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In the middle of the 19
th century, when Bennett and

Virchow were trying to decide whether “leucocythemia”
or “leukemia” would be the proper word to describe the

recently discovered chronic myelogenous leukemia (CML),
life expectancy was steadily rising from around 40 years of
age in the previous century, to finally reach 50 years in
1900. This is to say that many hematologic disorders were
extremely rare at that time. Nowadays, a newborn baby
may expect to live up to 100 years old.1 Among the myriad
of challenges this perspective raises, that of an increase in
chronic hematologic disorders is to be foreseen and in fact
can already be perceived. Four major evolutions can be
highlighted which will require the skill of trained morphol-
ogists and adapted flow cytometry studies, for integrated
diagnoses and follow up, where cytogenetics has already an
important place and where that of molecular and next gen-
eration sequencing (NGS) techniques will certainly find
theirs. They are namely: i) nutritional deficiency-related
and autoimmune disorders, mostly anemia;2 ii) chronic
myeloproliferative/myelodysplastic or lymphoid neo-
plasms; iii) therapy-related secondary leukemia/lym-
phomas; and iv) follow up of long-term survivors.
Nutrition is complicated for elderly people and related

problems are often underestimated. Even when they are
institutionalized in facilities where dietary concerns are
taken care of, food intake is not necessarily well controlled
in pre-senile or senile individuals. The issue is obviously
even worse for people living on their own who sometimes
have a low income or who fail to feed themselves properly.
For Biermer disease or hemolytic anemia, the picture is
made more complex by the increase in autoimmune dis-
eases resulting from an aging immune system. As age and
other diseases possibly find an equilibrium, several other
conditions (renal failure, cardiovascular diseases) may lead
to a decrease in hemoglobin levels associated with a variety
of morphological anomalies of the erythroid lineage which
have to be recognized.
Chronic proliferative diseases of the myeloid and lym-

phoid lineage will also likely be diagnosed with increased
frequency in an aging population. Myeloproliferative neo-

plasms (MPN) are mostly diagnosed on the basis of
increased blood counts in one or several lineages.
Morphological examination of blood or bone marrow
smears, together with cytogenetics findings, usually con-
firms the suspected diagnosis. Nowadays, molecular identi-
fication of BCR-ABL gene fusion, Jak2 or calreticulin muta-
tions can provide both the basis for the initiation of targeted
therapy3 and a means to follow minimal residual disease
after allogeneic stem cell transplantation (alloSCT), now
considered for fit patients who had previously been consid-
ered “old” only on the basis of their age.4 Although
immunophenotypic anomalies have been reported in these
diseases, they are of little interest in the current manage-
ment of such patients. Myelodysplastic syndromes (MDS),
which are usually diagnosed by the discovery of one or sev-
eral cytopenias around the age of 70 years, have long
received only supportive care. The development of new
drugs, likely to decrease transfusion dependency and its
complications is changing this picture. Proper diagnosis and
application of the International Prognostic Scoring System
(IPSS) or the International Prognostic Scoring System
Revised (IPSSR)5 prognosis criteria require a combination of
morphology and cytogenetics. In the past few years, the
positive input of specific immunophenotypic exploration
has been stressed by collaborative groups6 and is now rec-
ommended in the most recent guidelines.7 Therapeutic
management of these diseases in elderly patients, however,
raises a number of practical and organizational issues, not
to mention the influence of comorbidities and an aged
hematopoietic system possibly less and less responsive to
stimulation.8

Chronic proliferations of the lymphoid lineage are also
likely to cause greater concern. There remains uncertainty
as to how to manage monoclonal B-cell lymphocytosis,
diagnosed by cell count and immunophenotyping,9 or low-
grade chronic B-cell disorders such as marginal zone lym-
phoma10 or hairy cell leukemia, even if the recent discovery
of BRAF mutations targetable by vemurafemib provides a
new opportunity for refractory patients, who are likely to
be older.11 Conversely, large trials and efficient therapeutic
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approaches are now available for chronic lymphoid
leukemia10 and mantle cell lymphoma.12 All these lympho-
proliferative disorders rely heavily on immunophenotyping
to characterize their lineage, apply proper scoring and
define light chain restriction lineage.13 These diseases are
being diagnosed with increasing frequency, quite often for-
tuitously in elderly people hospitalized for a fall, a stroke or
other unrelated reasons. Follow up after initiation of thera-
py is also increasingly benefitting from the efficient applica-
tion of flow cytometry.14

In the WHO 2008 classification,15 therapy-related
myeloid neoplasms (t-MN) is a unique category including
therapy-related acute myeloid leukemia (t-AML), t-MDS
and t-MDS/MPN occurring as an evolution and/or a com-
plication of cytotoxic chemotherapy and/or radiation ther-
apy administered for a prior neoplastic or non-neoplastic
disorder. They represent 10-20% of all hematologic malig-
nancies. Transformation of MPN is definitively excluded
from this category due to the lack of robust diagnostic cri-
teria to identify a disease progression from a therapy-relat-
ed neoplasm. In the 2008 WHO classification, the type of
previous treatment is no longer considered, although it is
suggested that information on previous treatment could be
clinically useful. All subtypes of MDS and AML are report-
ed as possibly therapy-related and, therefore, classical mor-
phological and immunophenotypic diagnostic criteria
apply.13,16 Many patients will present in the stage of overt
AML that differs from de novo AML primarily by the high
incidence of trilineage involvement, difficulty in classifica-
tion, frequent cytogenetic abnormalities and poor response
to antileukemic therapy. The bone marrow is reported as
hypercellular in up to 52% of patients, normocellularity or
hypocellularity may occur at diagnosis, while marrow
fibrosis is reported in approximately 15% of patients. Mild
to marked dyserythropoietic changes are almost always
present and ringed sideroblasts over 15% are reported in a
high percentage of cases. Dysgranulopoiesis is almost
always detected, while Auer rods are mainly observed in
patients with t-AML. Myelodysplastic changes in
megakaryocytes, variable in size and distribution, are very
frequently detected. Increased bone marrow basophils and
reactive plasmacytic infiltration are also reported in the lit-
erature. The prognosis appears to have little relationship to
the stage of the disease; the morphological subclassification
by the WHO guidelines of 2 subtypes of t-AML and t-MDS
offers no prognostic information regarding disease progres-
sion or survival; morphological subclassification of t-MDS
is not clinically useful for risk stratification whereas cytoge-
netic abnormalities are predictive of overall outcome.
Immunophenotypic features are the same as for de novo
AML. Simple and robust methods to measure sensitivity to
chemotherapy could be useful if patients are fit enough to
receive such treatment.17 Depending on the age of onset,
definition of “elderly” and fitness of the patients, alloSCT
remains an option. Both after efficient chemotherapy or
SCT, patients could benefit from follow up of minimal
residual disease in flow cytometry.18

The issue of minimal residual disease is also finding new
applications as the survival of patients with nearly all types
of hematologic malignancies increases after therapy. The
impressively high rate of prolonged complete remission in
childhood acute lymphoblastic leukemia is probably one of

the major breakthroughs of the 20th century allowing us to
consider over 80% of the patients cured.19 Although this is
not the case in adults, improvements are also considerable
in this population for most hematologic malignancies. In
myeloma, for instance, the emergence of new drugs and
associations has contributed to a significant improvement
in survival in this disease.20 In parallel, the introduction of
targeted immunotherapy has revolutionized the manage-
ment of patients with B-cell lymphomas.21 These advances
have two consequences. The first is that treated patients
live longer and reach an older age where the surveillance of
their disease becomes complicated by the morphological
and perhaps immunophenotypic alterations related to age.
The second is that patients who would not have been con-
sidered eligible for therapy are now enrolled in highly effi-
cient clinical trials, and thus need to benefit from the best
diagnosis available. In the past, such elderly patients who
were ineligible for therapy would have only been minimal-
ly investigated and no follow up would have been consid-
ered.
In conclusion, increased survival of the general popula-

tion is resulting in an increasing incidence of diseases for-
merly considered rather rare. Their diagnosis is not striking-
ly different from that of the same pathologies occurring at a
younger age, and their management, although it must take
care with regards to frailty and comorbidities, may also be
similar to current approaches in fit patients. The develop-
ment of more effective drugs will also increase the duration
of follow up for patients with hematologic malignancies for
whom it will be important to regularly verify that the dis-
ease remains under control. Such drugs are also making it
possible to consider initiating therapy in elderly patients
who had previously been considered only eligible for pallia-
tive therapy. The eternal human dream of immortality will
remain a dream, but living longer with a decent quality of
life, by mastering disease if it cannot be avoided, is steadily
becoming more of a reality. 
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After Giulio Bizzozero identified platelets at the end
of the 19th century,1 many authors sought to define
the normal concentration of these elements in

human blood. However, methods to enumerate platelets
remained inaccurate until the middle of the last century,
and the proposed reference intervals for platelet count
ranged from 130-350 to 500-900x109/L of whole blood.2

The development of the Coulter Principle in 19533 revo-
lutionized blood counting and resulted in the development
of the electronic instruments currently used in our labora-
tories. About thirty years ago, these instruments were used
to study several thousands of blood samples of unselected
donors thus defining the reference interval of platelet count
as 150-450 or 150-400x109/L.4,5 These values are still used
today in most Western countries, although in the mean-
time several studies have indicated that platelet count
varies according to age, sex and ethnicity. It is, therefore,
appropriate to discuss whether a single reference interval
for all people is still valid or whether new normal ranges
taking into account these variables have to be used in clin-
ical practice.

Aging and platelet count
The matter of age-related changes in platelet count was

first examined in 1977 by Stevens and Alexander, who
measured platelet count in 868 blood donors aged between
18 and 65 years and did not find any age-related differ-
ences.6 In contrast, a progressive decline in platelet count
with aging was shown a few years later in 477 ambulatory
patients, with a difference of over 100x109/L between chil-

dren aged 1-5 years old and seniors over the age of 71
years.7 A correlation between platelet count and age was
also found by a larger study that evaluated 12,142 adult
inhabitants of the United States and found statistically sig-
nificant differences between young and old individuals.8

However, these differences were small: less than 30x109/L
between people of 17-19 years and those over 70. Thus,
until a few years ago, both the existence and the possible
extent of age-related changes in platelet count were uncer-
tain, but a series of cross-sectional studies performed
recently in different Italian populations has definitively
clarified this matter. Analysis of 12,517 inhabitants of
Sardinian geographic isolates found that a 10-year increase
in age corresponded to a 9x109/L decrease in platelet
count.9 Very similar results were obtained in 7266 inhabi-
tants of five additional geographic isolates located in differ-
ent Italian areas10 and in the cohort of the Moli-Sani Project
including 24,318 subjects from 30 Molise cities and vil-
lages.11 Finally, a recent study put together all data of sub-
jects enrolled in the three population-based studies refer-
enced above and concluded that age-related changes were
actually very large: platelet count  in old age was reduced
by 35% in men and by 25% in women with respect to
early infancy.12 As shown in Figure 1, most of this reduc-
tion occurred in childhood and in old age, with only minor
changes in adulthood. Thus, there is no longer any doubt
that age is a major determinant of platelet count in healthy
people.
There is no proven explanation for these age-related

changes, although it may be that the sharp decrease in
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