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Abstract: 

Thrombocytopenia is a common adverse effect of chemotherapy.  The development of chemotherapy 

induced thrombocytopenia (CIT) is influenced by cancer type and therapy, occurring in approximately 

one-third of patients with a solid tumor diagnosis and half of all patients with a hematologic malignancy.  

CIT may complicate the administration of chemotherapy leading to therapeutic delays or dose reductions.  

This guidance document, presented by the ISTH Subcommittee on Hemostasis and Malignancy, provides 

a comprehensive summary of the evidence and offers direction on the use of thrombopoietin receptor 

agonists (TPO-RAs) in various settings of CIT, including solid tumors, acute myeloid leukemia, stem cell 

transplant, and lymphoma. Studies have shown that TPO-RAs can improve platelet counts in CIT, but the 

clinical benefits of TPO-RA in terms of reducing bleeding, limiting platelet transfusion, or avoiding 

chemotherapy delay or dose reduction are uncertain. Further research is needed to optimize the selection 

of appropriate indications and study design to manage thrombocytopenia following chemotherapy.   
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Introduction 

While cancer-directed chemotherapy is a key modality for cancer control, suppression of hematopoiesis 

from therapy remains a challenge and limitation.  Chemotherapy-induced anemia and neutropenia may be 

supported with red blood cell transfusions, erythropoietin-stimulating agents, and granulocyte colony-

stimulating factors [1, 2]. However, apart from platelet transfusion for selected patients with grade 4 

thrombocytopenia, support for chemotherapy-induced thrombocytopenia (CIT) remains an unmet need.    

CIT affects approximately one-third of patients with solid tumor diagnoses and half of all patients with 

hematologic malignancies [3]. 

Many chemotherapy protocols recommend reduction of dose or delay of treatment when the platelet count 

is below 100 × 109/L [4]. In some studies, reduced dose intensity has been shown to adversely impact 

optimal progression-free survival (PFS) and overall survival (OS) in patients with cancer [4-8].  Studies 

of treatment or prevention of CIT have focused on the correction of thrombocytopenia and ability to 

administer full dose chemotherapy.  Altering the dose and schedule of chemotherapy is the primary 

current option to reduce the risk and incidence of CIT and platelet transfusions may be used during severe 

nadir.  

The International Society on Thrombosis and Haemostasis (ISTH) Scientific and Standardization 

Committee (SSC) Subcommittee on Hemostasis and Malignancy generated this guidance document on 

the management of CIT.  

Scope and Methodology 

For the purposes of generating these guidance statements, we performed a comprehensive literature 

review of publications related to the use of thrombopoietin receptor agonists (e.g., romiplostim, 

eltrombopag, avatrombopag, lusutrombopag) for treatment or prevention of CIT.  Supplemental Figure 1 

and Table 1 has the strategy and yield of this search.  

The literature review included queries of the Cochrane Central Register of Controlled Trials, Cochrane 

Database of Systematic Reviews, PubMed, EMBASE, ClinicalTrials.gov, and health technology 

assessments from January 1995 to March 2021 [9].  The literature search of the National Library of 

Medicine (PubMed) was updated through March 2022, with the search strategy listed in Supplemental 

Table 1.  384 articles were identified through the Pubmed search, 78 articles were identified from 

references in those articles.  Accounting for duplicates, a total of 440 articles were reviewed. We note that 

this guidance document does not address thrombocytopenia in low to intermediate grade myelodysplastic 
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syndrome where baseline thrombocytopenia is due to underlying hematopoietic stem cell defect rather 

than chemotherapy related.   

After reviewing the available literature and summarizing the current evidence, guidance statements were 

generated by consensus of all co-authors, including co-chairs from the ISTH SSC Subcommittee on 

Hemostasis and Malignancy as well as external content experts. All guidance statements were voted for 

agreement and revised based on comments. After two rounds of voting, 100% agreement was achieved.  

Consistent with previous ISTH guidance documents, “we recommend” is used to reflect strong guidance 

statements supported by high-quality evidence from clinical trials, and “we suggest” reflects weaker 

guidance statements based on lower quality evidence or expert opinion. All guidance statements provided 

below were unanimous in approval by the authors. 

This guidance document only addresses therapies approved by the U.S. Food and Drug Administration, or 

under active clinical investigation.  First generation thrombopoietic agents, (recombinant human TPO 

(rhTPO) and a pegylated variant referred to as recombinant human megakaryocyte growth and 

development factor (PEG-rHuMGDF or MGDF), are not included as these are not approved and are no 

longer being developed outside of the People’s Republic of China [9].  Nor do we address recombinant 

human interleukin-11 (rhIL-11) which is no longer available or being developed.  

Goals of Management: 

There are two primary considerations for management of CIT: 1) bleeding in the context of severe 

thrombocytopenia, and 2) the necessity of reduced relative dose intensity (RDI) and/or delays of cancer-

directed therapy. At grade IV thrombocytopenia, (platelet count <25 × 109/L by the Common 

Terminology Criteria for Adverse Events (CTCAE) [10], CIT is associated with an increased risk of 

bleeding. However, recent literature indicates that a platelet count of <10 × 109/L is the level at which 

spontaneous bleeding rates increase and platelet transfusions should be given (reviewed in [11, 12]).  

Platelet Transfusion for Chemotherapy Induced Thrombocytopenia. 

Platelet transfusions are currently the mainstay of treatment of CIT.  However, platelet transfusions only 

provide a short duration of improvement, the platelet increment is unpredictable, and platelets are a 

limited resource [4, 13].  Platelet transfusions convey a risk of infection and other transfusion reactions, 

and some patients may become refractory to platelet transfusions.[4, 13].  Although there are no 

prospective studies, platelet transfusion support is not practical for routine maintenance of the platelet 

count through a course of chemotherapy.  Platelet transfusion is typically reserved for necessary invasive 

procedures, episodes of active bleeding, and/or severe thrombocytopenia.  A platelet count trigger level of 
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10 x 109/L is usually adopted for prophylactic platelet transfusion during severe chemotherapy nadirs 

[12].   

In a 2015 Cochrane Review, three RCTs were identified, comparing platelet transfusion thresholds of a 

standard trigger level of 10 x 109/L versus 20 or 30 x 109/L. A platelet transfusion threshold of 10 x 109/L 

did not increase the risk of bleeding and resulted in a decreased number of transfusions compared to a 

higher trigger level (20 or 30 x 109/L), although this was based on low-quality evidence [12].  More 

recent studies have further supported the recommendation of reserving platelet transfusions for patients 

with counts of less than 10 x 109/L [14].  

Guidance Statements on the Use of Platelet Transfusion for Severe CIT: 

1. We recommend empiric platelet transfusion for platelet count <10 x109/L 

2. We suggest platelet transfusion for serious bleeding (WHO grade 2 or higher) in patients with 

less severe thrombocytopenia (e.g., <50 x 109/L) 

3. We recommend that platelet transfusion not be administered prophylactically to maintain the 

platelet count to allow for full dose chemotherapy. 

Thrombopoietin Receptor Agonists For CIT in Solid Tumors 

Thrombopoietin receptor agonists (TPO-Ras) are a class of drugs that bind to and activate the TPO 

receptor, but do not contain the peptide sequence of TPO itself. The TPO receptor is also referred to as c-

mpl or CD110 [15]. Currently, there are four available TPO-RAs.  Romiplostim is a “peptibody”, a 

protein comprised of a two 14 amino acid peptide sequences, that binds to and activates the extracellular 

domain of the TPO receptor, conjugated to the Fc region of a human IgG1 antibody to prolong the half-

life.  Romiplostim is administered as a subcutaneous injection, typically once weekly.  Eltrombopag, 

avatrombopag, and lusutrombopag are orally available small molecule drugs that also bind to and activate 

the TPO receptor (reviewed in [15, 16]). 

Four TPO-RA are now approved for one or more thrombocytopenic states, including immune 

thrombocytopenia, aplastic anemia, and to improve platelet counts in some patients with pre-operative 

thrombocytopenia.  Most recently, romiplostim has been approved for treatment of hematopoietic 

syndrome of acute radiation syndrome.  None of the TPO-RA are approved by the United States Food and 

Drug Administration or the European Medicines Agency for treatment of CIT. [17, 18] The National 

Comprehensive Cancer Network endorses consideration of romiplostim as one option for patients with 

CIT. [1] No other published guidelines address use of TPO-RA for CIT.  

Jo
urn

al 
Pre-

pro
of



Page 6  

To date there has been only a single phase 3 trial reported on the efficacy of TPO-RA in CIT. In a phase 3 

trial in patients (N=122) with ovarian, bladder, or lung cancer receiving chemotherapy with severe 

thrombocytopenia, patients were randomly assigned (2:1) to oral avatrombopag 60 mg (N=82) or placebo 

(N=40) once daily given 5 days before and after chemotherapy [19].  Eligibility specified 

thrombocytopenia (<50×109/L) during the qualifying chemotherapy cycle but did not specify significant 

thrombocytopenia at Day 1 of the new cycle.  This study also excluded patients with a previous history of 

chemotherapy-induced thrombocytopenia (platelet count <75 × 109/L).  The primary endpoint was a 

composite of absence of platelet transfusion, chemotherapy dose reduction of 15% or more due to 

thrombocytopenia, or a chemotherapy delay of 4 days or more due to thrombocytopenia [19].  Although, 

platelet counts were higher throughout the study with avatrombopag, the study did not meet its primary 

efficacy endpoint.  The authors note that, “This lack of treatment difference might have been due to a high 

rate of spontaneous platelet count recovery in the placebo group, rather than a lack of efficacy of 

avatrombopag to increase platelet counts,” [19].   

Both eltrombopag and romiplostim have been evaluated in phase 2 clinical trials for the management of 

CIT.  In a randomized, double-blind, multicenter phase 2 study, 183 patients receiving first-line 

carboplatin/paclitaxel for the treatment of advanced solid tumor malignancies were randomized to 

eltrombopag or placebo [20]. Eltrombopag failed to achieve the primary study endpoint of change in 

platelet count from day 1 in cycle 2 to the platelet nadir in cycle 2.  Similarly, in a phase 2 study of 75 

patients with solid tumor diagnosis receiving gemcitabine monotherapy or gemcitabine plus 

cisplatin/carboplatin, eltrombopag did not lead to a significant improvement in platelet nadir compared 

with placebo, the primary endpoint [21]. There was a non-significant trend towards greater platelet counts 

with eltrombopag [21]. In both trials, it was noted that the placebo cohort did not exhibit the expected rate 

of CIT, leading to underpowering of the studies  [20, 21]. 

The published experience with romiplostim does suggest efficacy in improving platelet counts following 

chemotherapy.  An open label, randomized phase 2 trial of in 60 patients with solid tumor with persistent 

thrombocytopenia (platelet count <100 X 109/L) for at least 4 weeks despite chemotherapy delay 

compared weekly romiplostim with standard of care [22]. The initial romiplostim dose was 2 mg/kg and 

was titrated for a target of 100-200 X 109/L.  The primary endpoint was a target platelet count of 100 X 

109/L within 3 weeks of study drug administration.  In an interim analysis, 14 of the 15 romiplostim 

patients (93%) achieved the primary end point of corrected platelet counts (≥ 100 X 109/L) within 3 

weeks, compared with 12.5% (1 of 8) of control patients (P < 0.001).  The remaining patients were treated 

with romiplostim.  In an intention to treat analysis, 85% (44 of 52) of all romiplostim treated patients 

corrected the platelet count within 3 weeks [22]. In a follow-up extension study, 21 patients remained on 
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romiplostim for 1 year or longer with 14 patients (70%) experiencing no subsequent episodes of CIT, 4 

subjects had a single chemotherapy dose delay due CIT, and 2 patients required a chemotherapy dose 

reduction [23]. One patient experienced a proximal deep vein thrombosis, and one patient experienced 

multiple tumor-related ischemic events. In a single arm, phase 2 study of patients with glioblastoma, 

romiplostim yielded encouraging results with 12 of 20 (60%) of patients with glioblastoma who 

previously experienced grade 3 or 4 thrombocytopenia were able to complete the remaining planned 

chemotherapy without recurrent CIT [24]. In a retrospective analysis of an institutional pathway, a total of 

173 patients (153 solid tumor, 20 lymphoma or myeloma) were treated with romiplostim.  Romiplostim 

was effective in solid tumor patients: 71% achieved a romiplostim response, defined as a platelet count 

≥75x109/L and at least 30x109/L higher than the pretreatment baseline [6], 79% avoided chemotherapy 

dose reductions or treatment delays, and 89% avoided platelet transfusions [6]. 

The studies with romiplostim for CIT have used weekly dosing, and within the dose range currently FDA 

approved for ITP (1 mcg/kg to 10 mcg/kg).  [6, 18, 22, 23]  Further, administration of romiplostim on the 

same day of chemotherapy appears to be safe and effective.  No reports have addressed dosing strategies, 

different from the standard weekly dosing. [22, 23] 

A notable difference between the reported romiplostim studies and the negative eltrombopag studies in 

solid tumor patients is that the three romiplostim studies did not include chemotherapy naïve patients and 

specified significant prior CIT as eligibility criteria  [6, 22, 24].   

There are no reports of studies of lusutrombopag for CIT. 

 

Guidance Statements For Thrombocytopenia Receptor Agonists for CIT in Solid Tumors 

This subcommittee acknowledges the lack of high-quality data (phase 3 trials) demonstrating 

efficacy for TPO-RA in the management of CIT. As such, any guidance below regarding the use 

of TPO-RA in management of CIT should be considered suggestions (or weak 

recommendations).   

1. If considering use of a TPO-RA, we suggest enrollment in a clinical trial as preference. 

2. If unable to enroll in a clinical trial, we suggest consideration of a TPO-RA in the setting of 

inadequate platelet recovery at day 1 of a chemotherapy cycle to avoid chemotherapy dose 

reduction or a delay of 7 or more days. (Assuming adequate neutrophil and hemoglobin 

recovery.) 
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a. Potential use of a TPO-RA should be in patients with solid tumors where full dose 

chemotherapy is expected to achieve or maintain a clinically-relevant response. (Note, 

the use of TPO-RA has not been studied in an adjuvant setting.) 

b. Goals of therapy for use of a TPO-RA should be to achieve an adequate platelet count to 

avoid reduced chemotherapy dose intensity in future cycles. 

c. Once initiated, a TPO-RA should be continued for the duration of chemotherapy, with 

titration to the lowest dose to maintain a target platelet count between 100-200 x 109/L 

(or titrate to the platelet count to allow full relative dose intensity chemotherapy) at the 

beginning of each chemotherapy cycle. 

3. When considering off-label use of TPO-RA (not in the setting of a clinical trial), we recommend 

use of romiplostim over other TPO-RAs. 

4. We recommend against the initiation of TPO-RA during chemotherapy nadir of index episode as 

there are no data to indicate shortening of the depth or duration of an acute nadir, and there are no 

data on safety in this setting.  

 

Acute Myeloid Leukemia and High-Risk Myelodysplastic Syndrome 

Induction and consolidation chemotherapy for acute myeloid malignancy (AML) is highly 

myelosuppressive, and chemotherapy induced thrombocytopenia is a common burden.  In this setting, 

safe and effective use of a TPO-RA could potentially have value to reduce the risk of bleeding and need 

for platelet transfusion.  However, it has been recognized for over 25 years that the TPO receptor (also 

referred to as c-MPL or CD-110) is expressed on approximately 60% of AML blast cells as well as some 

patients with high-risk myelodysplastic syndrome [25]. A previous study demonstrated that expression of 

the TPO receptor in AML blast cells is associated with a markedly shorter duration of remission [25].  

Therefore, activation of the TPO receptor could potentially stimulate some myeloid leukemic cells, 

leading to a worse cancer outcome.  

The efficacy of eltrombopag in patients with acute leukemia has been evaluated in a phase 1 [26] and two 

phase 2 settings [27-29]. In a phase 2 study of patients with advanced myelodysplastic syndrome or acute 

leukemia, 98 patients were randomized to eltrombopag and 47 patients to placebo [28]. The study failed 

to reach the primary composite endpoint of reduction of clinically relevant thrombocytopenic events 

(defined as grade 3 or worse hemorrhage, platelet counts of less than 10×109/L, or platelet transfusions) 

[28].  Two patients who received eltrombopag experienced fatal serious adverse events suspected to be 

Jo
urn

al 
Pre-

pro
of



Page 9  

study drug-related: one fatal arterial thrombosis and one fatal myocardial infarction, while there were no 

fatal drug-related events in the placebo arm [28]. In a randomized, double-blind, phase 2 study conducted 

in patients with AML receiving induction chemotherapy, 148 patients were randomized to high-dose 

eltrombopag 200 mg (100 mg for east Asians) or placebo, once daily [27]. Eltrombopag resulted in no 

improvement in achieving platelet recovery of ≥100 × 109/L at any point.  There was a trend of worsened 

survival with eltrombopag (median 15.4 months) compared with placebo (25.7 months) [27].   

Guidance Statements for Thrombopoietin Receptor Agonists for in Acute Myeloid Leukemia or 

High-Risk Myelodysplasia. 

1. We recommend against the use of TPO-RA for the management of CIT in acute myeloid leukemia or 

high-risk myelodysplasia outside of a clinical trial.  

 

Stem Cell Transplant 

There have been a number of reports of single cases or small case series of use of a TPO-RA in patients 

after SCT with persistent thrombocytopenia or secondary failure of platelet recovery (SFPR).  Initiation 

of TPO-RA treatment was initiated after significantly delayed platelet recovery.  Furthermore, these cases 

did not have a control cohort to allow for assessment of the probability of platelet recovery without 

intervention [30-38]. 

In one phase 2 study, patients with severe persistent thrombocytopenia (<20 X 109/L for 7 days or platelet 

transfusion-dependent) for >35 days after hematopoietic stem cell transplantation (HSCT) were 

adaptively randomized to receive placebo or eltrombopag.  There was a small, non-significant increase in 

platelet counts to >30 X 109/L (36% versus 28%) [39]. There is even less evidence on early intervention 

with a TPO-RA to reduce the duration or severity of thrombocytopenia nadir following auto-SCT. Only 

one single institutional pilot study has recently been reported [40].  In this open label, single arm study, 

patients undergoing autologous SCT for lymphoma or myeloma received weekly romiplostim starting day 

+1 after auto-SCT until the platelet count was >50 x 109/L without transfusion [40].  Initial romiplostim 

dose was 3 μg/kg, with subsequent titration until platelet recovery.  The median number of days of grade 

4 thrombocytopenia or days requiring transfusions was not improved, compared with historical 

controls.There was a significant improvement in platelet counts at days 21 and 30 but this occurred at a 

later stage than the intended goal of shortening the duration and depth of the platelet nadir.[40]  

Guidance Statements for Thrombopoietin Receptor Agonists in Stem Cell Transplant. 
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1. We recommend against the use of TPO-RA for the management of CIT in HSCT outside of a clinical 

trial. 

Lymphoma 

Published experience with a TPO-RA for CIT related to lymphoma treatment is limited.   One 

observational study compared eltrombopag with recombinant human thrombopoietin (rhTPO) and 

untreated controls in patients with lymphoma  [41].  (The study was conducted in the People’s Republic 

of China where rhTPO is available.)  Patients who experienced grade 3 or 4 thrombocytopenia after 

chemotherapy were enrolled, although not randomized.  By treatment day 7, both treatment cohorts 

exhibited greater platelet counts than control.  This study suggests eltrombopag may be effective in this 

setting. However, the mean platelet count in the treatment and control cohorts only diverged after day 7, 

by which time the platelet counts in both cohorts were already improving. 

Guidance Statements for Thrombopoietin Receptor Agonists in Lymphoma. 

 1.  We recommend against the use of TPO-RA for the management of CIT during therapy for lymphoma 

outside of a clinical trial.  

 

Safety of TPO-RA 

Cancer patients are well known to have an increased risk of venous and arterial thrombosis. [42] In the 

ITP setting, use of TPO-RA may increase the risk of thrombosis.  A recent systematic review and meta-

analysis showed a non-significant trend towards increased rates of thrombosis in ITP patients treated with 

TPO-RA [43].  Therefore, it is important to focus on this potential risk.  Fortunately, in the published 

studies of TPO-RA, no signal of increased thrombosis risk was observed [6, 19, 22, 23].  This includes 

the only published phase 3 trial of a TPO-RA in cancer, with avatrombopag, where no venous 

thromboembolism events and no increase in arterial thrombosis events were observed in the treatment 

arm. [19] 

 

Tranexamic Acid 

A recently reported study evaluated the potential role of the antifibrinolytic agent, tranexamic acid, in 

hematologic malignancies.  A-TREAT (American Trial Using Tranexamic Acid in Thrombocytopenia) 
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was a multicenter, double-blinded placebo-controlled randomized clinical trial of tranexamic acid versus 

placebo (in addition to standard platelet transfusion) in patients undergoing treatment for hematologic 

malignancies [44]. Treatment had no significant impact on the 30day rate of World Health Organization 

(WHO) grade ≥2 bleeding, and no statistically significant difference in the mean number of platelet 

transfusions, or thrombotic events.  

 

Guidance Statement on Tranexamic Acid for  Chemotherapy Induced Thrombocytopenia: 

 

1. We recommend against the use of prophylactic tranexamic acid for prevention of hemorrhage in CIT. 
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Table 1.  Summary of Guidance Statements 

Guidance Statements on the Use of Platelet Transfusion for Severe CIT: 

1. We recommend empiric platelet transfusion for platelet count <10 x109/L 

2. We suggest platelet transfusion for serious bleeding (WHO grade 2 or higher) in patients with 

less severe thrombocytopenia (e.g., <50 x 109/L) 

3. We recommend that platelet transfusion not be administered prophylactically to maintain the 

platelet count to allow for full dose chemotherapy. 

 

Guidance Statements For Thrombocytopenia Receptor Agonists for CIT in Solid Tumors 

1. If considering use of a TPO-RA, we suggest enrollment in a clinical trial as preference. 

2. If unable to enroll in a clinical trial, we suggest consideration of a TPO-RA in the setting of 

inadequate platelet recovery at day 1 of a chemotherapy cycle to avoid chemotherapy dose 

reduction or a delay of 7 or more days. (Assuming adequate neutrophil and hemoglobin 

recovery.) 

a. Potential use of a TPO-RA should be in patients with solid tumors where full dose 

chemotherapy is expected to achieve or maintain a clinically-relevant response. (Note, 

the use of TPO-RA has not been studied in an adjuvant setting.) 

b. Goals of therapy for use of a TPO-RA should be to achieve an adequate platelet count to 

avoid reduced chemotherapy dose intensity in future cycles. 

c. Once initiated, a TPO-RA should be continued for the duration of chemotherapy, with 

titration to the lowest dose to maintain a target platelet count between 100-200 x 109/L 

(or titrate to the platelet count to allow full relative dose intensity chemotherapy) at the 

beginning of each chemotherapy cycle. 

3. When considering off-label use of TPO-RA (not in the setting of a clinical trial), we recommend 

use of romiplostim over other TPO-RAs. 

4. We recommend against the initiation of TPO-RA during chemotherapy nadir of index episode as 

there are no data to indicate shortening of the depth or duration of an acute nadir, and there are no 

data on safety in this setting.  
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Guidance Statements for Thrombopoietin Receptor Agonists for in Acute Myeloid Leukemia or 

High-Risk Myelodysplasia. 

1. We recommend against the use of TPO-RA for the management of CIT in acute myeloid leukemia or 

high-risk myelodysplasia outside of a clinical trial.  

 

Guidance Statements for Thrombopoietin Receptor Agonists in Stem Cell Transplant. 

1. We recommend against the use of TPO-RA for the management of CIT in HSCT outside of a clinical 

trial. 

Guidance Statements for Thrombopoietin Receptor Agonists in Lymphoma. 

 1.  We recommend against the use of TPO-RA for the management of CIT during therapy for lymphoma 

outside of a clinical trial.  

Guidance Statement on Tranexamic Acid for Chemotherapy Induced Thrombocytopenia: 

 

1. We recommend against the use of prophylactic tranexamic acid for prevention of hemorrhage in CIT. 
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