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ABSTRACT

Background and Objectives. Autologous peripheral
stem cell transplantation (APSCT) is increasingly
used for various hematologic malignancies and sol-
id tumors. The objective of this study was to analyze
the immune reconstitution after APSCT and see if
there was any correlation with diagnosis, age, type
of high-dose therapy, CD34* selection of the auto-
graft and double vs single APSCT.

Design and Methods. Lymphocyte subset recovery
was studied in 46 consecutive patients with hema-
tologic malignancies and breast cancer, who under-
went APSCT. Eleven patients with multiple myeloma
received tandem autografts. Thirty-one patients
were given total body irradiation (TBI) as part of the
high-dose treatment. Eighteen patients received a
CD34" selected graft. The percentage and absolute
numbers of lymphocyte populations, T-cells (CD2*,
CD3"), B-cells (CD19%), NK cells (CD56* CD3- and
CD16*CD3") and T-cell subpopulations (CD4*, CD8",
CD4+*CD45RA*, CD4* CD45R0O*, CD4‘DR*, CD8*
CD45R0O*, CD8'DR*), were monitored with flow
cytometry during the first year after APSCT.

Results. The total B-cell (CD19*) and T-cell (CD3")
counts were reconstituted to normal levels 2-4
months after APSCT. All patients had a low CD4/CD8
ratio during the observation period, related to both
a low number of CD4" cells and elevated numbers of
CD8* cells. The low nhumber of CD4* cells was due to
a persistently low level of naive CD4*CD45RA* cells.
A high proportion of the CD8+ cells displayed a phe-
notype compatible with activated T-cells (CD8*DR*)
up to 10 months after autografting. The number of
NK cells (CD56*3- or CD16*3") reached normal val-
ues within one month post-transplant. No single vari-
able, such as diagnoses, age, TBI as part of the high-
dose treatment, tandem autografting or CD34*
selection of the graft, influenced the immune or
hematopoietic reconstitution and no correlation with
documented infectious complications was found.

Interpretation and Conclusions. Despite hetero-
geneity of diseases, age, initial treatment and high-
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dose regimens, lymphocyte subset analysis did not
reveal any differences in hematopoietic or immune
reconstitution. All patients had a low CD4*/CD8*
ratio during at least the first year post-transplant,
caused by a persistent increase of CD8* lympho-
cytes and a constant reduction of CD4* lymphocytes,
making the patients susceptible to infections for a
prolonged period of time post-transplant.
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hematopoietic stem cell transplantation

(HSCT) is increasingly used for various hema-
tologic malignancies and solid tumors. Studies con-
cerning the reconstitution of lymphocyte subsets
have reported similar composition after allogeneic
and autologous bone marrow /peripheral blood
progenitor cell transplantation although many
authors have observed differences in regard to recon-
stitution time-¢ and lymphocyte function in favor of
peripheral progenitor cell transplantation.” The B-
cell recovery seems to parallel ontogeny in patients
without chronic graft-versus-host disease as evi-
denced by the pattern of quantitative recovery of cir-
culating B-cells, the increased B-cell size and the con-
stellation of surface antigens on B-cells.8 However, to
date, it is not completely understood along which
pathway the T-cells regenerate. In the present study
we analyzed immune reconstitution in 46 patients
after APSCT in relation to diagnosis, age, type of
high-dose therapy, CD34* selection of the autograft
and double vs single APSCT. We also related the
recovery of lymphocyte subsets to incidence and type
of infectious complications.

I Iigh—dose chemoradiotherapy followed by

Design and Methods

Patients and treatment

Immune reconstitution was studied in 46 consec-
utive patients who lived within Stockholm county and
were referred for APSCT. The monitoring started after
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Table 1. Patient characteristics according to diagnosis.

AML AL MM NHL  HD BC
(n=10) (n=3) (n=15) (n=11) (n=2) (n=5)

Age (yrs)
median 49 46 55 51 26 51
range (30-60) (43-52) (36-60) (38-62) (22-30) (43-59)
TBI (%) 8(80)3 (100) 14 (94) 8(73) 0 O

)
Tandem autograft (%) 0 0 11 (73) 0 0 0
Purified autograft (%) 0 0 10(7) 7(63) 1(0 0

Number of reinfused CD34* cells
(x10%/kg body wt) 5.4 8.7 3.8 3.9 5.8 6

AML: acute myeloid leukemia; ALL: acute lymphoblastic leukemia; MM:
multiple myeloma; NHL: non-Hodgkin's lymphoma; HD: Hodgkin's disease;
BC = breast cancer.

the white blood cell (WBC) count reached 1x109/L
post-transplantation. The patients’ characteristics are
shown in Table 1. Twenty-five females and 21 males,
with a median age of 53 (range 22-62) years were
included in this study. Diagnoses were non-Hodgkin’s
lymphoma (NHL) (n=11), Hodgkin’s disease (HD)
(n=2), multiple myeloma (MM) (n=15), acute
myeloid leukemia (AML) (n=10), acute lymphoblas-
tic leukemia (ALL) (n=3), and breast cancer (BC)
(n=5). The patients with AML received APSCT in first
complete remission (CR) and the majority (n=9) were
treated according to the ICE protocol.® All patients
with lymphoma received APSCT in second or third CR
or partial remission (PR), except 2 patients with T-
cell ymphoma who received high dose treatment in
first CR. Four patients (3 NHL and 1 HD) received
BEAM chemotherapy.® Etoposide and cyclophos-
phamide in combination with either total body irra-
diation (TBI) or busulfan as myelosuppression for
APSCT was given to 17 (8 NHL, 1 HD , 3ALL, 1 AML
and 4 MM) and 3 (3 AML) patients respectively.11.12
Eleven patients with MM received double APSCT.13
Altogether 31 patients were given TBI as part of the
high-dose treatment. Eighteen patients (10 MM, 7
NHL and 1 HD) received a CD34+ selected graft and
28 patients received an unmanipulated graft, with a
mean dose of CD34* cells at ABSCT of 3.4x108/kg
and 5.8x10¢/kg respectively. Positive selection was
performed with the Ceprate® SC biotin-avidin
immunoadsorption method (CellPro Europe) achiev-
ing a mean purity of the CD34* selected fraction of
79£12% and a mean number of CD3* cells of
0.25x10%/kg. Granulocyte colony-stimulating factor
(G-CSF) was given to 36 patients after autografting.

All patients were in complete remission or had sta-
ble disease when included in this study. Nine patients
relapsed or progressed during the observation period
(3ALL, 2 AML, 3 NHL and 1BC) and were at that time
point excluded from further immunologic monitoring.

Analysis of surface markers by flow cytometry
The analysis of lymphocyte subsets was performed
prior to high-dose therapy, post-transplantation
when the WBC count exceeded 1x10%/L and approx-
imately on days 30, 60, 90 and every third month

thereafter up to twelve months. Twenty-four patients
were followed for 1 year and the median time of mon-
itoring for all patients was 268 days (range: 90-365).
Patients who received tandem APSCT were only fol-
lowed after the second autografting. A venous blood
sample was collected into EDTA and analyzed for
surface markers within 24 hrs. WBC counts were
determined using an automated cell counter (Coul-
ter MD I, Coulter Corp., Hialeah, FL, USA). Leuko-
cytes were analyzed for surface markers by direct
addition of labeled monoclonal antibodies (Mabs)
to 50-100 uL blood containing < 1x108 WBC. After
30 min incubation at +4°C with Mabs, RBC were
lysed and fixed by Coulter Q-prep (Coulter Corp.)
and analysis by multiparameter flow cytometry using
a Coulter Epics Elite (Coulter Corp.) was performed.
The total leukocyte population was analyzed, with
gating for lymphocytes, monocytes and granulocytes
according to their forward - (FS) and side scatter
(SSC) properties and reactivity with anti CD14 and
anti CD45 (Mo2 RD and KC56 FITC, respectively,
from Coulter Corp.). The absolute number of lym-
phocytes was determined by multiplying the per-
centage of lymphocytes (CD14-/CD45+) by the total
WBC count. For lymphocyte subsets the following
Mabs labeled with FITC or phycoerythrin (RD) were
used; anti-CD3 (clone UCHT1) anti CD4 (T4), anti
CD8 (T8), anti CD2 (T11), anti CD19 (B4), anti
CD56 (NKH1), anti CD45RA ( 2H4), anti HLA-DR
(13) all from Coulter Corp., anti CD45R0O (UCHL1)
were purchased from DAKO (Dakopatts) and anti
CD16 (Leullc) from Becton Dickinson.

The absolute number of cells in any given lympho-
cyte population was calculated by multiplying the
percentage of positive cells in the lymphocyte gate by
the absolute number of lymphocytes.

Reference values (10th -90th percentiles) given in
the figures are derived from the analysis of 20-80
healthy adults.

Infections

Infectious complications from day 30 to 12
months post-transplant were registered from the
medical records and the patients were classified
according to the following variables: clinical signs of
upper respiratory tract infection; clinical signs of low-
er respiratory tract infection with positive pulmonary
X-ray; clinical signs of septicemia with fever and C-
reactive protein elevation, positive culture results; her-
pes simplex virus (HSV) and varicella-zoster virus
(VzV) infections and clinical signs of CMV infection
with positive polymerase chain reaction (PCR), indi-
cating CMV reactivation or infection. Patients under-
going tandem autografting received trimethoprim-
sulfa for 3 months after the treatment as prophylax-
is against Pneumocystis carinii infection.

Statistical analysis

The clinical and laboratory data were analyzed
according to standard statistical methods using an
Excel computer program. Comparisons of groups
regarding infectious complications were performed
by the chi squared test. Linear regression curves were
established for all the patients in the study to analyze
the recovery of each lymphocyte subpopulation. The
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Table 2. Hematopoietic recovery in relation to purification
of the autograft vs not.

Purified graft Not purified graft p
(n=18) (n=28)
Diagnosis 10 MM 13AL
7 NHL 1HD
1HD 5MM
4 NHL
5BC
TBI (%) 14 (78) 19 (68)
Tandem autograft (%) 10 (55) 1(3)
PMN < 0.5x109/L, days, median 10 (7-12) 12 (5-27) NS
PMN < 1.0x109/L, days, median 13 (8-12) 13 (5-30) NS
Platelets <20x10%/L, days, median 13 (2-33) 15 (1-60) NS

Platelets <50x10%/L, days, median 23 (9-110) 62 (10-365) NS

difference in recovery of total lymphocyte count, total
T-cells and subsets, NK-cells and B-cells between
groups was assessed by comparing the mean regres-
sion for each group with the ANOVA one-factor test.
A standard significance level of p<0.05 was chosen.

Results

Hematopoietic reconstitution

All patients but two had complete, trilineage
hematopoietic recovery after 2 months.

The median time to neutrophil recovery
>0.5x10%L was 10 days (n=46, range 5-27), platelet
count > 20x109/L 11 days (range 1-30) and platelet
count > 50x10%L 16 days (range 9-365).

CD34+selection of the autograft did not influence
the time to hematopoietic recovery (Table 2). There
was no significant difference in hematopoietic recov-
ery related to diagnosis, type of high-dose therapy or
tandem vs single autograft (data not shown).

The patients with MM who received TBI, tandem
autografts and CD34+* selected grafts showed a sim-
ilar pattern in hematopoietic reconstitution as other
patients, with a median time to neutrophil count
> 0.5x10%/L of 10 days (range 5-13) and platelet
count >20x109°/L of 11 days (range 2-60).

Primary graft failure was observed in two patients
with AML. In one patient a second autograft was per-
formed 200 days post-transplantation.

Immune reconstitution

All patients had B-cell (CD19*) counts below nor-
mal levels during the first 2-3 months. The T-cell
(CD3*) count reached normal levels within 2 months
after high-dose therapy. However, all patients had a
low CD4/CDS8 ratio during the 12 months of obser-
vation. This was related to both a relative decrease in
CD4+ cells and an increase in CD8* cells. A large pro-
portion, up to 80%, of the CD8* cells expressed HLA
DR, a phenotype associated with activated T-cells.
By 12 months post-transplant the CD8* cell count
tended to decrease to normal adult values. The low
number of CD4+ T-cells was due to a persistently low
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level of immature naive CD4*CD45RA" cells during
the observation period. NK-cell counts (CD56*CD3-
or CD16*CD3") reached normal values within one
month after APSCT. Two patients with MM had T-
helper cells (CD4*) that were double positive for
CD45R0O and CD45RA, whereas all other patients
had no overlap between the CD4+ CD45RA and
CD45RO0O populations.

The lymphocyte reconstitution was analyzed in
relation to diagnosis, age, type of high-dose treat-
ment and CD34+* selection of the graft. No difference
in immune reconstitution was found in relation to
diagnoses (Figure 1). Although the majority of the
MM patients received TBI as part of the high-dose
treatment, tandem autografting and CD34 selected
grafts, the pattern of immune reconstitution did not
differ from that of the other patient groups. The MM
patients showed a trend towards a slower B-cell
reconstitution and a higher number of CD8*DR* cells
compared to the remaining patients but these differ-
ences did not reach statistical significance. Age did
not have any impact on the recovery of lymphocyte
subsets (data not shown). Eighteen patients (10
MM, 7 NHL, 1 HD) received a CD34"* selected graft
and 28 patients (10 AML, 3 ALL, 1 HD, 5 MM, 4
NHL, 5 BC) received unmanipulated grafts. The
mean number of CD34* cells at APSCT was
3.4x108/kg in the selected group and 5.8x10%/kg in
the non-selected group. The reconstitution pattern of
lymphocytes after APSCT did not differ between these
two groups (Figure 2). The influence of TBI on
immune reconstitution was analyzed in 26 patients
who received non-selected and single autografts. In this
group 17 patients (8 AML, 3 ALL, 3 MM, 3 NHL)
received TBl and 9 (2 AML, 1 HD, 1 MM, 5 BC) only
chemotherapy. There was no difference in lympho-
cyte regeneration between these two groups (data
not shown).

Infectious complications

Of the 15 MM patients, 14 received TBI, 10 puri-
fied grafts and 11 double APSCT. These patients
showed a tendency, although not statistically signif-

Table 3. Infectious complications in relation to diagnosis.

AL MM Lymphoma BC
(n=13) (n=15) (n=13) (n=5) p

Number of patients infected (%) 4(31) 9(60) 3(31) 2(40) 0.383

Herpes zoster (%) 3(23) 4331 1(8 0 NS
Generalized varicella-zoster (%) 0 167 0 0 NS
CMV (%) 0 0 0 0 NS

Upper resp. tract infection (%) 3(23) 5(33) 1(8) 1(20) 0.257

Bacteremia (%) 0 213 O 1(20) NS
Pneumonia (%) 0 4(27) 1(8) 0 NS
Urinary tract infection (%) 0 167 O 0 NS
Other bact. infection (%) 0 2(13) o0 0 NS

The p value describes the heterogeneity between the groups
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icant, to develop more infectious complications dur-
ing the first year post-transplantation compared to
the other patients, not taking into account the 30
days immediately after high-dose treatment. Nine of
the 15 patients with MM developed infections during
the observation period. Herpes virus infections, res-
piratory tract infections and bacteremia were more
frequent in this group of patients (Table 3). The risk
of infectious complications was not predicted by the
immune reconstitution (Figure 3). No deaths caused
by infectious complication were observed during the
first year post-transplantation.

Discussion

This study describes hematopoietic and immune
reconstitution during 12 months following APSCT in
46 patients. The patients form a heterogeneous
group with regards to diagnoses, extent of previous
treatment and type of high-dose regimen. Despite
this variability, hematopoietic recovery was remark-
ably uniform and did not correlate with the underly-

Figure 1. Reconstitution of lymphocyte sub-
types in relation to diagnoses. ¢ = multiple
myeloma; m=non-Hodgkin’s lymphoma, v =
acute leukemia, O breast cancer.
[(ITTTTlindicates upper (90 percentile) and
lower (10t percentile) level of normal val-
ues. The figures show mean values.

ing disease, TBI as part of the high-dose regimen, sin-
gle vs double APSCT or CD34+* selection of the graft.
It has been shown that the time to neutrophil and
platelet recovery is inversely related to the number of
reinfused CD34* cells'**5 with a threshold number of
2.5x106 CD34* cells/kg.1¢ All patients in this study
were autografted with more than 2.5x108/kg CD34*
cells, except three who received between 1.5 and
2x108/kg CD34+ cells and they did not differ, with
regard to hematopoietic and immune reconstitution,
from the remaining patients.

The total number of B-cells reached the normal
range approximately 2 months post-transplantation
in all patients, irrespective of diagnosis, age or high-
dose regimen (Figure 1). In studies of B-cell develop-
ment after HSCT, the B-cell reconstitution seems to
parallel ontogeny and derive from the stem cells
rather than from grafted mature B-cells.8 This is com-
patible with our results in APSCT, in which intensifi-
cation of the high-dose treatment and CD34* selec-
tion of the graft did not influence the B-cell recovery.
Other investigators have shown that serum Ig levels

Haematologica vol. 85(8):August 2000
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remain low during the first 3 months after allogene-
ic bone marrow transplantation and that proliferative
responses to T-cell independent antigen are blunted,
probably due to inadequate B-cell function.1”.18

NK-cells were observed among the first cells to
recover, reaching normal levels within one month
post-APSCT which is in line with other reports.® The
activity of NK cells also returns to normal shortly fol-
lowing transplantation, which may be relevant for
anti-tumor immune responses post-transplanta-
tion.1® The maturation of NK-cells is not dependent
on residual thymus tissue and this may account for
the rapid recovery.

Both CD4+* and CD8*lymphocyte populations com-
prise functionally distinct subsets, based on the expres-
sion of different isoforms of the CD45 antigen. At
birth most T-cells express CD45RA which are consid-
ered to be immature and naive. T-cells may convert to
CD45RO* after stimulation and become mature cells
of the memory type. Previous reports show that the
regenerating CD4+ T-cells after HSCT in adult life are
mainly CD45RO* as the generation of CD4+CD45RA*

Haematologica vol. 85(8):August 2000

Figure 2. Reconstitution of lymphocyte sub-
types in relation to CD34 selection of the
autograft vs. not. 0O = purified graft;
e = not purified graft. (ITTITindicates upper
(90t percentile) and lower (10™ percentile)
level of normal values. The figures show
mean values.

T-lymphocytes is thymus-dependent.362021.22 |n this
series of patients CD45R0O was consistently expressed
on essentially all CD4* T-lymphocytes during the first
year post-transplant. The CD8* T-lymphocytes, how-
ever, appear to regenerate by a thymus-independent
pathway,? explaining the rapid CD8* cell reconstitu-
tion and absolute number exceeding the normal val-
ues for the first 8 months post-transplant. A large pro-
portion of the CD8* cells, up to 80%, expressed HLA-
DR, a phenotype associated with activated T-cells (Fig-
ure 1). This was observed in all patients, post-APSCT,
regardless of diagnosis or type of high-dose regimen.
Interestingly, the MM patients showed a similar pat-
tern of immune reconstitution to that of the other
groups of patients. However, there was a trend to
more infectious complications during the first year
post-transplant in this group of patients. It is possible
that functional analysis of the lymphocyte subpopu-
lations might have detected some differences in the
immunologic recovery.

A potential objective of stem cell selection in the
autologous transplant setting is to deplete the graft of
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non-CD34* tumor cells, perhaps limiting the risk of
post-transplant relapse. However, it has been postu-
lated that purification of the autograft delays immune
reconstitution, which might result in higher infectious
morbidity and relapse rate post-transplantation,
potentially neutralizing the beneficial effects of stem
cell selection.?+25 In this study there was no correlation
between purification of the autograft and delayed
immune reconstitution or increased risk of infectious
complications post-transplantation. These results
and the observation that the CD4+*/CD8* ratio is nor-
mal in the graft,2® indicate that persisting mature T-
cells in the graft have a minor impact on T-cell regen-
eration. It might be expected that intensification of
the high-dose treatment with TBI and/or tandem
autografting would delay the T-cell recovery post-
transplantation. However, in this study, TBI and/or
tandem autografting did not influence immune
reconstitution. In the light of the above observations,
we suggest that progenitors in the graft account for
the post-transplant T-cell reconstitution along a non-
thymic dependant pathway, resulting in an inverted
CD4+/CD8 ratio and low numbers of CD4* CD45RA*
cells for at least one year following APSCT.

In conclusion, despite the heterogeneity of dis-
eases, age, initial treatment and high-dose regimens,
lymphocyte subset analysis did not reveal any differ-
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Figure 3. Reconstitution of lymphocyte subtypes
in MM patients in relation to infection episodes
vs. no infection during the first year after APSCT
excluding the neutropenic period.

& = infection; 0= no infection. (ITTTindicates
upper (90t percentile) and lower (10t percentile)
level of normal values. The figures show mean val-
ues.

ences in hematopoietic or immune reconstitution. As
in previous studies low CD4+/CD8* ratios were
observed during at least the first year post-transplant.
This is caused by a persistent increase of CD8* lym-
phocytes and a constant reduction of CD4* lympho-
cytes. The slow reconstitution of certain lymphocyte
subsets following intensive treatment makes the
patients susceptible to infections, in particular viral
infections, for a prolonged period of time and might
affect the course of the underlying disease.
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Potential implications for clinical practice

¢

Patients receiving tandem autaografting and TBI
could be prone to more severe infectious com-
plications post-transplant. Low CD4/CD8 ratios
were observed during at least the first year post-
transplant. This slow reconstitution of certain
lymphocyte subsets following intensive treat-
ment makes the patients susceptible to infec-
tion, in particular viral infections, for a pro-
longed period of time and might affect the
course of the underlying disease. These obser-
vations may have important implications for
approaches considering vaccine strategies post-
transplant as well as strategies for immunother-
apeutic models.
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