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Abstract
Background: To retrospectively reported a case of bone marrow hyperplasia in elderly acute
lymphoblastic leukemia changed from low into hyperactive, in order to improve the understanding of this
disease.

Case presentation: We continuously followed up a patient of bone marrow hypoplastic patients by
evaluating his clinical results, bone marrow morphology and �ow cytometry, and analyzing the results at
different locations in two consecutive bone marrow punctures. The patient’s hypoplastic bone marrow
suddenly became extremely hyperplasia. Before this change, there was early-stage alterations in
morphology, �ow cytometry and biopsy of the bone marrow, but there was no signi�cant change in
peripheral blood cells.

Conclusions: For patients whose hypoplastic bone marrow suddenly became extremely hyperplasia,
morphology was not very useful, thus de�nite diagnosis must be dependent on immunological types and
bone marrow biopsy results.

Background
Bone marrow hypoplasia is mainly seen in acute arrest of hemopoiesis and in aplastic anemia [1].
Aplastic anemia is a hematopoietic function failure syndrome caused by many potential factors, and is
characterized by lack of hematoblasts in the bone marrow and the reduced peripheral blood cells, and its
clinical manifestations include anemia, hemorrhage and infection [2]. Although its pathogenesis is not
fully understood, but aplastic anemia is con�rmed to be related to chemicals, radiation, virus infection
and genetic factors [2]. It has two peak periods of incidence, i.e., 15–25 years of age and > 60 years of
age [2]. According to the extent of bone marrow failure and the progression of clinical symptoms, it can
be categorized as sever and non-severe, or acute and chronic [3].

Lymphocytic leukemia is a clonal malignant disease originate from lymphocytes, with an incidence rate
of 2.7/100, 000 [4]. It has a rapid onset, and clinical symptoms are related to the hyperplasia and
in�ltration of lymphocytes, especially in elderly patients, whose immune functions are worse and thus
prognosis is bad [5]. The manifestations of bone marrow include extreme hyperplasia, and is mainly
comprised of primitive cells, which is different from aplastic anemia and can be used to distinguish it
from aplastic anemia [6]. The percentage of primitive cells should be > 20% in lymphocytic leukemia [6].
However, in clinic, if the main cells are lymphocytes in peripheral blood smear or bone marrow biopsy, it
will often be diagnosed as bone marrow hypoplasia or aplastic anemia, especially in morphology tests,
due to the darker staining of the cells, the primitive cells are hardly to be distinguished by microscopy [7].
Therefore, we need to �nd a better way to accurately diagnose these diseases.

In our recent works, we identi�ed a case of B-lymphocytic leukemia, which was �rstly though to be
aplastic anemia based on morphology results at two different locations but was evolved to extremely
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hyperplasia after 50 days. We hope that this report can provide evidence and suggestions for the
accurate diagnosis of these diseases.

Case Presentation
1. Clinical manifestations of the patient

The current study has been approved by the Ethics Committee of our hospital, and the patientd signed
written informed consent.

The patient was female and aged 71. Her main complaints were fatigue, short breath and inappetence.
Physical examinations showed anemic appearance, apparent sternal tenderness, but without stained
yellow or hemorrhagic spot in her skin or mucosa. There was an enlarged, �rm lymph node in the right
neck sized about 1*1 cm, with the absence of tenderness and a low mobility. No other lymph nodes were
detected.

2. Lab equipment and reagents

Blood routine tests were done in XN3000 blood cell counter (SYSMEX, Japan). Flow cytometry was done
in BD FACSCalibur and analyzed by CELLquest software. Antibodies, including anti-CD3, anti-CD2, anti-
CD5, anti-CD7, anti-CD19, anti-CD20, anti-CD22, anti-CD9, anti-CD23, anti-CD71, anti-CD14, anti-CD13,
anti-CD33, anti-CD34, anti-CD38, anti-HLA-DR, anti-MPO, anti-CD79a, anti-CD64, anti-CD11b, anti-CD10,
anti-CD25, anti-Kappa and anti-Lambda were all obtained from Becton Dickson (USE). BX53 optic
microscope was bought from OLYMPUS (Japan). POX staining reagent and Giemsa staining reagent
were bought from Beisuo biotechnology company (Zhuhai, China).

3. Morphology tests of bone marrow and peripheral blood cells

Freshly obtained smears of bone marrow and peripheral blood cells were stained in room temperature for
20 minutes and then observed under the optic microscope.

4. Determination of immunological types

Before treatment, 1.5-2.0 mL of bone marrow was anticoagulated by EDTA, and then
immumo�uorescence was used to detect the expression of CD45percp, CD5 APC, CD2 PE CD3 APC, CD19
PE, CD22PE, CD20 FITC, CD34 FITC, CD38 PE, CD10 FITC, CD25 PE, TdT FITC, CD7 FITC, CD56 APC,
CD79a PE, HLA-DR, CD13 PE, CD4 FITC, CD8 PE, CD64 PE, CD14 FITC, MPO FITC, CD9 FITC, CD23 PE,
CD15 FITC, CD117 PE, Kappa FITC and Lambda PE.

Results
1. Peripheral blood cells



Page 4/11

As shown in Fig. 1, from the �rst test on Jan.26, 2018 to the last test on Mar.7, 2018, peripheral white
blood cells (WBC), red blood cells (RBC), hemoglobin (HGB) and platelet (PLT) increase to normal level,
meanwhile lymphocytes percentage decreased to normal, and segmented neutrocyte percentage
increased to normal, while there was no change in monocyte percentage(Table 1).

Table 1
Peripheral blood cells

Examined
date

WBC
(109/L)

RBC
(1012/L)

HGB
(g/L)

PLT
(109/L)

Lymphocyte
percentage
(%)

Segmented
neutrocyte
percentage (%)

Monocyte
percentage
(%)

20180126 3.07 2.31 72 14 83.1 6.8 7.8

20180127 1.97 1.98 58 13 90.4 5.6 1.5

20180131 1.14 1.85 57 23 91.2 3.5 2.6

20180202 1.07 2.07 63 15 71.0 23.5 3.7

20180204 1.37 2.3 69 48 44.5 49.7 5.8

20180206 2.17 2.23 69 41 44.2 52.5 2.8

20180208 2.71 1.89 58 46 25.8 71.2 2.2

20180210 4.16 2.65 80 73 21.2 76.6 2.2

20180212 3.26 2.52 75 106 30.1 68.1 1.2

20180214 2.48 2.46 74 155 37.5 60.1 1.6

20180217 3.69 2.7 79 219 31.4 66.8 0.8

20180220 4.57 2.81 81 261 17.1 81.2 0.2

20180223 4.19 3.17 92 327 40.6 56.1 1.2

20180226 4.29 3.25 94 268 40.8 55.9 1.2

20180301 5.91 3.3 98 221 34.5 63.0 0.8

20180304 6.75 3.65 107 180 31.7 65.5 1.0

20180307 6.71 3.68 111 130 35.0 61.1 1.8

20180310 5.19 3.55 106 98 37.4 58.8 1.7

20180313 6.1 3.79 113 78 48.2 48 1.5

20180315 5.98 3.75 113 74 50.2 46.8 1.2

Note: WBC, white blood cells. RBC, red blood cells. HGB, hemoglobin. PLT, platelet
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2. Smear result of peripheral blood cells

The smear of peripheral blood cells was done on Jan.27, 2018, which showed that segmented
neutrocytes accounted for 8%, and mature lymphocytes accounted for 86%, atypical lymphocytes
accounted for 6%, and there were few platelets, and there were 8 nucleated red blood cells (NRBC).

3. Smear result and genetic result of bone marrow

Figure 1A is the �rst bone marrow smear result done Jan.27, 2018. It shows bone marrow hypoplasia,
and mature lymphocytes accounted for 96%, segmented neutrocytes accounted for 1%, NRBC accounted
for 3%. There was no megakaryocyte and there were few platelets.

Figure 1B is the second bone marrow smear result done Feb.5, 2018. It still shows bone marrow
hypoplasia. Mature lymphocytes accounted for 39% (suspected juvenile cells in the entire smear sample
were 0.5%), neutrophilic myelocytes accounted for 1.5%, neutrophilic metamyelocytes accounted for
1.5%, band neutrophils accounted for 1.5%, segmented neutrocytes accounted for 34%, NRBC accounted
for 21%. There was one megakaryocyte and there were few platelets.

Figure 1C is the third bone marrow smear result done Mar.7, 2018. It shows extremely hyperplasia of the
bone marrow. primitive lymphocytes accounted for 87%, mature lymphocytes accounted for 4%,
neutrophilic metamyelocytes accounted for 0.5%, band neutrophils accounted for 0.5%, segmented
neutrocytes accounted for 0.5%, NRBC accounted for 7%. There were 56 megakaryocyte and there were
few platelets. Figure 1D is the POX staining which shows negative.

Genetic results show that it was BCR/ABL (P210) fusion gene positive.

4. Bone marrow biopsy

As shown in Fig. 2A, in the test done on Feb.5, 2018, abnormal cells accounted for 0.69%, expression of
CD45percp was weak, while SSC was slightly strong. Expression of CD34 (27.48%), CD38 (40.68% , HLA-
DR (16.42% , CD71 (31.50% , cCD79a (64.31% was detected. CD2, CD3, CD5, CD19, CD10, CD20, CD22,
CD9, CD4, CD8, Kappa, Lambda, CD56, CD117, CD7, CD13, CD33, CD64, CD14, MPO, CD23 was not
expressed.

Figure 2B is the test done on Mar.10, 2018. It shows that abnormal cells accounted for 81.71%,
CD45percp was not expressed, and SSC was weakly expressed. Expression of CD34, CD38, CD19, CD10,
CD9, CD22, HLA-DR, CD71, cCD79a, CD5 was detected. CD2, CD3, CD5, CD20, CD4, CD8, Kappa, Lambda,
CD56, CD117, CD7, CD13, CD33, CD64, CD14, MPO, CD23 was not expressed. Thus, it was considered to
be acute b-lymphocytic leukemia.

5. Treatment and outcomes

COP chemotherapy regimen was adopted, which included cyclophosphamide (0.8 g at day 1), vincristine
(2 mg at day 1), prednisone (60 mg from day 1 to day 7). During the chemotherapy, peripheral blood cells
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decreased, as WBC was 0.9×109/L, PLT was 0–2.0×109/L, and HGB was 59–67 g/L. Suspended red
blood cells and platelets were infused, but no signi�cant effects. At the last day of chemotherapy,
infection occurred, which was not relieved even after a week of anti-infection of high generation
antibiotics. Heart failure also occurred. The patient’s family decided to stop treatment. Prognosis was
poor, which was in accordance with the literature [3].

Discussion
From the �rst test on Jan.26, 2018 to the last test on Mar.7, 2018, peripheral white blood cells (WBC), red
blood cells (RBC), hemoglobin (HGB) and platelet (PLT) increase to normal level, meanwhile lymphocytes
percentage decreased to normal, and segmented neutrocyte percentage increased to normal, while there
was no change in monocyte percentage. The results showed improved peripheral blood cell results. But
as the later results showed, the patient got worse, thus it cannot be determined whether the disease was
recovering or worsening by only referring to peripheral blood cell results. So we should be aware that not
all leukemia patients’ status can be re�ected by peripheral blood cell results, if there are any suspensions,
smear should be performed to further explore the causes of the disease [8–10]. Meanwhile, it should be
noticed that the blood cell counter used in the clinical should be improved to be more sensitive to detect
the juvenile cells.

The diagnosis of aplastic anemia should include decrease of all peripheral blood cells, bone marrow
hypoplasia, and should also exclude other disease that can cause decreased peripheral blood cells (e.g.,
paroxysmal nocturnal hemoglobinuria, myelodysplastic syndrome, myelo�brosis, etc.), and the main cell
type should he lymphocytes [11–13]. But there’s no clear guidance on the number of juvenile cells,
especially in bone marrow hypoplasia, and there’s no requirement to include the number of nucleated
cells, which could result in misdiagnosis. In the current study, we performed bone marrow punctures at
two different locations, and also conducted multiple smear sample reading, and found that there were
0.5% suspicious juvenile cells. Therefore, we suggest to examine the entire smear sample, and if
suspicious juvenile cells are found, further examinations and consultations should be done.

Acute lymphocytic leukemia, on the other hand, is a clonal malignant disease originate from
lymphocytes, with extremely hyperplasia of the bone marrow and mainly comprised of primitive cells,
making it very different from aplastic anemia in bone marrow smear. In the current study, bone marrow
smear results of the patient in the �rst two tests reached the diagnostic criteria of lymphocytic leukemia.
Therefore, in patients with bone marrow hypoplasia, bone marrow smear should be performed, and if
suspicious juvenile cells are found, we should follow up in the following time period, and �ow cytometry
as well as bone marrow biopsy should be done, especially immunological types should be determined by
detecting the antigens, which can provide supplemental evidence for the diagnosis [14–18].

By analyzing the �rst �ow cytometry results, we found that juvenile cells accounted for 0.69%, which
could be easily ignored during clinical diagnosis. The other results of this �ow cytometry were in
accordance with the juvenile cells. In the second test, we found that CD45percp became negative, which
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showed that maturity of this kind of lymphocytes were very low, and was different from most
lymphoblasts and prolymphocytes. The other results further proved that this cell type was early-stage
primitive cells, especially because CD34 was the symbol of hematopoietic stem cell [19–20]. Meanwhile,
the high expression of CD10 showed that these lymphocytes originated from the germinal center.

Conclusions
For patients whose hypoplastic bone marrow suddenly became extremely hyperplasia, morphology was
not very useful, thus de�nite diagnosis must be dependent on immunological types and bone marrow
biopsy results.
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Figure 1

A. The �rst bone marrow smear result. It shows that mature lymphocytes (wright stain×1000) were
regularly shaped, with little and bright blue cytoplasm, densi�cated chromatin and regular cell nucleus, no
nucleolus was seen. B. The second bone marrow smear result. It shows the rarely seen suspicious
juvenile cells (wright stain×1000), whose shape was regular and slightly large, with little and bright blue
cytoplasm, loosen chromatin and regular cell nucleus, no nucleolus was seen. C. The third bone marrow
smear result. It shows very active juvenile cells, whose shape was regular and slightly large, with little and
bright blue cytoplasm, loosen chromatin and regular cell nucleus, and also had obvious nucleolus. C. POX
staining in the third bone marrow smear, which was negative.
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Figure 2

Immunological types of the bone marrow. A. The test done on 20180205. Abnormal cells accounted for
0.69%, expression of CD45percp was weak, while SSC was slightly strong. Expression of CD34 (27.48% ,
CD38 (40.68% , HLA-DR (16.42% , CD71 (31.50% , cCD79a (64.31% was detected. CD2, CD3, CD5, CD19,
CD10, CD20, CD22, CD9, CD4, CD8, Kappa, Lambda, CD56, CD117, CD7, CD13, CD33, CD64, CD14, MPO,
CD23 was not expressed. B. The test done on 201803105. Abnormal cells accounted for 81.71%,
CD45percp was not expressed, and SSC was weakly expressed. Expression of CD34, CD38, CD19, CD10,
CD9, CD22, HLA-DR, CD71, cCD79a, CD5 was detected. CD2, CD3, CD5, CD20, CD4, CD8, Kappa, Lambda,
CD56, CD117, CD7, CD13, CD33, CD64, CD14, MPO, CD23 was not expressed.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

CAREchecklistEnglish2013.pdf

https://assets.researchsquare.com/files/rs-506318/v1/e0b23a4ce47409c4d96addad.pdf

