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Abstract

Introduction

In the literature there is lack of information on the influence of gender and time since autolo-

gous hematopoietic stem cell transplantation (HSCT) on the immune reconstitution in multi-

ple myeloma (MM) patients.

Objective

The aim of this study was to assess the diversity of the immune reconstitution according to

gender in MM patients after autologous HSCT on the day of the clinic discharge and on the

29th day after discharge, as well as to investigate the changes in the immune system in

females and males after staying at home for 28 days.

Method

The studied population comprised 13 females and 13 males after autologous HSCT. On the

day of the clinic discharge and on the 29th day after discharge blood samples were taken to

analyse 22 immunological parameters. Statistical analysis was performed using STATIS-

TICA 10 StatSoft Poland. For multiple comparisons, the Bonferroni correction was used.

Results

No statistically significant differences were observed in the analysed immunological param-

eters between the studied females and males with MM on the day of the clinic discharge and

on the 29th day after discharge. However, on the 29th day after the clinic discharge com-

pared to the day of the clinic discharge, statistically significant differences were found in 8

immunological parameters among females and 6 immunological parameters among males.
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Conclusion and recommendation

Our results indicate that the immune reconstitution is similar but not the same in patients of

both genders. Statistically significant differences in the immune response in the studied

females and males imply that gender may play a role in the immune reconstitution and that

the results obtained in MM patients should be analysed separately in females and males. In

order to explain the observed changes in the immune system according to gender, further

research should be carried out on a larger population. This would most probably make it

possible to find their clinical application.

Introduction

It is well-known that the post-transplant immune reconstitution is a multistage process, and

although granulocytopoiesis reconstitutes within 2–3 weeks after the transplantation, full

recovery may last more than ten years [1–5]. Factors which influence the rate of the immune

recovery include patient’s overall condition, the degree of the thymus function damage, dam-

ages caused by the therapy, type of transplantation (autologous or allogeneic), source of

hematopoietic cells (from bone marrow, peripheral blood or cord blood) and hematopoietic

cell count in the transplant, especially mature lymphocytes [3, 6]. There is lack of information

how gender and time since autologous hematopoietic stem cell transplantation (HSCT) influ-

ence the immune system reconstitution in MM patients. In order to fill this gap in the litera-

ture, the research was conducted to assess the diversity of the immune response according to

gender in MM patients after autologous HSCT on the day of the clinic discharge and on the

29th day after discharge, as well as to investigate the changes in the immune system in females

and males after staying at home for 28 days.

Subjects and methods

Subjects

The studied population comprised 26 MM patients, 13 females and 13 males, after autolo-

gous HSCT. The subjects were the patients of the Haematology and Bone Marrow Trans-

plantation Department of the Clinical Hospital of the Poznan University of Medical

Sciences, Poland.

This study was approved by the Bioethics Committee of the Poznan University of Medical

Sciences, Poland (347/10, 467/11). The study was not a medical experiment and had no influ-

ence on the treatment methods.

Once the granulopoiesis reconstitution was observed, that is from the moment when

patients may have contact with persons other than hospital staff, the patients were asked

whether they would like to take part in the research voluntarily. Each patient was informed

about the aim, scope and methods of the research during an individual meeting and about the

possibility to withdraw from the study at any time without any consequences. The patients

gave written consent to take part in the study. During the time from the day of the clinic dis-

charge until the 29th day after discharge the main researcher maintained contact with each

patient by telephone. The study was completed by all patients with MM who wished to engage

in the study.
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Methods

Date of birth, domicile, gender, disease, the type of transplantation and the length of time

since the diagnosis to the transplantation, as well as the number of days from the transplanta-

tion until the day of the clinic discharge were taken from patient charts. Because two of the

studied patients underwent two transplantations, both the time since the diagnosis to the first

transplantation as well as the time since the diagnosis to the second transplantation were taken

into account. The latter time was called the time since the diagnosis to the recent transplanta-

tion. After the recent transplantation all the immunological parameters presented in the cur-

rent article were assessed. The percentage of patients who lived after the first transplantation

more than four years was calculated based on the information from patient charts.

Blood samples were taken from the studied patients twice: on the day of the clinic discharge

and during a follow-up visit on the 29th day after discharge. We chose the day of discharge

instead of a specific post-infusion day because we wanted all patients to meet certain condi-

tions: before discharge each patient must be in good general condition, without signs of infec-

tion and with signs of reconstitution of hematopoiesis. Engraftment after hematopoietic stem

cell transplantation is defined as an absolute neutrophil count (ANC) greater than 500 cells per

microlitre of blood on the first day of three consecutive days and platelet recovery is defined as

a platelet count greater than 20,000 cells per microlitre of blood on the first day of seven conse-

cutive days without transfusion support. Engraftment usually occurs between the 10th and the

14th day after stem cell infusion and depends on many factors. Patients in our analysis were

discharged when the ANC count was at least 1000 cells per microlitre and were transfusion

independent. This is the first day on which the patient, according to the current knowledge,

may leave the hospital ward and may continue the treatment at home. Our patients were dis-

charged between 13 and 30 days after infusion (median 18).

Our choice of the 29th day after discharge was related to the expected condition of the

patient, but also to some organisational considerations. Usually, after four weeks, the patients’

general condition, nutritional status and peripheral blood parameters improve and they can

continue treatment in outpatient clinic.

Blood samples were taken after an overnight fast from the ulnar vein using the S-Sedivette1

venous blood collection system produced by Sarstedt, Germany.

BN II nephelometric analyser made by Siemens, Germany, was used to assess serum immu-

noglobulin A (IgA), immunoglobulin G (IgG) and immunoglobulin M (IgM) concentration.

Dimension EXL 200 analyser made by Siemens, Germany, was used to assess serum C-reactive

protein (CRP) concentration. Analyser ADVIA 2120i made by Siemens, Germany, was applied

to assess blood leukocyte count, lymphocyte count, neutrophil count, eosinophil count, baso-

phil count, monocyte count, the percentages of basophils, eosinophils, granulocytes, mono-

cytes and neutrophils in total leukocyte count. T and B lymphocytes subpopulations, and

natural killer (NK) cell subpopulation were assessed by means of flow cytometry using Becton

Dickinson monoclonal antibodies, USA, and Becton Dickinson FACS Calibur flow cytometer,

USA.

The analyses were done in the laboratories of the Hematology and Bone Marrow Trans-

plantation Department of the Clinical Hospital of the Poznan University of Medical Sciences,

Poland.

Statistical analysis

Statistical analysis was performed using STATISTICA 10 StatSoft Poland. Means, standard

deviations, medians, lower quartiles and upper quartiles were calculated. The Shapiro-Wilk

statistic was used to test the normality of quantitative variables. Since most of the variables

PLOS ONE Gender and the length of time since autologous hematopoietic stem cell transplantation

PLOS ONE | https://doi.org/10.1371/journal.pone.0295308 December 7, 2023 3 / 12

https://doi.org/10.1371/journal.pone.0295308


were skewed, the non-parametric Mann-Whitney U test was used to investigate the differences

between immunological parameters in females and males, whereas the Wilcoxon’s signed-

rank test was used to compare immunological parameters on the day of the clinic discharge

and on the 29th day after discharge. The level of significance was set at P�0.05. For multiple

comparisons, when comparing two genders in two time points—four comparisons in total–

the Bonferroni correction was applied. It is calculated by dividing the significance level (α) for

a single test by the number of tests (n), that is 0.05:4 = 0.0125. Therefore, the level of signifi-

cance for these comparisons was set at P�0.0125.

Results

Characteristics of the studied patients

Table 1 presents characteristics of the studied MM patients. No statistically significant differ-

ences between females and males were observed.

Table 2 shows CD34+ cells dose, the number of days from the transplantation until the day

of the clinic discharge and number of neutrophils on the day of discharge in each of the stud-

ied MM patients.

The immune reconstitution

Table 3 shows immunological parameters in the studied MM patients on the day of the clinic

discharge and on the 29th day after discharge.

No statistically significant differences were observed in the analysed immunological param-

eters between the studied females and males with MM on the day of the clinic discharge and

on the 29th day after discharge.

Table 1. Characteristics of the studied MM patients.

Variable Females Males P
(n = 13) (n = 13)

Age [years] �x � SD 58.6±7.4 56.2±8.9 0.5446

Me 61.4 58.2

Q1-Q3 54.8–64.4 46.9–63.0

The length of time since the diagnosis until the first transplantation [months] �x � SD 19.5±4.8 30.0±17.5 0.1191

Me 17.0 25.0

Q1-Q3 15.0–25.0 19.0–35.0

The length of time since the diagnosis until the recent transplantation [months] �x � SD 21.9±7.4 31.5±16.6 0.1056

Me 21.0 26.0

Q1-Q3 17.0–25.0 20.0–35.0

The number of days from the transplantation until the day of the clinic discharge �x � SD 18.1±3.07 18.2 ±4.59 0.8425

Me 18.0 17.0

Q1-Q3 16.0–19.0 16.0–19.0

Percentage of patients who lived after the first transplantation more than 4 years [%] 53.8 76.9 0.2159

Percentage of patients who lived in a given region of Poland [%] Wielkopolskie 69.2 69.2 -

Lubuskie 23.1 23.1

Zachodnio-pomorskie 7.7 7.7

�x- mean, SD -standard deviation; Me—median,Q1—lower quartile; Q3—upper quartile; P—significance.

https://doi.org/10.1371/journal.pone.0295308.t001
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Among the studied females statistically significant differences on the 29th day after the

clinic discharge compared to the day of the clinic discharge were observed in 8 immunological

parameters. These differences included a reduction in: the percentage of CD4(+) T lympho-

cytes in total lymphocyte count, from 33.5% to 10.9%, the percentage of large peroxidase-nega-

tive leukocytes in total leukocyte count, from 11.6% to 5.2%, and the percentage of monocytes

in total leukocyte count, from 16.2% to 8.2%, and at the same time, an increase in the percent-

age of CD19(+) B lymphocytes in total lymphocyte count, from 1.2% to 10.9%, eosinophil

count, from 0.03×109/l to 0.26×109/l, the percentage of eosinophils in total leukocyte count,

from 0.9% to 5.2%, lymphocyte count, from 0.66×109/l to 1.93×109/l, and the percentage of

lymphocytes in total leukocyte count, from 20.5% to 30.7%.

Among the studied males statistically significant differences on the 29th day after the clinic

discharge compared to the day of the clinic discharge were observed in 6 immunological

parameters. These differences included statistically significant increase in: the percentage of

CD19(+) B lymphocytes in total lymphocyte count, from 0.6% to 11.1%, eosinophil count,

from 0.01×109/l to 0.24×109/l, the percentage of eosinophils in total leukocyte count, from

Table 2. CD34+ cells dose, the number of days from the transplantation until the day of the clinic discharge and

number of neutrophils on the day of discharge in each of the studied MM patients.

Gender CD34+ cells dose [x106/kg] Day of discharge Number of neutrophils on the day of discharge

[109/l]

Female 1 4.055 13 2.170

Female 2 3.750 15 0.990

Female 3 4.590 15 2.290

Female 4 4.720 16 3.543

Female 5 4.170 17 1.620

Female 6 3.700 18 1.770

Female 7 5.050 18 1.780

Female 8 3.510 19 3.040

Female 9 3.820 19 1.400

Female

10

3.275 19 2.030

Female

11

4.170 20 2.240

Female

12

4.480 21 1.590

Female

13

4.540 25 2.520

Male 1 3.740 13 1.390

Male 2 3.500 14 0.750

Male 3 4.390 15 2.060

Male 4 3.310 16 3.290

Male 5 3.310 16 5.100

Male 6 3.990 16 1.950

Male 7 3.350 17 1.788

Male 8 3.000 19 3.090

Male 9 3.510 19 5.000

Male 10 5.210 19 1.950

Male 11 3.850 21 2.030

Male 12 3.950 24 3.472

Male 13 4.320 30 2.810

https://doi.org/10.1371/journal.pone.0295308.t002
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Table 3. Immunological parameters in the studied MM patients on the day of the clinic discharge and on the 29th day after discharge. The explanation of the signifi-

cance levels (P1, P2, P3, P4) was given below the table.

Parameter On the day of the clinic

discharge

On the 29th day after

discharge

Significance level

Females Males Females Males P1 P2 P3 P4

(n = 13) (n = 13) (n = 13) (n = 13)

Basophils [109/l] �x � SD 0.03±0.02 0.06±0.07 0.04±0.03 0.05±0.03 0.3107 0.3358 0.4561 0.9375

Me 0.02 0.04 0.03 0.03

Q1–Q3 0.01–0.04 0.02–0.04 0.02–0.05 0.03–0.06

Basophils [%] �x � SD 0.9±0.7 1.7±2.8 0.7±0.4 0.9±0.5 0.5446 0.5114 0.4216 0.3882

Me 0.7 0.8 0.7 0.8

Q1–Q3 0.5–1.2 0.5–1.5 0.4–0.9 0.5–0.9

CD4(+) T lymphocytes [%] �x � SD 33.5±22.0 28.2±16.4 10.9±4.4 16.1±9.8 0.8801 0.0879 0.0080 0.0208

Me 29.5 24.7 9.5 14.5

Q1–Q3 15.7–48.7 19.3–31.0 8.9–11.2 9.5–16.8

CD8(+) T lymphocytes [%] �x � SD 43.4±19.8 32.8±21.4 62.5±18.7 52.9±16.3 0.1896 0.1330 0.0409 0.0208

Me 46.4 26.1 70.4 51.0

Q1–Q3 25.1–58.7 15.0–47.8 56.3–75.8 39.9–68.2

CD19(+) B lymphocytes [%] �x � SD 1.2±2.8 0.6±0.8 10.9±13.7 11.1±11.6 0.8328 0.7477 0.0044 0.0058

Me 0.5 0.5 3.7 10.0

Q1–Q3 0.0–0.6 0.0–0.9 3.5–14.0 3.5–15.0

CRP [mg/l] �x � SD 6.73±7.21 17.67±17.80 1.76±0.85 7.08±11.46 0.1774 0.0301 0.0357 0.0367

Me 4.80 5.60 1.77 2.40

Q1–Q3 1.75–8.41 4.56–26.40 1.20–1.90 2.00–3.20

Eosinophils [109/l] �x � SD 0.03±0.09 0.01±0.01 0.26±0.24 0.24±0.35 0.3358 0.3897 0.0088 0.0015

Me 0.01 0.00 0.25 0.11

Q1–Q3 0.00–0.02 0.00–0.01 0.08–0.33 0.09–0.19

Eosinophils [%] �x � SD 0.9±2.1 0.1±0.2 5.2±4.4 4.5±6.2 0.2226 0.2428 0.0107 0.0015

Me 0.2 0.1 3.3 2.5

Q1–Q3 0.1–0.4 0.039–0.18 2.1–7.5 1.4–4.6

Granulocytes [%] �x � SD 27.7±4.7 66.2±13.8 42.1±5.0 46.5±23.0 0.1000 0.5714 0.1088 -*
Me 26.0 68.0 41.0 58.0

Q1–Q3 24.0–33.0 51.5–79.0 40.0–46.0 20.0–61.5

IgA [g/l] �x � SD 1.1±1.7 0.6±0.3 0.9±1.8 0.7±0.6 0.8801 0.3164 0.5754 0.5751

Me 0.4 0.7 0.3 0.6

Q1–Q3 0.3–1.0 0.3–0.8 0.3–0.5 0.2–0.9

IgG [g/l] �x � SD 5.7±1.4 6.8±3.6 8.0±4.0 9.8–5.2 0.4865 0.5254 0.0367 0.0033

Me 6.0 6.3 7.2 7.9

Q1–Q3 4.3–6.9 4.6–7.7 6.7–8.7 6.3–13.8

IgM [g/l] �x � SD 0.2±0.1 0.2±0.1 0.2±0.1 0.3±0.3 0.7399 0.9759 1.0000 0.2135

Me 0.2 0.2 0.2 0.2

Q1–Q3 0.2–0.2 0.2–0.3 0.2–0.3 0.2–0.4

Large peroxidase-negative leukocytes[109/l] �x � SD 0.37±0.18 0.30±0.09 0.25±0.12 0.22±0.15 0.4639 0.5079 0.0684 0.3139

Me 0.37 0.27 0.23 0.20

Q1–Q3 0.22–0.45 0.27–0.35 0.16–0.33 0.13–0.23

Large peroxidase-negative leukocytes [%] �x � SD 11.6±5.9 8.1±3.1 5.2±1.2 4.0±1.9 0.1930 0.0339 0.0047 0.0209

Me 10.75 7.9 5.4 3.4

Q1–Q3 6.9–16.85 7.4–9.2 4.0–6.2 2.9–4.2

(Continued)
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0.1% to 4.5%, IgG concentration, from 6.8 g/l to 19.8 g/l, lymphocyte count, from 0.58×109/l to

1.80×109/l, and the percentage of lymphocytes in total leukocyte count, from 16.0% to 33.6%.

Discussion

Characteristics of the studied patients

The age of the studied patients was typical of the patients with MM in general [7] since both

mean age and median age of females and males were higher than 50 years.

Table 3. (Continued)

Parameter On the day of the clinic

discharge

On the 29th day after

discharge

Significance level

Females Males Females Males P1 P2 P3 P4

(n = 13) (n = 13) (n = 13) (n = 13)

Leukocytes [109/l] �x � SD 4.15±4.45 4.35±3.25 4.94±1.65 5.40±1.66 0.3622 0.4483 0.0277 0.0330

Me 2.84 3.61 4.34 5.77

Q1–Q3 2.48–4.08 2.69–4.23 3.89–6.46 4.26–6.66

Lymphocytes [109/l] �x � SD 0.66±0.66 0.58±0.34 1.93±1.09 1.80±1.07 0.2642 0.8010 0.0019 0.0015

Me 0.38 0.49 1.79 1.46

Q1–Q3 0.30–0.68 0.45–0.59 1.15–2.33 1.08–2.07

Lymphocytes [%] �x � SD 20.5±17.0 16.0±8.9 37.0±12.3 33.6±15.5 1.0000 0.6498 0.0047 0.0047

Me 12.2 14.9 38.2 34.1

Q1–Q3 9.0–36.3 9.3–21.7 27.5–43.2 25.3–43.8

Monocytes[109/l] �x � SD 0.54±0.26 0.56±0.21 0.42±0.19 0.54±0.25 0.7241 0.2428 0.1159 0.3465

Me 0.54 0.47 0.39 0.46

Q1–Q3 0.35–0.63 0.39–0.66 0.23–0.49 0.38–0.64

Monocytes [%] �x � SD 16.2±6.8 15.5±6.3 8.2±1.9 10.1±3.0 0.8403 0.1014 0.0030 0.0131

Me 14.5 16.2 8.6 9.6

Q1–Q3 13.2–20.5 10.8–19.0 6.1–9.8 7.9–11.3

NK cells [%] �x � SD 17.5±15.4 32.6±23.8 12.2±5.1 17.2±10.3 0.1179 0.2703 0.1549 0.0262

Me 14.0 27.0 9.0 13.0

Q1–Q3 8.2–22.0 7.1–52.5 8.6–13.2 10.2–23.5

Neutrophils [109/l] �x � SD 2.54±4.24 2.95±3.13 2.08±0.68 2.67±1.31 0.1129 0.2869 0.1520 0.2489

Me 1.40 2.38 2.03 2.06

Q1–Q3 0.95–2.08 1.34–2.84 1.62–2.29 1.95–3.29

Neutrophils [%] �x � SD 50.9±20.8 61.1±14.7 44.1±13.2 48.2±15.2 0.0908 0.6498 0.1005 0.0192

Me 54.1 66.8 44.6 51.3

Q1–Q3 39.8–59.4 44.2–68.3 32.7–53.9 38.6–54.2

Bold type denotes statistically significant results at 0.0125 with the Bonferroni correction;

�x- mean, SD -standard deviation; Me—median;Q1- lower quartile;Q3 -upper quartile; P1, P2, P3, P4—significance levels:

P1 -significance level in the Mann-Whitney U test used to compare immunological parameters in females and males with multiple myeloma on the day of the clinic

discharge;

P2—significance level in the Mann-Whitney U test used to compare immunological parameters in females and males with multiple myeloma on the 29th day after

discharge;

P3—significance level in the Wilcoxon’s signed-rank test used to compare immunological parameters in females with multiple myeloma on the day of the clinic

discharge and on the 29th day after discharge;

P4—significance level in the Wilcoxon’s signed-rank test used to compare immunological parameters in males with multiple myeloma on the day of the clinic discharge

and on the 29th day after discharge;

*—too little data to perform the analysis

https://doi.org/10.1371/journal.pone.0295308.t003
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The studied females and males were slightly older than females and males with MM studied

by Wichert et al. [8], but younger than females and males described by other authors [9–16].

Age of the patients described in case reports was highly diverse [15, 17–21].

No statistically significant differences between the studied females and males in the length

of time since the diagnosis until the first transplantation and in the length of time since the

diagnosis until the recent transplantation was most probably the effect of similar access to

treatment and the application of similar procedures.

No information was found in the literature whether the lack of statistically significant dif-

ferences between females and males in the length of time since the diagnosis until the first

transplantation and the length of time since the diagnosis until the recent transplantation

observed in the current study was also the case in the other populations of MM patients stud-

ied so far. Although Posch et al. [22] emphasised in the title of their article the gender-spe-

cific aspects in patients with MM, they presented a median length of time since the diagnosis

until the transplantation for all the studied patients, irrespective of gender. Also Htut et al.

[23], Chakraborty et al. [24], Sweiss et al. [25], Dhakal et al. [26], and Alegre et al. [27] pre-

sented the length of time since the diagnosis until the first transplantation irrespective of

gender.

The median length of time since the diagnosis until the first transplantation in the studied

female and male patients was high. Higher median length of time since the diagnosis until the

first transplantation, 27 months, was reported only by Chakraborty et al. [24] in a subgroup of

female and male patients classified as having received a delayed transplantation. In the sub-

group of patients who received early transplantation [24], this length of time was 6 months.

The median length of time since the diagnosis until the first transplantation was 7.5 months in

Austrian patients studied by Posch et al. [22], 8 months in a group of non-African American

patients and 10 months in a group of African American patients studied by Sweiss et al. [25],

and 12 months in American patients studied by Dhakal et al. [26]. In Spain, the median length

of time since the diagnosis until the first transplantation was 17 months in patients of both

genders [27], that is the same as in the studied females, but less than in the studied males. In

American patients who received second HSCT, the median length of time until the second

transplantation was 7 or 8 months depending on the type of the second transplantation [23].

It is worth mentioning that more and more often the vast majority of MM patients

receive the transplantation within one year. As many as 87% of patients described by Htut

et al. [23], and 91% of patients aged up to 50 years and 73.3% of patients older than 70 years

studied by Dhakal et al. [28] received the first transplantation within one year from the

diagnosis.

The higher percentage of the studied males than females who lived more than four years

after the first transplantation is in line with the results obtained by Posch et al. [22] which

showed higher percentage of males, 71.8%, than females, 65.3%, who lived four years after the

transplantation, however, it is noteworthy that the percentage of females was higher than in

the studied females, whereas the percentage of males was lower than in the studied males. It is

also interesting to note that Posch et al. [22] reported higher median progression-free survival

as well as higher median overall survival both from the diagnosis until death and from the

transplantation until death in males compared to females.

The Haematology and Bone Marrow Transplantation Department of the Clinical Hospital

of the Poznan University of Medical Sciences is the only medical centre of this kind in the

Wielkopolskie region, therefore the majority of the studied patients lived in that part of

Poland.
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The immune reconstitution

In the current literature five articles were found in which the changes of immunological

parameters in female and male patients with MM after autologous HSCT were analysed [8,

29–32] and only one after allogeneic transplantation [26]. The authors investigated changes in

the immune system at various stages of the disease, including less parameters than in the cur-

rent study, and they presented the results for the whole studied population irrespective of gen-

der. None of the authors investigated the influence of gender on immunological parameters.

The timepoints at which immunological parameters were assessed in the current study, that

is on the day of the clinic discharge and on the 29th day after discharge, were the most similar

to those applied in the study by Wichert et al. [8]. The authors [8] analysed changes in leuko-

cyte count and in the percentages of lymphocytes, monocytes and eosinophils in total leuko-

cyte count in 6 females and 8 males after autologous HSCT on the 13th day, the 15-20th day

and more than six weeks after the transplantation. From among these three terms it is reason-

able to assume that the 15-20th day after the transplantation corresponds to the day of the

clinic discharge in the current study, whereas more than six weeks after the transplantation

corresponds to the 29th day after discharge. The patients studied by Wichert et al. [8] on the

15-20th day after the transplantation were characterised by lower leukocyte count, 3.4x109/l,

lower percentage of monocytes, 12.1%, and higher percentage of lymphocytes, 22.8%, than the

studied females and males on the day of the clinic discharge. The percentage of eosinophils,

0.13%, was lower than in the studied females but higher than in the studied males on the day

of the clinic discharge. More than six weeks after the transplantation the patients studied by

Wichert et al. [8] were characterised by higher percentage of lymphocytes, 39.5%, and lower

percentage of monocytes, 3.8%, and eosinophils, 4.16%, than the studied females and males on

the 29th day after discharge. Leukocyte count in the patients studied by Wichert et al. [8],

5.4x109/l, was the same as in the studied males but higher than in the studied females on the

29th day after discharge.

Most probably, the same modality of MM patients which is identical in both females and

males [33–35], caused no statistically significant influence of gender on any of the analysed

immunological parameters on the day of the clinic discharge. This might have resulted in

almost the same influence on the immune reconstitution reflected in the mean values of the

immunological parameters in the studied females and males. Moreover, one of the conditions

on which either a female or a male patient may be discharged from the clinic is neutrophil

count higher than 1.0x109/l [33] or preferably in the reference range, that is between 1.8 and

7.0x109/l [36]. Haemoglobin concentration should be higher than 10.0 g/dl and platelet count

should be higher than 25.0x109/l [33]. Both female and male patient should also tolerate food

and oral medications well, and should drink 2–3 litres of fluids a day. Their body temperature

should not be raised and they should not lose weight [33].

Statistically significant differences in 8 immunological parameters observed in the studied

females and in 6 immunological parameters observed in the studied males on the day of the

clinic discharge in comparison to the 29th day after discharge indicate similar but not the

same course of the immune reconstitution in patients of both genders during the 29 days after

the clinic discharge. During this period the main changes, observed both in females and males,

included statistically significant increase in: eosinophil, leukocyte and lymphocyte count, the

percentage of eosinophils and lymphocytes in total leukocyte count, and the percentage of

CD19(+) B lymphocytes in total lymphocyte count, together with a reduction in the percent-

ages of large peroxidase-negative leukocytes and monocytes in total leukocyte count. Addi-

tionally a reduction in the percentage of CD4(+) T lymphocytes in total lymphocyte count was

found only in females, whereas increase in IgG concentration was found only in males. The
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observed changes may result not only from genetic and hormonal differences between females

and males [37, 38], but also from the considerable differences in dietary intake of both females

and males during their stay at home compared to their stay in the hospital.

Conclusions

1. Statistically significant differences in 8 immunological parameters in the studied females

and in 6 immunological parameters in the studied males on the day of the clinic discharge

in comparison to the 29th day after discharge imply that gender may play a role in the

immune reconstitution.

2. The current study shows the need to revise up-to-date knowledge and practice referring to

the influence of gender on the immune response at various stages of MM treatment and the

need to analyse the parameters in females and males separately.

3. In order to explain the observed changes in the immune system according to gender, fur-

ther research should be carried out on a larger population. This would most probably make

it possible to find their clinical application.
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