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Background: We aimed to investigate the risk and survival 

of chronic myeloid leukemia (CML) after breast cancer (BC) 

diagnosis. 

Methods: We used the Surveillance, Epidemiology, and End 

Results ‘SEER’ database. Females, diagnosed with BC between 

1992 and 2014, were selected and followed for the develop- 

ment of CML after a 6-month latency period from BC diag- 

nosis. We used the Multiple Primary Standardized Incidence 

Ratios session of the SEER ∗Stat software (version 8.3.4) to 

calculate the Observed/Expected (O/E) ratios with 95% confi- 

dence intervals (CI). To calculate the overall survival, we per- 

formed an unadjusted Kaplan-Meier analysis using the SPSS 

software. 

Abbreviations: AML, Acute Myeloid Leukemia; BC, Breast Cancer; CML, Chronic Myeloid Leukemia; O/E, 

Observed/Expected ratio; SEER, Surveillance, Epidemiology, and End Results. 
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Results: We included 474,866 females with BC, of which 178 

were later diagnosed with CML. We found the risk of CML to 

increase significantly after BC diagnosis (O/E = 1.26, 95% CI: 

1.08-1.45) and the risk was specifically higher within the first 

5 years of diagnosis (O/E = 1.45, 95% CI: 1.16-1.8). When the 

risk was stratified by cancer stage, localized BC was associ- 

ated with a significant increase in CML risk within 5 years 

of diagnosis (O/E = 1.4, 95% CI: 1.06-1.82), while regional BC 

was associated with a significant increase in CML risk after 

more than 5 years of diagnosis (O/E = 1.59, 95% CI: 1.09-2.25). 

Moreover, radiotherapy, chemotherapy, and presence of hor- 

monal receptors were associated with a significant increase 

in CML risk in BC patients. The median overall survival of 

CML after BC was 28 months. 

Conclusion: Breast cancer patients have an increased risk of 

developing CML and further investigation is required to es- 

tablish the causes of this finding. 

© 2018 Elsevier Inc. All rights reserved. 
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Breast cancer (BC) is the most common cancer in females worldwide and in the United States

nd is responsible for about one-third of cancer diagnoses among females. 1 Over the past 10

ears, the incidence of BC has been increasing in the United States, with about 266,120 females

xpected to be diagnosed with BC in 2018. However, mortality rates have been decreasing due

o improved treatment and care. 2 Radiotherapy is essential for the treatment of both localized

nd regional BC and its use has been increasing with continuous advances. 3 

With an improved life expectancy of females with BC, more cases of subsequent primary

alignancies have been reported and several studies have linked BC with an increased risk of

ther malignancies. 1,4,5 Due to the wide use of radiotherapy for BC, it has been blamed for this

ncreased risk; however, other factors, such as chemotherapy, tumor characteristics, or overlap-

ing etiologies (genetic or environmental exposures) may also play a role. 4–8 

Several studies have reported an increased incidence of leukemias following BC treat-

ent. 9,10 In particular, the risk of chronic myeloid leukemia (CML) has been suggested to in-

rease among this population, but no large studies were conducted to prove this association

nd study the related demographics and tumor characteristics. 11 In this study, we estimated

he risk of CML among females with BC diagnosis, compared to the general population, us-

ng the Surveillance, Epidemiology, and End Results (SEER) program. Further, we studied the

haracteristics associated with such risk and calculated the overall survival for CML after BC

iagnosis. 

atients and methods 

ata source 

We obtained data from the SEER database of the US National Cancer Institute, using the

EER 

∗Stat software (version 8.3.4). 12 We used the SEER 13 registries that cover about 13.4%

based on the 2010 census) of the US population between 1992 and 2014. 13 
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Study population 

We reviewed females who were diagnosed with BC between 1992 and 2014 and then di-

agnosed with a subsequent CML. We used the Site recode of Topographical ICD-O-3/WHO 2008

variable for this selection. We only included cases with histologic confirmation. In order to elim-

inate the possibility of simultaneous malignancy, we excluded cases with CML, diagnosed within

6 months from BC diagnosis. Within selected patients, we looked into the following variables:

age at diagnosis of BC, race, marital status at BC diagnosis, histology, stage and grade of BC,

progesterone, and estrogen receptors status of the breast tissue and exposure to chemotherapy

and/or radiotherapy for BC treatment. 

Outcomes 

We calculated the observed/expected ratio (O/E) of CML following BC diagnosis. The ‘Ob-

served’ value represents the number of CML cases diagnosed after BC diagnosis, while the ‘Ex-

pected’ value represents the number of CML cases expected to be diagnosed in a demograph-

ically similar population (regarding age, sex, and race) within the same period. The O/E ratio

represents the change in CML risk following BC diagnosis when compared to the general US

population. We also calculated the absolute excess risk per 10,0 0 0 person-years compared to

the general population and the overall survival of included CML cases. Survival was measured as

the interval in months between the date of CML diagnosis and the date of death as provided by

the SEER database. Patients were followed until the respective dates of death or censored at the

end of 2014 (last date of death in the 2016 SEER submission). 

Statistical analysis 

We used the Multiple Primary Standardized Incidence Ratios (MP-SIR) session of the

SEER 

∗stat software (version 8.3.4) to calculate the O/E ratios with 95% confidence intervals (CI).

A significant positive increase in risk was defined as the number of observed CML cases be-

ing more than the number of expected CML cases in the general population with a p value

less than 0.05. To calculate the overall and CML-specific survival, we performed an unadjusted

Kaplan-Meier analysis using the SPSS software (version 23, IBM, NY). All statistical tests were

two-sided. 

Results 

Baseline characteristics 

We reviewed 474,866 females with BC, of which 178 developed CML. Most of these patients

were white (84.8%) and had 65 years or older (54.5%) when they were diagnosed with BC.

Table 1 summarizes the baseline characteristics of included patients. The median time to de-

velop CML following BC diagnosis was 64.5 months. 

The risk of CML following BC diagnosis 

We found the risk of CML to increase significantly after the diagnosis of BC (O/E ratio = 1.26),

with an excess risk of 0.1 per 10,0 0 0 person-years. When we analyzed patients according to
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Table 1 

Baseline characteristics of patients with CML after breast cancer. 

Baseline characteristic Cases, No (%) 

Overall 178 (100) 

Age 

< 35 4 (2.24) 

35-50 22 (12.35) 

51-64 55 (30.89) 

> 64 97 (54.49) 

Race 

White 151 (84.83) 

Black 13 (7.3) 

Asian or Pacific Islander 13 (7.3) 

American Indian/Alaska Native 1 (0.56) 

Marital status 

Married 112 (62.92) 

Single 20 (11.23) 

Widowed 25 (14.04) 

Divorced 16 (8.98) 

Separated 1 (0.56) 

Unknown 4 (2.24) 

State 

California 64 (36) 

Connecticut 15 (8.4) 

Michigan 28 (15.7) 

Hawaii 9 (5.1) 

Iowa 17 (9.6) 

New Mexico 4 (2.2) 

Washington 25 (14) 

Utah 6 (3.4) 

Georgia 10 (5.6) 

Histology 

Ductal and lobular neoplasms 160 (89.88) 

Others ∗ 18 (10.11) 

Grade 

Well differentiated; Grade I 28 (15.73) 

Moderately differentiated; Grade II 82 (46.06) 

Poorly differentiated; Grade III 37 (20.78) 

Undifferentiated; anaplastic; Grade IV 3 (1.68) 

∗ Include adenomas and adenocarcinomas, cystic, mucinous and serous neoplasms, fibromatous neoplasms, and ad- 

nexal and skin appendage neoplasms. 
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he latency period between the diagnosis of BC and CML, the risk of CML was significantly

igher within the first 5 years of BC diagnosis (O/E = 1.45), with an excess risk of 0.15 per

0,0 0 0 person-years. Subgroup analysis by cancer stage showed that localized BC was asso-

iated with a significant increase in CML risk within 5 years of diagnosis (O/E = 1.4), with an

xcess risk of 0.14 per 10,0 0 0 person-years, while regional BC was associated with a significant

ncrease in CML risk after > 5 years of diagnosis (O/E = 1.59), with an excess risk of 0.21 per

0,0 0 0 person-years. 

When cases were analyzed according to progesterone and/or estrogen receptors status, 30

ases had an unknown status and were excluded from the analysis. Of the remaining, most

ases had positive estrogen and progesterone receptors, and this was associated with a signifi-

ant increase in CML risk within 5 years of BC diagnosis (O/E = 1.76), with an excess risk of 0.26

er 10,0 0 0 person-years. Moreover, the O/E ratio of CML risk increased in groups treated with

hemotherapy (O/E = 1.59, 95% CI [1.2-2.07]) (excess risk was 0.15 per 10,0 0 0 person-years) or

adiation (O/E = 1.55, 95% CI [1.27, 1.87]) (excess risk was 0.2 per 10,0 0 0 person-years). Table 2

ummarizes the risk of CML in different studied groups. 
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Table 2 

The risk of CML among breast cancer patients (overall and stratified according to stage and receptors status of breast cancer). 

Within 5 years After 5 years Total 

Persons ∗ Observed † O/E ‡ (95% CI §) Persons ∗ Observed † O/E ‡ (95% CI §) Persons ∗ Observed † O/E ‡ (95% CI §) 

Total 474,866 84 1.45 ǁ (1.16-1.80) 302,583 94 1.12 (0.90-1.37) 474,866 178 1.26 ǁ (1.08-1.45) 

Stage 

Localized 298,664 56 1.40 ǁ (1.06-1.82) 205,154 58 0.93 (0.71-1.21) 298,664 114 1.12 (0.92- 1.34) 

Regional 144,016 23 1.53 (0.97-2.29) 87,894 32 1.59 ǁ (1.09-2.25) 144,016 55 1.56 ǁ (1.18-2.04) 

Distant 24,082 4 2.35 (0.64-6.01) 5,718 2 2.34 (0.28-8.45) 24,082 6 2.34 (0.86-5.10) 

Progesterone/Estrogen 

receptors Status 

Progesterone positive 

and estrogen positive 

273,977 60 1.76 ǁ (1.34-2.26) 174,367 59 1.27 (0.96-1.63) 273,977 119 1.47 ǁ (1.22-1.76) 

Progesterone positive 

only 

7702 1 1.38 (0.03-7.69) 5294 4 2.65 (0.72-6.79) 7702 5 2.24 (0.73-5.23) 

Estrogen positive only 49,978 5 0.76 (0.25-1.77) 30,436 9 1.04 (0.47-1.97) 49,978 14 0.92 (0.50-1.54) 

Progesterone negative 

and estrogen 

negative 

78,391 6 0.81 (0.30-1.77) 45,729 5 0.46 (0.15-1.08) 78,391 11 0.60 (0.30-1.08) 

∗ Number of breast cancer patients who were at risk of developing CML at the beginning of this time interval 
† Number of breast cancer patients who developed CML. 
‡ The observed over expected ratio. 
§ 95% confidence interval. 
ǁ Significant O/E ratio. 
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urvival of CML following BC 

The median overall survival of CML after BC was 28 months with a standard error of 8.6

95% CI [11.1-44.8]). However, the median CML-specific survival of CML after BC could not be

alculated due to the small number of patients (18 patients) who died due to CML itself ( Fig 1 ).

iscussion 

Multiple studies have investigated the impact of BC on the development of subsequent acute

yeloid leukemia (AML) and myelodysplastic syndrome (MDS). However, only few publications

eported detailed data on CML risk after BC. 14,15 To our knowledge, this study is the first SEER-

ased analysis and one of the largest on this issue (in terms of the number of BC and CML cases).

e found BC patients to have 1.26 higher risk of developing CML than the general population,

specially within the first 5 years of BC diagnosis. Most CML cases were older than 64 years,

hich may be explained by the fact that both BC and CML have a higher incidence in patients

lder than 64 years. 2 

This study supports the findings of prior investigations that observed an increased risk of

ML after primary BC diagnosis. 9,11, 14, 16–18 In agreement with our results, Curtis et al observed

hat the risk of leukemia (mainly AML and MDS) was highest within the first 5 years of BC

iagnosis. 16 While Howard et al reported that the risk remained high throughout the 25 years

fter the primary BC diagnosis and explained that other studies have failed to follow the pa-

ients for more than 10 years. 14 We found that localized BC cases were more likely to de-

elop CML within the first 5 years of diagnosis, while regional BC cases were more likely

o develop CML after more than 5 years. The observed risk of CML was higher than the ex-

ected risk in the regional BC group than the localized group, which confirms the findings of

mith et al. 9 

Our study has shown an increased risk of CML in patients who received radiotherapy or

hemotherapy for the primary BC. However, we could not draw an accurate conclusion due to

ack of sensitivity of the SEER database regarding radiation and chemotherapy data. 19 In accor-

ance, several studies correlated the regimen of BC treatment to the development of subsequent

eukemia. 9,11, 14,16, 17,20, 21 Curtis et al reported that regional radiation and alkylating agents are

inked to elevated risk of AML and MDS, while only radiation is related to an increased risk of

ML. 16 Similarly, Rubino et al found a significant increase in leukemia risk in the group that re-

eived radiotherapy for the primary BC than the group that received neither radiotherapy nor

hemotherapy. 18 Further, Diamandidou et al concluded that the risk of leukemia was higher

pecifically in patients receiving doxorubicin and radiotherapy. 22 In contrast, Haas et al 20 and

aplan et al 15 found no association between the risk of leukemia and exposure to radiotherapy

r doxorubicin, respectively. Ionizing radiation is a well-documented culprit for the development

f leukemia . Although the genetic makeup of cancer survivors may predispose them to develop

ther malignancies, the risk of leukemia is probably increased by radiation therapy. 11 

Other authors have investigated the chromosomal aberrations following BC treatments, which

ay be implicated in the development of subsequent leukemias (mainly AML). 23 Carey et al sug-

ested a viral origin as the common etiologic factor for the development of BC and AML in an-

mal models. 24 Another interesting observation was that BC patients with positive estrogen and

rogesterone receptors had a significantly higher risk of CML, compared to the general popula-

ion within 5 years of the initial BC diagnosis. This may be related to the hormonal treatment

eceived by BC patients (not covered in detail in the SEER database and may reflect selection

ias; therefore, data should be interpreted with caution). Further studies should examine the

ffect of hormonal treatment on CML risk. 

Our study has some limitations including the lack of accurate data on the treatment modal-

ties, received by BC patients in the SEER database; therefore, we cannot draw accurate con-

lusions about the relation between BC treatments and the development of subsequent CML.
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Fig. 1. (a) Overall and (b) CML-specific survival of chronic myeloid leukemia after breast cancer. 
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oreover, the present data on systemic chemotherapy and radiation, although specific, is not

ensitive enough. Therefore, it is not recommended to make comparisons between patients who

id or did not receive chemotherapy and/or radiation. 19 Due to certain inherit characteristics of

he SEER database, calculating the 5- and 10-year cumulative incidence in our cohort was not

easible. Moreover, the retrospective design and underrepresentation of some ethnic groups are

imitations to this study. 

In conclusion, this study showed a significantly increased risk of CML after BC diagnosis.

arge clinical trials are needed to determine the exact chemotherapeutic agents, exact doses

f radiotherapy and the role of therapy in inducing chromosomal abnormalities, which may be

mplicated in the development of CML. Moreover, future studies should investigate the potential

enefits of screening and early detection programs on the survival of CML after BC. 

eferences 

1. Burt LM, Ying J, Poppe MM, et al. Risk of secondary malignancies after radiation therapy for breast cancer: Compre-
hensive results. Breast . 2017;35:122–129. doi: 10.1016/j.breast.2017.07.004 . 

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin . 2018;67:7–30. doi: 10.3322/caac.21387 . 

3. Darby S, McGale P, Correa C, et al. Effect of radiotherapy after breast-conserving surgery on 10-year recurrence and
15-year breast cancer death: meta-analysis of individual patient data for 10 801 women in 17 randomised trials.

Lancet N Am Ed . 2011;378:1707–1716. doi: 10.1016/S0140-6736(11)61629-2 . 
4. Grantzau T, Overgaard J. Risk of second non-breast cancer after radiotherapy for breast cancer: A systematic review

and meta-analysis of 762,468 patients. Radiother Oncol . 2015;114:56–65. doi: 10.1016/j.radonc.2014.10.004 . 
5. Marcheselli R, Marcheselli L, Cortesi L, et al. Second malignancies after breast cancer. J Breast Cancer . 2015;18:378–

385. doi: 10.4048/jbc.2015.18.4.378 . 
6. Ruggeri RM, Campennì A, Giuffrè G, et al. HER2 analysis in sporadic thyroid cancer of follicular cell origin. Int J Mol

Sci . 2016;17:2040. doi: 10.3390/ijms17122040 . 

7. Marcu LG, Santos A, Bezak E. Risk of second primary cancer after breast cancer treatment. Eur J Cancer Care (Engl) .
2014;23:51–64. doi: 10.1111/ecc.12109 . 

8. Lin C-Y, Chen S-H, Huang C-C, et al. Risk of secondary cancers in women with breast cancer and the influ-
ence of radiotherapy A national cohort study in Taiwan. Medicine (United States) . 2016;95:1–7. doi: 10.1097/MD.

0 0 0 0 0 0 0 0 0 0 0 05556 . 
9. Smith RE, Bryant J, DeCillis A, Anderson S. Acute myeloid leukemia and myelodysplastic syndrome after doxorubicin-

cyclophosphamide adjuvant therapy for operable breast cancer: The National Surgical Adjuvant Breast and Bowel

Project experience. J Clin Oncol . 2003;21:1195–1204. doi: 10.120 0/JCO.20 03.03.114 . 
10. Renella R, Verkooijen HM, Fioretta G, et al. Increased risk of acute myeloid leukaemia after treatment for breast

cancer. Breast . 2006;15:614–619. doi: 10.1016/j.breast.20 05.11.0 07 . 
11. Engin H, Akoz AG. Breast cancer and chronic myeloid leukemia: a short review. Int J Hematol . 2007;86:468–469.

doi: 10.1532/IJH97.A20712 . 
12. Surveillance Research Program, National Cancer Institute SEER ∗Stat software ( www.seer.cancer.gov/seerstat ) version

8.3.4. 

13. Surveillance, Epidemiology, and End Results (SEER) Program ( www.seer.cancer.gov ) SEER ∗Stat Database: Incidence –
SEER 13 Regs excluding AK Research Data, Nov 2016 Sub (1992–2014) < Katrina/Rita Population Adjustment>. Linked

To County Attributes – Total U.S., 1969–2015 Counties, National Cancer Institute, DCCPS, Surveillance Research Pro-
gram, released April 2017, based on the November 2016 submission. 

14. Howard RA, Gilbert ES, Chen BE, et al. Leukemia following breast cancer: an international population-based study of
376,825 women. Breast Cancer Res Treat . 2007;105:359–368. doi: 10.10 07/s10549-0 06-9460-0 . 

15. Kaplan HG, Malmgren JA, Atwood M. Leukemia incidence following primary breast carcinoma treatment. Cancer .

2004;101:1529–1536. doi: 10.1002/cncr.20475 . 
16. Curtis RochelleE, Boice Jr JohnD, Stovall Marilyn, et al. Risk of leukemia after chemotherapy and radiation treatment

for breast cancer. N Engl J Med . 1992;326:1745–1751. doi: 10.1056/NEJM199206253262605 . 
17. Fisher BB, Rockette H, Fisher ER, et al. Leukemia in breast cancer patients following adjuvant chemotherapy or post-

operative radiation: the NSABP experience. J Clin Oncol . 1985;3:1640–1658. doi: 10.1200/JCO.1986.4.4.614 . 
18. Rubino C, de Vathaire F, Diallo I, et al. Increased risk of second cancers following breast cancer: role of the initial

treatment. Breast Cancer Res Treat . 20 0 0;61:183–195. doi: 10.1023/A:10 0648991870 0 . 

19. Noone A-M, Lund JL, Mariotto A, et al. Comparison of SEER treatment data with Medicare claims. Med Care .
2016;54:e55. doi: 10.1097/MLR.0 0 0 0 0 0 0 0 0 0 0 0 0 073 . 

0. Haas JF, Kittelmann B, Mehnert WH, et al. Risk of leukaemia in ovarian tumour and breast cancer patients following
treatment by cyclophosphamide. Br J Cancer . 1987;55:213–218. doi: 10.1038/bjc.1987.40 . 

21. Bernard-Marty C, Mano M, Paesmans M, et al. Second malignancies following adjuvant chemotherapy: 6-year re-
sults from a Belgian randomized study comparing cyclophosphanide, methotrexate and 5-fluorouracil (CMF) with

an anthracycline-based regimen in adjuvant treatment of node-positive breast cancer. Ann Oncol . 2003;14:693–698.

doi: 10.1093/annonc/mdg204 . 
2. Diamandidou E, Buzdar AU, Smith TL, et al. Treatment-related leukemia in breast cancer patients treated with

fluorouracil-doxorubicin-cyclophosphamide combination adjuvant chemotherapy: the University of Texas M.D. An-
derson Cancer Center experience. J Clin Oncol: Off J Am Soc Clin Oncol . 1996;14:2722–2730. doi: 10.1200/JCO.1996.14.

10.2722 . 

https://doi.org/10.1016/j.breast.2017.07.004
https://doi.org/10.3322/caac.21387
https://doi.org/10.1016/S0140-6736(11)61629-2
https://doi.org/10.1016/j.radonc.2014.10.004
https://doi.org/10.4048/jbc.2015.18.4.378
https://doi.org/10.3390/ijms17122040
https://doi.org/10.1111/ecc.12109
https://doi.org/10.1097/MD.0000000000005556
https://doi.org/10.1200/JCO.2003.03.114
https://doi.org/10.1016/j.breast.2005.11.007
https://doi.org/10.1532/IJH97.A20712
http://www.seer.cancer.gov/seerstat
http://www.seer.cancer.gov
https://doi.org/10.1007/s10549-006-9460-0
https://doi.org/10.1002/cncr.20475
https://doi.org/10.1056/NEJM199206253262605
https://doi.org/10.1200/JCO.1986.4.4.614
https://doi.org/10.1023/A:1006489918700
https://doi.org/10.1097/MLR.0000000000000073
https://doi.org/10.1038/bjc.1987.40
https://doi.org/10.1093/annonc/mdg204
https://doi.org/10.1200/JCO.1996.14.10.2722


M.J. Al-Husseini et al. / Current Problems in Cancer 43 (2019) 213–221 221 

 

 

 

23. Beadle G, Baade P, Fritschi L. Acute myeloid leukemia after breast cancer: a population-based comparison with hema-

tological malignancies and other cancers. Ann Oncol: Off J Eur Soc Med Oncol . 2009;20:103–109. doi: 10.1093/annonc/
mdn530 . 

24. Carey RW, Holland JF, Sheehe PR, et al. Association of cancer of the breast and acute myelocytic leukemia. Cancer .

1967;20:1080–1088. doi: 10.1002/1097-0142(196707)20:7 〈 1080::AID- CNCR2820200711 〉 3.0.CO;2- O . 

https://doi.org/10.1093/annonc/mdn530
https://doi.org/10.1002/1097-0142(196707)20:7$<$1080::AID-CNCR2820200711>3.0.CO;2-O

	Risk and survival of chronic myeloid leukemia after breast cancer: A population-based study
	 Introduction
	 Patients and methods
	 Data source
	 Study population
	 Outcomes
	 Statistical analysis

	 Results
	 Baseline characteristics
	 The risk of CML following BC diagnosis
	 Survival of CML following BC

	 Discussion
	 References


