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ABSTRACT

Immune reconstitution was analyzed in 140 consecutive
patients who were 2-year disease-free and who underwent
myeloablative allogeneic transplantation. A CD4 and CD8
defect was observed involving naive, terminally differentiat-
ed, memory and competent cells and above limits values for
activated subsets. Natural killer cells normalize at six
months while we observed expansion of CD19/CD5* B
cells after three months and a persisting defect of memory B
cells. Chronic graft-versus-host disease did not influence sig-
nificantly those parameters for CD8 subsets while the naive
and competent CD4 subsets were strongly affected. But the
most profound impact of chronic graft-versus-host disease
was on B-cell subsets, especially on the memory B popula-
tion. The cumulative incidence of late severe infections was
low (14% at four years). Using Cox’s models, only low B-

cell counts at 12 (P=0.02) and 24 (P=0.001) months were
associated with the hazard of developing late infection, in
particular if patients did not develop chronic graft-versus-
host disease.
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Introduction

Immune reconstitution has emerged as a general concern in
hematopoietic stem cell transplantation. After resolution of
peri-transplantation neutropenia infections ranged from 40%
to nearly 80%." In contrast to the relatively early recovery of
innate immunity, all, but especially adult, recipients of an
allogeneic hematopoietic stem cell transplantation experience
post-transplant deficiencies in B- and T-cell reconstitution.
This delay in function recovery may persist for more than one
year."* Although the T-cell component of the immune defect
has been relatively well defined, the long-term B-cell compo-
nent is less well known. The majority of current studies focus
on immune parameters measured sequentially to one year
post-transplant.* > We previously reported a study aimed at
evaluating the long-term immune reconstitution after allo-
geneic hematopoietic stem cell transplantation using standard
immune parameters (CD3, CD4, CD8 and NK cells)."”
However, since the early 2000s, significant progress has been
made in molecular HLA-typing and in the treatment of viral
and fungal infections. Furthermore, advances in basic
immunology have made the definition of phenotypes more
complex with the introduction of naive and memory sub-
types. This new study considers these clinical and biological
advances in a reassessment of long-term immune deficiency
after allogeneic hematopoietic stem cell transplantation.

Design and Methods

One hundred and forty consecutive patients are included in this
study. All underwent transplantation at the Hospital Saint Louis, Paris
between 1995 and 2005. The selection criterion was being alive, with-
out relapse, for more than two years after a myeloablative condition-
ing with available sequential routine immune-reconstitution analyses.
This is thus a highly selected population of patients who did not die
during the first two years of either graft-versus-host disease and/or of
infections. Patients who received cord blood cell transplantation were
excluded. Median follow-up was 48 months. Median age was 27
years at transplant with 39 children and 101 adults. Patients-, disease-
and transplant-characteristics of the patients are summarized in Table
1. Our policy concerning microbial prophylaxis has been previously
reported in detail,'’ and is summarized in the Online Supplementary
Appendix.

The study was performed in accordance with the Helsinki declara-
tion as part of routine immunological follow-up, after approval by the
institutional review board of the Hospital St Louis.

T CD3, CD4 and CD8, B and NK lymphocytes were enumerated in
fresh whole blood EDTA samples by direct 3 or 4-color immunofluo-
rescence with a Facscalibur analyser (Becton Dickinson, San José,
California, USA) as previously described.'® Percentages and absolute
counts were determined. 104 lymphocytes were gated and competent
(CD28+), naive (CD45RA"CD62L"), memory (CD45RO) CD4 and
CD8T cells, CD5'CD19*, naive (CD27") and memory (CD27*) CD19*
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B cells were analyzed. Isotypic controls were performed simulta-
neously. Antibodies used were CD45-PerCP or -FITC, CD14-PE,
CD3-FITC or -PerCP, CD4- APC, CD8-PerCP or —PE, CD28-PE,
CD45RO-PE, CD16+56-PE, CD19-FITC, from Becton Dickinson,
CD45RA-APC, CD27 PE (from Pharmingen, San Diego, CA,
USA); CD5-PE-Cy5 (Immunotech Coulter Beckman, Fullerton,
CA, USA). Lymphocyte subset populations for each patient were
quantified three, six, 12, and 24 months after transplant.

The main clinical outcome post transplant studied was severe
late infection. Definition of severe infections was as previously

Table 1.
Number (%)
Male sex 73 (52.1)
Donor/recipient gender
Male/Male 47 (33.6)
Male/Female 32 (22.9)
Female/Male 26 (18.6)
Female/Female 35 (25)
Source
Bone marrow 113 (80.7)
PBSC 25 (17.9)
Bone marrow+ PBSC 2 (14)
Diagnoses
Acute myeloblastic leukemia 31 (22.1)
Acute lymphoblastic leukemia 26 (18.1)
Chronic myelogenous leukemia 22 (15.7)
Aplastic anemia 30 (21.4)
Myelodysplastic syndrome 11 (7.9)
Myeloproliferative syndrome 2(14)
Non-Hodgkin’s lymphoma 4(2.9)
Hodgkin’s disease 8(5.7)
Multiple myeloma 3(2.1)
Chronic lymphocytic leukemia 1(0.7)
Hemoglobinopathy 2 (1.4)
Donor Type
Matched sibling 92 (65.7)
Mismatched related 4(2.9)
Unrelated 44 (314)
Donor/recipient cytomegalovirus serological status
Positive/positive 36 (25.7)
Positive/negative 16 (11.4)
Negative/positive 36 (25.7)
Negative/negative 52 (37.1)
Conditioning regimen
Cyclophosphamide-TBI (with or without other drugs) 42 (30)
Cyclophosphamide-ATG 16 (12)
Busulfan-cyclophosphamide (with or without other drugs) 60 (43)
Other 22 (15)
Graft-versus-host disease prophylaxis
Methotrexate/cyclosporine 118 (84)
Cyclosporine alone 9 (6.4)
Cyclosporine + other 12 (8.6)
Acute graft-versus-host disease
No 37 (264)
Grade | 32 (22.9)
Grade II 61 (43.6)
Grade I11 8 (5.7)
Grade IV 2(14)
Chronic graft-versus-host disease
No 71 (50.7)
Limited 28 (20)
Extensive 41 (29.3)
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described” and is summarized in the Online Supplementary
Appendix.

Univariate and multivariate statistical methods were used to
analyze the process of reconstitution of lymphocyte subsets
according to clinical parameters in the post-transplant period. A
logarithmic transformation was performed to normalize quantita-
tive data. Non-parametric and parametric tests were used where
appropriate. To compare lymphocyte subset populations accord-
ing to clinical parameters, Kruskal-Wallis test was used for crude
data and ANOVA for transformed data. Due to multiple compar-
isons and low numbers in some subsets only P values under 0.01
were deemed significant. Differences for categorical variables
between 2 groups were evaluated by ¢* (with Yates correction if
needed) or Fisher’s test. Cumulative incidence using competing
risk method was used to assess prognostic factors of severe late
infections with death or relapse as a competing event. Cox’s pro-
portional hazard model was used in multivariate analyses of risk
factors for late infections. A stepwise backward procedure was
used to construct a set of independent predictors of each end
point. All predictors achieving a P value below 0.15 were consid-
ered and sequentially removed if the P value in the multiple model
was above 0.05. The proportional hazard assumption was
checked by graphical method. Chronic graft-versus-host disease
was always introduced in the models as a time dependant vari-
able. Other variables were age, donor related or not, total body
irradiation, malignant disease and source of cells. All tests were
two-sided, with type I error rate fixed at 0.01 except for Cox’s
analysis (P=0.05). Statistical analyses were performed with SPSS
15 and Stata® 10 software. The R package: “cmprsk” developed by
Fine and Gray was used to evaluate competing risks.

Results and discussion

Long-term analyses of lymphocyte subset
reconstitution

Patients had long-lasting lymphopenia. T lymphocytes
(CD3") normalized only by 24 months overall with an ear-
lier recovery of CD8" than CD4" T cells. In contrast,
patients exhibited an early natural killer cell recovery and
an early expansion of the CD19*CD5" subset within
CD19" B cells (Online Supplementary Figure S1). The analy-
sis of CD4 and CD8 subsets revealed a yet poorly
described pattern of recovery in the long-term. Naive, ter-
minally differentiated and memory CD8 cells did not nor-
malize till 24 months post-transplantation (Figure 1). In
contrast, HLA-DR" activated CD8" T cells expanded early
after transplant with values above our normal range from
three months till two years post transplantation (Figure 1).
Similarly naive, terminally differentiated and memory
CD4 T cells did not normalize till 24 months post-trans-
plantation (Figure 1) while activated CD4* HLADR" T cells
normalized by nine months and remained above normal
value till 24 months. Finally, naive B cells (CD19* CD27")
were within the normal range by six months and then
above normal value till 24 months, while memory B cells
remained under normal range during the follow-up time
(Figure 1).

Our prospective series involved patients who were alive
and disease free more than two years after transplantation
using myeloablative conditioning. Patients who under-
went transplantation after a reduced-intensity condition-
ing regimen or who were grafted with cord blood were
excluded because both situations display different and
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specific immune reconstitution timing. Of note, patients
with the worst immune reconstitution post transplant
have thus been virtually excluded from this study because
of potential death from early infection/graft-versus-host
disease or later disease relapse/progression. Furthermore,
it’s impossible to know if late infections or anti-microbial
prophylaxes, chronic graft-versus-host disease or its treat-
ment by immunosuppressive therapy could influence (and
if so to what extent) some of the biological parameters we
measured because these parameters are confounding fac-
tors. Other authors have reported that CD8 T cells early
post transplant consist largely of memory/effector cells
with slow recovery of naive CD8 cells.””* The expansion
of the CD8'DR" subset is rather suggestive of activated
CD8 cells primed toward allogeneic and infectious anti-
gen. Other authors have reported that early CD4 regener-
ation is associated with expression of CD45RO, and HLA-
DR and less frequent expression of CD28, CD45RA."
However, although classically recovering by one year, our
results do show that, with the exception of activated DR+
cells, other subsets remain profoundly affected even two
years post transplant. We especially focused our analysis
on B-cell reconstitution in this cohort of patients. Storek

Late immune deficiency after allogeneic transplantation -

and co-workers have previously reported data suggesting
that recapitulation of normal lymphoid ontogeny occurs
during reconstitution of B lymphocytes."""*" These
authors reported that a relatively rapid initial rise in naive
B cells is followed by a slow recovery of memory B cells.

Impact of graft-versus-host disease on long-term
reconstitution

In this selected population, acute graft-versus-host dis-
ease severity did not influence significantly T-lymphocyte
subsets (data not shown). However, total B cells were signif-
icantly lower at three (P=0.001) and six months (P=0.004)
in patients who previously developed grade II-IV acute
graft-versus-host disease. The same correlation between
acute graft-versus-host disease and CD19°CD5* (P=0.003
at three months), and naive B cells (P=0.02 and P=0.007 at
three and six months) was found. We then studied the
influence of the extensive form of chronic graft-versus-
host disease on the long-term immune recovery. A long-
lasting Iymphopenia (till 24 months) was observed in
patients who developed extensive chronic graft-versus-
host disease. CD4 and CD8 T cells were affected by
chronic graft-versus-host disease. This was particularly
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Figure 1. Reconstitution of T- and B-cell subsets after Allogeneic Stem Cell Transplantation (ASCT) assessed by flow cytometry in long-term
survivors. Median values (£SD) of T- and B-cell subsets (naive CD45RA'CD4* lymphocytes, upper left panel; naive CD45RA'CD8* lympho-
cytes, upper middle panel, naive CD19*CD27- lymphocytes, upper right panel; memory CD45R0"CD4* lymphocytes, middle left panel; mem-
ory CD45R0*CD8" lymphocytes, middle panel, memory CD19*CD27* lymphocytes, middle right panel; activated HLADR*CD4* lymphocytes,
lower left panel; activated HLADR*CD8* lymphocytes, lower right panel) are represented at the indicated time (months) following ASCT in
the overall population. The y-axis show cell count/mm?. Normal values (healthy controls) are represented by a line in each panel.
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true for memory and competent CD8 cells. The CD4 T-
cell subsets were most affected, with significant decrease
of naive and competent CD4" cells at 12 and 24 months
(data not shown). But the biggest impact of extensive chron-
ic graft-versus-host disease was found on B cells and B-cell
subsets (Figure 2). CD 19* and CD197/CD5" B cells were
significantly decreased at six (P=0.001), 12 (P=0.005) and
24 months (P=0.02); memory B-cell counts were
decreased at 12 (P=0.005) and 24 months (P=0.003) (Figure
2) while naive B cells remained lower till 12 months
(P=0.003).

The magnitude of the impact of chronic graft-versus-
host disease on B-cell subset recovery has not yet been
well described. Impact on both naive CD4 and B-cell sub-
sets could explain defaults in T-B cooperation and conse-
quently in B-cell switch, maturation and Ig production.
Recently, Greinix and co-workers™ have reported elevated
numbers of immature/transitional CD19*/CD21" B cells in
association with the occurrence of severe infections. The
numbers of memory B cells were significantly lower in
patients with active chronic graft-versus-host disease.
Such a subset (CD197/CD21" B cells) was not included in
our panel, but clearly warrants further confirmatory stud-
ies.

Impact of the immune biological defect on late
infections rate

Finally, we focused our attention on late infections (occur-
ring after three months post transplantation). Twenty-eight
infections were recorded among 22 patients from three
months to two years post transplantation. During the first
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Figure 2. Influence of chronic graft-versus-host disease (GvHD) on the
reconstitution of the B-cell compartment after Allogeneic Stem Cell
Transplantation (ASCT) assessed by flow cytometry in long-term sur-
vivors. Median values of B lymphocyte subsets (memory CD19*CD27
lymphocytes, upper left panel; naive CD27*CD19* lymphocytes, upper
right panel, CD19*CD5"*; lymphocytes, lower panel) are represented for
patients with GvHD (square) or without (diamond) at the indicated time
following ASCT in the overall population. The y-axis show cell
count/mm?. Significant P values are represented at the indicated time
(months) after ASCT.

year, 13 severe bacterial infections, 3 fungal infections and
3 cytomegalovirus-reactivation were recorded, while
between the first and the second year, only 4 severe bacte-
rial infections developed. The cumulative incidence of first
late infection was 14% at three years (Online Supplementary
Appendix Figure S2A). By univariate analysis, chronic graft-
versus-host disease and the source of cells marginally affect-
ed this cumulative incidence: 10 vs. 18% at 600 days in
patients without as compared to patients with chronic
graft-versus-host disease (P=0.06). Other tested factors
included the source of cell (11% with bone marrow vs. 22%
with peripheral blood; P=0.08). Age (older vs. younger than
25 years median age), donor type (sibling vs. others), and
total body irradiation did not significantly influence the
cumulative incidence of infections. None of these factors
remained significant by multivariate analyses.

The relation, if any, between any cell subsets at differ-
ent time points post transplant and their association with
late infections, were tested using Cox’s modeling to take
into account few infectious events and the large number
of analyzed cell subsets. In univariate analyses made at
three, six, 12 and 24 months, low natural killer cell count
at three and six months marginally accounted for
increased risk of infection (P=0.08 and P=0.01, respective-
ly). These results remained significant at six months
(P=0.01, HR=4.96, CI95%: 1.45-17.0) in multivariate
analyses, including age, source of cells and chronic graft-
versus-host disease as covariates. However, increased
infection was linked with the use of peripheral blood
grafts three months (P=0.01, HR=3.52, CI95%: 1.32-9.15)
12 months (P =0.05, HR=2.5, CI95%: 1.01-6.21) and 24
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months (P=0.03, HR= 2.97, CI95%: 1.1-8.0). None of the
CD4* or CD8" T-cell subsets was linked to increased risk
of infections. Only B-lymphocyte counts at 12 and 24
months were associated with late infections. These results
were found by univariate (P=0.02 and 0.001, respectively)
and multivariate (P =0.03, HR=0.41, C195%: 0.19-0.92 and
P=0.001, HR=0.20, CI95%: 0.08-0.54, respectively) analy-
ses including the same covariates. Interestingly, in these
models, source of cells was not significant. Of note, this
association with low B-cell counts and infection was
essentially found in patients who did not develop chronic
graft-versus-host disease (Online Supplementary Appendix
Figure S2B).

The spectrum of late infection (beyond a year) mainly
includes bacterial infections.” The B-cell defects we
describe, in addition to low gamma globulin levels in
patients with chronic graft-versus-host disease, both
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explain these long-term bacterial infections. As stated in
the methods section, IV-Ig prophylaxis is not our policy
since we previously reported in a double blinded random-
ized study their lack of efficacy.” However, Ig supplemen-
tation in patients with low Ig levels and recurrent infec-
tions was systematically given.
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