were entered into multivariable models and sequentially
eliminated in a stepwise backward manner. Potential
prognostic factors considered in the analysis were recipient
age, disease risk, hematopoietic cell transplantation-specific
comorbidity index,*® HLA disparity in the GVH direction
in HLA-A, -B, -C, -DRBI alleles, donor type (related or
unrelated), donor-recipient sex-match, conditioning regi-
men, SC source, GVHD prophylaxis, total number of
hemophagocytic cells in BM clot sections on day +14+7
and presence or absence of documented infections between
day +7 and day +21. ES, sinusoidal obstruction synd-
rome, intestinal transplant-associated microangiopathy
(intestinal TAM),?!? and posterior reversible encepha-
lopathy syndrome were categorized as endothelial compli-
cations, as they are caused by vascular endothelial
damage.*>?'">* P-values of less than 0.05 were considered
statistically significant.

Results

Patient characteristics

The median age of patients was 43 (range, 17-61) years.
Diagnoses included AML (n=24), ALL (n=13), CML
(n=2), myelodysplastic syndrome (n=11), malignant
lymphoma (n=9), T-cell prolymphocytic leukemia
(n=1), chronic active EB-virus infection (n=1), aplastic
anemia (n="7) and paroxysmal nocturnal hemoglobinuria
(n=2). Disease risk was standard in 40 patients and high in
30 patients. HLA was matched in the GVH direction in 47
patients, and matched in the host-vs-graft direction in 45
patients. Myeloablative conditioning regimens were used in
40 patients, and reduced-intensity conditioning regimens in
30. GVHD prophylaxis consisted of a combination of CYA
and short-term MTX (n=21) or that of tacrolimus and
short-term MTX (n=49). The median follow-up period of
survivors was 556 (range, 236—1272) days.

The median total number of hemophagocytic cells in
three fields was two (range, 0-30). The patients were
divided into two groups on the basis of nearly bimodal
distribution of total numbers of hemophagocytic cells
(Figure 2): HP group (total number of hemophagocytic
cells > =5, median 8, n=23) and non-HP group (total
number of hemophagocytic cells <5, median 1, n=47).
Patient characteristics are summarized in Table 1. There
were no significant differences between the HP and non-HP
groups.

Clinical and laboratory features
Clinical and laboratory features from day + 7 to day + 21
were compared between the HP and non-HP groups
(Table 2). Compared with the non-HP group, fever,
neurological symptoms, body weight gain, hypoxia, ele-
vated total bilirubin, elevated serum creatinine and elevated
C-reactive protein were more frequent in the HP group. In
contrast, there were no significant differences in the
incidence of skin rash and diarrhea between the two
groups.

Among the 23 patients in the HP group, 14 (61%)
developed infections between day + 7 and -+ 21. The causes
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of these infections were bacteria (n =9), adenovirus and BK
virus (n=1), CMV (n=1), human herpesvirus-6 (n=1),
aspergillus (n=1) and bacteria and aspergillus (n=1). Of
the 47 patients in the non-HP group, 8 (17%) developed
infections. The causes of these infections were bacteria
(n=35), adenovirus (n=2) and Preumocystis carinii (n=1).
The incidence of infections between day + 7 and + 21 was
significantly higher in the HP group (P<0.01).

Hematopoietic recovery

Five patients (22%) in the HP group had graft failure,
whereas one patient (2%) in the non-HP group had graft
failure (P=0.01). Of these six patients, four had primary
graft failure and two in the HP group had secondary graft
failure. The median time to ANC 500/uL was 18 (range,
12-32) days in the HP group and 15 (range, 11-23) days in
the non-HP group (P<0.01). Median time to platelet
50000/uL was 31 (range, 18-214) days and 24.5 (range, 11—
94) days, respectively (P=0.04), and the median time to
reticulocyte 1% was 24.5 (range, 17-38) days and 20 (range,
13-38) days, respectively (P <0.01).

We next analyzed hematopoietic recovery after excluding
22 patients who had concomitant infections because the
HP group included significantly more patients who had
concomitant infections, and infections are known to
interfere with effective and sustained reconstitution of
hematopoiesis.' One (11%) out of nine patients in the HP
group had graft failure, whereas one (3%) out of the 39
patients in the non-HP group had graft failure (P =0.34).
The HP group was associated with significantly slower
neutrophil, platelet and reticulocyte recovery than the non-
HP group (18 days vs 14.5 days, P<0.01 for neutrophil
recovery; 36 days vs 24 days, P=10.01 for platelet recovery;
24 days vs 19.5 days, P = 0.02 for reticulocyte recovery). To
eliminate the effect of PBSC use on hematopoietic recovery,
we carried out subgroup analysis that included only those
patients who received BMT. This subgroup analysis also
showed that the HP group was associated with worse
hematopoietic recovery than the non-HP group (data not
shown).

Engraftment syndrome and GVHD
Among those patients who engrafted, there was no
significant difference in the incidence of ES between the
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Table 1 Patient characteristics
Characteristics HP group  Non-HP group P-value
No. of patients 23 47
Median age, years (range) 49 (17-61) 41 (19-60) 0.33
Female, n (%)/male, n (%) 11 (48)/12 (52) 22 (47)/25 (53) 0.94
Donor/patient sex, # (%) 0.53
Femal/male 7 (30) 11 (23)
Others 16 (70) 36 (77)
Diagnosis, n (%) 0.25
Myeloid malignancy 12 (52) 25 (53)
Lymphoid malignancy 6 (26) 18 (38)
Benign hematologic disease 5(22) 409
Disease risk, n (%) 0.27
Standard 11 (48) 29 (62)
High 12 (52) 18 (38)
HCT-CL, n (%) >0.99
<3 21 (91) 41 (87)
>=3 2(9) 6 (13)
SC source, 1 (%) 0.35
BM 20 (87) 35 (74)
PB 3(13) 12 (26)
Cell dose* 0.79
> =median 13 (57) 25 (53)
<median 10 (43) 22 (47)
Donor type, n (%) 0.68
Related 11 (48) 20 (43)
Unrelated 12 (52) 27 (57)
HLA disparity in GVH 0.43
direction, n (%)
Match 14 (61) 33 (70)
Mismatch 9 (39) 14 (30)
HLA disparity in HVG - 0.68
direction, n (%)
Match 14 (61) 31 (66)
Mismatch 9 (39) 16 (34)
Conditioning regimen, 7 (%) 0.11
Myeloablative 10 (43) 30 (64)
Reduced-intensity 13 (57) 17 (36)
GVHD prophylaxis, # (%) 0.54
CsA +MTX 8 (35) 13 (28)
FK +MTX 15 (65) 34 (72)
ABO compatibility, n (%) 0.56
Match 11 (48) 26 (55)
Mismatch 12 (52) 21 (45)

Abbreviations: FK = tacrolimus; HCT-CI = hematopoietic cell transplan-
tation-specific comorbidity index; HVG =host versus graft.

“The median nucleated cell dose was 2.83 x 10%/kg (range, 1.21-5.03) in BM
recipients, and the median CD34+ cell dose was 3.50 x 10°/kg (range,
2.03-5.95) in PBSC recipients.

HP group and the non-HP group (20% in the HP group vs
20% in the non-HP group, P>0.99). In all, 10 patients
(43%) in the HP group and 22 patients (47%) in the non-
HP group developed aGVHD (P=0.79). Chronic GVHD
developed in four of nine evaluable patients (44%) in the
HP group, whereas it developed in 22 of 41 evaluable
patients (54%) in the non-HP group (P =0.72).
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0S8, non-relapse mortality and relapse
When patients were divided into quartiles according to the total
number of hemophagocytic cells, 20 patients were in the first
quartile (no hemophagocytic cells), 18 were in the second
quartile (1 to 2 hemophagocytic cells), 19 were in the third
quartile (3 to 7 hemophagocytic cells) and 13 were in the fourth
quartile (8 or more hemophagocytic cells). As the cut-off point
of 5 or more hemophagocytic cells was used to define the HP
group, the third quartile was further divided into two groups
(3 to 4 and 5 to 7 hemophagocytic cells). A 2-year cumulative
incidences of NRM for patients with 0 to 4 hemophagocytic cells
were 18-33%, whereas those for patients with 5 or more hemo-
phagocytic cells were as high as approximately 50% (Table 3).
OS rates for the HP group and non-HP group were 52
and 94% at day +100, and 30 and 65% at 2 years
(P<0.01), respectively (Figure 3). Cumulative incidences of
NRM for the HP group and non-HP group were 43 and
4% at day + 100, and 48 and 27% at 2 years (P<0.01),
respectively (Figure 4a). The cumulative incidences of
relapse for the HP group and non-HP group were 22 and
13% at 2 years (P =0.31), respectively (Figure 4b).
Results of univariate and multivariate analysis of factors
affecting post-transplantation outcomes are summarized in
Table 4. Multivariate analysis showed that the prognostic
factors for lower OS were HP group (hazard ratio (HR) =2.3;
95% confidence interval (CI), 1.0-5.4; P=0.048), high-risk
disease (HR = 3.8; 95% CI, 1.6-9.1; P<0.01), and presence of
infections (HR =3.2; 95% CI, 1.2-8.3; P=0.02). Similarly,
the prognostic factors for higher NRM were HP group
(HR =4.0; 95% CI, 1.6-9.9; P<0.01), and patient age
> = 50 years (HR =4.5; 95% CI, 1.7-12; P<0.01). Further-
more, HP group was associated with an increased NRM at
day + 100 on multivariate analysis (HR = 11; 95% CI, 2.4~
52; P<0.01). Multivariate analysis showed that the prog-
nostic factors for higher relapse rates were HP group
(HR =3.6; 95% CI, 1.1-12; P=0.04), and high-risk disease
(HR =4.9; 95% CI, 1.0-23; P=0.047).

Causes of death

Of 23 patients in the HP group, 16 died. Their causes of
death were relapse (n=135), graft failure (n=4), ES (n=1),
posterior reversible encephalopathy syndrome (n=1),
sinusoidal obstruction syndrome (n=1), intestinal
TAM?'?? (n=2), and infection (n=2). Of 47 patients in
the non-HP group, 14 died. Their causes of death were
relapse (n=175), interstitial pneumonia (n=23), infection
(n=2), cryptogenic organizing pneumonia (n=1), chronic
GVHD (n=1), intestinal TAM (n=1), and secondary
cancer (n=1). The incidence of death due to graft failure
was significantly higher in the HP group than in the non-
HP group (17 vs 0%, P<0.01), and that of death due to
endothelial complications (ie, ES, sinusoidal obstruction
syndrome, intestinal TAM, and posterior reversible en-
cephalopathy syndrome) was significantly higher in the HP
group than in the non-HP group (22 vs 2%, P=0.01).

Discussion

This study demonstrated that activation of macrophages in
the BM early in the post-transplant period was associated



Table 2 Features during day +7 to day +21
HP group  Non-HP group  P-

n=23 n=47 value
Fever (> =38.3 °C for 3 consecutive 15 (65) 15 (32) <0.01
days), n (%)
Skin rash, n (%) 3(13) 9 (19) 0.74
Diarrhea, 7 (%) 6 (26) 8(17) 0.37
Neurological symptoms, n (%) 3(13) 0 (0) 0.03
Body weight gain (> =5% of 16 (73) 14 (30) <0.01
baseline), n (%)"
Hypoxia (SpO2 < =95%), 1 (%) 9 (39) 6(13) 0.01
Total bilirubin > =2mg/dL, n (%) 17 (74) 511 <001
AST > = twice the UNL, # (%) 6 (26) 6 (13) 0.16
ALT > =twice the UNL, 1 (%) 12 (52) 22 (47) 0.67
LDH > = twice the UNL, 1 (%) 6 (26) 10 (21) 0.65
Creatinine > = twice the baseline, 7 (%) 5(22) 1(2) 0.01
CRP > =10mg/dL, n (%) 13 (57) 7 (15) <0.01
Infection, n (%) 14 (61) 8 (17) <0.01

Abbreviations: AST = aspartate aminotransferase; ALT = alanine amino-
transferase; CRP = C-reactive protein; LDH = lactate dehydrogenase.
“Diarrhea, which is grade 3 or 4 according to the National Cancer Institute
common toxicity criteria.

®Body weight of one patient in the HP group and one patient in the non-HP
group was not evaluable because of poor performance status.

Table 3 Non-relapse mortality and OS according to the total
number of hemophagocytic cells

Total no. of hemophagocytic cells 2-year NRM 2-year OS
0 (n=20) 18 68

1-2 (n=18) 30 64

34 (n=9) 33 67

5-7 (n=10) 50 20

> =8 (n=13) 46 38

Abbreviation: NRM = non-relapse mortality.

with impaired hematopoietic recovery, distinctive clinical
and laboratory features, higher NRM rates and lower OS
rates. The results of this study revealed that early
macrophage activation is an important complication, which
has a significant impact on outcomes of allo-HSCT.

In this study, 23 out of 70 patients (33%) were diagnosed
as having hemophagocytosis. This suggests that early
macrophage activation is a relatively common but un-
recognized complication. Even if none of the 26 patients
excluded from the analysis had hemophagocytosis, the
incidence of hemophagocytosis would be still as high as
24% (23/96).

Factors known to influence hematopoietic recovery after
allo-HSCT include intensity of conditioning, cell dose and
HLA compatibility.'* Although there were no significant
differences in these factors between the HP group and the
non-HP group, the incidence of graft failure was higher and
hematopoietic recovery was slower in the HP group than in
the non-HP group. The HP group was associated with
slower hematopoietic recovery than the non-HP group
when excluding from analysis those patients who had
concomitant infections, which are known to interfere
with reconstitution of hematopoiesis.'* Furthermore, among
those patients who received BM as a SC source, the HP
group had inferior hematopoietic recovery to the non-HP
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Figure 4 (a) Cumulative incidences of NRM were significantly higher in
the HP group than in the non-HP group (HP group: 43% at day + 100 and
48% at 2 years; non-HP group: 4% at day + 100 and 27% at 2 years;
P <0.01). (b) Cumulative incidences of relapse did not differ significantly
between the HP group and the non-HP group (HP group: 22% at 2 years;
non-HP group: 13% at 2 years; P=0.31).

group. Thus, the HP group is an independent factor
affecting hematopoietic recovery.

Analysis of clinical features demonstrated that fever,
neurological symptoms, weight gain, hypoxia, elevated
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Table 4 Factors affecting (a) overall mortality, (b) non-relapse mortality and (c) relapse
Variables Adverse factors Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
(a)
Hemophagocytosis HP group 3.9 (1.9-8.2) <0.01 2.3 (1.0-54) 0.048
Patients age > =50 years 24 (1.2-5.0) 0.02
Disease risk High 2.8 (1.3-5.8) <0.01 3.8 (1.6-9.1) <0.01
HCT-CI > =3 0.43 (0.10-1.8) 0.25
HLA disparity in GVH direction Mismatch 1.7 (0.80-3.4) 0.18
Donor type Related 1.9 (0.92-3.9) 0.08
Donor/patient sex Femal/male 2.1 (0.97-4.4) 0.06
Conditioning regimen RIC 2.2 (1.1-4.6) 0.03
SC source PB 1.8 (0.80-3.9) 0.16
GVHD prophylaxis FK + MTX 0.59 (0.28-1.2) 0.15
Infections during day +7+21 Yes 2.7 (1.3-5.6) <0.01 3.2 (1.2-8.3) 0.02
(b)
Hemophagocytosis HP group 4.1 (1.7-10) <0.01 4.0 (1.6-9.9) <0.01
Patients age > =50 years 4.6 (1.8-12) <0.01 4.5 (1.7-12) <0.01
Disease risk High 1.9 (0.80-4.7) 0.14
HCT-CI >=3 0.66 (0.15-2.9) 0.58
HLA disparity in GVH direction Mismatch 1.6 (0.64-3.8) 0.33
Donor type Related 1.8 (0.734.3) 0.21
Donor/patient sex Femal/male 2.4 (0.98-6.0) 0.06
Conditioning regimen RIC 3.0 (1.2-74) 0.02
SC source PB 1.4 (0.50-3.9) 0.52
GVHD prophylaxis FK+MTX 0.48 (0.20-1.2) 0.10
Infections during day +7 %21 Yes 4.0 (1.6-9.9) <0.01
©
Hemophagocytosis HP group 5.1 (1.5-17) <0.01 3.6 (1.1-12) 0.04
Patients age > =50 years 0.41 (0.09-1.9) 0.26
Disease risk High 6.2 (1.3-29) 0.02 4.9 (1.0-23) 0.047
HCT-CI >=3 UE 0.23*
HLA disparity in GVH direction Mismatch 1.8 (0.51-6.0) 0.37
Donor type Related 2.0 (0.62-6.7) 0.24
Donor/patient sex Femal/male 1.3 (0.33-4.7) 0.74
Conditioning regimen RIC 1.5 (0.45-4.8) 0.53
SC source PB 2.4 (0.69-8.1) 0.17
GVHD prophylaxis FK+MTX 1.3 (0.34-4.9) 0.70
Infections during day +7+21 Yes 1.3 (0.28-6.1) 0.73

Abbreviation: CI= confidence interval; FK =tacrolimus; HR =hazard ratio; HCT-CI = hematopoietic cell transplantation-specific comorbidity index;

RIC =reduced-intensity conditioning; UE = unevaluable.

“None of the six patients with HCT-CI > =3 relapsed (P =0.23; log-rank test).

total bilirubin and elevated serum creatinine were more
frequently observed among the HP group than the non-HP
group. These abnormalities are similar to those observed in
ES. Furthermore, macrophage activation, ES and aGVHD
share the common feature of being associated with elevated
levels of pro-inflammatory cytokines.>*> Therefore, we
speculated that there might be an overlap between early
macrophage activation following allo-HSCT, ES and
aGVHD, but there were no statistically significant differ-
ences in the incidence of ES and that of aGVHD between
the HP group and the non-HP group. These results suggest
that early macrophage activation was rather an indepen-
dent complication from ES and aGVHD, although we
could not draw a definite conclusion because of insufficient
statistical power of this analysis.

The HP group had significantly higher NRM rates,
resulting in significantly worse OS compared with the non-
HP group. Although the incidence of concomitant infec-
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tions was significantly higher in the HP group over the non-
HP group, multivariate analysis demonstrated that the HP
group and concomitant infections were independent risk
factors for OS. Therefore, early macrophage activation
seems to be an independent complication affecting trans-
plant outcome. Of note, the incidence of death due to graft
failure and endothelial complications was significantly
higher in the HP group than in the non-HP group. Elevated
levels of pro-inflammatory cytokines associated with
activated macrophages such as TNF-o and macrophage
inflammatory protein-lo might have contributed to the
development of graft failure and exacerbation of endothe-
lial complications, resulting in higher NRM rates in the HP
group.®”1%-2¢-27 That C-reactive protein values were found
to be higher in the HP group than in the non-HP group
suggested that early macrophage activation was associated
with a hyperinflammatory state. Future studies to measure
the serum cytokine levels are warranted.



The results of our study suggest that early identification
of patients at high risk of NRM might be possible by
simply performing BM aspiration on day + 14%7. This
may have important implications for future therapeutic
strategies because we could potentially lower the NRM
rates by administering macrophage-targeted therapies in
those patients who have an increased number of hemo-
phagocytic cells in BM on day +14+7. The potential
therapeutic options targeting macrophages could include
anti-TNFo agents, etoposide or liposomal corticoster-
0ids.***' As we cannot rule out the possibility that early
macrophage activation is the result rather than the cause of
inflammatory processes, prospective trials are warranted to
examine whether macrophage-targeted therapies for early
macrophage activation can lower NRM rates.

Unexpectedly, the HP group was a risk factor for relapse
in multivariate Cox regression analysis. However, this
result should be interpreted with caution because of the
relatively small sample size of our study. The impact of
macrophage activation on relapse needs to be confirmed by
larger studies.

Many types of cells decrease conspicuously in number
following conditioning therapy, whereas macrophages do
not.>? Accordingly, the ‘proportion’ of hemophagocytic
cells is likely to increase in hypocellular BM, but the
‘absolute number’ of hemophagocytic cells counted in BM
clot sections would be little affected by the cellularity of
BM. Additionally, it is difficult to distinguish between
hemophagocytic cells and macrophages covered with other
cells in BM smears, whereas overlapping of cells is virtually
negligible in clot sections because clot sections are very
thin (2pum). For these reasons, we counted the absolute
number of hemophagocytic cells in BM clot sections in
this study.

We tested CDI163 immunostaining in an effort to
increase objectivity. CD163 is a specific marker for cells
of the monocyte/macrophage lineage.>® There was a good,
but not perfect, correlation between the total number of
CD163" macrophages and that of hemophagocytic cells
identified by hematoxylin-eosin staining (Spearman
r=0.70, P<0.01), which could be explained by the fact
that hemophagocytic macrophages identified by hemato-
xylin-eosin staining are a sub-population of CD163%
macrophages.>*3¢  Although an increased number of
CD163% macrophages was not a statistically significant
factor for NRM (adjusted HR 2.1; 95% CI, 0.85-5.0;
P=0.11), limited statistical power precluded us from
excluding a clinically meaningful effect of it. Further
studies are warranted.

In conclusion, the activation of macrophages in the BM
early in the post-transplantation period is a relatively
common but unrecognized complication with a negative
impact on outcomes of allo-HSCT. The results of our study
indicate the clinical usefulness of BM examination during
the early post-transplantation period for the prediction of
outcome.
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Abstract Bronchiolitis obliterans (BO) after allogeneic
stem cell transplantation (allo-SCT) is a late-onset, life-
threatening respiratory complication that significantly
reduces a patient’s quality of life. We retrospectively ana-
lysed the incidence of and risk factors for BO in allo-SCT
recipients. In 2087 patients who underwent allo-SCT
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between January 1994 and June 2005 and survived >90 days
after transplantation, 57 patients developed BO with a 5-year
cumulative incidence of 2.8%. The median time interval
from transplantation to BO diagnosis was 335 days (range
83-907 days). The 5-year cumulative incidence of BO was
1.62% in bone marrow transplantation (BMT) from related
donors, 3.83% in peripheral blood stem cell transplantation
(PBSCT) from related donors (R-PBSCT), 2.91% in BMT
from unrelated donors and 2.65% in unrelated cord blood
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transplantation. The incidence of BO after R-PBSCT was
significantly higher than that after any other type of allo-
SCT (p = 0.02). R-PBSCT (p = 0.019) and preceding
chronic graft-versus-host disease (GVHD) (p < 0.001) were
BO-associated risk factors. Overall 5-year survival of
patients with BO from the time of diagnosis was 45.4%,
significantly less than those without (77.5% from day 335,
p < 0.001). R-PBSCT recipients with existent chronic
GVHD have a high risk of developing BO, and need
extensive care and repeated pulmonary function tests.

Keywords Bronchiolitis obliterans - Chronic GVHD -
Late onset non-infectious pulmonary complications - PBSC

1 Introduction

Allogeneic stem cell transplantation (allo-SCT) has been
established as a therapeutic approach for haematological
malignancies, aplastic anaemia and rare immunodeficiency
disorders. Half of the patients who undergo allo-SCT
achieve long-term disease-free survival, but a similar num-
ber develop significant transplant-related complications.
Both infectious and non-infectious pulmonary complica-
tions occur in 40-60% of allo-SCT recipients, which
significantly affect prognosis as well as cause 10-40% of
transplant-related death and decrease in the quality of life
(QOL) [1]. Detection of cytomegalovirus (CMV) antige-
nemia or quantitative PCR and pre-emptive treatment with
ganciclovir have been used widely to decrease the incidence
of severe pneumonia in these recipients. However, the
pathogenesis, prevention and treatment of non-infectious
pulmonary complications remain unclear, which severely
affects a patient’s QOL and survival.

Late-onset non-infectious pulmonary complications
(LONIPC) occurring beyond 90 days after allo-SCT
include bronchiolitis obliterans (BO), bronchiolitis oblit-
erans organizing pneumonia (BOOP) and interstitial
pneumonia [2-5]. BO after allo-SCT was first described by
Roca et al. [6] in a patient with chronic graft-versus-host
disease (GVHD). The incidence of BO varies widely from
1.7 to 26% in different reports, in part, due to lack of a
standard definition [7-12].

Despite different therapeutic protocols, BO mortality
remains high and most patients die of respiratory failure or
subsequent infections. In recent practice, different stem cell
sources and conditioning regimens for allo-SCT have
become more varied, but their influence on the incidence of
BO is not established. In this situation, the risk factors for
developing BO might be different among different hema-
topoietic stem cell transplantation (HSCT) recipient
groups. Here, we retrospectively analysed the incidence of
and risk factors for BO in allo-SCT protocols.
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2 Materials and methods
2.1 Patient characteristics

Between January 1994 and June 2005, 2087 adult patients
who underwent allo-SCT in 13 facilities of the Kanto Study
Group for Cell Therapy (KSGCT) and survived at least
90 days post-transplantation were retrospectively evaluated
using the KSGCT patient database and chart review.
Patient characteristics are summarized in Table 1. The
median age at transplantation was 38 years (range
15-66 years). The conditioning regimen consisted of a
TBI-based regimen in 67.3% patients and a non-TBI reg-
imen in 32.7%, a full-dose busulfan (BU) regimen in
21.2% and non-full dose BU regimen in 78.8%, respec-
tively. Conventional stem cell transplantation (CST) using
a myeloablative conditioning regimen was performed in
88.3% patients and reduced-intensity conditioning stem
cell transplantation (RIST) in 11.7%. Donor sources
included bone marrow from related donors (R-BMT,
n = 653, 31.3%), peripheral blood from related donors
(R-PBSCT, n = 444, 21.3%), BMT from unrelated donors
(UR-BMT, n = 793, 38.0%) through the Japan Marrow
Donor Program (JMDP) and unrelated cord blood trans-
plantation (CBT, n = 197, 9.4%). No PBSCT from unre-
lated donors (UR-PBSCT) was performed through JMDP.
Diagnosis and grading of chronic GVHD were made by
classical Seattle criteria of limited and extensive. NIH
consensus criteria [13] were not used.

2.2 Diagnosis of BO

The clinical diagnosis of BO was made by pulmonary
function tests (PFTs) revealing a forced expiratory volume
for 1 s (FEV1) <75% of the predicted value and an FEV1/
forced vital capacity (FEV1/FVC) of less than 70%, along
with typical changes on high-resolution computed tomog-
raphy [13]. These include decreased attenuation of lung
parenchyma, expiratory air trapping and sub-segmental or
segmental bronchial dilatation [14, 15]. Bronchoscopy and
bronchoalveolar lavage were performed to exclude infec-
tions. A pathological diagnosis was made by transbronchial
Iung biopsy (TBLB) or video-assisted thoracic surgery
(VATS) in some patients. Clinical improvement (response)
was defined by a 10% improvement in FEV1 and sustained
reduction in shortness of breath and cough.

2.3 Statistical analysis

To evaluate potential risk factors for developing BO, the
time-dependent Cox proportional hazard regression model
was used for univariate and multivariate analyses [16].
Factors identified as significant (p < 0.05) in the univariate
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Table 1 Patient characteristics

Clinical characteristics No. of patients Yo No. of patients
(>90 days) (n = 2087) with BO (n = 57)
Median age at SCT (range) 37 (15-66) 38 (17-61)
Sex
Male 1271 60.9 28
Female 816 39.1 29
Diagnosis
AML 683 32.7 22
ALL 430 20.6 10
CML 391 18.7 7
MDS 264 12.6 9
ML 152 73 7
MM 44 2.1 1
SAA 88 4.2 0
Others 35 1.7 1
Stem cell source
R-BMT 653 31.3 13
R-PBSCT 444 213 16
UR-BMT 793 38 23
CBT 197 9.4 5
TBI
Yes 1395 67.3 38
No 677 32.7 19
Full dose BU
Yes 441 212 14
BO bronchiolitis obliterans, SCT No 1637 78.8 43
stem cell transplantation, AML Conditioning
acute myelogenous leukaemia, CST 1843 1
ALL acute lymphoblastic 8 88.3 5
leukaemia, CML chronic RIST 244 117 6
myeloid leukaemia, MDS GVHD prophylaxis
myelodysplastic syndrome, ML CsA 1595 79.9 48
malignant lymphoma, MM
multiple myeloma, SAA severe FK506 401 201 ?
aplastic anaemia, R related, Acute GVHD
BMT bone marrow 0 581 30 13
transplantation, PBSCT I 501 25.8 15
peripheral blood stem cell
transplantation, UR unrelated, I 612 315 25
CBT cord blood transplantation, m 162 83 2
TBI total body irradiation, BU v 86 4.4 2
busulfan, CST conventional .
stem cell transplantation, RIST Chronic GVHD
reduced-intensity conditioning ) 926 45.7 3
stem cell transplantation, GVHD Limited 396 19.5 7
graft-versus-host disease, CsA Extensive 705 34.8 47

cyclosporine, FK506 tacrolimus

analysis were included in the multivariate analysis. Factors
that remained significant were retained in the final model.
Factors that correlated with each other were not entered
simultaneously into the model.

Patients were also analysed for overall survival (OS) and
relapse. Semi-landmark plots were constructed to illustrate
the effect of BO on survival. In patients who developed
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BO, the post-transplant day of BO development was
defined as the landmark day; in those who did not develop
BO, post-transplant day 335, which is the median day of
BO occurrence as per the Kaplan-Meier estimate for the
median time interval from transplantation to BO diagnosis,
was defined as the landmark day. OS was calculated from
the landmark day to death from any cause or the date of last
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contact. Relapse was defined based on the respective
malignancy, and its cumulative incidence was plotted as a
function of time since the landmark day.

Survival analyses were performed by the Kaplan-Meier
method [17] and the log-rank test was used for univariate
comparisons. The cumulative BO incidence was calculated
using the Gray method considering death without BO as
the competing risk [18]. For most statistical analyses, the
SPSS software version 11 (SPSS Inc., Chicago, IL, USA)
was used. The cumulative incidence analyses were con-
ducted using the R statistical software 2.1.0 (the R Foun-
dation for Statistical Computing, Vienna, Austria; available
at http://'www.r-project.org) ‘cmprsk’ package. All p values
were two-sided and differences were considered statisti-
cally significant when a p value was <0.05. Differences
with p values >0.10 are reported as not significant, whereas
those with p values between 0.05 and 0.1 are reported in
detail.

3 Results
3.1 Cumulative incidence of BO

Fifty-seven patients met the diagnostic criteria for BO with a
S-year cumulative incidence of 2.8% post-transplantation
(Fig. 1). The median time interval from transplantation to
BO diagnosis was day 335 (range 83-907 days). The 5-year
cumulative incidence of BO was 1.62% (12/653) for
R-BMT, 3.83% (16/444) for R-PBSCT, 2.91% (24/793) for
UR-BMT and 2.65% (5/197) for unrelated CBT (Fig. 2).
The incidence of BO after R-PBSCT was significantly
higher than that after any other type of allo-SCT (p = 0.02).
As for conditioning intensity, there was no significant dif-
ference in the cumulative incidence of BO between CST and
RIST recipients (2.80% in CST vs. 2.93% in RIST,
p = 0.996). In 244 patients who underwent RIST, 6 patients

0.06 —

2 0.04 —
= 2.8% at 5 years
o
]
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& 0.02 —
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Years after Transplant

Fig. 1 Cumulative incidence of bronchiolitis obliterans (BO) in all
patients
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developed BO (1 in RBMT, 3 in R-PBSCT, 1 in UR-BMT)
without any significant difference. In R-PBSCT recipients,
the cumulative incidence of BO in CST was higher than in
RIST but there was no significant difference (4.39% in CST
vs. 2.55% in RIST, p = 0.407).

3.2 Bronchoscopy and PFTs

Bronchoscopy was performed in 15 patients (26.3%) and
TBLB was performed in 14 (24.6%). However, no histo-
logical diagnosis of BO was made with TBLB. Only one
patient (1.8%) had histological confirmation of BO with a
lung biopsy by VATS. The remaining patients were diag-
nosed based on PFT results and a CT scan.

At the time of BO diagnosis, the mean FEV1/FVC value
decreased from 82.2 &+ 9.0% pre-transplantation to 52.1 &
14% (Fig. 3). The mean FEV1/VC-predicted value
decreased from 84.7 £ 12 to 37 & 14%. The worst FEV1/
FVC data and FEV1/VC predicted after BO diagnosis

0.06
> R-PBSCT: 3.83% (n = 444} 5 _0.02
= 0.04 g -
2 ! UR-BMT: 2.91% (n = 793)
g B AP A=A AANA I S 3
© 004 CBT: 2.65% (n = 197) 1
o J

R-BMT: 1.62% (n=653)  +;_ ¢ 08
O e}
i T T 1

5 75
Years after Transplant

10

Fig. 2 Cumulative incidence of BO according to stem cell source ‘

(%)
100

80

60 -

40 -

20

FEV1/FVC FEV1/VC predicted
Fig. 3 Forced expiratory volume for 1 s (FEV1)/forced vital capacity
(FVC) and FEV1/VC predicted by pulmonary function tests at pre-
transplantation (white bar, n = 52), at diagnosis of BO (black bar,
n = 57) and at the time worst results are obtained in the clinical
course (grey shaded bar, n = 34)
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during the clinical course were 43.5 &+ 12 and 28.0 +
12%, respectively.

3.3 GVHD and risk factors for developing BO

The patients with BO had a higher incidence of acute
GVHD (0: n=13,1: n =15, 1L n =25, I-IV: n = 4)
(Table 1), but univariate analysis revealed -that acute
GVHD was not a significant risk factor for developing BO
(0 vs. I-IV: p = 0.099 [HR = 1.76, 95% CI: 0.90-3.42] 0-
I vs. I-IV: p = 0.146 [HR = 1.50, 95% CI: 0.87-2.63];
Table 2). Of 57 BO patients, 54 (94.7%) were already
diagnosed with chronic GVHD (limited 18%, extensive
82%) before the onset of BO and their median onset of
chronic GVHD post-transplantation was 144 days (range
55-471), which was 173 days earlier than the development
of BO. One of the 3 patients without chronic GVHD at the
diagnosis of BO developed chronic GVHD symptoms other
than BO at 53 days after the diagnosis of BO. The onset of
chronic GVHD was de novo type in 12 patients, quiescent
type in 33 patients, and progressive type in § patients and
there was no significant difference in the type of chronic
GVHD onset.

Table 2 ‘Univariate analysis of risk factors for developing BO

Risk factors for BO were R-PBSCT (compared to
R-BMT, p = 0.019) and preceding chronic GVHD (time-
dependent covariate, p < 0.001) (Table 2). These two
factors were also significant in the multivariate analysis.
Patient age, sex, TBI, full-dose BU and GVHD prophylaxis
were not significant risk factors for developing BO. Also,
CST was not a significant risk factor compared to RIST.

3.4 Treatment, outcome, cause of death
and relationship with relapse

All patients received immunosuppressive therapy but only
eight patients showed improvement in BO, whereas 60.9%
had progressive respiratory failure (Table 3). Home oxy-
gen therapy was introduced to 15 patients. Twenty-eight
patients died after developing BO of whom 17 died of
respiratory failure. Three. patients died of disseminated
aspergillosis. Among 22 patients whose FEV1I/FVC was
less than 50% at the diagnosis of BO, 14 patients died after
developing BO. However, 13 out of 29 patients whose
FEV1/FVC more than 50% died and there was no signifi-
cant difference in survival between the two groups (2-year
survival rate after developing BO; 52.0% in patients with

Factor n p HR (95% CI)
Age
<20 versus >20 3/189 versus 54/1965 0.331 1.78 (0.56-5.71)

<30 versus >30 14/691 versus 43/1463 0.149 1.59 (0.85-2.96)
Sex

Male versus female 28/1271 versus 29/816 0.168 1.46 (0.85-2.50)
Primary disease

Non-malignancy versus malignancy 0/88 versus 57/1999 0.261 1.68 (0.63-4.28)
Conditioning

Non-TBI versus TBI 19/673 versus 38/1430 0.498 1.23 (0.68-2.24)

Full dose BU versus non-full dose BU 14/441 versus 43/1637 0.193 0.89 (0.75-1.06)
Stem cell source

R-BMT 13/653 - 1.0

R-PBSCT 16/444 0.019 2.54 (1.16-5.51)

UR-BMT 23/793 0.083 1.90 (0.92-3.92)

CBT 5/197 0.258 1.84 (0.64-5.30)
GVHD prophylaxis

CsA versus FK506 48/1595 versus 9/401 0.501 0.77 (0.36-1.65)
Conditioning

CST versus RIST 51/1882 versus 6/220 0.594 1.26 (0.54-2.95)
Acute GVHD

0 versus I-IV 13/581 versus 44/1309 0.085 1.80 (0.92-3.50)

0-I versus II-IV 28/1082 versus 29/807 0.148 1.50 (0.87-2.60)
Preceding chronic GVHD (time-dependent covariate)

Present versus absent 54/666 versus 3/930 <0.001 17.1 (4.15-70.4)
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FEV1/FVC >50 vs. 50.3% in patients with FEV1/FVC
<50%, p = 0.85). However, there was a significant dif-
ference in survival between patients with FEV1/VC pre-
dicted >40 and <40% (69.7 vs. 41.3%, p = 0.046).
Primary disease relapsed in eight patients, of which it
relapsed in six before developing BO. Only two patients had
relapsed disease after developing BO, with the cumulative
relapse rate after developing BO of 4.6%. Among the 8
patients, 6 patients died but only one patient died of relapsed
disease and the remaining 5 patients died of respiratory
failure or infections. Non-relapse mortality in patients with
BO was 49.8%. The 5-year OS of patients with BO post-
transplantation was lower than that without BO, but the

Table 3 Outcomes of BO

difference was not significant (45.2 vs. 59.5%, p = 0.34)
(Fig. 4a). However, the 5-year OS of patients with BO from
the time of diagnosis was 45.4%, which was significantly
less than that of patients without BO (77.6% from day 335,
p < 0.001) by semi-landmark analysis (Fig. 4b).

4 Discussion

In this study, the 5-year cumulative incidence of BO was
2.8%, and the incidence of BO in patients with R-PBSCT
was significantly higher than that in UR-BMT, CBT or
R-BMT patients. The International Bone Marrow Trans-
plantation Registry (IBMTR) reported the incidence and
risk factors for BO in 6275 adults leukaemia patients who
underwent BMT or PBSCT from HIA-identical sibling

n (%) donors [8]. In the report, the 2-year cumulative incidence
Outcomes of BO of BO was 1.7% and the median time to onset of BO was
Improved 8 (16.7%) 431 days. In a multivariate analysis, the factors associated
No change 10 (21.7%) with an increased risk for BO included: R-PBSCT, a
Progressed 28 (60.9%)  busulfan-based conditioning regimen, >14-month interval
Relapse of primary disease from diagnosis to transplantation, female donor to male
(=) 49 (86.0%)  recipient sex match, prior interstitial pneumonia and an
) 8 (14.0%) episode of moderate-to-severe acute GVHD. The hazard
Before developing BO 6 (10.5%) ratio for PBSC was 3.35 compared to that for BMT. Our
After developing BO 2 (3.6%) data showed the same result that R-PBSCT recipients have
Cause of death n =28 a significantly higher risk for BO than UR-BMT recipients.
Respiratory failure 17 (60.7%) Dudek et al. [19] reported that 58 patients underwent
Aspergillosis 3 (10.7%) CBT and none of them developed BO; however, most
Sepsis 2 (7.2%) patients were children who had undergone a recent trans-
Relapse 1 (3.6%) plantation, and there is no data on the incidence of BO in
Tnterstitial pneumonia 1 (3.6%) adult CBT recipients. In our case series, the incidence of
Other causes 4 (14.3%) BO in CBT recipients was higher than that in R-BMT
recipients (2.65 vs. 1.62%, Dudek = 0.381), but the
a b
1.0 - 1.0 7
- BO:775%
g 8 7 - BO: 59.5% ®
% 6 - 6
] |
g ] +BO: 45.2% 4 +BO: 45.4%
°,. P-0.34 2 A P < 0.001
0 T T 1 T 0 T T T T
0 25 5 75 10 0 25 5 7.5 10

Years after Transplant

Fig. 4 Overall survival (OS) post-transplantation (a) and OS from
landmark day (b). In patients who developed BO, the post-transplant
day of BO development is defined as the landmark day; in those who
did not develop BO, post-transplant day is day 335, which is the
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Years after Landmark Day

median day of occurrence of BO, is defined as the landmark day. The
5-year overall survival of patients with BO from the time of diagnosis
was significantly less than that of patients without BO from day 335
(454 vs. 77.6%, p < 0.001)
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difference was not significant. These data suggest that the
incidence of BO after CBT may not be lower than that after
transplantation from other stem cell sources. In our series,
UR-PBSCT was not included, but UR-PBSCT patients
might have a higher risk for developing BO than R-PBSCT
recipients. Further study is necessary for this issue.

Regarding the incidence of BO in relation to the inten-
sity of conditioning regimen, there was no significant dif-
ference between the patients with CST and RIST.
Yoshihara et al. [20] reported that the incidence of BO
following non-myeloablative HSCT was 2.3% compared
with that of 17% following conventional myeloablative
HSCT. A reason for this difference is that the incidence of
BO in CST recipients was much higher in the report by
Yoshihara than that reported by us. In their report, there
was no difference in the incidence of BO between BMT
and PBSCT recipients, although most patients with RIST
received PBSCT (PBSC in RIST: 46/48). Tomas et al. [8]
reported that the busulfan-based conditioning regimen was
a significant risk factor for BO, but neither TBI nor non-
TBI regimens were significant risk factors for BO in our
study. Therefore, the type or intensity of conditioning
might not be a definite risk factor for BO.

In the present study, 94% of the patients already suf-
fered from chronic GVHD before developing BO and most
patients suffered from extensive-type chronic GVHD.
Time-dependent analysis revealed that preceding chronic
GVHD was the strongest risk factor for developing BO.
Although acute GVHD was a significant risk factor for BO
but chronic GVHD was not in the IBMTR study, they did
not correctly estimate the effect of preceding chronic
GVHD for BO because the registry questionnaire incor-
porated BO as a manifestation of chronic GVHD [8].

The main cause of death was respiratory failure and the
second cause was disseminated aspergillosis. Sakaida et al.
reported that the relapse rate because of haematological
malignancy was significantly low in LONIPC patients, and
LONIPC is strongly associated with the GVL effect [5]. In
our study, primary disease relapsed in six patients before
developing BO and two patients after developing BO.
Rapid reduction of immunosuppressive drugs might influ-
ence the development of BO in patients who relapsed
before developing BO but only one died of relapse from
primary disease. The low relapse rate and low relapse
mortality suggest that patients with BO might have strong
GVL effect, although non-relapse mortality is high.

There was no significant difference in survival from the
time of transplantation between patients with and without
BO. However, considering that the median time for devel-
oping BO was day 335 post-transplantation, we performed
semi-landmark analysis by defining the median day of
developing BO as the landmark day for patients without BO
and showed that there was significant difference in survival.
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The reason for this discrepancy is that in total 503 patients
died within 335 days post-transplant for various reasons and
the 5-year OS of the long-term survivors beyond the day 335
was 77.6%, while only § patients with BO died within
335 days post-transplant and non-relapse mortality in
patients with BO was 49.8%. These data suggest that BO is
an important late-onset complication which significantly
affects the survival of long-term survivors after allo-SCT.

In this study, we used an FEV1 of the predicted value
<75% and an FEV1/FVC <70% as BO criteria. However,
FEV1 and FEV1/FVC decreased significantly from pre-
transplant values, and BO prognosis was poor. Chien et al.
[9] recently proposed a new criterion for airway obstruc-
tion after allo-SCT in which patients were said to be suf-
fering from airway obstruction if the annualized rate of the
predicted FEV1 decline was >5% per year, and the lowest
documented FEV1/FVC ratio was <80%. Soubani et al. [7]
also proposed an FEV1/FVC ratio of <70% and a reduction
in FEV1 of >20% from the pre-transplant values as criteria
for BO after allo-SCT. Inhaled corticosteroids and mac-
rolides have been recently reported to be effective for the
treatment and management of BO following allo-SCT [21,
22]. Therefore, repeated PFTs after allo-SCT should be
necessary to diagnose BO at the early stage, and starting
early interventions with these agents may improve the
prognosis of patients with BO.

In summary, we described the incidence and risk factors
for BO in allo-SCT recipients. The incidence of BO was
significantly higher in patients who underwent R-PBSCT
than in those who underwent transplantation from other
stem cell sources. R-PBSCT recipients who have already
developed chronic GVHD have a high risk for developing
BO and need extensive care and repeated PFTs.
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To evaluate the incidence and risk factors for secondary  Introduction

solid tumors in Japan after allogeneic hematopoietic SCT )

(allo-HSCT), 2062 patients who had received allo-HSCT Allogeneic hematopoietic SCT (allo-HSCT) offers curative
between 1984 and 2005 were retrospectively analyzed. therapy for malignant and non-malignant hematological
Twenty-eight patients who developed 30 solid tumors were diseases. Improvements in outcomes after transplantation
identified a median of 5.6 years after transplantation. The  have led to a continuous increase of long-term survivors
risk for developing tumors was 2.16-fold higher than that  among allo-HSCT recipients. The development of secondary
of the age- and sex-adjusted general population. The  neoplasms is one of the serious late complications after allo-
cumulative incidence of solid tumors at 10 years after allo-  HSCT, and is associated with considerable morbidity and
HSCT was 2.4%. The risk was significantly higher for  mortality.!? Several studies reported that the incidence of
tumors of the skim, oral cavity and esophagus (standard secondary solid tumors in recipients aged 10 years or older
incidental ratio 40.23, 35.25 and 10.73, respectively). No ranged from 2.2 to 6.1%, and that TBI, T-cell depletion,

increase in gastric, colon or lung cancer, despite being the = GVHD and immunosuppressive therapy may be important

most prevalent neoplasm in the Japanese, was observed. In  risk factors** Although these studies demonstrated that the
multivariate analysis, occurrence of chronic GVHD and risk “of developing secondary solid tumors is significantly
malignant lymphoma as a primary disease was associated  higher in allo-HSCT recipients in Western countries, only a
with a higher risk for developing solid tumors. Fighteen  few data documenting the incidence for secondary solid
patients are still alive, and their 5-year probability of  tumors in the Japanese population are available.” Thus, we
survival since diagnosis of solid tumors is 59.7%. Our  retrospectively analyzed 2062 Japanese allo-HSCT recipients
data suggest that the incidence and risk factors of  registered to the Kanto Study Group for Cell Therapy
secondary solid tumors in Japanese allo-HSCT recipients  database, in order to determine the incidence and risk factors
are comparable to those reported in Western countries and  of secondary solid tumors following allo-HSCT.
emphasize that the early detection of solid tumors has a
crucial role in improving OS.
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doi:10.1038/bmt.2011.23; published online 28 February 2011 : ‘
Keywords: allo-SCT; secondary solid tumors; late effects Patient characteristics
of transplantation; chronic GVHD Between July 1984 and June 2003, 2062 patients underwent
' allo-HSCT in 14 facilities of the Kanto Study Group for
Cell Therapy, and were retrospectively evaluated. The
occurrence of each non-hematological secondary solid
tumor was identified by using the Kanto Study Group for
Cell Therapy database, and detailed clinical information,
including histological type of malignancy, site of occur-
rence, date of diagnosis, treatment and its outcome, were
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allo-HSCT was 5.7 years, and 1290 (62.6%) patients were
followed through to the end of study date. Majority of the
patients were adults, with only 97 patients (4.7%) aged
<18 years at the time of allo-HSCT. The median age at
transplant was 36 years (range, 7-68 years). Most of the
patients underwent allo-HSCT for a primary diagnosis
of hematological malignancies including ALL (20.9%),
AML (32.3%), CML (21.2%), myelodysplastic syndrome
(10.5%) or malignant lymphoma (5.4%); the median time
from diagnosis to allo-HSCT was 10.6 months (range,
0.3-503.5 months). Donor and hematopoietic stem cell
sources included BM from related donors (n =852, 41.3%),
peripheral blood from related donors (R-PBSCT; n=329,
16.0%), BM from unrelated donors (n=706, 34.2%)
and cord blood from unrelated donors (n=160, 7.8%).
TBI-based regimen was used for 68% and non-TBI regimen
for 32% of the patients as the conditioning regimen.
Prophylaxis for GVHD was attempted mainly with
calcineurin inhibitor (CYA or tacrolimus) plus MTX in
2041 patients (99.0%). Acute GVHD (aGVHD, grade
I-1V) developed in 1390 (67.4%) and chronic GVHD
(¢cGVHD) in 1140 patients (55.3%). The median duration
of follow-up was 3.3 years (range, 0.2-21.9 years) for all
patients and 5.6 years (range, 0.3-21.9 years) for survivors.

Statistical analysis

The number of person-years at risk was calculated for each
patient from the date of transplantation till the date of last
contact, death, diagnosis of a new neoplasm or completion
of the study (18 January 2006) in the order of their first
occurrence. Age (by 5-year bands)-, sex- and year-specific
incidence rates for all cancers at specific anatomical sites
were applied to the appropriate person-years at risk to
compute the expected numbers of cancers. Incidence of all
cancers in the general population was obtained from the
database of the population-based cancer registration in
Japan.® Standardized incidence ratios (SIRs) were then
calculated by obtaining the ratio of the observed to the
expected number of cases, accompanied by the 95%
confidence intervals (CIs).”® The cumulative incidence of
developing a secondary malignancy was estimated after
adjusting for the competing risk of patient death using
Gray’s method.>!° We estimated the survival rate among
patients who developed secondary tumors by the Kaplan—
Meier method. Univariate Cox proportional hazards
regression analysis was used to determine statistically
significant predictor variables for the development of a
secondary malignancy. A multivariate analysis was per-
formed using variables significant at univariate levels,
which were potentially associated with the development
of a secondary malignancy. All tests were two-sided, and a
P value of <0.05 was considered statistically significant.

Results

Diagnosis and outcome of secondary solid tumors

In total, 28 patients developed 30 solid malignancies at a
median of 5.6 years (range, 0.3-17.6 years) after allo-
HSCT. These secondary tumors involved the skin (6), oral
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Table 1 Characteristics of the patient population
Total Solid tumor
number
Number %
Number of patients 2062 28
Median age at HSCT 36 (7-68) 35 (10-57)
(range), years
Sex
Male 1225 59.4 18
Female 837 40.6 10
Primary diagnosis
AA 104 5.0 1
ALL 431 20.9 5
AML 666 323 8
ATL 12 0.6
CML 438 21.2 8
MDS 216 10.5 2
ML 112 5.4 4
MM 30 1.5
MPDs 23 1.1
Others 30 1.5
Median number of 10.6 (0.3-503.5) 8.1 (2.1-82.3)
months from diagnosis
to HSCT (range)
Stem cell source
R-BMT 852 41.3 18
R-PBSCT 329 16.0 5
R-PB and BMT 15 0.7
U-BMT 706 34.2 5
U-CBT 160 7.8
TBI
Yes 1402 68.0 20
No 660 32.0 8
GVHD prophylaxis
CsA 1689 81.9 27
FK 352 17.1 1
Others 21 1.0
AGVHD
0 672 32.6 6
I 582 28.2 15
I 592 28.7 6
11 153 7.4 1
v 63 3.1
CGVHD
None 923 44.7 7
Limited 377 18.3 7
Extensive 727 353 14
Grade unknown 36 1.7

Abbreviations: AA =aplastic anemia; ATL =adult T-cell leukemia/lym-
phoma; CBT =cord blood transplantation; FK = tacrolimus; MM =mul-
tiple myeloma; MDS=myelodysplastic syndrome; ML =malignant
lymphoma; MPD =myeloproliferative disease; PB= peripheral blood;
R =related; U = unrelated.

cavity or pharynx (11), esophagus (3), stomach (3), colon
(3), lung (2), thyroid gland (1) and prostate (1). Character-
istics of patients who developed a secondary solid
malignancy are shown in Tables 1 and 2. The median age
of these patients at the time of allo-HSCT was 35 years
(range, 10-57 years), and the median age at the time of
diagnosis with a secondary malignancy was 42 years (range,
17-61 years).
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Table 2 Characteristics of patients who developed a secondary cancer

Age (years)* Sex Secondary tumor Site Primary disease Donor Radiation aGVHD ¢GVHD Latency Therapy QOutcome Cause of death
dose (Gy) (years)®

40 M Adenocarcinoma Colon ALL R-BM 12 1 None 37 ST+RT Dead Tumor
41 M Adenocarcinoma Colon CML U-BM 7 1 None 4.7 ST+CT Alive
53 M Adenocarcinoma Colon AML R-BM None I Extensive 3.1 ST+CT Alive
18 F Adenocarcinoma Stomach AML U-BM 12 I Extensive 2.0 EMR Dead ¢GVHD
10 F SCC Tongue CML R-BM 12 I Extensive 7.2 RT Dead Tumor
37 M Moucoepidermoid ca Lung AA R-BM 75 None Limited 10.2 ST Alive
50 F BCC Skin AML R-BM 12 I Limited 8.4 ST Alive
37 M Stomach AML U-BM 12 I Extensive 6.0 ST Alive
23 F SCC Gingiva MDS R-BM 12 I Limited 4.8 ST Alive
33 M SCC Tongue CML R-BM 12 1 Extensive 9.0 ST Alive
26 F Adenocarcinoma Stomach NHL R-PB 12 None None 0.3 None Dead Primary disease
46 F SCC Skin CML R-PB 12 11 Extensive 1.6 ST+RT Dead c¢GVHD
44 M SCC Lung CML R-PB None I Extensive 7.4 None Dead Tumor
36 M SCC Esophagus CML R-PB None None Extensive 9.5 ST Alive
47 M Adenocarcinoma Prostate ALL R-PB 12 1 Limited 6.6 ST Alive
51 M Melanoma Skin NHL R-PB 12 None Limited 2.1 ST+CT Dead Tumor
57 F SCC Esophagus MDS U-BM 12 1 Extensive 4.7 RT+CT Dead Tumor
26 M SCC Tongue CML R-BM 12 I Extensive 12.3 CT Dead Tumor
25 F Mucoepidermoid ca Oral mucosa ALL R-BM 12 I None 12.6 ST Alive
31 M SCC Gingiva NHL R-BM 12 I Extensive 5.6 ST Alive

SCC Oral mucosa 6.7 ST Alive

SCC Esophagus 6.7 ST+RT+CT Alive
19 M Myxofibrosarcoma Skin CML R-BM 12 I Limited 2.4 ST Alive
38 M SCC Pharynx ALL R-BM 12 I Extensive 6.7 RT+CT Alive
32 F SCC Gingiva NHL R-BM None None Extensive 42 ST Alive
42 M SCC Tongue AML R-BM None None Extensive 9.9 ST Alive
40 F BCC Skin AML R-BM 12.5 I Extensive 7.1 ST Alive
17 F BCC Skin ALL R-BM 12.5 I None 17.6 ST Alive
32 M SCC Tongue AML R-BM None 11 None 4.4 ST+RT Alive
27 M Adenocarcinoma Thyroid AML U-BM None II None 2.3 ST Dead Tumor

Abbreviations: AA =aplastic anemia; BCC=basal cell carcinoma; CT =chemotherapy; EMR =endoscopic mucosal
PB = peripheral blood; R =related; RT =radiotherapy; ST = surgical therapy.

Mucoepidermoid ca refers to mucoepidermoid carcinoma.

“At transplantation.

*From transplantation.

resection; MDS = myelodysplastic syndrome; NHL = non-Hodgkin lymphoma;
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Figure 1  OS after diagnosis of secondary cancers.

Among the 30 patients with secondary tumors, 29
received various therapies, with the exception of 1 patient
with an early gastric cancer, for whom the diagnosis was
made by autopsy after death from primary disease. Surgery
was performed in 16 patients, and endoscopic mucosal
resection was performed in 1 patient with gastric cancer,
of which 16 operations were curative. All patients who
received a curative operation, with the exception of one
patient who died from c¢cGVHD, survived for 1 to 94
months without the recurrence of solid tumors after the
diagnosis of secondary solid tumors. Seven patients were
treated with surgery and chemotherapy with or without
radiotherapy, and five of seven survived for 6 to 48 months.
Only one of the five patients who were treated with
chemotherapy and/or radiotherapy survived 6 months from
diagnosis. Overall, of the 28 patients, 1 died from primary
disease, 2 from ¢GVHD and 7 from their secondary
neoplasm at a median of 10.4 months (range, 0-23.2
months) after the diagnosis. The probability of a 5-year
survival since diagnosis of secondary tumors was 59.7%
(Figure 1).

Probability and risk factors of developing secondary solid
tumors

The cumulative incidence of developing any secondary
solid tumors at 5, 10 and 15 years after transplantation was
0.9, 2.4 and 3.7%, respectively (Figure 2). The overall risk
of developing solid tumors had significantly increased in the
study population; 30 cancers were observed compared with
13.90 cases expected in an age- and sex-matched general
population (SIR 2.16; 95% CI 1.46-3.08). The overall risk
was especially elevated for neoplasms of the skin (SIR
40.23; 95% CI 14.77-87.57), oral cavity or pharynx (SIR
35.25; 95% CI 17.59-63.06) and esophagus (SIR 10.73;
95% CI 2.21-31.36). In contrast, the risk of gastric cancer,
a common cancer in Japan, had not increased compared
with that in the general population (SIR 1.33; 95% CI
0.27-3.89) (Table 3).

In univariate analysis, R-PBSCT as the stem cell source
(P=0.041), malignant lymphoma as the primary disease
(P=0.014) and presence of cGVHD (P=0.05) were
significant risk factors for development of a secondary
solid tumor. Presence of aGVHD was marginally signifi-
cant (P =0.062). These four factors were added to the Cox
regression model in multivariate analysis. Two independent
risk factors, malignant lymphoma as the primary disease
and occurrence of ¢cGVHD, were identified (P=0.005,
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Figure 2 Cumulative incidences of secondary solid tumor post allo-
HSCT.

Table 3 SIRs of secondary solid tumors

Site Observed — Expected — SIR 95% CI
All solid tumor 30 13.90 2.16 1.46-3.08
Skin 6 0.15 40.23  14.77-87.57
Oral cavity or pharynx 11 0.31 3525  17.59-63.06
Esophagus 3 0.28 10.73 2.21-31.36
Stomach 3 225 1.33 0.27-3.89
Colon 3 1.92 1.56 0.324.56
Lung 2 0.95 2.10 0.25-7.58
Thyroid 1 0.49 2.05 0.05-11.43
Prostate 1 0.15 6.76 0.17-37.64

Abbreviations: CI=confidence interval, SIR =standardized incidence

ratio.

relative risk (RR) 4.7 and P=0.043, RR 2.4, respectively).
In the oral cavity and esophageal squamous cell carcinoma,
these two risk factors were also significant in multivariate
analysis (P=0.010, RR 8.1 and P=0.019, RR 4.9, respec-
tively). Gray’s method was used to analyze these two
risk factors to confirm this result. Malignant lymphoma
as primary disease and occurrence of cGVHD remained
significant (P=0.006 and 0.009, respectively). In contrast,
no significant risk factor was identified for secondary solid
tumors in other sites of the body.

Discussion

Among the 2062 patients who received allo-HSCT, 30
secondary solid tumors occurred in 28 patients, resulting in
an estimated cumulative risk of 0.9, 2.4 and 3.7% at 5, 10
and 15 years, respectively (Figure 2). The latency of
secondary tumors was discovered at a median of 5.6 years
(range, 0.3-17.6 years). The overall incidence was 2.16-fold
higher compared with age- and sex-adjusted cancer rates
(Table 3) for the general population.

This study is one of the largest surveys in Japan
investigating secondary malignancies after allo-HSCT.
These results are similar to those reported previously.
Curtis et al* reported the cumulative incidence of
secondary solid cancer as 2.2 and 6.7% at 10 and 15 years,
respectively (RR 2.7 compared with the general population)
in 19229 allografts; this was the largest study to evaluate
the incidence of secondary malignancies after allograft to



date. Similarly, Baker er al.'' studied 3372 allogeneic and
autologous HSCT recipients, and reported a cumulative
incidence of solid cancers of 3.8% at 20 years with a SIR of
2.8 in a retrospective analysis. Shimada et al.” reported that
cumulative incidence at 5 and 10 years was 1.9 and 4.2%,
respectively, in 809 Japanese HSCT recipients. But, these
two studies included both allogeneic and autologous
transplant recipients for analysis. Consistent with the
previous reports, the current study confirmed the increasing
incidence of secondary solid tumors, even after a period of
observation of more than 15 years, thus emphasizing again
the importance of longer follow-up in this population.

Various risk factors that may contribute to the develop-
ment of secondary solid cancers after allo-HSCT have been
identified. These include TBI as a part of the conditioning
regimen, previous radiotherapy, immunodeficiency from
incomplete recovery after allo-HSCT, the use of immunosup-
pressive agents, occurrence of aGVHD or ¢cGVHD, and
advanced age.'” Curtis ef al."? revealed that cGVHD and its
therapy were strongly correlated with the risk for developing
squamous cell carcinomas of the oral cavity and skin in a
case—control study. The possible mechanism behind this
correlation is that cGVHD leads to persistent inflammation in
the involved organs, and may stimulate regeneration of
the epithelium and subsequent emergence of neoplastic
cells. Furthermore, instances of solid organ transplantation
indicate that prolonged immunosuppressive therapy leading
to impairment in immune surveillance is associated
with an increased risk of both solid malignancies and
non-Hodgkin’s lymphoma.''> This may be caused by
co-carcinogenic effects of pretransplant chemo-radiation
resulting in genetic damage. Most instances of microsatellite
instability of the colon or buccal non-neoplastic epithelium
after allo-HSCT were often caused by aGVHD or cGVHD.
These genomic alternations may also be implicated in the
evolution of post transplant complications such as secondary
malignancies.'® In our study, the occurrence of cGVHD was
also identified as the risk factor for secondary tumors,
particularly in the oral cavity and esophageal squamous cell
carcinoma, where occurrence of secondary tumors was found
to be 35- and 11-fold higher, respectively, than that expected
in the general population (Table 3).

Only one case of squamous cell carcinoma of the skin
was diagnosed in this study as compared with five non-
squamous cell cutaneous malignancies. This is similar to
the findings of previous reports for the Japanese popula-
tion.” However, this contrasts with the finding for patients
in Western countries.>'' This disparity may be explained
by the difference in cGVHD manifestation or in genetic
susceptibilities between ethnic groups. The most common
tumors observed in our study were those of the skin and
oral cavity. The predominance of cutaneous and oral
cancers is similar to that reported previously.'”'® Although
gastric, colon and lung cancers are prevalent in the
Japanese population,® the incidence of these neoplasms is
not statistically different from that in the general popula-
tion in this study.

Despite the well-known association between radiation
and secondary solid malignancies, only two of the largest
studies of secondary solid malignancies occurring after
allo-HSCT describe a significant relationship with TBL
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Curtis er al.* reported that a significant dose related to a
2.7- to 4.4-fold higher risk with TBI. Socie et al.'” found a
3.1-fold risk with high-dose TBI. In contrast, other studies
failed to demonstrate a significant association between
secondary malignancies and TBI. Witherspoon er al*
reported a 3.9-fold increased risk of all secondary
malignancies after TBI in 2246 auto- and allografts, but
this was not significant when assessing solid malignancies
alone. Bhatia et al.*' showed a sixfold-increased risk for
secondary malignancies in patients treated with TBI, which
approached statistical significance (P =0.08). However, a
more recent report with 6 more years of follow-up gave less
conclusive results (RR 1.5, P=0.27)."

A TBI-containing conditioning regimen was not a
statistically significant risk factor in this study. There may
be several explanations for this finding. First, the follow-up
period is still relatively short in comparison with the
generally long latent period of radiogenic cancers. Several
reports suggest that the risk of secondary solid malignancy
after radiation exposure remains elevated for multiple
decades;**>* several radiogenic malignancies take a long
period to develop, and hence may require much longer
follow-up. Second, the risk of such cancers is frequently
high among patients undergoing irradiation at a young
age.'”? Third, certain tumor types, such as those in the
brain, thyroid, salivary gland and bone connective tissue,
occur in association with radiation exposure.*** Two
large-cohort studies in children indicated that brain and
thyroid cancers accounted for the increased risk of TBI.>#
In this study, which mainly included adult patients, only
one case of thyroid cancer was observed. These results
indicate that a distinctive mechanism may participate in the
evolution of different post transplant solid tumors.

An unexpected finding was that of the malignant
lymphoma as a primary disease conferring significant risks
of developing into a secondary solid tumor. Among all
secondary tumors, malignant lymphoma as the primary
disease had an RR of 4.7, which was significantly higher
compared with acute leukemia. When the cohort was limited
to secondary tumors in the oral cavity and esophagus, much
high risk (RR 8.1) was demonstrated. This observation has
not been reported previously in the literature, and its
explanation remains to be elucidated. Because allo-HSCT is
not routinely recommended for treating malignant lymphoma
during the first CR in most cases, lymphoma patients who
undergo allo-HSCT may be heavily treated to start off with.
Pre-transplant treatment before the conditioning therapies,
such as salvage therapy, radiotherapy and autologous HSCT,
might have already predisposed those patients to develop
secondary solid malignancy after allo-HSCT. Indeed, it has
been reported that the incidence of lung cancer increases with
increases in radiation dose and cycles of alkylating agents in
Hodgkin’s lymphoma therapy.®® Unfortunately, we did not
have comprehensive records of pre-transplant chemotherapy
and/or radiotherapy, and hence could not assess the influence
of pre-transplant therapy on the risk of developing a
secondary solid tumor after allo-HSCT. It is necessary to
estimate this finding carefully, because patients of malignant
lymphoma are only 5.4% of all patients.

Few data exist about treatment of secondary solid
tumors; and the prognosis of secondary malignancies is
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generally considered to be poor, depending on an early
diagnosis at a potentially curable stage. Our results are
consistent with those reported by Favre-Schmuziger ef al.?!
They reported five patients developing secondary solid
tumors after allo-HSCT, who were treated as de novo
tumor, and four out of five are alive without tumor
recurrence. All patients in our study who received curative
care overcame their secondary tumors. Because the risk of
developing secondary malignancies after allo-HSCT con-
tinues to increase with time, all transplant recipients should
be followed for the long term to detect cancers at an early
stage.
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