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Extramedullary myeloid sarcoma (MS, also known as granulocytic
sarcoma, myeloblastoma or chloroma) is a rare form (o1%) of
extramedullary acute myeloid leukemia (AML) presenting without
bone marrow involvement.1 Due to the rarity of this disease,
contemporary clinical data are mostly limited to small case
series.2–5 The prognostic factors and outcomes of extramedullary
MS are unclear. Similar to AML, the current National Comprehen-
sive Cancer Network guidelines recommend initial treatment with
induction chemotherapy for all patients diagnosed with extra-
medullary MS.6 In this study, we utilized the National Cancer
Database (NCDB) to describe the clinical features, prognostic
factors and early treatment outcomes in extramedullary MS.
We identified patients with a histologically confirmed diagnosis

of extramedullary MS from 2004 to 2013 using International
Classification of Diseases for Oncology version 3 (ICD-O-3) code
9930 from the NCDB. The NCDB is a joint program of the
Commission on Cancer of the American College of Surgeons and
the American Cancer Society that collects outcomes data for over
1500 Commission-accredited cancer programs in the nation, and
accounts for 470% of new cancer diagnoses.7

Primary site codes were used to group extramedullary MS
patients by location. We excluded patients whose primary site
code was bone marrow. We analyzed overall survival (OS) using
Kaplan–Meier estimates and their differences between race and
sex using log-rank tests. To allow for ⩾ 1 year of follow-up, we
excluded patients diagnosed in 2013 from OS analysis. To
ascertain accuracy of follow-up, the OS analysis also excluded
patients whose treatment decisions were made at a facility
outside of the reporting facility. Multivariate analysis was
performed adjusting for age, sex, race and disease location.
Because NCDB records only the initial treatment and not
subsequent therapies, we performed a landmark OS analysis
among those patients who survived ⩾ 1 month according to
treatments received during the first month after diagnosis. We
investigated the effect of early chemotherapy, surgery and
radiation on survival using Cox regression models. This analysis
was done separately for patients older and younger than 70-
years of age.
A total of 94 185 cases of AML were reported from 2004 to 2013.

During this time period, there were 746 patients diagnosed with
extramedullary MS and comprised 0.8% of all AML diagnoses. The
median age was 59 years (range, 41–73), and 56.1% were male.
The distribution by race was 80.2% White, 9.1% Black, 2.9% Asian,
and 7.8% others/unknown. Primary site was divided into 11
categories based on organ involved at presentation of extra-
medullary MS (Table 1). The three most common sites of
presentation were connective/soft tissues (31.3%), skin/breast
(12.3%) and digestive system (10.3%). The median OS for the
entire cohort was 12.8 months. According to OS, we categorized
the patients into three prognostic groups: good (OS 430 months:
reproductive and digestive systems), intermediate (OS 15–
30 months: head/neck, skin/breast and kidney/bladder/retroper-
itoneum/adrenal) and poor (OS o15 months: nervous system,

connective/soft tissue, lymph nodes/spleen, cardiac/mediastinal
and bones/joints). Compared to other races, Blacks were more
likely to have extramedullary MS involving lymph nodes/spleen
(4.4 vs 13.1%, P= 0.03). Asians were more likely to have
cardiopulmonary/mediastinal disease as compared to other races
(13.6 vs 4.0%, P= 0.02). Although both age groups had a similar
proportion of poor prognosis sites (60.0%), younger (o70 years)
patients were more likely to have good prognosis sites as
compared to older patients (⩾70 years; 19.0 vs 10.9%, P= 0.005).
On multivariate analysis, factors affecting OS were age
(Po0.0001), sex (P= 0.0195), race (P= 0.0009), as well as disease
location (P= 0.0027). Median OS was worse among males (HR 1.26;
95% CI 1.03–1.54), elderly (HR 2.42; 1.97–2.97), Blacks (HR 1.66;
95% CI 1.22–2.23) and those involving poor prognosis sites (HR
1.44; 95% CI 1.03–2.06) as compared to their counterparts.
We included 533 patients in the landmark analysis based on

early treatment. Chemotherapy was administered to 37.7% of the
patients, while 25.3% had surgery or radiation therapy only. The
remaining (37%) patients did not undergo any treatment within
30 days of diagnosis. A very small proportion of patients
underwent a hematopoietic stem cell transplant (3.4%), although
the exact nature of conditioning regimen and donor source was
unavailable. Early chemotherapy had no effect on OS in younger
patients (HR = 0.93; 95% CI = 0.68–1.28). Among older patients,
receiving early chemotherapy was associated with higher
mortality (HR = 2.59; 95% CI = 1.54–4.36) (Figures 1a and b). It is
worthwhile to note that a substantial proportion (19.9%) of
patients underwent chemotherapy after 30 days of diagnosis
(Supplementary Figure S1). Of this latter group, 25% underwent
surgery and 14% underwent radiation therapy before receiving
systemic chemotherapy. However, analyzing OS at later landmarks
(60 and 90 days) yielded similar results for survival between
chemotherapy and no chemotherapy subgroups.
Ours is the largest study of extramedullary MS in the United

States. A previous study included 345 patients with extramedullary
MS from the surveillance, epidemiology and end results (SEER)
database from 1973 to 2010 and demonstrated superior median
OS for extramedullary MS as compared to AML without MS (8 vs
5 months).8 This study also showed improved survival for pelvic/
genitourinary, gastrointestinal mucosa, gonads/eye as compared
to nervous system, soft tissue and lymph node/hematopoietic
tissue. In contrast, a study from Toronto evaluated 90 patients with
extramedullary MS and did not find any correlation between the
site of disease and outcomes.9 The reason for the difference in OS
among various disease sites is unclear. The initial treatment
received was similar among the sites involved (Table 1). Repro-
ductive and digestive system MS may have a better prognosis due
to early symptom onset and detection, while poorer survival in
bone MS may indicate early onset marrow involvement. Upon
reviewing these findings, one may hypothesize that extramedul-
lary MS involving the poor prognosis sites may benefit from early
chemotherapy.
Previous institutional studies have shown that the median time

to develop AML from extramedullary MS ranged from 5 to
12 months. Hence most experts recommend treating extrame-
dullary MS with induction chemotherapy.10 A case series of 15
patients with extramedullary MS and 46 AML patients with MS
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showed that 87% (13/15) of extramedullary MS cases developed
AML.2 The entire cohort consisted of a higher proportion of poor
prognosis sites (bone and lymph node) than ours. In a subsequent
series of 16 patients with extramedullary MS, only 7 (44%)
developed AML.11 Six out of these seven patients died within
5 weeks to 16 months after diagnosis, despite systemic
chemotherapy in five of those six patients. The disease sites for
patients who progressed were nervous system (2), skin/subcuta-
neous tissue (2) and one each of uterine, ileal and nasal fossa.11 It
is to be noted that four of the nine patients who did not progress
to AML (intermediate/good prognosis sites) were alive without
evidence of disease at 3.5–16 years of initial presentation and had
received systemic chemotherapy.11 These findings, along with our
study, suggest prognostic differences based on site of involve-
ment of extramedullary MS, and median OS for some of the
disease sites like reproductive and digestive system is perhaps
better than AML in general.
We showed a disparity in OS according to sex and race. As seen

in prior studies of AML, Blacks had a worse survival as compared
to Whites.12 Both these differences in sex and race were not seen
in prior MS series, likely due to smaller sample size.8 The racial
disparity in survival could be ascribed to higher frequency of the
poor prognosis sites (lymph nodes/spleen) in Blacks as shown in
our study, or due to disease heterogeneity.
In our study, only 37% of the patients received systemic

chemotherapy within the first 30 days. A similar proportion of
patients did not receive any treatment during the same time
period, with no difference in outcomes as compared to earlyTa
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Figure 1. Thirty-day landmark analysis depicting overall survival
based on treatment modality in patients with extramedullary
myeloid sarcoma (a) age o70 years, and (b) age ⩾ 70 years.
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systemic or local therapies in younger patients. Of note, NCDB
does not contain information whether any of these patients
received second line chemotherapy. Hence, our focus was on the
role of early treatment. In our study, early systemic chemotherapy
was associated with worse outcomes in older patients (470 years)
as compared to early radiation/surgery or no treatment. This may
be explained by a lower frequency of good prognosis sites in older
patients, thereby suffering from the combined impact of worse
disease biology and chemotherapy-related toxicities.
The primary limitations of our study are those related to its

derivation from a database. It does not give us information about
the patients who progressed to AML and the exact treatment
regimens received. Nevertheless, it is the largest database for
malignant diseases in the United States and is especially helpful in
assessing prognosis in rare diseases like extramedullary MS, where
traditional clinical studies are limited by sample size.
Our study demonstrates that extramedullary MS has a diverse

anatomic clinical presentation and the OS varied significantly
according to age, sex, race and sites of presentation. Randomized
trials analyzing optimal treatment strategy for extramedullary MS
would be challenging to conduct due the rarity of the condition.
Hence the results of our study may aid the prognostication of
patients for treatment planning and in the understanding of the
biological differences by anatomic sites of presentation.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
This research was supported by the Robert D and Patricia E. Kern Center for the
Science of Health Care Delivery, and Division of Hematology, Mayo Clinic. This study
was presented in part at the 2016 American Society of Hematology annual meeting,
3rd December, San Diego, USA.

AUTHOR CONTRIBUTIONS
GG interpreted the data, drafted the manuscript and approved the final version;
ACB analyzed the data, drafted the manuscript, and approved the final version;
MMP, MRL and AA critically reviewed the manuscript, interpreted the data, and
approved the final version. RSG conceived the project, interpreted the data and
approved the final version of manuscript.

G Goyal1, AC Bartley2, MM Patnaik1, MR Litzow1, A Al-Kali1

and RS Go1
1Division of Hematology, Mayo Clinic, Rochester, MN 55905, USA and

2Division of Biomedical Statistics and Informatics, Mayo Clinic,
Rochester, MN 55905, USA

E-mail: Go.Ronald@mayo.edu

REFERENCES
1 Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. Acute leukemia incidence

and patient survival among children and adults in the United States, 2001-2007.
Blood 2012; 119: 34–43.

2 Neiman RS, Barcos M, Berard C, Bonner H, Mann R, Rydell RE et al. Granulocytic
sarcoma: a clinicopathologic study of 61 biopsied cases. Cancer 1981; 48:
1426–1437.

3 Paydas S, Zorludemir S, Ergin M. Granulocytic sarcoma: 32 cases and review of the
literature. Leuk Lymphoma 2006; 47: 2527–2541.

4 Pileri SA, Ascani S, Cox MC, Campidelli C, Bacci F, Piccioli M et al. Myeloid sarcoma:
clinico-pathologic, phenotypic and cytogenetic analysis of 92 adult patients.
Leukemia 2007; 21: 340–350.

5 Shinagare AB, Krajewski KM, Hornick JL, Zukotynski K, Kurra V, Jagannathan JP
et al. MRI for evaluation of myeloid sarcoma in adults: a single-institution 10-year
experience. Am J Roentgenol 2012; 199: 1193–1198.

6 National Comprehensive Cancer NetworkAcute myeloid leukemia (Version 1.2017)
(accessed 28 April, 2017). Available from: https://www.nccn.org/professionals/
physician_gls/pdf/aml.pdf.

7 American College of Surgeons: National Cancer Data Base. Available from: https://
www.facs.org/quality%20programs/cancer/ncdb (accessed 28 April 2017).

8 Movassaghian M, Brunner AM, Blonquist TM, Sadrzadeh H, Bhatia A, Perry AM
et al. Presentation and outcomes among patients with isolated myeloid sarcoma:
a surveillance, epidemiology, and end results database analysis. Leuk Lymphoma
2015; 56: 1698–1703.

9 Imrie KR, Kovacs MJ, Selby D, Lipton J, Patterson BJ, Pantalony D et al. Isolated
chloroma: the effect of early antileukemic therapy. Ann Intern Med 1995; 123:
351–353.

10 Bakst RL, Tallman MS, Douer D, Yahalom J. How I treat extramedullary acute
myeloid leukemia. Blood 2011; 118: 3785–3793.

11 Meis JM, Butler JJ, Osborne BM, Manning JT. Granulocytic sarcoma in non-
leukemic patients. Cancer 1986; 58: 2697–2709.

12 Master S, Mansour R, Devarakonda SS, Shi Z, Mills G, Shi R. Predictors of survival in
acute myeloid leukemia by treatment modality. Anticancer Res 2016; 36:
1719–1727.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

© The Author(s) 2017

Supplementary Information accompanies this paper on Blood Cancer Journal website (http://www.nature.com/bcj)

Letter to the Editor

3

Blood Cancer Journal

mailto:Go.Ronald@mayo.edu
https://www.nccn.org/professionals/physician_gls/pdf/aml.pdf
https://www.nccn.org/professionals/physician_gls/pdf/aml.pdf
https://www.facs.org/quality%20programs/cancer/ncdb
https://www.facs.org/quality%20programs/cancer/ncdb
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Clinical features and outcomes of extramedullary myeloid sarcoma in the United States: analysis using a national data�set
	Table 1 Anatomical distribution, survival and therapies for extramedullary myeloid sarcoma
	Figure 1  Thirty-day landmark analysis depicting overall survival based on treatment modality in patients with extramedullary myeloid sarcoma (a) age lt70 years, and (b) age &#x02A7E;�70�years.
	This research was supported by the Robert D and Patricia E. Kern Center for the Science of Health Care Delivery, and Division of Hematology, Mayo Clinic. This study was presented in part at the 2016 American Society of Hematology annual meeting, 3rd Decem
	This research was supported by the Robert D and Patricia E. Kern Center for the Science of Health Care Delivery, and Division of Hematology, Mayo Clinic. This study was presented in part at the 2016 American Society of Hematology annual meeting, 3rd Decem
	ACKNOWLEDGEMENTS
	GoyalGBartleyA CPatnaikM MLitzowM RAl-KaliAGoR SDivision of Hematology, Mayo Clinic, Rochester, MN 55905, USADivision of Biomedical Statistics and Informatics, Mayo Clinic, Rochester, MN 55905, USAE-mail: Go.Ronald@mayo.eduThe authors declare no conflict 
	REFERENCES



 
    
       
          application/pdf
          
             
                Clinical features and outcomes of extramedullary myeloid sarcoma in the United States: analysis using a national data set
            
         
          
             
                Blood Cancer Journal ,  (2017). doi:10.1038/bcj.2017.79
            
         
          
             
                G Goyal
                A C Bartley
                M M Patnaik
                M R Litzow
                A Al-Kali
                R S Go
            
         
          doi:10.1038/bcj.2017.79
          
             
                Nature Publishing Group
            
         
          
             
                © 2017 Nature Publishing Group
            
         
      
       
          
      
       
          © 2017 Macmillan Publishers Limited
          10.1038/bcj.2017.79
          2044-5385
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/bcj.2017.79
            
         
      
       
          
          
          
             
                doi:10.1038/bcj.2017.79
            
         
          
             
                bcj ,  (2017). doi:10.1038/bcj.2017.79
            
         
          
          
      
       
       
          True
      
   




