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Introduction
During treatment of patients with hematologic and nonhematologic malignancies chemotherapeutic agents are typically
injected intravenously. Intravenous injection, however, as a
method of treatment, has several potential disadvantages. These
include delivery of potentially toxic chemotherapeutic agents to
non-target regions of the body and a requirement for high doses
of chemotherapeutic agents to overcome the effect of dilution,
metabolism, and degradation of the drug throughout the body
during its circulatory dispersion. Therefore, the injection of a drug/
chemotherapeutic agents directly into a target region affected by
disease is desirable and compared to intravenous therapy direct
intra-marrow injection may significantly lower the incidence
and severity of toxicity or side effects. Several diseases afflict the
bone marrow specifically. These include leukemia, lymphoma and
multiple myeloma.
These malignancies are typically treated by intravenous
chemotherapy. The intravenous method of delivery suffers from

the limitations of intravenous therapy described above. Vascular
injection results in only a small percentage of the agent reaching
the target organ including the marrow. This can lead to detrimental
side effects due to the large amount of agent necessary to be injected
into a vascular environment for an effective amount to reach the
marrow. Thus, there is a need for improved devices and methods
(Figure 1-3) [1,2] for effectively injecting therapeutic agents
directly into the marrow cavity particularly into sternum and ilium
which are close to the body surface and readily accessible. Direct
injection of chemotherapeutic agents into the bone marrow is not
a method that has been established in the field of treating patients
with leukemia or other hematologic malignancies. However, the
use of needles to penetrate bone to aspirate bone marrow is well
established [3].
In order to determine whether intra-marrow injection could be
an effective method of treating bone marrow disease, initial studies
in understanding bone marrow in normal and diseased condition
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were conducted by the author [4]. These early studies resulted in
a new method of fixing bone and bone marrow biopsies in special
fixatives (Figure 4). Specimens fixed in Schaeffer’s solution provides
better cytomorphological details of hematopoietic tissues while
specimens fixed in Bouin’s solution are optimal for cytochemical
and immunological studies, when compared to conventional
fixative like 10% formalin. Following fixation, the bone and bone
marrow biopsies were processed in plastic (methyl and glycol
methacrylate) (Figure 5) without decalcification and semi-thin
sections (1-2 micron thick) were obtained from these plastic
embedded bone and Bone Marrow Biopsies (BMB) using an ultramicrotome (Figure 6).

Figure 1: Details of the Intra-Marrow Injection Needle
Designed by the Author. A - The Needle, B - T Bar Handle,
C - The Stilette, D - The Handle of the Stilette. The Upper
Inset Shows the Length of the Tip of the Needle in Greater
Detail to Demonstrate that it is Short and Beveled Which
Makes it Safer to Use on the Sternum. The Lower Inset
Shows the adjustable guard.
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Figure 3: Demonstrate the method of injection of
therapeutic agents directly into the marrow cavity. A- into
sternum, B- into ilium.

Figure 4: Plastic containers containing fixatives, Schaffer’s
solution (left) and Bouin’s fixative (right)

Figure 5: Plastic embedded bone marrow biopsies. Top
row shows biopsies embedded in methyl-methacrylate
and the bottom picture shows a bone marrow biopsy
specimen embedded in glycol methacrylate.
Figure 2: Complete Needle Assembly with the adjustable
guard in Place.
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Figure 8: A photomicrograph from a plastic embedded
bone marrow biopsy section demonstrating complete
preservation of the endosteal region. BT- bone trabecula.
Thin flattened endosteal cells (arrows) that are lining the
bony trabecula can be easily recognized.

Figure 6: Reichert Jung’s heavy duty ultra-microtome (Autocut)
Unlike the conventional paraffin embedded biopsy sections
which are thick (5-10 microns), these semi-thin sections of plastic
embedded bone and bone marrow biopsies, when stained with
Romanowsky stain, provide cellular morphology and structural
details of the marrow in much greater detail than hitherto
possible. Research conducted by the author [4-13] using the
plastic embedding methods, resulted in the observation that unlike
paraffin embedding (Figure 7), plastic embedded bone marrow
biopsy sections the interface between the bone and marrow is well
preserved (not separated) and remains intact. And as a result, the
endosteal cells which line the bony trabeculae were clearly visible
(Figure 8) and did not become deformed or displaced as they would
have been under conventional formalin and paraffin processing.
This clear picture is close to what would be observed in vivo and
pointed out the significance of the endosteal region and the role of
endosteal cells in the origin and the spread of leukemia [13].

Figure 7: A photomicrograph of hematoxylin and eosin
stained paraffin embedded bone marrow biopsy section
demonstrating complete separation/dissociation between
bone and marrow. BT-bone trabecula, M- bone marrow,
S- area showing complete separation/dissociation of bone
and marrow.

Based in part on observations of the endosteal cells in plastic
embedded BMB sections from normal adults as well as from
patients with various hematological disorders such as acute and
chronic leukemia, lymphoma, multiple myeloma, aplastic anemia,
and myelodysplastic syndrome, the author has postulated that the
endosteal cells are the equivalent of embryonal stage mesenchymal
cells and, depending on the needs of the body, may differentiate
into either myeloid, lymphoid, stromal or fat cells. In addition,
osteoblasts and osteoclasts were observed in bone marrow biopsy
sections from a normal adult bone marrow donor where a repeat
biopsy specimen was obtained a month later during a second bone
marrow harvest (Figures 9 & 10). In leukemia, particularly in acute
myeloid leukemia (AML), author has observed that the leukemic
blast cells in AML were originating from the endosteal region. In
some instances, the endosteal cells appeared to be giving rise to
the leukemic blast cell population (Figures 11). These observations
prompted investigation of potential treatment of leukemia via
administration of chemotherapeutic agents directly into the marrow
cavity [14,15]. This approach permitted the chemotherapeutic agent
to not only affect the leukemic cell population in the intertrabecular
marrow space but also to impact on the endosteum where leukemia
may originate. By the conventional intravenous method of delivery
the chemotherapeutic agent not only reaches the leukemic cell
population in the bone marrow at a much lesser concentration (as
it is diluted in 5 liters of blood and other factors mentioned above)
but it might possibly never reach the endosteum where leukemia
is thought to originate. An additional therapeutic benefit of direct
Intramarrow injection may result from the induction of necrosis
within the marrow caused by the relatively high concentration of
the chemotherapeutic agent delivered directly into the marrow
cavity. This process of necrosis may summon macrophages to the
site of destruction of the leukemic cells.
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Figure 9: Photomicrograph taken from a bone marrow biopsy section from a normal adult obtained during the second bone
marrow harvest demonstrating the apparent origin of the osteoblasts (arrows).

Figure 10: Photomicrograph taken from a bone marrow biopsy section from a normal adult (same individual as in photomicrograph 9) obtained during second bone marrow harvest demonstrating apparent origin of the osteoclasts (OC) from the
endosteum. BT- bone trabecula.
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Figure 11: Photomicrograph taken from a bone marrow biopsy section from a newly diagnosed case of acute myeloid leukemia
demonstrating apparent origin of the leukemic blast cells (arrows) from the endosteum. BT-bone trabecula.
This localized cell destruction and necrosis may also affect
the micro-environmental cells that control hematopoiesis and
immuno-regulatory cells that control the immune functions.
The overall combined effects may initiate beneficial outcome as
observed in a patient with chronic lymphocytic leukemia who
remained disease free and without any treatment for several years
following spontaneous bone marrow necrosis [16]. The concept
of direct intra-marrow injection of chemotherapeutic agent is
new, and we believe this treatment modality may open a new
era in the treatment of elderly patients with acute leukemia who
cannot tolerate high dose, intensive chemotherapy. If successful
this treatment may also be extended, as noted previously to other
hematologic malignant disorders such as lymphoma and multiple
myeloma particularly in a relapsed or refractory status.
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