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Table 3 Toxicity grading using the Seattle criteria in 86 patients
undergoing R1ST
Grade [ ] 2 3 4
Gut 69 17 0 0 0
Stomatitis 47 29 10 0 0
Central nervous system 78 4 2 2 0
Liver 23 3 31 | 0
Lung 75 4 3 3 1
Kidney 51 3 3 | 0
Bladder 84 2 0 0 0
Heart 70 8 7 1 0
Maximal grades 8 38 35 4 1
Table 4 Toxicity grading using NCI-CTC ver. 2.0 in 86 palients
underpoing RIST
Grades 0 b 2 3 4
Gut 50 18 10 7 1
Stomatitis 35 8 3z 1 0
Centra) nervous system 74 5 2 2. 3
Liver 5 27 27 22 5
Lung 56 12 0 17 I
Kidney 47 26 11 2 0
Bladder 61 23 1 1 0
Heart 72 6 3 3 2
Maximal grades 2 16 25 35 8
Grade 0 (n=8)
14
! lh.-.u'|-"-ﬁ~llo-¢ﬂ 'gocgldileo:lol(lﬁﬁaotso)!l
_os4d 1 " - -
B {: Grade 2 {(n=35) - ,.
fos{ ! 0
2 ;! P=0.0037
= d |
§°'4_I U U
> . =
S 024 ) Grade 3 (n=4}
0.' { Grade 4 (n=1)

] T T A 1 v J L) T
0 100 200 300 400 500 600

Days after transplant
Figure 1 Overall survival evaluated by the Seattle criteria. Five patients
had grade 34 toxicity in at least one organ, of whom three died (60%). The
estimated 1-year OS was 25.0% (95% confidence interval (CI) 0.0-61.7%).
In contrast, of the &1 patients with grade 0-2 toxicity in all the organ
systems, eight dicd (9.9%). The estimated 1-year OS was 74.2% (95% Cl,

64.2-84.2%). The one-year OS was significantly Jower in the patients with
grade 3—4 toxicity (P =0.0037).

(2%), 16 (19%), 25 (29%), 35 (41%), and eight patients
(9%), respectively.

The lung toxicity on day 100 using either the Seattle
criteria or NCI-CTC ver. 2.0 was not maximal in any of the
86 patients.

There were 10 cases of the ‘up-staging’ of the toxicity
from the Seattle criteria to NCI-CTC version 2.0: liver
{n=6), and kidney (n=4),

Evaluation of RRT following RIST
M Sakiyama et af

Grade 0 {n=2).1 {n=16}

17 ] | SRR P SRR
1 — bt s e - 1 Grade 2 (n=25)
5081 | - P=0.037
> 4
So6d | Grade 3 (n=35)
] : 'I
T 0.4 e e — —
b4 1 Grade 4 {n=8})
& 02
0_
T v L] L L] T T T
0 100 200 300 400 500 600

Days after transplant

Figure 2 Overall survival evaluated by NCI-CTC version 2.0, In total, 43
patients had grade 34 toxicity in at least one organ, of whom 10 patients
(23.2%) died of TRM. The estimated 1-year OS was 64.7% (95% CI, 50.2-
79.2%}. In contrast, of the remaining 43 patients with grade 2 toxicity in all
the organ systems, one died of GVHD, resulting in 78.5% (95% ClI, 64.8-
92.2%) of estimated l-year OS and 8.8% of TRM. The l-year OS was
significantly Jower in the patients with grade 3-4 toxicity (P=0.037).

Table 5 Variables influencing the grades of regimen-related
toxicity according to NCI-CTC ver. 2.0
Variables Grade 0-2  Grade 3-4  P-value
fn=43} fn=43)
(Age
Median (range) 53 (4-65) 50 (19-67) 0.459
Sex
Male/female 2617 N2 0.362
Risk of primary diseases
High/low 13/30 20/23 0.183
Preparative regimens
Fludarabine-based/cladribine- 34/9 30/13 0.459
based
ATG-containing yes/no 22/21 27116 0.384
TBl-containing yes/no 1/42 2/41 0.999
GVHD prophylaxis
Cyclosporine alone/ 38/5 32/11 0.165
cyclosporine and methotrexate
Donors
Related/unrelated 4172 40/3 0.999
Matched/mismatched 3716 32 0.278
ATG =anti-thymocyte  globulin, TBl=total body irradiation,

GVHD = graft-versus-host disease.
Any variables were significant on multivariate analysis.

Association between toxicity grading and survival following
RIST

A total of 27 patients died: 16 of disease progression {19%)
and 11 of TRM (13%). The 11 patients who died of TRM
had the maximal toxicity of grade 2 (n =1), grade 3 (n=26),
and grade 4 {(n=4) by NCI-CTC ver, 2.0, which was also
graded with the Seattle criteria to be grade 1 (n=13), grade 2
{n=25), grade 3 (n=2), and grade 4 (n=1). The causes of
TRM were GVHD/steroid-related infection (i =6), GVHD
(bronchiolitis obliterans) (n=1), infection {n=2), and
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others (n1=2). Maximal grades of GVHD in fatal cases
were [V (n=1),Ill (n=1), 1l (t=3),and I (n=2).

Figure 1 demonstrates the association between the
maximal toxicity of the Seattle criteria and OS. Five
patients had grade 34 toxicity in at least one organ, of
whom three died (60%). Estimated l-year OS was 25.0%
(95% confidence interval (CI) 0.0-61.7%). In contrast, of
the 81 patients with grade 0-2 toxicity in all the organ
systems, eight died (9.9%). The estimated 1-year OS was
74.2% (95% Cl, 64.2-84.2%). The l-year OS was
significantly lower in the patients with grade 34 toxicity
(£ =0.0037).

Figure 2 demonstrates the association between the
maximal toxicity of NCI-CTC ver, 2.0 and OS. In all, 43
patients had grade 34 toxicity in at Jeast one organ, of
whom 10 patients (23.2%) died of TRM. The estimated 1-
year OS was 64.7% (95% Cl, 50.2-79.2%). In contrast, of
the remaining 43 patients with grade 2 toxicity in all the
organ systems, one died of GVHD, resulting in 78.5%
(95% CI, 64.8-92.2%) of estimated 1-year OS and 8.8% of
TRM. The 1-year OS was significantly lower in the patients
with grade 34 toxicity (P=0.037).

Variables influencing RRT

No variables were found to be associated with RRT of
NCI-CTC ver. 2.0 by univariate (Table 5) or multivariate
analysis.

Variables influencing overall survival

Patients who survived longer than 30 days were included in
this analysis. Multivariate analysis showed that survival
was significantly different between unrelated vs related
. donors (hazard ratio 7.5, 95% CI 1.7-32.8, P=0.0074),
HLA-mismatched vs matched (hazard ratio 3.8, 95% Cl
1.1-12.9, P=0.0295), and the maximal toxicity grade 3—4
vs grade 2-3 of NCI-CTC ver. 2.0 within day 30 post
transplant (hazard ratio 3.0, 95% CI 1.2-1.3, P=0.0177).

Discussion

Evaluation of RRT after RIST is not uniform. As a result,
toxicity grades vary among studies (Table 6) (2-4, 6, 15—
18). Our study shows that both the Seattle criteria and
NCI-CTC ver. 2.0 are significantly associated with out-
come, and have predictive value.

The prognosis of grade 3 by the Seattle criteria is
comparable to that of grade 4 by NCI-CTC ver. 2.0, and
the prognosis of grade 2 by the Seattle criteria is
comparable to that of grade 3 by NCI-CTC ver. 2.0
(Figures 1 and 2). However, neither criteria can offer a
cutoff to predict death since the sensitivity and specificity
are insufficient; the threshold of <grade 2 by Secatile
criteria and <grade 3 by NCI-CTC ver. 2.0 would be
sensitive but not specific to predict TRM, whereas the
threshold of = grade 3 by the Seattle criteria and >grade 4
by NCI-CTC ver. 2.0 would be specific but not sensitive.
These findings suggest that these criteria need to be
modified for use in RIST.

Evaluation of RRT following RIST
M Sakiyama et al

There are two types of complications associated with
allogeneic HSCT. One is the organ toxicity directly caused
by preparative regimens. The other is immunological
complications, represented by GVHD. When anti-T-cell
antibodies are included in conditioning regimens, the
frequency of GVHD is decreased '™ showing that GVHD
is influenced by the types of preparative regimens. Given
the fact that GVHD is the most common cause of
nonrelapse death after RIST,®* GVHD should be considered
in the safety evaluation of conditioning regimens.

Another common complication after RIST is early
progression of the underlying malignancy. This phenom-
enon could potentially be considered a consequence (and
therefore toxicity) of the reduced intensity of the con-
ditioning regimen.

Another consideration is the follow-up duration in
evalvuating immunological complications following RIST.
The duration of observation after chemotherapy is usually
30 days. In contrast, the onset of GVHD can be delayed.
The period of 30 days of observation is not long enough to
evaluate the safety of RIST. Although the day 100 TRM
has been used in RIST, it is not sufficient in evalvation of
the immunological complications. We prepose that TRM
until day 200 should be used in the evaluation criteria for
RIST-related toxicity.

Our study shows that both the Seattle criteria and NCI-
CTC ver. 2.0 are useful in evaluating toxicity of RIST.
Prospective studies are required to establish a proper
toxicity grading system for RIST.
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Reducedintensity stem cell transplantation (RI1ST) is a new approach of stem cell transplantation,
which has shown promising features as reportedinmultiple phase l and |l studies. Elderly patients,
who are not eligible for conventional myeloablative hematopoietic stem cell transplantation
(HSCT), are now treatable with RIST. It has also reduced regimen-related toxicity and provided
better prognosis in short-term follow-up than conventional HSCT. Among solid tumors, metastatic
renal cell carcinoma was found to respond well to RIST. Clinical studies are currently being
conductedtoevaluate the efficacy of RISTin other types of solid tumors. However, the mechanism
of graft-versus-host disease (GVHD) and graft-versus-tumor (GVT) effects remains unclear. More
knowledge on the mechanism is crucial to enhance the antitumor effect and to improve the

prognosis further.
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ALLOGENEIC HEMATOPOIETIC STEM CELL
TRANSPLANTATION AS AN IMMUNE
THERAPY

Allogeneic hematopoietic stem cell transplantation (allo-SCT)
for the treatment of hematological malignancies was originally
based upon the effect of a myeloablative preparative regimen.
A preparative regimen using high-dose chemoradiotherapy
would suppress the host's immune response and eradicate
the residual tumor cells. Marrow was infused to restore hema-
topoiesis (1). In combination with preceding induction and
consolidation cytotoxic chemotherapy, myeloablative prepara-
tive regimens followed by allo-SCT were supposed to eradicate
the residual underlying diseases.

However, it was found that allogeneic cells were responsible
for immunological responses against tumor cells, This is called
a graft-versus-lenkemia (GVL) or graft-versus-tumor (GVT)
effect (2). Evidence suppeorting this hypothesis includes (i)
lower incidences of relapse in patients receiving allo-SCT
than in those receiving autologous SCT (3); (ii) higher risk
of relapse in patients receiving syngencic SCT (4); and

For reprints and all correspondence: Masahire Kami, Department of Medical
Oncology, Hematopoietic Stem Cell Transplantation Unit, the Naticnal
Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo, 104-0045, Japan.
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(iii) lower risk of relapse in patients with acute and/or chronic
graft-versus-host disease (GVHD) than those without these
conditions (5). Furthermore, GVL or GVT effects were
found to be mediated by lymphocytes, especially T cells,
based on the clinical findings of (i) higher risk of relapse
after T-cell depletion than non-depleted SCT (6); and (ii)
therapeutic effects of donor lymphocyte infusion (DLI) (7).
In particular, chronic myeloid leukemia (CML) responds well
to DLI, and most patients with CML who relapse following
allo-SCT can achieve remission with DLI (8). Based on these
findings, allo-SCT is now regarded as one of the available
immune therapies.

REDUCED-INTENSITY STEM CELL
TRANSPLANTATION (RIST)

The high-dose chemotherapy and radiation used as preparative
regimen for allo-SCT are associated with a considerable
morbidity and mortality (9). This approach has therefore
been restricted to young patients without co-morbidities. The
majority of patients with hematological malignancies are ineli-
gible for high-dose chemotherapy or radiotherapy because of
their old age and co-morbidities. Although allo-SCT is the most
powerful treatment for refractory hematological malignancies,
only a small proportion of these patients have the opportunity to
undergo this treatment,

© 2004 Foundation for Promotion of Cancer Research
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Recently, a new strategy for transplantation using a reduced-
intensity or non-myeloablative preparative regimen has been
developed to reduce regimen-related toxicity (RRT) while pre-
serving adequate antitumor effects (10-14). Various regimens
with different intensity can be categorized roughly into two
intensity groups: (i) reduced-intensity regimens which retain
a certain degree of RRT and require hospitalization; and
(i) niinimally myelosuppressive regimens which rely on post-
grafting immunosuppression to permit engraftment (15,16).
The aim of post-grafting immunosuppression is to control
GVHD and to suppress residual host-versus-graft (HVG)
effects that would impede engraftment.

These reduced-toxicity regimens are frequently termed ‘non-
myeloablative’ and ‘reduced-intensity’ regimens. At present,
a variety of preparative regimens have been developed.
Both myelosuppression and immunosuppression vary widely
among them. According to a working definition, a truly non-
myeloablative regimen should allow prompt hematopoietic
recovery (within 28 days of transplantation) without stem
cell rescue, and mixed chimerism usvally occurs upon engraft-
ment (15,16). These regimens do not ablate host immunity and
depend on the activity of donor T cells to achieve engraftment.
The regimen of 2 Gy total body irradiation (TBI) with or
without fludarabine reported by the Seattle Transplantation
Team (12) is classified as a truly non-myeloablative regimen.
In contrast, autologous hematopoietic recovery does not occur
without stem cell support after the other regimens such as
fludarabine/busulfan and fludarabine/cyclophosphamide, and
they are termed reduced-intensity preparative regimens.

PRECLINICAL MODEL OF
NON-MYELOABLATIVE SCT

The Seattle Transplantation Team reported the results of
preclinical canine studies on non-myeloablative SCT. The
researchers considered that two immunological barriers
must be overcome in the setting of allo-SCT (17). One is
the GVHD, and the other is the rejection or HVG reaction.
Both reactions are mediated by T lymphocytes, suggesting that
immunosuppressive agents given after allo-SCT to control
GVHD might modulate HVG reactions. The latter feature
would allow minimization of the high-dose chemotherapy
given before allo-SCT for host suppression.

Animal models demonstrated a dose-response relationship
between TBI and engraftment (I8). In random-bred dogs, a
single fraction of 920 ¢Gy TBI, corresponding to 1500 cGy
fractionated TBI, resulted in engraftment of dog leukocyte
antigen (DLA)-identical littermate marrow in all cases.
When the dose was decreased by 50%, the majority of dogs
rejected their grafts. At the reduced dose, the addition of post-
grafting predniscne did not enhance engraftment, while cyclos-
porin given for 5 weeks led to engraftment in all of the animals.
When the TBI dose was decreased further to 200 cGy, cyclos-
porin only allowed engrafiment for 3—4 months, after which
the grafts were rejected. The combination of methotrexate and
cyclosporin resulted in engraftment in two out of five animals,

but the rest rejected. A combination of mycophenolate mofetil
{MMF) and cyclosporin given for 4 and 5 weeks after trans-
plantation was evaluated for its effect on engraftment. The
regimen was capable of both controlling GVHD and prevent-
ing graft rejection by suppressing a GVH reaction, with 11 of
12 dogs demonstrating stable engraftment of marmrow from
DLA-identical littermates (19).

They further investigated whether the major role of TBI is to
create marrow space or to provide host immunosuppression
(20). They irradiated the central lymph node chain from the
neck to the upper abdomen with 450 ¢Gy before allo-SCT, and
administered MMF and cyclosporin after allo-SCT. At 6 weeks
post-transplant, donor cells were present in non-irradiated
marrow spaces, suggesting that radiation was not essential to
create marrow space for engraftment. After 1 year, DLI was
given to the animals and recipient cells disappeared within
9 weeks, These findings indicate that engraftment might be
accomplished by blocking HVG reactions and inducing the
GVH reaction, and that high-dose cytotoxic chemotherapy
and radiotherapy could be eliminated from the preparative
regimens.

RATIONALE OF ALLO-SCT FOR
SOLID TUMORS

Several findings justify allo-SCT for solid tumors: (i) GVT
effects can target tissue-specific polymorphic antigens which
are not derived from hematopoietic lineages; (ii) some solid
tumors are sensitive to immunotherapy, such as renal cell
carcinoma (RCC), melanoma and ovarian cancer; (iii) antigens
restricted to the tumor could stimulate tumor-specific allo-
immunity in contrast to defective T cells in the tumor-bearing
host; and (iv) in theory, all carcinomas arising from epithelial
tissues such as keratinocytes, fibroblasts, exocrine glands,
hepatobiliary trees and the gastrointestinal tract, which are
targets of acute and chronic GVHD, should be susceptible
to a GVT effect.

Before clinical trials were initiated, murine models have
provided some evidence for a GVT effect (21,22). Among
animals inoculated with mammary adenocarcinoma cells,
the recipients of allo-SCT showed better survival than did
those of syngeneic SCT (21). Further studies provided evi-
dence that murine mammary adenocarcinoma cells expressed
minor histocompatibility antigens (mHas) that could be
targeted by alloreactive donor T cells in the setting of allo-
geneic but not autologous bone marrow transplantation (23).
Prigozhina et al. demonstrated in animal models that effective
eradication of tumor cells as well as leukemic cells can
be achieved following allo-SCT using non-myeloablative
preparative regimens (24).

The earliest clinical evidence supporting the existence of a
GVT effect in a solid tumor was observed in a patient with
metastatic breast carcinoma vndergoing fully myeloablative
SCT forrelapsed acute myeloid leukemia. The incidental regres-
sion of a metastatic lesion of breast carcinoma raised the
possibility of a responsible GVT effect (25). Regression of liver




metastasis in association with severe acute GVHD was reported
in a woman transplanted for metastatic breast carcinoma. The
researchers demonstrated that allogeneic T cells collected
during GVHD and cultivated were able to mediate a cytotoxic
effect against breast cancer cell lines (26), suggesting that dis-
ease regression resulted from donor T cells targeting broadly
expressed mHas, Since then, similar anecdotal reports have
been published concerning a possible GVT effect in lung can-
cer (27), ovarian cancer (28), colon cancer (29), neuroblastoma
{30), pancreas cancer (31,32) and ependymoma (33). Porter
et al. conducted a phase I clinical trial to determine whether a
GVT effect could be observed after primary DLI without stem
cell support in patients with primary cancers (34). Three of
four patients with acute GVHD and late chimerism responded
to primary DLL These findings indicate that the GVT effect
does occur in the setting of allo-SCT for solid tumors.

CLINICAL TRIALS FOR SOLID TUMORS

METASTATIC RENAL CELL CANCER (RCC)

In 1997, Childs et al. initiated a clinical trial to evaluate GVT
effects in metastatic RCC (35). Chemotherapy is ineffective in
the majority of cases and does not prolong survival. However,
RCC has a distinct nature from that of other solid tomors.
There is increasing evidence that they may be susceptible to
T-cell immune responses. Biopsy of spontaneously regressing
lesions has shown tumor-infiltrating lymphocytes with predom-
inant CD8™ T cells exhibiting major histocompatibilty com-
plex (MHC) class I restricted cytotoxicity against autologous
tumor targets (36). Furthermore, unlike most solid tumors,
RCC is susceptible to cytokines such as interleukin-2 {(IL-2)
and interferon-ot (37), suggesting that T cells represent the
principle effector.

Childs® group treated 19 patients with metastatic RCC (35).
The preparative regimen consisted of fludarabine 25 mg/m? for

Table 1. Clinical trials on RIST for metastatic renal cell carcinoma
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5 days and cyclophosphamide 60 mg/kg for 2 days. Cyclo-
sporin, used to prevent GYHD, was withdrawn early in patients
with mixed T-cell chimerism and/or disease progression.
Patients without response received up to three courses of
DLI At the time of the last follow-up, nine of the 19 patients
were alive 287-831 days after transplantation (median follow-
up, 402 days). Two died of transplantation-related causes, and
eight from progressive disease. In 10 patients, metastatic dis-
ease regressed: three had a complete response, and seven had
a partial response. The patients who had a complete response
remained in remission 27, 25 and 16 months after transplant-
ation. Results of this clinical trial were updated in 2002 (38).
Clinical response is significantly associated with the develop-
ment of GVHD. There is a 4—6 month interval between trans-
plantation and development of a GVT effect, and patients with
rapidly progressive diseases are unlikely to benefit from RIST.
Disease response was observed most commeonly in patients
with pulmonary metastases of clear-cell histology without
other organ involvement. Some patients who had failed to
respond to interferon-¢t prior to transplantation achieved
responses following administration of a low dose of this
agent after transplantation.

After the first report on RIST for RCC, several phase I/l
studies have been reported (Table 1) (39-44). Response rates
varied widely from 0 to 57%, but it should be noted that some
responses were reported in seven of the nine studies. While
long-term prognosis remains unknown, response to allo-SCT
has been confirmed in some independent studies. Rini et al.
described regression of primary kidney tumors, a rare event
among responders to cytokine-based therapy (39). According
to a European retrospective survey (45), allo-SCT was used
in <20 cases of solid tumors until 1997; since then it increased
to 159 in 2002, mainly for RCC.

We also initiated a phase I clinical trial on RIST for meta-
static RCC (46). From June 2000 to April 2002, nine patients
received peripheral blood stem cell transplantation from a

Reference Donor No. of patients Preparative regimen GVHD prophylaxis Response rates

Childs et al. (35) An HLA-identical or one 19 CY/Flu CSP 53%
locus-mismatched related donor

Childs and Barrett (38) HLA-identical and one 52 CY/Flu CSP 48%
Jocus-mismatched related

Rini et al. (39) An HLA-identical sibling 12 CY/Flu Tacrolimus and MMF 33%

Bregni et al. (40) An HLA-identical sibling 7 CY/Flu CSP and MTX 57%

Blaise et al. (42) An HLA-identical sibling 25 ATG/BU/Flu CSP 4%

Ueno et al. (43) An HLA-identical related or 15 Melphalan/Flu Tacrolimus and MTX 21%
matched unrelated donor

Pedrazzoli et al. (41) An HLA-identical sibling 7 CY/Flu CSP and MTX 0%

Hentschke et al. (44) An HLA-identical related or [0 2 Gy TBI/Flu* CSP and MMF 0%
matched unrelated donor

Nakagawa et al. (46) An HLA-identical sibling 9 ATG/BU/Flu CSP 1%

CY, cyclophosphamide; Flu, fludarabine; CSP, cyclosporin; MMF, mycophenolate moferil; MTX, methotrexate; ATG, anti-thymocyte globulin; BU, busuifan; TBI,

total body irradiation.

"Recipients receiving transplants from unrelated donors were given thymoglobulin,
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human leukocyte antigen (HLA)-identical sibling donor. The
conditioning regimen consisted of fludarabine 180 mg/m?
or cladribine 0.66 mg/kg, plus busulfan 8 mg/kg and rabbit
anti-thymocyte globulin (ATG). GVHD prophylaxis consisted
of cyclosporin 3 mg/kg alone. All of the patients achieved
engraftment, with no grade III-IV non-hematological RRT,
and complete donor cell type chimerism was achieved without
additional DLI by day 60. Acute and chronic GVHD was seen
in four patients each. One patient achieved partial remission
{response rate 11%) and, as of July 2003, six patients are alive
with a median follow-up of 22.5 months. The actuarial overall
survival rate was 74% at 2 years. We followed all the
26 patients who were referred to our institute for RIST and
were subject to HLA typing. Transplanted patients (n = 9)
showed significantly higher overall survival rate than those
who had not received RIST (n = 17) (Fig. 1A, P = 0.016).
We compared the overall survival rates between 12 patients
with matched donors and the other 14 patients without them
(Fig. 1B). The 1-year actuarial survival rates were 74 and 48%

A 1 Group A:
173 n=9
g 0.8 ;E'
C o6] ¥,
7 H | ¥ __ ¥
= 0.4] :;...!7...7...2
£ n
¢ 0.2l Group B:
O n=17
0 |
0 200 400 600 800 10001200
Days after HLA-typing
B 1]
T 0.8] Groluzp (oF
=z n=
LY.
= 0.4 " Yy __ Y
. a
S 0.2] Group D:
o 0 n=14

0 200 400 600 800 10001200
Days after HLA-typing

Figure 1. Kaplan-Meier estimates of the overal] survival rates following HLA
typing. (A) A comparison of overall survival rates between transplanted and
non-transplanted patients. The overall survival rate was significantly higher in
transplanted patients than in non-transplanted patients (F = 0.016). (B) A
comparison between patients with an HLA-matched donor and those
without. A trend toward a better survival was observed in patients with an
HLA-matched donor (P = 0.088). Group A, transplanted patients (# = 9
group B, patients who had not received transplantation (# = 17); group C,
patients with an HLA-matched donor (n = 12), including nine transplanted
palicnts; gronp D, patients without an HLA-matched donor (n = 14).

in patients with donors and those without them, respectively
{P = 0.038). This study confirmed the feasibility of allo-SCT
for metastatic RCC, and suggests that it might improve prog-
nosis of patients with metastatic RCC. Further phase II or III
studies are warranted.

BREAST CANCER

After the first case report by Eibl et al. (26), Ueno et al.
reported the results of a feasibility study on conventicnal mye-
loablative allo-SCT for metastatic breast cancer in 16 patients
(47,48). This study included patients without progressive dis-
ease. The preparative regimen consisted of cyclophosphamide,
carmustine and thiotepa. GVHD prophylaxis was mainly
tacrolimus and methotrexate. The responses were complete
response (r = 1), partial response (n = 5) and stable disease
{(n = 8 in the 15 evaluable patients. Two patients
responded during acute GVHD following the withdrawal of
immunosuppression.

Ueno et al. further investigated the feasibility of RIST for
metastatic breast cancer (43). A total of eight patients received
allo-SCT following fludarabine and melphalan. Three patients
showed some clinical responses (complete response two,
minor response one). Metastatic lesions resolved 3 months
after development of chronic GVHD in one patient, and the
other two patients demonstrated tumor response at 13 and
17 months after transplantation. The delayed response was
comparable with that in RIST for RCC. Since fludarabine
and melphalan produce little cytoreduction in metastatic breast
cancer and the underlying disease progressed immediately
after transplantation in more than half of the patients, it is
reasonable to assume that the disease response was attributable
to a GVT effect.

. Since their reports, GVT effects against breast cancer have
been confirmed by other researchers (40-42,49) (Table 2).

MELANOMA

Childs and Srinivasan treated 11 patients with metastatic mela-
noma (50). This study highlights some of the potential pro-
blems in applying RIST for some solid tumors. Death from
rapid disease progression occurred before day 100 in five
patients. Although three patients achieved partial regression,
their responses occurred early in the courses of RIST with a
short duraticn, suggesting that these responses were attribut-
able to chemotherapy effects related to preparative regimens
rather than GVT effects. One patient had delayed regression of
several subcutaneous metastatic nodules, The investigators
speculated that RIST should be limited to a minority of mela-
noma patients who have slow-growing diseases.

OTHER CANCERS

There is little information on the efficacy of allo-SCT for most
solid tumors. Some anecdotal reparts have been published on
allo-SCT for a variety of cancers (28,31,44,51-54). A case
report and a small case series of RIST for metastatic ovarian




Table 2. Experience on allo-SCT for metastatic breast cancer
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Reference Donor No. of patients Preparative regimen GVHD prophylaxis Response rates*
Ueno et al. (48) An HLA-identical sibling 16 CBT Tacrolimus and MTX* 40%
Ueno et al. (43) An HLA-identical related or 8 Melphalan/Flu 'I‘acrolimu‘s and MTX 25%
malched unrelated donor
Bregni et al. (40) An HLA-identical sibling 6 CY/Flu CSP and MTX 3%
Blaise et al. (42} An HLA-identical sibling 17 ATG/BU/Flu CSsp 12%
Pedrazzoli et al. (41) An HLA-identical sibling 2 CY/Flu CSP and MTX 100%
Hentschke et al. (44) An HLA-identical related or 1 2 Gy TBI/Flu CSP and MMF 0%

matched unrelated donor

CY, cyclophosphamide; Flu, fludarabine; CSP, cyclosporin; MMF, mycophenclate mofetil; MTX, metholrexate; ATG, anti-thymocyte globulin; BU, busulfan;

TEBI, total bedy irradiation; CBT, cyclophosphamide, carmustine, thiotepa.
*Response includes complete and partial responses.
*Two patients received cyclosporin and methylprednisolone,

cancer and colorectal cancer have been published recently
(28,42,44,53,54). These tumors may be promising candidates
for allo-SCT; however, it should be noted that both ovarian and
colorectal cancer are susceptible to chemotherapy, making it
difficult to conclude that disease regression was attributable
to a2 GVT effect.

We evaluated a total of 14 patients with refractory non-renal
solid tumors (four rhabdomyosarcoma, two melanoma, two
neuroblastcma, two cholangiocarcinoma, two other sarcomas
and two other carcinomas) who underwent RIST according to
our institutional phase I protocol (52,55). The conditioning
regimen and GVHD prophylaxis were the same as those for
metastatic RCC. All patients but one with melanoma achieved
complete donor chimerism without DLI. Only three patients
showed grade II-IV acute GVHD and two showed chronic
GVHD. Four patients died before day 100 after RIST and
another four after day 100. Seven out of the eight patients
died of disease progression. Although comprehensive evalua-
tion of the GVT effect is impossible due to the diversity of
the diseases, it is remarkable that there are two patients with
disease-free survival longer than 11 months after RIST. One
is a 7-year-old female with metastatic neuroblastoma which
recurred after autologous bone marrow transplantation. The
other is a 16-year-old female with metastatic alveolar type
rhabdomyosarcoma. Both were transplanted when they had
a small volume of residval disease compared with other
patients with sarcoma. Among patients with carcinomas, a
56-year-old male with cholangiocarcinoma showed objective
tumor regression which did not satisfy the criteria for partial
regression (Fig. 2). There was no apparent correlation between
GVHD and a GVT effect.

MECHANISM

The precise mechanism of the GVT effect remains unknown.
The lack of information on tumor target antigens and immune
mediators for GVT effects does not allow us to predict which
diseases will respond to RIST,
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Figure 2. Clinical course of a patient with metastatic cholangiocellular
carcinoma. A 56-year-old male with cholangiocarcinoma showed objective
turnor shrinkage but not sufficiently satisfactory to regard it as partial remission.

Disease regression associated with cyclosporin withdrawal,
complete donor chimerism and GVHD provides evidence that
cytotoxic donor T cells play an important role in this response,
RCC cells express a broad range of mHas that could render
them susceptible to a GVT effect (56). These findings suggest
that both broadly expressed mHas and antigens restricted to
RCC cells may be a target of a GVT effect. Recent studies have
demonstrated that distinct T-cell populations recognizing
tumeor-specific antigens and/or mHas are involved in the
GVT effect (57). T-cell clones attacking both RCC cells
and hematopoietic cells of the recipients were isolated from
responding patients (58). Retrospective clinical studies and
in vitro studies using clinical samples demonstrated that
cytotoxic T cells against leukemia-specific antigens or hemato-
poiesis-restricted mHas can induce remission in allo-SCT for
acute leukemia (59-61). In animal models, adoptive transfer of
HA-1- and HA-2-specific cytotoxic T lymphocytes generated
in vitro can be used as immunotherapy to treat hematological
malignancies relapsing after allo-SCT (62,63). Using these
cytotoxic T cells, GVT effects can be separated from
GVHD (64). In contrast to allo-SCT for hematological malig-
nancies, little information is available concerning target
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antigens and cytotoxic T cells in allo-SCT for solid malign-
ancies, and further studies are warranted.

Some investigators suggested that innate immunity plays an
important role in the development of a GVT effect. Natural
killer (NK) cells have been studied intensively, since they are
capable of mediating a GVL effect in acute myeloid leukemia
without causing GVHD (65). Igarashi et al. reported that
allogeneic NK cells with killer immunoglobulin-like receptor
ligand incompatibility play an important role in cytotoxicity
against melanoma and renal cell carcinoma cells (66). Further-
more, Teshima et al. reported that the local cytokine storm
associated with the early phase of allogeneic transplantation
plays an impeortant role in GVHD (67). The tumor progression
and regression in concordance with corticosteroid use and
discontinuation observed in our study (46,68) are compatible
with their suggestion, since the cytokine production is readily
suppressed by corticosteroid.

Stelljes et al. recently reported an interesting animal study
using allogeneic parent-into-F(1) murine transplantation mod-
els [BALB/c or C57BL/6—[C57BL/6 x BALB/c]F(1)] with
different tumors derived from either parental strain (69). They
provided experimental proof of a donor CD8" T cell-mediated
tumor-associated antigen-specific anti-tumor response in vivo
that is driven by GVHD. GVHD was identified as a driving
force for GVT effects in RIST for solid tumors. It may repre-
sent one of the mechanisms contributing to GVT effects
observed in allogeneic transplant recipients.

FUTURE DIRECTIONS

CONTROL OF NEGATIVE ASPECTS OF RIST

Despite progressive improvement of transplant safety, the risk
of significant transplant-related malignancy (TRM) limits the
widespread application of allo-SCT for solid tumors. TRM
remains 10-25% even in RIST. Without evidence of efficacy,
most physicians considered this risk too high to justify studies
of allo-SCT in patients with solid malignancies. The risk/
benefit ratio is an important factor to decide the treatment
plan in individual cases.

GVHD is the most significant concern in RIST as well as
conventional allo-SCT (70). Approximately two-thirds of
RIST recipients develop grade II-IV acute GVHD, and 10%
of patients who receive RIST from an HLA-identical sibling
died of GVHD in the National Cancer Center Hospital (70).
Intensification of GVHD prophylaxis using potent immurno-
suppressive agents such as MMF, infliximab, ATG and
CAMPATH-1H has contributed to improve GVHD-related
outcomes (50,71,72); however, use of these agents might
diminish GVT effects (50,68), and could increase the rate
of serious infections (73). T-cell depletion can significantly
reduce the risk of GVHD; however, it does not provide definite
evidence of improving the outcomes of allo-SCT for solid or
hematological malignancies. They might increase the risk of
graft rejection and life-threatening infections (74). Several new

strategies of T-cell depletion are currently under investigation,
such as delayed T-cell add-back (75), the use of a suicide gene
system {76), and selective CD8" depletion (77). Enhancement
of the recovery of tissue damaged by GVHD is another pro-
mising approach. Some researchers showed that keratinocyte
growth factor (KGF) administration is beneficial for the treat-
ment and prevention of chemotherapy-induced gastrointestinal
damage (78,79). It might ameliorate the organ damage caused
by GVHD, leading to separation of GVHD from the beneficial
GVL effects after allo-SCT (80). Since KGF has a possible risk
of oncogenesis and cancer progression, further studies are
required to investigate its safety in the setting of allo-SCT
for solid tumors.

Another common immunological complication is the pro-
gression of the primary disease during immunosuppression.
Preparative regimens of RIST have intense immunosuppres-
sive effects to ensure the engraftment of donar cells. The half-
life of antibodies such as ATG and CAMPATH-1H is so long
as to maintain their immunosuppressive effects after RIST.
Although these agents are effective in GVHD prophylaxis,
they may deteriorate GVT effects and induce disease progres-
sion during immunosuppression (35). This phenomenon needs
to be recognized as toxicity associated with conditioning regi-
mens in RIST for sclid tumors, However, when the primary
disease is in progression at transplant, the possible association
of conditioning regimens with early post-transplant progres-
sion cannot be distinguished from the natural course of the
disease. This issue is troublesome in phase I or II clinical trials,
particularly in solid tumors, as they are in progression at trans-
plant. When the primary disease is in complete or partial
remission, or stable disease at transplant, early post-transplant
progression is more likely to be associated with conditioning
regimens, requiring the clinician to be alert to this,

ENHANCEMENT OF A GVT REACTION

Future studies should focus on directing the imrmune responses
specifically to the tumors. In hematological malignancies,
leukemia-specific cytotoxic T lymphocytes (CTLs) are
frequently generated after allo-SCT, and are important in
maintaining remission (81). Falkenburg et al. reported that
treatment with ex vivo-generated leukemia-reactive T cells
achieved remission in a patient with CML who relapsed
after allo-SCT and was resistant to DLI (82). These results
support the possibility of using DLI ex vivo primed against
solid tumor cells. Several antigens targeted by alloreactive
lymphocytes have been identified in allo-SCT for solid tumors.
However, the expression of tumor-specific antigens varies
considerably within the same tumor and at different stages
of diseases. It is therefore difficult to produce antigen-specific
CTLs in the treatment of solid tumors.

There are some possibilities to enhance tumor-specific
allogeneic immunity prior to transplantation. One is to utilize
donor cells activated against tumor alloantigens. While GVHD
is a significant concern associated with pre-transplant immun-
ization of allogeneic marrow donors with recipient-derived




tumor cells (83), some anima!l studies have shown that immun-
ization of allo-SCT recipients with tumor cells can enhance
GVT activities without exacerbating GVHD (84,85). It has
been shown that CTLs can be generated using the whole
tumor cells, which allows epitopes to be selected that are
immunogeneic in the context of individual CTL repertoires
(86). This approach can be applicable in allo-SCT for solid
tumors with unknown target antigens. Morecki et al. reported
that pre-immunization with mHa-mismatched tumor or spleen
cells was capable of activating effector cells to induce GVT
effects (87).

Post-transplant vaccination against tumor-specific or mHas
or ex vivo generation of tumor-specific T cells followed by
their adoptive transfer is another promising approach. Luznik
et al. reported an animal model, showing a cooperation
between host and donor T cells in the response to a tumor
cell vaccine given after an RIST protocol that achieves stable
mixed chimerism (88). GVT effects may be enhanced by the
use of cytokines such as granulocyte-macrophage colony-
stimulating factor (GM-CSF), which may improve antigen
presentation, and interferons, which may increase tumor anti-
gen presentation by upregulating MHC class I and class 11
HLA molecules. Animal studies demonstrate that other cyto-
kines such as IL-1 (89), IL-11 (90), and procedures capable of
interfering with immunoregulatory mechanisms (91,92) are
effective for inhibiting GVHD while preserving GVT effects.

Besides immunological approaches, it is critical to clarify
the best timing and patient conditions for allo-SCT against
solid tumors. Disease progression kinetic and immune status
of the hosts are major factors influencing the sensitivity to
allogeneic immunity (42). The efficacy of wmor cell eradica-
tion by alloreactive lymphocytes depends on the initial ratio
between the number of tumor-specific immunocompetent cells
in the graft and tumor cell burden of the recipient. Tumor
debulking by the preparative regimen or surgical procedures
before transplant might be important to enhance GVT effects,
Preclinical evidence suggests that a lymphopenic host may
represent a favorable clinical setting for immunotherapy
(83). Dudley et al. provided evidence of cancer regression
by the adoptive transfer of autologous tumor-reactive T cells
directed against melanoma antigens in patients receiving a
non-myeloablative, highly immunosuppressive preparative
regimen (94). This approach may be helpful in allo-SCT for
solid tumors.

EVALUATION OF TUMOR RESPONSES

Evaluation methods of tumor response to RIST have not been
established. Even in the article of RIST for RCC by Childs et al.
{35), their method of tumor response evaluation was not clearly
described. It is critical to develop a global method to evaluate
tumor response to RIST to share RIST results worldwide (95).
Although the RECIST (Response Evaluation Criteria in Solid
Tumors) system has been used as a gold standard to evaluvate
the response of solid tumors to treatment mainly in the field of
cancer chemotherapy (96), it has not been fully validated in the
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area of allo-SCT for solid tumors. Compared with hematolo-
gical malignancies, solid tumors are generally more resistant 1o
the cytotoxic agents used in conditioning regimens adminis-
tered before transplantation. Consequently, there may be some
important differences in evaluating the response of solid
tumors between RIST and conventional chemotherapy.

First, the feasibility of applying RECIST should be critically
validated before its extensive application in transplantation
{97). Tumor regression occurs several months after transplant-
ation, and most tumors continue their natural growth until the
manifestation of effective alloimmunity to restrain tumor
growth. If the original RECIST criteria (96) are applied to
patients undergoing RIST for solid tumors, most of the
GVT effect would be evaluated as progressive disease,
which would preclude subsequent evaluation (Fig. 3). There-
fore, RECIST may underestimate the efficacy of RIST. Sec-
ondly, the proper time to measure the tumor size as a baseline
for evaluating a subsequent tumor response has not been
defined. In contrast to the results with chemotherapy, the
tumor often temporarily increases in size following RIST.
Accordingly, when the size at transplantation is used as a
baseline, as in chemotherapy, a therapeutic effect following
the initial progression could be overlooked or underestimated
(Fig. 3). On the other hand, evaluating regression from the
largest size after transplant certainly overestimates the effect
of treatment (Fig. 3), and gives an unacceptable bias. Thirdly,
the tumor size after RIST often fluctuates in response to a
de nove GVT effect, post-transplant immunotherapy
including DLI, and adjustment of immunosuppressive agents
(Fig. 4). In this situation, it ig clear that any evaluation of
the response duration, such as progression-free survival and
the overall response duration, is essentially impossible using
the current RECIST criteria. Improved overall survival
will ultimately be evaluated in phase III trials. To reach this
point, a global standard evaluation system, that enables the
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Figure 3. Course of wumor size after transplantation. Primary solid tumors are
progressive despite chemoradiotherapy prior to transplantation. (a) Most tumors
continue their natural growth until the development of a GVT effect, which
usually occurs several months after transplantation. (b) ¥ the tumor has
increased in size compared with that at the time of transplant, regression
from the largest size may overestimate the treatment effect, (c) If the tumor
size at transplant is defined as a baseline, some treatment effects, observed in
patients whose lesions show initial progression followed by regression with the
development of GVHD, will be underestimated,
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Figure 4, Fluctuation of tumor size after donor lymphacyte infusion or
adjustment of immunosuppressive agents. It is difficult to handle patients in
whorm the tumor size fluctuates in response to post-transplant immunotherapy
such as donor lymphocyte infusion and adjustment of immuncsuppressive
agents. Neither an appropriate timing of response evaluation nor an
appropriate time to measure a baseline tumor size has been established in
these cases.

effective screening of a therapeutic effect in an earlier phase II
study, will need to be established. We hope that this review
will inspire a productive discussion.

USE OF ALTERNATIVE STEM CELL SOURCES

Only 30—40% of patients in Japan have an HLA-identical
sibling to serve as an allo-SCT donor. Unrelated bone marrow
or umbilical cord blood may serve as an effective source of
stem cells, thereby broadening the scope of patients who may
benefit from allo-SCT. RIST using these stem cells is a prom-
ising alternative option. Some pilot studies have demonstrated
the feasibility of allo-SCT from MUD (98,99) or using umbi-
lical cord blood (100,101). Trials evaluating RIST using alter-
native stem cell sources have been started in many
transplantation centers.

References

1. Thomas ED, Storb R, Clift RA, Fefer A, Johnson L, Neiman PE, et al.
Bone-marrow transplantation. N Engl J Med 1975;292:895-902.

2. Weiden PL, Flournoy N, Thomas ED, Prentice R, Fefer A, Buckner CD,
et a). Antileukemic effect of graft-versus-host disease in human recipients
of allogeneic-marrow grafts, N Eng! J Med 1979;300:1068-73.

3. Ratanatharathorn V, Uberti J, Karanes C, Abella E, Lum LG, Momin F,
el al. Prospective comparative trial of antologous versus allogencic bone
marrow transplantation in patients with non-Hodgkin's lymphoma. Blood
1994;84:1050-5.

4, Sullivan KM, Weiden PL, Storb R, Witherspoon RP, Fefer A, Fisher L,
et al, Influence of acute and chronic graft-versus-host disease on relapse
and survival after bone marrow transplantation from HLA-identical
siblings as treatmemt of acute and chronic leukemia. Blood
1989;73:1720-8.

5. Horowitz MM, Gale RP, Sondet PM, Goldman IM, Kersey J, Kolb HJ, etal.
Graft-versus-leukemia reactions after bone marrow transplantation. Bloed
1990;75:555-62.

6. Goldman M, Gale RP, Horowitz MM, Biggs JC, Champlin RE, Gluckman
E, etal. Bone marrow transplantation for chronic myelogenous leukemiain
chronic phase. Increased risk for relapse associated with T-cell depletion.
Ann Imtern Med 1988;108:806~14.

7. KolbH]J, Schattenberg A, Goldman JM, Hertenstein B, Jacobsen N, Arcese
W, et al. Graft-versus-leukemia effect of donor lymphocyte transfusions
in marrow prafted patients. European Group for Blood and Marrow
Transplantation Working Party Chronic Levkemia. Blood 1995:86:
2041-50.

10.

13.

19.

20.

21.

22.

23.

24.

25,

26.

. Shiobara §, Nakaco 8, Ueda M, Yamazaki H, Takahashi S, Asano §, et al.

Donor leukocyte infusion for Japanese palients with relapsed leukemia
after allogeneic bone marrow transplantation: lower incidence of acute
graft-versus-host discase and improved outcome. Bone Marrow
Transplant 2000,26:769-74.

. Bearman S, Appelbaum FR, Buckner C, et al. Regimen-related toxicity

in patients undergoing bone marrow transplantation. J Clin Oncol
1988;6:1562-68.

Collins RH Jr, Shpilberg O, Drobyski WR, Porter DL, Giralt §,
Champlin R, et al. Donor leukocyte infusions in 140 patients with
relapsed malignancy after allogeneic bone marrow transplantation.
J Clin Oncol 1997;15:433-44,

. Slavin§, Nagler A, Naparstek E, Kapelushnik Y, Aker M, Cividalli G, et al.

Nonmyeloablative stem cell transplantation and cell therapy as an
alternative to conventional bone marrow transplantation with lethal
cytoreduction for the treatment of malignant and nonmalignant
hematologic diseases. Blood 1998;91:756-63.

. McSweeney PA, Niederwieser D, Shizuru JA, Sandmaier BM, Molina Al,

Maloney DG, et al. Hematopoietic cell transplantation in older patients
with hematologic malignancies: replacing high-dose cytotoxic therapy
with graft-versus-tumor effects. Blood 2001;97:3390-400.

Sykes M, Preffer F, McAfee S, Saidman SL, Weymouth D, Andrews DM,
et al. Mixed lymphohaemopoietic chimerism and graft-versus-lymphoma
effects after non-myeloablative therapy and HLA-mismatched bone-
marrow transplantation. Lancet 1999;353:1755-9.

. Saito T, Kanda Y, Kami M, Kato K, Shoji N, Kanai S, et al. Therapeutic

potential of a reduced-intensity preparative regimen for allogeneic
transplantation with cladribine, busulfan, and antithymocyte globulin
against advancedfrefractory acute leukemia/lymphoma. Clin Cancer
Res 2002;8:1014-20.

. Champlin R, Khouri I, Shimoni A, Gajewski J, Komblau S, Molldrem J,

et al. Harnessing graft-versus-malignancy: non-myeloablative preparative
regimens for allogeneic haematopoietic transplantation, an evolving
strategy for adoptive immunotherapy, Br J Haematol 2000;111:18-29.

. Bacigalupo A. Second EBMT Workshop on reduced intensity allogeneic

hemopoietic stem cell transplants (RI-HSCT). Bone Marrow Transplant
2002:29:191=5.

. Storb R, Champlin R, Riddell 8, Murata M, Bryant S, Warren E. Non-

myeloablative transplants for malignant disease. In: Schechier GP, Broudy
VC, Williams ME, editors. Hematology 2001, American Society of
Hematology Education Program Bock. Washington, DC: American
Society of Hematology 2001.

. YuC, Sterb R, Mathey B, Deeg HJ, Schuening FG, Graham TC, etal. DLA-

identical bone marrow grafis after low-dose total body irradiation: effects
of high-dose corticosteroids and cyclosporine on engraftment. Blood
1995;86:4376-81.

StorbR, YuC, WagnerJL, Deeg HI, Nash RA, KiemHP, etal. Stable mixed
hematopoietic chimerism in DLA-identical littermate dogs given sublethal
total body irradiation before and pharmacological immunosuppression
after marrow transplantation. Blood 1997;89:3048-54,

Storb R, Yu C, Barnett T, Wagner JL, Deeg HJ, Nash RA, et al. Stable
mixed hematopoietic chimerism in dog leukocyte antigen-identical
littermate dogs given lymph node irradiation before and pharmacologic
immunosuppression after marrow transplamtation. Blood 1999:94:
1131-6.

Morecki S, Moshel Y, Gelfend Y, Pugatsch T, Slavin S. Induction of graft
vs. fumor effect in a murine model of mammary adenocarcinoma. fnt J
Cancer 1997;71:59-63.

Moscevitch M, Slavin $. Anti-tumor effects of allogeneic bone marrow
transplantation in (NZB x NZW)F1 hybrids with spontaneous lympho-
sarcoma. J fmmimol 1984;132:997-1000.

Morecki S, Yacovlev E, Diab A, Slavin S. Allogeneic cell therapy for a
murine mammary carcinoma. Cancer Res 1998;58:3891-5,

Prigozhina TB, Gurevitch O, Morecki S, Yakovlev E, Elkin G, Slavin S.
Nonmyelcablative allopeneic  bone marrow  transplamtation 2§
immunotherapy for hematologic malignancies and metastatic solid
tumors in preclinical models. Exp Hematol 2002;30:89-96.

Ben-Yosef R, Or R, Nagler A, Slavin S. Graft-versus-tumour and graft-
versus-lenkaemia effect in patient with concurrent breast cancer and acute
myelocytic leukaemia. Lancet 1996;348:1242-3,

Eibl B, Schwaighofer H, Nachbaur D, Marth C, Gachter A, KnappR, etal.
Evidence for a grafl-versus-tumor effect in a patient treated with marrow
ablative chemotherapy and allogeneic bone marrow transplantation for
breast cancer. Blood 1996;88:1501-8.




27,

28.

29.

30

3L

32

33

34,

35.

36.

.

38.

39.

40,

41,

42.

43,

44.

45,

46,

Moscardo F, Martinez JA, Sanz GF, Jimenez C, Cervera ], Sanchis I, et al.
Graft-versus-tumour effect in non-small-cell lung cancer after allogeneic
peripheral blood stem cell transplantation. Br J Haemato! 2000;111:
708-10,

Bay JO, Fleury J, Choufi B, Tournilhac O, Vincent C, Bailly C, et al.
Allogeneic  hemalopoietic stem cell transplantation in ovarian
carcinoma: results of five patients, Bone Marrow Transplant
2002;30:93-102.

Zetterquist H, Hentschke P, Thomme A, Wernerson A, Mattsson J, Uzunel
M, et al. A graft-versus-colonic cancer effect of allogeneic stem cell
transplantation. Bone Marrow Transplant 2001;28:1161-6.

Inoue M, Nakano T, Yoneda A, Nishikawa M, Nakayama M, Yumura-
Yagi K, et al. Graft-versus-tumor effect in a patient with advanced
neurcblastoma who received HLA haplo-identical bone marrow
transplantation. Bore Marrow Transplant 2003;32:103-6.

Omuro Y, Matsumoto G, Sasaki T, Tanaka Y, Maeda Y, Sakamaki H, et al.
Regression of an unresectable pancreatic tumor following nonmyelo-
ablative allogeneic peripheral-blood stem-cell transplantation, Bone
Marrow Transplant 2003;31:943-5,

Takahashi T, Omuro Y, Matsumoto G, Sakamaki H, Maeda ¥, Hiruma K,
et al. Nonmyeloablative allogeneic stem cell transplantation for patients
with unresectable pancreatic cancer. Pancreas 2004;28:e65-9.

Tanaka M, Shibuni S, Kobayashi Y, Nomura K, Nakanishi Y. A graft-
versus-tumor effect in a patient with ependymoma who received an
allogenic bone marrow transplant for therapy-related leukemia, Case
report. J Newrosurg 2002,97:474-6,

Porter DL, Connors IM, Van Deerlin VM, Duffy KM, McGarigle C,
Saidman SL, et al. Graft-versus-tumor induction with donor leukocyte
infusions as primary therapy for patients with malignancies. J Clin
Oncol 1999;17:1234.

Childs R, Chernoff A, Contentin N, Bahceci E, Schrump D, Leitman §,
et al. Regression of metastatic renal-cell carcinoma after
nonmyeloablative allogeneic peripheral-blood stem-cell transplantation.
N Engl J Med 2000;343:750-8.

Topalian $L, Solomon D, Avis FP, Chang AE, Freerksen DL,
Linehan WM, et al. Immunotherapy of patients with advanced cancer
using tumor-infiltrating lymphocytes and recombinant interleukin-2:
a pilot study. J Clin Oncol 1988,6:839-53.

Negrier S, Escudier B, Lasset C, Douillard JY, Savary J, Chevreau C,
et al. Recombinant human interleukin-2, recombinant human interferon
alfa-2a, or both in metastatic renal-cell carcinoma. Groupe Francais
d’'Immunotherapie. N Engl J Med 1998;338:1272-8.

Childs R, Barrett J. Nonmyeloablative stein cell transplantation for solid
tumors: expanding the application of allogeneic immunotherapy. Semin
Hemato! 2002;39:63-71.

Rini BI, Zimmerman T, Stadler WM, Gajewski TF, Vogelzang NJ.
Allogeneic stem-cell transplantation of renal cell cancer after
nonmyeloablative chemotherapy: feasibility, engraftment, and clinical
results. J Clin Oncol 2002;20:2017-24.

Bregni M, Dodero A, Peccatori I, Pescarcllo A, Bernardi M, Sassi I, et al.
Nonmpyeloablative conditioning followed by hematopoietic cell
allografiing and donor lymphocyte infusions for patients with
metastatic renal and breast cancer. Blood 2002;99:4234-6.

Pedrazzoli P, DaPrada GA, Giorgiani G, Schiavo R, Zambelli A, Giraldi E,
et al. Allogeneic blood stem cell transplantation after a reduced-intensity,
preparative regimen: a pilot study in patients with refractory malignancies.
Cancer 2002;94:2409-15.

Blaise D, Bay JO, Faucher C, Michallet M, Boiron JM, Choufi B, et al.
Reduced-intensity preparative regimen and allogeneic stem cell
transplantation for advanced solid tumors. Blood 2004,103:435-41.
Ueno NT, Cheng YC, Rondon G, Tannir NM, Gajewski J1., Couriel DR,
et al. Rapid induction of complete doner chimerism by theuse of areduced-
intensity conditicning regimen composed of fludarabine and melphalanin
allogeneic stem-cell transplantation for metastatic solid tumors. Blood
2003.

Hentschke P, Barkholt L, Uzunel M, Matisson J, Wersall P, Pisa P, et al.
Low-intensity conditioning and hematopoietic stemn cell transplantationin
patients with renal and colon carcinoma. Bone Marrow Transplant
2003;31:253-61.

Gratwohl A, BaldomeroH, Demirer T, Resli G, Dini G, Ladenstein R, e1al.
Hematopoetic stem cell transplantation for solid tumors in Europe. Ann
Oncol 2004;15:653-60.

Naokagawa T, Kami M, Hori A, Kim SW, Murashige N, Hamaki T,
et al. Allogeneic hematopeietic stem cell (ransplantation with a

47

48.

49,

50.

51.

52

33

54

33,

56.

57.

58.

59.

60

61.

62,

63.

65.

66.

67.

Jpn J Clin Oncol 2004,34(12) 715

reduced-intensity conditioning regimen for treatment of metastatic
renal cell carcindma: single institution experience with a minimum 1-
year follow-up. Exp Hematol 2004,32:599-606.

Ueno NT, Rondon G, Mirza NQ, Geisler DK, Anderlini P, Girali SA, et al.
Allogeneic peripheral-tlood progenitor-cell transplantation for poor-risk
patients with metastatic breast eancer. J Clin Oncol 1998;16:986-93.
Ueno NT, Hortobagyi GN, Champlin RE. Allogeneic peripheral blood
progenitor cell transplantation in solid tumors. Cancer Trear Res
1999;101:133-56.

Carella AM. Autografiing and nonmyeloablative allogeneic stem
cell transplantation in metastatic breast cancer. Haematologica 2002;
gn11-12

Childs R, Srinivasan R. Advances in allogeneic stem cel] transplantation:
directing graft-versus-leukemia at solid tumors. Cancer J 2002;8:2-11.
Kanda Y, Komatsu Y, Akahane M, Kawazu M, Tada M, Goyama §, et al.
Allogeneic reduced intensity stem cell transplantation for advanced
pancreatic cancer. Proc ASCO 2003.

Makimoto A, Mineishi S, Tanosaki R, Kanda Y, Saito T, Nakai K, et al.
Nonmyeloablative stem-cell transplantation (NST) for refractory solid
wmors. Proc ASCO 2001;20:Abstract no. 44.

Bay JO, Choufi B, Pome! C, Dauplat J, Durando X, Tournilhac O, et al.
Potential allogeneic graft-versus-tumor effect in a patient with ovarian
cancer. Bone Marrow Transplant 2000;25:681-2.

Kojima R, Kami M, Hori A, Murashige N, Ohnishi M, Kim SW, et al.
Reduced-intensity allogeneic hematopoietic stem-cell transplantation
as an immunotherapy for metastatic colorectal cancer. Transplantation
in press.

KamiM, Takaue Y. Development of reduced-intensity hematopoietic stem
cell transplantation in the National Cancer Center Hospital, Japan. Ther
Apher Dial 2003;7:318-28.

Warren EH, Tykodi §8, Murata M, Sandmaier BM, Storb R, Jaffee E, et al.
T-cell therapy targeting minor histocompatibility Ags for the treatment of
leukemia and renal-cell carcinoma. Cyforherapy 2002;4:441.
Drachenberg D, Childs RW. Allogeneic stem cell transplantation as
immunotherapy for renal cell carcinoma: from immune enhancement to
immune replacement. Urol Clin North Am 2003;30:611-22.

Menz Q, Igarashi T, Srinivasan R. Immunologic mechanisms involved in
the graft-vs-tumor (GVT) effect in renal cell carcinoma (RCC) following
nonmyeloablative allogeneic peripheral blood stem cell transplantation
(NST). Blood 2003;98:356 (abstract).

Harashima N, Kurihara K, Utsunomiya A, Tancsaki R, Hanabuchi S,
Masuda M, et al. Graft-versus-Tax response in adult T-cell leukemia
patients after hematopoietic stem cell transplantation. Cancer Res
2004;64:391-9.

Goulmy E, Schipper R, Pool ], Blokland E, Falkenburg JH, VossenJ, et al.
Mismatches of minor histocompatibility antigens beiween HLA-identical
donors and recipients and the development of grafi-versus-host disease
after bone marrow transplantation, N Engl J Med 1996;334:281-5.

Marijt WA, Heemskerk MH, Kloosterboer FM, Goulmy E, Kester MG, van
der Hoorn MA, et al. Hematopoiesis-restricted minor histocompatibility
antigens HA- 1- or HA-2-specific T cells can induce complete remissions
of relapsed leukemia. Proc Nat! Acad Sci USA 2003,100:2742-7.
Qosten LE, Blokland E, van Halteren AG, Curtsinger J, Mescher MF,
Falkenburg JH, et al. Anificial antigen-presenting constructs effi-
ciently stimulate minor histocompatibility antigen-specific cytotoxic T
Iymphocytes. Blood 2004,104:224-6.

Fontaine P, Roy-Prouix G, Knafo L, Baron C, Roy DC, Perreault C.
Adoptive transfer of minor histocompatibility antigen-specific T lympho-
cyles eradicates lenkemia cells without causing graft-versus-host disease.
Nar Med 2001;7:785-94,

. Dickinson AM, Wang XN, Sviland L, Vyth-Dreese FA, Jackson GH,

Schumacher TN, et al. In situ dissection of the grafi-versus-host
activities of cytotoxic T cells specific for minor histocompatibility
antigens. Nat Med 2002;8:410-4.

Ruggeri L, Capanni M, Urbani E, Perruccio X, Shlomchik WD, Tosti A,
etal. Effectiveness of donor natural killer cell alloreactivity in mismatched
hematopoietic transplants. Sefence 2002,295:2097-100.

lgarashi T, Wynberg J, Srinivasan R, Becknell B, McCoy IP Jr,
Takahashi Y, et al. Enhanced cytotoxicity of allogeneic NK cells with
killer immuneglobulin-like receptor ligand incompatibility against
melanoma and renal cell carcinoma cells, Blood 2004;104:170-7.
Teshima T, Ordemann R, Reddy P, Gagin §, Liu C, Cooke KR, et al. Acute
graft-versns-host disease does nol require alloantigen expression on host
epithelium. Nar Med 2002;8:575-81.



716

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78,

79.

80,

gl

82,

83.

34,

Allo-SCT for solid tumors

Hori A, Kami M, Kim SW, Makimoto A, Tanosaki R, Takaue Y. Balance
between acute graft-versus-host disease and graft-versus-tumor effect
after reduced-intensity transplantation for metastatic renal cell
carcinoma. Hematol J 2004;5:276-8.

Stelljes M, Strothotte R, Pauels HG, Poremba C, Milse M, Specht C, et al,
Grafi-versus-host disease afier allogeneic hematopoietic stem cell
transplantation induces a CD8* T cell-mediated graft-versus-tumor
effect that is independent of the recognition of alloantigenic tumor
targets. Blood 2004;104:1210-6,

Mielcarek M, Martin PJ, Leisenring W, Flowers ME, Maloney DG,
Sandmaier BM, et al. Graft-versus-host disease after nonmyeloablative
versus conventional hematopoietic stem cell transplantation. Blood
2003;102:756-62.

Nakai K, Mineishi S, Kami M, Saito T, Hori A, Kojima R, et al.
Antithymocyte globulin affects the occmrence of acwte and chronic
grafi-versus-host disease after a reduced-intensity conditioning regimen
by modulating mixed chimerism induction and immune reconstitution.
Transplantation 2003;75:2135-43.

Kottaridis PD, Milligan DW, Chopra R, Chakraverty RK, Chakrabarti S,
Robinson 3, et al. /n vive CAMPATH-tH prevents graft-versus-host
disease following nonmyeloablative stem cell transplantation. Blood
2000:,96:2419-25.

Chakrabarti 8, Mackinnon S, Chopra R, Kottaridis PD, Peggs K,
O’Gorman P, et al, High incidence of cytomegalovirus infection
after nonmyeloablative stem cell transplantation: potential role of
Campath-1H in delaying immune reconstitution. Blood 2002;99:
4357-63.

Ho VT, Sciffer R]. The history and future of T-cell depletion as graft-

versus-host disease prophylaxis for allogeneic hematopoietic stem cell”

transplantation. Blood 2001;98:3192-204.,

Dazzi F, Szydlo RM, Cross NC, Craddock C, Kaeda J, Kanfer E, et al.
Durability of responses following donor lymphocyte infusions for patients
who relapse after allogeneic stem cell transplantation for chronic myeloid
leukemia. Blood 2000;96:2712-6.

Bonini C, Ferrari G, Verzeletti S, Servida P, Zappone E, Ruggieri L, et al.
HSV-TK gene transfer into denor lymphocytes for contro] of allogeneic
graft-versus-leukemia, Science 1997;276:1719-24.

Nimer SD, Giorgi I, Gajewski JL, Ku N, Schiller G, Lee K, et al. Selec-
tive depletion of CD8™ cells for prevention of graft-versus-host disease
after bone marrow transplantation. A randomized conirolled (rial.
Transplantation 1994;57.82-17.

Farrel] CL, Rex KL, Chen IN, Bready 1V, DlPalmaCR Kaufman SA, etal.

The effects of keratinocyte growth factor in preclinical models of
mucositis. Cell Prolifer 2002;35 Suppl 1:78-85.

Wirth K, Mertelsmann R, Cytoprotective function of keratinocyte growth
factor in tumour therapy-induced tissue damage. Br J Haematol
2002,116:505-10.

Clouthier 8G, Cooke KR, Teshima T, Lowler KP, Lin C, Connolly K, et al,
Repifermin (keratinocyte growth factor-2) reduces the severity of grafi-
versus-host disease while preserving a graft-versus-leukemia effect, Biol
Blood Marrew Transplant 2003,9:592-603.

Molldrem )], Lee PP, Wang C, Felio K, Kantarjian HM, Champlin RE, et al.
Evidence that specific T lymphocytes may participate in the elimination of
chronic myelogenous leukemia. Nor Med 2000,6:1018-23,

Falkenburg JH, Wafelman AR, Joosten P, Smit WM, van Bergen CA,
Bongaerts R, et al. Complete remission of accelerated phase chronic
myeloid leukemia by ftreatment with leukemia-reactive cytoloxic
T lymphocytes. Blood 1999,94:1201-8.

Anderson LD Jr, Petropoulos D, Everse LA, Mullen CA, Enhancement of
graft-versus-tumor activity and graft-versus-host disease by pretransplant
immunization of allogeneic bone marrow donors with a recipient-derived
tumor cell vaceine. Cancer Res 1999;59:1525-30.

Teshima T, Mach N, Hill GR, Pan L, Gillessen S, Dranoff G, et al.
Tumor cell vaccine elicits polent antitumor immunity after atlogeneic
T-cell-depleted bone marrow transplantation. Cancer Res 2001;61:
162-71.

85,

g6,

7,

88.

89.
90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

100,

101,

Anderson LD Jr, Savary CA, Mullen CA. Immunization of allogencic bone
marrow transplant recipients with tumor cell vaccines enhances grafi-
versus-tumor activity without exacerbating graft-versus-host disease.
Blood 2000;95:2426-33.

Montagna D, Maccario R, Locatelli F, Rosti V, Yang Y, Farness P, et al,
Ex vive priming for long-term maintenance of antilevkemia human
cytotoxic T cells suggests a general procedure for adoptive immuno-
therapy. Blood 2001;98:3359~66.

Morecki S, Yacovlev E, Gelfand Y, Uzi ], Slavin §, Cell therapy with
preimmunized effector cells mismatched for minor histocompatible
antigens in the treatment of a murine mammary carcinoma.
J Inmmunother 2001;24:114-21,

Luznik L, Slansky JE, Jalla S, Borrello I, Levitsky HI, Pardoll DM, et al.
Successful therapy of metastatic cancer using tumor vaccines in mixed
allogeneic bone marrow chimeras. Blood 2003;101:1645-52.

Sykes M, Sachs DH. Bene marrow transplantation as a means of inducing
tolerance. Semin Immunol 1990;2:401-17.

Teshima T, Hill GR, Pan L, Brinson YS, van den Brink MR, Cocke KR,
etal. IL-11 separates graft-versus-levkemia effects from graft-versus-host
disease after bone marrow transplantation. Clin Invest 1999;104:317-25,
Blazar BR, Kwon BS, Panoskaltsis-Mortari A, Kwak KB, Peschon 1J,
Taylor PA. Ligation of 4-1BB (CDw137) regulates graft-versus-host
disease, graft-versus-leukemia, and graft rejection in allogeneic bone
marrow transplant recipients. J fmmunol 2001;166:3174-83.

Sutmuller RP, van Duivenvoorde LM, van Elsas A, Schumacher TN,
Wildenberg ME, Allison JP, e1 al. Synergism of cytotoxic T lymphocyte-
associated antigen 4 blockade and depletion of CD25(+) regulatory
T cells in antitumor therapy reveals alternative pathways for
suppression of antoreactive cytotoxic T lymphocyte responses. J Exp
Med 2001; 194:823-32.

Maine GN, Mule 1J. Making room for T cells. J Clin frvest 2002;110:157—
9.

Dudley ME, Wunderlich JR, Robbins PF, Yang JC, Hwu P,
Schwartzentruber DJ, et al. Cancer regression and autoimmunity in
patients after clonal repopulation with antitumor lymphocytes, Science
2002;298:850-4.

Hori A, Kami M, Kim SW, Murashige N, Sakiyama M, Kojima R, et al.
Urgent need for a validated tumor response evaluation system for use in
immunotherapy. Bone Marrow Transplant 2004;33:255-6; author reply
257-8.

Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinsteizn L, et al. New guidelines to evaluate the response to
treatment in sclid tumors., European Organization for Research and
Treatment of Cancer, National Cancer Institute of the United Stales,
National Cancer Institute of Canada. J Nar! Cancer Inst 2000;92:205-16.
Sakiyama M, Kami M, Hori A, Imataki O, Hamaki T, Murashige N, et al.
Regimen-related  toxicity following reduced-intensity stem-cell
transplantation {RIST): comparison between Seattle criteria and
National Cancer Center Commeon Toxicity Criteria (NCI-CTC) version
2.0. Bone Marrow Transplant 2004,

BornhauserM, Thiede C, Platzbecker U, Jenke A, Helwig A, Plettig R, etal.
Dose-reduced conditioning and allogeneic hematopoietic stem cell
transplantation from unrelated donors in 42 patients. Clin Cancer Res
2001;7:2254-62.

Kusumi E, Kami M, Yuji K, Hamaki T, Murashige N, Hori A, et al.
Feasibility of reduced intensity hematopoietic stem cell transplantation
from an HLA-matched unrelated donor. Bone Marrow Transplant
2004:33:697-702.

Rarker JN, Weisdorf DI, DeFor TE, Blazar BR, Miller 15, Wagner JE,
Rapid and complete denor chimerism in adult recipients of unrelated donor
umbilical cord blood transplantation after reduced-intensity conditioning.
Blood 2003;102:1915-9,

Miyakoshi 8, Yuii K, Kami M, Kusumi E, Kishi Y, Kcbayashi K, et al.
Successful engraftment after reduced-intensity umbilical cord blood
transplantation for adult patients with advanced hemato[oglcal diseases.
Clin Cancer Res 2004;10: 3586—92




3586 Mol 10, 3556-3592, June 1, 2004

Clinical Cancer Research

Featured Article

Successful Engraftment After Reduced-Intensity Umbilical Cord
Blood Transplantation for Adult Patients with Advanced

Hematological Diseases

Shigesaburo Miyakoshi,! Koichire Yuji,'
Masahiro Kami,? Eiji Kusumi,' Yukiko Kishi,?
I{azuhiko Kobayashi,” Naoko Murashige,?
Tamae Hamaki,> Sung-Won Kim,?

Jun-ichi Ueyama,' Shin-ichiro Mori,?
Shin-ichi Morinaga,' Yoshitomo Muto,’
Shigeru Masuo,® Mineo Kanemaru,*
Tatsuyuki Hayashi,® Yoichi Takaue,? and
Shuichi Taniguchi'

"Department of Hematofogy, Toranomon Hospital; ZHematopoietic
Stem-cell Transplantation Unit. National Cancer Center Hospital;
*Department of Hematology and Rheumatology, JR Tokyo General
Haspital; *Deparument of Tnermal Medicine, Higashijyujyo Hospital;
and *Depariment of Internal Medicine, Tokyo Melropolitan Police
Hospital, Tokyo, Yapan

ABSTRACT

Purpose: The purpose of this research was to evaluate
the feasibility of reduced-intensity unvelated cord-blood
transplantation (RT1-UCBT) in adult patients with advanced
hematological diseases.

Experimental Design: Thivty patients (median age, 58.5
years; range, 20-70 years) with advanced hematological
diseases underwent RI-UCBT at Toranomon Hospital he-
tween September 2002 and August 2003. Preparative regi-
men conposed of fhudarabine 25 mg/m? on days —7 to -3,
melphalan 80 mg/m? on day =2, and 4 Gy total body irra-
diation on day —1. Graft-versus-host disease prophylaxis
was composed of cyclosporin alone.

Results: Twenty-six patients achieved primary neutro-
phil engraftment after a median of 17.5 days. Median in-
fused total cell dose was 3.1 x 107/kg (range, 2.0-4.3 X
107/kg). Two transplant-related mortalities occurred within
28 days of transplant, and another 2 patieats displayed
primary graft faiture. Cumulative incidence of complete
donor chimerism at day 60 was 93%. Grade 1I-IV acute
graft-versus-host disease occurred in 27% of patients, with
median onset 36 days. Primary disease recurred in 3 pa-
tients, and transplant-related mortality within 100 days was
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27%. Estimated 1-year overall survival was 32.7%. Exclud-
ing 7 patients with documented infection, 19 patients dis-
played neninfectious fever before engraftment (median on-
set, day 9). Manifestations included high-grade fever,
eruption, and diarrhea. The symptoms responded well to
corticosteroid treatments in 7 of 13 treated patients,

Conclusion: This study demonstrated the feasibility of
RI-UCBT in adults,

INTRODUCTION

Allogeneic hematopoietic stem-cell transplantation (allo-
HSCT) is a curative treatment for refractory hematological
malignancies. The therapeutic benefits are attributable to my-
eloablative radiochemotherapy and grafl-versus-leukemia ef
fects 1), whereas the severe regimen-refated toxicity (RRT:
Ref. 2) limited allo-HSCT to young patients without comorbidi-
ties.

Reduced-intensity stem-cell transplantation (RIST) using a
nonmyeloablative preparative regimen has been developed to
decrease RRT, whereas preserving adequate antitumor effects
(3-5). Different pioneering conditioning regimens for RIST
have been investigated, such as those includling purine analogs
(3—6} and total body irradiation (TB1). Atthough RIST has been
attempted in various diseases (5, 6), suitable preparative regi-
mens with adequate immunosuppression have yet to be estab-
lished.

Although allo-HSCT from an HLA-identical sibling ix
promising, only 3% of the patients have an HLA-identical
sibling donor. The value of unrelated cord-blood transplantation
(UCBT) was confirmed for pediatric patients {7, 8). it has seen
recent application in adult patients (9). Whereas the potential
graft-versns-levkemia effects by cord-blood (CB) without se-
vere graft-versus-host disease (GVHD; Ref. 10) has been re-
ported, current questions include whether CB provides a sulfi-
cient number of stem cells for adults and suitable grafl-versies-
leukemia effects.

Reduced-inmtensity (RI}-UCBT (11, 12) Tepresents a pron-
ising treatment for advanced hematological malignancies. Wag-
ner ef al. (12) reported recently the feasibility of RI-UCBT for
pediatric patients. However, the feasibility in adult Patients
remains unclear. We report 30 adult patients with advanced
hematological diseases who underwent RI-UCBT after fludara-
bine, melphalan, and 4 Gy TBI since October 2003 at our
institution.

PATIENTS AND METHODS

Study Patients and Donors. Thirty patients with hema-
lological diseases underwent RI-UCBT at Toranomon Hospita!
between September 2002 and August 2003, All of the patients
had hematological disorders that were incurable with conven-
tional treatments and were considered inappropriate for conven-
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tional 2llo-HSCT due to the lack of an HLA-identical sibling or
a suitable unrelated donor, age >50 years old and/or organ
dysfunction (generally attributable to previous intense chemo-
and’or radiotherapy).

All of the patients provided written informed consent in
accordance with the requirements of the Institutional Review
Board.

HLA Typing and Denor Matching.  An unrelated donor
was searched through the Japan Marrow Donation Program (13}
for patients without an HLA-identical sibling donor. When no
appropriate donor was identified, the Japan Cord Blood Bank
Network {14) was searched. CB units, which were =4 of 6
HLA-antigen matched and contained at least 2 X 107 nucleated
cells/kg of recipient body weight before freezing were used. CB
units were not depleted of T lymphocytes.

Preparative Regimen. The preparative regimen was
composed of fludarabine 25 mg/m? on days ~7 to —3, melpha-
lan 80 mg/m? on day —2. and 4 Gy TBI in 2 fractions on day
-1

Supportive Cares.  All of the patients were managed in
reverse iselation in laminar airflow-equipped rooms and re-
ceived trimethoprim/sul{amethoxazote for Prewmocvstis carinii
prophylaxis. Fluoroquinolone and fluconazole were adminis-
tered for prophylaxis of bacterial and fungal infections, respec-
tively. Prophylaxis of herpes virus infection with acyclovir was
also given (15). Neutropenic fever was managed according 1o
the guidelines (16, 17). Cytomegalovirus (CMV) pp65 antigen-
emia was monitored once a week. If positive results were
identified, preemptive therapy with foscarnet was initiated. He-
moglobin and platelet counts were maintained at =7 g/l
and >10 X 10%liter, respectively, with in-line filtered and
imadiated blood transfusions.

Management of GYHD, GVHD was clinically diag-
nosed in combination with skin or gut biopsies after engrafiment
or attainment of 100% donor chimerism. Acute and chronic
GVHD were graded according to the established criteria (18,
19).

GVHD prophylaxis was a continuous infusion of cyclos-
porin 3 mg/kg from day —1 until the patients tolerated oral
administration. It was tapered off from day 100 until day 150. If
grade lI-1V acute GVHD developed, 1 mg/kg/day of predniso-
lone was udded to cyclosporin and tapered from the beginning
of clinical response.

Chimerism Analysis. Chimerism was assessed using
fluorescent in site hybridization in sex-mismatched donor-recip-
ient pairs. In sex-matched pairs, PCR for variable numbers of
tandem repeats was used with donor cells detected at a sensi-
tivity of 108 (20).

Whole blood and CD3-positive cell chimerism was as-
sessed at the time of granulocyte engraftment. When engraft-
ment was delayed, chimerism was assessed on day 30. For those
who died before engrafiment, chimerism was assessed at least
once during lite.

Engraftment, Engrafiment was defined as WBC
counts = 1.0 X 10%liter or absolute neutrophil counts > 0.5 X
10%/liter for 2 consecutive days, Granulocyte colony stimulating
factor (Filgrastim) 300 wg/m*day was administered i.v. from
day 1 until neutrophil engrafunent.

Graft failure was defined as peripheral cylopenia and mar-

Tuble ] Patient characteristics (n = 30)

Age {y), median {range} 585 (20-7()
Weight (kg), median (range) 52 {38-75)
Male/female 16/14
Diagnosis
Malignancy
Acule myeloid leukemia 1
Myelodisplastic syndrome
Acute lymphoblastic leukemia
Adult T-cell Jeukemia
Plasma cell leukemia
Chronic myeloid leukemia
Malignant lymphoma
Benign
Severe aplastic anemia 4
Disease status at transplantation (malignancy)
Remission |
Refractary to previous chemotherapy 25

— e e LA L — L

row hypoplasia occurring later than day 60, without detection of
donor markers by cytogenetic and/or molecular techniques.

RRT and Transplantation-Related Mortality (TRM).
RRT was defined as any nonhematological organ dysfunction
from day 0 to day 28 and was graded according to the Bear-
man’s criteria (2). TRM was defined as death without the
primary disease progression.

Endpoints and Statistical Analysis. Primary end points
were composed of the rates of durable engraftment and TRM
within day 100. Secondary end points were the rates of RRT,
acute and chronic GVHD, infections, event-free survival (EFS),
and overall survival (OS).

Acute GVHD was analyzed for engrafied patients. Chronic
GVHD wag analyzed for patients who survived =100 days.

EFS was defined as the duration of survival afier trans-
plantation without disease progression, relapse, graft failure, or
death. The probabilities of OS and EFS were shown by the
Kaplan-Meier method as of January 31, 2004, Surviving pa-
tients were censored on the last day of follow-up. Cox regres-
sion analysis was used to determine the effect of various vari-
ables on OS.

RESULTS

Patient Characteristics, Median age was 5.5 years
(range, 20-70 years), and median weight was 52 kg {range,
38-75 kg; Table 1). All of the patients were CMV-seropositive,

The malignancies of 25 patients were refractory to cyto-
taxic chemotherapies except acute myeloblastic Teukemia (n =
1) in first CR. The remaining 4 patients had transfusion-depen-
dent severe aplastic anemia.

CB Characteristics. Twenty-four and 6 patients re-
ceived 4 of 6 and 5 of 6 HLA-antigen-matched CB, respectively.
Twenty-one patient CB pairs were sex-mismatched. Median
infused total nucleated cell dose and CD34-positive cell dose
before freezing were 3.1 X 107/kg (range, 2.0-4.3 X 107%g)
and 0.74 X 10%kg (range, 0.17-2.5 X 10%kg), respectively.

Engraftment. Twenty-six patients [87%; 95% confi-
dence interval (93% C1), 75-99%] achieved primary neutrophil
engraftment, among whom median day of engraftment was 17.5
days (range, 1054 days; Fig. 1). Their engraftment was durable
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Fig. ] Engraftment of neutrophils and plutelets, Twenly-six (8§7%:;
95% confidence interval, 75-99%) and 16 patients (40%: 95% confi-
dence interval, 25-57%) achieved primary neutrophil and platelet en-
graltment, respectively.

Toble 2 Neuwrophil engrafiment, chimerism, and overall survival

Neutrophil engrafiment

Variable n % (95% CTY" P
Total cell dose .
=3 X 10%kg 16 94%, (82-100%)
<3 X 10'kg 14 79% (57-100%) 0.25
HLA disparities
HLA 5/6 match ] 67% (29-100%)
HLA 4/6 match 24 92% (S 1-100%) 0.24

100%: Donor chimerism
Tatal cell dose

23 X 107y 16 100%,

<3 X 10%kg 14 86% (67-100%) 0.63
HLA disparity

HLA 3/6 match 6 83% (54-100%)

HLA 4/6 mutch 24 G6% (88-100%0) 0.31

Overall survival
Total cell dose

=3 X 107kg 16 54% (24-83%)

<3 X 107y 14 520, {6.6-87%) 0.70
HLA disparities

HLA 576 match 6 63% 120-100%)

HLA 4/6 mateh 24 519 (20-819%) 0.60

“Cl, eonfidence imerval.

without requiring readministration of Filgrastim. Two patients
died of TRM within 28 days of transplant, Primary graft failure
occurred in the remaining 2 patients, who underwent second
RI-UCBT with the same preparative regimen and GVHD pro-
phylaxis and achieved neutrophil engraftment and complete
doner chimerism. No palients experienced a decrease in neutro-
phil <0.5 X 10%%iter during the follow-up.

Platelet counts >20 X 10%liter were achieved by 16 pa-
tients {(40%; 95% Cl, 25-57%) on a median day of 39 days
(range, 25-95 days). No other patient achieved platelet recovery
until the last day of follow-up.

No significant association was found between neutrophi
engrafiment and either infused cell dose or HLA disparity
{Table 2).

Chimerism Analysis.  Chimerism data were obtained
{rom all of the 30 patients, Cumulative incidence of complete

donor chimerism at day 60 was 93% (95% CI, §4~100%), and
median time to complete donor chimerism was 22 days (range,
13-56 days; Fig. 2). The 2 patients who died of TRM within 28
days had complete donor chimerism before neutrophil engrafi-
ment. All of the surviving patients were monitored for chimer-
ism every 3 months, followed the cyclosporine tapering sched-
ule from day 100 to day 150, and maintained complete donor
chimerism during the follow-up even after the discontinuation
of immunosuppressants.

No significant association was identified between complete
donor chimerism and either infused cell dose or HLA disparity
(Table 2).

RRT and TRM. Four patients (13%) developed grade 111
RRT. No patient had grade 1V RRT. The most commonly
involved organs were the gut and kidney (Table 3).

TRM within 100 days of RI-UCBT was 27%. Primary
causes of death were interstitial pneumonitis (n = 2), acute
GVHD (n = 2), pastrointestinal bleecing (n = 1), acute heart
failure (n = 1), limbic encephalopathy (» = 1), and sepsis
(n=1)

GVHD, Grade 1]-1V and 1]I-1V acute GVHD occurred in
27% (95% Cl, 11-43%) and 23% (95% C, 7.4-39%) of the
patients, respectively. Median onset of grade [1-1V acute GVHD
was day 36 (range, day 17-66; Fig. 3).

Of the 13 patients who survived >100 days, 3 (23%)
developed chronic GVHD,

Infection. Twelve patients developed infections: bacte-
remia (# = 8), invasive aspergillosis {(# = 3), and pulmonary
tuberculosis (n = 1). Nine of them had been treated with

1.0

0.81

0.6

Cumulative Incidence

0 20 40 60 80 100

Days after transplantation
Fig. 2 Achievement of complete dunor chimersm. Cumulative ingi-
dence of compiete donor chimerism at day 60 afler reduced-intensity
unrelated cord-blood transplontation (RI-U'CBTY was 93% (95% eonf-
dence interval, 84 -£00%), and median lime to complete donor chimers
ismy was day 22 (range, day 13-56).

Tuble 3 Regimen-relaled toxicity wilhin 28 days (Bearmun's score)

Score Diarhea Kidney CNS¥ Liver Lung
Grade 0 18 18 26 22 27
Grade 1 8 5 13 3 2
Grade 2 4 g I 4 0
Grade 3 0 1 3 ! 1
Grade 4 0 0 ] 1] 0

“ CNS. cenral nervous system,



