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Abstract

In 1845, leukemia was known as a systemic illness; and it was more than 100 years later that the
first report of a significant therapy for leukemia was published in 1948. Leukemia was known as
a multifactorial disease rather than a single disease till 1900. In 1965, less than 1% of children
with acute leukemia were predictable to have long-term survivors; today, approximately 80%
of children and adolescents with acute lymphoblastic leukemia are cured, these achievements
are due to the cooperative effort of researchers and physicians in the field. Despite this success,
leukemia is still the leading cause of death globally. This review aims to elucidate the history
of leukemia from the beginning of the 19th century when scientists defined unusual disorders
of the blood cells, till present. Additionally, we tried to discuss the history of the diagnosis and
treatment of leukemia with particular emphasis on acute leukemia. [GMJ.2017;6(1):12-22]
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Introduction

Leukemia comprises approximately 8% of
the entire human cancers, and about half
of them are classified as acute leukemia [1].
Acute leukemia is a malignant disorder due
to clonal expansion of lymphoid and myeloid
progenitors which involves both children and
adults as the acute lymphoblastic leukemia
(ALL) and acute myeloid leukemia (AML),
respectively [2]. This review aims to elucidate

the history of leukemia from the beginning of
the 19th century when scientists defined un-
usual disorders of the blood cells, till present.
After Robert Hooke (Figure-1) had published
the first major work about advanced biological
studies [3], Jan Swammerdam (1637-1680)
observed the blood cells under the microscope
for the first time in 1658 [4]. Anton van Leeu-
wenhoek (1632—1723), known as the father of
microbiology (Figure-2), defined human red
blood cells and blood flow in capillaries for
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Leukemia from Beginning to Now

Figure 1. Rabert Hooke (18th July 1635 - 3rd
March 1703) [75].

the first time [5-7]. His paper in 1674 included
the first exact report of the red blood globules
[8]. White blood cells were distinguished by
Joseph Lieutaud (1703-1780); he published
his main work on the lymphatic system and
defined lymphocyte for the first time [9].
Current literature concerning the early un-
derstanding of leukemia is generally focused
on one or two physicians that played a major
role in this recognition. Velpeau, Alfred Don-
né, John Bennett and Rudolf Virchow (1821-
1902) are four scientists who frequently refers
to as “the one” who discovered leukemia; it is
hard to say which of them took the first step
[10-12]. However, our survey in published pa-
per and books demonstrated that:

Peter Cullen (1769—unknown), born in
Glasgow and Professor of Medicine in Ed-
inburgh, was probably the first. He named of
“splenitis actus” for splenitis with unexplain-
able milky blood; his article was published in
1811s [9, 13].

Maurice Duplay (1736-1820), a chef in Par-
is hospital in 1833, observed a severe fall of
the blood at autopsy of a female patient [14].
Duplay (Figure-3) noticed that his findings
were similar to that of Velpeau published in
1825. This case report had a minor contribu-
tion to the understanding of leukemia at that
time [15].Collineau (1783-1860) and his col-
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Figure 2. Anton van Leeuwenhoek (1632 —1723)
[6].

leagues, published an article on a likely case
of leukemia in 1829. He believed that the pus,
or milky fluid, was a result of the interim re-
duction of the blood, and lesion of the ves-
sel walls [16]. In this case, they detected the
milky blood, as was defined by Cullen and
Velpeau before [5].
Alfred-Armand-Louis-Marie Velpeau (Fig-
ure-4), chairman at the University of Paris
in 1833, published a case report (1827) with
symptoms of swelling of the abdomen, fever,
weakness, urinary stones and altered blood
combination similar to pus-filled blood [15].
For the first time, he named the disease “leu-
kemia” due to the increase in white blood cells
[15, 17]. Velpeau supposed that this specific
disease was related to the circulatory system
[15]. In 1839, Barth (1806-1877) had a simi-
lar case in Paris. After some time, Alexandre
Donne found that half the blood cells consist
of “white” globules; but this finding was not
published till 1856 by Vidal (1825-93) [15].
Alfred DonneA (Figure-5) and Barth, discov-
ered a maturation arrest of the white blood
cells (1844); this was about six years before
Bennett’s or Virchow’s publications. Howev-
er, further clarification was given by Bennett
(1845) and Virchow (six weeks later) inde-
pendently [18]. He not only described leu-
kemia but also he introduced the hypothesis
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of festering matter in the blood; also, he dis-
covered the third element of blood ” platelets”
in 1842 [18, 19] and presented microscopic
workshops in medicine for the first time. His
book “Cours de microscopie complémen-
taire” is still available [19, 20]. He wrote a
section titled “Alterations of the white blood
cells” in this book [5, 21].

History of Diagnosis of Leukemia

Alfred Frangois Donne, in his publication
concerning leukemia, stated that: “There are
conditions in which white cells seem to be in
excess in the blood. I found this fact so many
times, it is so evident in certain patients, that
I cannot conceive the slightest doubt in this
regard. One can find in some patients such
a significant number of these cells that even
the least experienced observer is greatly im-
pressed. I had an opportunity of seeing these
in a patient under Rayer at the Hospital de la
Charitd. The blood of this patient showed such
some white cells that I though this blood was
mixed with pus, but in the end, I was able to
observe a clear-cut difference between these
cells, and the white cells”. For the first time,
he found that leukemia was associated with
abnormal cells [22].In 1843, Gabriel Andral
(Figure-6), and William Addison (1802—1881)
released the first reports documenting the of
leukocytes in blood, at the same time [18, 22].
David Craigie (1793-1866), teacher at the
medicine school of Edinburgh since 1834, de-
Figure 4. Alfred-Armand-Louis-Marie Velpeau scribed that “chiefly because the occurrence
(1795-1867) [24]. of the case in many if not in all respects, sim-
ilar to that of another physician in the same
hospital, led me to anticipate similar results,
and went far to confirm my conclusions de-
duced from the first case” [21]. He published
about 30 papers on medical subjects [23].
Henry William Fuller (1820-1873) described
the microscopical changes of blood cells and
the structure of the abnormal globules that
introduced by Donné Bennett and Virchow
before. Fuller defined leukemia based on his-
tological testing and combined them with the
related symptoms [17]. He reached the first
. microscopic diagnosis of leukemia while the
e patient was alive (1846) [5]. Additionally, he
reported a case of childhood leukemia for the
first time; this significant finding was very im-

Figure 5. Alfred Frangois Donne (1801-187-8) [5].
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portant because until that time children were
specifically closed from hospitals in the belief
that they were a carrier of infections. Leuke-
mia was well-known when 50,000 deaths re-
corded in London, and 21,000 of them chil-
dren were under the age of 10 years [13, 20,
23]. Hughes Bennett (Figure-7) was one of
the external students of Donné’s who gradu-
ated in 1837 [25]. He had presented the lec-
tures on clinical microscopy reported by Al-
fred DonneA in Paris and helped DonneA’s
to dominate the use of the microscope as a
clinical instrument. Bennett printed a book on
the utilization of the microscope for the diag-
nosis of diseases [26]. After Craigie’s death,
Bennett worked hard to involve microscope in
studying of diseases. In 1843, Bennett clearly
showed that the nuclei of the cells were con-
sist of one large granule and sometimes of two
or three smaller granules. In 1845, based on
the microscopic assessments of blood, he de-
scribed and called the disease leucocythemia
[3, 5, 27]. The second case of leukemia was
under treatment by Robert Christion (1797-
1882) but was defined by Bennett who carried
out the post-mortem analysis and presented
blood films in his paper. Although Craigie’s

Figure 6. Gabriel Andral (1797-187) [25].
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discover the first case, actually it has not been
printed till Bennett worked it up in 1855. In
1846 the blood examination attracted further
considerations [21]. The status of hematology
from the 1850s to the 1870s was described by
Lionel Beale (1828—-1906). Beale demonstrat-
ed and described the various globules seen
within the healthy blood (Figure-8) [27]. Vir-
chow released his article on white blood cells
in November 1845 whereas Bennett published
his case report on leucocythemia, as an ini-
tial systemic disease of the blood, in October
1845. Virchow found pus-like matter in the
aorta, that assume to suppress the red blood
cells. Virchow called this disease as ‘leu-
kadmie’ in German, in 1847. After checking up
few leukemia cases, he has explained the rela-
tion between splenic and lymphatic leukemia
as well as white and red blood cell balance
for the first time. This major finding was very
significant in the understanding of leukemia
[3,10, 13, 17].

In 1847, T. K. Chambers (1819-1889) re-
ported a large number of granular, irregular,
spheroidal bodies, two or three times the size
of blood corpuscles in the blood of a patient
with large spleen; these were myelocytes.

Figure 7. John Hughes Bennett (31 August 1812 —
25 September 1875) [24].
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Figure 8. Sketch of red and white cell in blood. The picture was originally painted by Beal on September

1863 [25].

In 1847, Virchow defined two forms of leu-
kemia, splenic and lymphatic. In 1865, John
Heim announced the term “pseudo-leukemia”
for the lymphatic glands which presented the
picture of leukemia without the blood chang-
es; now it called aleukemic phase of leuke-
mia. Magnus Huss (1807-1890) recommend-
ed that we should be differentiating between
leukocytosis and leukemia when the number
of white cells reached 1 to 20 red cells. This
quantitative criterion was changed by Ehrlich
when he classified the white cells [13].

Ernst Christian Neumann (1834-1918)
showed that the bone marrow (BM) was un-
usual in leukemia [9]. He reported the main
discovery in 1868 about changes in the BM
and relation between these changes and leu-
kemia [6]. He continued to study for years
until in 1872 he notified that leukemia was
a disease of the marrow [28]. Six years later,
he was classified melogenic, splenic and lym-
phatic types of leukemia [29]. Before him, Ni-
kolaus Friedreich defined and used the term of
“acute leukemia” for the first time [30]. Neu-
mann examined BM sample from one dead

patient; he saw colored “dirty green-yellow”
cell which was different from the normal red
cells. In 1868, this finding allowed Neumann
to explain that BM was the source of blood
cells leukemia and also it was responsible
for these abnormal blood cells [3, 5]. In his
papers, he explained that erythropoiesis and
leukopoiesis happened in the BM. This find-
ing was not accepted for many of years. He
was the first one who suggests the BM as a
blood-forming organ with a common stem
cell for all hematopoietic cells”[20].

Paul Ehrlich (1854-1915) in 1877 reports
main results of leukemia for the first time and
also gave a clear description of the nucleus,
the cytoplasm and other of blood cells [30].
In 1879, when he was at age 25, he spread his
technique for dyeing blood films and his pro-
cedure for differential blood cell counting and
classified them, he started this work in 1877
[17, 8]. Maybe it was the first time that the red
cells, a cell in the hematopoietic series, had
been well-defined; and it was the earliest use
of the opinion of the stem cell. Ehrlich sug-
gested that leukemia was the main disease of
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the hemopoietic system [13] and his discovery
opened the morphological date of hematol-
ogy; therefore, the barrier of progress in this
area was broken [6]. In 1927, the BM aspira-
tion was first well-defined by Mikhail Arink-
inin, and in 1933, R. P. Custer introduced the
BM biopsy examination as a new diagnostic
procedure [6].

Leukemia in Children

Childhood acute leukemia (ALL) is one of the
diseases that provided a good progress of can-
cer research and treatment [5]. By the 1920°s
it was recognized that the disease commonly
involves children [9]. Until the 1930s it was
thought-out a rare disease; but by 1960, in-
formation collected in Great Britain showed
that leukemia had become the second cause of
death in children [6, 9, 23]. There was a delay
in the acknowledgment of the disease in chil-
dren; it was reported by Biermer in 1861 and
Birch-Hirschfield in 1878 [31].

William Hewson who has been nominated as
one of the fathers of hematology was eminent
for describing the leukocytes for the first time
and displaying that coagulation happened in
the plasma [32].

Julius Bizzozero recognized the BMs as the
site of blood formation. Also, he was one of
the pioneers of working on the platelet [33,
34].Dying of blood smears was established by
Paul Ehrlich in 1877 while he was a medical
student; he also recognized neutrophils, baso-
phils, and eosinophils. This method allowed
the recognition of many blood diseases such
as leukemia and different types of anemia
which defined by morphological definitions
[13].In 1825, W.P. De Wees wrote a chapter
on the physical and medical treatment of chil-
dren, the first American pediatric textbook
[35]. In 1924 Lucas and his assistant, E.C.
Fleichner wrote six chapters on the blood that
was the first complete American propaga-
tion on childhood hematology [36]. In 1889,
Georges Hayem thoroughly described the
blood image at birth in one of the oldest he-
matological texts, he was a forerunner in the
field of hematology and is remembered for his
studies on leukocytes and erythrocytes [37].
In 1917, Gordon Ward presented an infective
theory of acute leukemia and collected 1457
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cases of leukemia of all types; it was the first
reliable epidemiological study about leuke-
mia [38].Guido Fanconi (1892 —1979) and his
assistant, conducted studies of the peripheral
blood and BM findings in leukemia, throm-
bocytopenia, several anemias, and neutrope-
nia [8]. Ferruchio Zibordi published the first
European textbook of pediatric hematology
in 1924. In the 1950s, a section of pediatric
oncology was established by Odile Schwe-
isguth who was a famous pioneer pediatric
oncologist in Europe [39]. In 1940, H. Dar-
geon reported that the mean of survival after
diagnosis of ALL was less than 3 months. In
1965, a study was done by Joseph Burchenal
and Lois Murphy; they recognized that only
71 children had survived, with or without dis-
ease, for more than 5 years [40].

History of Leukemia Treatment

A new finding by Pasteur, Koch in fields of
bacteriology and immunology aided to dis-
covering the new aspects in leukemia’s eti-
ology and response to treatment. Formerly,
leukemia was recognized only as a chronic
disease, while acute and nature form was soon
discovered [14].The source of the blood cells
was discovered at the end of the nineteenth
century which led to the classification of the
leukemia subtypes. As these findings were not
sufficient for treatment of the disease, there
was still a lack of any form of effective thera-
py in the treatment of leukemia [6].

Arsenic and Nitrogen Mustard

Then Leukemia was accepted as a chronic
disease, and several drugs were used for its
treatment; for example, quinine for fever,
opium for diarrhea and pain, iron for anemia
and iodine as an antibacterial agent. Arsenic
first employed by Thomas Fowler in 1786,
for reducing fevers and headaches [41]. Later,
in 1865, arsenic was used in the treatment of
leukemia by Lissauer for the first time [42].
In fact, Arsenic was the first agent with some
beneficial use in the treatment of certain forms
of leukemia [43].

In 1942 the first clinical report on nitrogen
mustard on lymphoid tissues was done by
Gilman and Philips on American patients, but
because of the war situation, they have not
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published any paper till 4 years later [44].
Three paper published in the same year (1946)
(Rhoads; Goodman et al.; Jacobson et al.).
All findings showed that nitrogen mustard
had a positive effect on Hodgkin’s lympho-
ma, chronic leukemia, and lymph sarcoma
[6, 45, 46].Within the same period in Britain,
John Wilkinson had been worked on nitro-
gen mustards with F. Fletcher since 1942; but
they were unable to release any paper until
1947. Their findings of treatment of patients
with leukemia with nitrogen mustard were in
agreement whit the results that were obtained
in the America [47]. These results showed
beneficial effects of nitrogen mustard on lym-
phomas rather than leukemia, even in some
patients who was resistant to X-ray therapy
[44].

Blood Transfusion

Blood transfusion was done on the patient
with leukemia by Callender in 1873, for the
first time [7]. The obstacle of coagulation of
blood after transfusion from donor to recipi-
ent unraveled by Karl Landsteiner[48]. Blood
transfusion was not accepted as a treatment
for leukemia till Professor James Blundell
improved the safe method of transfusion [43,
49]. Phlebotomy, blood and blood products
transfusion and other therapies are used since
1950 [8, 48].

X-ray

The discovery of X-ray, in 1895 by Wilhelm
Rontgen, was lightening a hope to a new treat-
ment for leukemia [49]. X-ray therapy was
applied for leukemia treatment in 1903 by
Nicholas Senn for the first time; he believed
that microbes were the cause of leukemia and
irradiation can injure them [50].

Radiotherapy

At the end of the 1890s, was began to use for
treatment of extramedullary leukemia and
splenomegaly or lymphadenopathy [51].

Folic Acid

Sidney Farber observed and believed that tu-
mors with rapid growth such as ALL, induced
by of folic acid. Accordingly, he theorized
that folic acid antagonists could inhibit tumor

Leukemia from Beginning to Now

growth. Later he reported numbers of tem-
porary remissions in children with ALL but
none of them were really cured [53]. In 1943
folic acid was known as an important agent
in hemopoiesis [52, 53]. Later, in 1944, Lew-
isohn found that it had an inhibitory effect on
tumors cells in rats [54]. In 1946, subbaRow
used folic acid on patients for the first time
[55]. In 1947 Sidney Farber cooperation’s
with SubbaRow showed that folic acid antag-
onists could have an effective impact on the
treatment of children with acute leukemia.
Results showed that children improvement
was temporary but not permanent. In clinical
trials conducted in 1947 and 1948 on 16 in-
fants and children with acute leukemia, ami-
nopterin was administered via intramuscular
injection; this intervention resulted achieving
clinical, hematological and pathological evi-
dence of major improvement in 10 patients;
although it was temporary [56].

Adrenal Corticosteroids

The therapeutic value of the adrenal cortico-
steroids was founded in 1949 by Farber and
Pearson [56-58]. Soon it was found out that it
could increase the rate of remissions in chil-
dren with acute leukemia [31, 59, 60].

Chemotherapy

The modern therapy of leukemia started by
Sidney Farber in 1948 by introducing acid
folic as an anti-cancer therapy [5, 61]. After
Farber’s publication, new anti-leukemic drugs
were offered. One of the most famous of them
was the purine antagonist, 6-mercaptopurine
that positive effective in children leukemia
was shown by Burchenal and Lois Murphy in
1953. Later, other antileukemic drugs were in-
troduced such as l-asparaginase in 1961, vin-
cristine in 1962 [38].

Studies about the treatment process by new
drug therapy have shown that the median sur-
vival time and long-term survival significant-
ly improved since 1964 to 2014. Median sur-
vival time improved from 2 months to more
than 10 years, and long-term survival reached
more than 90% from about 5%][8]. Despite
these finding, about 40-45 years passed with-
out the discovery of any other effective thera-
pies for leukemia [35, 36, 54, 55].
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Combination Therapy

In the late 1950s, James Holland, Emil Freire-
ich, and Emil Frei and their colleagues started
combination therapy (prednisone, vincristine,
methotrexate, and 6-Mercaptopurine); they
achieved time long-term remissions and cures
in children with ALL for first [51, 62, 63].
The combination therapy for pediatric ALL
has been improved over time which results in
complete remission (CR) and long-term sur-
vival [64].

Treatment in adults is almost performed by
the same drugs as used in pediatric ALL.
More than 90% of adults with ALL get CR
with multidrug chemotherapy [65].

Targeted Therapy

Our understandings about molecular pathol-
ogy of disease, help physicians to selected
better treatment protocol for their patients,
more recently, targeted therapies have been
advanced by recognized some genetic lesions.
Targeted therapies have led to major improve-
ments in patient outcomes while reducing the
toxicity caused by chemotherapy [66].
Targeted therapy was done on chronic my-
elogenous leukemia (CML), one of the chron-
ic myeloproliferative neoplasms, for the first
time [67].

Till the late 1990s drugs used in cancer treat-
ment, except for hormone drugs, the effect on
both normal and abnormal cells; therefore,
chemotherapy drugs were also cytotoxic for
normal cells [68]. Targeted therapies resolve
this, as they do not affect normal cells. It
works in several ways such as affecting the
control of growth, division and spread of can-
cer cells [69].Advances in targeted therapy for
treatment of leukemia bright sure for leukemic
patients and improved their outcomes [70].

Immunotherapy

Today immunotherapy such as expression
CD markers used for patients failed by in-
duction therapies [63, 71]. Currently, mono-
clonal antibody therapy has become a critical
component of a clinical treatment procedure
for a variety of diseases including leukemia.
For example, we can name Gemtuzumab for
CD33 positive AML [72].
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Stem-cell Transplantation

There are 3 type of BM transplantation in-
cluding autologous BM transplant, allogene-
ic BM transplant, and umbilical cord blood
transplant. Hematopoietic stem cells are killed
in people who receive chemotherapy and ra-
diation; stem cell transplantation helps to re-
store their BM reservoir with normal hemato-
poietic stem cells [73]. The increasing success
of BM transplantation caused to create a large
database of HLA-typed volunteers, so that
helped patients have alternative options when
not matching donors in their families. Laura
Graves from Colorado with acute leukemia
became the first leukemia patient to be treated
with non-relative BM transplant [74].

Conclusion

Studies of leukemia in the laboratory and the
clinic have generated many new aspects and
therapies that will undoubtedly continue to be
rapidly applied to the other forms of systemic
cancer, particularly the concept of narrowly
targeted personalized therapy that has proven
so effective. It seems likely others types of
leukemia will eventually approach the success
achieved with acute promyelocytic leukemia,
CML, and pediatric ALL.

Advance in the treatment of leukemia hap-
pened as a result of increased awareness about
pathology and target therapy. The historical
process of diagnosis and treatment of hemato-
logic malignancies show that progress in the
treatment of other malignancies also passes
through hematologic malignancies.
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