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Abstract

Background: Chemotherapy-induced thrombocytopenia (CIT) is common during
treatment with antineoplastic therapies and may adversely impact chemotherapy
dose intensity. There is no approved therapy for CIT. In our recent phase |l randomized
study, romiplostim led to correction of platelet counts in 85% of treated patients and
allowed resumption of chemotherapy, with low rates of recurrent CIT in the first two
cycles or 8 weeks of chemotherapy. However, there is a lack of long-term data on the
efficacy and safety of romiplostim in CIT.

Objectives: To analyze efficacy and safety of romiplostim in the patients in the phase
2 study, who received romiplostim for 21 year.

Patients/Methods: Twenty-one patients remained on romiplostim for 21 year. We
analyzed the effect of romiplostim on platelet counts, absolute neutrophil counts, and
hemoglobin, as well as impact on ongoing chemotherapy. We also tracked venous or
arterial thrombotic events.

Results: During the study period, romiplostim was effective in preventing reduction
of chemotherapy dose intensity due to CIT. Fourteen of the 20 (70%) analyzable pa-
tients experienced no episode of CIT, 4 subjects experienced a single chemotherapy
dose delay due CIT, and 2 patients required a chemotherapy dose reduction. Platelet
counts were preserved throughout the duration of the extension analysis. One pa-
tient experienced a proximal deep vein thrombosis, and one patient experienced mul-
tiple tumor-related ischemic events.

Conclusions: Long-term use of romiplostim for treatment of CIT was effective and

safe, with no evidence of resistance or increased risk of thrombosis.
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Essentials

e Chemotherapy-induced thrombocytopenia is common, with no approved treatment.

e Romiplostim is effective and safe for treatment of chemotherapy-induced thrombocytopenia.

e Inlong-term use (21 year) romiplostim remains effective, with no evidence of resistance.

e Venous thromboembolism is not more frequent than anticipated.

1 | INTRODUCTION

Suppression of hematopoiesis is a common adverse effect of chem-
otherapy and, if severe or protracted, may lead to delay or dose
reduction of cancer treatment.?> Reduced relative dose intensity
of chemotherapy may adversely impact optimal management of
the malignancy and may decrease progression-free and overall
survival.t%7 Granulocyte colony-stimulating factor (filgrastim and
pegfilgrastim) are approved by the US Food and Drug Administration
to reduce the incidence of chemotherapy-induced neutropenia and
infection.’® However, there is no approved therapy to treat or pre-
vent chemotherapy-induced thrombocytopenia (CIT), an important
unmet clinical need.*?

Thrombopoietin (TPO) is the primary hematopoietic growth
factor regulating thrombopoiesis.'* TPO binds to the TPO recep-
tor (c-mpl, CD 110), leading to activation of the Janus kinase/sig-
nal transducer and activator of transcription pathway, stimulation
of megakaryocyte proliferation and differentiation, and increased
platelet production.11 Thrombopoietin receptor agonists (TPO-RAs)
(romiplostim, eltrombopag, avatrombopag and lusutrombopag) are
second generation thrombopoietic agents, in that they activate the
TPO receptor, but do not contain the actual structure of TPO. TPO-
RAs are approved for the management of various thrombocytope-
nic states, including immune thrombocytopenia, aplastic anemia,
and periprocedural thrombocytopenia, particularly in patients with
chronic liver disease, yet none of the TPO-RAs are approved for
treatment of CIT.>'2Y” An increasing body of evidence indicates that
romiplostim may be of benefit in the treatment of CIT.88

Our recently published phase 2 clinical trial demonstrated that
romiplostim successfully corrected CIT within 3 weeks in 85% of
treated subjects.8 A secondary end point was resumption of che-
motherapy with romiplostim maintenance for at least two cycles or
8 weeks without recurrent CIT. Of the 44 subjects who resumed
chemotherapy with weekly romiplostim support, just 3 patients
(6.8%) experienced chemotherapy dose reduction or dose delay due
to recurrent CIT within the two cycles or 8 weeks.®

The most recent iteration of the National Comprehensive Cancer
Network Guidelines for Hematopoietic Growth Factors endorses
the consideration of use of romiplostim as one option for manage-
ment of CIT,"Y and therefore there is a need for data on efficacy
and toxicity in patients maintained on long-term romiplostim for CIT.
The phase 2 protocol specified that “patients who received romi-
plostim and demonstrated clinical benefit and resumed chemother-
apy could continue romiplostim treatment as long as it was felt to be
beneficial.”® In this extension analysis, we assessed the patients who

corrected their platelet count within 3 weeks, resumed chemother-
apy, and remained on romiplostim for 12 months or longer. We as-
sessed the maintenance of adequate platelet counts and avoidance
of episodes of CIT leading to delay or dose reduction of chemother-
apy. Safety was assessed by tracking thrombosis and development

of secondary hematologic malignancy.

2 | METHODS

This is a long-term efficacy and safety analysis of subjects in a pre-
viously published phase 2 randomized clinical trial (ClinicalTrials.
gov identifier: NCT02052882).8 The study was conducted at
Memorial Sloan Kettering Cancer Center (MSK) and approved by the
Institutional Review Board/Privacy Board. Written informed con-
sent was obtained from all participants. The study was performed in
accordance with Good Clinical Practice guidelines and the principles
of the Declaration of Helsinki. The MSK Data and Safety Monitoring
Committee provided oversight of the study.

Of 60 enrolled subjects in the phase 2 trial, 59 received romiplos-
tim either as up-front therapy or in the crossover design. Forty-four
participants (75%) achieved platelet correction within 3 weeks of
initiation of romiplostim treatment, either in romiplostim up front or
crossover and resumed chemotherapy with continuation of weekly
romiplostim. Patients remained on romiplostim for as long as both
the oncologist and the participant felt it was beneficial. This analy-
sis is of the 21 subjects meeting eligibility who were treated for 21
year (between May 15, 2014, and December 22, 2020). Data were
collected from 1 month before initiation of romiplostim to 1 month
after the last dose of the drug.

The extracted data included complete blood count, chemother-
apy doses and dates, romiplostim doses and dates, body weight, can-
cer diagnosis, age, sex, date of death, and thrombotic events. The
mean romiplostim doses and lab values are calculated by month of
study participation.

The chemotherapy participants received during the study was
extracted from the electronic medical record (EMR). This includes
cytotoxic chemotherapy as well as antineoplastic agents with throm-
bocytopenia as a known toxicity. Biological agents without thrombo-
cytopenia as a known toxicity were excluded. Details of outpatient
oral chemotherapy agents (ie, capecitabine) could not be reliably
captured from the EMR and therefore were excluded from this anal-
ysis. If a dose of chemotherapy was delayed by >7 days or dose re-
duced by >20% in the presence of a platelet count <100 x 10%/L at
the time of scheduled chemotherapy, it was designated CIT. We did
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not differentiate thrombocytopenia in the presence of other cyto-
penia or other adverse events. If delay or dose reduction of che-
motherapy occurred in the setting of platelet count 2100 x 10%/L,
we did not adjudicate the reason for the delay or dose reduction of
chemotherapy.

Thrombotic events that occurred during the study and up to 1
month after the last romiplostim dose were captured in the EMR, by
extracting all contrast imaging studies and vascular Doppler ultra-
sound reports. The reports were then reviewed individually by two

of the study investigators.

3 | RESULTS AND DISCUSSION

Thirty-eight patients from the phase 2 study of romiplostim cor-
rected their platelet counts and tolerated 2 cycles or 8 weeks of
chemotherapy with maintenance romiplostim.® Of these patients,
17 discontinued romiplostim before 12 months for the following
reasons: death or transfer to hospice (n = 4), discontinuation of
chemotherapy for reasons unrelated to CIT (n = 10), enrollment on
a new chemotherapy clinical trial (n = 1), transfer of care to outside
our institution (n = 1), and poor compliance (n = 1). None of these
17 patients discontinued romiplostim due to romiplostim resistance
or side effects. One patient experienced a calf vein thrombosis but
remained in the study.

This report focuses on the 21 patients on romiplostim for
212 months. Demographics of the 21 participants who received
romiplostim for 212 months are listed in Table 1. The most common
cancers were colorectal and breast. All 21 subjects had metastatic
disease. Median age was 53 years at enrollment, with 12 men and 9
women. Chemotherapeutic agents and number of patients receiving
each agent are listed in Table 2.

No patient discontinued romiplostim therapy due to an adverse
event or due to futility. Twelve patients received romiplostim for
>24 months, and three patients received romiplostim for >3 years.
Two patients remained on romiplostim at the time of the data lock
and are now on a commercial romiplostim product. At the prepara-
tion of this article, the longest exposure was 53 months.

Of the 21 participants, we have treatment records on 20. One
participant, a 53-year-old man with metastatic pancreatic cancer,
received romiplostim at our center but chemotherapy at an outside
facility. We were unable to obtain details of chemotherapy treat-
ment. However, during 29 months in the study, with weekly platelet
counts and romiplostim, he never had a platelet count <100 x 107/L;
therefore, we can reasonably assume he did not experience re-
current CIT. Fourteen of the 20 analyzable participants (70%) ex-
perienced no episodes of CIT leading to dose reduction or delay in
chemotherapy for the duration of study participation (Table 3). Four
participants (one each of breast, gastroesophageal junction, rectal,
cholangiocarcinoma) experienced a single episode of CIT leading to
chemotherapy dose delay, which were successfully managed with
increasing the dose of romiplostim. These participants were able to
maintain full-dose chemotherapy with titrated romiplostim without
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TABLE 1 Characteristics of patients on romiplostim for
212 months

Age,y

Median 53
Range 32-78

Sex

Male 12

Female 9
Race, n

White 18

Asian 1

Patient refused to answer 1

Other 1
Ethnicity, n

Non-Hispanic 21
Cancer diagnosis, n

Breast

Colorectal

Ovarian

Pancreatic

Other?

aua N N O O

Cancer stage, n
Metastatic 21
Months in study
12-17
18-23
24-29
30-35
36-41
42-47
48-53

= O N N NN N

20ther cancer diagnoses include cholangiocarcinoma, gastroesophageal
junction, liver and pancreatic, lung, mesothelioma, and sarcoma.

further episodes of CIT. Two participants (colorectal and pancreas)
had dose reduction of chemotherapy due to CIT. Chemotherapy was
maintained at the reduced dose, without recurrent CIT or need for
additional chemotherapy dose reduction.

Of the 20 patients in the extension cohort for whom chemother-
apy records are complete, 12 experienced at least one change in the
chemotherapy regime. The mean time from initiation of romiplostim
until the first change in chemotherapy was 349 (range, 74-583) days.
None of the chemotherapy changes were due to CIT.

The mean monthly platelet counts, depicted in Figure 1, re-
mained within the target range throughout the period of analysis.
At 36 months and beyond, only three participants were receiving
romiplostim, accounting for the greater variability of platelet values
and mean monthly romiplostim doses. The mean romiplostim doses
were in the range of 3 to 5 pug/kg through 35 months. The dose of
romiplostim was titrated on the basis of the platelet count while the
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TABLE 2 Chemotherapy exposure in patients on long-term

romiplostim
°
Chemotherapy drug? Number of patients &
(%3
Fluorouracil 9 g
(3]
Irinotecan 7 =
. S 2l = R < BE
Carboplatin 6 g _ 35 8 8 o3 ==
o £5 8 S £ 5§38 = =
Gemcitabine 6 g x G 5 § § S5 & &
plati 5g £ 555t f 3
Oxaliplatin 6 5 T S ceEed SS
Paclitaxel 4
o
Doxorubicin 3 %
©
Pemetrexed 3 g—
Ado-trastuzumab emtansine 2 3
wn
. . o
Cisplatin 2 °
6
Floxuridine 2 5=
2 E
Vinorelbine 1 £ 0O o
. 28 - - 22 % -
Dacarbazine 1
Docetaxel 1
Eribulin 1
= .
Mitomycin 1 O 8%
R 5 %58
Tipiracil-trifluridine 1 o RS
. b 1 80
Unknown cytotoxic 1 = € E
[0 S5 9 o «
. o o z5 83 2 9 S
2Excludes oral chemotherapy or investigational drugs. Also excludes o ©
biologicals without a known association with thrombocytopenia. e %5
One patient received chemotherapy at an outside hospital, and details o g
of chemotherapy administration was not available. ’i f
S g
o B
5 8
x
patients were on chemotherapy. Therefore, if platelet counts were S = E Fo
Y= ‘0
preserved without romiplostim, the dose would gradually have been g ° § S
Q -
reduced to O pg/kg. This was not observed. There was a nonsignif- 3 83 ~ - o =
) ) ) ] ] . @ A o o 1 o o < 3
icant increase in mean romiplostim dose in months 24 to 35 com- 5 S
pared with the first 24 months. There were insufficient participants 4] iz qz’
o < =)
at month 36 and beyond to allow for reliable interpretation of plate- 3 %5 § ° <
. . ‘a = = c
let counts and mean romiplostim doses. $ E £ a 3
o = 5]
Hemoglobin (Hgb) levels and absolute neutrophil counts (ANCs) E g % © %
) . = c c
were analyzed to assess for potential adverse impact of long-term 5 = § - o § s
use of romiplostim on other hematopoietic lineages (Figure 2). Both “cc’; P8 & 9 2§ R I *g E
. . . Q X
Hgb and ANC remained stable through month 35. As with romiplos- 2 8 9
. L O [ S
tim dose and platelet counts, the variability beyond 35 months re- S . o 4 S
= ~ T £ c o
flects the small number of participants and lab values. g & ﬁ ~ O o nw o - &5 |
. ) ) ¥ <& ¥ & ¥ N N & 0o © o od
There was no evidence of marrow fibrosis, based on stable plate- ) S T > 3
o o - ©
let counts, Hgb, ANC, and absence of leukoerythroblastosis in any -g g £ 2 S 3
> © = O
patient. However, surveillance bone marrow biopsies were not per- g 2l = %’ v 3
.. - . .. S o T 0
formed unless clinically indicated. Finally, no participant developed % Q c § < qé 2 c
- o o o = o ©
a secondary malignancy. g' E 5—3 E *g ~§J :,E, 5 '§ 2
- = O =
We assessed the occurrence of venous thromboembolism (VTE) ) § § g 5 ‘g =R S g *g =
) . .. 5] T 2 ° w & = 2 €
as well as arterial/ischemic events. One participant developed a deep g S aexe § & O U O %:, § (0
- i~
vein thrombosis (DVT)—a 57-year-old man with metastatic colon g e 2 =
™ S - © o
cancer who developed a proximal lower-extremity DVT in the 12th w S o § § s 2
- 2 T O
month of romiplostim therapy. His platelet count was 146 x 10%/L at m S E 2 8 3 @
=] N o O o m Qo o o
. . . . . . . < vwWeE o 4 4 h v o £ 3
the time. He received anticoagulation with enoxaparin and remained = < s 5 &
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FIGURE 1 Mean monthly romiplostim 10 - L 200
dose and mean monthly platelet counts ;Iate_lelts ;:.our:it
while in the study. The size of the data 9 omiplostim dose — 180
point on the graph reflects the number
. 8 — 160
of values. Twenty-two patients were
in the study at 12 months, 12 patients 7 = 140
at 24 months, and only 3 patients at §
36 months or longer g 6 — 120 9
(o]
=3
g O - 100 £
< o
a 4 — 8
o
3 \_/\/ — 60
2 — 40
1 — 20
0. ) . ) . ) . ) . ) .o
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Month
FIGURE 2 Mean monthly Hgb levels 13 -
(gm/dL) and absolute neutrophil counts
(x10%/L) while in the study. ANC, absolute 12
neutrophil count; Hgb, hemoglobin 11 7
10
9 —
8 —
e
S 7
>
g 6
—
5
4 —
3 —
2 —
1 —
0 —

in the study. No patient experienced a pulmonary embolism. One
participant experienced a superficial thrombus in the context of cen-
tral line placement and cellulitis.

One participant of note experienced multiple ischemic throm-
botic events. At the time of enrollment, she was 51 years old with
widely metastatic non-small cell lung cancer. Before enrollment,
she was known to be heterozygous for prothrombin G20210A with
a remote history of DVT. She is a never smoker. During the study,
she experienced multiple tumor-related vascular ischemic events.
At 5 months, splenic and renal infarcts of indeterminate age were
incidentally noted on routine imaging. She had liver metastases at
the time. She also demonstrated two separate instances of cerebral
infarction in the context of brain metastases. Her tumor had wild-
type KRAS, but exhibited ALK-EML4 fusion and MET amplification,
both associated with a significant increase in VTE rates.?%?! Her

10 15 20 25 30 35 40 45 50

Month

platelet count was 23 x 10%/L at the time of the splenic and renal in-
farct and 210 x 10%/L and 21 x 10%/L at the time of the two cerebral
vascular events. The subject and her oncologist decided to continue
romiplostim, as her cancer was responding well to ongoing chemo-
therapy, and without romiplostim, thrombocytopenia precluded
her from receiving optimal anticoagulation. Despite her recurrent
thrombotic events, the patient is one of four participants alive, on
romiplostim for 45 months, at the time of preparation of this article.

VTE??% and arterial thrombosis?* are well-known complica-
tions of metastatic cancer as well as chemotherapy. Event rates are
a function of cancer type, metastatic status, chemotherapy, clinical
parameters within the Khorana Score, and comorbidities.?>?% One
subject was diagnosed with a DVT, and one subject experienced
multiple arterial events, which is within expected rates of throm-
bosis in patients with advanced malignancy. For example, Khorana
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and colleagues reported that 12.6% of patients in a solid tumor co-
hort experienced a VTE within 12 months.?> But we acknowledge
that there is some concern that TPO-RAs may themselves increase
the risk of thrombosis.?® None of the patients received prophylactic
anticoagulation.

We are unable to assess a potential impact on overall survival or
cancer progression. However, of the 44 patients in the phase 2 study
who resumed chemotherapy with continuation of weekly romiplos-
tim, 21 (48%) were alive at 12 months and 12 (27%) were alive at
24 months, which is a reassuring signal for this heavily pretreated
population with metastatic cancer.

In this analysis of long-term romiplostim use in CIT, we confirmed
the drug’s long-term efficacy and safety. We found sustained main-
tenance of platelet counts with a minimal burden of recurrent CIT.
In addition, no participants developed resistance to romiplostim,
clinical evidence of marrow fibrosis, or secondary hematologic ma-
lignancy. Finally, the rates of thrombosis were not higher than pub-
lished rates in this patient population.

Our previously published study demonstrated a high rate of
response to romiplostim in patients with solid tumors with CIT. In
this study, our findings suggest that if patients do respond, they are
likely to respond long term with little risk related to the therapy. This
supportive care option may allow for continued cancer therapy in
situations where CIT is otherwise limiting.

There are some limitations to our analysis. Our institution’s EMR
documents all relevant details of parenteral chemotherapy adminis-
tered in our infusion clinics. However, the details on oral or investiga-
tional chemotherapy could not be reliably extracted from our EMR;
therefore, data collected were deemed incomplete and excluded
from our analysis. This analysis also is limited to the patients who
were eligible for the initial phase 2 trial and corrected their platelet
count within 3 weeks.® Within these limitations, the extension study
provides reassurance for long-term efficacy and safety of romiplos-

tim treatment for CIT.
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