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ABSTRACT
Aims: To investigate the correlation between the clinical manifestation and the
cytomegalovirus (CMV) viral load in the aqueous humor of patients with CMV anterior uveitis.
Methods: A total of seven patients with CMV-associated iridocyclitis and four patients with
CMYV-associated corneal endotheliitis were enrolled. Presence of CMYV, but not other human
herpes viruses, was confirmed by multiplex polymerase chain reaction (PCR). Viral load was
measured using real-time PCR. Clinical manifestation was examined using a slit-lamp
microscope and ophthalmoscope, applanation tonometer, and specular microscope.
Results: All 11 patients had unilateral recurrent anterior uveitis with high intraocular pressure
(IOP) and mutton fat keratic precipitates with pigmentation. Stromal edema of the cornea was
found in CMV-associated endotheliitis, but not in CMV-associated iridocyclitis patients. A
significant corneal endothelium cell loss was recorded in all 11 patients with CMV-associated
endotheliitis and iridocyclitis patients. High viral loads of CMV were detected in the aqueous
humor of all 11 patients. A significant association was found between the corneal endothelial
cell loss intensity and CMV viral load in the aqueous humor.
Conclusion: There is a significant correlation between the CMV viral load and corneal

endothelial cell loss in both CMV-associated iridocyclitis and corneal endotheliitis.
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INTRODUCTION

Cytomegalovirus (CMV) is a member of the human herpes virus family and is found in
latent infections in the majority of the adult population. In immunocompromised hosts, the
virus causes necrotizing retinitis [1], but has been thought not to cause any diseases in
immunocompetent hosts. However, a previous study showed local production of anti-CMV
antibodies in the aqueous humor of an immunocompetent patient with iridocyclitis with
elevated intraocular pressure (IOP) [2]. In addition, recent studies using qualitative polymerase
chain reaction (PCR) have demonstrated that genomic CMV genomic DNA is present in the
aqueous humor of immunocompetent patients with unilateral iridocyclitis [3-6] as follows.
Markomichelakis et al [3] reported two cases of iridocyclitis with sectoral iris atrophy in which
CMV was detected by PCR, and de Schryver et al [4] also reported five similar cases. In the
recent report by Chee et al [5], they studied if there was a relationship between the CMV viral
load in the aqueous and clinical manifestation of the diseases such as either acute or chronic
iridocyclitis, e.g., Posner-Schlossman syndrome and Fuchs heterochromic iridocyclitis. CMV
genomic DNA was also detected in the aqueous humor of immunocompetent patients with
another inflammatory condition of the eye, i.e. corneal endotheliitis, in three previous reports
[7-9]. Corneal endotheliitis is an inflammatory condition at the corneal endothelium and to
develop keratic precipitates (KPs) together with severe stromal edema in the cornea, whereas
iridocyclitis has cells and flare in the anterior chamber with or without KPs but no stromal
edema in the cornea.

The real-time PCR made it possible to measure quantitatively the viral load. Thus, the use
of this assay makes it possible to determine the clinical significance of the viral infection in the
pathogenesis of human diseases. Our previous report showed a high CMV genomic DNA load
in the aqueous humor in an immunocompetent patient with unilateral iridocyclitis with high
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IOP [6]. However, the correlation between the viral load in the aqueous humor and the clinical
manifestation of the disease (iridocyclitis versus corneal endotheliitis) is not investigated.
Therefore, we examined if there was any correlation between the CMV viral load in the
aqueous humor and the clinical manifestation of anterior inflammatory diseases associated with
CMYV. We shall show a significant correlation between the CMV viral load in the aqueous
humor and the endothelial cell damage of the cornea in patients with iridocyclitis and corneal

endotheliitis associated with CMV.

MATERIALS AND METHODS
Subjects

Between 2006 and 2008, a total of 11 patients with CMV-associated inflammation in the
anterior segment of the eye, i.e. seven patients with CMV-associated iridocyclitis and four
patients CMV-associated corneal endotheliitis, were enrolled. These patients were from Tokyo
Medical and Dental University Hospital (Tokyo, Japan), Miyata Eye Hospital (Miyakonojo,
Miyazaki, Japan) and Kyoto Prefectural University Hospital (Kyoto, Japan). Diagnosis was
made based on clinical manifestations and the qualitative detection of the CMV genomic DNA
in the aqueous humor by the multiplex PCR. The viral load in the aqueous humor was further
measured quantitatively by the real-time PCR.

An aliquot of 0.1 ml of the aqueous was aspirated with a 30G needle after disinfection and
processed to PCR. Anti-viral therapy was not given before the PCR assay, but topical
corticosteroids were given by local ophthalmologists to treat intense anterior uveitis. The
interval between the disease onset and the aqueous sampling varied among the patients.

The Institutional Ethics Committees of Tokyo Medical and Dental University approved the

5

— 157 —



Downloaded from bjo.bmj.com on March 7, 2010 - Published by group.bmj.com

M. Miyanaga et al.

research, which followed the tenets of the Declaration of Helsinki. After each patient provided

informed consent, a 0.1 ml aliquot of aqueous humor was collected.

Polymerase Chain Reaction

The aqueous humor samples were centrifuged at 3000 rpm for 5 min and used for the
following PCR assays: multiplex PCR and real-time PCR [10, 11]. Multiplex PCR was
designed to qualitatively measure the genomic DNA of 8 human herpes viruses: herpes simplex
virus type 1 (HSV-1) and type 2 (HSV-2), varicella zoster virus (VZV), Epstein-Barr virus
(EBV), CMV, human herpes virus type 6 (HHV-6), type 7 (HHV-7) and type 8 (HHV-8). DNA
was extracted from the aqueous humor samples using a DNA minikit (Qiagen, Valencia, CA,
USA). Multiplex PCR was performed using LightCycler (Roche, Basle, Switzerland). The
primers of the glycoprotein gene sequences for CMV were TACCCCTATCGCGTG TGTTC
(forward) and ATAGGAGGCGCCACGTATTC (reverse). The probes used included 3°FITC:
TCGTCGTAGCTACGCTTACAT and LcRed705-5": ACACCACTTATCTGCTGGGCAGC.
Specific primers for the virus were used in conjunction with Accuprim Taq (Invitrogen,
Carlsbad, CA, USA). PCR amplification conditions used in the current study have been
previously reported [12].

Real-time PCR was only performed for the human herpes virus (HHV), with multiplex
PCR used to detect the genomic DNA. Amplitaq Gold, with a Real-Time PCR 7300 system
(ABI, Foster City, CA, USA), was used to perform the procedure. The forward and reverse
primers of IE-1 were CATGAAGGTCTTTGCCCAGTAC and
GGCCAAAGTGTAGGCTACAATAG, respectively.
FAM-TGGCCCGTAGGTCATCCACACTAGG-TAMRA was used as the probe. The PCR
amplification conditions used in the current study were previously reported by Sugita et al. [11].
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When more than 50 copies/tube (5 x 10° /ml) were observed, the value of the sample’s viral

copy number was considered to be significant.

Clinical Evaluation

Clinical manifestations of the eye were determined by a slit-lamp microscopic and
ophthalmoscopic examination. Each patient underwent best-corrected visual acuity (BCVA)
measurement using a Japanese standard decimal VA chart (Landolt ring chart) at after
treatment. Anterior chamber flare was measured by a laser flare photometer (FC-1000®, Kowa
Electronics, Japan). A photograph of the central cornea using a specular microscope
(NONCON ROBO FA-3509®, Konan Medical, Japan) was used for evaluation of the corneal
endothelial cells. In cases of corneal endothiliitis, intense corneal edema disturbed the
measurements of the corneal endothelium, and we measured corneal endothelial cell counts

after the inflammation was reduced by the treatment.

Evaluation of Corneal Endothelial Cell Loss

The relationship between the CMV viral load in the aqueous humor and the intensity of the
corneal endothelial cell loss was assessed. The % corneal endothelial cell loss was determined
according to the following formula:

% corneal endothelial cell loss = 100 - (endothelial cell counts in affected eye) /

(endothelial cell counts in the fellow eye) x 100

Statistical Analysis
Statistical analysis was performed using the Mann-Whitney U test. Statistical significance
was set at P <0.05. Linear regression analysis was performed using the Spearman's correlation
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coefficient by rank test.

RESULTS
Clinical Manifestations

A total of nine men and two women ranging in age from 23 to 71 years (mean age: 60.6
years) were enrolled in the study. No abnormalities were found for the systemic investigations
and laboratory tests. Serology examinations for human immunodeficiency virus were all
negative. None of the patients had any history of eye surgery prior to the onset of uveitis.
Clinical findings of the CMV-associated iridocyclitis patients (n=7) and corneal endotheliitis
patients (n=4) are shown in Table 1. A unilateral mild anterior uveitis with high IOP was noted
in all 11 patients. There were no significant differences between the iridocyclitis and corneal
endotheliitis groups for the cells and flare values in the anterior chamber, nor were there any
differences noted for the elevated levels of IOP, KPs, gonioscopic findings, and iris atrophy.
Stromal edema of the cornea was seen in all corneal endotheliitis but not in iridocyclitis patients.
While the stromal edema was diffuse in three out of the four patients, it was localized at upper
cornea in one of the corneal endotheliitis patients. Representative cases for iridocyclitis and
corneal endotheliitis are shown in Figs. 1 and 2, respectively. As for the IOP elevation, all 11
eyes required anti-glaucoma medications, with two eyes (cases 1 and 2) requiring
trabeculectomy. With regard to the iris atrophy, no sectorial iris atrophy was seen in all 11 eyes,
although four eyes (two each in the iridocyclitis and the corneal endotheliitis groups,
respectively) presented diffuse iris atrophy.

Systemic valganciclovir therapy (1800 mg/day for longer than 3 weeks) in conjunction
with topical corticosteroids and anti-glaucoma agents effectively controlled the inflammation
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in the anterior segment of the eye as well as the high IOP.

Corneal Endothelial Cell Loss

Specular microscopic examination revealed significant corneal endothelial cell loss (35%
or more) in all 11 patients (Table 2). Severe corneal endothelial cell loss larger than 70% was
recorded in more than half of the endotheliitis group eyes. In contrast, this severe cell loss was
observed in one of the seven patients with iridocyclitis.

There are several patients (case 1, 8, 10, and 11 in Table 2) with corneal endothelial cell
counts less than 700 cells/smm’. Among the patients, three cases had a low visual acuity

between 0.3 and 0.6. However, one patient had a good visual acuity of 1.5.

PCR Analysis of the Aqueous Humor Samples

Multiplex PCR analyses confirmed the presence of CMV genomic DNA, but not any of the
other human herpes viruses (HSV-1, HSV-2, VZV, EBV, HHV-6, HHV-7 or HHV-8), in all 11
of the patients (Table 2).

Quantitative real-time PCR detected significant viral loads of CMV genomic DNA in the
aqueous humor of all 11 patients, with values ranging from 5.4 X 10° to 5.9 x 10° copies/ml
(Table 2). The mean values for the CMYV viral load in the iridocyclitis and corneal endotheliitis
groups were 9.4 x 10° and 1.2 x 10° copies/ml, respectively. The differences in CMV viral load
between the two groups were not significant (P = 0.571).

The corneal endothelial cell damage intensity was correlated to the CMV viral load in the
aqueous humor. Results of the linear regression analysis demonstrated a positive correlation
between the CMV viral load and the corneal endothelial cell loss (Spearman's correlation
coefficient by rank test, r = 0.664; P = 0.036; Fig. 3).
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However, there was no correlation between the interval from the disease onset to the
aqueous sampling and the viral load in the aqueous humor (Spearman's correlation coefficient
by rank test, r = 0.445; P = 0.159). Furthermore, the interval from the disease onset to the
sampling was not correlated with the corneal endothelial cell damage intensity (Spearman's
correlation coefficient by rank test, r = 0.373; P = 0.239). In addition, there was also no
correlation between the viral load and many other ocular findings, such as cells and flare in the

anterior chamber, types of KPs, gonioscopic findings, IOP, and post-treatment BCVA.

DISCUSSION

The present study analyzed ocular manifestations and CMV viral loads in the aqueous
humor of patients with CMV-associated iridocyclitis and corneal endotheliitis. Our major
findings included: (1) presence of significant corneal endothelial cell loss in both corneal
endotheliitis and iridocyclitis tested eyes, and (2) a significant correlation between corneal
endothelial cell loss and CMYV viral load in the aqueous humor.

Even though it has been demonstrated that viral infections play a significant role in many
inflammatory diseases, a qualitative PCR method that is capable of determining the pathologic
role of these viral infections has yet to be elucidated. If the presence of viral DNA in an affected
disease site could be proven, the quantitative determination and correlation to the clinical
manifestations of the viral infection could lead to a much deeper understanding of the role of
the virus as a pathogenic disease candidate. For example, we have previously reported on two
intraocular inflammatory disorders: one involving uveitis associated with human T-cell
leukemia virus type 1 (HTLV-1) [13, 14] and the other involving anterior uveitis associated
with VZV [14]. In HTLV-1 uveitis, a significantly higher HTLV-1 viral load was detected in
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the peripheral blood mononuclear cells of the patients when compared to asymptomatic
HTLV-1 carriers [13]. This viral load was significantly correlated with the vitreous
inflammation of the disease [14]. In our report on anterior uveitis associated with VZV, we
demonstrated there was a high VZV viral load within the patient’s aqueous humor. Furthermore,
there was a significant correlation between the viral load and the intensity of the iris atrophy in
these patients [15].

Although we found that there was a positive correlation between the corneal endothelial
cell loss and the CMYV viral load in the aqueous humor, there was no correlation between the
viral load and many other ocular signs such as cells and flare in the anterior chamber, types of
KPs, gonioscopic findings, IOP, post-treatment visual acuity, and the interval from the disease
onset to the aqueous sampling. These patients had been treated with topical corticosteroids (e.g.,
betamethasone) and anti-glaucoma agents (e.g., timolol and latanoprost) before they were
referred to us by local ophthalmologists. These treatments are known to reduce the intensity of
anterior uveitis, IOP and other ocular manifestations, but have no effects on recovering the
corneal endothelial cell damage, because the corneal endothelial cell damage is well known to
hardly to recover once it occurs.

The cells and flare in the anterior chamber are mild in all 11 patients. A possible
explanation why the intensity of the inflammatory reaction in the anterior chamber is so mild in
this disease might be related to the involvement of the anterior chamber-associated immune
deviation (ACAID) [16, 17]. In an experimental rabbit corneal endotheliitis model, eyes
inoculated with inactivated HSV-1 prior to an active HSV-1 infection exhibited less severe
inflammatory reactions and corneal endotheliitis. In addition, they also developed an immune
deviation to HSV-1 [18]. Although CMV-related ACAID has not been previously reported,
real-time PCR in the present study demonstrated that genomic DNA of CMV was present at
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high levels within the anterior chamber of the patients. Therefore, it may very well be that
ACAID in response to CMV could possibly occur in the eye, resulting in a relatively mild
inflammatory reaction.

While our results showed CMV infection in the anterior segment of the eye caused
inflammation and corneal endothelial cells loss in immunocompetent hosts, our study cannot
answer many other questions. For example, why does CMV cause intraocular inflammation in
immunocompetent hosts? Where does the CMV that is detected in the aqueous humor come
from? And, how is CMV able to cause inflammatory disorder only within the anterior segment
of the eye? One possible explanation why our patients developed CMV anterior uveitis is that
all our patients had been given topical corticosteroids for a long period. This may attributed to
induce local immunosuppressive condition in the anterior segment of the eye and to result in
reactivation of CMV [19]. Further clinical and experimental investigations are necessary to
clarify these important questions.

In conclusion, significant corneal endothelial cell damage was detected in all
CMV-associated iridocyclitis and corneal endotheliitis tested eyes. In addition, a significant
correlation was found between corneal endothelial cell loss and the CMV viral load in the

aqueous humor.
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Ethics approval: Ethics approval was provided by the Institutional Ethics Committee of
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FIGURE LEGENDS
Figure 1. Case 4: Slit-lamp microscopy photo with CMV-associated iridocyclitis.
Mutton fat keratic precipitates with some pigmentation were scattered within the central area of

the cornea. There was mild inflammation found within the anterior chamber.

Figure 2. Case 8: Slit-lamp microscopy photo with CMV-associated corneal endotheliitis.

Diffuse corneal stromal edema with folds in Descemet’s membrane was observed.

Figure 3. Correlation between CMYV viral load and corneal endothelial cell damage.

The CMYV viral load was plotted on a logarithmic graph versus the % corneal endothelial cell
loss. The scatterplot shows significant correlation between the CMYV viral load and the %
corneal endothelial cell loss (Spearman's correlation coefficient by rank test, r = 0.664; P =

0.036).
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Abstract Patients with severe infections are thought to be
ineligible for cord blood stem cell transplantation (CBT)
because the conventional 5-6 day-conditioning regimens
potentially makes them susceptible to fatal infections by
the time neutrophil engraftment occurs. Two patients were
treated with minimum conditioning regimens consisting of
30 mg/m?® fludarabin (Flu) and 2 g/m? cyclophosphamide
(CY) on day-1 and total body irradiation (TBI) of 2 or 4 Gy
on day —1 or 0 followed by single unit CBT. The reasons
for adopting such weak regimen were febrile neutropenia
due to the rejection of the first cord blood (CB) graft given
to a patient with follicular lymphoma resistant to chemo-
therapy and pulmonary aspergillosis in another patient with
AML who relapsed after CBT. The AML patient received
40 mg/m?* of melphalan on day-2 to reduce the leukemia
burden. Both patients achieved 100% donor chimerism by
day 19 and day 20 after CBT without an apparent exac-
erbation of the infections and remained in remission at 23
and 18 months after the CBT. These findings suggest that
the 1-2 day regimens excluding antihuman thymocyte
globulin may be sufficiently potent to ensure engraftment
of CB in immunocompromised patients and safely
administered even when patients are complicated by active
infections.
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1 Introduction

Cord blood (CB) is becoming a major source of allogeneic
hematopoietic stem cell transplantation [1, 2]. The success
of reduced intensity CB transplantation has accelerated the
use of CB for treatment of aged patients with hematologic
malignancies [3]. However, patients complicated by severe
documented infections are still considered ineligible for
cord blood transplantation (CBT) even if reduced intensity
regimens are adopted because the preconditioning causes
severe neutropenia which usually lasts until day 20 after
transplantation [2, 3] and exacerbates infections leading to
treatment related-death. As a result, some patients with
hematologic malignancies who failed to achieve remission
after chemotherapy or those who failed to engraft after
allogeneic stem cell transplantation cannot benefit from
CBT.

One possible measure to solve this problem is to shorten
the time for preconditioning in addition to reducing the
intensity. Since most conventional preconditioning regi-
mens take more than 4 days, they need to be started at least
5 days prior to the day of transplantation {4]. Shortening
the time for preconditioning to 1 or 2 days may help
patients to survive a neutopenic period from the start of
preconditioning to neutrophil engraftment. Goggins et al.
used a 1-day conditioning regimen consisting of fludarabin
(Flu), alemtuzumab and cyclophosphamide (CY) to treat
five leukemia patients with allogeneic peripheral blood
stem cell transplantation (PBSCT) and observed stable
engraftment in three patients. A similar 1-day regimen
consisting of Flu, CY and antihuman thymocyte globulin
(ATG) was used to treat a myelodysplastic syndrome
(MDS) patient with a second allogeneic PBSCT
(K. Mochizuki et al., in preparation). The patient suffered
from a high fever suggestive of bacteremia due to
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persistent neutropenia following the rejection of the first
PBSC graft. The second PBSC of another HLA-identical
sibling from the original donor successfully engrafted and
the patient has been in remission for more than 4 years.
However, all of these cases used PBSC grafts containing a
high number of hematopoietic stem cells as well as T cells
which are thought to be helpful to accelerate the engraft-
ment of donor stem cells and rapid neutrophil recovery. It
is still unclear whether CB can engraft after such a very
weak regimen and eventually rescue neutropenic patients
complicated by severe infections.

This report describes two patients with a devastating
condition who were successfully treated with a minimum
intensity regimen of 1-2 days followed by single unit CBT.

2 Patients
2.1 Patient 1

In January 2005, a 56-year-old man was diagnosed to have
a clinical stage IV follicular lymphoma. He achieved only
PR after standard chemotherapy consisting of rituximab,
cyclophosphamide, doxorubicin, vincristine and predniso-
lone and was refractory to other chemotherapy regimens
for salvage. He underwent CBT following a reduced con-
ditioning regimen consisting of cladribine, CY and 4 Gy of

total body irradiation (TBI). His neutrophil count remained
at 0 on day 21 after the CBT. A chimerism analysis of the
bone marrow cells preformed on the same day revealed
100% cells to be recipient-type, thus indicating graft
rejection. There was no sign of autologous hematologic
recovery and a high fever persisted. There was no sign of
an autologous hematologic recovery and a high fever per-
sisted despite the administration of meropenem 1.0 g twice
daily and micafungin 300 mg daily. The patient’s CRP rose
to 25.9 mg/dl on day 25. On day 27 after CBT, he received
30 mg/m? Flu and 2 g/m* CY followed by 2 Gy of TBI in
the morning of the next day. HLA 2 locus-mismatched CB
containing 2.6 x 10"/kg cells and 9.8 x 10° CD34 " cells/
kg was infused 13 h after the completion of CY infusion.
Clinical data including HLA alleles of the patient, the first
CB donor, and the second CB donor are shown in Table 1.
Tacrolimus was given from day-1 for prophylaxis of
GVHD. The high fever started abating on day 16 after the
second CBT and his neutrophil count surpassed 0.5 x 10°1
on day 19. A chimerism analysis performed on day 26
revealed the 100% of the peripheral blood leukocytes were
donor-type. Although grade I GVHD occurred, it resolved
without treatment. CT scanning on day 33 after the second
CBT showed a marked reduction of cervical lymph node
swelling in comparison to that at 29 days before the first
CBT (Fig. 1). He remains well in partial remission 30
months after the second CBT.

Table 1 Clinical data and HLA alleles of the patients and cord blood donors

Sex Blood type HLA-A HLA-B HLA-DR
Patient 1 M O+ 0206/3303 3901/4403 1302/1501
First CB for patient 1 M O+ 0201/3303 3501/4403 1302/1501
Second CB for patient 1 M A+ 1101/3303 3901/4403 0803/1501
Patient 2 F A+ 2402/- 3501/4001 0901/1302
First CB for patient 2 M AB+ 0201/2402 3501/4006 0901/1302
Second CB for patient 2 M B+ 2402/- 4001/4006 0901/1501

Fig. 1 Changes in the cervical
lymphoma lesions after CBT in
patient 1. CT scan on 23 months
after the second CBT showed a
marked reduction in size of the
cervical lymph nodes in
comparison to those before the
first and the second CBT

A. 29 days before the first CBT

B. 25 days after the first CBT C. 23 months after the second CBT
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2.2 Patient 2

In April 2005, a 66-year-old female was diagnosed to have
AML evolving from MDS. Chemotherapy consisting of
idarubicin (IDA) and cytosine arabinoside (Ara-C) failed to
induce remission and severe pancytopenia persisted. She
underwent CBT following a conditioning regimen with
fludarabine, melphalan, rabbit ATG and 4 Gy of TBI. The
CB was 2-loci mismatched and contained 2.9 x 107/kg
cells. Engraftment was confirmed on day 18 and she
achieved complete remission. However, the AML relapsed
in 18 months after the CBT. Remission induction with IDA
and Ara-C only induced marrow hypoplasia with 33%
residual leukemia cells. On day 18 of the chemotherapy,
invasive aspergillosis developed in the left lung. Liposomal
amphotericin B, 2.5 mg/kg daily, was administered from
the same day without any appreciable effects. The neu-
trophil count remained at 0 on day 22 of the chemotherapy.
She received melphalan 40 mg/m? to reduce leukemic cell
burden, followed by 30 mg/m® Flu and 2 g/m2 CY on the
next day. In the morning of the following day, she received
4 Gy of TBI and underwent a second CBT 12 h after the
completion of CY infusion. The CB was 2-loci mis-
matched, and contained 2.9 x 107/kg cells and 1.9 x 10°
CD34" cells/kg. HLA alleles of the patient, the first CB
donor, and the second CB donor are shown in Table 1.
Tacrolimus was given from day-1 for prophylaxis of
GVHD. Liposomal amphotericin B was switched to vo-
liconazole, 4.0 mg/kg daily, on day 48 after the second
CBT due to a rise in the creatinine level. Although her
pulmonary aspergillosis was transiently exacerbated on day
6 after the second CBT, the high fever abated on day 17
and engraftment of donor cells was confirmed on the same
day. The aspergillosis lesion was encapsulated with time
after the second CBT (Fig. 2).

She underwent a left upper lobectomy on day 113 and
presently remains in CR at 24 months after the second
CBT.

Fig. 2 Pulmonary aspergillosis
lesion of patient 2. a Changes in
the CT findings before and after
CBT. b Left upper lung resected
on day113 after CBT

Day 7 before CBT
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3 Discussion

Treatment of the patients with hematologic malignancies
complicated by severe neutropenic infections with no hope
of prompt hematologic recovery is challenging. Although
immunoablative conditioning followed by allogeneic stem
cell transplantation is the only measure to rescue patients
with such devastating conditions, this treatment may also
tend to sometimes hasten the patients’ death by aggravating
the preexisting infections. Even if reduced intensity regi-
mens are adopted, severe neutropenia which lasts from the
day of preconditioning until 2-3 weeks after SCT greatly
increases the risk of infectious death [3, 5, 6]. In order to
solve this dilemma, Goggins et al. pioneered a very weak
conditioning regimen, known as the 1-day regimen [7].
They treated five infirmed patients with 30 mg/m® Flu,
2 g/m* CY, 20 mg/kg alemtuzumab, TBI 2 Gy on day-1
and infused PBSC from family donors who were HLA 1-3
loci mismatched. Engraftment occurred in three patients,
two of whom achieved long-term remission. According to
their protocol, an MDS patient who suffered febrile neutro-
penia due to rejection of the first PBSCT was treated with
Flu (30 mg/mz), CY (2 g/mz), horse ATG (15 mg/kg) and
TBI (2 Gy) followed by PBSCT from a second HLA-
identical sibling donor. The neutrophil count promptly
recovered and the patient achieved complete donor chime-
rism. This experience indicated that the alemtuzumab in the
1 day regimen can be replaced with low dose ATG and that
the minimum conditioning regimen coupled with PBSCT
from a second donor can overcome the rejection after SCT.

Cord blood transplantation is associated with a higher
incidence of engraftment failure [8-12] and a slower neu-
trophil recovery [2, 9, 13] than BMT or PBSCT due to the
low number of hematopoietic stem cells and mature T cells
in the CB graft. The disadvantages of CBT has precluded
the use of CB for treatment of patients with very low
intensity regimens for allogeneic stem cell transplantation
such as 2 Gy TBI alone [14] or ATG + total lymphoid
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irradiation regimens [15]. However, there were no options
other than CBT for the two current patients because they
did not have matched family donors and could not afford to
wait until an HLA-matched unrelated donor was available.
ATG was not included in the conditioning regimen for
those patients because they could have succumbed to their
infections which became exacerbated by the administration
of ATG. Despite their devastating conditions and the
elimination of ATG from the conditioning regimen, both
patients achieved engraftment of CB without any apparent
exacerbation of their infections or the development of
severe GVHD. Therefore, in vivo purging of T cells using
anti-T cell antibodies may not be a prerequisite for
engraftment of CB after the 1-2-day regimen. However, it
should be noted that both patients had been previously
treated with conditioning regimens for allo-SCT. Prior
conditioning regimens used for the first CBT may therefore
be necessary for patients to take CB following such a
minimum conditioning regimen. Other reduced-intensity
regimens have been successfully used as preconditioning
for a second transplantation using CB to treat graft rejec-
tion after allo-SCT [16-20]. However, all such regimens
were administered for over 5 days and were not as weak as
the regimens we used for the above described two patients.

Sustained engraftment of CB after the weak regimen in
the current patients may therefore have important impli-
cations in the management of patients with hematologic
malignancies refractory to chemotherapy. Patients who fail
chemotherapy often suffer from severe infections due to
persistent neutropenia and are therefore excluded as can-
didates for hematopoietic stem cell transplantation,
particularly CBT, which is associated with delayed neu-
trophil recovery. Following very weak preconditioning, the
patients not only circumvented life threatening infections
but also achieved hematologic remission possibly with the
help of the graft-versus-leukemia/lymphoma effects of
CBT. CB can be utilized for patients with severe compli-
cations because of its easy accessibility and prompt
availability [21]. Therefore, CBT following the minimum
intensity conditioning may provide a chance to achieve
complete chimerism in patients suffering from severe
infections associated with profound neutropenia due to
graft rejection or chemotherapy for leukemic relapse after
the first allo-SCT.
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