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Abstract

Purpose—Chloroma (granulocytic sarcoma) is a rare, extramedullary tumor of immature
myeloid cells related to acute non-lymphocytic leukemia or myelodysplastic syndrome (MDS).
Radiation therapy (RT) is often used in the treatment of chloromas; however, modern studies of RT
are lacking. We reviewed our experience to analyze treatment response, disease control, and
toxicity associated with RT in order to develop treatment algorithm recommendations for patients
with chloroma.

Materials/Methods—38 patients who underwent treatment for chloromas at our institution from
2/1990-6/2010 were identified and their medical records were reviewed and analyzed.

Results—The majority of patients that presented with chloroma at the time of initial leukemia
diagnosis (78%) have not received RT as it regressed after initial chemotherapy. Yet most patients
that relapsed or remained with chloroma after chemotherapy are in the RT cohort (90%). 33
courses of RT were administered to 22 patients. Radiation sub-site breakdown was: 39% head and
neck, 24% extremity, 9% spine, 9% brain, 6% genitourinary, 6% breast, 3% pelvis, and 3%
genitourinary. Median dose was 20 (6-36) Gy. Kaplan-Meier estimates of progression free survival
(PFS) and overall survival (OS) in the RT cohort were 39% and 43%, respectively at 5 years. At a
median follow-up of 11 months since RT, only one patient developed progressive disease at the
irradiated site and 4 patients developed chloromas at other sites. RT was well tolerated without
significant acute or late effects, and provided symptom relief in 95% of cases.

Conclusions—The majority of patients with chloromas were referred for RT when there was
extramedullary progression, marrow relapse, or rapid symptom relief required. RT resulted in
excellent local disease control and palliation of symptoms without significant toxicity. We
recommend irradiating chloromas to at least 20 Gy, and propose 24 Gy in 12 fractions as an
appropriate regimen.
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Introduction

Chloroma (also known as granulocytic sarcoma or myeloid sarcoma) is a rare,
extramedullary tumor of immature myeloid cells. It was first described in 1811(1), and later
coined ‘chloroma’ by King(2) in 1853 because of its green color caused by the presence of
myeloperoxidase(3). The term granulocytic sarcoma was introduced later by Rappaport to
describe only tumors of granulocytic origin(4); however, the term is now applied to any
tumor related to acute non-lymphocytic leukemia or myelodysplastic syndrome (MDS)
despite its original more limited definition.

Chloromas most frequently develop in the setting of acute myeloid leukemia (AML) but can
occur in association with chronic myeloid leukemia (CML) during the accelerated phase,
MDS, and rarely, in the absence of marrow involvement.(5-7) Their development can occur
concomitantly, following, or rarely antedating the onset of these diseases(8). The most
common locations include the skin, soft tissue, bone, periosteum and lymph nodes; however,
numerous sites have been described.(6) Overall, chloromas represent a rare hematologic
phenomenon with an incidence of 2.5%-9.1% in AML. (5, 9, 10) This low frequency
together with their often misdiagnosis(7) and variable location has resulted in limited
clinical experience, and hence in a lack of consensus treatment guidelines.

The presence of chloroma is often associated with a poor prognosis, and therefore
optimization of treatment is essential.(6) While systemic therapy is often effective, RT has
been used in the management of many cases. Modern information on the management of
chloroma with radiation is scanty and the last comprehensive report published almost three
decades ago.(11) Since that time, only few case series of chloromas have been published but
information on radiotherapy and response was insufficient for developing clear treatment
recommendations.(12, 13) We therefore analyzed the experience at our cancer center to
examine if data may provide guidelines for this uncommon leukemia manifestation for
leukemia and radiation oncology teams.

Patients & Methods

Patients

Analysis

38 patients with chloroma treated at our institution between 2/1990 and 6/2010 were
identified through institutional and departmental database query. The Memorial Sloan-
Kettering Cancer Center IRB/Privacy board approved this retrospective review.

Review of patient information included age, diagnosis, surgery, chemotherapy, radiation,
disease progression, follow-up and death. Patient gender, sites of relapse, radiation
technique, dose, volume, chemotherapy agents, allogeneic transplants, major toxicities, and
disease status were recorded.

The Kaplan-Meier method was used to calculate actuarial rates of progression free survival
(PFS) and overall survival (OS) from treatment completion and time of chloroma diagnosis,
respectively.(14) Progression of disease was defined by progression on bone marrow
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evaluation, tissue biopsy, imaging and/or death in the absence of pathology or imaging. We
classified patients presenting with chloroma as all cases of chloroma development at or prior
to marrow involvement.

Study Cohort

RT-Cohort

Clinical characteristics of the entire cohort are listed in Table 1. Clinical outcomes according
to age, presentation, and chloroma location are listed in Table 2. Youngest patients between
1-20 years had the longest median survival of 35 months (range 3-108 months). Patients
presenting with chloroma had a median survival of 61 months (range 3-179). In contrast,
patients who developed chloromas after marrow involvement had a median survival of 14
months (range 1-57 months). Analysis by site of chloroma resulted in a wide range of
median survivals with genitourinary site the longest (109 months) and the spinal axis the
shortest (7 months). Five patients presented with isolated chloroma with only one receiving
radiation as part of their treatment. All five patients were NED at last follow-up.

Clinical characteristics of the RT- and non-RT cohorts are listed in Table 1. Median age at
chloroma diagnosis was 34 years (range 1-71 years) and 49 years (range 10-71 years) in the
RT and non-RT cohorts, respectively. Hematopathology in the RT cohort consisted of AML
in 86%, MDS in 9%, and isolated chloroma without marrow involvement in 5%. In the non-
RT cohort, 63% had AML, 6% had CML, 6% had MDS and 25% had isolated chloroma.

Chloroma was biopsy proven in 45% of irradiated patients with the remainder diagnosed
based on imaging and clinical features. Median interval between marrow involvement and
chloroma diagnosis was 9 months (range 0-108 months). All patients in the RT cohort
received chemotherapy at the initial time of leukemia or chloroma diagnosis with 18%
undergoing allogeneic transplant prior to radiation. 75% of transplant patients underwent
total body irradiation (TBI) as part of their conditioning regimen. Prior to the diagnosis of
chloroma, 32% of patients were in remission from prior treatment for a median of 7 months
(range 3-76 months). Of those patients in remission, chloroma presented concomitantly with
marrow relapse in 43%. Prior to RT, 86% of patients were symptomatic from their chloroma.
Soft tissue swelling or mass effect including gingival hypertrophy was observed in 50% of
patients. Symptoms referable to involvement of the central nervous system (CNS),
peripheral nervous system (PNS), or cranial nerves were present in 36% of patients.

Radiation Treatment—Thirty-three courses of radiation were administered in our
department. Radiation technique reflected treatment era as well as location of disease.
Conventional radiation therapy was used in 91% of cases. A margin of 10-20 mm was added
to the gross tumor depending on anatomic boundaries. Positron emission tomography
(PET)-computerized tomography (CT) simulation was used when available and appropriate
to assist in treatment planning (Fig 1.). 82% of patients were treated with photons and 18%
with electrons.
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Median dose received was 20 Gy (range 6-36 Gy) with a median fraction size of 2 Gy (range
1.5-4 Gy). 82% of patients received at least 1600 cGy. Radiation sub-site breakdown was as
follows: 39% head and neck, 24% extremity, 9% spine, 9% brain, 6% genitourinary, 6%
breast, 3% pelvis, and 3% genitourinary. Only one patient did not complete their intended
course of radiation because of general deterioration.

Local control was achieved in 97% of treatments with local failure in only one patient who
received only 6 Gy to the gingiva for swelling. The patient was evaluated at an outside
institution one month later for further radiation, and an additional dose of at least 20 Gy was
planned to the gingiva using lateral fields according to records; no follow-up information
was available. Kaplan-Meier estimates of PFS and OS were 39% and 43%, respectively at 5
years (Fig 3.). Median survival since time of RT was 12 months (range 0-105 months).
Symptom relief was obtained in 95% of patients with at least 37% obtaining relief during
treatment. A typical PET response to RT is demonstrated in Figure 2.

At a median follow-up of 11 months (range 0-105 months) since completion of treatment,
RT was well tolerated without significant acute effects. One patient required a 2-week
treatment break because of a neck abscess that developed during radiation unrelated to
treatment. Long-term toxicity not necessarily as a direct consequence of RT included
clinically significant hearing loss (N=1) and neurocognitive dysfunction (N=1), each in
patients who underwent whole brain radiation.

After completion of RT, 4 patients developed additional chloromas at other sites, with 10
further courses of radiation administered. Notably, one patient developed multiply recurrent
neurotropic chloromas all treated with radiation alone, and is currently without evidence of
disease (NED).(15) Nine patients underwent allogeneic transplant after radiation with 78%
undergoing TBI as part of their conditioning regimen. In total, 10 patients underwent TBI
either before or after RT for chloromas with a median dose of 1375 cGy (range 450-1500
cGy).

Non-Radiation Cohort

Chloroma was biopsy proven in 81% of un-irradiated patients with the remainder diagnosed
based on imaging and clinical features. Characteristics of the 16 patients with chloromas in
the non-RT cohort are listed in Table 1. 89% of patients presented with chloroma at time of
initial diagnosis. There were no cases of chloromas in the head and neck region, which
constituted the majority in the RT cohort. Treatment in this group consisted of surgery alone
in 12%, chemotherapy alone in 31%, a combination of surgery and chemotherapy in 38%,
and allogeneic transplantation in 19%, with one patient receiving TBI. 81% of patients
achieved a complete response (CR) to their respective treatment, 13% had stable disease, 6%
had a partial response (PR), and no patients developed relapse at the initial site. Kaplan-
Meier estimates of PFS and OS were 56% and 75%, respectively at 5 years (Fig 4.). Median
survival since treatment completion was 50 months (range 3-179 months). Three patients
relapsed with systemic disease after their initial treatment and four patients developed a
chloroma at a second site. Treatment of second chloromas in the non-RT cohort included
chemotherapy alone, surgery alone, allogeneic transplantation, and observation, respectively.
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Discussion

Treatment strategies for chloromas are largely dependent upon their response to systemic
chemotherapy and whether they develop at initial diagnosis or at relapse. At our institution,
patients with chloromas at initial presentation predominately received chemotherapy with or
without transplantation with radiation incorporated mainly upon progression or relapse. This
treatment dichotomy explains the large difference in survival patterns between the two
cohorts because chloromas that develop at relapse invariably have a worse prognosis. We
analyzed our data as well as the available literature to develop more guidance for
consideration of RT in patients with chloroma. A suggested treatment algorithm is located in
Figure 5.

Chloroma can rarely arise in the absence of marrow involvement.(8) The ideal timing and
treatment of such cases represents a therapeutic dilemma. It has been strongly suggested that
inadequately treated isolated chloroma will almost always progress to AML.(16) A recent
series of nonleukemic chloroma reported that AML-type intensive chemotherapy with or
without radiation was “moderately effective” in this setting.(13) Importantly, the authors
note that the addition of radiotherapy was associated with a prolonged failure free survival.
(13) We suggest that radiation be considered as a consolidation treatment for isolated
chloroma particularly since the effective RT dose is low. Radiation site and associated
toxicities are important factors for consideration.

Chloroma presenting concurrently with marrow involvement at initial diagnosis always
warrants systemic treatment directed at the underlying disease. Incomplete chloroma
response after chemotherapy is believed to represent a significant risk for early medullary
relapse after therapy.(7) Therefore, radiation therapy should be considered in these instances
in which less than a CR is achieved with chemotherapy. In our series, all 13 patients who
presented with concurrent chloroma and marrow disease received chemotherapy, 3 of whom
also received RT. The patients referred for RT either had an inadequate response to
chemotherapy (N = 2) or were symptomatic from their chloroma (N = 1). Importantly, the
two patients with less than a CR to chemotherapy who underwent consolidative RT were
NED at last follow-up.

Isolated chloromas at relapse are rare, and often herald systemic relapse. Median time to
marrow relapse in this setting has been reported as 7 months.(17) Treatment strategies are
dependent on whether the patient relapsed after chemotherapy alone or after transplant. In
our series, two patients developed isolated chloroma relapse after chemotherapy alone and
were rendered NED with a combination of chemotherapy, radiation, and transplant (N=1).
Chloromas developing after allogeneic transplantation are more uncommon with an
incidence reported between 0.2-1.3% of patients undergoing transplantation and represent an
even more difficult management problem.(18, 19) Rare isolated chloromas after allogeneic
transplantation have been described.(20) Management in this setting has included donor
lymphocyte infusion with clinical promise in few cases.(21) In our series, two patients
developed isolated chloromas after allogeneic transplant both treated with a combination of
T-cell infusion and radiation therapy with additional chemotherapy in one. Importantly,
radiation rendered one patient NED and provided disease control in the second. We suggest
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that radiation be considered in all cases of isolated chloroma at relapse, particularly those
developing after allogeneic transplant.

More frequently, chloromas develop concurrently with marrow relapse. Re-induction
chemotherapy directed at the underlying disease is always warranted. Depending on the
response to chemotherapy, radiation might be required to treat partially responding
chloromas. In our series, 3 patients in remission developed concurrent chloroma and marrow
relapse. Two of the patients underwent radiation in combination with chemotherapy and
transplant and are NED. The third patient underwent chemotherapy alone and developed
progressive disease resulting in death. We suggest that in this setting, radiation should be
strongly considered as consolidation after chemotherapy.

Radiation is highly recommended when symptom relief is required because it provides
excellent palliation. In Chak's series the majority of patients treated were symptomatic from
their chloromas, with pain being the most frequent symptom.(11) In our series, 86% of
patients referred for radiation were symptomatic including neurological symptoms referable
to CNS, PNS, and cranial nerves in 36%. The disproportionate number of patients with
chloromas in the head and neck region that received radiation probably resulted from rapid
development of symptoms from space-occupying lesions in this area that required rapid
intervention including orbital masses and cranial neuropathy. Importantly, symptom relief
was obtained during treatment in at least 37% of patients indicating that radiation provides
rapid palliation.

While there are a variety of clinical scenarios in which radiation can be utilized, a standard
treatment regimen can be applied because of the excellent response of chloroma disease to
low doses of radiation. In our series, there was only one local failure in 33 treatments to a
site that only received 6 Gy suggesting that chloromas are radiosensitive. In contrast to older
studies that support the use of at least 30 Gy, we recommend irradiating chloromas to a dose
of at least 20 Gy, and propose 24 Gy in 12 fractions as an appropriate regimen given its
efficacy and safety. Conventional photon treatment with 10-20 mm margins incorporating
post-chemotherapy volume is warranted in most cases with electrons utilized for superficial
disease. Intensity-modulated radiation therapy (IMRT) can be reserved for cases that involve
re-treatment or in which toxicity is a concern because of surrounding normal structures or
concurrent chemotherapy. Short and long-term toxicity were minimal with RT even in
patients (N=3) that received multiple courses for additional chloromas. Notably, 10 patients
underwent TBI either before or after RT for chloromas without excess morbidity indicating
that radiation within the dose ranges discussed does not preclude use of TBI as a
conditioning regimen or vice versa.

The presence of chloromas is usually associated with a worse outcome and a shorter survival
time. (5, 7, 22) Five-year survival in both cohorts compare favorably to other series in which
five-year survival rates range between 20-30%.(12, 13) While benefits in OS with radiation
have not been supported in the literature (12) or by our study, we believe that radiation might
contribute to improved PFS in cases of isolated chloroma (13) and in those which there was
an inadequate response to chemotherapy. Patients in the pediatric age group had the longest
median survival, which might reflect better leukemia outcome in general in children
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Fig. 1.
Chloroma of the right femoral nerve outlined in red on (a) pre-treatment Positron Emission

Tomography (PET) treated to the field outlined in red (b) using conventional radiation
therapy.
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Fig. 2.
Chloroma of the right seminal vesicle on (a) pre-treatment Positron Emission Tomography

(PET) indicated by red arrow demonstrating resolution (b) of hypermetabolic activity after
treatment (prone position) (c) using intensity modulated radiation therapy (IMRT).
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Fig. 3.

Progression free survival (PFS) since time of completion of radiation and overall survival
(OS) since time of chloroma diagnosis in the radiation cohort.
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Progression free survival (PFS) since time of completion of therapy and overall survival
(OS) since time of chloroma diagnosis in the non-radiation cohort.
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Fig. 5.
A suggested treatment algorithm for radiation (RT) in the management of chloroma.
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Entire Cohort

Radiation

Non-Radiation

Chloroma Cases

38

22

16

Male 25 (66%)

Male 14 (63%)

Male 11 (69%)

Gender
Female 13 (34%) Female 8 (36%) Female 5 (31%)
White 28 (74%) White 15 (68%) White 13 (81%)
Black 2 (5%) Black 2 (9%) Black 0 (0%)
Ethnicity

Hispanic 5 (13%)
Asian 3 (8%)

Hispanic 4 (18%)
Asian 1 (5%)

Hispanic 1 (6%)
Asian 2 (13%)

Cancer Diagnosis

AML *29 (76%)

cML71 (3%)

MDS 7 3 (8%)

Isolated Chloroma 5 (13%)

AML 19 (86%)
MDS 2 (9%)
Isolated Chloroma 1 (5%)

AML 10 (63%)

CML 1 (6%)

MDS 1 (6%)

Isolated Chloroma 4 (25%)

Median Age at Leukemia Diagnosis (years) | 44 (1-71) | 33 (1-70) | 49 (10-71)
Median Age at Chloroma Diagnosis (years) | 44 (1-71) | 34 (1-71) | 49 (10-71)
Patients with Chloroma at Presentation | 18 (47%) | 4 (18%) | 14 (89%)
Spine 5 . .
Extremity 7 Spine 4 Spine 1
Pelvis 2 Extremity 3 Extremity 4
Chloroma Sites cués Pelvis 1 Pelvis 1
Abdomen 5 cU1l GUs
/ Abdomen 1 Abdomen 4
H/N"14 o HIN 14 Chest wall/Mediastinum 3
Chest wall/Mediastinum 3
Complete Response to Treatment | 35 (92%) | 22 (97%) | 13 (81%)
Patients Developing a Second Chloroma | 8 (21%) | 4 (18%) | 4 (25%)
Median Survival Since Chloroma Diagnosis | 23 (1-179) | 15 (1-108) | 61 (7-179)

(months)

Abbreviations:

*
= acute myeloid leukemia;

f= chronic myeloid leukemia;

7‘7‘: myleodysplastic syndrome;

§ o
= genitourinary;

//: head and neck.
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