Table 2. Experience on allo-SCT for metastatic breast cancer
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Reference

Ponor

Ueno et al. (48)
Ueno et al. (43)

Bregni et al. (40}
Blaise et al, (42)
Pedrazzoli et al. (41)
Hentschke et al. (44)

An HLA-identical sibling

An HLA-identical related or
atched uncelated donor

An HLA-identical sibling
An HLA-identical sibling
An HLA-identicat sibling

An HLA-identical related or
matched unrelated donor

Nao. of patiems

g

Preparative regimen

CBY

GVHD prophylaxis

" acrolimus and MTX"

Response rates®

0%

Melphalan/Flu Tacrotimus and MTX 25%
CY/Flu CSP and MTX 33%
ATG/BU/Flu CSP 12%
CY/Flu CSP and MTX 100%
2 Gy TBI/Flu CSP and MMF %

CY, cyclophosphamide; Flu, fludarabine; CSP, cyclosporin; MMF, mycophenolate mofetil: MTX, methotrexate; ATG, anti-thymocyte globulin; BU, busulfan;

TRBI, total body irradiation; CBT, cyclophosphamide, carmusting, thiotepa.
"Response includes complete and partial responses.
*Two patients received cyclosporin and methylprednisolone,

cancer and colorectal cancer have been published recentiy
(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 a GVT effect.

We evaluated a total of 14 patients with refractory non-renal
solid tumors (four rhabdomyosarcoma, two melanoma, two
neuroblastoma, 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 DLL 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 1o the diversity of
the diseases, it is remarkable that there are two patients with
disease-free survival longer than 11 months after RIST. One
15 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 residual 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
discases 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
tumor shrinkage but not sufficiently satisfactory to regard it as partial remission.

Disease regression assaciated 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
tumor-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 alle-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 (63). 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 important 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
suppressad by corticosteroid. -

Stelljes et al. recently reported an interesting animal study
using allogeneic parent-into-F(1) murine transplantation mod-
els [BALB/c or C57TBL/6—[C57BL/6 x BALB/cIF(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
retnains [0-25% 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 immuno-
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 sertous infections (73). T-cell depletion can significantly
reduce the risk of GVHD; however, it does not provide definite
evidence ol improving the outcomes of allo-SCT for solid or
hematofogical malignancies. They might increase the risk of
graft rejection and life-threatening infections (74). Several new

strategies of T-cell depletion are currentty 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 tisswe 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 donor 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 solid 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 [ or Il 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 immune 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 schid 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 signtficant concern associated with pre-transplant immun-
ization of allogeneic marrow donors with recipient-derived
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tumnor cells (83), some animal studies have shown that immun-
ization of allo-SCT recipients with tumor cells can enhance
GVT activities without exacerbating GVHD (84.,83). Tt 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-mismaiched 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 tmprove antigen
presentation, and interferons, which may increase tumor anti-
gen presentation by upregulating MHC class I and class II
HLA molecules. Animal studies demonstrate that other cyto-
kines such as IL-1 (89), IL-11 (90), and procedures capable of
interfering with immunocregulatory 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 tumor cell eradica-
tion by alloreactive lymphocytes depends on the initial ratio
between the number of turmor-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
(93). 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 tesponse to RIST have not been
established. Even in the article of RIST for RCC by Childs et ai.
(35), their method of tumor response evaluation was not clearly
described. It is critical to develop a global method to evaluate
tumer 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 evaluate
.the response of solid tumors to treatment mainly in the field of
cancer chemotherapy (96), it has not been fuily 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 to
the cytotoxic agents used in conditioning regimens admins-
tered before transplantation. Consequently, there may be some
important differences in evalvating 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 prectude 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
turnor 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 novo GVT effect, post-transplant immunotherapy
including DLI, and adjustment of immunosuppressive agents
(Fig. 4). In this situation, it is clear that any evaluation of
the response duration, such as progression-free survival and
the overall response duration, is essentially impossible using
the curremt RECIST criteria. Ymproved 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 tumor size after transplantation. Primary solid tumors are
progressive despite chemoradiotherapy prior to transplantation. (a) Most tumors
continue their natural growth uatil the develepment of a GVT effect, which
usually occurs several months after transplantation. (b) If 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 ai 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 twmor size after donor lymphocyte infusion or
adjustment of immunosuppressive agents. It is difficult to handle patients in
whom the tumor size fluctuates in respounse to post-transplant immunotherapy
such as donor lymphocyte infusion and adjustment of immunosuppressive
agents, Neither an appropriate timing of response evaluation nor an
appropriate time to measure 2 baseline wumor size has been established in
these cases.

effective screening of a therapeutic effect in an earlier phase 11
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-jdentical
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 alio-SCT. RIST using these siem cells is a prom-
ising alternative aption. 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.
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Quality control {QC) and quality assurance (QA) of data in clinical trials are so
important because potential bias could change not only the results of a trial but also
the future direction of development of therapies. Guidelines for good clinical practice
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(GCP) include many regulations aboul QC/QA, which were transferred from the
International Organization for Standardization (IS0). Improving procedures in data
management in accordance with these guidelines is important for both central data
centers and local institutes that perform gualified clinical trials which could produce
firm evidence and could finally contribute to improved medical practice.
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