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Abstract Introduction Acute myeloid leukemia (AML) is a heterogenous disorder consisting of
clonal expansion of myeloblasts. Tumor immunity plays an important part in the
pathobiology of AML. Understanding the components of tumor immunity is important
for understanding tumor pathogenesis and the principles of immunotherapy.
Methods We studied 41 patients with AML, for total lymphocyte, CD4 positive helper T
cells, CD8 positive cytotoxic T cells, and CD16/56 positive natural killer (NK) cells proportion.
Quantification was done on bone marrow aspirate sample by flowcytometry. Whenever
available, post induction bone marrow was also analyzed for the lymphocyte subset.
Results No significant difference was noted in the percentage of blasts among the
three risk categories: favorable, intermediate, and adverse. However, there was
significant difference in the total lymphocyte among the risk stratification groups,
being highest in the favorable group and lowest in the adverse group. CD8 positive
cytotoxic T cells were significantly less in Acute Promyelocytic Leukemia (APML) cases
(p=0.001). Total lymphocytes were, however, more numerous in APML (p = 0.005). NK
cell proportion was not significantly different between APML and non-APML patients.
On completion of induction chemotherapy, bone marrow samples for 12 patients could

Keywords be processed for lymphocyte subset. On comparing the baseline against the post
= acute myeloid induction bone marrow, it was observed that there was significant increment in the
leukemia proportion of CD4 positive T lymphocytes (p = 0.046).
= immunity Conclusion There is a difference in lymphocyte subset amongst patients with AML.
= flowcytometry Larger studies including functional aspects are needed to better define the role of
= lymphocyte subset lymphocytes in disease pathogenesis.
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Introduction

Acute myeloid leukemia (AML) is a heterogenous disorder
consisting of clonal expansion of myeloblasts in peripheral
blood, bone marrow, or other tissue. AML is characterized by
a large variety of cytogenetic, molecular, and epigenetic
alterations which have important impact on the disease
biology and consequently on the patient outcome.' These
alterations have been proven to be powerful prognostic
markers and have been included in the risk stratification of
AML.? However, there has been increasing realization that
microenvironment plays an important role in the pathobiol-
ogy of the disease.

There is close interaction between the bone marrow
microenvironment and the leukemic blasts. There is active
modification of the microenvironment by the leukemic
blasts that supports the blasts survival and proliferation
and impedes normal hematopoiesis.3 Another important
component of the microenvironment includes the immune
system. Various components of the immune system includ-
ing lymphocytes, macrophages, etc. play important role in
tumor pathogenesis. The role of the immunity is highlighted
by the graft versus leukemia effect seen in the allogenic stem
cell transplant in patients with acute leukemia.* In view of
these observations, the study of the immune cells in leuke-
mic patients has been an active area of research in the recent
past.

Quantitative as well as qualitative analysis of the invading
lymphocytes is important for proper understanding of the
tumor immune surveillance. The literature comparing the
prechemotherapy and post induction bone marrow is scant.
The study aimed to study the relative proportion of T cell
subsets and NK cells in bone marrow of AML patients using
flowcytometry and compare it with the post induction
marrow, whenever available.

Materials and Methods

Patient Population

The study was a prospective observational study. The study
was approved by the Institutional Review Board. Forty-one
patients of AML were studied between March 2018 and
July 2019. AML was diagnosed based on peripheral blood
and bone marrow morphology, cytochemistry and flowcy-
tometry. Final diagnosis was done as per 2016 WHO classifi-
cation of hematolymphoid neoplasms and risk stratification
was done as per 2017 European Leukemia Network prog-
nostic model.? The eligible patients received 3 + 7 induction
chemotherapy consisting of daunorubicin and cytarabine,
respectively.

Flowcytometry Analysis

The bone marrow sample received for diagnostic work-up
was also processed for assessment of lymphocyte subset.
Stain-Lyse-wash protocol was used. The cells were stained
with CD45-PerCP/Cy5.5 (Clone: H130), CD3-PE/Cy7 (Clone:
UCHT1), CD4-PE (Clone: OKT4), CD8-FITC (Clone: SK1),
CD16-APC/Cy7 (Clone: 3G8), and CD56-APC (Clone: HCD56).
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All the antibody conjugates were procured from BioLegend.
At least 30,000 events were acquired.

Flowcytometric analysis was done on BD FACS Canto II
(Becton Dickinson, San Jose, California, United States) using
software BD FACSDiva.

Data Analysis

Sequential gating strategy was used to analyze the lympho-
cyte subset. First, the doublets were excluded based on FSC-A
versus FSC-H plot. Next, the lymphocyte cluster was carefully
gated on CD45 versus side scatter plot (=Fig. 1). The gated
lymphocyte population was further analyzed to differentiate
into following subsets:

 Proportion of lymphocyte of all events, including the
erythroid cells.

* Proportion of Helper T cells (CD4 positive), cytotoxic T
cells (CD8 positive), and NK cells among all lymphocytes.

* Ratio of CD4 to CD8 cells.

Relevant clinical data was collected that included patient
characteristics and complete blood count at presentation.
Bone marrow blast percentage, cytogenetic findings, and
molecular mutation analysis (whenever done) were also
noted. The eligible patients received the standard 3+7 in-
duction chemotherapy comprising of daunorubicin and
cytarabine. Daunorubicin (60 mg/m?/d) was administered
as rapid intravenous infusion for 3 days while cytarabine
(100 mg/m?/d) was administered as continuous infusion
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Fig. 1 Lymphocyte subset analysis in pretreatment bone marrow—
CD45 versus side scatter plot shows mostly blasts and lymphocytes.
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over 7 days. Acute promyelocytic leukemia patients received
induction of all trans retinoic acid (45 mg/m?/d) and arsenic
trioxide (0.15 mg/m?/d). Daunorubicin (60 mg/m?/d) for
3 days was added for high-risk patients. The outcome of
the induction regimen was noted for those patients who
were admitted and were started on induction chemotherapy.

Statistical Analysis

Categorical variables were presented in number and per-
centage (%) and continuous variables were presented as
mean =+ standard deviation and median. Normality of data
was tested by Kolmogorov-Smirnov test. Quantitative vari-
ables were compared using Independent t-test/Mann-Whit-
ney test (when the datasets were not normally distributed)
between the two groups and ANOVA/Kruskal-Wallis test
between more than two groups. Paired t-test/Wilcoxon
ranked sum test was used for comparison between pre and
post induction. A p-value of < 0.05 was considered statisti-
cally significant. The data was entered in MS EXCEL spread-
sheet and analysis was done using Statistical Package for
Social Sciences (SPSS) version 21.0.

Results

Baseline Patient Characteristics

Study included a total of 41 patients comprising of 23 males
and 18 females. The median age was 29 years, the age range
being 6 years to 65 years. The duration of symptoms ranged
from 2 weeks to10 months. Out of 41, 28 patients had fever as
one of their presenting complaints. All except two had easy
fatigability or weakness. Twenty-five patients had bleeding
symptoms, including two with gastrointestinal bleed and
three with menorrhagia. Thirty-seven out of 41 patients
presented with a hemoglobin level less than 100 g/L. The
peripheral blood total leucocyte count varied widely (range:
0.25 x 10°L to 180 x 10°/L). A total of eight patients
presented with hyperleukocytosis with a TLC of more than
100 x 10%/L. Thirty-two patients had thrombocytopenia (less
than 100 x 10°/L). Bone marrow aspirate done at diagnosis
showed variable blast percentage ranging from 22 to 94%
(median 75%). There were eight cases of acute promyelocytic
leukemia, confirmed by presence of PML-RARA fusion tran-
script by reverse transcription polymerase chain reaction
(RT-PCR). On karyotyping of other 33 patients, 17 showed
normal karyotype, 6 patients were positive for t(8;21)(q22;
g22). No metaphase was obtained in two patients, one
patient was positive for t(9;22)(q34;q11.2), —7 (monosomy
7) each. Rest of the patients showed nonspecific abnormali-
ties. Molecular mutation could be performed in 21 cases, out
of which 8 were PML-RARA fusion transcript positive. Two
patients were NPM1 mutated, two showed FLT3 mutation
(one had low allele burden), and one was c-kit mutation
positive. The patient with t(9;22) (q34;q11.2) had BCR-ABL
fusion transcript of p210.

Lymphocyte Subset Analysis on Flowcytometry
For 41 cases analyzed, the total lymphocyte and the propor-

tion of subsets are shown in =Table 1.
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Lymphocyte Subset and Risk Stratification

Based on the cytogenetic and molecular mutation data,
favorable, intermediate, and adverse prognostic groups com-
prised of 14, 22, and 5 patients, respectively.

There was no significant difference in the bone marrow
blast percentage among the three groups (p = 0.631). How-
ever, there was significant difference in the total lymphocyte
percentage among the three groups, being highest in the
favorable group and lowest in the adverse risk group (p =
0.005). There was no significant correlation for the lympho-
cyte subsets, i.e., CD4 positive, CD8 positive, and NK cells
among the three groups (=Table 2).

Lymphocyte Subset in APML and Non-APML Cases
There were eight cases of acute promyelocytic leukemia, that
were positive for PML-RARA fusion transcript by RT-PCR.
CD8 positive cytotoxic T cells were significantly less in APML
cases (p = 0.001). Total lymphocytes were, however, signifi-
cantly higher in APML (p = 0.005). CD4 positive helper T cells
were more in number in non-APML, however, the difference
was not statistically significant (p = 0.068). No statistically
significant difference was observed in the NK cell proportion
and the CD4:CD8 ratio (=Table 3).

Lymphocyte Subsets in Post-Induction Marrow and Its
Comparison with the Baseline

Out of 41 cases, 24 cases were admitted for induction
therapy. Fourteen out of 24 cases achieved remission (in-
cluding four APML cases), 2 out of 24 were refractory to
induction therapy and 8 cases expired during induction
therapy (including four APML cases).

No significant difference in baseline marrow was ob-
served in the proportion of total lymphocytes or any of the
lymphocyte subset between patients who achieved induc-
tion remission as against those who died during induction or
had refractory disease.

Post remission bone marrow samples for 12 patients
could be processed for lymphocyte subset. On comparing
the pretreatment (baseline) bone marrow against the post
induction bone marrow for these 12 cases, there was signifi-
cant increment in the proportion of the CD4 positive T
lymphocytes (p = 0.046). No significant change was observed
for total lymphocytes and other subsets.

Table 1 Total lymphocyte and subset proportion in bone
marrow in AML patients (n = 41)

Lymphocyte subset Median (Range) Mean =+ SD
CD4:CD8 ratio 0.91 (0.42-1.94) 1.04 + 0.36
CD4 positive % 31.4 (16.4-47.3) 31.2+7.3
(of all lymphocytes)

CD8 positive % 32.9 (15.9-51.7) 32.7 £10.1
(of all lymphocytes)

NK cells % 7.3 (3-31.1) 9.7+6.4
(of all lymphocytes)

Total lymphocyte % 5.5(1.1-28.6) 6.7 £5.2
(of all events)

Abbreviation: AML, acute myeloid leukemia.
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Table 2 Comparison of median (and range) of lymphocyte subset with risk stratification of AML (total n = 41)

Lymphocyte Parameter Adverse Favorable Intermediate p-Value

subset (n = 14) (n = 14) (n = 22)

CDA4:CD8 ratio Mean + SD 0.76 + 0.26 1.11 £ 0.43 1.05 £ 0.32 0.078

Median (range) | 0.65 (0.47-1.12) | 1 (0.64-1.94) 0.9 (0.42-1.84)

CD4 positive Mean + SD 29.8 £ 7.1 30.9 £ 8.8 31.8 £ 6.6 0.855

(of all lymphocytes) Median (range) | 27.5 (23.5-40.4) | 31.25(16.4-47.3) | 31.45 (18.1-43.8)

CD8 positive Mean + SD 40.44 + 8.18 30.53 £ 11.47 32.38 £ 9.1 0.168

(of all lymphocytes) Median (range) | 41.8 (29.7-51.7) | 30.2 (15.9-47.5) | 32.8 (16.2-48.8)

NK cells Mean + SD 6.8 £ 3.9 7.5+4.6 11.7+7.2 0.578

(of all lymphocytes) Median (range) | 5.6 (3-12.9) 5.8 (3.4-19.4) 9.3 (4.4-31.1)

Total lymphocyte Mean + SD 3.0+ 1.7 9.9 +7.1 5.6 +3.2 0.005

(of all events) Median (range) | 3.5 (1.2-4.7) 8.35 (3.2-28.6) 5.05 (1.1-11.4)

Bone marrow blast (%) | Mean + SD 64.8 £+ 25.1 67.8 £ 23.1 72.9 £18.1 0.631

Median (range) | 72 (22-85) 75 (24-90) 77.5 (28-94)
Abbreviation: SD, standard deviation.
Table 3 Comparison of lymphocyte subset in APML vs. non-APML

Lymphocyte subset Parameter PML-RARA negative (n = 33) PML-RARA positive (n = 8) p-Value

CDA4:CD8 ratio Mean + SD 0.98 + 0.32 1.27 £ 0.47 0.11
Median (range) 0.88 (0.42-1.84) 1.26 (0.66-1.94)

CD4 positive Mean + SD 323 +6.6 27.0 £ 8.9 0.068

(of all lymphocytes) ™y 4 Trange) | 32.2 (18.1-47.3) 26.1 (16.4-44.2)

CD8 positive Mean + SD 35.2+9.2 22.4+6.8 0.001

(of all lymphocytes)  "ycdian (range) | 35.8 (16.2-51.7) 20.9 (15.9-35.7)

NK cells Mean + SD 9.9 + 6.6 8.9+ 5.7 0.554

(of all lymphocytes) Iy 4o (range) | 7.3 (3-31.1) 7.1 (3.4-19.4)

Total lymphocyte Mean + SD 5.4 +31 12.4 £ 83 0.005

(of all events) Median (range) | 4.7 (1.1-11.9) 9.3 (5.3-28.6)

Abbreviation: SD, standard deviation.

Discussion

The important components of tumor-associated immune
cells include T lymphocytes (helper, cytotoxic, regulatory,
memory, etc.) and NK cells along with other less character-
ized cells like tumor associated macrophage and tumor
associated neutrophil.5 Quantitative as well as functional
alteration in lymphocytes plays important role in tumor
pathogenesis.® For NK cells, reduced expression of activating
receptors and functional impairment in the NK cells help
immune evasion.’

We studied 41 cases of AML to analyze lymphocyte subset
in bone marrow comprising of 23 males and 18 female
patients. The median age was 29 years (range: 6-65 years),
which is much lower than that described in other studies.?°
One probable reason is the referral bias, wherein, the youn-
ger patients eligible for chemotherapy are likely to get
referred as compared with older and frail patients who are
ineligible for chemotherapy
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Lymphocyte Subset Analysis

T lymphocytes are the predominant lymphocyte subset in
bone marrow in AML patients with almost equal proportion
of CD4 and CD8 positive T cells. The proportion of lympho-
cyte and their subset in the current study are in concordance
with another study by Ismail (~Table 4).'° In the present
study, the total lymphocyte and the NK cell proportion in
AML cases were less than that of the controls (~Table 4).!
The T-cell proportion, however, was comparable to the
controls. It is clear that reduction in NK cells is one of the
major alterations in treatment naive AML patients.

APML represents a distinct subtype of AML with a distinct
morphology, management, as well as prognosis. Though total
lymphocytes were significantly higher in APML subgroup as
compared with non-APML AML patients, CD4 and CD8
population was lower in APML, implicating higher number
of non-T lymphocytes, i.e., B lymphocytes. The results were
concordant with the study by Alcasid et al (~Table 5).'2
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Table 4 Comparison of lymphocyte subset with study by Ismail '

Cell subtype Ismail (n = 66) Control (n = 20) Present study (n = 41)

Total lymphocytes 10.5+9.2 15.1 (6.4-30.7) 6.79 + 5.29

CD4 37.9 £ 13.1 Total T cells 31.28 +7.36

D8 37.2+12.0 73:5% (58.5-90.1%) 32.73 + 10.12

CD4:CD8 1.2 +£0.6 Not mentioned 1.04 £ 0.36

NK cell 79 t4.4 15.3 (3.1-28.0) 9.72 £ 6.43

Tale 5 Comparison of lymphocyte subset for APML and non-

APML patients

Parameter for | Alcasid et al'> | Present study

APML vs. non-

APML patients

NK cells Higher than Not different than
non-APML non-APML
(p =0.03)

CD4 T cells Decreased than | Tend to be decreased
non-APML (p = 0.06)
(p = 0.004)

Total T cells Decreased than | Decreased than
non-APML non-APML

CD8 T cells Not mentioned | Decreased than

non-APML (p = 0.001)

The cytogenetic and molecular mutation analysis deter-
mines the prognostic category of the patient, favorable,
intermediate, or adverse risk group. In our study, only total
lymphocytes showed a significant trend across the three
categories, being highest in the favorable group and least in
the adverse group (p = 0.005). There was no significant
difference in the bone marrow blast percentage among the
three categories (p = 0.631). Thus, this difference in the
lymphocyte proportion cannot be explained by difference in
the bone marrow blast percentage. It is possible that lym-
phocyte-mediated immunity is downregulated in the high-
risk category. In another study by Ismail, they did not find
any significant difference in total lymphocyte percentage or
any of the subset.'? On the contrary, Aggarwal et al studied
NK cells in AML and found higher proportion of NK cells in
poor prognostic group as compared with good prognosis
group.!!

Lymphocyte Subset Analysis and Treatment

Out of 24 patients, 14 achieved remission while the rest
either died (n = 8) or were not in remission at the end of the
induction (n = 2). No significant difference was noted in the
baseline bone marrow lymphocyte proportion or any of the
subset between the patients who achieved remission or
those who died during induction or had a refractory disease.
In the study by Ismail, they found significantly higher
number of total lymphocytes, T cells, and NK cells in the
group that achieved remission (n = 42).'% Chuc et al studied
lymphocyte subset in 28 AML patients. They, however,
expressed the cell subtypes in cells per microliter. Though
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median follow-up was only 12 months, they found that
increased CD4 and CD8 cells are associated with lower
overall survival at 1 year.13

There were 12 patients for whom both baseline as well as
post induction bone marrow were obtained. Total lympho-
cyte proportion decreased at the end of induction (p = 0.09)
and CD4 positive helper T cells increased after induction (p =
0.046). Whether the reduction in total lymphocyte is relative
(due to brisk regenerating hematopoiesis after the induction
therapy) or there is true reduction due to reduced antigen
stimulus (due to reduced tumor cells) needs further study
with larger sample size. Few studies have studied peripheral
blood lymphocytes as a means to assess immune reconstitu-
tion.'*'> However, the literature on bone marrow lympho-
cytes post induction therapy is scarce.

Though it is clear that lymphocytes do play a role in the
tumor immunity, other important components of immunity
like dendritic cells and regulatory T cells were not included in
the study. Thus, larger study that combines the quantitative
and qualitative/functional aspects of the tumor immunity is
needed.

Further larger study assessing the dynamics of lympho-
cyte proportion at various timelines, like at baseline, at the
end of induction, and at the end of consolidation therapy is
needed. Study of tumor immunity in the later part of the
treatment may shed more light on the role of these immune
cells in preventing the relapse.

Reduction in bone marrow total lymphocyte percentage,
especially NK cells is the most significant finding in AML
patients as well as amongst different risk groups. With
emerging role of cellular therapy and immune modulation,
the current study highlights the difference in the nature of
tumor immunity in cases of AML amongst the risk groups.
Larger studies including the functional analysis would be
crucial for detailed analysis and development of cellular
therapy in AML patients, particularly the high-risk groups.

Presentation
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study was approved by the Institutional Review Board.
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