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ABSTRACT – Purpose: As the prognosis of cancer patients deteriorates, secondary carcinogenesis after 

chemotherapy, especially secondary hematological malignancies, becomes a serious problem. However, 

information on the frequency and time of onset of secondary hematological malignancies and the risk of 

hematological malignancy with different drugs is scarce. This study aimed to evaluate the incidence of leukemia 

and myelodysplastic syndrome in patients with solid tumors, including breast, colon, gastric, pancreatic, small cell 

lung, non-small cell lung, esophageal, ovarian, cervical, and endometrial cancers. Methods: Using the United 

States Food and Drug Administration Adverse Event Reporting System, we analyzed the reporting rates, reporting 

odds ratios, and the reporting onset times of secondary leukemia and myelodysplastic syndrome for each drug 

used. Results: The leukemia reporting rates were higher in breast, small cell lung, ovarian, and endometrial cancers 

than in other cancers, and the myelodysplastic syndrome reporting rates were higher in ovarian and endometrial 

cancers than in other cancers. For each cancer type, the reporting odds ratios of cytocidal anticancer agents, such 

as taxanes, anthracyclines, alkylating agents, platinum, and topoisomerase inhibitors, were higher than those of 

other drugs. Alternatively, the reporting odds ratios of molecular targeted drugs and immune checkpoint inhibitors 

were not higher than those of other drugs. Approximately half of the cases of leukemia and myelodysplastic 

syndrome were reported within 1 to 4 years after chemotherapy. Conclusions: Our study clarified the risks of 

leukemia and myelodysplastic syndrome for several anticancer drugs in patients with solid tumors. Our data may 

aid in the assessment of the risks of secondary leukemia and myelodysplastic syndrome when medical oncologists, 

clinical pharmacists, and patients select chemotherapy regimens. 

 

 

INTRODUCTION 

 

Although the development of chemotherapy has 

prolonged the life expectancy of cancer patients, 

secondary cancers, especially therapy-related 

myeloid neoplasms (t-MNs), are a serious problem 

(1,2). Many reports have indicated that breast cancer 

patients are at a high risk of marrow neoplasms after 

chemotherapy (3-5) and that treatment for Hodgkin’s 

lymphoma is a risk factor for leukemia (6). However, 

these reports were limited to cancer type and specific 

anticancer drugs, and there exists little 

comprehensive information on the extent to which 

each anticancer drug increased the risk for t-MN, 

including leukemia and myelodysplastic syndrome 

(MDS), in each cancer type. Therefore, medical 

oncologists, clinical pharmacists, and patients have 

not been able to adequately consider the risk of t-MN 

when selecting chemotherapy regimens.  

 Large-scale health information databases are 

beginning to be used in drug discovery and 

development. The US Food and Drug Administration 

Adverse Event Reporting System (FAERS) has 

registered more than three million spontaneous 

reports of adverse events (7) and is an effective tool 

for comprehensive risk assessments of adverse drug 

events. 

 In this study, we successfully conducted a 

comprehensive survey and analyzed the reporting 

frequency and the time to the onset of leukemia and 

MDS and the risk of leukemia and MDS for different 

drugs in patients with different solid tumors using 
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reports from FAERS. 
 

ABBREVIATION. t-MN: therapy-related myeloid neoplasm; MDS: 

myelodysplastic syndrome; FAERS: US Food and Drug Administration 

Adverse Event Reporting System; AML: acute myeloid leukemia; ROR: 

reporting odds ratio; CI: confidence interval 

 

METHODS 

 

Of the 11,289,189 adverse event reports from FAERS 

from 1997 to the second quarter of 2019, cases of 

breast (77,096 reports), colon (11,499 reports), 

gastric (6,866 reports), pancreatic (12,368 reports), 

small cell lung (3,625 reports), non-small cell lung 

(36,930 reports), esophageal (3,409 reports), ovarian 

(19,402 reports), cervical (1,818 reports), and 

endometrial (1,319 reports) cancers were included in 

this study. The report data were extracted using 

CzeekV Pro (version 5.0.12, INTAGE Healthcare 

Inc., Tokyo, Japan, accessed September 2019). 

Reports of adverse events containing the word 

"leukemia" were considered leukemia reports; thus, 

the leukemia reports included acute lymphoblastic 

leukemia, chronic myeloid leukemia, chronic 

lymphoblastic leukemia, and acute myeloid leukemia 

(AML). We investigated the reporting rates, 

reporting odds ratios (RORs), and the times to onset 

of leukemia and MDS reported as adverse events 

after anticancer drug use in the reports of each cancer 

type. The RORs and 95% confidence intervals (CIs) 

were calculated using Eq. (8).  

 

ROR =  
n11 / n21

n12 / n22
   (1) 

95% CI = exp [log(ROR) ± 1.96√
1

n11
 + 

1

n12
 + 

1

n21
 + 

1

n22
 ] (2)

   

 In these formulas, n11 refers to patients who 

used an anticancer drug and reported a hematological 

malignancy, such as leukemia or MDS; n12 refers to 

patients who used an anticancer drug but did not 

report a hematological malignancy; n21 refers to 

patients who did not use an anticancer drug but 

reported a hematological malignancy; and n22 refers 

to patients who did not use an anticancer drug and 

did not report a hematological malignancy. We 

excluded reports without information regarding the 

onset time of leukemia or MDS from the analysis. 

Statistical analysis was performed using a chi-square 

test (StatView; Abacus Concepts, Berkeley, 

California, USA). Statistical significance was set at 

P<0.05. The data that support the findings of this 

study are available from the corresponding author 

upon reasonable request. 

 

RESULTS  

 

Reporting rates of leukemia and MDS 

Reports of leukemia accounted for 0.07-1.06% of all 

reports of adverse effects for each cancer type 

(Figure 1A). The reporting rates of leukemia were 

high in endometrial (1.06%), small cell lung (1.02%), 

ovarian (1.02%), and breast (0.90%) cancers. 

Conversely, there are few reports of leukemia in 

colorectal (0.07%), pancreatic (0.11%), and non-

small cell lung (0.12%) cancers.  

 Reports of MDS accounted for 0.08-0.83% of 

all reports of adverse effects for each cancer type 

(Figure 1B). The reporting rates of MDS were high 

in endometrial (0.83%) and ovarian (0.62%) cancers. 

Conversely, there are few reports of MDS in 

colorectal (0.06%), pancreatic (0.08%), gastric 

(0.10%), and non-small cell lung (0.11%) cancers.  

 

 
 

Figure 1. Reporting rates of leukemia (A) and 

myelodysplastic syndrome (MDS) (B).  

 

RORs of leukemia in breast cancer 

The RORs for docetaxel, paclitaxel, doxorubicin, 

epirubicin, cyclophosphamide, fluorouracil, 

methotrexate, and tamoxifen were greater than one 

(Figure 2). For patients on cyclophosphamide, 

fluorouracil, methotrexate, and doxorubicin, the 

RORs (95% CIs) were 11.89 (10.09-13.96), 10.48 

(8.97-12.25), 9.62 (7.56-12.24), and 6.11 (5.21-

7.16), respectively, and the reporting rates were 

3.81%, 5.75%, 7.23%, and 3.76%, respectively. The 

RORs for capecitabine, exemestane, fulvestrant, 

trastuzumab, lapatinib, pertuzumab, trastuzumab 

emtansine, neratinib, palbociclib, and bevacizumab 

were less than one. 

 

RORs of leukemia in small cell lung cancer 

The ROR (95% CI) of etoposide, a topoisomerase 

inhibitor, was 3.68 (1.73–7.83), and the reporting rate 

in patients on etoposide was 1.68% (Figure 3). There 

were no reports of leukemia in patients receiving 

nivolumab or ipilimumab, which are immune 

checkpoint inhibitors (P<0.05).  
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Figure 2. Reporting odds ratios for leukemia in breast cancer. GnRH: gonadotropin releasing hormone, HER: human 

epidermal growth factor receptor, CDK4/6: cyclin-dependent kinase 4/6, mTOR: mammalian target of rapamycin, VEGF: 

vascular endothelial growth factor, EGFR: epidermal growth factor receptor. 

 

RORs of leukemia and MDS in ovarian cancer 

For leukemia, the RORs for carboplatin, cisplatin, 

paclitaxel, docetaxel, doxorubicin, gemcitabine, 

etoposide, irinotecan, cyclophosphamide, 

trabectedin, and olaparib were greater than one 

(Figure 4). In patients receiving cyclophosphamide, 

etoposide, and irinotecan, the RORs (95% CI) were 

11.40 (7.76–16.75), 11.17 (6.96–17.93), and 10.87 

(5.58–21.20), respectively, and the reporting rates 

were 8.97%, 9.38%, and 9.62%, respectively. The 

RORs of niraparib and rucaparib were less than one. 

 For MDS, the RORs for carboplatin, cisplatin, 

paclitaxel, docetaxel, doxorubicin, etoposide, 

irinotecan, cyclophosphamide, and olaparib were 

greater than one (Figure 5). In patients on irinotecan 

and cyclophosphamide, the RORs (95% CI) were 

18.56 (9.42–36.57) and 11.21 (6.92–18.16), 

respectively, and the reporting rates were 9.62% and 

5.54%, respectively. The RORs of bevacizumab, 

niraparib, and rucaparib were less than one. 

 

RORs of leukemia and MDS in endometrial 

cancer 

Carboplatin showed high RORs for both leukemia 

and MDS (Figures 6 and 7).  

 

RORs of leukemia and MDS in other solid tumors 

The RORs of leukemia and MDS in other solid 

tumors are shown in the supporting information 

(Supplimentary Figures S1–S14). 

 

Reporting onset times of leukemia and MDS 

The onset times of leukemia and MDS were extracted 

from the reports of patients with breast, colorectal, 

gastric, pancreatic, small cell lung, non-small cell 

lung, esophageal, ovarian, cervical, and endometrial 
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Figure 3. Reporting odds ratios of leukemia in small cell lung cancer. 

 

 
 

Figure 4. Reporting odds ratios of leukemia in ovarian cancer. VEGF: vascular endothelial growth factor, PARP: poly (ADP-

ribose) polymerase, EGFR: epidermal growth factor receptor. 

 

cancers. The reporting onset times of leukemia and 

MDS for each anticancer drug are shown in Figure 8. 

The median reporting onset times were 1.08–2.35 

and 0.99–3.41 years for leukemia and MDS, 

respectively. Some cases of leukemia and MDS have 

been reported for over 20 years after chemotherapy. 

Approximately half of the cases of leukemia and 

MDS have been reported 1–4 years after 

chemotherapy. The results of the anticancer drugs 

that significantly increased the risk of leukemia and 

MDS are shown in Figures 2–7. Reports without 

information regarding the onset time were excluded. 

 

DISCUSSION 

 

Leukemia and MDS accounted for 0.07–1.06% and 

0.08–0.83% of adverse event reports in FAERS, 

respectively, for each solid cancer in our study. These 

reporting rates do not refer to the incidence rates after 

the use of an anticancer drug because they were 

calculated in this study by dividing the number of 

leukemia and MDS reports by the total number of 

adverse event reports. However, these results 

demonstrate that a considerable number of patients 

develop secondary leukemia and MDS. 
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Figure 5. Reporting odds ratios of myelodysplastic syndrome (MDS) in ovarian cancer. VEGF: vascular endothelial growth 

factor, PARP: poly (ADP-ribose) polymerase, EGFR: epidermal growth factor receptor. 

 

 
 

Figure 6. Reporting odds ratios of leukemia in endometrial cancer. VEGF: vascular endothelial growth factor. 

 

 
 

Figure 7. Reporting odds ratios of myelodysplastic syndrome (MDS) in endometrial cancer. VEGF: vascular endothelial 

growth factor. 
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Figure 8. Reporting onset times of leukemia (A) and 

myelodysplastic syndrome (MDS) (B).  

 

When analyzed by cancer type, the reporting rates of 

leukemia were high in breast, small cell lung, 

ovarian, and endometrial cancers, and low in 

colorectal, pancreatic, and non-small cell lung 

cancers. One factor that affects the difference in 

reporting rates among cancer types is the difference 

in life expectancy for each cancer. For example, 

leukemia was more likely to be reported in breast 

cancer patients because breast cancer has a good 

prognosis, and the opposite is true for pancreatic 

cancer. Another factor that affects reporting rates is 

the difference in the type of anticancer drug used. 

 Many previous reports have indicated 

secondary malignancies in breast cancer patients (9–

12). In our study, patients receiving cytocidal 

anticancer drugs, including taxanes (paclitaxel and 

docetaxel), anthracyclines (doxorubicin and 

epirubicin), alkylating agents (cyclophosphamide), 

and antimetabolites (fluorouracil and methotrexate), 

had significantly higher reported rates of leukemia in 

the reports of breast cancer. These drugs are widely 

used as adjuvant chemotherapy for breast cancer 

(13–15). Thus, medical oncologists, clinical 

pharmacists, and patients should fully understand 

and consider the risks of secondary leukemia when 

initiating adjuvant therapy for breast cancer. Taxanes, 

anthracyclines, alkylating agents, and 

antimetabolites showed high RORs for leukemia in 

cancer types other than breast cancer. Several genetic 

abnormalities have been reported in patients with 

therapy-related AML and MDS (16). AML after 

chemotherapy with anthracyclines, which are DNA-

topoisomerase II inhibitors, is often associated with 

chromosomal translocations involving chromosome 

bands 11q23 (MLL) and 21q22 (RUNX1) (17,18). 

Monosomy 5/deletion 5q, monosomy 7/deletion 7q, 

or both, are found in patients with AML after 

alkylating agents (18). These effects on the 

chromosome are considered to be the major 

mechanisms of t-MN induced by cytocidal 

anticancer drugs. In addition, patients on molecular 

targeted agents, including HER inhibitors 

(trastuzumab, lapatinib, pertuzumab, trastuzumab 

emtansine, and neratinib), cyclin-dependent kinase 

(CDK) 4/6 inhibitors (palbociclib), and vascular 

endothelial growth factor (VEGF) inhibitors 

(bevacizumab), had significantly lower reported 

rates of leukemia in the reports of breast cancer in 

this study. These results may be because molecular 

targeted drugs are less likely to cause chromosomal 

abnormalities than cytotoxic anticancer drugs. 

Another reason could be that CDK4/6 inhibitors, 

VEGF inhibitors, and trastuzumab emtansine are 

often used for advanced breast cancer (19–21) rather 

than adjuvant chemotherapy. Regardless, it can be 

concluded that t-MN after molecular-targeted 

chemotherapy is less of a problem in breast cancer 

patients. Regarding hormonal agents, only tamoxifen 

was associated with a high risk of leukemia. 

Tamoxifen was previously reported to be a risk factor 

for endometrial cancer (22). Several mechanisms, 

such as estrogenic effects, the mammalian target of 

the rapamycin (mTOR) autophagy signaling 

pathway, DNA damage, and effects on driver genes, 

are involved in the induction of endometrial cancer 

by tamoxifen (23). Some of these mechanisms may 

also be involved in the development of t-MN. 

Because many patients take tamoxifen, patients and 

medical teams need to be aware of the risks of t-MN. 

 Among cancer types other than breast cancer, 

there was a tendency for cytocidal drugs to increase 

the risk of leukemia, whereas molecular targeted 

drugs had a low risk. Platinum showed high RORs in 

colorectal (Supplementary Figure S2), gastric 

(Supplementary Figure S4), non-small cell lung 

(Supplementary Figure S9), ovarian, cervical 

(Supplementary Figure S13), and endometrial 
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cancers, and topoisomerase inhibitors showed high 

RORs in small cell lung, non-small cell lung 

(Supplementary Figure S9), and ovarian cancers. 

Previous studies have reported that the use of 

cisplatin, a platinum drug, approximately triples the 

risk of leukemia in ovarian and testicular cancer (24, 

25). Cytocidal anticancer drugs could be considered 

a risk factor for t-MN in almost all types of cancer. In 

addition, there have been few reports of leukemia in 

patients treated with immune checkpoint inhibitors. 

Considering the mechanism of action, the risk of t-

MN due to immune checkpoint inhibitors is 

considered low. However, since the use of immune 

checkpoint inhibitors has recently increased, it is 

necessary to continue collecting information. In this 

study, we analyzed both leukemia and MDS, and 

found a correlation between the risk of leukemia and 

MDS for each drug and cancer type. 

 Approximately half of the cases of leukemia 

and MDS were reported 1–4 years after 

chemotherapy in our analysis. Some cases of 

leukemia and MDS have been reported for over 20 

years after chemotherapy. A previous report also 

indicated the risk of secondary cancer up to 40 years 

after treatment in patients with Hodgkin’s lymphoma 

(26). Since t-MN is a long-term adverse event, it 

must be considered when initiating chemotherapy in 

children, adolescents, young adults, and other young 

people. 

Since t-MN occurs less frequently than 

other adverse effects associated with chemotherapy, 

including nausea, vomiting, and bone marrow 

suppression, it is easily neglected when 

chemotherapy is initiated. Other adverse effects, such 

as nausea, vomiting, and neutropenia, can be treated 

with supportive care; however, it can often be fatal or 

challenging. Thus, medical oncologists, clinical 

pharmacists, and patients should consider the t-MN 

risk of each drug in each cancer type when selecting 

chemotherapy regimens. There have been many 

studies on t-MN since early times (9-12,22,24,25,27-

32). Most of these studies were limited to cancer 

types and causative agents, and had a small number 

of cases (9-12,22,24,25,27-30). Recently, large-scale 

studies on secondary cancers have been reported (33-

37). Chaturvedi AK. and colleagues studied the risk 

of second cancers in cervical cancer with radiation 

treatment, using data from 104,760 one-year 

survivors of cervical cancer reported to 13 

population-based cancer registries in Denmark, 

Finland, Norway, Sweden, and the United States 

(33). They reported that cervical cancer patients 

treated with radiotherapy are at an increased risk of 

second cancers beyond 40 years of follow-up (33). 

Moreover, Ju HY. and colleagues reported that 

childhood cancer survivors were at a 20-fold higher 

risk of developing a malignant neoplasm compared 

to the general population, through a registry-based 

study of 5.6 years of follow-up using the medical data 

from the Korea Central Cancer Registry (28,405 

patients) (36). Furthermore, a study by Morton LM. 

and colleagues assessed the tMDS/AML risk after 

chemotherapy for solid cancer using cancer registries 

from the Surveillance, Epidemiology, and End 

Results Program and Medicare claims (700,612 

patients) (37). These large studies take a great deal of 

time and effort and therefore have a large number of 

cases and reliable data. However, these studies are 

limited in terms of cancer type and other conditions, 

and there is a lack of data assessing which drugs are 

associated with a higher risk. Our study assessed the 

risk of t-MN with each drug in each cancer type, 

which has not been assessed in previous studies. 

Although there are some problems with adverse 

event reporting databases, such as data heterogeneity, 

they are useful tools for analyzing large-scale and 

comprehensive information. Our data may not 

directly reflect the risks associated with the drugs 

themselves. However, these data seem to reflect 

cases that are based on actual reports (i.e., cases that 

may present problems in clinical practice). The 

results of our analysis using a large adverse event 

database may compensate for the lack of previous 

studies on the t-MN risk of each drug in each cancer. 

 

CONCLUSION 

 

This study clarified the risks of t-MN for several 

anticancer drugs in patients with different solid 

tumors. The data presented here and in the supporting 

information (Supplementary Figures S1-S14) could 

be useful for assessing the risks of secondary 

leukemia and MDS when medical oncologists, 

clinical pharmacists, and patients select 

chemotherapy regimens. 
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