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Inclusion and exclusion criteria for participation in clinical
trials are meant to select patients who are appropriate for the
disease under study and to protect clinical research subject-
participants from undue risk related to the research. The selection
criteria should not arbitrarily exclude subjects. In 1994, the Na-
tional Institutes of Health (NIH) published guidelines on the in-
clusion of women and minorities in clinical trials. The guidelines
were intended to ensure that women and members of minorities
are included in all human subject research and specified that con-
cerns for cost could not be viewed as an acceptable reason for
excluding these groups. It is thus incumbent on researchers to
ensure that undue barriers are not placed on groups of individuals
that would cause their underrepresentation in publicly funded
clinical research. Toward meeting these goals, the guidelines called
for the initiation of programs and support for outreach efforts to
recruit underrepresented groups into clinical studies. Although
these efforts have led to the increased participation in some in-
stances of previously excluded groups onto clinical trials, there
may be circumstances where eligibility criteria can exclude partic-
ipation of certain groups disproportionately.1-4

Rigid requirement for minimal WBC numbers may be one such
criterion deserving of further consideration in this regard. Benign
ethnic neutropenia (BEN) is a condition used to describe individuals
of African descent with neutrophil counts less than 1.5 � 109 cells/L in
the absence of other causes5 and constitutes one such group for whom
minimal WBC numbers may arbitrarily exclude from participation in
clinical trials. The risk of febrile neutropenia is determined by the
duration and depth of neutropenia, with the risk greatest when the
neutrophils are below 0.5 � 109 cells/L.6-8 There are currently
insufficient data to indicate that individuals with BEN would face a
higher risk of febrile neutropenia greater than those without BEN.
Therefore, BEN may unduly exclude clinical trials participation in
a greater proportion of individuals from certain ethnic groups
compared with others. It follows that exclusion of individuals with
BEN may be at odds with NIH guidelines aimed toward enhancing
minority accrual onto clinical trials. Interpretation of the NIH
guidelines would suggest that efforts to implement reasonable
measures to ameliorate theoretical risks would be preferable to
categoric exclusion of patients who are excluded on the basis of
BEN. Consideration of the neutrophil physiology, the definition of

neutropenia, and BEN (including the epidemiology, clinical corre-
lates, and neutrophil response to various stimulating agents) may
be useful toward developing rational and flexible evaluation of
individuals with BEN with a view toward including them in clinical
trials where there is no excess risk.

NEUTROPHIL PHYSIOLOGY

The absolute number of circulating neutrophils as measured in
routine blood tests reflects a small number of the available pool of
biologically active cells. Approximately half of the biologic pool of
neutrophils outside the marrow are circulating; the other half margin-
ate to vascular endothelium.9 Additionally, there is a large reserve of
mature neutrophils in marrow before exiting into blood circulation.
Because circulating neutrophils comprise approximately 4.5% of ma-
ture marrow neutrophils and 1.7% total marrow granulocytes, minor
reduction in peripheral-blood neutrophil counts should constitute no
increased risk of infection.10-12

HISTORY AND DEFINITION OF NEUTROPENIA

The definition of neutropenia is categorically based and represents a
range that is arbitrarily considered subnormal. It is typically defined by
an absolute neutrophil count (ANC) less than 1.5 � 109 cells/L. This
cutoff value was popularized by the use of the National Cancer Insti-
tute (NCI) Common Toxicology Criteria, which was first developed
in 1982. It was standardized by clinical trial investigators in Canada,
Europe, Japan, and the United States in 1999 and revised to the current
version of Common Terminology Criteria for Adverse Events (ver-
sion 3.0) in 2006 by the NCI Cancer Therapy Evaluation Program. A
further revision to Common Terminology Criteria for Adverse
Events, which will make the new version consistent with the recom-
mendations of the International Conference on Harmonization, is
currently underway. An ANC of less than 1.5 � 109 cells/L defines the
upper limit of grade 2 toxicity and has become the minimum thresh-
old at which to begin therapy in many clinical trials. This is based in
part on the risk of inducing a prolonged state of neutropenia after
administering myelosuppressive cytotoxic chemotherapy in this set-
ting. It does not take into account neutrophil biology and may not be
relevant to BEN.
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BEN

To consider whether an individual with low neutrophils has BEN,
it is important to be able to distinguish it from several distinct
clinical forms of neutropenia. BEN is clinically different from
congenital neutropenia (also known as severe congenital neutro-
penia or Kostmann syndrome), cyclic neutropenia, and chronic
idiopathic neutropenia. All these disorders are diagnosed mostly in
whites, are exhibited by very low neutrophil count (less than 0.5 �
109 cells/L), and lead to frequent oral, cutaneous, or systemic
infections, which are serious and potentially life-threatening.
These latter disorders should not be confused with BEN. Other
concomitantincitingeventscausingsecondaryneutropeniaincludephar-
macologically induced suppression, comorbid infections, neoplastic
disease, autoimmune diseases, metabolic disturbances, or hemato-
logic disorders.

BEN, in contrast, is more commonly observed in individuals
of African descent (Fig 1), although there are case reports of benign
neutropenia in whites.13-16 Outside of the United States, BEN
has been described in up to 25% to 40% of those of African
descent.17-19 In the United States, prevalence decreases with age
and is much lower: 4% in adult African American men and 2% to
3% in adult African American women, compared with less than 1%
in whites.5 BEN is typically diagnosed by repeated ANC values less
than 1.5 � 109 cells/L over many months, in the absence of other
secondary neutropenia. Recent population-based analysis showed
that most BEN-related neutrophil measurements are at least
1.0 � 109 cells/L5.

BEN is not associated with an increased risk of oral or systemic
infections,10,20,21 as seen in other forms of congenital neutropenia.
There are no compensatory increases in lymphocyte or monocytes
counts.20,22 Large US studies have shown that African American adults
have slightly higher lymphocyte counts (Table 1) and similar percent-
ages but slightly reduced absolute number of monocytes (Table 1).23,24

Patients with BEN are logically presumed to be normal, and no addi-
tional treatment is recommended for the usual non–chemotherapy-
related infections.

ETIOLOGY OF BEN

The etiology of BEN is not well understood, but the mechanism for it
does not appear to represent a biologic abnormality. Computational
modeling of gene marking or telomere length shortening over time
suggests that stem-cell numbers were estimated to be 11,000 to 22,000
in mice, cats, nonhuman primates, or humans. Because the life span of
the mammals are different, the number of cell divisions per stem cell
varied to sustain the life of each mammal.25 If the total stem-cell
number was similar between lower and higher ordered mammals,
then stem-cell number is likely similar between individuals of different
ethnic backgrounds.

Recently single-nucleotide polymorphism at the Duffy antigen
receptor for chemokine on chromosome 1 (rs2814778)26-28 has been
linked to leukocyte counts. This finding and earlier reports describing
familial clustering of BEN29,30 suggest that there are potential genetic
influences for this condition. How the Duffy antigen receptor for
chemokine and potential other genetic factors cause neutropenia
is unknown.

Direct bone marrow examinations in 12 individuals with BEN
(ANC � 2.0 � 109 cells/L) reported earlier showed normal cellu-
larity and leukocyte maturation.20,31 More recently, 27 Africans or
Caribbeans of African descent were shown to have lower numbers
of myeloid marrow progenitors compared with white controls.21

This minor reduction is further supported by our retrospective
analysis of the database from the Center for International Blood
and Marrow Transplant Research, where bone marrow collections
from 240 African American donors contained lower nucleated cell
and CD34� cell number per recipient weight (Table 2). Addition-
ally, when cord blood units as an alternative source of hematopoi-
etic stem cells were studied, African Americans had lower total
nucleated cells.32,33 These data can be summarized as African
Americans having normal stem-cell number, normal myeloid mat-
uration, and a minor reduction in hematopoietic myeloid progen-
itors at steady-state.

NEUTROPHIL RESPONSE TO PHYSIOLOGIC STIMULI

The lower number of marrow myeloid progenitors is further reflected
in the lower physiologic release of neutrophils from vascular endothe-
lium and bone marrow stores. The neutrophil increments after
corticosteroids were the lowest in individuals with BEN; even nonneu-
tropenic ethnic controls had lower neutrophil increases after these
stimulating agents when compared with whites.20,34,35 This lack of
robust response has effectively disproved neutrophil margination to
vascular endothelium as a cause for the observed BEN. Smoking is also
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Fig 1. Percent of male and female participants with absolute neutrophil count
(ANC) less than 1.5 � 109 cells/L in NHANES 1999 to 2004.5 Reprinted with
permission. MA, Mexican-Americans.
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a well-known inducer of leukocyte counts. African American smokers
have lower leukocyte and neutrophil counts than white smokers in the
United States.5,36 This is consistent with the observation that Nigerian
smokers have a nonstatistically significant increase in WBCs than
Nigerian nonsmokers.37 Additionally, African healthy volunteers un-
dergoing 10-minute exercises38 and African marathon runners39 have
lower leukocyte and neutrophil counts compared with white controls.
These studies together indicate that individuals with BEN at baseline
may have a lower “set point” of committed hematopoietic progenitors
and a lower “reserve” of mature neutrophils in the bone marrow,
resulting in fewer total neutrophils circulating systemically and mar-

ginating in vascular endothelium and leading to a diminished neutro-
phil release.

BETTER HEMATOPOIETIC STEM-CELL MOBILIZATION IN
AFRICAN AMERICANS

When granulocyte colony-stimulating factor (G-CSF) was admin-
istered to African Americans with and without sickle cell trait to
ascertain the safety of stem-cell mobilization in preparation for trans-
plantation,40 there was a trend toward higher average number of
myeloid colony–forming units and CD34� cells/L of apheresis prod-
uct in sickle cell trait African Americans. A larger subsequent study
of G-CSF mobilization of peripheral-blood stem cells among dif-
ferent ethnicities demonstrated that African Americans mobilized
peripheral-blood stem cells better than whites.41 Our recent query to
the Center for International Blood and Marrow Transplant Research
showed that African Americans have comparable numbers of

Table 3. G-CSF–Mobilized Peripheral-Blood Stem-Cell Grafts in African and
White Descent for Hematopoietic Stem-Cell Transplantation

Characteristic
African Descent
Peripheral Blood

White Descent
Peripheral Blood P

No. of patients 273 5,265
Recipient age, years � .001

Median 40 45
Range 1-68 � 1-77

Donor age, years � .001
Median 39 44
Range 2-93 �1-85

Recipient BMI before
transplant, kg/m2�

Median 25.8 25.1 .778†
5th-95th percentile 16.2-39.6 17.8-36.6

C34� cells after processing,
�108 cells/weight of
recipient (kg)

Median 5.48 5.32
5th-95th percentile 0.05-29.1 0.15-20.6 .441†

NOTE. Data provided by the Center for International Blood and Marrow
Transplant Research from 1995 to 2007. Related donor transplants were
selected for this analysis. Donor ethnic backgrounds were assumed to be the
same as recipients and grouped based on the recipient ethnicities.

Abbreviations: G-CSF, granulocyte colony-stimulating factor; BMI, body
mass index.

�Donor weight and BMI not available.
†0-5th percentile and 95-100th percentile observations in each group were

deemed as outliers and were excluded in the Wilcoxon test.

Table 1. Mean Weighted Leukocyte and WBC Differential in National Health and Nutritional Examination Survey Database Between Whites and Blacks

Age (years)

Leukocytes Neutrophils Lymphocytes Monocytes

Afr Am Whites Mex Am Afr Am Whites Mex Am Afr Am Whites Mex Am Afr Am Whites Mex Am

1-5 7.81 8.69 9.47 3.04 3.61 4.25 4.01 4.27 4.39 0.48 0.49 0.52
6-11 7.06 7.89 8.32 3.32 3.99 4.31 2.97 3.1 3.17 0.41 0.45 0.47
12-18 6.78 8.05 8.26 3.53 4.66 4.79 2.55 2.65 2.68 0.39 0.45 0.46
19-65 6.85 8.05 8.3 3.67 4.92 4.97 2.56 2.47 2.66 0.30 0.44 0.43
� 66 6.56 8.22 7.96 3.70 5.04 4.99 2.23 2.42 2.21 0.39 0.51 0.47

NOTE. Data adapted.24 Mean cell counts �109/L are shown.
Abbreviations: Whites, non-Hispanic whites; Afr Am, non-Hispanic blacks; Mex Am, Mexican-Americans.

Table 2. Bone Marrow Collections in African- and White-Descent Donors
for Hematopoietic Stem-Cell Transplantation

Characteristic
African Descent
Bone Marrow

White Descent
Bone Marrow P

No. of patients 244 2,594
Recipient age, years � .001

Median 17 25
Range � 1-62 � 1-69

Donor age, years � .001
Median 20 27
Range 1-68 1-92

Recipient BMI before
transplant, kg/m2�

No. of patients evaluable 242 2,565
Median 20.9 22.6 .012†
5th-95th percentile 14.3-39.1 14.1-33.7

Nucleated cells after
processing, �108

cells/weight of
recipient (kg)

No. of patients evaluable 232 2,490
Median 2.15 2.62 � .001†
5th-95th percentile 0.03-10.3 0.06-7.32

C34� cells after
processing, �106

cells/weight of
recipient (kg)

Median 2.17 2.67
5th-95th percentile 0.02-13.7 0.04-14.1 � .001†

NOTE. Data provided by Center for International Blood and Marrow Trans-
plant Research from 1995 to 2007. Related donor transplants were selected
for this analysis. Donor ethnic backgrounds were assumed to be the same as
recipients and grouped based on the recipient ethnicities.

Abbreviation: BMI, body mass index.
�Donor weight and BMI not available.
†0-5th percentile and 95-100th percentile observations in each group were

deemed as outliers and were excluded in the Wilcoxon test.
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peripheral-blood CD34� cells after G-CSF mobilization, despite hav-
ing slightly lower steady-state bone marrow CD34� cells (Table 3).
Thus available evidence indicates that enhanced stem-cell proliferative
and mobilization response to G-CSF are observed in individuals of
African descent. These findings reinforce that there was no defect in
stem-cell or myeloid maturation and that rigid neutrophil cutoffs may
not be relevant to clinical trials inclusions when there is BEN.

IMPLICATION OF BEN IN ELIGIBILITY CRITERIA FOR
ONCOLOGY TRIALS

Access of African Americans to cancer clinical trials is estimated at
10% or less.42,43 Although many factors limit their access, a rigid
neutrophil count cutoff represents another barrier. To estimate the
potential impact of BEN on access disparity to clinical trials, we iden-
tified all of the active NCI-sponsored phase III clinical trials in cancers
of the breast, prostate, lung, colorectal, kidney, bladder, urinary tract,
head and neck, female reproductive system, myeloma, and non-
Hodgkin’s lymphoma. Fifty percent (23 of the 46 active trials) re-
quired an ANC of at least 1.5 � 109 cells/L. There are substantially
more phase I and II trials, which represent many more clinical trials
that likely exclude those with ANC counts less than 1.5 � 109 cells/L.
Thus a substantial proportion of publically funded clinical trials may
have the unintended consequence of limiting access to individuals
with BEN.

Several investigators have observed that African Americans have
lower prechemotherapy and postchemotherapy leukocyte and neu-
trophil counts when compared with white patients.44,45 This reduc-
tion has been proposed to be one of many reasons for the frequent
dose modification, treatment delay, and possibly higher cancer-
related mortality in African Americans.44-46 Smith et al45 showed that,
although the counts were lower before and after chemotherapy, the
nadir leukocyte and neutrophil counts and incidence of febrile neu-
tropenia were similar between 86 white and 19 African American
patients with early-stage breast cancer. This observation should be
further confirmed using currently available databases, as such an anal-
ysis could potentially inform what may represent a critical treatment
and outcomes issue. The benign nature of lower leukocyte and neu-
trophil counts, although not explicitly stated, can also be inferred from
no reported increase in febrile neutropenia incidence among African
Americans in large community oncology clinics.47,48

Silber et al49 used mathematic models and validated in approxi-
mately 100 patients with early-stage breast cancer that the nadir neu-
trophil count after first cycle chemotherapy was a better predictor for
subsequent treatment delays than pretreatment leukocyte or neutro-
phil count. Furthermore, two other groups reported that when Afri-
can Americans were enrolled onto clinical trials, they receive similar
relative dose-intensity of chemotherapy1,50 and experience similar
rates of chemotherapy-related toxicities50 as their white counterparts.
These reports indicate that when access is not a barrier, African Amer-
icans tolerate standard chemotherapy dosing and benefit from clinical
trials as much as their white counterparts.

FINAL REMARKS

In conclusion, our current understanding about BEN is that this
condition has normal hematopoietic stem-cell number and myeloid

maturation and results from a lower set point in the number of
marrow-nucleated cells, leading to slightly fewer mature neutrophils
in the periphery. This minor reduction has not been reported to cause
increased infections in otherwise healthy individuals. If an individual
has an ANC count of at least 1.0 � 109 cells/L or higher over several
months, and other causes of neutropenia have been excluded, then
BEN is likely to be the cause.

How do these considerations inform decisions regarding clinical
research eligibility? The current evidences indicate that there is not an
increased risk of febrile neutropenia secondary to myelosuppressive
therapy in a patient with BEN. Moreover, there seems to be an en-
hanced response to G-CSFs among those with BEN. These factors
suggest that support with prophylactic G-CSF (5 �g/kg/d) and mon-
itoring of blood counts as usual would provide sufficient safety for
individuals with BEN to participate in most clinical research trials
through explicit changes in eligibility criteria. There may be more
justifiable concern, however, in cases where the baseline ANC count is
less than 1.0 � 109 cells/L. Although BEN may fully explain the
findings, common causes of neutropenia such as intercurrent viral
illness, autoimmune disorders, medications, nutritional deficiencies,
or the effect of the tumor itself should be assessed. This may include
examination of the bone marrow for metastatic disease, marrow fail-
ure syndromes, or myelodysplastic syndromes. The clinical findings
will guide the appropriate decision making.

In patients in whom BEN is the most likely cause of the neutro-
penia and have enrolled onto clinical trials, available evidence suggests
they can receive effective doses of chemotherapy. Chemotherapy may
be administered safely when the neutrophils range from 0.5 to 1.5 �
109 cells/L, and prophylactic G-CSF could be given if chemotherapy is
expected to lead to neutropenia (below 0.5 � 109 cells/L). If cycles of
therapy have already been administered, the subsequent dose adjust-
ment depends on nadir duration of the ANC, signs or symptoms for
infection, and other comorbidities. Awareness of higher cancer- and
treatment-related mortalities in African Americans should prompt
clinicians to weigh the risks and benefits carefully. However, reflexive
exclusion of those with low WBCs on the basis of BEN is not medically
justified and can have the unwanted effect of unduly excluding
minority participation in cancer clinical trials. The impact of cur-
rent ANC barrier at 1.5 � 109 cells/L is substantially larger than
previously realized.
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