SLNB, sentinel lymph 
node biopsy; ypN; pathological node status.
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lowed), and ALND was mandated for all 
patients unless pretreatment SLNB nega-
tive. Overall, 49% (22/47) of NAC and 
44% (21/48) of NET patients presented 
with cN1/2 disease, and clinical nodal 
response to preoperative therapy was 
comparable between groups. The trial’s 
axillary outcome, ypN status, was similar 
among groups: 36% (17/47) were ypN0 
after NAC, and 29% (14/48) were ypN0 
after NET (P = .6084). Only 1 patient in 
either arm experienced an overall pCR. 

As expected, overall pCR rates  
were consistently low in these studies:  
2% after NET and NAC in GEI-
CAM/2006-03, and 5.7% after NAC 
in ACOSOG Z1031. Similarly, NEO-
CENT,28 a feasibility trial that random-
ized 44 postmenopausal women with ER-
rich tumors to NAC or NET (letrozole), 
reported a 0% overall pCR rate in both 
arms as a secondary end point. In a trial 
that randomized 239 postmenopausal 

breast cancer patients to standard NAC 
vs NET (exemestane or anastrozole), 
Semiglazov et al reported breast pCR as 
an exploratory end point: 6% after NAC 
and 3% after NET (P  not significant).29 
Newer trials studying the addition of tar-
geted agents like CDK4/6 inhibitors to 
NET have also reported low overall pCR 
rates of 1% to 2%.30,31 Since it is unlike-
ly that HR-positive patients treated with 
NET will experience a pCR, perhaps it is 
not a clinically meaningful end point for 
HR-positive patients. 

Filling the Gaps in Knowledge
Unlike in the NAC population, for whom 
residual nodal disease has been well stud-
ied20 and recognized as an independent 
prognostic factor among all breast cancer 
subtypes,32 there are minimal data regard-
ing the burden and prognostic significance 
of residual nodal disease following NET. 
Our group hypothesized that minimal re-

sidual nodal burden after NET would not 
have a detrimental impact on long-term 
outcomes, because patients selected for 
NET have not received their full comple-
ment of systemic therapy at the time of 
surgery. To test this hypothesis, the NCDB 
was queried for cT1-3N0-1 HR-positive 
breast cancer patients treated with NET 
and axillary surgery between 2010 and 
2016. Similar to historic studies in the 
upfront surgery population,33 the pres-
ence of small volume residual disease af-
ter NET (ypN0[i+] and ypN1mi) had no 
effect on 5-year adjusted OS. OS was im-
pacted by the presence of residual macro-
metastatic disease (ypN1) following NET. 
In a propensity matched analysis, 5-year 
OS was similar between patients selected 
for NET and those proceeding to upfront 
surgery and found to have low-volume 
nodal disease.34 

These data led us to further investigate 
the implications of choice of axillary sur-

 Figure 4. This figure depicts some of the factors taken into consideration when choosing a neoadjuvant systemic therapy regimen. 
These decisions are frequently based on a mix of clinical and biological tumor factors, and increasingly likely they will be based on genomic 
assay results.

ER, estrogen receptor; NAC, neoadjuvant chemotherapy; NET, neoadjuvant endocrine therapy.

402 O N C O L O G Y ® O c t O b e r  2 0 2 0

reVIeW ArtIcLe WOMeN’S cANcer

ONC1020_397-404_Women's Cancer Review Article.indd   402ONC1020_397-404_Women's Cancer Review Article.indd   402 10/9/20   11:10 AM10/9/20   11:10 AM



gery after NET. Specifically, we sought to 
test the hypothesis that SLNB could be 
used after NET to identify patients with 
a low residual nodal disease burden who 
could safely avoid ALND. To address 
this question, we interrogated our pro-
spectively maintained single-institution 
database (December 2015- September 
2018; N = 95) and the NCDB (2012-
2016; N = 3640) for patients with stage 
I to III HR-positive breast cancer who 
were treated with NET. Of the cN0 pa-
tients who underwent axillary surgery, 
the majority of patients had a low volume 
of residual nodal disease (defined as < 3 
positive nodes): 96% (44/46) in the in-
stitutional cohort and 91% (2945/3227) 
in the NCDB cohort. To test the effect of 
axillary surgery, we analyzed the larger 
NCDB cohort and found that there was 
no difference in 5-year estimated OS by 
type of axillary surgery (SLNB vs ALND) 
in any residual nodal disease burden 
subgroup (ypN0; 1-2 positive nodes; ≥ 
3 positive nodes). We also performed a 
subgroup analysis to examine the volume 
of residual nodal disease in patients pre-
senting with cT1-2N0 disease who oth-
erwise would have been eligible for the 
ACOSOG Z001135 or the European Or-
ganization for Research and Treatment of 
Cancer 10981-22023 AMAROS36 trials. 
Among these patients, 93% (2552/2732) 
had < 3 positive nodes. Again, there was 
no difference in OS between patients 
treated with SLNB or ALND (3-year es-
timated OS, 95.4% for both groups; P = 
.99).37 

Collectively, these data suggest that 
most patients selected for NET have a 
low residual nodal disease burden after 
treatment, and the type of axillary surgery 
in these patients may not impact survival, 
just as SLNB and cALND are equivalent 
for cN0 patients who are selected for 
upfront surgery and found to have 1 to 
2 positive nodes.35 The accepted clinical 
benefit of NET is the potential to decrease 
the size of HR-positive breast tumors and 
optimize breast-conserving surgery; thus, 
these data should drive further clinical tri-

als to investigate SLNB alone for patients 
treated with NET who are found to have 
low-volume residual nodal disease.

Opportunity: Building an Axillary 
Management Algorithm Specific 
to NET
Several observations are made from this 
literature review: (1) SLNB after NET is 
reasonable in both cN0 and cN1 patient 
populations; (2) we do not expect a ro-
bust (if any) nodal response to NET; (3) 
the nodal burden among patients selected 
for NET may be similar to that of upfront 
surgery patients; and (4) the prognostic 
significance of residual pathologic nodal 
disease after NET is more similar to that 
of primary surgery patients than to that of 
patients treated with NAC. As previously 
mentioned, patients in prospective NET 
trials experienced very low pCR rates. As 
such, we do not expect NET to eradicate 
nodal disease; therefore, the lack of its 
ability to do so—ie, the presence of re-
sidual nodal disease after NET—should 
not mandate cALND. Moreover, while 
NAC patients have typically received the 
majority of their systemic therapy before 
surgery, NET patients have received only 
a small fraction of their overall course of 
therapy. These patients have an addition-
al 5 to 10 years of endocrine therapy, just 
like upfront surgery patients.

When viewed in totality, analyses 
of our own data as well as of popula-
tion-based data suggest that the majority 
of patients treated with NET have low 
residual nodal disease burden and that 
the type of axillary surgery performed 
may not affect long-term outcomes. This 
leads us to propose application of strate-
gies derived from trials in upfront surgery 
patients with limited nodal disease, like 
ACOSOG Z001 and AMAROS, to NET 
patients. Suggested algorithms adopting 
these strategies for HR-positive patients 
treated with NET are presented in Fig-
ures 2 and 3. It should be noted that at 
our institution, we routinely obtain pre-
treatment axillary ultrasound for patients 
who we plan to treat with neoadjuvant 

systemic therapy, and we frequently ob-
tain MRI pre-and post treatment to as-
sess tumor response. Thus, we make rig-
orous attempts to identify patients with 
low-volume nodal disease, and thought-
fully deescalate axillary surgery in this 
highly selected NET population.

Changing Landscape of 
Systemic Therapy for HR-
Positive Disease: Challenges for 
Local Regional Management
The landscape of systemic therapy for 
HR-positive breast cancer is rapidly evolv-
ing. First, there is interest in new systemic 
therapy agents, including new targeted 
therapies for use in the neoadjuvant set-
ting, and surgeons will be forced to make 
axillary management decisions without 
knowing the effect these agents may have 
on nodal disease. For example, several 
studies have examined the use of CDK 
4/6 inhibitors in addition to NET,18,30,31 
and there is growing enthusiasm for this 
approach given the improvements in 
invasive disease-free survival seen in the 
MONARCH E trial, which added abe-
maciclib to adjuvant endocrine therapy.38 
While these agents effectively suppress 
cell proliferation, they do not appear to 
consistently augment clinical response30,31,39 
and their impact on nodal assessment and 
response is unknown, which adds a layer of 
complexity to surgical decision-making. To 
further our understanding of the effects of 
CDK 4/6 inhibitors on nodal response, in 
anticipation of forthcoming NET clinical 
trials, our group (Weiss, Metzger et al) is 
currently examining axillary management 
and outcomes from the multi-institution 
randomized trial PELOPS, which is 
studying the effects of adding palbociclib 
(Ibrance) to NET in both pre- and post-
menopausal patients.18

Another example of the changing land-
scape of HR-positive breast cancer treat-
ment includes refinement of patient selec-
tion criteria, as neoadjuvant regimen choice 
will increasingly be based on biologic rather 
than anatomic factors. Genomic assays 
like Oncotype DX predict chemotherapy 
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bene� t,40 and it stands to reason that this 
knowledge should be incorporated when 
choosing a neoadjuvant treatment strategy. 
The feasibility of using Oncotype DX41 to 
select patients for preoperative systemic 
therapy was demonstrated in a study by 
Bear et al.14 This prospective trial enrolled 
64 patients with HR-positive breast cancer 
and triaged patients to NET or NAC based 
on their recurrence score. Patients with a 
score less than 11 were treated with NET, 
those with a score greater than 26 were 
treated with NAC, and those with a score 
between 11 and 25 were randomized to 
NET vs NAC. The primary end point was 
that less than one-third of the patients with 
a score between 11 and 25 would decline 
randomization. Only 5 of the 33 patients 
with a score between 11 and 25 (15%; 
95% CI, 2.9%-27.4%) refused assignment; 
therefore, this strategy was considered 
successful, and the trial demonstrated 
that it was feasible to send a core biopsy 
specimen for molecular pro� ling and use 
the results to make a decision regarding 
neoadjuvant therapy. 

We fully support the increased use of 
genomic assays for selection of preoper-
ative therapy. Our institution (Tolaney 
et al) is currently enrolling HR-positive 
breast cancer patients to a prospective trial 
in which the PAM-50 assay is performed 
preoperatively with the primary aim of 
determining the extent to which genomic 
assay results change neoadjuvant therapy 
recommendations.42 As adjuvant systemic 
therapy is increasingly driven by genomic 
assay results and chemotherapy use has 
decreased in favor of endocrine therapy, we 
predict that neoadjuvant systemic therapy 
will mirror this trend and the practice of 

sending genomic assays in the neoadjuvant 
setting will likely expand the population 
of patients appropriate for NET. Figure 
4 depicts factors taken into consideration 
when choosing a neoadjuvant systemic 
therapy regimen, including the suggestion 
that genomic assay recurrence scores 
should play a prominent role. Patients 
with cN0 or low-volume axillary disease 
at presentation, but who have large breast 
tumors and require tumor downsizing to 
achieve breast-conserving surgery, are 
particularly appropriate candidates for 
this low-oncotype/high-NET-use pop-
ulation. More research about axillary 
management and outcomes after NET is 
needed to develop axillary management 
standards speci� c to this population and to 
avoid surgical overtreatment of the axilla 
among patients whose primary motivation 
for neoadjuvant systemic therapy was to 
undergo less extensive surgery.

Conclusions
Our proposed algorithm for surgical 
management of the axilla after NET is 
particularly timely in the setting of the 
COVID-19 pandemic. As the number 
of hospital admissions and critically ill 
patients rose, resources needed to be pre-
served, and nonurgent/elective operations 
were delayed. The COVID-19 Pandemic 
Breast Cancer Consortium43 presented 
expert opinion about the prioritization 
of breast cancer operations. HR-positive 
breast cancer was given low priority be-
cause these patients can be treated with 
NET without survival detriment. An unin-
tended consequence of this delay strategy 
is that a surge of patients—those who 
would have normally undergone primary 

surgery and been eligible to omit ALND 
in the setting of 1 to 2 positive sentinel 
nodes (per Z0011 or AMAROS)—have 
now been treated with NET and are po-
tentially subject to axillary management 
strategies employed after NAC. Given the 
very low anticipated rates of axillary pCR 
after NET and apparent lack of prognos-
tic signi� cance of low-volume residual  
nodal disease, applying guidelines used 
after NAC may result in overtreatment. 
Per the presented algorithms, omission 
of ALND should be considered for these 
HR-positive early breast cancer patients 
who have a low burden of residual nodal 
disease following NET.  
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The US FDA has granted accelerated 
approval to pralsetinib (Gavreto) for 
the treatment of adult patients with 

metastatic RET fusion–positive non–small 
cell lung cancer (NSCLC) as detected by an 
FDA approved test.1

Pralsetinib is a once-daily oral RET-tar-
geted therapy designed to inhibit RET al-
terations. RET alterations drive a number 
of cancer types, including approximately 
1% to 2% of patients with NSCLC. Cur-
rently, RET is 1 of 7 NSCLC biomark-
ers that can be targeted with an FDA- 
approved therapy.2

ARROW Trial
The approval of pralsetinib was based 
on results observed in the phase 1/2 AR-
ROW clinical trial (NCT03037385), 
which demonstrated efficacy for pralse-
tinib in patients with RET fusion–positive  
NSCLC with or without prior therapy, and 
regardless of RET fusion partner or cen-
tral nervous system involvement. The main 
measures of efficacy were overall response 
rate (ORR) and response duration, as de-
termined by a blinded independent review 
committee using RECIST 1.1.

In 87 patients who were previously 
treated with platinum-based chemother-
apy, the ORR was 57% (95% CI, 46%-
68%) with a 5.7% complete response 

(CR) rate. Although the median duration 
of response (DOR) was not estimable 
(95% CI, 15.2 months to not estimable), 
80% of responding patients had responses 
that lasted 6 months or longer.1,2 The ORR 
was 70% (95% CI, 50%-86%) among the 
27 treatment-naïve patients who were in-
eligible for platinum-based chemotherapy 
per the study protocol, with 11% of pa-
tients showing a CR. Median DOR was 
9.0 months (95% CI, 6.3 months to not 
estimable), with 58% of patients having 
responses that lasted 6 months or longer.1,2

“Patients treated with [pralsetinib] had 
durable clinical responses, with a subset 
achieving complete responses character-
ized by the resolution of all target lesions, 
an uncommon outcome in metastatic 
lung cancer,” Vivek Subbiah, MD, associ-
ate professor in the investigational cancer 
therapeutics department and center clini-
cal medical director of the Clinical Center 
for Targeted Therapy, cancer medicine 
division, at The University of Texas MD 
Anderson Cancer Center, as well as an in-
vestigator on the ARROW trial, said in a 
press release.2

 “This approval represents an im-
portant advance with the potential to 
change standards of care for patients 
with RET fusion–positive non–small 
cell lung cancer, who have histori-

cally had limited treatment options,”  
added Subbiah.

The phase 1/2 ARROW trial is 
an open-label, first-in-human study  
designed to evaluate the safety, tolerabil-
ity, and efficacy of pralsetinib adminis-
tered in patients with RET fusion–pos-
itive NSCLC, RET-mutant medullary  
thyroid cancer (MTC), RET fusion–pos-
itive thyroid cancer, and other RET- 
altered solid tumors. The study is be-
ing conducted at multiple sites across 
the United States, European Union,  
and Asia.3

Overall, the most common adverse 
events observed in the study were fatigue, 
constipation, musculoskeletal pain, and 
hypertension. Importantly, pralsetinib also 
has warnings and precautions of intersti-
tial lung disease/pneumonitis, hyperten-
sion, hepatotoxicity, hemorrhagic events, 
risk of impaired wound healing, and risk 
of embryo-fetal toxicity.1

The FDA also granted priority review to 
a new drug application for pralsetinib for 
the treatment of patients with advanced or 
metastatic RET-mutant MTC and RET 
fusion–positive thyroid cancer. A prescrip-
tion drug user fee act date was set by the 
FDA for February 28, 2021.

FDA Approves Pralsetinib 
for Treatment of Adults With 
Metastatic RET Fusion–
Positive NSCLC
Kevin Wright

DRUG OVERVIEW LUNG CANCER
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Barriers to Clinical Trial Enrollment in 
Patients With Pancreatic Adenocarcinoma  
Eligible for Early-Phase Clinical Trials
Rachael Galvin, DO, MPH1; Christine Chung, DO1; Ella Achenbach2; Oliwier Dziadkowiec, PhD3; and Shiraj Sen, MD, PhD2

1Department of Surgery, Swedish Medical Center, 601 E Hampden, Ste 355, Englewood, CO; 2Department of Clinical Oncology Research, Sarah Cannon Research Institute at HealthONE, 1800 Williams Ave, Ste 300, Denver, 
CO;3Graduate Medical Education, HCA Healthcare, 4900 S Monaco St, Denver, CO 

Introduction
Pancreatic ductal adenocarcinoma 
(PDAC) is an aggressive malignancy with 
limited effective therapeutic options avail-
able. Surgical resection remains first-line 
treatment, but most patients are not can-
didates due to advanced stage at initial 
presentation. For these patients with ad-
vanced unresectable disease, few standard-
of-care therapeutic options are available, 
and overall the 5-year survival for patients 
with PDAC is about 9% to 10%.1,2 

In recent years, data from clinical tri-
als have identified potentially actionable 
molecular alterations in these cancers that 
may improve clinical outcomes,3-6 and 
many early-phase clinical trials investigat-
ing novel treatment options for patients 
with PDAC are ongoing. However, imped-
iments to participation exist. Many bar-
riers to enrollment in late-phase clinical 
trials have been identified in individuals 
with cancer, including uncertainty about 
associated risks, fear of randomization, 
and strict eligibility criteria.7-11 Whether 
barriers to enrollment in nonrandomized, 

GI CANCER

ABSTRACT:  
BACKGROUND: Early-phase clinical trials are critical to the advancement 
of cancer care, especially in patients with pancreatic ductal adenocarcino-
ma, given its aggressive nature and limited available therapeutic options.

METHODS: A retrospective chart review of all patients with refractory 
or metastatic pancreatic ductal adenocarcinoma, referred to the Sarah 
Cannon  
Research Institute at HealthONE between 2014 and 2019, were reviewed. 
Patients who completed genomic profiling and qualified for a phase 1 trial 
(primarily 1a but some 1b) were identified to assess barriers to trial enroll-
ment.

RESULTS: Of 74 identified patients, 54 patients (73%) qualified for at least 
1 clinical trial based on eligibility criteria and alterations detected via mo-
lecular profiling. Up to 40 industry-sponsored clinical trials were available 
during this time for consideration. Of the 54, 28 patients (52%) enrolled 
in a clinical trial, while 26 (48%) did not enroll. The most frequently cited 
barriers to enrollment were concerns regarding time commitment (12%), 
prolonged wait time for enrollment (12%), and fear of adverse events (8%). 
Seven of the 26 patients (27%) were lost to follow-up or had no stated 
reason for declining enrollment; others did not go on trial due to death/
transition to hospice (n=5; 19%) or progression of disease/declining func-
tional status (n=4; 15%). There were few statistically significant differences 
between patients who chose to go on trial and those who declined.

CONCLUSIONS: An understanding of why eligible patients elect not to 
participate in early-phase clinical trials provides insight into the patient ex-
perience and can help identify misperceptions and areas for improvement 
in education and the clinical trial enrollment process.

KEYWORDS: cancer clinical trials, early-phase clinical trial, clinical trial 
barriers, pancreatic ductal adenocarcinoma, pancreatic cancer trials 

Michael S. Lee, MD, and 
Shubham Pant, MD, discuss 
barriers to clinical trial enrollment 
at cancernetwork.com/barriers-
perspective

PERSPECTIVE
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early-phase clinical trials exist in patients 
who meet all eligibility criteria has yet to 
be studied. This study analyzes factors 
leading individuals with advanced PDAC 
to not enroll in such trials, despite meeting 
eligibility criteria. 

Materials and Methods
Study Design and Patients. 
We performed a retrospective chart review 
of all patients with refractory or metastatic 
PDAC who were referred to the Sarah 
Cannon Research Institute at HealthONE 
from between 2014 and 2019. Patients who 
completed genomic profiling via Foundatio-
nOne (Foundation Medicine) tissue-based 
sampling and/or Guardant360 (Guardant 
Health) blood-based sampling were iden-
tified. Included in our analysis were those 

patients who qualified for enrollment onto 
an early-phase clinical trial enrollment based 
on biomarkers identified via molecular pro-
filing and meeting all other eligibility criteria. 
Those patients who qualified for early-phase 
clinical trial enrollment, but chose not to 
enroll, were evaluated to determine cited 
barriers to clinical trial participation. All 
patients provided written informed consent 
for treatment consideration at Sarah Can-
non Research Institute at HealthONE. An 
institutional review board (IRB) exemption 
was obtained from the HCA HealthONE 
Physician Services Group/Graduate Med-
ical Education IRB for an ad hoc analysis 
reported in this manuscript.

Statistical Analysis. 
A multivariate logistic regression analysis 

was performed to compare patients who 
qualified for a clinical trial and went on 
to enroll with those patients who declined 
enrollment. This analysis was completed 
using R Studio.12 A Fisher’s exact test was 
used to assess categorical variables, and t test 
and Mann-Whitney U tests were used for 
continuous variables. Statistical significance 
was set at P < .05.

Results
A total of 74 patients who completed 
genomic profiling via FoundationOne 
and/or Guardant360 were identified. Of 
these 74 patients, 54 (73%) qualified for 
at least 1 clinical trial based on eligibility 
criteria as well as on alterations detected 
via molecular profiling (Table 1). A 
total of 28 patients (52%) enrolled in a 
clinical trial, while 26 patients (48%) 
did not enroll. One patient in each of 
the groups had missing information and 
was excluded from the multivariate and 
univariate analysis, bringing down the 
sample for statistical analysis to 52.

Participant Characteristics  
The study population included 54 
patients, 6 (11)% of whom were non-
White (Table 1). There were more male 
than female patients (29 vs 25). Median 
age was 66 years (range, 44-79). The 
majority of patients were married (83%) 
and had children (81%). All respondents 
indicated they had good social support 
on clinic intake forms; 7 patients chose 
not to respond to this item. English was 
the preferred/primary language of 98% 
of patients. Less than half (39%) had 
obtained a bachelor’s degree or higher, 
though education level was not reported 
by a significant number of patients (20; 
37%). Most patients did not have a 
history of prior cancer (72%) and the 
majority did have a prior diagnosis of 
anxiety, depression, or other psychiatric 
diagnosis (59%). The median distance 
lived from the trial site was 20 miles, 
but the range was wide (4 to 764 miles). 
The range narrowed to 4 to 117 when 
1 patient who traveled 764 miles was 
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TABLE 1. Characteristics of Patients With PDAC 

 

(n = 54)

n (%)

Age in years, median (range) 66 (44-79)

Gender Female
Male

29 (54)
25 (46)

Race White
Non-White
Missing

44 (82)
6 (11)
4 (7)

Ethnicity Hispanic
Non-Hispanic
Missing

5 (9)
48 (89)
1 (2)

Education Bachelor’s degree or higher
High school or less
Missing

21 (39)
13 (24)
20 (37)

Language Prefer other language
Prefer English 

1 (2)
53 (98)

Currently married Yes
No

45 (83)
9 (17)

Has children Yes
No

44 (81)
10 (19)

Has support system Yes
No
Missing

47 (87)
0 (0)
7 (13)

Has other cancer Yes
No

15 (28)
39 (72)

Distance to the cancer center in miles, median (range) 20 (4-764)

Psychiatric diagnosis Yes
No

32 (59)
22 (41)

Number of psychiatric diagnoses, median (range) 1 (1-10)

Number of previous PDAC therapies, mean (±SD) 2.17 (1.27)

PDAC, pancreatic ductal adenocarcinoma.
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excluded. Almost all patients (83.3%) 
who qualified for phase 1 clinical trials 
were classified as ECOG performance 
status (PS) of 0 to 1, likely because most of 
the phase 1 clinical trials for which these 
patients qualified required an ECOG PS 
of 0 to 1; only 5 patients had ECOG PS 
of 2 to 3, and 4 patients did not have 
ECOG PS recorded in the chart. Thus, the 
data set does not allow for evaluation of 
whether a patient’s ECOG PS impacted 
their desire to enroll onto a trial. Patient 
demographics are summarized in Table 1.

Differences Between Those Who 
Declined Trial Participation and 
Those Who Enrolled 
When comparing those who enrolled in 
a clinical trial with those who did not 
enroll, no significant differences emerged 
between the groups in terms of age, 
sex, race, ethnicity, language preference, 
education level, marriage status, or history 
of prior cancer (Table 2). As mentioned 
above, we were unable to evaluate 
whether a patient’s ECOG PS impacted 
their desire to enroll onto trial, as most 
of our study participants had excellent 
ECOG PS (0-1). Additionally, insurance 
status did not play a role, as all patients 
in our trial were insured with either 
Medicare (42.5%), Medicaid (5.5%), 
or another insurance plan (52.0%). We 
could not assess whether religious or 
spiritual beliefs played a role in patients’ 
motivation to go on trial, as this was 
a retrospective chart review and such 
information was not typically recorded in 
the patients’ charts. 

There was a trend toward significant 
difference between the 2 groups with 
regard to number of prior treatments for 
their PDAC and number of psychiatric 
comorbidities. The patients who declined 
trial enrollment had, on average, 
undergone more PDAC therapies prior 
to clinical trial qualification (2.44 vs 
1.93) and had fewer clinical diagnoses 
of anxiety/depression (0.69 vs 1.04). The 
only significant difference between the 
groups related to median distance from 

their home to the trial site: Those who 
declined enrollment lived farther away 
(median 57.15 vs 31.46 miles). However, 
when we further examined the distance 
lived from the trial site, the significant 
difference was caused by 1 outlier, a 
patient who have had to travel more than 
700 miles to participate. When this outlier 
was removed and the Mann–Whitney U 
repeated, there remained no significant 
difference between the 2 groups in terms 
of distance traveled to the trial site.

After controlling for age, sex, marital 
status, children, distance lived from trial 
site, language preference, ethnicity, and 
history of prior cancer, 2 factors became 
statistically significant: the number of 
prior PDAC therapies received and the 
number of psychiatric comorbidities 
(Table 3).

Barriers to Enrollment
Cited reasons for not participating 

in a clinical trial were obtained via 
documentation, and they fell primarily 
into 1 of 9 categories. Of the 26 patients 
who qualified for a clinical trial but chose 
not to participate, 7 (27%) were lost to 
follow-up or had no stated reason for 
declining enrollment documented in their 
chart. Another subset of patients did 
not go on to participate in a trial due to 
death/transition to hospice (5; 19%) or 
progression of disease/declining functional 
status (4; 15%). The most frequently cited 
barriers to enrollment included concerns 
regarding time commitment (12%), fear of 
adverse effects (AEs; 8%), and prolonged 
wait time for enrollment in trial of interest 
(12%). The most common reasons 
for prolonged wait times in industry-
sponsored trials included trial slot 
availability (specific trials sometimes had 
a wait time of a few weeks before the next 
set of slots opened) and delay in starting 
dosing on a trial as a result of screening 

ORIGINAL RESEARCHGI CANCER

TABLE 2. Differences Between PDAC Patients Who Qualified for Clinical 
Trials and Participated and Those Who Qualified but Decided Not to Participate 
(univariate analysis) 

Characteristics  Clinical trial participation status P

Did not participate 
(n = 25) n (%)

Participated 
(n = 27) n (%)

Age, mean (SD) 66 (8.3) 64 (8.1) .28a

Gender Female
Male

14 (54) 
12 (46)

11 (39)
17 (61)

.42b

Currently married Yes
No

22 (85)
4 (15)

23 (82)
5 (18)

1.00b

Has children Yes
No

22 (85)
4 (15)

22 (79)
6 (21)

.73b

Distance to the clinical trial site in miles, 
median (range)

22 (6-76) 16 (4-117) .49c

Language (English) 24 (96) 27 (100) .48b

Ethnicity (Hispanic) 2 (8) 3 (12) 1.0b

Has other cancer Yes
No

8 (31)
18 (69)

7 (25)
21 (75)

.76b

Psychiatric diag-
nosis

Yes
No

12 (46)
14 (54)

20 (71)
8 (29)

.10b

Number of psychiatric diagnoses, median 
(range)

0 (0-2) 1 (0-3) .17c

Number of previous PDAC therapies, 
mean (±SD)

2.44 (1.19) 1.93 (1.30) .14a

PDAC, pancreatic ductal adenocarcinoma.
Statistical test performed: at test; bFisher’s exact test; cMann Whitney U test.
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requirements (ie, additional physician 
visits, labs, and imaging, which vary by 
trial). Less common reasons for prolonged 
wait times include trial amendments that 
may be required throughout the course of 
a study as updated data are obtained, and 
unexpected delays in trial slot availability 
due to other regulatory considerations. 
Two patients chose to transfer care 
elsewhere and 1 chose to pursue other 
treatment options. Four patients stated 
reasons other than the above for not 
enrolling. Cited barriers to clinical trial 
enrollment are summarized in Table 4. 

Discussion
Despite the National Comprehensive 
Cancer Network statement that “the 
best management for any cancer patient 
is a clinical trial,” only 2% to 7% of 
cancer patients ultimately participate in 
these studies.8 Clinical trial enrollment 
is particularly important for advancing 
the treatment of pancreatic cancer, given 
its aggressive nature, high mortality, 
and short expected survival. Given that 
most patients with PDAC present with 
advanced-stage disease not amenable 
to surgical resection and have very few 

effective therapeutic options, a significant 
need exists for novel treatment options. 
Molecular profiling and targeted therapy 
based on identified somatic alterations 
has tremendous potential for patients 
with metastatic or refractory PDAC. 
In fact, the POLO trial demonstrated 
efficacy of PARP inhibition in germline 
BRCA-mutated pancreatic cancers, and in 
2019 the FDA approved olaparib, the first 
BRCA-targeted therapy for patients with 
PDAC.5,6 Most of these treatment options 
are still in early phases of development. 
Therefore, continued trial enrollment is 
critical in determining which treatment 
options may be effective for patients with 
specific gene mutations.
Barriers to cancer clinical trial enrollment 
have been well studied, with the hopes 
of developing interventions aimed at 
overcoming these impediments. Financial 
burden, distance from the cancer 
center, strict eligibility criteria, fear of 
randomization or placebo, and concerns 
about risks and AEs have been cited 
across numerous studies as significant 
barriers to participation, according 
to both patients and oncologists.7-10,13 
Another significant barrier to clinical trial 

success includes the substantial regulatory 
and administrative burdens that can 
significantly delay trial completion and 
patient enrollment. While most of the 
patients in our study experienced delays 
in industry trial enrollment due to lack 
of trial slot availability, some of the 
trials were impacted by delays related 
to regulatory burden. In our study, 
we looked specifically at patients who 
qualified for clinical trials and elected 
not to enroll; strict eligibility criteria did 
not play a role. Additionally, we focused 
on early-phase clinical trials, which have 
no randomization and are reserved for 
patients in whom all standard-of-care 
options have been exhausted. Thus, 
fear of randomization was not a factor 
influencing our patient population.

Surprisingly, none of the patients in our 
population cited financial concerns as a 
reason for declining to participate. This 
may be because fear regarding out-of-
pocket expenses, like those for treatment 
drugs, is a major concern for many cancer 
patients, and trial drugs are provided 
for free on early-phase clinical trials.14 
Additionally, most patients were referred 
to our center by their oncologist and had 
insurance (Medicare, Medicaid, or private 
plans) that would cover the cost of trial 
expenses. 

Indirect costs, such as productivity 
loss and patient time costs, are other 
major concerns for cancer patients, 
which could explain why fears regarding 
time commitment, including driving 
to treatment sessions and follow-up 
appointments, was the primary barrier 
cited for 12% of patients.14 Interestingly, 
however, distance lived from the trial site 
was not a statistically significant variable 
when comparing those who did not enroll 
with those who did. This could be because 
most patients lived within a reasonable 
distance from the trial site, with few 
patients traveling from outside the Denver 
metropolitan area. 

Most of the drug regimens offered 
on these phase 1 trials involved at 
least 1 intravenous or subcutaneous 
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TABLE 3. Differences Between PDAC Patients Who Qualified for Clinical 
Trials and Participated and Those Who Qualified but Decided Not to Participate 
(multivariate logistic regression analysis)

Characteristics P OR 95% CI

Lower Upper

Age 0.14 0.89 0.76 1.96

Sex (female) 0.27 0.92 0.79 1.04

Currently married 0.84 0.98 0.84 1.15

Has children 0.88 0.99 0.84 1.16

Distance to the clinical trial site, median miles 
(range)

0.62 1.04 0.90 1.20

Language (English) 0.64 1.03 0.89 1.20

Ethnicity (Hispanic) 0.57 1.04 0.90 1.22

Has other cancer 0.44 1.07 0.90 1.26

Number of psychiatric diagnoses, mean (±SD) 0.01a 1.22 1.04 1.42

Number of previous PDAC therapies, mean (±SD) 0.04a 0.85 0.72 0.99

OR, odds ratio; PDAC, pancreatic ductal adenocarcinoma.
aStatistically significant at 0.05 α level.
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injection drug (17 of 27 trials); 10 
trials involved oral drugs only. None 
of the patients specifically cited mode 
of drug administration as a deterrent 
to participation, but patients were not 
directly asked whether this factored into 
their decision to pursue a clinical trial  
or not. 

Similar to responses given in prior 
studies, fear of AEs was cited among the 
top reasons for nonparticipation. Evidence 
supports the use of patient navigators and 
in-depth patient education sessions to 
improve the informed consent process 
and minimize barriers such as this during 
trial recruitment.7,15,16 Educating patients 
regarding realistic expectations about 
the true risk of severe AEs attributed to 
trial participation vs those associated 
with typical disease progression may 
aid in lessening trial refusal based on 
fear of AEs.15,16 However, this can prove 
challenging in early-phase clinical trials, 
given that the AEs of the drug under 
investigation may not be fully known. 
Perhaps education regarding the class 
of drug being studied and potential AEs 
could be improved upon. Additionally, 
the use of patient navigators to assess 
health literacy and to guide conversations 
between patients and providers may aid 
in these processes, and could be better 
implemented at our institution. No 
significant differences in education level, 
language preference, or age were seen 
between trial enrollees and those who 
declined. Thus, across the board, there is 
a need to provide better education about 
clinical trial expectations to our patients. 

Improving timely access to trial 
participation could also improve 
recruitment,  given that 19% of patients  
did not enroll due to wait time for 
enrollment or chose to enroll elsewhere. 
As mentioned previously, wait time in 
most instances was due to lack of trial 
slot availability, additional screening 
requirements prior to starting trial dosing, 
or delays due to trial amendments or other 
administrative/regulatory considerations. 
The oncology community recognizes 

the need to reduce administrative and 
regulatory burden on cancer clinical trials. 
In fact, according to a survey conducted by 
the American Society of Clinical Oncology 
(ASCO) and Association of American 
Cancer Institutes (AACI), the main 
barriers to conducting cancer clinical trials 
include contract negotiations, compliance 
with research organization requirements, 
site monitoring visits, management of 
regulatory documents, and external AE 
reporting.17,18 The survey’s respondents, 
who included physician-investigators, 
research staff, and administrators at 
both academic and community clinical 
research centers, indicated that 58% did 
not have adequate staffing to handle 
regulatory burden and 41% did not have 
adequate staffing to monitor regulatory 
compliance.17,18 The “Best Practices in 
Cancer Clinical Trial Initiative,” proposed 
by ASCO and AACI in response to these 
survey results, is aimed at addressing these 
regulatory and administrative burdens 
that hinder cancer research.17 There is a 
significant need for additional ongoing 
initiatives that address these barriers and 
prevent delays in patient access to clinical 
trial treatment options due to regulatory 
burden.

Timely access to clinical trials is 
particularly important in this patient 
population, as patients with refractory 

or metastatic PDAC have such a short 
life expectancy. Delays in enrollment 
could lead to disease progression and 
disqualification from the trial during the 
waiting period. In fact, 35% of patients 
did not go on to clinical trial due to 
death, enrollment in hospice, decline 
in functional status, or progression 
of disease, making this the largest 
barrier to participation reported in our 
study. This demonstrates the need for 
improvement in assessing prognosis in 
metastatic cancers and also highlights the 
importance of improving timely access to 
clinical trial participation and minimizing 
the regulatory/administrative burdens 
that make clinical trials increasingly 
challenging to conduct.17,18

Although empiric evidence and 
education regarding expectations is 
important, the decision to participate in a 
clinical trial is also based on the patient’s 
health-related values, cognitive–emotional 
state, and coping mechanisms.8 Thus, we 
chose to assess marital status, whether 
patients had children, perceived social 
support, psychiatric comorbidities, and 
number of previous PDAC treatments in 
our analysis. The majority of our patients 
were married, had children, and indicated 
that they had good social support; so, 
while previous research has shown a 
propensity for those who enroll in clinical 
trials to be more influenced by friends, 
family, and their physician than those who 
decline, family and support system did 
not seem to influence trial enrollment in  
our population.10 

Significant differences were found 
in the number of patients with anxiety 
and/or depression and in the number 
of prior PDAC treatments patients had 
undergone. Interestingly, the patients who 
agreed to participate in a clinical trial had, 
on average, more clinically diagnosed 
depression and/or anxiety. Because 
timing of the initial diagnosis of anxiety/
depression is not well documented in the 
chart, it is difficult to say if most of these 
patients had this diagnosis prior to their 
cancer detection or if it was a reactionary 

ORIGINAL RESEARCHGI CANCER

TABLE 4. Barriers to Clinical Trial 
Enrollment 

(total N = 26) n %

No stated reason or lost to 
follow-up

7 27%

Death or enrollment in hospice 5 19%

Progression of disease or de-
clining functional status 

4 15%

Concerns about time commit-
ment 

3 12%

Wait time for enrollment 3 12%

Fear of adverse effects 2 8%

Enrolled or went elsewhere 2 8%

Chose to pursue other treat-
ment option 

1 4%

Other 4 15%
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anxiety/depression related to their cancer 
diagnosis. More research into the impact 
of anxiety/depression and decisions to 
pursue clinical trial enrollment is needed.19 
Previous research has found that cancer 
patients who participate in clinical trials 
often overestimate the likelihood that 
they will have a positive response; this 
“treatment-specific optimism” reportedly 
helps patients cope with a poor prognosis 
and is associated with better mental 
health outcomes.20 On the other hand, 
treatment-specific optimism is negatively 
associated with baseline depressive or 
anxiety symptoms.20 While many patients 
disclosed a diagnosis of depression or 
anxiety on their intake forms, the majority 
were already being treated for these 
conditions and we do not have information 
regarding whether patients felt their 
symptoms were well controlled. Future 
research could benefit from eliciting more 
information regarding baseline depressive 
symptoms and timing of psychiatric 
diagnoses, as up to 19% of cancer 
patients develop an adjustment disorder 
in response to their cancer diagnosis.21 
A more thorough understanding of 
patients’ baseline cognitive–emotional 
health could aid clinicians in identifying 
patients who could benefit from mental 
health interventions concurrent with their 
cancer care. This in turn could improve 
clinical trial enrollment, as willingness to 
participate has been linked to the patients’ 
perceived likelihood to benefit from the 
trial and treatment-related optimism.11,20

Overall, the patients who declined 
clinical trial enrollment had undergone 
more prior treatment modalities for 
their cancer. This could represent more 
aggressive tumor biology in these patients, 
and could thus explain why more than 
one-third of the patients cited transition to 
hospice, progression of disease, declining 
functional status, or death as the reason 
for not enrolling. ECOG PS did not play a 
role, given that all patients were ECOG PS 
0 or 1 at time of acceptance into a phase 1 
clinical trial. Another possible explanation 
is that patients may have more negative 

perceptions regarding the potential 
benefit of a trial, after undergoing a higher 
number of failed therapies. 

Limitations
One meaningful limitation of this study 
is the total small sample size. Given that 
these patients have advanced disease, 
life expectancy is short, which limits our 
ability to study this population in larger 
numbers. In fact, our study population is 
fairly robust for this specific cancer type 
and given that it is a single-site retrospective 
review. Referral bias was also a limitation 
of our study. Almost all patients (93%) 
were referred to our institution by their 
oncologist; only 4 were self-referred. 
Thus, we could not determine whether 
trial knowledge/awareness was different 
between the 2 groups. Due to this referral 
bias, all patients had some type of health 
insurance, whether Medicare, Medicaid, 
or another health plan that generally 
covers the cost of clinical trial expenses 
(eg, Blue Cross Blue Shield, Kaiser, etc). 
There was not significant geographic 
or cultural/ethnic diversity as most of 
our patients were from the Denver 
metropolitan area, primarily Caucasian, 
and English speaking. 

Additionally, the logistic regression was 
not optimally powered due to the smaller 
sample size and nature of the disease. It 
is possible that with a larger sample size, 
we could have observed more significant 
differences. When we examine the size 
of odds ratios and confidence intervals, 
that possibility becomes less likely. The 
use of multivariate analysis allowed us to 
determine a significant difference between 
the 2 groups, while controlling for all 
other differences, which would not have 
been possible in a univariate analysis. 
Future research could benefit from 
larger sample sizes, which may be better 
achieved via a multi-institution study. 

Conclusions 
This study is novel, as it is the first study to 
our knowledge that has examined barriers 
to clinical trial enrollment in patients who 

are eligible for phase 1 trial enrollment. 
We found that of all patients who were 
eligible for trial enrollment, underwent 
molecular profiling, and qualified for 
a clinical trial, almost half chose not to 
enroll. While 27% of patients who did 
not enroll were lost to follow-up or did 
not provide a specific reason for declining 
trial participation, a multitude of reasons 
were given for why the remaining 
patients did not wish to enroll. While 
trial participation may not be the right 
choice for every patient, an understanding 
of why patients choose not to enroll 
does provide important insight into the 
patient experience and can help identify 
common patient misperceptions and 
areas for improvement in the clinical trial 
enrollment process. This study highlights 
the need for improved patient education 
regarding clinical trials and expected 
AEs, better assessment of prognosis in 
patients with metastatic cancer, and the 
need for further research examining the 
impact of a patient’s cognitive–emotional 
health on willingness to participate in 
cancer research. Further characterization 
of barriers to clinical trial enrollment 
in pancreatic cancer patients could be 
used to develop interventions aimed 
at addressing these perceived barriers 
specifically. Tailored interventions and 
further research in improving clinical trial 
enrollment are critical to making advances 
in treating this aggressive malignancy.
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IN THE TREATMENT OF RELAPSED REFRACTORY MULTIPLE MYELOMA
IN COMBINATION WITH POMALIDOMIDE AND DEXAMETHASONE (Pd)

ACHIEVE GREATER OUTCOMES
FOR YOUR PATIENTS

Indication
SARCLISA (isatuximab-irfc) is indicated, in combination with pomalidomide and dexamethasone, for the 
treatment of adult patients with multiple myeloma who have received at least two prior therapies including 
lenalidomide and a proteasome inhibitor.

Important Safety Information
CONTRAINDICATIONS
SARCLISA is contraindicated in patients with severe hypersensitivity to isatuximab-irfc or to any of its excipients.  

WARNINGS AND PRECAUTIONS
Infusion-Related Reactions 
Infusion-related reactions (IRRs) have been observed in 39% of patients treated 
with SARCLISA. All IRRs started during the fi rst SARCLISA infusion and resolved 
on the same day in 98% of the cases. The most common symptoms of an IRR 
included dyspnea, cough, chills, and nausea. The most common severe signs
and symptoms included hypertension and dyspnea.

Please see Important Safety Information throughout, and accompanying 
brief summary of full Prescribing Information.

SARCLISA is an anti-CD38 therapy proven to deliver superior PFS (median PFS of 11.53 months 
with SARCLISA + Pd vs 6.47 months with Pd alone, HR=0.596, 95% CI: 0.44, 0.81, P=0.0010). 

SARCLISA also demonstrated a signifi cant increase in ORR (60.4% with SARCLISA + Pd
[95% CI: 52.2%, 68.2%] vs 35.3% with Pd alone [95% CI: 27.8%, 43.4%], P<0.0001)1*

CR=complete response; IMWG=International Myeloma Working Group; IRC=independent response committee; mAb=monoclonal 
antibody; NCCN=National Comprehensive Cancer Network; ORR=overall response rate; PFS=progression-free survival; PR=partial 
response; sCR=stringent complete response; VGPR=very good partial response.

* ORR included sCR, CR, VGPR, and PR. sCR, CR, VGPR, and PR were evaluated by an IRC using the IMWG response criteria.1

Isatuximab-irfc (SARCLISA), in combination with pomalidomide and dexamethasone, is a Preferred Category 1 
option for previously treated multiple myeloma by the National Comprehensive Cancer Network® (NCCN®).2

NCCN makes no warranties of any kind whatsoever regarding their content, use or application and disclaims any responsibility for their 
application or use in any way. 

NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®)
Preferred Category 1 recommendation for isatuximab-irfc (SARCLISA)
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P=0.0010

Important Safety Information (cont’d)
Neutropenia  
SARCLISA may cause neutropenia. Neutropenia (reported as laboratory abnormality) occurred in 96% of patients 
and grade 3-4 neutropenia occurred in 85% of patients treated with SARCLISA, pomalidomide, and dexamethasone
(Isa-Pd). Febrile neutropenia occurred in 12% of patients and neutropenic infections, 
defi ned as infection with concurrent grade ≥3 neutropenia, occurred in 25% of patients 
treated with Isa-Pd. The most frequent neutropenic infections included those of upper 
respiratory tract (10%), lower respiratory tract (9%), and urinary tract (3%).

Please see Important Safety Information throughout, 
and accompanying brief summary of full Prescribing Information.

Choose SARCLISA + Pd to Offer Improved
Outcomes to More Patients vs Pd Alone
Studied in the phase 3 ICARIA-MM trial, which included

patients with poor prognostic factors1

Important Safety Information (cont’d)
Infusion-Related Reactions (cont’d)
To decrease the risk and severity of IRRs, premedicate patients prior to SARCLISA infusion with acetaminophen, H2
antagonists, diphenhydramine or equivalent, and dexamethasone. Monitor vital signs frequently during the entire 
SARCLISA infusion. For patients with grade 1 or 2 reactions, interrupt SARCLISA infusion and provide appropriate 
medical support. If symptoms improve, restart SARCLISA infusion at half of the initial rate, with supportive care as 
needed, and closely monitor patients. If symptoms do not recur after 30 minutes, the infusion rate may be increased 
to the initial rate, and then increased incrementally. In case symptoms do not improve or recur after interruption, 
permanently discontinue SARCLISA and institute appropriate management. Permanently discontinue SARCLISA if
a grade 3 or higher IRR occurs and institute appropriate emergency medical management.

STUDY DESIGN: ICARIA-MM (NCT02990338), a multicenter, open-label, randomized, phase 3 study, evaluated the effi cacy and safety of 
SARCLISA in 307 patients with relapsed refractory multiple myeloma who had received at least 2 prior therapies, including lenalidomide 
and a PI. Patients received either SARCLISA 10 mg/kg administered as an IV infusion in combination with Pd (n=154) or Pd alone (n=153), 
administered in 28-day cycles until disease progression or unacceptable toxicity. SARCLISA was given weekly in the fi rst cycle and every 2 
weeks thereafter. Pomalidomide 4 mg was taken orally once daily from day 1 to day 21 of each 28-day cycle. Low-dose dexamethasone 
(orally or IV) 40 mg (20 mg for patients ≥75 years of age) was given on days 1, 8, 15, and 22 for each 28-day cycle. PFS was the primary 
endpoint; ORR and OS were key secondary endpoints. PFS results were assessed by an IRC, based on central laboratory data for M-protein, 
and central radiologic imaging review using the IMWG criteria. Median follow-up was 11.6 months.1

PATIENT CHARACTERISTICS: The median patient age was 67 years (range, 36 to 86), and 20% of patients were ≥75 years of age. Ten 
percent of patients entered the study with a history of COPD or asthma. The proportion of patients with renal impairment (creatinine 
clearance <60 mL/min/1.73 m2) was 34%. The ISS stage at study entry was I in 37%, II in 36%, and III in 25% of patients. Overall, 20% of 
patients had high-risk chromosomal abnormalities at study entry: del(17p), t(4;14), and t(14;16) were present in 12%, 8%, and 2% of patients, 
respectively. The median number of prior lines of therapy was 3 (range, 2 to 11). All patients received a prior PI, all patients received prior 
lenalidomide, and 56% of patients received prior stem cell transplantation; the majority of patients (93%) were refractory to lenalidomide, 
76% to a PI, and 73% to both an immunomodulator and a PI.1

COPD=chronic obstructive pulmonary disease; ISS=International Staging System; IV=intravenous; OS=overall survival; PI=proteasome inhibitor.

Based on the ICARIA-MM trial, SARCLISA + Pd is a treatment choice 
for patients with relapsed refractory multiple myeloma

Who have received at least 2 prior therapies, 
including lenalidomide and a PI

Who may have renal impairment (creatinine 
clearance <60 mL/min/1.73 m2), high cytogenetic 
risk, or a history of COPD or asthma

Who may have poor performance status
or are ≥75 years of age

Who are refractory to lenalidomide, a PI,
or both

The median duration of treatment was 41 weeks with SARCLISA + Pd vs 24 weeks with Pd.1

At a median follow-up time of 11.6 months, 43 patients (27.9%) receiving SARCLISA + Pd and 56 patients (36.6%) 
receiving Pd had died. Median OS was not reached for either treatment group at interim analysis. The OS 
results at interim analysis did not reach statistical signifi cance.1

SARCLISA + Pd Extended
Median PFS to ~1 Year

Superior PFS with SARCLISA + Pd vs Pd alone1

month 
increase in
median PFS

>5

reduction in
the risk of

progression
or death

in patients
receiving

SARCLISA + Pd1

40%

GREATER
THAN

SARCLISA + Pd showed a signifi cant increase in ORR1*
SARCLISA + Pd (n=154) Pd (n=153)

31.8% 
≥VGPR

60.4% 
ORR

8.5% 
≥VGPR

35.3% 
ORR

35 days 58 days
Median time to fi rst response

among responders

~4× increase

P<0.0001

*ORR included sCR, CR, VGPR, and PR. ORR: SARCLISA + Pd (95% CI: 52.2%, 68.2%), Pd (95% CI: 27.8%, 43.4%).
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Important Safety Information (cont’d)
Neutropenia  
SARCLISA may cause neutropenia. Neutropenia (reported as laboratory abnormality) occurred in 96% of patients 
and grade 3-4 neutropenia occurred in 85% of patients treated with SARCLISA, pomalidomide, and dexamethasone
(Isa-Pd). Febrile neutropenia occurred in 12% of patients and neutropenic infections, 
defi ned as infection with concurrent grade ≥3 neutropenia, occurred in 25% of patients 
treated with Isa-Pd. The most frequent neutropenic infections included those of upper 
respiratory tract (10%), lower respiratory tract (9%), and urinary tract (3%).

Please see Important Safety Information throughout, 
and accompanying brief summary of full Prescribing Information.

Choose SARCLISA + Pd to Offer Improved
Outcomes to More Patients vs Pd Alone
Studied in the phase 3 ICARIA-MM trial, which included

patients with poor prognostic factors1

Important Safety Information (cont’d)
Infusion-Related Reactions (cont’d)
To decrease the risk and severity of IRRs, premedicate patients prior to SARCLISA infusion with acetaminophen, H2
antagonists, diphenhydramine or equivalent, and dexamethasone. Monitor vital signs frequently during the entire 
SARCLISA infusion. For patients with grade 1 or 2 reactions, interrupt SARCLISA infusion and provide appropriate 
medical support. If symptoms improve, restart SARCLISA infusion at half of the initial rate, with supportive care as 
needed, and closely monitor patients. If symptoms do not recur after 30 minutes, the infusion rate may be increased 
to the initial rate, and then increased incrementally. In case symptoms do not improve or recur after interruption, 
permanently discontinue SARCLISA and institute appropriate management. Permanently discontinue SARCLISA if
a grade 3 or higher IRR occurs and institute appropriate emergency medical management.

STUDY DESIGN: ICARIA-MM (NCT02990338), a multicenter, open-label, randomized, phase 3 study, evaluated the effi cacy and safety of 
SARCLISA in 307 patients with relapsed refractory multiple myeloma who had received at least 2 prior therapies, including lenalidomide 
and a PI. Patients received either SARCLISA 10 mg/kg administered as an IV infusion in combination with Pd (n=154) or Pd alone (n=153), 
administered in 28-day cycles until disease progression or unacceptable toxicity. SARCLISA was given weekly in the fi rst cycle and every 2 
weeks thereafter. Pomalidomide 4 mg was taken orally once daily from day 1 to day 21 of each 28-day cycle. Low-dose dexamethasone 
(orally or IV) 40 mg (20 mg for patients ≥75 years of age) was given on days 1, 8, 15, and 22 for each 28-day cycle. PFS was the primary 
endpoint; ORR and OS were key secondary endpoints. PFS results were assessed by an IRC, based on central laboratory data for M-protein, 
and central radiologic imaging review using the IMWG criteria. Median follow-up was 11.6 months.1

PATIENT CHARACTERISTICS: The median patient age was 67 years (range, 36 to 86), and 20% of patients were ≥75 years of age. Ten 
percent of patients entered the study with a history of COPD or asthma. The proportion of patients with renal impairment (creatinine 
clearance <60 mL/min/1.73 m2) was 34%. The ISS stage at study entry was I in 37%, II in 36%, and III in 25% of patients. Overall, 20% of 
patients had high-risk chromosomal abnormalities at study entry: del(17p), t(4;14), and t(14;16) were present in 12%, 8%, and 2% of patients, 
respectively. The median number of prior lines of therapy was 3 (range, 2 to 11). All patients received a prior PI, all patients received prior 
lenalidomide, and 56% of patients received prior stem cell transplantation; the majority of patients (93%) were refractory to lenalidomide, 
76% to a PI, and 73% to both an immunomodulator and a PI.1

COPD=chronic obstructive pulmonary disease; ISS=International Staging System; IV=intravenous; OS=overall survival; PI=proteasome inhibitor.

Based on the ICARIA-MM trial, SARCLISA + Pd is a treatment choice 
for patients with relapsed refractory multiple myeloma

Who have received at least 2 prior therapies, 
including lenalidomide and a PI

Who may have renal impairment (creatinine 
clearance <60 mL/min/1.73 m2), high cytogenetic 
risk, or a history of COPD or asthma

Who may have poor performance status
or are ≥75 years of age

Who are refractory to lenalidomide, a PI,
or both

The median duration of treatment was 41 weeks with SARCLISA + Pd vs 24 weeks with Pd.1

At a median follow-up time of 11.6 months, 43 patients (27.9%) receiving SARCLISA + Pd and 56 patients (36.6%) 
receiving Pd had died. Median OS was not reached for either treatment group at interim analysis. The OS 
results at interim analysis did not reach statistical signifi cance.1

SARCLISA + Pd Extended
Median PFS to ~1 Year

Superior PFS with SARCLISA + Pd vs Pd alone1

month 
increase in
median PFS

>5

reduction in
the risk of

progression
or death

in patients
receiving

SARCLISA + Pd1

40%

GREATER
THAN

SARCLISA + Pd showed a signifi cant increase in ORR1*
SARCLISA + Pd (n=154) Pd (n=153)

31.8% 
≥VGPR

60.4% 
ORR

8.5% 
≥VGPR

35.3% 
ORR

35 days 58 days
Median time to fi rst response

among responders

~4× increase

P<0.0001

*ORR included sCR, CR, VGPR, and PR. ORR: SARCLISA + Pd (95% CI: 52.2%, 68.2%), Pd (95% CI: 27.8%, 43.4%).
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Important Safety Information (cont’d)

References: 1. SARCLISA [prescribing information]. Bridgewater, NJ: sanofi -aventis U.S. LLC. 2. Referenced 
with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Multiple 
Myeloma V.2.2021. © National Comprehensive Cancer Network, Inc. 2020. All rights reserved. Accessed 
September 9, 2020. To view the most recent and complete version of the guideline, go online to NCCN.org.

Neutropenia (cont’d)
Monitor complete blood cell counts periodically during treatment. Consider the use of antibiotics and antiviral 
prophylaxis during treatment. Monitor patients with neutropenia for signs of infection. In case of grade 4 
neutropenia, delay SARCLISA dose until neutrophil count recovery to at least 1.0 x 109/L, and provide supportive care 
with growth factors, according to institutional guidelines. No dose reductions of SARCLISA are recommended.  
Second Primary Malignancies
Second primary malignancies were reported in 3.9% of patients in the SARCLISA, pomalidomide, and 
dexamethasone (Isa-Pd) arm and in 0.7% of patients in the pomalidomide and dexamethasone (Pd) arm, and 
consisted of skin squamous cell carcinoma (2.6% of patients in the Isa-Pd arm and in 0.7% of patients in the Pd 
arm), breast angiosarcoma (0.7% of patients in the Isa-Pd arm), and myelodysplastic syndrome (0.7% of patients in 
the Isa-Pd arm). With the exception of the patient with myelodysplastic syndrome, patients were able to continue 
SARCLISA treatment. Monitor patients for the development of second primary malignancies. 

Laboratory Test Interference 
Interference with Serological Testing (Indirect Antiglobulin Test)
SARCLISA binds to CD38 on red blood cells (RBCs) and may result in a false positive indirect antiglobulin test 
(indirect Coombs test). In ICARIA-multiple myeloma (MM), the indirect antiglobulin test was positive during SARCLISA 
treatment in 67.7% of the tested patients. In patients with a positive indirect antiglobulin test, blood transfusions 
were administered without evidence of hemolysis. ABO/RhD typing was not affected by SARCLISA treatment. 
Before the fi rst SARCLISA infusion, conduct blood type and screen tests on SARCLISA-treated patients. Consider 
phenotyping prior to starting SARCLISA treatment. If treatment with SARCLISA has already started, inform the blood 
bank that the patient is receiving SARCLISA and SARCLISA interference with blood compatibility testing can be 
resolved using dithiothreitol-treated RBCs. If an emergency transfusion is required, non–cross-matched ABO/RhD-
compatible RBCs can be given as per local blood bank practices.

Interference with Serum Protein Electrophoresis and Immunofi xation Tests
SARCLISA is an IgG kappa monoclonal antibody that can be incidentally detected on both serum protein 
electrophoresis and immunofi xation assays used for the clinical monitoring of endogenous M-protein. This 
interference can impact the accuracy of the determination of complete response in some patients with IgG kappa 
myeloma protein.

Embryo-Fetal Toxicity
Based on the mechanism of action, SARCLISA can cause fetal harm when administered to a pregnant woman. 
SARCLISA may cause fetal immune cell depletion and decreased bone density. Advise pregnant women of the 
potential risk to a fetus. Advise females with reproductive potential to use an effective method of contraception 
during treatment with SARCLISA and for at least 5 months after the last dose. The combination of SARCLISA with 
pomalidomide is contraindicated in pregnant women because pomalidomide may cause birth defects and death 
of the unborn child. Refer to the pomalidomide prescribing information on use during pregnancy.

ADVERSE REACTIONS
The most common adverse reactions (≥20%) were neutropenia (laboratory abnormality, 96% Isa-Pd vs 92% Pd), 
infusion-related reactions (38% Isa-Pd vs 0% Pd), pneumonia (31% Isa-Pd vs 23% Pd), upper respiratory tract infection 
(57% Isa-Pd vs 42% Pd), and diarrhea (26% with Isa-Pd vs 19% Pd). Serious adverse reactions occurred in 62% of 
patients receiving SARCLISA. Serious adverse reactions in >5% of patients who received Isa-Pd included pneumonia 
(26%), upper respiratory tract infections (7%), and febrile neutropenia (7%). Fatal adverse reactions occurred in 11% of 
patients (those that occurred in more than 1% of patients were pneumonia and other infections [3%]).

USE IN SPECIAL POPULATIONS
Because of the potential for serious adverse reactions in the breastfed child from isatuximab-irfc administered in 
combination with Pd, advise lactating women not to breastfeed during treatment with SARCLISA.

Please see accompanying brief summary of full Prescribing Information.
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SARCLISA®                   Rx Only 
(isatuximab-irfc) injection, for intravenous use  
Brief Summary of Prescribing Information
1 INDICATIONS AND USAGE
SARCLISA is indicated, in combination with pomalidomide 
and dexamethasone, for the treatment of adult patients with 
multiple myeloma who have received at least two prior 
therapies including lenalidomide and a proteasome inhibitor.
2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dosage
•   Administer pre-infusion medications [see Dosage and 

Administration (2.2)].
•   SARCLISA should be administered by a healthcare 

professional, with immediate access to emergency 
equipment and appropriate medical support to manage 
infusion-related reactions if they occur [see Warnings and 
Precautions (5.1)].

The recommended dose of SARCLISA is 10 mg/kg actual 
body weight administered as an intravenous infusion in 
combination with pomalidomide and dexamethasone, 
according to the schedule in Table 1 [see Clinical Studies (14) 
in the full prescribing information].

Table 1: SARCLISA Dosing Schedule in Combination 
with Pomalidomide and Dexamethasone

Cycle Dosing schedule

Cycle 1 Days 1, 8, 15, and 22 (weekly)

Cycle 2 and beyond Days 1, 15 (every 2 weeks)

Each treatment cycle consists of a 28-day period. Treatment is 
repeated until disease progression or unacceptable toxicity.
SARCLISA is used in combination with pomalidomide and 
dexamethasone. 
Missed SARCLISA Doses
If a planned dose of SARCLISA is missed, administer the 
dose as soon as possible and adjust the treatment schedule 
accordingly, maintaining the treatment interval.
2.2 Recommended Premedications
Administer the following premedications prior to SARCLISA 
infusion to reduce the risk and severity of infusion-related 
reactions [see Warnings and Precautions (5.1)]:
•   Dexamethasone 40 mg orally or intravenously (or 20 mg 

orally or intravenously for patients ≥75 years of age).
•   Acetaminophen 650 mg to 1000 mg orally (or equivalent).
•   H2 antagonists.
•   Diphenhydramine 25 mg to 50 mg orally or intravenously 

(or equivalent). The intravenous route is preferred for at 
least the first 4 infusions.

The above recommended dose of dexamethasone (orally 
or intravenously) corresponds to the total dose to be 
administered only once before infusion as part of the 
premedication and of the backbone treatment, before 
SARCLISA and pomalidomide administration.
Administer the recommended premedication agents 15 to 60 
minutes prior to starting a SARCLISA infusion.
2.3 Dose Modifications
No dose reduction of SARCLISA is recommended. Dose delay 
may be required to allow recovery of blood counts in the event of 
hematological toxicity [see Warnings and Precautions (5.2, 5.4)]. 
For information concerning drugs given in combination with 
SARCLISA, see manufacturer’s prescribing information.
For other medicinal products that are administered with 
SARCLISA, refer to the respective current prescribing information.
2.4 Preparation
Prepare the solution for infusion using aseptic technique as follows:
Calculate the dose (mg) of required SARCLISA based on 
actual patient weight (measured prior to each cycle to have 
the administered dose adjusted accordingly) [see Dosage and 
Administration (2.1)]. More than one SARCLISA vial may be 
necessary to obtain the required dose for the patient.
•   Parenteral drug products should be inspected visually for 

particulate matter and discoloration prior to administration, 
whenever solution and container permit.

•   Remove the volume of diluent from the 250 mL Sodium 
Chloride Injection, USP, or 5% Dextrose Injection, 
USP diluent bag that is equal to the required volume of 
SARCLISA injection.

•   Withdraw the necessary volume of SARCLISA injection 
and dilute by adding to the infusion bag of 0.9% Sodium 
Chloride Injection, USP or 5% Dextrose Injection, USP 
to achieve the appropriate SARCLISA concentration for 
infusion.

•     The infusion bag must be made of polyolefins (PO), 
polyethylene (PE), polypropylene (PP), polyvinyl chloride 
(PVC) with di-(2-ethylhexyl) phthalate (DEHP) or ethyl vinyl 
acetate (EVA).

•   Gently homogenize the diluted solution by inverting the bag. 
Do not shake.

2.5 Administration
•   Administer the infusion solution by intravenous infusion 

using an intravenous tubing infusion set (in PE, PVC with or 
without DEHP, polybutadiene [PBD], or polyurethane [PU]) 

with a 0.22 micron in-line filter (polyethersulfone [PES], 
polysulfone, or nylon).

•   The infusion solution should be administered for a period 
of time that will depend on the infusion rate (see Table 2). 
Use prepared SARCLISA infusion solution within 48 hours 
when stored refrigerated at 2°C–8°C, followed by 8 hours 
(including the infusion time) at room temperature.

•       Do not administer SARCLISA infusion solution concomitantly 
in the same intravenous line with other agents.

Infusion Rates
Following dilution, administer the SARCLISA infusion 
solution intravenously at the infusion rates presented in 
Table 2. Incremental escalation of the infusion rate should be 
considered only in the absence of infusion-related reactions [see 
Warnings and Precautions (5.1) and Adverse Reactions (6.1)].

Table 2: Infusion Rates of SARCLISA Administration

Dilution 
Volume

Initial 
Rate

Absence of 
Infusion- 
Related 
Reaction

Rate 
Increment

Maximum
Rate

First  
infusion 250 mL 25 mL/ 

hour
For 60 

minutes
25 mL/hour 

every 30 
minutes

150 mL/ 
hour

Second  
infusion 250 mL 50 mL/ 

hour
For 30 

minutes

50 mL/
hour for 30 

minutes then 
increase by 
100 mL/

hour every 30 
minutes

200 mL/
hour

Subsequent  
infusions 250 mL

200  
mL/ 
hour

– – 200 mL/ 
hour

4 CONTRAINDICATIONS
SARCLISA is contraindicated in patients with severe 
hypersensitivity to isatuximab-irfc or to any of its excipients 
[see Warnings and Precautions (5.1)].
5 WARNINGS AND PRECAUTIONS
5.1 Infusion-Related Reactions
Infusion-related reactions have been observed in 39% of 
patients treated with SARCLISA [see Adverse Reactions 
(6.1)]. All infusion-related reactions started during the first 
SARCLISA infusion and resolved on the same day in 98% of 
the cases. The most common symptoms of an infusion-
related reaction included dyspnea, cough, chills, and nausea. 
The most common severe signs and symptoms included 
hypertension and dyspnea [see Adverse Reactions (6.1)].  
To decrease the risk and severity of infusion-related 
reactions, premedicate patients prior to SARCLISA infusion 
with acetaminophen, H2 antagonists, diphenhydramine, or 
equivalent; dexamethasone [see Dosage and Administration 
(2.2)]. Monitor vital signs frequently during the entire 
SARCLISA infusion. For patients with grade 1 or 2 reactions, 
interrupt SARCLISA infusion and provide appropriate medical 
support. If symptoms improve, restart SARCLISA infusion at 
half of the initial infusion rate, with supportive care as needed, 
and closely monitor patients. If symptoms do not recur after 
30 minutes, the infusion rate may be increased to the initial 
rate, and then increased incrementally, as shown in Table 2 
[see Dosage and Administration (2.5)]. In case symptoms 
do not improve or recur after interruption, permanently 
discontinue SARCLISA and institute appropriate management.  
Permanently  discontinue  SARCLISA therapy if a grade 
3 or higher infusion-related reaction occurs and institute 
appropriate medical management.
5.2 Neutropenia
SARCLISA may cause neutropenia. Neutropenia (reported 
as laboratory abnormality) occurred in 96% of patients and 
grade 3-4 neutropenia occurred in 85% of patients treated 
with SARCLISA, pomalidomide, and dexamethasone 
 (Isa-Pd). Febrile neutropenia occurred in 12% of patients  
and neutropenic infections, defined as infection with 
concurrent grade ≥3 neutropenia, occurred in 25% of patients 
treated with Isa-Pd. The most frequent neutropenic infections 
included those of upper respiratory tract (10%), lower 
respiratory tract (9%), and urinary tract (3%) [see Adverse 
Reactions (6.1)].
Monitor complete blood cell counts periodically during 
treatment. Consider the use of antibiotics and antiviral 
prophylaxis during treatment. Monitor patients with 
neutropenia for signs of infection. In case of grade 4 
neutropenia delay SARCLISA dose until neutrophil count 
recovery to at least 1.0 × 109/L, and provide supportive care 
with growth factors, according to institutional guidelines. No 
dose reductions of SARCLISA are recommended.
5.3 Second Primary Malignancies
Second primary malignancies were reported in 3.9% of 
patients in the SARCLISA, pomalidomide and dexamethasone 
(Isa-Pd) arm and in 0.7% of patients in the pomalidomide and 
dexamethasone (Pd) arm, and consisted of skin squamous 
cell carcinoma (2.6% of patients in the Isa-Pd arm and in 
0.7% of patients in the Pd arm), breast angiosarcoma (0.7% 
of patients in the Isa-Pd arm) and myelodysplastic syndrome 

(0.7% of patients in the Isa-Pd arm). With the exception of 
the patient with myelodysplastic syndrome, patients were 
able to continue SARCLISA treatment. Monitor patients for 
the development of second primary malignancies, as per 
International Myeloma Working Group (IMWG) guidelines.
5.4 Laboratory Test Interference
Interference with Serological Testing (Indirect Antiglobulin 
Test)
SARCLISA binds to CD38 on red blood cells (RBCs) and 
may result in a false positive indirect antiglobulin test 
(indirect Coombs test). In ICARIA-multiple myeloma (MM), 
the indirect antiglobulin test was positive during SARCLISA 
treatment in 67.7% of the tested patients. In patients with a 
positive indirect antiglobulin test, blood transfusions were 
administered without evidence of hemolysis. ABO/RhD typing 
was not affected by SARCLISA treatment. Before the first 
SARCLISA infusion, conduct blood type and screen tests on 
SARCLISA-treated patients. Consider phenotyping prior to 
starting SARCLISA treatment. If treatment with SARCLISA 
has already started, inform the blood bank that the patient is 
receiving SARCLISA and SARCLISA interference with blood 
compatibility testing can be resolved using dithiothreitol-
treated RBCs. If an emergency transfusion is required, non–
cross-matched ABO/RhD-compatible RBCs can be given as 
per local blood bank practices [see Drug Interactions (7.1)].
Interference with Serum Protein Electrophoresis and 
Immunofixation Tests
SARCLISA is an IgG kappa monoclonal antibody that can be 
incidentally detected on both serum protein electrophoresis 
and immunofixation assays used for the clinical monitoring 
of endogenous M-protein. This interference can impact 
the accuracy of the determination of complete response in 
some patients with IgG kappa myeloma protein [see Drug 
Interactions (7.1)].
5.5 Embryo-Fetal Toxicity
Based on the mechanism of action, SARCLISA can cause fetal 
harm when administered to a pregnant woman. SARCLISA 
may cause fetal immune cell depletion and decreased bone 
density. Advise pregnant women of the potential risk to a 
fetus. Advise females with reproductive potential to use 
an effective method of contraception during treatment with 
SARCLISA and for at least 5 months after the last dose [see 
Use in Specific Populations (8.1, 8.3)]. The combination of 
SARCLISA with pomalidomide is contraindicated in pregnant 
women because pomalidomide may cause birth defects 
and death of the unborn child. Refer to the pomalidomide 
prescribing information on use during pregnancy.
6 ADVERSE REACTIONS
The following clinically significant adverse reactions from 
SARCLISA are also described in other sections of the labeling:
•   Infusion-Related Reactions [see Warnings and Precautions 

(5.1)]
•   Neutropenia [see Warnings and Precautions (5.2)]
•   Second Primary Malignancies [see Warnings and 

Precautions (5.3)]
6.1 Clinical Trials Experience
Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical 
trials of a drug cannot be directly compared to rates in the 
clinical trials of another drug and may not reflect the rates 
observed in practice.
Multiple Myeloma
The safety of SARCLISA was evaluated in ICARIA-MM, 
a randomized, open-label clinical trial in patients with 
previously treated multiple myeloma. Patients were eligible for 
inclusion if they had ECOG status of 0–2, platelets ≥75,000 
cells/mm3, absolute neutrophil count ≥1 × 109/L, creatinine 
clearance ≥30 mL/min (MDRD formula), and AST and/
or ALT ≤3 × ULN. Patients received SARCLISA 10 mg/kg 
intravenously, weekly in the first cycle and every two weeks 
thereafter, in combination with pomalidomide and low dose 
dexamethasone (Isa-Pd) (n=152) or pomalidomide and low 
dose dexamethasone (Pd) (n=149) [see Clinical Studies (14) in 
the full prescribing information]. Among patients receiving  
Isa-Pd, 66% were exposed to SARCLISA for 6 months or longer 
and 24% were exposed for greater than 12 months or longer.
The median age of patients who received Isa-Pd was 68 years 
(range 36–83); 58% male, 76% white, and 14% Asian.
Serious adverse reactions occurred in 62% of patients 
receiving Isa-Pd. Serious adverse reactions in >5% of 
patients who received Isa-Pd included pneumonia (26%), 
upper respiratory tract infections (7%), and febrile neutropenia 
(7%). Fatal adverse reactions occurred in 11% of patients 
(those that occurred in more than 1% of patients were 
pneumonia and other infections [3%]).
Permanent discontinuation due to an adverse reaction 
(grades 1-4) occurred in 7% of patients who received Isa-Pd. 
The most frequent adverse reactions requiring permanent 
discontinuation in patients who received Isa-Pd were infections 
(2.6%). In addition, SARCLISA alone was discontinued in 3% 
of patients due to infusion-related reactions.
Dosage interruptions due to an adverse reaction occurred in 
31% of patients who received SARCLISA. The most frequent 
adverse reaction requiring dosage interruption was infusion- 
related reaction (28%).
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The most common adverse reactions (≥20%) were 
neutropenia, infusion-related reactions, pneumonia, upper 
respiratory tract infection, and diarrhea.
Table 3 summarizes the adverse reactions in ICARIA-MM.

Table 3: Adverse Reactions (≥10%) in Patients 
Receiving SARCLISA, Pomalidomide, and 

Dexamethasone with a Difference Between Arms of 
≥5% Compared to Control Arm in ICARIA-MM Trial

Adverse 
Reactions

SARCLISA + 
Pomalidomide + 

Dexamethasone (Isa-Pd) 
(N=152)

Pomalidomide + 
Dexamethasone (Pd) 

(N=149)

All 
grades 

(%)

Grade 
3  

(%)

Grade 
4  

(%)

All 
grades 

(%)

Grade 
3  

(%)

Grade 
4  

(%)

Infusion-related 
reaction 38 1.3 1.3 0 0 0

Infections

Pneumonia* 31 22 3.3 23 16 2.7

Upper 
respiratory tract 
infection†

57 9 0 42 3.4 0

Blood and lymphatic system disorders

Febrile 
neutropenia 12 11 1.3 2 1.3 0.7

Respiratory, thoracic and mediastinal disorders

Dyspnea‡ 17 5.0 0 12 1.3 0

Gastrointestinal disorders

Diarrhea 26 2 – 19 0.7 –

Nausea 15 0 – 9 0 –

Vomiting 12 1.3 – 3.4 0 –

CTCAE version 4.03
* Pneumonia includes atypical pneumonia, bronchopulmonary 
aspergillosis, pneumonia, pneumonia haemophilus, 
pneumonia influenzal, pneumonia pneumococcal, 
pneumonia streptococcal, pneumonia viral, candida 
pneumonia, pneumonia bacterial, haemophilus infection, 
lung infection, pneumonia fungal, and pneumocystis 
jirovecii pneumonia.

† Upper respiratory tract infection includes bronchiolitis, 
bronchitis, bronchitis viral, chronic sinusitis, 
fungal pharyngitis, influenza-like illness, laryngitis, 
nasopharyngitis, parainfluenzae virus infection, pharyngitis, 
respiratory tract infection, respiratory tract infection viral, 
rhinitis, sinusitis, tracheitis, upper respiratory tract infection, 
and upper respiratory tract infection bacterial.

‡ Dyspnea includes dyspnea, dyspnea exertional, and dyspnea 
at rest.

Table 4 summarizes the hematology laboratory abnormalities 
in ICARIA-MM.

Table 4: Treatment Emergent Hematology Laboratory 
Abnormalities in Patients Receiving Isa-Pd 

Treatment versus Pd Treatment – ICARIA-MM

Laboratory 
Parameter 
n (%)

SARCLISA + 
Pomalidomide + 

Dexamethasone (Isa-Pd) 
(N=152)

Pomalidomide + 
Dexamethasone (Pd) 

(N=149)

All 
Grades

Grade  
3

Grade  
4

All 
Grades

Grade  
3

Grade  
4

Anemia 151  
(99)

48  
(32) 0 145  

(97)
41  
(28) 0

Neutropenia 146  
(96)

37  
(24)

92  
(61)

137  
(92)

57  
(38)

46 
(31)

Lymphopenia 140  
(92)

64  
(42)

19  
(13)

137  
(92)

52  
(35)

12  
(8)

Thrombocytopenia 127  
(84)

22  
(14)

25  
(16)

118  
(79)

14  
(9)

22 
(15)

Description of Selected Adverse Reactions  
Infusion-related reactions  
In ICARIA-MM, infusion-related reactions (defined as adverse 
reactions associated with the SARCLISA infusions, with an 
onset typically within 24 hours from the start of the infusion) 
were reported in 58 patients (38%) treated with SARCLISA. 
All patients who experienced infusion-related reactions, 
experienced them during the 1st infusion of SARCLISA, with 
3 patients (2%) also having infusion-related reactions at their 
2nd infusion, and 2 patients (1.3%) at their 4th infusion. 
Grade 1 infusion-related reactions were reported in 3.9%, 
Grade 2 in 32%, Grade 3 in 1.3%, and Grade 4 in 1.3% 
of the patients. Signs and symptoms of Grade 3 or higher 
infusion-related reactions included dyspnea, hypertension, 

and bronchospasm. The incidence of infusion interruptions 
because of infusion-related reactions was 29.6%. The median 
time to infusion interruption was 55 minutes. 
In a separate study (TCD 14079 Part B) with SARCLISA 10 
mg/kg administered from a 250 mL fixed-volume infusion in 
combination with Pd, infusion-related reactions (all Grade 2) 
were reported in 40% of patients, at the first administration, 
the day of the infusion. Overall, the infusion-related 
reactions of SARCLISA 10 mg/kg administered as a 250 mL 
fixed-volume infusion were similar to that of SARCLISA as 
administered in ICARIA-MM. 
Infections
In ICARIA-MM, the incidence of Grade 3 or higher infections 
was 43% in Isa-Pd group. Pneumonia was the most 
commonly reported severe infection with Grade 3 reported 
in 22% of patients in Isa-Pd group compared to 16% in 
Pd group, and Grade 4 in 3.3% of patients in Isa-Pd group 
compared to 2.7% in Pd group. Discontinuations from 
treatment due to infection were reported in 2.6% of patients in 
Isa-Pd group compared to 5.4% in Pd group. Fatal infections 
were reported in 3.3% of patients in Isa-Pd group and in 4% 
in Pd group.
6.2 Immunogenicity 
As with all therapeutic proteins, there is a potential for 
immunogenicity. The detection of antibody formation is 
highly dependent on the sensitivity and specificity of the 
assay. Additionally, the observed incidence of antibody 
(including neutralizing antibody) positivity in an assay 
may be influenced by several factors, including assay 
methodology, sample handling, timing of sample collection, 
concomitant medications, and underlying disease. For these 
reasons, comparison of the incidence of antibodies in the 
studies described below with the incidence of antibodies in 
other studies or to other isatuximab-irfc products may be 
misleading. 
In ICARIA-MM, no patients tested positive for antidrug 
antibodies (ADA). Therefore, the neutralizing ADA status was 
not determined. Overall, across 6 clinical studies in multiple 
myeloma (MM) with SARCLISA single agent and combination 
therapies including ICARIA-MM  (N=564), the incidence of 
treatment emergent ADAs was 2.3%. No clinically significant 
differences in the pharmacokinetics, safety, or efficacy of 
isatuximab-irfc were observed in patients with ADAs.
7 DRUG INTERACTIONS
7.1 Laboratory Test Interference
Interference with Serological Testing
SARCLISA, an anti-CD38 antibody, may interfere with 
blood bank serologic tests with false positive reactions in 
indirect antiglobulin tests (indirect Coombs tests), antibody 
detection (screening) tests, antibody identification panels, 
and antihuman globulin crossmatches in patients treated with 
SARCLISA [see Warnings and Precautions (5.4)].
Interference with Serum Protein Electrophoresis and 
Immunofixation Tests
SARCLISA may be incidentally detected by serum protein 
electrophoresis and immunofixation assays used for the 
monitoring of M-protein and may interfere with accurate 
response classification based on International Myeloma 
Working Group (IMWG) criteria [see Warnings and 
Precautions (5.4)].
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
SARCLISA can cause fetal harm when administered to 
a pregnant woman. The assessment of isatuximab-irfc-
associated risks is based on the mechanism of action and 
data from target antigen CD38 knockout animal models 
(see Data). There are no available data on SARCLISA use 
in pregnant women to evaluate for a drug-associated risk of 
major birth defects, miscarriage or adverse maternal or fetal 
outcomes. Animal reproduction toxicity studies have not been 
conducted with isatuximab-irfc. The estimated background 
risk of major birth defects and miscarriage for the indicated 
population is unknown. All pregnancies have a background 
risk of birth defect, miscarriage, or other adverse outcomes. 
In the U.S. general population, the estimated background risk 
of major birth defects and miscarriage in clinically recognized 
pregnancies is 2% to 4% and 15% to 20%, respectively.
The combination of SARCLISA and pomalidomide is 
contraindicated in pregnant women because pomalidomide 
may cause birth defects and death of the unborn child. Refer 
to the pomalidomide prescribing information on use during 
pregnancy. Pomalidomide is only available through a REMS 
program.
Clinical Considerations  
Fetal/neonatal reactions
Immunoglobulin G1 monoclonal antibodies are known 
to cross the placenta. Based on its mechanism of action, 
SARCLISA may cause depletion of fetal CD38-positive 
immune cells and decreased bone density. Defer 
administration of live vaccines to neonates and infants 
exposed to SARCLISA in utero until a hematology evaluation 
is completed.

SARCLISA® 
(isatuximab-irfc) injection, for intravenous use

Data 
Animal data
Mice that were genetically modified to eliminate all CD38 
expression (CD38 knockout mice) had reduced bone density 
which recovered 5 months after birth. Data from studies using 
CD38 knockout animal models also suggest the involvement 
of CD38 in regulating humoral immune responses (mice), 
feto-maternal immune tolerance (mice), and early embryonic 
development (frogs).
8.2 Lactation
Risk Summary
There are no available data on the presence of isatuximab-irfc 
in human milk, milk production, or the effects on the breastfed 
child. Maternal immunoglobulin G is known to be present in 
human milk. The effects of local gastrointestinal exposure and 
limited systemic exposure in the breastfed infant to SARCLISA 
are unknown. Because of the potential for serious adverse 
reactions in the breastfed child from isatuximab-irfc administered 
in combination with pomalidomide and dexamethasone, 
advise lactating women not to breastfeed during treatment with 
SARCLISA. Refer to pomalidomide prescribing information for 
additional information.
8.3 Females and Males of Reproductive Potential
Pregnancy Testing
With the combination of SARCLISA with pomalidomide, 
refer to the pomalidomide labeling for pregnancy testing 
requirements prior to initiating treatment in females of 
reproductive potential. 
Contraception
Females
SARCLISA can cause fetal harm when administered to a 
pregnant woman [see Use in Specific Populations (8.1)]. 
Advise female patients of reproductive potential to use 
effective contraception during treatment and for at least 5 
months after the last dose of SARCLISA. Additionally, refer 
to the pomalidomide labeling for contraception requirements 
prior to initiating treatment in females of reproductive 
potential.
Males
Refer to the pomalidomide prescribing information.
8.4 Pediatric Use
Safety and effectiveness in pediatric patients have not been 
established.
8.5 Geriatric Use
Of the total number of subjects in clinical studies of 
SARCLISA, 53% (306 patients) were 65 and over, while 14% 
(82 patients) were 75 and over. No overall differences in safety 
or effectiveness were observed between subjects 65 and over 
and younger subjects, and other reported clinical experience 
has not identified differences in responses between the adults 
65 years and over and younger patients, but greater sensitivity 
of some older individuals cannot be ruled out.
10 OVERDOSAGE
There is no known specific antidote for SARCLISA overdose. 
In the event of overdose of SARCLISA, monitor the patients 
for signs or symptoms of adverse effects and take all 
appropriate measures immediately.
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DIGITAL HEALTHCARE
FROM THE PUBLISHERS OF: 

Technology has provided both ben-
efits and challenges to doctors, re-
gardless of specialty or location. Al-

though technology has modernized patient 
records and made it easier to access them, 
privacy safeguards in HIPAA limit what 
can be done. Therefore, many obstacles 
must be overcome for physicians to gain 
quick access to vital records. Medical Eco-
nomics®, a sister publication of ONCOL-
OGY® spoke with Christopher Maiona, 
MD, chief medical officer, PatientKeeper, 
about how technology is being applied in 
health care and how it can be improved.

Q: How has HIPAA created 
challenges for a digital 

healthcare world?

MAIONA: One of the initial goals of the 
Health Insurance Portability and Account-
ability Act (HIPAA) was to limit access 
to personal health information to those 
that had a legitimate reason for viewing, 
and as such, HIPAA is a both a regulatory 
and a moral mandate. For physicians, we 
certainly owe it to our patients to protect 
their data. But that security does come with 
a price. The countermeasures on the secure 
communication needed for compliance with 
HIPAA can negatively affect the rapid access 
to data and the ability to share the data that 
we would need to in the course of treatment 
of a patient. I’d argue though, I trained in the 
days of paper, and that here in the digital age, 
even with these quite necessary protections, 
it is far easier for me to obtain data now than 
it was trying to get some dusty old record out 

of the bowels of the hospital. And certainly, 
we do have a number of strategies that are 
assisting us in freeing up this data. Every 
year that goes by, it seems to get a little bit 
easier from my standpoint as a clinician and 
a chief medical officer.

Q: Is there a way to balance patient 
privacy protections with the 

need to quickly access health care 
information?

MAIONA: Certainly, there are a number of 
technologies that are making it quick and 
easy for health care information technology 
(IT) personnel to authenticate users. Data 
biometrics have made logging into apps 
quick and easy, a quick finger scan on a 
mobile device and you can be in, and if 
you pair that up with the passwords that 
we originally had to use, well, now you 
have 2-factor authentication. And there are 
even some third-party vendors that have 
some very nice apps for authenticating a 
user that with a single tap can provide the 
appropriate credentials to get you access 
into your system. Single source login within 
an app has made access to data significantly 
easier. Consider a physician in an electronic 
health record (EHR) and they need to view 
a chest x-ray. Well, with single-source login, 
the EHR can pass along my credentials to 
the system and bring that image over. There’s 
no need for me to sign out and then sign 
into a separate system or sign in every time 
I need to see my documents. The ability to 
maintain audit logs is very useful, I think in 
providing some education to providers, be-

cause sometimes we do go astray and don’t 
realize that we committed a breach. I would 
say though that the real key to adoption and 
compliance here is simplicity. Make tools 
that are easy to use, then incorporate them 
into the physician’s process and workflow.

Q: How challenging is it for 
physicians to be HIPAA 

compliant while accessing patient 
information in a timely manner?

MAIONA: I think a lot of it depends on the 
host environment. Unfortunately, there are 
still a significant number of breaches that 
are due to physicians utilizing non secure 
texting on their phone. And the simple 
reason is because it’s easy, right? A physi-
cian wants to reach out and communicate 
with a colleague. You don’t want to have 
to struggle and break that train of thought. 
I think that we’ve made great strides in 
providing access to data in a physician’s 
home network, and the EHR, if you will, in 
their local environment. But I think where 
the challenge still remains is in accessing 
data outside of that home network. So, do I 
need data from an ambulatory system? Do 
I need data from a [primary care provider’s] 
office? Can I get records from another health 
system? These can be rather challenging. 
And perhaps one of the solutions here is 
employing a system of engagement that’s 
capable of incorporating data from all these 
disparate sources and presenting it in a 
manner that’s more familiar to the provider. 
It’s awfully difficult to find that needle in a 
haystack when you don’t even recognize 

What Are the Biggest 
Technology Challenges 
Facing Health Care?
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the haystack. I think in essence, we need to 
provide physicians with access to data that 
facilitates the thought-to-action approach. 
I don’t want to be distracted by how am I 
going to find this data? Because when that 
happens, the train of thought is gone, and 
things get missed.

Q: What types of technology would 
improve functionality and be 

most beneficial to physician users?

MAIONA: I’m a fan of mobility. I think mo-
bility affords convenience, and any function 
that makes access to data to a physician 
more convenient, where a physician selects 
a mobile platform over a desktop, that’s 
beneficial and I think drives adoption. Of 
course, there’s always going to be the need 
to cover the basics—access to the EHR data, 
your ability to share data with colleagues, 
the ability to push data back from a mobile 
device into the host EHR. The next step 
though is where it really gets interesting. 
How do you manipulate that data? Con-
sider a system of engagement that has an 
optimized user interface for that specific 
user with selective alerts for specific data 
thresholds, so you’re not constantly checking 
back to find your data; the data is coming 
out to find you. But you want to avoid that 
issue of alarm fatigue. Integrating data into 
FHIR [Fast Healthcare Interoperability 
Resources] apps on mobile has a number 
of really interesting ways of manipulating 
data. A lot of times physicians will leave an 
application to use a calculator to maybe 
assess cardiac risk. And then you have to 
take all your data with you and plug it into 
that calculator. Why not bring that right into 
your EHR and right into your mobile phone 
and have that access in front of you? Why 
not provide video integration to bring back 
true provider-to-provider communication. 
One of the things that has happened over the 
years is we’ve lost the ability to speak with 
each other. When I trained some time ago, 
if I needed to speak with a consultant, the 
consultant was in the building. You would 
see them in the cafeteria in the morning or, 
perhaps, in the lounge in the afternoon. You 
could ask questions. If you knew they’re in 

the building, maybe it was just a short walk 
down the hallway to find somebody and get 
an opinion or get some immediate help. As 
medicine has changed, we’ve become a little 
more siloed and it’s been more and more 
difficult to contact folks. Now we have an 
opportunity with secure communication 
and you add video as another layer to be 
able to communicate face to face, maybe 
even bring in other benefits such as I-Pass, 
which is a gold standard for sign in. And 
let’s not forget, for physicians, one of the 
things that they’re struggling with in this 
time of burnout is that loss of community 
and having the ability to establish and 
maintain relationships through face-to-face 
communication. 

Q: Why has healthcare been wary 
of adopting technology that’s 

become commonplace in other 
industries?

MAIONA: I think the prime driver here is 
the ramifications of error. I’ll give you an 
example. If I log in to schedule a business 
trip, and perhaps I miss-key the destination 
or something simpler, like the time of the 
flight or even if the system makes an error, 
I have recourse 24 hours later, right? I can 
still amend the trip. I can reach out to the 
airline and say, hey, you’ve got me down for 
something incorrect, you need to fix this. 
A little irritation, but everything is fine. A 
banking app, perhaps it messes up a $50 
deposit. I know that with a little agitation in 
dealing with the bank, in 24 to 48 hours, I’m 
going to get a new $50 put in my account. 
Now contrast that with medicine, where 
there isn’t an ability for recourse, there isn’t 
the option for a do-over, if you will. We 
have to build in the checks and balances 
to try and prevent the error before it even 
happens. If we were placing a medication 
order, maybe for a narcotic, adding a zero 
or two accidentally in the mid-dosage could 
be catastrophic without something in place 
to catch it. All of this has to be built into that 
system. So, it’s much more complex and as 
a result, the pace is a little bit slower, but 
complex processes and higher stakes mean 
we don’t get to move at the pace of society.

Q: How will technology make 
physicians lives easier in  

the future?

MAIONA: For me, it’s when we transition 
from EHR 1.0. Yes, we have a system, it’s 
in place, but now we move on to EHR 2.0, 
where we have the ability to finally address 
the needs of the end-user. At a minimum, 
there will be access to data whenever and 
wherever it’s needed. There will be prog-
ress on interoperability, and collaboration 
between purveyors of data would go a long 
way in achieving this end goal. There’s also 
opportunities here for improved efficiency. 
For example, we still struggle in medicine 
with hospital-acquired infections. Cathe-
ters get overlooked, maybe between shifts. 
Providers coming on and off shift leave 
something in a little too long and that in-
creases that patient’s risk of developing an 
infection. How about an alert that comes 
out of the system? Just so when on that busy 
day, it’s like, “Hey, Chris, I want to take a 
look at that catheter.” Another goal is to 
take on more of the administrative tasks 
that are burying us, as physicians. These 
are some things that technology can start at 
least giving the physician a head start. And 
the challenge is that the body of medical 
knowledge is growing exponentially larger. 
Some reports I’ve read show that it’s growing 
faster than our ability as humans to process 
it. And we need some assistance there with 
bringing in the appropriate data for a specific 
patient and helping us as clinicians become 
a little sharper. Is it doing the work? No. 
But again, as patient volumes and patient 
acuity, as they increase, a little nudge here 
and there may just be the thing that puts 
you on the right track or something you 
wouldn’t notice until maybe even a couple 
hours later, it gets you moving, and perhaps 
saves a life.

I call it clinical-decision support, and it’s 
kind of a nebulous term, depending on who 
you speak to. But the point is that the EHR 
is a tool and who doesn’t want a tool that 
makes caring for patients not only easier, 
but safer?
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Disorders of Sex Development and 
Malignant Germ Cell Tumors

A woman, aged 44 years, 
presented at the general on-
cology outpatient clinic with 
bloating, abdominal pain, and 

signifi cant unintended weight loss. Her past 
medical history included a bilateral inguinal 
hernia surgical repair at age 6, and primary 
amenorrhea since age 15. The patient never 
underwent additional studies to identify the 
cause of the primary amenorrhea. She re-
sided in a community of low socioeconomic 
status and completed middle school edu-
cation. On physical examination, she was 
phenotypically female, with Tanner stage III-
IV breast development and female genitalia 
with Tanner stage II pubic hair development. 
A palpable ~10-cm abdominal mass was 
also found. Complete blood cell count and 
biochemistry profi les were requested and 
reported mild normocytic normochromic 
anemia, without other relevant fi ndings. A 
CT scan revealed a 10 x 9 cm retroperitoneal 
tumor, with involvement of the aorta and 
inferior vena cava; a 16 x 16 cm pelvic tumor 
in close contact with the common, external, 
and internal iliac vessels; and absence of 
uterus and ovaries. There was no evidence 
of metastatic disease outside the abdomen 
(Figure 1A/B).

Tumor markers were requested and 
revealed lactate dehydrogenase (LDH) 712 
(normal range [NR], 140-271 U/L) , alpha 
fetoprotein (AFP) 9.8 (NR, 0-9.0) ng/mL, and 
beta subunit of human chorionic gonado-
trophin (hCG) 158 (NR, 0.5-2.9 mIU/mL). 
Hormonal profi le was requested as well, and 

With these fi ndings, what would the diagnosis be?

A. Malignant ovarian GCT

B. Good-risk seminoma in a patient 
with a complete androgen insensitivity 
syndrome

C. Gonadal dysgenesis with a good-
risk nongerminomatous tumor 

D. Sex chromosome disorder of sex 
development

TURN TO PAGE 422 for the answer and a discussion of this case by experts.
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 Figure 1. Retroperitoneal (A) and pelvic tumor (B) on CT scan at diagnosis.
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revealed follicle stimulating hormone 43.2 
(NR for postmenopausal women 16.7-
113.5 mUI/mL), luteinizing hormone 44.4 
(NR for postmenopausal women 10.8-58.6 
mUI/mL), testosterone 2.17 (NR, 0.1-0.75 
ng/mL), and dehydroepiandrosterone 
sulfate 191 (NR, 35-430 mcg/dL). An 
ultrasound-guided core needle biopsy of 
the pelvic tumor was obtained and histo-
pathological analysis reported a semino-
matous germ cell tumor (GCT) (Figure 2). 
A G-banding karyotype was performed 
and reported as 46,XY (Figure 3). 

Introduction
Disorders of sex development (DSDs) are 
congenital conditions in which develop-
ment of the chromosomal, gonadal, or an-
atomic sex is atypical. DSDs may affect ap-
proximately up to 1 in 4500 individuals.1

DSDs include a wide spectrum of presen-
tations including normally virilized males 
or undervirilized males, patients with am-
biguous genitalia, and normal phenotyp-
ic females.2 There are 3 main groups of 
DSDs based on karyotype: 46,XY DSD, 
46,XX DSD, and sex chromosome DSD, 
according to the classification and new 
nomenclatures proposed by the Chicago 

consensus (Table 1).3 Each main group 
further contains genetic diseases, hormon-
al disorders, and/or syndromic forms.

GCTs are relatively rare in the gen-
eral population, with an estimated in-
cidence of testicular cancer in 5.9 per 
100,000 men per year4 and of ovarian 
GCTs in 1.9 to 9.8 per 1 million women 
per year.5 However, children and adults 
with a DSD have increased risk for a go-
nadal GCT, especially gonadoblastoma 
and germ cell neoplasia in situ.6 Go-
nadoblastoma is a benign neoplasm that 
exclusively occurs in dysgenetic gonads 
of children and young adults. Trans-
formation of gonadoblastoma to ma-
lignant GCTs is reported in up to 60% 
of patients with DSDs. Most case series 
have small numbers of patients and de-
scribe pure seminoma as the predomi-
nant malignant histology.7,8 The precur-
sor lesion of seminoma frequently is a  
carcinoma in situ (also called germ cell 
neoplasia in situ), which is characterized 
by positivity of OCT3/4, placenta-like 
alkaline phosphatase, and cKIT. Most 
testicular GCTs that are derived from 
germ cell neoplasia in situ also possess 
the isochromosome 12p.9

Cryptorchidism is defined as the ab-
sence of 1 or both testes from the scrotum. 
It is the most common congenital genito-
urinary abnormality occurring in male pa-
tients and occurs unilaterally in about 6% 
of all newborn male infants. Nevertheless, 
in ~80% of cases, cryptorchid testes with 
abdominal (retroperitoneal) positions de-
scend through the inguinal canal into the 
scrotum during the first year after birth.10 
Undescended testis is a well-known risk 
factor for testicular cancer both in pa-
tients with and without DSDs. An ectopic 
position of the dysgenetic testis adds to 
this risk. 

To estimate the prevalence of GCTs in 
patients with DSDs, patients are divided 
into 3 major groups based on the un-
derlying pathophysiological mechanism 
in each: hypervirilization syndromes,  
gonadal dysgenesis, and undervirilization 
syndromes.

CORRECT ANSWER: B. Good-risk seminoma in a patient 
with a complete androgen insensitivity syndrome
Continued from page 421

422 O N C O L O G Y ® O C T O b E R  2 0 2 0

TABLE 1. Disorders of Sex Development (DSDs): Chicago 
Classification

Sex chromosome DSD 46,XY DSD 46,XX DSD

• 45,X (Turner syndrome 
and variants) 

• 47,XXY (Klinefelter syn-
drome and variants) 

• 45,X/46,XY (mixed 
gonadaldysgenesis, 
ovotesticular DSD) 

• 46,XX/46,XY (chimeric, 
ovotesticular DSD)

Disorders of gonadal (testicu-
lar) development 

• Complete gonadal dys-
genesis (Swyer syndrome) 

• Partial gonadal dysgen-
esis Gonadal regression 
Ovotesticular DSD

Disorders in androgen syn-
thesis or action 

• Androgen biosynthesis 
defect (17-hydroxys-
teroid dehydrogenase 
deficiency, 5α-reductase 
deficiency) 

• Defect in androgen action 
(CAIS, PAIS) 

• LH receptor defects  
(Leydig cell hypoplasia) 

• Disorders of AMH and 
AMH receptor (persistent 
Müllerian duct syndrome)

Other (severe hypospadias, 
cloacalextrophy)

Disorders of gonadal 
(ovarian) development 

• Ovotesticular DSD 

• Testicular DSD 
(SRY+, dup SOX9) 

• Gonadal dysgenesis

Androgen excess 
• Fetal (21- or 11- 
hydroxylase deficien-
cy) 

• Fetoplacental (aro-
matase deficiency, 
POR) 

• Maternal (luteoma, 
exogenous)

Other (cloacalextrophy, 
MURCS)

AMH, anti-Müllerian hormone; CAIS, complete androgen insensitivity syndrome; LH, luteinizing 
hormone; MURCS, Müllerian duct aplasia, renal aplasia, and cervicothoracic somite dysplasia; PAIS, 
partial androgen insensitivity syndrome; POR, cytochrome P450 oxidoreductase.
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Hypervirilization syndromes in-
clude 46,XX individuals who have been  
exposed to androgens of both endogenous 
and exogenous origin. These patients are 
not at risk for the development of GCTs.11 
Gonadal dysgenesis (GD) is defined as an 
incomplete or defective formation of the 
gonads, which confers the risk of GCT  
development. In contrast to those of pa-
tients with undervirilization syndromes, 
GCTs in patients with GD are frequently 
found at a very young age or may even be 
present at birth.12,13 

Undervirilization syndromes are caused 
by defects in androgen biosynthesis or in 
androgen action on androgen-dependent 
target tissues, resulting in an ambiguous 
or female phenotype in a patient with a 
46,XY karyotype. 

Androgen insensitivity syndrome (AIS) 
is an undervirilization syndrome caused 
by defects in androgen action on andro-
gen-dependent target tissues. AIS is sub-
classified into 3 clinical entities14: complete 
AIS (CAIS), partial AIS (PAIS), and mild 
AIS (MAIS). 

Patients with CAIS present usually as 
females; they can be diagnosed as infants, 
adolescents, and young adults. Common-

ly, patients with CAIS present as females 
with primary amenorrhea shortly after 
puberty, or with an incidental finding of 
undescended testes during inguinal her-
nia repair before puberty. The physical 
examination usually reveals a female 
phenotype, which is a mismatch from the 
results of karyotyping (46,XY). Gyneco-
logical examination usually reveals a false 
blind-ending vagina with no uterus or ova-
ries. Undescended testes are usually found 
in the abdomen (retroperitoneal) or in the 
pelvis (inguinal canal). 

Patients with PAIS have varied phe-
notypes due to varying levels of residual 
androgen receptor function. Different 
clinical forms of PAIS range from severe 
undermasculinization with female gen-
italia to gynecomastia or infertility in a 
patient with male genitalia. The physical 
examination of the external genitalia may 
reveal hypospadias, bifid scrotum, and mi-
cropenis.

Patients with MAIS usually have nor-
mal male phenotype and isolated micrope-
nis. Later in adulthood, MAIS may be as-
sociated with gynecomastia and infertility.

AIS is associated with the greatest risk 
of development of GCTs, particularly 

PAIS with a reported prevalence of 15%. 
The GCT risk is markedly increased after 
puberty and reaches 33% by age 50 years.6 
The principal difference in the risk level be-
tween PAIS and CAIS is explained by the 
rapid and total loss of germ cells in CAIS, 
starting at age 1 year, whereas in PAIS, pa-
tients maintain their germ cell population 
at about two-thirds of the normal number 
at puberty.15,16 The estimated GCT preva-
lence in patients with DSDs and different 
types of precursor lesions are summarized 
in Table 2. Other causes of underviriliza-
tion, such as 17β-hydroxysteroid dehy-
drogenase deficiency, 5α-reductase defi-
ciency, and Leydig cell hypoplasia, do not 
appear to confer significant risk but the 
patient populations of studies have been 
too small to draw definitive conclusions. 

Diagnosis
Option B (good-risk seminoma in a pa-
tient with CAIS): Our patient presented 
as an adult female whose history included 
inguinal hernia surgical repair before pu-
berty and primary amenorrhea that had 
not been investigated since puberty. The 
patient suffered from bloating, abdominal 
pain, and significant unintended weight 

423O N C O L O G Y ®C A N C E R N E T W O R K . C O M

 Figure 2. Initial core needle biopsy of the pelvic tumor: (A) Seminomatous germ cell tumor (hematoxylin and eosin, 400x 
magnification), and (B) nuclear expression for OCT3/4 (400x).
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loss as well as a palpable abdominal mass 
on physical examination. The patient’s fe-
male phenotype mismatched the results of 
karyotyping (46,XY). CT scan revealed a 
10 x 9 cm retroperitoneal tumor and a 16 
x 16 cm pelvic tumor (undescended testes), 
in addition to absent uterus and ovaries. In 
our case, the clinical picture in addition to 
karyotyping results (46,XY), CT findings, 
the elevated testosterone, the elevated tu-
mor markers (LDH, AFP, hCG), as well as 
the histopathological analysis of the pelvic 
tumor biopsy altogether confirm a germi-
nomatous GCT (seminoma) in a patient 
with a CAIS. Therefore, option B is the 
correct answer.

Differential Diagnosis
Option A (malignant ovarian GCT): The 
diagnostic approach of a malignant GCT 
in patients with a DSD includes laboratory 
and imaging, similar to patients without a 

DSD. In our patient, the CT scan reported 
absence of female internal genitalia (uterus 
and ovaries). Therefore, option A is not a 
correct answer.

Option C (gonadal dysgenesis with a 
good-risk nongerminomatous tumor): 
The patient did not have complete infor-
mation on the hernia repair surgery she 
underwent at age 6, so the pelvic tumor 
could correspond either to an ectopic go-
nad or a markedly enlarged iliac lymph-
adenopathy. Useful serum tumor markers 
for diagnosis and classification of GCTs 
include LDH, AFP, and hCG. Most semi-
nomatous and germinomatous tumors do 
not produce tumor markers, but modest 
elevations of hCG can occur in a small 
proportion of cases due to the presence of 
syncytiotrophoblastic giant cells.17 An ele-
vation of AFP is always compatible with a 
nonseminomatous GCT component, even 
if this component cannot be identified his-

tologically.18 Pathology and tumor mark-
ers were not compatible with a nongermi-
nomatous GCT in our patient. Therefore, 
option C is not a correct answer.

Option D (sex chromosome DSD): 
Sex chromosome DSDs are conditions in 
which there is atypical arrangement of the 
sex chromosomes: eg, Turner syndrome 
(also known as 45,X DSD) and Klinefelter 
syndrome (also known as 47,XXY DSD). 
About 3% to 39% of patients with Turner 
Syndrome and a 45,X karyotype may har-
bor Y chromosomal material. The results 
of a full genotype evaluation determine 
the risk of malignancy and the need for 
prophylactic gonadectomy. Patients with 
Klinefelter syndrome typically have tes-
ticular atrophy, but the results of several 
studies have indicated that they are not at 
a higher risk for testicular GCT. However, 
men with Klinefelter syndrome may be at 
substantially elevated risk for non-Hod-
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 Figure 3. 46,XY karyotype 
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gkin lymphoma, breast cancer, and lung 
cancer, although the exact mechanisms 
remain unclear.6 Our patient has a normal 
karyotype, 46,XY. Therefore, option D is 
not a correct answer. 

Management
Oncologic treatment in patients with 
DSDs and malignant GCTs does not dif-
fer from what is established by the inter-
national guidelines for treating any other 
malignant GCTs, but it has been associ-
ated with worse outcomes mainly due 
to frequently delayed diagnoses in these 
patients.19 The appropriate management 
of DSDs recommends gonadectomy 
in all patients at a higher risk of GCTs  
(patients with Y-chromosomal material 
and/or intraabdominal gonads) at the time 
of diagnosis due to the significant risk of 
malignancy. Patients with CAIS are classi-
fied as a lower-risk group, with later onset 
of tumors, so they may have gonadectomy 
deferred until puberty to allow beneficial 
effects of hormonal secretion to occur. 

Managing patients who have DSDs is 
enormously challenging. A multidisci-
plinary team—including not only cancer 
care physicians, but also endocrinology, 
genetics, and mental health profession-
als—is very important to achieve the best 
possible outcomes for this population. 
For our patient, early involvement of a 
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 Figure 4. Tumor response. Partial response (34% reduction in size) on PET/CT, after 3 cycles of bleomycin, etoposide and cisplatin. The 
retroperitoneal tumor (A) presented a maximum standardized uptake value (SUVmax) of 3.5, and the pelvic tumor (B) a SUVmax of 3.7.

 Figure 5. Postchemotherapy bilateral orchiectomy. The pelvic tumor (A) corresponded 
to the right prepuberal testis with xanthogranulomatous necrosis, consistent with a complete 
pathological response (B). The left gonad (C) corresponded to an atrophic prepuberal 
testis (D). 
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geneticist and endocrinologist allowed 
the diagnosis of CAIS, as well as a semi-
nomatous/germinomatous GCT; the cor-
rect diagnosis (option B) was made before 
establishing an oncologic management 
plan. Importantly, many patients (espe-
cially those with a 46,XY DSD) present 
an ethical dilemma, because there can be a 
the con� ict between the fundamental right 
of any patient for physical integrity and 
self-determination and the medical bene� t 
of gonadectomy. Currently, no straightfor-
ward recommendations exist for this eth-
ical dilemma; therefore, the management 
of such cases must always be agreed upon 
by the members of an ethics committee.20

Primary care physicians should be 
aware of DSDs as a possibility in the diag-
nostic approach of several complaints in 
the pediatric and adolescent population. 
In our patient, 2 particular events should 
have prompted an early referral to more 
specialized care: the surgical repair of a 
bilateral inguinal hernia at age 6, which 
perhaps could have been a manifestation 
of undescended gonads; and the diagnosis 
of primary amenorrhea at age 15. A timely 
evaluation and chromosomal analysis by 
a geneticist and an endocrinologist could 
have resulted in the determination of a 
DSD much earlier in the patient’s life, and 
an early gonadectomy could have prevent-
ed the development of a malignant tumor. 
However, sociocultural barriers, such as 
a low education level or lack of access to 
high-quality health care, may contribute 
to a delay in a DSD diagnosis, as was the 
case for this patient. The importance of 
early DSD diagnosis cannot be overstated.

Prognosis
The patient received 3 cycles of combi-
nation chemotherapy with bleomycin, 
etoposide and cisplatin. Tumor markers 
normalized and a PET/CT scan showed 
partial response (–34% reduction in size) 
by RECIST criteria (Figure 4A/B). The 
patient underwent a laparotomy for resec-
tion of the pelvic tumor and retroperito-
neal lymphadenectomy. The pelvic tumor 
corresponded to a prepuberal necrotic 
testis (Figure 5A/B). While the retroper-
itoneal tumor could not be completely 
resected, pathology results showed xan-
thogranulomatous necrosis and no evi-
dence of malignant cells in either the pelvic 
tumor or the partially resected retroperi-
toneal tumor, consistent with a complete 
pathological response. The contralateral 
gonad was also resected, corresponding to 
atrophic prepuberal testis (Figure 5C/D). 
The patient received external beam radio-
therapy (36 Gy) to the remaining retroper-
itoneal lesion, with further reduction in the 
size of the lesion. The patient is alive and 
well, without clinical evidence of disease, 8 
months after the surgery. Since the patient 
had a residual mass after completion of 
radiotherapy, in her � rst year of follow-up 
she has undergone tumor marker testing 
and CT imaging every 2 months, without 
any evidence of recurrence.�
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Key Points

• Patients with disorders of sex 
development (DSDs) are at 
an increased risk of malignant 
germ cell tumors (GCTs). 

• In adulthood, the partial 
form of androgen insensitivity 
syndrome confers the greatest 
risk of developing malignant 
GCTs. 

• Gonadoblastoma is the most 
common gonadal GCT arising 
in patients with DSDs. Despite 
being a benign neoplasm, 
it can undergo malignant 
transformation in up to 60% of 
patients with a DSD. 

• Oncologic treatment in 
patients with disorders of sex 
development and malignant 
GCTs does not differ from the 
standard treatment for 
testicular GCTs. 

• Treatment of patients 
with DSDs requires a 
multidisciplinary team, including 
a psychiatric, genetic, and 
reproductive assessment as well 
as the involvement of an 
ethics committee. 

• An early diagnosis of 
DSDs is crucial to avoid the 
development of potentially 
serious complications 
in adulthood.
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INTERVIEW

The development of therapeutic 
agents like immune checkpoint 
inhibitors (ICIs) has led to dra-
matically improved outcomes 
for patients with cancer. The 
approval of the � rst ICI, ipili-
mumab (Yervoy), in 20111 for 
metastatic melanoma signaled the 
beginning of a new era of cancer 
therapeutics, with immuno-on-
cology soon � nding itself on par 
with the traditional 3 pillars of 
treatment: surgery, radiotherapy, 
and chemotherapy. 

ONCOLOGY® recently spoke 
with Mario Sznol, MD, professor 
of medicine (medical oncology) at 
Yale School of Medicine and Yale 
Cancer Center, about the rapidly 
expanding use of immunothera-
pies, the future of immuno-on-
cology, and the management of 
immune-related toxicities.

Q: Could you talk about 
the progress we’ve 

seen with immunotherapy 
over the last 10 years, and 
some of the developments 
that you’re anticipating in the 
near future?

SZNOL: A great many of the ad-
vances we’ve made were real-
ly related to anti–PD-1. Even 
though anti–CTLA-4 was an 
active agent of melanoma, the 
big advance really was the use of 
anti–PD-1 in multiple different 
diseases, then anti–PD-1 and 
anti–CTLA-4 combinations in 
a number of diseases, and then 

taking anti–PD-1 into the adju-
vant and neoadjuvant settings. 
So those were really the primary 
advances. And what’s happened 
over time is basically expanding 
the indications for anti–PD-1 
now to almost every tumor type. 
So, the surprises have been, for 
example, [the use of] anti–PD-1 
and chemotherapy in lung cancer, 
which clearly improves outcome 
compared with chemotherapy 
and even with anti–PD-1 [alone], 
if you extrapolate the data. The 
other combinations which are 
not as surprising, but also very 
interesting, are combinations 
of anti–PD-1 with VEGF re-
ceptor inhibitors. So now we’ve 
seen a combination of lapatinib 
(Tykerb) and pembrolizumab 
(Keytruda), and in endometrial 
cancer, the VEGF receptor in-
hibitors are being combined with 
anti–PD-1. And pembrolizumab 
plus axitinib (Inlyta) is now 
standard of care for renal cancer. 
And the other disease where 
we’ve seen major contribution 
of the VEGF pathway inhibitors 
is hepatocellular carcinoma, 
where atezolizumab (Tecentriq) 
and bevacizumab (Lynparza), 
are frontline standard of care. 
So, these sort of VEGF pathway 
combinations together with anti–
PD-1 are really having a major 
impact. And we’re waiting for 
additional studies to come down. 
The CTLA-4 combinations we’ve 
talked about, they’re active across 
a number of different diseases. 

Then the next question is, will 
any other combinations sort of 
rise to the top? So many clinical 
trials are out there. There are 
hints [from] some of them: For 
example, there was an interesting 
randomized phase 2 study with 
atezolizumab and an anti-TIG-
IT antibody in lung cancer, 
but it’s a randomized phase 2 
trial. Interpreting those data is 
a little bit dif� cult. Most of the 
effect was really in PD-L1–high 
combinations. So, we’ll have to 
wait for the phase 3 trials to see 
if that turns out to be promising 
or not. For most of the other 
combinations, you see hints of 
activity—for example, when you 
look at patients with resistant/
refractory disease who then get 
this new agent together with 
anti–PD-1, you see some patients 
are responding—but the question 
is, are any of those signals going 
to be high enough to move these 
into positive phase 3 trials? I don’t 
know; I think what we’re lack-
ing now is just the biomarkers. 
It’s really possible that all these 
combinations are working but 
they’re working in small num-
bers of patients. Without having 
the biomarkers to identify those 
patients, we’re running phase 2 
trials with lower response rates. 
If we run unselected trials, trials 
and unselected patients in phase 
3, those signals may be too small 
to detect.

So, the � eld is in a transition; 
an enormous number of promis-
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Yale Cancer Center.

The Expanding Role of 
Immunotherapy
“An enormous number of promising new agents”

Mario Sznol, MD

MEET OUR EXPERT

IMMUNOTHERAPY

427O N C O L O G Y ®C A N C E R N E T W O R K . C O M

ONC1020_427-429_Cover Q&A_Immunotherapy.indd   427ONC1020_427-429_Cover Q&A_Immunotherapy.indd   427 10/9/20   10:34 AM10/9/20   10:34 AM



ing new agents are coming out. 
For example, CD-3 engagers, 
which are having activity in 
hematologic malignancies, are 
starting to show a little bit of 
activity in solid tumors. The cell 
therapies, like tumor-infiltrating 
lymphocyte (TIL) therapies, are 
very interesting.

Q: What are you working 
on right now that 

you’re most optimistic 
about?

SZNOL: A number of different 
strategies are out there, not all 
of which we’re working on. But, 
for example, we think that an 
agonist anti–CD-40 antibody 
is going to be useful in some 
subset of patients. So, we’ve 
been involved in a multicenter 
trial in which anti–CD-40 has 
been combined with anti–PD-1, 
and we’ve seen a few patients 
who have had very interesting 
responses. Again, anti–CD-40 
is among those agents that we 
know is going to be important, 
but the question is, in how many 
patients?
We’re becoming more and 
more interested in trying to 
start clinical trials with things 
that modulate monocytes and 
macrophages and change your 
phenotype within the tumor 
and microenvironment. So, 
my colleagues have looked at, 
for example, anti–CD-40 com-
bined with a CSF-1 receptor 
antagonist. Whether that’s going 
to be the right answer or not, 
we don’t know. We’re about 
to start a trial of anti–CD-40 
together with anti–PD-1 and 
anti–CTLA-4 in the frontline 
setting, and we’re very excited 
about that. The cell therapies, 
unquestionably TIL therapies, 
have shown activity in a subset 
of patients who are resistant/re-
fractory. So, we’ve been working 
with biotech companies that are 

developing those therapies and 
doing those clinical trials and 
have seen responses in resistant/
refractory patients. We think 
that’s going to be an important 
piece of this going forward. 
We’ve been interested in the 
cytokines, and we’re trying 
to understand how combined 
cytokines work together ratio-
nally with ICIs. We’ve worked 
with the NEKTAR-214 drug, 
and we’re actually looking to 
work with an interleukin (IL)-
12 construct in the future. We’re 
very interested in the whole 
concept of co-stimulation in 
the tumor microenvironment, 
and we’re aware of an agent 
that provides basically CD-28 
co-stimulation that’s linked to 
PD-L1 expression in the tumor 
microenvironment—almost 
a PD-L1–dependent CD-28 
activation. So, we are looking 
at a bunch of different concepts. 
But we are only looking at a 
small fraction of the big world 
of things that can be done. I 
don’t know that we have any 
better information, or intuition, 
about what’s going to end up 
working in these resistant/re-
fractory patients than anybody 
else does. Again, it’s because 
when you look at the tumor 
microenvironment, it’s so diffi-
cult to identify in most patients 
exactly what’s missing. In some 
cases, it’s easy. If there are no 
T cells there, and there’s no 
priming, then you either have to 
vaccinate or you have to figure 
out what’s causing the exclusion 
of T cells from the tumor mi-
croenvironment. If you already 
have T cells there, and you have 
some idea that they’re tumor 
antigen–specific, and they’re not 
responding to anti–PD-1 alone, 
then the question is, what else 
do you need to add in order to 
get those things to work? Then 
there’s going to be a group of 

patients for which the tumors 
lose β2 microglobulin. They 
lose major histocompatibility 
complex class 1 expression 
that can be recognized by CDA 
T cells. And for those patients, 
you have to do something that 
either that activates E4 cells or 
activates innate immunity in 
order to get antitumor effects.

Q: What led to your 
interest and research 

in immunotherapy?

SZNOL: I did my oncology fellow-
ship at Mount Sinai [Hospital 
in New York], and Mount Sinai 
was one of the few institutions 
back in 1985 that was studying 
IL-2. At the time, James Collins, 
MD, was actually doing a trial 
of continuous infusion IL-2 in 
patients with cancer, and that 
was my very first exposure to 
immune therapies. The science 
was really fascinating. So, when 
I was looking for jobs after my 
fellowship, there was a job at the 
National Cancer Institute (NCI) 
as a drug monitor to oversee 
the development of biological 
agents, particularly IL-2. I took 
that job and stayed at the NCI 
for 12 years managing the devel-
opment of the immunotherapy 
portfolios. We got to see IL-2 
and all the different cytokines 
that were developed, peptide 
vaccines, all the other vaccines 
and cell therapies. I got a huge 
amount of exposure to a lot 
of these immunotherapeutic 
agents. But you know, when I 
left in 1999, I don’t think the 
picture was nearly as bright. I 
think at that point, anti–CTLA-
4 hadn’t been discovered and 
had not yet entered the clinic, 
and the cell therapies like TIL 
were just starting to show a 
little bit of promise. But things 
didn’t look quite as bright and 
I went to industry for a little 
while to do something a little 

bit different. But after that, 
anti–CTLA-4 was developed, 
and subsequently anti–PD-1, 
and those are the drugs that 
really made a huge difference. 

So, when I came back from 
a biotech company into aca-
demics, I still had an interest in 
immunotherapy. I saw that these 
agents had substantial promise 
and sort of made studying those 
immunotherapeutic agents the 
focus of our melanoma pro-
gram. But even the company 
that I joined after the NCI 
was involved in a biological 
agent; we were using modified 
salmonella as a way to try 
and target tumors. There was 
a very interesting finding that 
the salmonella could replicate 
preferentially within the tumor 
microenvironment, and we were 
the scientists in the company 
who were actually trying to 
modify the bacteria to deliver 
cytokines and chemokines. But 
it turned out, at least for the 
bacteria that we were using, 
that they didn’t colonize in 
human tumors the same way 
that they did in mouse tumors. 
There were limitations that we 
could not figure out at the time. 
That’s what brought me back  
to academics.

Q: You’re cochair of the 
upcoming 5th Annual 

International Congress 
on Immunotherapies in 
Cancer. What’s the focus of 
that meeting and why is it 
so important?

SZNOL: Well, I think for practicing 
oncologists, it’s really hard to 
keep up with all of the clinical 
applications of the ICIs. They’re 
now being used to treat almost 
every disease type, and there are 
2 aspects to these clinical appli-
cations. First, how does it fit it 
into the paradigm of treatment 
for that specific disease? And 
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second, how [do you] manage 
or think about managing the 
adverse events (AEs) that are 
associated with these agents? 
Although these agents have been 
out there for a while, I think 
people still have a relative level 
of discomfort with managing all 
of the AEs. So, this meeting will 
be very clinically focused on the 
management of AEs, with a little 
bit about the science behind 
the ICIs. In this case, mostly, 
we’re going to focus a little bit 
more on biomarkers such as 
mismatch repair and tumor 
mutation burden (TMB), and 
also on recent advances in the 
use of these agents by disease 
and disease types.

[We’ll have] major experts in 
those diseases, and investigators 
who really understand the use 
of immunotherapy in those 
diseases, to provide practitioners 
with state-of-the art use of ap-
plication of those agents. 

Q: With immunotherapy 
making its way into 

almost every disease type, 
as you mentioned, how 
important is it for practicing 
oncologists to understand 
how to manage those AEs?

SZNOL: Well, regardless of wheth-
er you use anti–PD-1 or anti–
CTLA-4 and anti–PD-1, you’re 
going to see some rate of im-
mune-related AEs (irAEs)—and 
there’s a whole spectrum of AEs. 
We try to give people a brief 
summary of what those events 
are and how to manage them, 
and then often spend time going 
through patient cases, because 
the best way to learn how to 
manage these irAEs is to really 
go through these cases and just 
highlight them. You can’t go 
through every toxicity, but if 
you go through 3 or 4 of the 
major AEs and how you manage 
individual cases, we can really 

help people. 
I’m still amazed, given that 

these drugs have been out there 
for 6 or 7 years, that there’s still 
some uncertainty about how to 
treat these patients in the clinic. 
We see all sorts of things that 
maybe don’t make a lot of sense. 
For example, for patients who 
have had severe irAEs and are 
on steroids, as they’re tapering 
the steroids, they restart the 
ICIs. In fact, that doesn’t make 
a lot of sense. You really want 
to complete the steroid course 
and make sure that the irAEs 
are gone before you give people 
additional treatment, right? 
So, sometimes we find that 
people undertreat with steroids. 
They give doses of steroids 
that are too low, or they delay 
the diagnosis and initiation 
of steroid treatment, which 
can cause sometimes can lead  
to morbidity. 

And then there are AEs. For 
instance, some patients develop 
a sort of colitis that just does 
not respond to the initial course 
of steroids, and for some of 
them, you have to give them 
an anti–tumor necrosis factor 
(TNF) or, in some cases, even a 
third-line agent. And [clinicians] 
who give these agents but don’t 
[have that much experience with 
them] may be OK with giving 
the initial course of steroids, but 
if the patient doesn’t respond 
to steroids, they may not be as 
comfortable giving the anti-TNF 
infliximab (Remicade) or, in 
some cases, giving the third-
line vedolizumab (Entyvio) to 
reverse the AE. So, we try to go 
through some of those more 
complicated cases so that people 
get a feel for it.

It’s one of those things where 
I can tell you that even today, 
as much experience as we have 
and as much experience as other 
centers have, there are patients 

who develop autoimmune AEs 
where we actually email each 
other—we send emails out to 5 
or 6 or 7 different people—and 
say, “Hey, I’m seeing this. How 
would you manage it yourself?” 
So even at very experienced 
centers, you still have to get 
sort of this group experience in 
order to learn how to manage 
the more unusual AEs. That 
being said, we also want to give 
people confidence in managing 
these drugs, because the overall 
benefit-to-risk ratio is very fa-
vorable for these agents. 

Q: Is managing these 
AEs something that 

can easily be done in the 
community?

SZNOL: The most common AE is 
a rash, and most of those rashes 
are easily managed. Colitis 
is probably the second most 
common AE. 

With colitis, you can imagine 
the patient would [be inclined to 
say,] “I don’t want to deal with 
this.” But it’s actually very easy 
to reverse in most people. And 
now the fellows who are being 
trained are used to seeing all 
these [AEs], and it’s becoming 
second nature to them. But if 
you received your training in the 
1980s, or the 1990s, and these 
agents really started to become 
approved around 2013 or 2014, 
you’re dealing with a set of AEs 
that you’re not used to seeing. 
It’s not that the private-practice 
doctors or community oncol-
ogists can’t do this. They can. 
They manage things that are 
worse: If somebody is neutrope-
nic, [for instance,] that can be a 
much worse AE than the colitis. 
It’s just a matter of developing 
the reflexes for what to do. 

The pace at which these drugs 
have been approved for differ-
ent indications is incredible. In 
2013, 2014 maybe, there was an 

FDA approval for lung cancer or 
for melanoma or maybe renal 
cancer. But now, it’s in every dis-
ease type: There are approvals 
in triple-negative breast cancer 
and microsatellite instability 
(MSI) high colon cancer, and it’s 
not even as simple as the disease 
type. For example, [certain] 
drugs are now approved for 
anybody who has MSI-high 
cancers. It could be one of a 
number of different cancers 
that has MSI, or it could be 
somebody who has a high TMB. 
So physicians in the community 
have to not only think about 
what line of disease and which 
disease, but also about diseases 
for which there is no indication. 
Take cholangiocarcinoma, for 
example: A subgroup of pa-
tients with cholangiocarcinoma 
might still be good candidates 
for this drug and would receive 
substantial benefit by using the 
right biomarkers for selection. 
So, then you have a question: 
How do I know which test to 
use in order to determine MSI 
high or high TMB? Where do I 
send it? These are the practical 
issues, but things are moving 
along very, very quickly. It’s just 
a very different world, and it’s 
really important for people to 
learn how to use these agents, 
and learn how to manage  
the toxicity.
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FDA Grants Breakthrough 
Therapy Designation to 
Magrolimab for MDS Treatment
The FDA has granted breakthrough ther-
apy designation to magrolimab for the 
treatment of newly diagnosed myelodys-
plastic syndrome (MDS), according to Gil-
ead Sciences, the developer of the agent.1

The designation for magrolimab was 
granted based on positive results observed 
in an ongoing phase 1b study, which is 
evaluating magrolimab in combination 
with azacitidine (Onureg) in previously 
untreated intermediate-, high-, and very 
high-risk MDS.

According to data presented at the 
2020 European Hematology Society Con-
gress, 30 (91%) of 33 evaluable patients 
treated with magrolimab plus azacytidine 
achieved an objective response, including 
42% who achieved a complete remission 
(CR).2 After 6 months or more of fol-
low-up, the observed CR rate rose to 56%.

Median time to initial response was 
1.9 months, and the median duration of 
response has not yet been reached after a 
median follow-up of 5.8 months. 

The combination of magrolimab plus 
azacitidine was found to be generally well 
tolerated. Common treatment-related ad-
verse events (TRAEs) or AEs of interest 
were anemia (44%), fatigue (18%), infu-
sion reaction (18%), neutropenia (8%), 
and thrombocytopenia (5%). No maxi-
mum tolerated dose was reached and no 
patients with MDS discontinued treat-
ment due to a TRAE.

Magrolimab is an investigational agent 
and has not been approved anywhere glob-
ally. However, the first-in-class, investiga-
tional anti-CD47 monoclonal antibody 
has been granted fast track designation by 
the FDA for the treatment of MDS, acute 
myeloid leukemia, diffuse large B-cell lym-
phoma, and follicular lymphoma.
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Efficacy of 5- and 10-Day 
Decitabine Schedules Not 
Different in Elderly Patients With 
AML
A randomized phase 2 trial of decitabine 
schedules in older patients with newly di-
agnosed acute myeloid leukemia (AML) 
found that efficacy and safety did not dif-
fer between a 5-day or 10-day decitabine 
schedule. The study results, published in 
The Lancet Haematology, also did not 
identify a subgroup that benefited prefer-
entially from either schedule of decitabine.

Eligible patients had AML and were 60 
years or older, but unsuitable for intensive 
chemotherapy (or <60 years if unsuitable 
for intensive chemotherapy with an anth-
racycline plus cytarabine). The composite 
primary end points were complete remis-
sion (CR), CR with incomplete platelet 
recovery (CRp), and CR with incomplete 
hematological recovery (CRi), achieved at 
any time and assessed by intention to treat.

Seventy-one patients were enrolled in 
the study, including 28 who received decit-
abine for 5 days and 43 for 10 days. Total 
follow-up was 38.2 months, with a me-
dian overall survival (OS) of 5.5 months 
(interquartile range, 2.1-11.7) in the 5-day 
group and 6.0 months (1.9-11.7) in the 10-
day group. One-year OS was 25% in both 
groups. Overall, the primary end point was 
achieved in comparable proportions of pa-
tients in the 2 treatment cohorts: 12 (43%) 
of 28 in the 5-day schedule group (95% CI, 
26%-60%); and 17 (40%) of 43 in the 10-
day schedule group, (95% CI, 26%-54%); 
P = .78; difference, 3%; 95% CI, –21% 
to 27%. When stratified by cytogenetics, 
de novo vs secondary or therapy-related 
AML, or TP53mut status, CR, CRp, CRi, 
and OS did not differ between groups.

The most common grade 3/4 adverse 
events (AEs) observed were neutropenic 
fever (7 patients [25%] in the 5-day group 
and 14 [33%] in the 10-day group) and in-
fection (5 [18%] and 16 [37%], respective-
ly). One patient (4%) in the 5-day group 
died from sepsis in correlation with neu-
tropenic fever, infection, and hemorrhage, 
while 6 patients (14%) in the 10-day group 
died from infection.
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Treatment-Free Remission Not 
Impaired by Low-Dose TKIs for 
Patients With CML
Long-term treatment-free remission was 
not impaired by low-dose tyrosine kinase 
inhibitor (TKI) regimens before TKI cessa-
tion in patients with chronic myeloid leu-
kemia (CML), according to a retrospective 
study published in Cancer.

Results from the study demonstrat-
ed that with a median follow-up of 61.5 
months, treatment-free remission was 
56.8% at 12 months in the full-dose TKI 
group and 80.8% in the low-dose group. 
Treatment-free remission at 60 months 
was 47.5% and 58.8%, respectively. Dose 
reduction was 50% or greater for 65.4% 
of patients in the low-dose group, with 
61.5% of patients receiving second-gener-
ation TKIs.

Investigators retrospectively analyzed 
77 patients with CML who discontinued 
their treatments with TKIs. Of that group, 
26 patients were managed with low-dose 
TKIs before stopping treatment. The loss 
of major molecular response was consid-
ered a trigger for restarting therapy.

A median time to molecular recurrence 
from TKI discontinuation of 6.2 months 
was observed for the entire cohort, and 
all patients achieved major molecular re-
sponse after resuming TKI therapy. Over-
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Companion Diagnostic
The FDA also approved the Oncomine 
Dx Target Test as a companion diagnostic  
for pralsetinib.4

Biomarker testing for RET is the only 
way to identify patients with metastatic 
NSCLC who are candidates for treat-
ment with pralsetinib. RET fusions can 
be identified via next-generation sequenc-
ing with tumor tissue or liquid biopsies. 
In the ARROW trial, RET fusions were 
detected using next-generation sequenc-

ing, fluorescence in situ hybridization, or  
other methods.

Initially approved in 2017 as the first tar-
geted next-generation sequencing-based 
companion diagnostic, the Oncomine 
Dx Target Test was granted premarket 
approval by the FDA. It becomes the first 
and only FDA-approved test of its kind for 
a targeted treatment for RET fusion–pos-
itive NSCLC.4

The Oncomine Dx Target Test is a 
qualitative in vitro diagnostic assay that 
simultaneously evaluates 23 genes that 
are known to be clinically associated with 
NSCLC. Sequence variations are detected 
via DNA and RNA extracted from forma-

lin-fixed, paraffin-embedded tumor tissue 
samples collected from patients with NS-
CLC using the Ion PGM Dx System.5

The Oncomine Dx Target Test is also 
indicated as a companion diagnostic to 
identify ROS1 fusion–positive NSCLC, 
BRAF V600E–positive NSCLC and 
EGFR L858R– and exon deletion–posi-
tive NSCLC.

FINANCIAL DISCLOSURE: The authors have no 
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with the manufacturer of any product or provider of 
any service mentioned in this article.

all, the results appear independent of both 
dose reduction and potential pretreatment 
with interferon-α.
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Phase 2 CLOVER-1 Study Shows 
Promise for Patients With 
Triple-Class Refractory Multiple 
Myeloma
Data from the phase 2 CLOVER-1 study, 
evaluating the efficacy and safety of CLR 
131, showed a clinically meaningful 40% 
overall response rate (ORR) in a subset of 
patients with refractory multiple myeloma 
deemed triple-class refractory who re-
ceived a total administered dose of 60 mCi 
or greater.

CLR 131 is a small-molecule phospho-
lipid-drug conjugate developed by Cellec-
tar Biosciences designed to provide target-
ed delivery of iodine-131 directly to cancer 
cells. The subset of patients in the CLO-
VER-1 study who achieved the 40% ORR 
(n = 6) represents patients who were found 
to be triple-class refractory and were en-
rolled in part A dose-exploration portion 

of the study, as well as additional patients 
enrolled in the part B expansion cohorts 
from March through May 2020. All pa-
tients being enrolled in part B of the study 
are required to be triple-class refractory.

Consistent with data released in Feb-
ruary 2020, patients receiving more than 
60 mCi of CLR 131 have exhibited strong 
responses. Cellectar Biosciences indicated 
that patients continue to tolerate CLR 
131 well, with the most common and 
almost exclusive treatment-emergent ad-
verse events (AEs) being cytopenias. Im-
portantly, no unexpected AEs have been  
reported.
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Study of Adherence Interventions 
in Children With ALL Does Not 
Meet Primary End Point
An analysis of the effect of a daily text mes-
sage and directly supervised therapy inter-
vention on oral mercaptopurine (Purixan) 
adherence in children with acute lympho-

blastic leukemia (ALL) did not meet its 
primary end point, according to a study 
published in JAMA Network Open. 

Investigators analyzed the adherence 
rates of 444 children, randomized 1:1 to 
either education alone or the intervention 
package, which consisted of education 
plus personalized daily text messages to 
prompt directly supervised therapy, and 
found no difference in the proportion of 
patients with adherence rates of 95% or 
higher. However, an exploratory analysis 
revealed that children 12 years and older 
with a baseline adherence of less than 90% 
had a higher mean adherence in the inter-
vention group.

Suboptimal adherence to oral mercap-
topurine treatment in children with ALL 
is known to increase the risk of relapse in 
those patients. A commonly cited barrier 
to adherence is forgetfulness, which gen-
erally must be overcome with parental 
vigilance.
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Introduction
The 2019 novel coronavirus severe acute 
respiratory distress syndrome coronavi-
rus 2 (SARS-CoV-2) is a single-strand-
ed RNA virus that was first reported in 
Wuhan, China, in December 2019,1 and 
it is responsible for coronavirus disease 
2019 (COVID-19). COVID-19 is highly 
contagious, spreading by droplets, respi-
ratory secretions, and direct contact. Its 
symptoms can include bilateral intersti-
tial pneumonia, acute respiratory dis-
tress syndrome (ARDS), septic shock, 
and, ultimately, multiorgan failure.2,3 

The virus has since rapidly spread to 
more than 100 countries and was de-
clared a pandemic on March 11, 2020, 
by the World Health Organization.4 

As of September 9, 2020, there 
were 27,699,974 confirmed cases of 
COVID-19 with 18,636,426 recovered 
and 900,239 deaths worldwide. In the 
United States, there were 6,358,983 
confirmed COVID-19 cases; New 
York was a major epicenter, reporting 
441,154 cases and 33,013 deaths.5 The 
numbers of new cases are still increasing 
across the United States, but they have 

declined dramatically in New York, like-
ly consequent to the adoption of social 
distancing measures. 

While many therapeutic strategies are 
currently being evaluated as possible 
COVID-19 treatments, there are cur-
rently no highly effective antiviral ther-
apies or vaccines available to combat 
this virus, and mortality in severe disease 
remains high.6 Risk factors for severe ill-
ness resulting from COVID-19 are age 
greater than 65 years, diabetes, chronic 
lung disease, and obesity,7 and cancer 
patients who contract COVID-19, in 
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ABSTRACT: Worldwide incidence and mortality due to the coronavirus disease 2019 (COVID-19) pandemic 
is greatest in the United States, with the initial epicenter in New York. In Nassau County, New York, where we 
practice, our institution has had more than 2500 cases and has discharged from the hospital more than 1000 
patients. As many academic and private institutions have swiftly shifted their clinical and research priorities to 
address the pandemic, data are emerging regarding both the impact of malignancy on COVID-19 outcomes 
as well as the challenges faced in assuring that cancer care remains unimpeded. Of concern, recent studies 
of cancer patients primarily in China and Italy have suggested that advanced malignancy is associated with 
increased susceptibility to severe COVID-19 infection. At present, more than 500 clinical trials are underway 
investigating the pathogenesis and treatment of COVID-19, including expanded use of oncology drugs, such 
as small molecular inhibitors of cytokine pathways. Here, we begin by reviewing the latest understanding 
of COVID-19 pathophysiology and then focus our attention on the impact of this virus on hematologic and 
oncologic practice. Finally, we highlight ongoing investigational treatment approaches that are so relevant to 
the care of oncology patients during this extraordinary pandemic.
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particular, have been shown to have 
worse outcomes.8   

In the initial experience reported from 
Wuhan, China, 1% of cancer patients 
were noted to contract COVID-19, 
compared with just 0.29% incidence 
in the general population.8 This may be 
attributed to greater detection rates in 
more closely surveilled cancer patients, 
but it could also be associated with nos-
ocomial exposures and diminished im-

mune defenses.8 Cancer patients were 
also observed to be at higher risk for 
the development of severe COVID-19, 
which may be due to generally advanced 
age, increased prevalence of tobacco 
use, and higher incidence of comorbid 
pulmonary disease.9 Liang et al also 
demonstrated that cancer patients were 
more likely to require intensive care 
or experience mortality as compared 
with other COVID-19 patients (39% 

vs 8%).9 Cancer treatment may also 
increase COVID-19 susceptibility. In a 
small subset of patients reported by the 
National Health Commissions of the 
People’s Republic of China, those can-
cer patients who had undergone recent 
chemotherapy or surgery were observed 
to have a 75% likelihood of developing 
COVID-19 illness as compared with a 
43% incidence in other cancer patients.9 
However, this study by Liang et al  

TABLE 1. Review of Published Literature on Cancer Patients and COVID-19 

PubMed ID Journal Country Cancer and COVID-19 population 
(% of total population studied)

Major finding(s)

32066541 Lancet Onc China 18 (1%) PWC; 28% lung Composite ICU/death rate: 39% in PWC vs 8% in gener-
al population (P = .0003)

32211820 JAMA Onc China 12 (0.8%) PWC Most PWC studied had non–small cell lung cancer

32224151 Ann Oncol China 28 PWC; 25% lung 54% of PWC had severe events; mortality rate, 29%. 
Chemotherapy within 14 days had a hazard ratio of 4.1 
for severe COVID-19

32332856 Leukemia China 13 (10%) patients with hematological 
malignancies

Hematological cancer patients had more severe 
COVID-19 and more deaths (62%) than health care 
providers with COVID-19 (0%) 

32345594 Ca Discov China 105 PWC vs 536 controls, all with 
COVID-19

Patients with hematologic or lung cancers, or with 
stage IV cancers, had the highest frequency of severe 
COVID-19

32460829 Breast Ca 
Res

France 59 patients with early or metastatic 
breast cancer 

COVID-19 mortality rate in breast cancer depended 
more on comorbidities than prior radiation or current 
anticancer therapy

32203977 JAMA Italy 87 (25%) PWC who died 24% (87) of these were cancer patients

32250659 JCO Global 
Onc

Meta-anal-
ysis

11 studies; 3661 total PWC Incidence of all PWC with COVID-19 was 2%-3%

32511470 medRxiv Meta-anal-
ysis

31 studies; 23,736 PWC Mortality was highest in hematological malignancies 
(OR, 2.43) followed by lung cancer (OR, 1.8)

32449128 Clin Tran Onc Spain 45 PWC Mortality 42% in PWC vs 13% in general population

32505076 Lung Ca Spain 17 (0.9%) PWC, all lung Lung cancer patients with COVID-19 had higher mor-
tality than the general population 

32473682 Lancet Onc United 
Kingdom

800 PWC with COVID-19 226 (28%) of PWC died, with risk of death increased 
with advancing age, male sex, comorbidities such as 
hypertension, and receiving cytotoxic chemotherapy 
within 4 weeks of COVID-19 positivity 

32330541 Ann Oncol US 334 patients (6%); 40% with breast, 
lung, or prostate cancer

Relative risk of intubation in PWC was 1.9, but there 
was no difference in death compared with general 
population

32357994 Cancer 
Discov

US 218 PWC 37% patients with hematologic malignancies had higher 
mortality compared with 25% with solid tumors

32561401 Ann Oncol US 102 PWC, all lung COVID-19 was severe in patients with lung cancer (62% 
hospitalized; 25% died)

COVID-19, coronavirus disease 2019; ICU, intensive care unit; OR, odds ratio; PWC, patients with cancer. 
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included only 18 patients (1%) of 1590 
COVID-19 cases had a history of cancer, 
making it difficult to make meaningful 
conclusions based on the small propor-
tion of cancer patients included. Other 
studies, while also underpowered, have 
similarly suggested that patients with 
cancer are at greater risk for severe 
COVID-19.10 

Patients with lung cancer and those 
with hematologic malignancies appear 
to be most vulnerable to COVID-19, 
presumably due to diminished pulmo-
nary reserve in the former and immuno-
deficiency in the latter.11 In a report of 28 
patients with cancer infected with SARS-
CoV-2 in 3 Wuhan hospitals, 7 (25%) 
were noted to have lung cancer, 4 (14%) 
had esophageal cancer, and 3 (10.7%) 
had breast cancer.10 Severe hypoxia and 
devastating viral infection in lung can-
cer patients has been attributed to com-
promised baseline pulmonary function. 
Patients with stage IV cancers were also 
noted to experience severe COVID-19 
infection (70%) more often than earli-
er-stage patients (44%).10 While cancer 
patients with COVID-19 infection of-
ten presented with typical symptoms of 
fever, dry cough, fatigue, and dyspnea, 
they were also noted to have atypical 
presentations, notably including ane-
mia and hypoproteinemia. This may be 
secondary to nutritional deficiency as-
sociated with their cancer, which affects 
their immunocompetency to combat 
respiratory pathogens.10 As summarized 
in Table 1, available data suggest that 
cancer patients have poorer outcomes 
from COVID-19 illness, prompting the 
publication of specific guidelines on 
how to manage cancer patients during 
this crisis.11,12

COVID-19 has also been associated 
with increased incidence of thrombo-
embolic disease attributed to clinical hy-
percoagulability. For example, a study 
conducted in Tongji Hospital in Wuhan, 
China, evaluated 183 patients from Jan-
uary to February 2020 and showed that 
of the 21 who died from COVID-19, 15 

(71.4%) met criteria for overt dissem-
inated intravascular coagulation (DIC) 
(≥5 points based on the International 
Society on Thrombosis and Hemosta-
sis criteria),13 had significantly higher  
D-dimer and fibrinogen degradation 
product levels, and longer prothrombin 
times on admission, compared with sur-
vivors.14 Another study at Union Hospi-
tal in Wuhan reported a 25% incidence 
of lower extremity deep venous throm-
bosis in patients with severe COVID-19 
pneumonia in ICU, with high (40%) 
subsequent mortality. This same report 
also suggested that since COVID-19 
can decrease lymphocyte count, this 
may lead to immune dysfunction and a 
higher risk of venous thromboembolism 
due to poor immunity and DIC.15 Hy-
percoagulability in COVID-19 may also 
be due to the dysfunction of endothelial 
cells caused by infection that promotes 
thrombin formation and inhibits fibri-
nolysis.13 Some patients who died from 
COVID-19 were reported to have isch-
emic changes, with ecchymosis of their 
fingers and toes due to hypercoagulabil-
ity from DIC and the development of 
microthrombi.16 

Li et al proposed that early anticoagu-
lation with low-molecular-weight hepa-
rin (LMWH) and intravenous immuno-
globulins (Igs) would block the clotting 
formation seen in DIC and inhibit cyto-
kine release storm (CRS), respectively.16 
They recommend empiric anticoagula-
tion for patients with D-dimers greater 
than 4 times the upper limit of normal 
range in the absence of contraindica-
tions. Lin et al recommend LMWH at 
100 U/kg every 12 hours for at least 3 to 
5 days.8 In addition, a study performed 
in Tongji Hospital in Wuhan reviewed 
449 patients with severe COVID-19, 
with 94 patients receiving LMWH (40-
60 mg/day) and 5 receiving unfraction-
ated heparin (1000-15,000 U/day) for 
7 days or longer; the results showed 
that the 28-day mortality for LMWH 
or unfractionated heparin users with a 
sepsis-induced coagulopathy score of ≥4 

and D-dimers >6 times the upper limit 
of normal was lower than that of non- 
LMWH or unfractionated heparin  us-
ers.14 This has led several institutions, 
including our own, to institute antico-
agulation protocols based on various 
parameters such as D-dimer levels.17 

Pathophysiology of COVID-19
Coronaviruses are large, single-stranded, 
positive-sense RNA strand that encap-
sulate within a membrane envelope sur-
rounded by glycoprotein spikes, forming a 
crown-like appearance.18 Less-pathogenic 
endemic human coronaviruses such as 
OC43, HKU1, NL63, and 229E exist, 
causing seasonally, self-limited upper 
respiratory symptoms.19 In contrast, 
more severe respiratory symptoms are 
caused by zoonotic human coronavi-
ruses, including severe acute respiratory 
distress syndrome coronavirus (SARS-
CoV) discovered in November 2002 
in Guangdong, China; Middle Eastern 
respiratory syndrome-related coronavirus 
(MERS-CoV) identified in 2012 in Saudi 
Arabia; and COVID-19.18 The subfamily, 
Coronavirinae, is divided into 4 classes of 
coronaviruses: α, β, δ, and γ. Sequencing 
data from SARS-CoV-2 share high degrees 
of homology—87.9% and 87.2%—with 
β coronavirus from Chinese bats, bat-SL-
CoVZC45 and bat-SL-CoVZXC21, re-
spectively.18 In comparison, SARS-CoV-2 
is less genetically similar to its zoonotic 
human coronavirus counterparts, with 
79% homologous to SARS-CoV and 50% 
homologous to MERS-CoV.18 

SARS-CoV and SARS-CoV-2 contain 
structural proteins, including glycosylated 
spike (S) protein, that targets angioten-
sin-converting-enzyme 2 (ACE2) on the 
surface of host cells. Upon entry into the 
membrane, the viral genome is released 
as a single-stranded, positive-sense RNA 
and is translated into viral polyproteins 
(pp1a and pp1ab) and cleaved by effector 
proteins, (viral proteinases 3CLpro and 
PLpro).2,18 Type II pneumocytes and the 
apical surface of ciliated airway epithelial 
cells within lungs express ACE2, which 
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is a negative regulator in the renin-an-
giotensin system. ACE2 has been shown 
to promote anti-inflammatory and anti-
fibrotic effects, and it protects these cells 
from ARDS.19 In SARS-CoV-2, ACE2 
ectodomain can shed as a result of spikes 

from the viral glycoprotein, reducing the 
catalytic function of ACE2 and promot-
ing ARDS.19 In addition, SARS-CoV-2 
has been shown to reduce synthesis of 
interferon-α and interferon-β and to 
increase inflammatory cytokines and 

chemokines.20 In lung adenocarcinomas, 
ACE2 gene expression has been higher 
in malignant as compared with normal 
lung tissue, especially in the proximal 
proliferative subtype. On the other hand, 
most squamous lung cancers exhibit 

TABLE 2. Cancer-Directed Therapies Observed in the Past to Be Efficacious Against SARS-CoV and MERS-CoV 

Name of 
drug

Class of 
drug

Drug used in type 
of cancer

Mechanism of action Adverse effects Potential action against  
coronavirus

Carfilzomib29 Protease 
inhibitor

Multiple myeloma Inhibits protease to 
cause cell destruction

Peripheral neu-
ropathy 

Potential inhibitor of COVID-19 pro-
tease

Gemcitabine 
hydrochlo-
ride30

DNA 
metabolism 
inhibitor

Pancreatic cancer, 
bladder cancer

Inhibits DNA synthesis 
by inhibition of DNA 
polymerase and ribonu-
cleotide reductase, cell 
cycle–specific for the 
S-phase of the cycle

GI distress, 
peripheral edema, 
anemia, neutrope-
nia, thrombocyto-
penia.

Inhibition of viral replication 

Imatinib27 TKI CML, GIST, Ph+ 
ALL

Targets Abl kinase por-
tion of BCR-Abl protein

Pancytopenia, 
nausea, diarrhea, 
skin rash and 
fevers

Reduces SARS-CoV and MERS-CoV 
viral titers and prevents its entry by 
HIV SARS S and MERS S pseudotyped 
virions

Nivolumab32

Ipilimumab32
PD-1 inhib-
itor
CTLA-4 
inhibitor

Lung cancer; renal 
cancer; bladder 
cancer; melanoma

Inhibits immune inhibi-
tory PD-1 pathway and 
CTLA-4

Autoimmune 
hypophysitis, 
thyroiditis, colitis, 
hepatitis, nephritis; 
fatigue and rash-
es, diarrhea

Checkpoint blockade would poten-
tially increase the threshold of CD8+ 
T cell activation by immunogenic viral 
peptides thus improved early immune 
response

Ruxolitinib25

Baricitinib25
JAK inhib-
itor

Myelofibrosis; 
polycythemia vera; 
chronic neutrophilic 
leukemia;
acute GVHD

Inhibition of JAK 1 and 
JAK 2 proteins

Diarrhea; anemia; 
thrombocytopenia; 
neutropenia

Anti-JAK1 inhibitory action to reduce 
pro-inflammatory cytokines such as 
IL-2, IL-6, and TNF-α; reduce receptor 
mediated endocytosis

Saracatinib28 TKI Discontinued in 
phase 2 trial in 
breast cancer due 
to lack of efficacy

Inhibitor of Src-family of 
tyrosine kinases 

Fatigue, elevated 
liver enzymes, 
nausea, hypona-
tremia 

Inhibits MERS-CoV at early stages in 
Huh-7 cells through suppression of 
SFK signaling pathway

Sunitinib26

Erlotinib
Fedratinib

TKIs
EGFR 
inhibitor
JAK inhib-
itor

Renal cancer
Lung cancer
Myelofibrosis

Prevents tyrosine kinase 
signaling, resulting in 
cell death

Fatigue, rashes, GI 
upset

Inhibits AP2-associated protein kinase 
1 (AAK1) which is a regulator of endo-
cytosis in AT2 lung cells thus prevent-
ing viral entry26 

Tamoxifen30 Estrogen 
receptor 
inhibitor

Breast cancer Selective estrogen 
receptor modulator that 
competitively binds to 
estrogen receptors on 
tumors and other tissue 
targets

Fatigue, hot flash-
es, risk of venous 
thrombosis and 
ischemic heart 
disease 

Inhibition of viral replication, off target 
effects 

Tocilizumab41

Sarilumab41

Siltuximab41

IL-6 
receptor 
antagonist

CRS from CAR 
T-cell therapy or 
BiTE therapy

Antagonist of the IL-6 
receptor

Increased LFTs, 
cholesterol, 
infusion-related 
reaction

Decrease COVID-19induced hyperin-
flammation by reducing endogenous 
IL-6

BiTE, bispecific T-cell engager; CAR, chimeric antigen receptor; CML, chronic myeloid leukemia; CRS, cytokine release storm; GI, gastrointestinal; GIST, gastrointes-
tinal stromal tumor; GVHD, graft-versus-host disease; IL, interleukin; LFT, liver function tests; MERS-CoV, Middle Eastern respiratory syndrome-related coronavirus; 
Ph+ ALL, Philadelphia chromosome positive acute lymphoblastic leukemia; S, glycosylated spike; SARS-CoV, severe acute respiratory distress syndrome coronavi-
rus; TKI, tyrosine kinase inhibitor.
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similar ACE2 expression in both normal 
and malignant cells. One exception is 
the primitive subtype of squamous cell 
lung cancer, in which ACE2 expression 
has been shown to be higher in normal 
cells as compared with their adjacent 
malignant counterpart cells, which has 
been associated with increased suscep-
tibility to SARS-CoV-2 infection in this 
particular subpopulation.21 A summary 
of the pathophysiologic mechanisms of 
SARS-CoV-2 is shown in Figure 1.

Investigational Agents  
for COVID-19 
Treatment approaches for COVID-19 
are continually evolving and there is 
currently no consensus therapeutic ap-
proach. Severe infection in COVID-19 
is characterized by a CRS, rich in highly 
proinflammatory cytokines such as in-
terleukin (IL)-1 and IL-6. Critically ill 
patients infected with COVID‐19 often 
suffer from multiorgan dysfunction, in-
cluding respiratory failure, renal failure, 
and eventually cardiovascular collapse, 
leading to death. Oncology patients are 
especially vulnerable to this disease due 
to their overall frailty and immunocom-
promised state. A large number of anti-
viral therapies, including remdesivir, are 
under investigation, and as described 
below, several oncology drugs are also 
being repurposed to target COVID-19.

Anticytokine strategies. Because 
critically ill patients may be most chal-
lenged by endogenous cytokine release, 
even after viral eradication a large fo-
cus of attention has been focused upon 
the use of an agent to directly neutral-
ize the CRS. Tocilizumab, an anti–IL-6 
monoclonal antibody used to manage 
CRS associated with chimeric antigen 
receptor T-cell therapy, has been studied 
to suppress the toxic proinflammatory 
response in COVID-19. IL-6 may be a 
particularly important target, because 
increased IL-6 levels are released from 
the injured pulmonary bronchial and 
alveolar epithelial cells seen in ARDS22 
and IL-6 levels were directly associated 

with the severity of SARS infections. 
Other cytokines—including IL-2, IL-6, 
IL-7, IL-10, granulocyte colony stimu-
lating factor, 10 kD interferon γ-induced 
protein, monocyte chemoattractant pro-
tein-1, macrophage inflammatory pro-
tein 1-α (MIP-1α), and tumor necrosis 
factor (TNF)-α—have all been observed 
at elevated levels in COVID-19 patients 
requiring intensive care support.2,3 This 
suggests that steroids or other broad 
spectrum anti-inflammatory agents may 
play an important role in the manage-
ment of catastrophic COVID-19 illness. 

Convalescent plasma. Convalescent 
plasma is theorized to transfer neutral-
izing antiviral antibodies from patients 
who have recovered from COVID-19 
infection to those who have been more 
recently infected.23 Unlike anticytokine 
strategies, convalescent plasma and 
other purely antiviral therapies must be 
given early in the course of COVID-19 
illness, and certainly prior to viral erad-
ication. The early experience with con-
valescent plasma at the Huoshenshan 
Hospital in Wuhan reported clinical 

and radiographic improvement in all 6 
selected cases. However, convalescent 
plasma was administered late in the dis-
ease course of all these patients; prior 
to treatment, 4 of 6 had tested negative 
for residual virus and 5 of 5 had already 
tested positive for their own endogenous 
antiviral antibodies. The authors hy-
pothesized that plasma might promote 
anti-inflammatory properties to prevent 
CRS,23 but it is also possible that these 
patients might have recovered just as 
well without plasma therapy. Similarly, 
Shen et al reported clinical improvement 
in 5 critically ill COVID-19 patients on 
ventilators in Shenzhen Third People’s 
Hospital, including extubation and ul-
timate discharge in 3 of these patients. 
But again, none of these patients were 
treated in the first 14 days after viral 
infection, which is when the introduc-
tion of antiviral antibodies is predicted 
to be most strategic.24 Most recently, the 
results of a small randomized clinical 
trial of convalescent plasma versus stan-
dard management failed to demonstrate 
protocol-defined clinical improvement 

 Figure 1. Summary of Pathophysiologic Mechanisms of SARS-CoV-2 . Viral 
components involved in pathogenesis of coronavirus disease 2019 include the spike 
proteins (S) S1 and S2, which adhere to the ACE2 receptor; the matrix protein (M), which 
allows for bud release; and nucleocapside (N) and envelope (E), which surround the viral 
single-stranded RNA (ssRNA) genome and modulate immune evasion.
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TABLE 3.  Ongoing Clinical Trials Repurposing Cancer-Directed Therapies to Combat SARS-CoV-246  

Study identifier Investigational agent(s) Hematology/oncology diseases Mechanism of action COVID-19 disease 
hypothesis

Study 
site(s)

Best-RCT 
(NCT04305106)

CORIMMU-
NO-BEVA 
(NCT04344782)

Bevacizumab in PWCov Metastatic colorectal cancer, recurrent 
glioblastoma, NSCLC, ovarian cancer, 
RCC

Recombinant, human-
ized mAb, anti-VEGF

Targets VEGF, which has 
been seen in higher levels 
in COVID-19 patients, 
causing hypoxia, severe 
inflammation, and up-
regulation of respiratory 
epithelium 

China

France

CALAVI 
(NCT04346199)

Acalabrutinib in PWCov CLL, mantle cell lymphoma Selective, irreversible 
second-generation 
Bruton TKI

Decrease in inflammation 
by Bruton TKI inhibi-
tion reduces severity of 
COVID-19–induced 
respiratory distress42

Spain

Copernico 
(NCT04335305)

Tocilizumab + pembroli-
zumab in PWCov

Tocilizumab: CRS-related CAR T-cell 
therapy or BiTE therapy

Pembrolizumab: NSCLC, SCLC, urothe-
lial carcinoma

Tocilizumab: anti–IL-6 
inhibitor

Pembrolizumab: anti–
PD-1 humanized mAb

Evaluate recovery of T 
cell functionality and 
regulate CRS in COVID-19 
pneumonia

Spain

CORIMU-
NO19-ECU 
(NCT04346797)

SOLID-C19 
(NCT04288713)

Efficacy and safety of eculi-
zumab in PWCov

PNH, atypical HUS Humanized, monoclonal 
IgG antibody targets C5

Modulate activity of distal 
complement, preventing 
formation of membrane 
attack complex, allowing 
for patient recovery

France

USA

IMMUNONCOVID 
(NCT04333914)

Chloroquine vs nivolumab 
vs tocilizumab in patients 
with metastatic cancer

Nivolumab: metastatic colorectal can-
cer, metastatic head and neck, HCC, 
melanoma, Hodgkin’s lymphoma, RCC, 
NSCLC, urothelial carcinoma

Tocilizumab: CRS-related CAR T-cell 
therapy or BiTE therapy

Nivolumab: anti–PD-1 
human IgG4 mAb

Tocilizumab: anti–IL-6 
inhibitor

Checkpoint blockade 
would potentially increase 
the threshold of CD8+ 
T-cell activation by im-
munogenic viral peptides, 
thus improve early immune 
response 32

France

NCT04273529

NCT04273581

Efficacy and safety of 
thalidomide in adjuvant 
treatment vs placebo in 
PWCov 

Efficacy and safety of 
thalidomide with low-dose 
hormones vs placebo in 
PWCov 

Multiple myeloma Increases natural 
killer cells and IL-2 and 
INF-γ

Anti-inflammatory action 
to degrade mRNA in 
blood cells, reduce TNF-α, 
increase secretion of ILs, 
and activate natural killer 
cells43

China

NCT04329650

NCT04345445

NCT04330638

Siltuximab vs corticosteroids 
in patients with COVID-19 
pneumonia

Tocilizumab vs corticoste-
roids in PWCov with high 
risk of progression

Anakinra vs siltuxumab vs 
tocilizumab vs standard 
care in PWCov 

Siltuximab: multicentric Castleman 
disease, multiple myeloma, prostate 
cancer, ovarian cancer, lung cancer 44

Corticosteroids: antiemetic, lymphoma, 
ITP, multiple myeloma

Tocilizumab: CRS-related CAR T-cell 
therapy or BiTE therapy

Siltuximab: anti–IL-6

Corticosteroids: sup-
press normal immune 
response

Tocilizumab: anti–IL-6 
inhibitor

Use of anti-inflammatory 
drugs, including siltux-
imab, at time of  
hyperinflammation 
episodes could improve 
prognosis of PWCov

Steroids have been 
observed to be beneficial 
in SARS-CoV and prolongs 
survival time of clinical 
cases43

Tocilizumab decreases 
COVID-19–induced hyper-
inflammation by reducing 
endogenous IL-641

Spain

Malaysia

Belgium

NCT04331665 Ruxolitinib in PWCov GVHD, myelofibrosis, polycythemia vera JAK inhibitor Ruxolitinib, when given 
early in the disease, may 
prevent overproduction of 
cytokines and thus prevent 
lung damage

Canada

NCT04349098 Safety and efficacy of 
selinexor in PWCov 

Multiple myeloma Inhibition of exportin 1 Selective inhibitor of nu-
clear exportin compounds 
have the potential to 
interfere with key host 
protein interactions with 
SARS-CoV-245

USA

BiTE, bispecific T-cell engager; CAR, chimeric antigen receptor; CLL, chronic lymphocytic leukemia; COVID-19, coronavirus disease 2019; CRS, cytokine release 
storm; GVHD, graft versus host disease; HCC, hepatocellular carcinoma; HUS, hemolytic uremic syndrome; Ig, immunoglobulin; IL, interleukin; INF, interferon; ITP, 
immune thrombocytopenic purpura; mAb, monoclonal antibody; NSCLC, non–small cell lung cancer; PNH, paroxysmal nocturnal hemoglobinuria; PWCov, patients 
with COVID-19; RCC, renal cell carcinoma; SARS-CoV, severe acute respiratory distress syndrome coronavirus; SARS-CoV-2, severe acute respiratory syndrome 
coronavirus 2; SCLC, small cell lung cancer; TKI, tyrosine kinase inhibitor.
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or overall survival improvement at 28 
days, but the trial was underpowered, 
including <10% patients with disease 
diagnosed within 14 days of random-
ization. It did demonstrate significantly 
enhanced viral clearance (90% vs 41% 
at 72 hours) in the subset of patients 
who tested positive for active virus at 
study entry.3

Repurposed antineoplastic agents. 
Many medications commonly used to 
treat cancer or cancer therapy–related 
adverse effects have also been explored 
for their potential beneficial effects in 
the treatment of SARS-CoV and MERS-
CoV infections. Table 2 includes com-
monly used targeted oncology therapies 
which have mechanisms of actions as 
well as prior evidence of possible ef-
fectiveness in viral inhibition. Ruxoli-
tinib, a JAK1/2 inhibitor, is associated 
with a decrease in proinflammatory 
cytokines downstream of JAK1/2 sig-
naling and thereby leads to improved 
symptoms and quality of life in patients 
with myelofibrosis. Ruxolitinib also 
modulates the activity of natural killer 
cells, dendritic cells, T helper cells, and 
regulatory T cells, and was shown to 
be involved in the signaling pathway 
of proinflammatory cytokines such as 
IL-2, IL-6, and TNF-α.25 By reducing 
proinflammatory cytokines, ruxolitinib 
could be effective in decreasing the CRS 
in COVID-19 and is being evaluated in 
clinical trials. Tyrosine kinase inhibitors 
(TKIs) such as sunitinib, erlotinib, and 
fedratinib have been found as targets of 
the AAK1 protein, which is responsible 
for receptor-mediated endocytosis, the 
mechanism by which COVID-19 enters 
lung AT2 cells.26 Imatinib, another TKI, 
reduces SARS-CoV and MERS-CoV 
viral titers and prevents cellular entry 
by HIV SARS S and MERS S pseudo-
typed virions.27 Saracatinib, a TKI that 
was discontinued in a phase 2 study 
in breast cancer, has been observed to 
inhibit MERS-CoV at early stages in 
Huh-7 cells, via suppression of the SFK 
signaling pathway.28 Carfilzomib, a pro-

tease inhibitor commonly used to treat 
multiple myeloma, is being evaluated in 
COVID-19 illness for its potential abili-
ty to inhibit viral proteases.29

Estrogen receptor modulators such 
as tamoxifen represent another class of 
FDA-approved anticancer drugs that 
have shown potential activity in both 
MERS and SARS-CoV. Tamoxifen was 
identified in a drug screen to have sig-
nificant antiviral activity; this is likely 
secondary to off-target effects, as the 
estrogen signaling pathway doesn’t play 
a role in viral entry. Gemcitabine hydro-
chloride is a deoxycytidine analogue 
that inhibits DNA synthesis and repair, 
and it was found in a drug screen to in-

hibit both MERS-CoV and SARS-CoV, 
although the mechanism is unclear as 
these are RNA viruses.30

Many global clinical trials are un-
derway to repurpose existing medica-
tions and evaluate the ways in which 
COVID-19 can be targeted to reduce 
viral entry or replication, or the excess 
inflammatory response and CRS (Table 
3).31 The role of the PD-1/PD-L1 axis, 
which plays a fundamental role in the 
evasion of tumor cells from humoral 
immunity, has been well described in 
many solid malignancies such as lung 
cancer, renal cancer, bladder cancer, and 
melanoma. Viral infections such as HIV, 
hepatitis C, and hepatitis B also upreg-

 Figure 2. Trend Toward Increased Use of Telemedicine. This trend applied for both new 
patient and follow-up visits at our institution during the peak of the coronavirus disease 2019 
epidemic in New York in April 2020.
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ulate PD-1 and PD-L1 during acute and 
chronic infection, suggesting a potential 
role for PD-1/PD-L1 antagonists in the 
treatment of COVID-19 infection.32 
However, concern has also been raised 
regarding the potential for these and 
other immunostimulatory agents to 
worsen disease by promoting CRS. The 
Bruton TKI ibrutinib, which modulates 
B-cell function, has shown potential to 
provide protection against COVID-19–
induced lung injury in a small subset of 
patients with lymphoplasmacytic lym-
phoma.33 Other drugs approved for the 

treatment of hematologic and oncologic 
conditions that are being actively in-
vestigated for their potential benefits in 
COVID-19 illness include bevacizumab, 
an anti-VEGF used in multiple cancer 
therapies; eculizumab, an IgG antibody 
targeting C5 for paroxysmal nocturnal 
hemoglobinuria; and selinexor, an in-
hibitor of exportin 1 used in refractory 
multiple myeloma. 

Logistical Modifications 
to Cancer Care During the 
COVID-19 Pandemic

Outpatient visits. At the peak of the 
pandemic between March and April 
2020, upward of 97% of inpatient ad-
missions at our institution were patients 
with confirmed or suspected COVID-19. 
Several adaptations were required to 
protect both patients and staff, while as-
suring continuity of cancer care; many 
of these adaptations continue.11,34 Our 
clinic remained open, but more strin-
gent personal protection provisions and 
infusion center policies were instituted, 
including screening all patients with 
temperature checks, symptom/risk ques-

TABLE 4. Ongoing Clinical Trials Recruiting Cancer Patients Related to Cancer Management During COVID-19 
Pandemic46

Study identifier Cancer Study investigation Location

CBP-COVID Lung cancer Review consequences of restrictive measures to SARS-CoV-2 in patients 
with lung cancer in 2020 during COVID-19 from a control, pre-COVID time 
in 2019

France

CORO-
NA-SHIELD 
(NCT04357574)

Cancer (unspecified) Assess radiation oncology providers’ implementation and perception of tele-
medicine for on-treatment PWC

USA

COVIPACT 
(NCT04366154)

Cancer (unspecified) Assess coronavirus impact on PWC who are undergoing treatment for cancer France

EVIDENCE 
(NCT04367870)

Cancer (unspecified) Review SARS-CoV-2 testing in PWC France

GRAVID 
(NCT04344002)

Lung cancer Information on clinical features, clinical course, management, and outcomes 
will be collected for both thoracic cancers and COVID-19 infection.

Spain

NCT04330521 Cancer (unspecified) Impact of COVID-19 on PWC through a survey USA

NCT04341012 Hepatocellular cancer Collect and analyze breath samples in healthy patients, and patients with 
documented liver disease, an organ transplant, or positivity for COVID-19 

USA

NCT04341480 Gynecological cancer Safety of chemotherapy with gynecological malignancy China

NCT04345315 Cancer (unspecified) Testing of COVID-19 in PWC and health care professionals Italy

NCT04351139 Gynecological cancer Review modification of gynecological treatment France

NCT04352556 Hematologic malignan-
cies

Evaluate mortality and predictors for increased mortality of hematological 
malignancies with COVID-19

Italy

NCT04354701 Cancer (unspecified) Registry of PWC infected with COVID-19 USA

NCT04369365 Cancer (unspecified) Prophylactic azithromycin vs placebo in PWC undergoing cancer treatment 
during COVID-19 pandemic

Austria

NCT04373005 Cancer (unspecified) Review asymptomatic COVID-19 infection in PWC receiving cancer therapy, 
as well as immune response and outcome

Canada

ONCOVID 
(NCT04340219)

Cancer (unspecified) Review anxiety, mood, and quality of life in PWC during COVID-19 pandemic Belgium

ONCOVID 
(NCT04341207)

Locally advanced or 
metastatic malignancy

Evaluate prevalence and 3-month incidence of SARS-CoV-2 in PWC, and 
evaluate mortality in PWC treated by hydroxychloroquine and azithromycin

France

COVID-19, coronavirus disease 2019; PWC, patients with cancer; SARS-CoV-2, severe acute respiratory distress syndrome coronavirus 2.
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tionnaires at facility entrances, and strict 
limitations on entry by nonpatient chap-
erones. Systemwide policies were insti-
tuted to convert most visits to billable 
virtual telemedicine visits. Patients were 
able to schedule video telehealth visits 
directly through their smartphones or 
tablets through our hospital’s secure 
app, and an increase in these visits was 
noted (Figure 2). Where possible, those 
patients who could not access the app 
were followed via telephone visits with-
out a video component. 

For cancer patients who required 
in-person evaluation, such as those re-
quiring a physical exam to survey can-
cer growth, temperatures were checked 
before entry. They were asked screening 
questions, including those regarding the 
presence of muscle aches; unusual fa-
tigue; flulike symptoms or fever within 
the past 5 days; cough or shortness of 
breath; sick contact; and travel or con-
tact with those who have traveled. Either 
an affirmation to any of these questions 
or an infrared temperature of 99.5 ºF or 
greater warranted a separate physician 
evaluation in a designated screening 
area. Patients with concerning signs or 
symptoms were directed to urgent care 
or the emergency department for SARS-
CoV-2 nasal swab testing. For patients 
who were actively on cancer treatment 
who tested positive for SARS-CoV-2, 
policies were instituted describing when 
they could resume treatment. To restart 
treatment after testing positive, patients 
were required to be self-quarantined for 
14 days and to be afebrile for at least 72 
hours. If a staff member had been poten-
tially exposed to COVID-19, a hotline 
was provided to discuss starting post-
exposure prophylaxis empirically with 
hydroxychloroquine when these studies 
were still ongoing. 

Supportive medications. Several 
modifications to cancer care were im-
plemented at our center to enhance 
safety during the pandemic, in line with 
guidelines for best practice.35 Most 
supportive care treatments, such as 

bone-modifying agents (eg, denosum-
ab or zoledronic acid) or maintenance 
intravenous iron infusions for iron-de-
ficient patients, were delayed so long as 
they were deemed nonessential. In addi-
tion, routine cancer screening tests, such 
as mammograms and colonoscopies, 
and bone density tests and restaging CT 
scans were also temporarily delayed. 
Genetic screenings for hereditary can-
cer syndromes like Lynch syndrome or 
BRCA mutations were done with tele-
health visits and swabs sent to patients’ 
homes. The long-term consequences of 
these measures during the pandemic on 
cancer detection and prevention remain 
to be determined.

Cancer-specific modifications. The 
decision to treat an individual patient 
with myelosuppressive/immunosup-
pressive cancer therapies seemingly con-
flicts with strategies to improve infection 
control and decrease patient and staff 
exposure to SARS-CoV-2. Therefore, 
we have had to assess whether treatment 
plans be initiated on the usual schedules 
or delayed. For new patients with cancer 
at low risk of acute progression, such as 
asymptomatic low-grade lymphomas, 
treatment was generally delayed based 
on the diagnosis, cancer stage and pre-
sentation, goals of treatment, and an in-
formed conversation with patients about 
the potential risks of cancer treatment 
during the pandemic. At our institution, 
new enrollments into clinical trials were 
temporarily halted to limit exposure to 
infections, and also as a consequence 
of allocation of ancillary research staff 
to other COVID-19–related responsi-
bilities, such as screening patients at 
entrances to various clinical centers. 
Similarly, new stem cell transplants were 
delayed when possible due to the need 
for inpatient beds. European Society 
for Blood and Marrow Transplantation 
guidelines recommended freezing a se-
cured stem cell product until it becomes 
appropriate for conditioning.11 Diag-
nostic procedures such as biopsies were 
permitted; however, most elective proce-

dures, such as embolizations, ablations, 
staging endoscopies and laparoscopies, 
and indwelling catheters, as well as inva-
sive pain management measures, such as 
epidural pain pumps, were temporarily 
delayed. 

Elective surgeries posed a challenge 
due to limited staffing and operating 
room space. Such procedures were placed 
on hold unless absolutely necessary due 
to acute symptoms. For those essential 
procedures, patients were tested for 
SARS-CoV-2 three days prior to surgery 
and, if positive, the surgery was delayed 
for 14 days and then conducted in an op-
erating room designated for additional 
COVID-19 precautions such as airborne 
protections. As surgeries were deferred 
due to resource allocation, lower-stage 
cancers that are typically managed with 
resection, such as breast and lung can-
cers, were temporarily treated with neo-
adjuvant treatment in certain instances 
until surgery could be instituted. For 
example, neoadjuvant systemic thera-
py was recommended for early-stage 
gastric and esophageal cancer patients 
in accordance with management guide-
lines published in the Annals of Surgical 
Oncology.36 Similarly, for patients with 
newly diagnosed early-stage colon can-
cer who were unable to go immediately 
for surgery, neoadjuvant chemotherapy 
was used following guidelines published 
by the National Comprehensive Cancer 
Network.37 For hormone-positive DCIS 
or breast cancer, we often treated pa-
tients with endocrine therapy upfront, 
as was also suggested by several soci-
eties.38 Our proposed approach for tri-
ple-negative and HER2+ invasive breast 
cancers was to treat with neoadjuvant 
chemotherapy for all lower-stage disease 
in an effort to delay surgery for up to 4 
to 8 weeks in resource-deprived settings, 
according to guidelines published in the 
Annals of Surgical Oncology.36 Similar-
ly, for some lower-risk prostate cancers, 
hormonal therapy was recommended 
until surgery could be safely pursued.

Management of patients on immu-
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notherapies was taken on a case-by-
case basis. Immune checkpoint inhib-
itor (ICI)-related pneumonitis occurs 
in 2.5% to 5% of patients receiving 
anti–PD-1/PD-L1 monotherapy and in 
7% to 10% of those on anti–CTLA-4/
anti–PD-1 combination therapy, and it 
is the most common fatal adverse event 
in patients receiving these therapies.39

Given the extent of lung damage that 
is caused by COVID-19, and the pos-
sibility of pneumonitis associated with 
ICIs, we recognized a major clinical 
challenge in the timing of resumption of 
ICI therapies following recovery from 
COVID-19 illness.40 At a minimum, all 
patients resuming ICIs were required to 
demonstrate, on CT, stabilization or im-
provement in COVID-19–related chest 
� ndings, as well as declining in� amma-
tory markers associated with CRS. At 
our institution, we did not withhold im-
munotherapy from cancer patients who 
were deemed to be bene� ting and were 
without evidence of active or recent pri-
or SARS-CoV-2 infection.

Lifesaving surgeries—such as those 
for intestinal perforation secondary to 
cancer, bowel obstruction from cancer, 
or acute hemorrhage from cancer with 
transfusion dependence—have been un-
interrupted. Similarly, radiation therapy 
for emergent situations such as spinal 
cord compression, symptomatic brain 
metastasis, bleeding, airway compro-
mise, or uncontrollable pain were not 
delayed during the pandemic. Patients 
with active SARS-CoV-2 infection re-
quiring radiation therapy under such 

circumstances were scheduled as “last 
case of the day” followed by terminal 
facility cleaning prior to next-day oper-
ations. 

It was and remains vital that we help 
patients make treatment decisions that 
are in line with their goals of care for 
themselves, while setting realistic expec-
tations regarding prognosis with me-
chanical ventilation or with prolonged 
delays in treatment. We also communi-
cated to patients that a prolonged delay 
to seeking care due to a fear of hospi-
talization could paradoxically lead to 
prolonged hospitalizations and have 
detrimental effects on their cancer care.

Given the major impact that 
COVID-19 has had on our oncology 
patients, clinical trials are underway 
to assess the changes that have oc-
curred within this particular population 
(Table 4). Sixteen clinical trials were 
either actively recruiting cancer patients 
or planning imminent recruitment to 
address speci� c concerns related to can-
cer management during the COVID-19 
pandemic: 3 are designed to evaluate 
unique psychosocial issues of cancer 
patients during COVID-19; 3 are relat-
ed to patient testing for COVID-19; 3 
address speci� c changes to standard 
cancer treatment in recognition of 
COVID-19 concerns; 2 are designed 
to create a registry for cancer patients 
infected with COVID-19; 1 reviews the 
use of telemedicine visits for patients re-
ceiving radiation therapy; and the last 
looks at azithromycin prophylaxis for 
cancer patients on active therapy. 

Conclusions
Many challenges exist in caring for on-
cology patients during the COVID-19 
pandemic, including balancing the 
bene� ts of oncology-directed treatment 
with the implicit increased risks of severe 
COVID-19 infection. Encouragingly, the 
rapid sequencing of the SARS-CoV-2 
virus, development of a quantitative 
polymerase chain reaction test to detect 
infected individuals, evidence-based 
intensive care measures, and more than 
500 clinical trials examining potential 
strategies to treat COVID-19 will all 
likely decrease harm to cancer patients 
and the general population during this 
pandemic. As more data come to light on 
the pathophysiology of the novel coro-
navirus, we will be able to better modify 
cancer care and treatment protocols to 
minimize risks to our patients. Until then, 
best practice in oncology care mandates 
strict infection control processes and 
informed conversations with our patients 
in which we discuss the risks and bene� ts 
of modifying standard approaches in 
order to decrease the risk of COVID-19 
infection and its complications. We hope 
that our experience and perspective from 
relatively early in this pandemic will help 
to inform others for whom the worst may 
still lie ahead. 
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Ovarian cancer is the leading cause of 
mortality among gynecologic cancers in 
the United States,1 expected to result in 
roughly 13,940 deaths in 2020.2 Between 
2008 and 2017, mortality decreased 
by 2.3% per year. Incidence rates also 
decreased, with a 1.6% drop per year 
from 2007 to 2016. In 2020, an estimat-
ed 21,750 new cases of ovarian cancer 
will be diagnosed. The majority (90%) 
of ovarian cancers are epithelial ovar-
ian cancer—often high-grade serous 
adenomas, which are associated with 
a poor prognosis and have the fewest 
known risk factors.2 

Frontline Maintenance Therapy
Most patients with newly diagnosed 
ovarian cancer have no evidence of 
disease after standard treatment with 
surgery and platinum-based chemo-
therapy.3 However, up to 85% of pa-
tients experience disease recurrence 
that requires additional treatment.4 To 
help prevent ovarian cancer from re-
turning following a response to initial 
therapy, maintenance therapies—such 
as PARP inhibitors—have been devel-
oped. PARP inhibitors interfere with 
the molecular events needed for DNA 
repair and appear to have the stron-
gest effect on cancers with BRCA gene 
mutations or BRCA-ness phenotype.5,6

Currently Approved PARP 
Inhibitors in Frontline 
Maintenance Therapy  
for Ovarian Cancer 
Two PARP inhibitors—olaparib and 
niraparib—are currently approved for 

frontline maintenance therapy of ovari-
an cancer (Table7,8).

Olaparib is approved for frontline 
maintenance therapy in adult patients 
with a complete response (CR) or par-
tial response (PR) to platinum-based 
chemotherapy and with deleterious or 
suspected deleterious germline or so-
matic BRCA gene mutation–positive 
advanced epithelial ovarian, fallopian 
tube, or primary peritoneal cancer.7 
This approval was based on the results 
of the randomized phase 3 SOLO-1 
trial (NCT01844986).9 Trial results 

indicate olaparib was associated with 
a 60% rate of freedom from disease 
progression and death at 3 years com-
pared with 27% in placebo (95% CI, 
0.23-0.41; P < .001) in patients with 
suspected or confirmed BRCA gene 
mutation–positive cancer.10 This trans-
lates to a 70% reduction in risk of dis-
ease progression or death in patients 
treated with olaparib versus placebo 
for frontline maintenance therapy.10 
Results from a subgroup analysis of the 
SOLO-1 outcomes showed a benefit of 
using olaparib over placebo in all 

Using PARP Inhibitors in Frontline 
Maintenance Therapy for Ovarian Cancer

WOMeN’S cANcer

TABLE. Currently Approved PARP Inhibitors in Frontline 
Maintenance Therapy of Ovarian Cancer7,8

Olaparib Niraparib

Indication • gBRCAm; ≥ 3 prior 
regimens 

• g/tBRCAm frontline 
maintenance

• Frontline maintenance 
in combination with 
bevacizumab in HRD 
cancers

• Recurrent disease with 
PR/CR to platinum 
therapy (regardless of 
BRCA status) 

• Frontline maintenance after 
PR/CR regardless of BRCA 
or HRD status

• HRD positivity, including 
g/tBRCAm, with ≥ 3 prior 
regimens

• Recurrent disease with PR/
CR to platinum therapy 
(regardless of BRCA status)

Administration Administered orally with or without food

Starting dose 300 mg twice daily 300 mg every day

Available formulations 100-mg tablets
150-mg tablets

100-mg capsules

CR, complete response; gBRCAm, germline BRCA mutation; g/tBRCAm, germline/tumor BRCA 
mutation; HRD, homologous recombination deficiency; PR, partial response.
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subgroups of patients with newly 
diagnosed BRCA1/2 gene mutation–pos-
itive advanced ovarian cancer studied,
regardless of initial surgical outcome, 
chemotherapy response, or BRCA
mutation type.3

Serious adverse events (AEs) in the 
SOLO-1 trial occurred in 21% of pa-
tients receiving olaparib versus 12% in 
the placebo group, the most common 
of which was anemia (7% vs 0%, re-
spectively). None of the AEs that oc-
curred during trial intervention, or up to 
30 days from discontinuation, result-
ed in death. AEs were often managed 
by dose reduction or interruption, but 
discontinuation was occasionally nec-
essary, most often because of nausea 
and anemia. Acute myeloid leukemia 
and pneumonitis or interstitial lung 
disease appeared to occur at a higher 
incidence with olaparib use compared 
with placebo (1% vs 0% and 2% vs 0%, 
respectively).10

Olaparib is also approved for use 
in combination with bevacizumab 
as frontline maintenance treatment 
in adult patients with homologous 
recombination de� ciency (HRD)-
positive advanced epithelial ovari-
an, fallopian tube, or primary peri-
toneal cancer who are in CR/PR to 
platinum based chemotherapy plus bev-
acizumab7; this approval was based on 
the results of the randomized, phase 3 
PAOLA-1 trial (NCT02477644).11 In 
the trial, the addition of olaparib to 
bevacizumab was an effective front-
line maintenance therapy in patients 
who had responded to platinum based
chemotherapy and bevacizumab, show-
ing a signi� cant bene� t in median pro-
gression-free survival (PFS) in HRD 
positive cancers over placebo plus beva-
cizumab, regardless of BRCA mutation 
status (22.1 vs 16.6 months;  95% CI, 
0.49-0.72; P < .001).12 In the subgroup 
of patients with BRCA gene mutation–
positive cancers, the PFS bene� t was 
even more profound (HR for disease 
progression or death, 0.31; 95% CI, 
0.20-0.47), which was comparable to 

results observed in the SOLO-1 trial 
(HR, 0.30; 95% CI, 0.23-0.41).

In PAOLA-1, serious AEs occurred in 
31% of patients in both groups being 
studied, and the most common seri-
ous AE associated with the addition of 
olaparib to bevacizumab was anemia, 
occurring in 6% of patients in this group 
(vs < 1% of patients in the placebo plus 
bevacizumab group). Myelodysplastic 
syndromes, acute myeloid leukemia,
or aplastic anemia occurred in 6 of
535 (1%) patients receiving olapar-
ib plus bevacizumab and in 1 of 267 
(< 1%) of patients receiving placebo plus
bevacizumab. Grade 1 or 2 pneumonitis, 
interstitial lung disease, or bronchiolitis 
also occurred in 1% of patients receiv-
ing olaparib plus bevacizumab versus
no patients receiving placebo plus
bevacizumab.12

Niraparib indications include front-
line maintenance treatment in adult 
patients with advanced epithelial 
ovarian, fallopian tube, or primary 
peritoneal cancer who are in CR/PR 
after � rst-line platinum-based che-
motherapy.8 This frontline mainte-
nance approval is based on results of 
the randomized, phase 3 PRIMA trial 
(NCT02655016),13 which evaluated the 
ef� cacy of niraparib versus placebo as 
frontline maintenance therapy for new-
ly diagnosed advanced ovarian cancer 
after response to platinum-based che-
motherapy. The use of niraparib was as-
sociated with a signi� cant improvement 
in median PFS in patients who were 
HRD positive (21.9 vs 10.4 months,
respectively; 95% CI, 0.31-0.59; 

P < .001), as well as in the overall pop-
ulation (13.8 vs 8.2 months; 95% CI, 
0.50-0.76; P < .001).4

In the PRIMA trial, the most com-
mon grade 3 or higher AEs included 
anemia (31.0%), thrombocytopenia 
(28.7%), and neutropenia (12.8%). No 
treatment related deaths occurred 
during the trial.4

Considerations for the Use 
of PARP Inhibitors as Frontline 
Maintenance Therapy
The updated 2020 National Com-
prehensive Cancer Network (NCCN) 
guidelines for ovarian cancer recom-
mend PARP inhibitors for frontline 
maintenance therapy in stages II, III, 
and IV epithelial ovarian, fallopian 
tube, and primary peritoneal cancers 
that have either the BRCA1/2 wild-type, 
a BRCA1/2 mutation, or an unknown 
status. For those without a BRCA1/2
mutation, identifying HRD status may 
help determine the potential bene� t 
of PARP inhibitors. Before receiving 
PARP inhibitors, patients should � rst 
undergo cytoreductive surgery if possi-
ble. They should also be evaluated for 
appropriate timing for platinum-based 
chemotherapy (neoadjuvant vs post-
operative) and whether bevacizumab 
should be added to the chemothera-
py regimen. Patients must complete a
primary therapy regimen and experi-
ence CR/PR to be evaluated for PARP
inhibitor treatment.14

According to the NCCN guidelines, 
among patients who did not receive 
bevacizumab during primary therapy, 
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niraparib (category 2A recommenda-
tion) is recommended for those with 
BRCA1/2 wild-type or unknown status 
and olaparib or niraparib (category 1) 
for those with a BRCA1/2 mutation. If 
a CR had been achieved with primary 
therapy without bevacizumab, obser-
vation alone should also be considered. 
Among patients who received bevaci-
zumab as primary therapy, those with a 
BRCA1/2 wild-type or unknown status, 
bevacizumab plus olaparib or bevaci-
zumab (category 2A) is recommended. 
Bevacizumab plus olaparib (category 1),  
or olaparib, or niraparib (category 2A)  
is recommended for those with a 
BRCA1/2 mutation.14 Administration 
of bevacizumab may be restricted for 
some patients because of concerns with 
safety, and olaparib alone is approved 
only for cancers with BRCA1/2 muta-
tions; therefore, niraparib, which has 
demonstrated efficacy in wild-type 
BRCA tumors, can offer an important 
treatment strategy for some patients 
with limited options.4

Resistance to PARP inhibitors typ-
ically develops with most advanced 
ovarian cancers.6 Because the mecha-
nisms contributing to PARP inhibitor 
resistance are the same mechanisms 
that contribute to platinum-based drug 
resistance, clinicians must carefully 
choose therapies administered before 
and after PARP inhibitor treatment. 
It is not yet fully known whether 
re-treating with a PARP inhibitor af-
ter discontinuation for reasons such as 
disease progression or AEs will lead to 
a different response to treatment.15 Re-
sults from an analysis of the QUADRA 
trial (N = 463; NCT02354586) con-
ducted on a subset of heavily treated 
patients with recurrent ovarian cancer 
previously treated with PARP inhib-
itors (niraparib, rucaparib, olaparib, 
or veliparib; n = 37) showed that those 
who had discontinued PARP inhibitors 
because of progression experienced 
limited benefit from PARP inhibitor 
monotherapy retreatment with nirapa-
rib. Retreatment demonstrated a safety 

profile similar to that of the first treat-
ment. Additional research is needed to 
determine the benefit of PARP inhibitor 
retreatment among patients who did 
not discontinue the first PARP inhibitor 
because of progression and whether it 
is safe for those who experienced AEs 
with the first PARP inhibitor.15

Conclusions
Ovarian cancer is a significant cause 
of morbidity and mortality for women 
worldwide. Many patients receive a di-
agnosis after metastasis of the cancer.1 
With up to 85% of patients experi-
encing disease recurrence that requires 
additional treatment,4 olaparib and 
niraparib have played an important role 
in reducing the risk of recurrence since 
their approvals as maintenance thera-
pies.7,8 Opportunities exist to research 
biomarkers that identify which patients 
could most benefit from treatment with 
PARP inhibitors, to deepen the under-
standing of PARP inhibitor resistance 
and biomarkers that may help predict 
resistance, and to identify PARP inhib-
itor combination therapies that work 
synergistically to prevent recurrence of 
ovarian cancer.6
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Renal cell carcinoma 
(RCC) accounts for 
approximately 2 to 

4% of all newly diagnosed 
cancers in the United States.1 
Numerous subtypes of RCC 
are recognized in the 2016 
World Health Organization 
(WHO) classification of tu-
mors including clear cell RCC 
(approximately 80-90% of 
RCCs), papillary RCC (10-
15%), and chromophobe 
RCC (4-5%).2,3 Current Na-
tional Comprehensive Cancer 
Network (NCCN) clinical 
practice guidelines for kidney 
cancer recommend a com-
prehensive initial workup to 
confirm RCC diagnosis, with 
surgery as primary treatment 
for stage I to III disease.4 
Systemic therapies are used as 
primary treatment for stage IV 
RCC as well as treatment for 
relapsed or progressive stage 
I to III RCC. The selection of 
the most appropriate systemic 
therapy for a patient with 
RCC is determined by tumor 
histology and the presence of 
prognostic factors outlined in 
the International Metastatic 
RCC Database Consortium 
(IMDC) Criteria (Table 1).5 

Current NCCN guidelines 
recommend that systemic 
therapy for clear cell RCC is 
directed by a patient’s prog-
nostic risk group as defined by 
the IMDC criteria.5 Patients 
with clear cell RCC who are 
favorable risk according to 
IMDC criteria should receive 
systemic therapy with either 
axitinib plus pembrolizumab, 
pazopanib, or sunitinib as 
preferred options. Other rec-
ommended options for first-
line systemic therapy in these 
patients include ipilimumab 

plus nivolumab, axitinib plus 
avelumab, and cabozantinib 
(category 2B). High-dose 
IL-2 therapy is an additional 
first-line option for patients 
with clear cell RCC who are 
favorable-risk and who have 
excellent performance status 
and normal organ function.

Preferred first-line sys-
temic therapy options for 
patients with clear cell RCC 
classified as intermediate- or 
poor-risk include ipilimumab 
plus nivolumab (category 1), 
axitinib plus pembrolizumab 
(category 1), and cabozan-
tinib.5 Other recommended 
first-line options for patients 
with clear cell RCC in these 
prognostic risk groups in-
clude pazopanib, sunitinib, 
and axitinib plus avelumab. 
Preferred subsequent-line 
systemic therapy options rec-
ommended by current NCCN 
guidelines for patients with 
clear cell RCC regardless of 
prognostic risk group include 
cabozantinib (category 1), 
nivolumab (category 1), and 
ipilimumab plus nivolumab. 
Preferred systemic therapy 
options for patients with 
non–clear cell RCC include 
investigational agents re-
ceived from clinical trials 
and sunitinib monotherapy. 
Other recommended systemic 
therapy options in these pa-
tients include cabozantinib, 
everolimus, and lenvatinib 
plus everolimus.5 

The therapeutic armamen-
tarium for patients with RCC 
has expanded recently with 
the emergence of therapies 
targeting a novel pathway 
involving hypoxia-inducing 
factor 2 alpha (HIF-2α).6 
David F. McDermott, MD, 

reviews recent data from 
clinical trials investigating 
HIF-2α inhibition agents for 
the treatment of RCC and 
the potential impact on the 
treatment landscape for these 
patients in the near future. 

Q: What is the 
biological rationale 

for developing HIF-2α 
inhibitors in renal cell 
carcinoma?

MCDERMOTT: Kidney cancer is 
a relatively common cancer 
in the developed world, with 
about 63,000 new cases and 
over 15,000 deaths in the U.S. 
each year.1 It can be cured 
with surgery if detected at 
an early, localized stage.4 
Unfortunately, many patients 
relapse after surgery or have 
advanced disease at presenta-
tion. Drugs that target VEGF, 
the PD-1 immune checkpoint, 
and mTOR pathways have 
been approved for the treat-
ment of kidney cancer but 
are not curative alone or in 
combination. There is a need 
to identify new targets that, 
when inhibited in monother-
apy or in combination with 
existing agents, will impair 
kidney cancer growth and 
improve outcomes for pa-
tients. Most kidney cancers 
are clear cell RCC.2,3 The loss 
of 2 copies, or biallelic inac-
tivation, of the VHL tumor 
suppressor gene is an early 
event in upwards of 90% of 
clear cell RCC.7

Early research explored 
how inactivation of the VHL 
tumor suppressor gene is the 
initiating genetic event in most 
clear cell RCC cases, and the 
direct cause of an increase in 
HIF-2α, which drives kidney 

cancer growth.8 In contrast 
to other genetic alterations 
that are acquired later during 
kidney cancer development 
and show considerable intra-
tumoral heterogeneity, VHL 
inactivation is ubiquitous 
and present in almost all 
subclones of primary tumors 
and metastatic lesions. The 
VHL protein is a substrate 
of a ubiquitin ligase com-
plex that essentially targets 
HIF transcription factor for 
degradation in proteasomes 
when oxygen is available. 
In summary, HIF-2α is a 
transcription factor that ac-
cumulates in clear cell RCC 
and results in the activation 
of genes involved in kidney 
cancer carcinogenesis, which 
makes it a rational target for 
novel therapy.

Q: Can you describe 
the mechanism of 

action of HIF-2α inhibitors 
in renal cell carcinoma?

MCDERMOTT: HIF-2α regulates 
the expression of more than 
100 genes in clear cell RCC.9 

Therefore, it seems highly 
likely that targeting HIF-2α 
itself would be therapeutically 
efficacious—more so than 
targeting a HIF-2α responsive 
gene product in isolation, 
for example, VEGF or its 
receptors. Essentially, what 
we have been doing over 
the last 15 years has been 
targeting a protein product 
of the HIF-2α transcription 
factor, VEGF, and now we 
are attempting to target the 
transcription factors that help 
produce VEGF. Unfortunately, 
however, DNA-binding tran-
scription factors like HIF, with 
the exception of hormone 
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steroid receptors, are typically 
difficult to inhibit with small 
molecule drugs and are usu-
ally considered undruggable. 
Fortunately, Bruick and Gard-
ner at the University of Texas 
Southwestern described a po-
tentially druggable pocket in 
HIF-2α.10,11 Drugs occupying 
this pocket disrupt the asso-
ciation or heterodimerization 
between HIF-2α and HIF-1, 
inhibiting HIF target gene 
expression.

Further research led to the 
development of a first-in-class 
HIF inhibitor called PT2385 
that can bind to this pocket 
and inhibit HIF-2α DNA 
binding in vitro and in vivo.12 

PT2385 was well-tolerated 
and demonstrated early evi-
dence of clinical activity in a 
subset of heavily pretreated 
patients with kidney cancer.13 
Subsequently, a more potent 
and selective second-gener-
ation HIF inhibitor was de-
veloped, PT2977, now called 
MK-6482.14,15 This agent was 
developed to overcome some 
of the pharmacokinetic limita-
tions of the initial compound. 

Q: Please assess the 
efficacy of HIF-2α 

inhibitors and how their 
application could affect 
the treatment landscape 
of RCC.

MCDERMOTT:  To date, there 
have been 2 HIF-2α inhibi-
tors tested in the clinic. The 
first being PT2385 and the 
second, PT2977 (MK-6482); 
both have shown efficacy in 
patients with advanced clear 
cell kidney cancer and VHL 
disease with reasonable safety 
profiles.15 The most recent 
study was reported at GU 

ASCO in 2020, which was a 
first-in-human phase 1 study 
of MK-6482.16 In the dose-es-
calation cohort of the study, 
there were no dose-limiting 
toxicities. The investigators 
identified a recommended 
phase 2 dosage of 120 mg, 
once a day. In the study, 
plasma erythropoietin levels 
of patients were monitored, 
and reductions were seen at 
all doses. The erythropoietin 
levels seemed to correlate with 
the plasma concentration of 
MK-6482.

This is important because it 
shows that MK-6482 activity 
was on-target, as erythropoi-
etin is a gene that is turned 
on by the HIF transcription 
factor. Among patients with 
clear cell kidney cancer in this 
trial, 55 were treated at 120 
mg once a day.17 An objective 
response rate of 24% was 
seen. Of note, all of these were 
partial responses, and the re-
sponses were late in develop-
ing, often following 6 months 
of treatment. The median 
progression-free survival was 
encouraging at 14.5 months. 
These results were notable, 
at least in part, because this 
was a heavily pretreated 
population, with over 90% 
of patients having progressed 
on prior anti-VEGF therapy. 
The most common grade 3 
or higher adverse events were 
anemia and hypoxia.

The investigators felt that 
MK-6482 was well-tolerat-
ed and demonstrated pre-
liminary activity and that 
this study provided further 
proof-of-principle that HIF-2 
inhibition would be a promis-
ing approach for patients with 
clear cell RCC.16,17 This study 

has led to the development 
of a pivotal phase 3 study 
in which MK-6482 will be 
compared with everolimus in 
a randomized trial for patients 
who have failed both prior 
VEGF and PD-1 blockade 
therapy.18

Q: Please describe 
the safety profiles 

of emerging HIF-2α 
inhibitors in RCC and 
clinical strategies used 
in trials to mitigate the 
adverse events.

MCDERMOTT: No dose-limiting 
toxicities were observed at 
doses of up to 160 mg of 
MK-6482 once a day.16,17 

There were treatment-relat-
ed toxicities that occurred 
at higher doses, including 
thrombocytopenia. The max-
imum tolerated dose was 
not reached. Treatment was 
discontinued in the majority 
of patients due to disease pro-
gression. Treatment-related 
adverse events occurred in ap-
proximately 70% of patients. 
However, grade 3 or higher 
treatment-related adverse 
events occurred in less than 

20% of patients across dose 
levels. There were no treat-
ment-related deaths. Based on 
the safety pharmacokinetics 
and pharmacodynamics, 120 
mg once a day was selected as 
the phase 2 dosage. 

Typically, MK-6482 was 
not associated with hyper-
tension or diarrhea. However, 
most of the grade 3 adverse 
events in patients receiving the 
HIF inhibitor were hypoxia 
and the on-target adverse 
event of anemia.16,17 In the 
study, patients with anemia 
were managed with eryth-
ropoietin replacement. Most 
of the hypoxia that was seen 
in the study was triggered 
by acute lung events such as 
pneumonia. Patients in the 
study who required supple-
mental oxygen all respond-
ed, with most of the cases 
resolving when the drug was 
discontinued. In general, it is 
safe to say that the drug was 
well-tolerated. Because this is 
a novel agent, both patients 
and clinicians will need to be 
educated on the proper use of 
this approach as the toxicity 
profile is rather unique.
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TABLE 1. International Metastatic RCC Data-
base Consortium (IMDC) Criteria5

Prognostic factors

• Time from diagnosis to systemic therapy < 1 y
• Karnofsky performance status < 80%
• Hemoglobin < 12 g/dL
• Calcium > 10.2 mg/dL
• Neutrophil > 7.0 x 109/L
• Platelets > 400,000

Prognostic risk groups

Favorable-risk group No prognostic factors

Intermediate-risk group 1 to 2 prognostic factors

Poor-risk group 3 to 6 prognostic factors
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Q: How could 
biomarkers 

optimally be used to 
select patients with RCC 
most likely to respond to 
HIF-2α inhibitors?

MCDERMOTT: At the current 
time, there are no validat-
ed predictive biomarkers 
for any therapy for kidney 
cancer. While a major focus 
of research, our inability to 
develop predictive biomark-
ers has been frustrating and 
limited clinical progress. That 
said, there is reason to believe 
that predictive biomarkers 
can be developed for HIF 
inhibitors. Several potential 
biomarkers are being looked 
at in exploratory studies 
including the presence or 
absence of VHL mutation, 
HIF-2α expression levels, and 
PBRM1 mutation.19 At the 
current time, too few patients 
have been tested to make clear 
statements about biomarkers, 
but this will be an active area 
of study in larger trials. Clear-
ly, there is a subset of patients 
that benefit from these agents, 
so identifying those patients 
early on will be a high pri-
ority for future trials, as will 
understanding why patients 
develop resistance to disease. 
Therefore, obtaining serial 
tissue samples for patients 
treated with HIF inhibitors 
will be a focus of upcoming 
translational research studies.

Q: What are rational 
combinations for 

HIF-2α inhibitors in RCC?

MCDERMOTT: In both preclinical 
and clinical applications, HIF 
inhibition seems to only have 
a significant impact on a sub-
set of kidney cancer. There-

fore, combination studies will 
be essential to maximize the 
benefit of this approach. There 
are several combinations that 
make sense to consider, the 
first of which is employing 
HIF inhibition with VEGF 
blockade in a vertical combi-
nation approach targeting 2 
levels of the VHL/HIF/VEGF 
axis.20 This approach is being 
explored at the present time 
with the VEGF tyrosine kinase 
inhibitor cabozantinib. In an-
other example, the early HIF 
inhibitor PT2385 was com-
bined with the PD-1 antibody 
nivolumab in a small study.21 
The early results of this study 
have been presented at a meet-
ing but not published. Results 
suggested that this combi-
nation was safe, although 
early efficacy signals were 
not overly impressive. It will 
be interesting to see whether 
the new and improved HIF 
inhibitor MK-6482 provides 
more synergistic benefit with 
PD-1 blockade in future trials. 

One question that scientists 
have looked at is whether 
VHL loss creates vulnerabil-
ities other than HIF-2 depen-
dence that can be targeted, 
and they are working to try 
to identify new therapeutic 
targets in VHL in non–clear 
cell kidney cancer based 
on robust, synthetic lethal 
interaction. One potential 
target for future combina-
tions is CDK4/6 blockade.22 
In preclinical studies, CDK4 
inhibition enhanced the an-
ti-proliferative effect of a 
HIF-2 inhibitor against HIF-2 
dependent clear cell RCC cell 
lines. Also, adding a HIF-2 
inhibitor did not mitigate the 
effect of CDK4/6 inhibitors 

in HIF-2-independent cell 
lines, suggesting that both sin-
gle-agent CDK4/6 blockade 
and combination approaches 
might be rational in future 
trial design.

Q: If approved, 
how could HIF-

2α inhibitors affect 
the overall treatment 
landscape of RCC?

MCDERMOTT: A large unmet 
need for patients with ad-
vanced kidney cancer is the 
development of therapies 
that are effective after VEGF 
and PD-1 blockades stop 
working. Many patients are 
now receiving VEGF and 
PD-1 inhibitors as first-line 
therapy, and there are very 
few proven effective therapies 
after both of those treatments 
stop working. The pivotal trial 
of MK-6482 in the setting of 
PD-1 and VEGF blockade will 
be of particular interest.18,20 
If that agent shows efficacy 
superiority, it will help fill a 
need for a novel agent, along 
with a novel mechanism of ac-
tion, in a place lacking proven 
effective therapies. Given the 
relatively safe toxicity profile 
of this agent, combinations 
will be worth studying. The 
approval of MK-6482 will 
allow for those trials to be 
conducted more easily and 
will facilitate the potential 
exploration of HIF inhibition 
in the adjuvant setting.

Q: What potential 
future applications 

of HIF-2α inhibitors are 
you most excited about?

MCDERMOTT: Given the data we 
have seen of limited efficacy 
and a favorable toxicity pro-

file, investigators are excited 
to bring MK-6482 closer 
to the frontline setting of 
treatment, along with the 
development of combinations 
and predictive biomarkers. 
In many ways, bringing this 
agent to the front line as a 
single agent is very attractive 
but will need to be done in 
the context of identifying 
and selecting which patients 
will benefit from it. From a 
quality-of-life standpoint, I 
have not seen another agent 
in clinical development that is 
easier for the typical patient 
to take than MK-6482, so I 
would be most excited about 
trying to bring this agent to 
the front line. That said, it will 
only be possible if we develop 
better methods to predict 
which patients are most likely 
to benefit from treatment.
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Neutropenia (cont’d)
Monitor complete blood cell counts periodically during 
treatment. Consider the use of antibiotics and antiviral 
prophylaxis during treatment. Monitor patients with 
neutropenia for signs of infection. In case of grade 4 
neutropenia, delay SARCLISA dose until neutrophil count 
recovery to at least 1.0 x 109/L, and provide supportive 
care with growth factors, according to institutional 
guidelines. No dose reductions of SARCLISA
are recommended. 

Second Primary Malignancies
Second primary malignancies were reported in 3.9% 
of patients in the SARCLISA, pomalidomide, and 
dexamethasone (Isa-Pd) arm and in 0.7% of patients 
in the pomalidomide and dexamethasone (Pd) arm, 
and consisted of skin squamous cell carcinoma (2.6% 
of patients in the Isa-Pd arm and in 0.7% of patients in 
the Pd arm), breast angiosarcoma (0.7% of patients in 
the Isa-Pd arm), and myelodysplastic syndrome (0.7% 
of patients in the Isa-Pd arm). With the exception of the 
patient with myelodysplastic syndrome, patients were 
able to continue SARCLISA treatment. Monitor patients 
for the development of second primary malignancies.

Laboratory Test Interference
Interference with Serological Testing (Indirect
Antiglobulin Test) 
SARCLISA binds to CD38 on red blood cells (RBCs) and 
may result in a false positive indirect antiglobulin test 
(indirect Coombs test). In ICARIA-multiple myeloma 
(MM), the indirect antiglobulin test was positive during 
SARCLISA treatment in 67.7% of the tested patients. In 
patients with a positive indirect antiglobulin test, blood 
transfusions were administered without evidence 
of hemolysis. ABO/RhD typing was not affected by 
SARCLISA treatment. Before the fi rst SARCLISA infusion, 
conduct blood type and screen tests on SARCLISA-
treated patients. Consider phenotyping prior to starting 
SARCLISA treatment. If treatment with SARCLISA has 
already started, inform the blood bank that the patient 
is receiving SARCLISA and SARCLISA interference with 
blood compatibility testing can be resolved using 
dithiothreitol-treated RBCs. If an emergency transfusion 
is required, non–cross-matched ABO/RhD-compatible 
RBCs can be given as per local blood bank practices.

Interference with Serum Protein Electrophoresis and 
Immunofi xation Tests
SARCLISA is an IgG kappa monoclonal antibody that 
can be incidentally detected on both serum protein 
electrophoresis and immunofi xation assays used for 
the clinical monitoring of endogenous M-protein. 
This interference can impact the accuracy of the 
determination of complete response in some patients 
with IgG kappa myeloma protein. 

Embryo-Fetal Toxicity 
Based on the mechanism of action, SARCLISA can 
cause fetal harm when administered to a pregnant 
woman. SARCLISA may cause fetal immune cell 
depletion and decreased bone density. Advise 
pregnant women of the potential risk to a fetus. 
Advise females with reproductive potential to use an 
effective method of contraception during treatment 
with SARCLISA and for at least 5 months after 
the last dose. The combination of SARCLISA with 
pomalidomide is contraindicated in pregnant women 
because pomalidomide may cause birth defects and 
death of the unborn child. Refer to the pomalidomide 
prescribing information on use during pregnancy.

ADVERSE REACTIONS
The most common adverse reactions (≥20%) were 
neutropenia (laboratory abnormality, 96% Isa-Pd vs 92% 
Pd), infusion-related reactions (38% Isa-Pd vs 0% Pd), 
pneumonia (31% Isa-Pd vs 23% Pd), upper respiratory 
tract infection (57% Isa-Pd vs 42% Pd), and diarrhea 
(26% with Isa-Pd vs 19% Pd). Serious adverse reactions 
occurred in 62% of patients receiving SARCLISA. Serious 
adverse reactions in >5% of patients who received 
Isa-Pd included pneumonia (26%), upper respiratory 
tract infections (7%), and febrile neutropenia (7%). Fatal 
adverse reactions occurred in 11% of patients (those that 
occurred in more than 1% of patients were pneumonia 
and other infections [3%]).

USE IN SPECIAL POPULATIONS
Because of the potential for serious adverse reactions 
in the breastfed child from isatuximab-irfc administered 
in combination with Pd, advise lactating women not to 
breastfeed during treatment with SARCLISA.

Please see Important Safety Information 
throughout, and Brief Summary of the full 
Prescribing Information.

References: 1. SARCLISA [prescribing information]. Bridgewater, NJ: sanofi -aventis
U.S. LLC. 2. Attal M, Richardson PG, Rajkumar SV, et al; on behalf of the ICARIA-
MM study group. Isatuximab plus pomalidomide and low-dose dexamethasone 
versus pomalidomide and low-dose dexamethasone in patients with relapsed 
and refractory multiple myeloma (ICARIA-MM): a randomised, multicentre, 
open-label, phase 3 study. Lancet. 2019;394(10214):2096-2107. 3. Data on fi le. 
sanofi -aventis U.S. LLC. 4. Referenced with permission from the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines®) for Multiple Myeloma 
V.2.2021. © National Comprehensive Cancer Network, Inc. 2020. All rights 
reserved. Accessed September 9, 2020. To view the most recent and complete 
version of the guideline, go online to NCCN.org.

Important Safety Information (cont'd)

Embryo-Fetal Toxicity 
Based on the mechanism of action, SARCLISA can 
cause fetal harm when administered to a pregnant 
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Indication
SARCLISA (isatuximab-irfc) is indicated, in combination with pomalidomide and dexamethasone, for the 
treatment of adult patients with multiple myeloma who have received at least two prior therapies including 
lenalidomide and a proteasome inhibitor.

Important Safety Information
CONTRAINDICATIONS
SARCLISA is contraindicated in patients with severe hypersensitivity to isatuximab-irfc or to any of its excipients. 

WARNINGS AND PRECAUTIONS
Infusion-Related Reactions
Infusion-related reactions (IRRs) have been observed in 39% of patients treated with SARCLISA. All IRRs started 
during the fi rst SARCLISA infusion and resolved on the same day in 98% of the cases. The most common 
symptoms of an IRR included dyspnea, cough, chills, and nausea. The most common severe signs and 
symptoms included hypertension and dyspnea.

Please see Important Safety Information throughout, and accompanying
Brief Summary of the full Prescribing Information. 

IMiD is a registered trademark of Celgene Corporation.
© 2020 sanofi -aventis U.S. LLC.   All rights reserved.   MAT-US-2016919-v1.0-09/2020

*ORR included sCR, CR, VGPR, and PR. ORR: SARCLISA + Pd (95% CI: 52.2%, 68.2%), Pd (95% CI: 27.8%, 43.4%).

IN THE TREATMENT OF RELAPSED REFRACTORY
MULTIPLE MYELOMA IN COMBINATION WITH Pd

Achieve Greater Outcomes for Your Patients
The fi rst phase 3 trial of an anti-CD38 mAb in

combination with Pd vs Pd alone1

Median PFS of ~1 year with SARCLISA + Pd1

HR=0.596
(95% CI: 0.44, 0.81)

P=0.0010

Median PFS of ~1 year with SARCLISA + Pd

months
mPFS

SARCLISA + Pd
(n=154)

11.53

Median PFS of ~1 year with SARCLISA + Pd

months
mPFS

11.53

Median PFS of ~1 year with SARCLISA + Pd

Pd 
(n=153)months

mPFS

6.47

Median PFS of ~1 year with SARCLISA + Pd

months
mPFS

6.47

(95% CI: 8.94, 13.9) (95% CI: 4.47, 8.28)

A signifi cant increase in responses shown with SARCLISA + Pd1*

  7% of patients receiving SARCLISA + Pd permanently discontinued treatment due to adverse reactions1

  Infusion time decreases to 75 minutes starting after the second infusion in the absence of IRRs1

IRR=infusion-related reaction; mPFS=median progression-free survival.

SARCLISA + Pd (n=154) Pd (n=153)

31.8% ≥VGPR

60.4% ORR

8.5% ≥VGPR

35.3% ORR

35 days 58 daysMedian time to fi rst response
among responders

~4× increase

P<0.0001
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