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Staphylococcus aureus in a Hematopoietic Stem
Cell Transplantation Un|t

Osamu Imataki,’ Atsushi Makimoto,‘* Shingo Kato,? Takahiro Bannai Naomi Numa 4
Yoko Nukui,® Yuji Morisawa,® Toshihiko Ishida,’ Masahiro'Kami Takahlro Fukuda
Shin-ichiro Mori,' Ryuji Tanosaki,’ and Yoichi Takaue'

' Hematopoietic Stem Cell Transplantation Unit, National Cancer Center Hospital, Tokyo, Japan -
2 Depariment of Microbiology and- Immunology Division, Keio Unlvelsny School of Medicine, Tokyo, Japan
? Laboratory of Microbiology, National Cancer Center Hospital, Tokyo, Japan
* Nursing Division, National Cancer Center Hospital, Tokyo, Japan
% Department of Infectious Diseases, University ot Tokyo Hospital, Tokyo, Japan -
6 Depanmem of Infection Control and Prevention, Jichi Medical School, Tochigi, Japan
7 Fnst Depanmem ot lmemal Medrcme Kagawa Medlcal University Hospnal Kagawa Japan

Background: Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most com-
mon nosocomial pathogens among hospital-acquired infections, and immunocompromised .
patients are hlghly susceptive to infection. The molecular typing of isolated strains is a. | . \
common method for tracing an outbreak of MRSA, but experience with this approach is st
limited in the hematopoietic stem cell transplantation (HSCT) ward. ‘
Methods: We experienced 6 cases of MRSA infection/colonization in our 26-bed HSCT
ward during a- 4-week period. This unusual outbreak strongly suggested that the same
~MRSA strain was involved despite strict isolation and aseptic patient care. Clarification of
the transmission pattern was critical, and we applied pulsed-field gel electrophoresis (PFGE)
" and amplified fragment length polymorphism (AFLP) assays for evaluation.
Results and conclusion: in four of the six cases, the pattern of bands examined by PFGE
and AFLP analyses supported the idea that direct person-to-person transmission was very -
‘unlikely and the outbreak was coincidental. This experience highlights the clinical value of .
. molecular typing methods for the clinical epidemiological assessment of MRSA outbreak.
Am. J. Hematol. 81:664-669, 2006 & 2006 Wiley-Liss, Inc. . :
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INTRODUCTION o ' ) electrophoresis (PFGE)[4.7]. PFGE has become the
most common tool for the mpld discrimination of
The rapid increase in the incidence ol hospital-
MRSA strains duc o its. convenienge, IClhlhl]Hy
acquired infection by methicillin-resistant Staphylo- ¢
and cost-cflectiveness [8.9]. However, the interpreta-
cocens aurens (MRSAY) is making infection control
- T e T P tion of PFGE bands $ill needs (o be. standardized
procedures very critical, particularly for immuno-
. S I L 1101 Altcummc_l). the amplified fragment length
compromised patients |1]. Hospital-acquired infec- A o S e
tions also serve as a hallmark of the effectiveness : : '
. N . e ARy
and quality of infection control maneuvers 2], Out- *Correspondence to: Atsushi Makimoto, ])mxmn ol Ix.dmlnu
breaks of infectio wused by MRSA have time Naiional Cancer Center Hospital. -1 Tsukiji w-uhnmg Chuo- ku
reaks of infection caused by SA have time- o 1640045, Japan
consuming and expensive consequences, and genclic iyl amakimote nee 2o jp
analysis 1s uselul. since # can be used to determine

the route and origin of MRSA inlection 3] Cur-  Received for |‘uhlu wion 12 September 2005 \Luplul 24 Febraacy
’ . - X .. k!
rently available faboratory methods for determining 2o
/ h . y . T fae 1 SA ¢ Y.
DNA fragment sives or sequences i MRSA isolates Published online 22 June 2006 in Wilcy InferScience (v nterseicnce.

mclude Southern ‘Motting [4]. ribotyping |5} polv-  yilev.comy
merase chain reaction (PCR) 6] and pulsed-field gel  DOL 10,1002 4jh. 2006068
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TABLE I. Clinical Characteristics of 6 Cases*
J4irsi
Day after Cause of Admission 10 admission Admission
UNP Age . Nex Discase transplantation admission hospital wind to SCT unit
1 52 M MDS 9 GVHD 200201413 Ward A 11;15:2002
2 35 M NHL 2y GVHD 2002:4:20 Ward B 11.272;:2002
3 35 M GCTY 13 GVHD 2002,11,29 Ward C 12°5,2002
4 38 M MDS 13 SCT 2002,10:31 SCT unit 10312002
b 54 ¥ NI 2 SCT 2002115 SCT unit
6 63 M CML 210 GVHD 002,115 SCT unit

*Cases 4 10 6 were admined béfore case I showed severe intestinal symploms induced by gut GVHD.

complicied with cominuous gastrointestinal

bleeding. In 4 of these 6 cases. haspitalization was due 10 GVHD after wmmsplaniation (3 acute amd 1 chronic). and 3 of these patients. including case 1.

received corticosteroid therapy for the renment of GVHID.

Note: MDS. myelodysplastic syndrome: NHL. nop-Hodgkin lymphoma: GCTL germ cell tamor; (M.
eralt versus host disease: PSL. predaisolone: SCT. stem cell ransplamation.

polymorphism (AFLP) method is based on the
selective amplification by PCR of a subset of restric-
tion fragments from a digest of the whole bacterial
genome |11,12]. AFLP has advantages over PFGE
since it has more power for discriminating between
different striains more quickly with-higher specificity
in the recognition of digestive fragments of whole
bacterial genome |13].

The goal of these laboratory tests is to provide
firm evidence that isolates, which are epidemiologi-
cally related during an outbreak of the infection, are
also genetically related and thus represent the same
strain, To enhance the reliability of such molecular
laboratory results, the combined use of various geno-
typing methods appcars to be effective [14,15]. An
outbreak has been defined as infectious disease derived
from the same pathogen, while an outbreak that origi-
nates from strains that are indistinguishable from cach
other by typing methods but for which no direct link-
age can be demonstrated is called an “endemic out-
break™ [16]. 1t has been suggested that in disease out-
break due to endemic strains, the commeon origin may
be temporally distant from those in outbreak strains.
From the perspective of infection control, this dilfer-
ence is critical, since different procedures are necded 1o
prevent the spread of disease.

We experienced an outbreak of MRSA in our
hematopoictic stem cell transplantation (SCT)Y ward
that” was initially suspulcd to be derved from a
single origin. To address this serious problem, we
tracked down the rowte of infection and obtained

-results that lghhighted the clinical value of molecu-

Jar typing using these methods.

PATIENTS AND METHODS
Patients

The routine infection-monitoring procedure in the
SCT ward includes surveillance cultures and identili-

chronic myelogencous lymphoma: GV,

cation for specific pathogens in the nasal swab,
pharyngeal swab or sputum, urine, or stool, which
are collected from patients who are suspected 10
have infection or colonization of the target patho-
gen including MRSA at the time of admission. In a

4-week period, we experienced six cases (UPN 1 to

6) of MRSA infection or colonization in the SCT
ward, while the preceding incidence of MRSA detec-
tion in the SCT ward had been only one or two cases
per month (mean 0.8/month, range 0 2/month, SD
0.61). Therefore, this was epidcmm]ognm]ly defined as
an MRSA outbreak. The patient charactenstics are
summarized i Table 1. We reviewed the medical
records of the patients to collect the chinical informa-
tion required to track down the transmission route.
We documented the time course of MRSA identifica-
tion in-relation to patient characteristics. risks of noso-
comial infection, and room assignment,

Samples .

Isolates were grown from culturing sputum, uring,
stool, pus, and blood, and a few were grown from
culturmg misccllancous sites such as pharynx and
nasal cavity. We cxamined the first sample isolated
in. cach patient by molecular typing. PFGE, and
AFLP analysis. '

DNA Isolation and PFGE

Targeted bacterial strains were cultured at 37 C
in Luria-Bertani broth. The cell component was
lysed by proteinase K 1o extract DNA. Genomic
DNA was digested with $mal and resolved with the
CHEF-DRII system (Bio-Rad Laboratories) as de-
seribed by the manulactorer (traditional typing strat-
cgies) [17]. As a control stramn. we used MRSA iso-
lated from two groups: (1) two strains isolated from
past patients in the same ward. which has no tempo-
ral relationship to our present cases (cases 7 and §)
and (2) five strains isolated from a different hospital

American Jowrnal of Hemarology DO 1010024k
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Fig. 1.

Time course of MRSA detection in the SCT unit. MRSA was first isolated in the stool of case 1 on 25 November

2002. MRSA had been ldentmed prior to admission to the SCT ward in cases 2 and 3. In contrast, in the other three
cases (cases 4, 5, and 6), MRSA was detected after admussnon to the SCT ward.

tUniversity of Tol\)o Hospital,” 1150 hLdb) which

was not epidemiologically associated with our hospi--

tal (cases 9 to 13). PFGE. b“mdm«7 was’ mmpmcd
with that in case 1, who was thought to be the ori-
gin of this outbreak episode. The criteria described
by Tenover et al. |16} were used for the molecular

epidemiological interpretation of PFGE hmdma as .

folows:

(1) indistinguishable: outbreak was derived trom  the
same isokile; ' :
i) closcly related: different isalates, closely rélated 1o
the outbreak pattern; * - ' ) '
(1) possibly related: different isolites. possibly related o
the outbreak pattern;
nnrelated:-difterent m)] es, unu]algd 1o the outhreak

(iv)
©opatlern.
One genctic event detected by PFGE was consid-
cred meaninglul enaugh as different isolates.

AFLP

Bacteriad DNA wias prepared with a QlAamp
DNA Mim kit (Qiagen) according to the manufac-
turer’s recommendations. DNA was then manipu-
lated with an AFLP Micrabial Fingerprinting kit
(Applied Biosystems) according to the manulac-
turer’s 1nstructions based” on a previous study 111,
Briefly, DNA was digested with FeoR1 and. Msel
and then hgated to the corresponding adapters. This
was followed by preselective amplification and selec-
tive amplification, where FcoRI-A (FAM). feoR]1-C
(NED). FcoRI1-G (JOE), and Msel-C primers were
~used. The AFLP reactions were evaluated by ana-
lyzing data from samples loaded and run on an ABI
310 Genetic Analyzer 'with GeneScan software. A
dendrogram was constructed from a pairwise dis-
Aoierican Jowrnal of Heniology 1DOL 10,1002 7jh
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Fig. 2. The incidences of newly detected MRSA cases in

SCT unit in 2002. Each bar indicates a number of patients

clinically identified as MRSA in 2002.

tance matrix with the Clustal W version 1.8 wfl\m:e
package.

Definitions [18].

“Methicillin-resistant”™ is  defined according 1o

NCCLS MIC criteria by dilution MISLLthllliy tests.

An “outbreak™ of MRSA is defined as an increase in

the rate of MRSA cuses or a clustering of new cases’
In this’
we defined an unusual increase in MRSA
cases as a multiply repeated isolation of MRSA front

in a specific place during a given period.

report,

a physically independent ward (transplantation uml)
with an incidence > 2 SD over the baseline. The SCT
Wt is gu)gmph]mlly separate from other wards and
has an independent space that is managed to maintiin
sterilization. Patients from whom MRSA was jsolated

and who had any concomitant symptoms in the
“MRSA

MRSA-detected part were referred 1o as
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Fig. 3. . PFGE analysis of isolated. MRSA in the SCT unit. The PFGE pattern showed that there were no detectable ditfer-
encesin bands between.cases 3 and 6, but more than two bands were identified in the other four cases (cases 1, 2, 4
and 5) Addmonally, two’ strains that had been previously isolated in the SCT ward (cases 7 and 8) were dlstmgmshable
and the five epidemiologically different isolates (cases 9 to 13) from the University of Tokyo Hospital (1,150 beds) were
also distinguishable, with differences in more than two bands.

while those without symptoms were con-

sidered- "MRSA colonizition.™

RESULTS
Clinical Course of MRSA Outbreak

The clinical characteristics of six patients in whom
MRSA was isolated are presented in Table 1. The first
patient (case 1) was admitted to the SCT ward be-
cause of severe intestinal symptoms induced by gut
GVHD. chronic diarrhea, and continuous gastroin-
testinal bleeding, which accurred at 107 days aflter
SCT. The patient received corticosteroid and intrave-
naus antimicrobial therapy. For 4 weeks prior 1o his
admission, there had been no case of MRSA infection

or Lolom/dlmn in the ward. At 13 days after admis-

143

sion. the st l\OldllOll of MRSA in his stool was
|uoxdcd (Table 1), Subsequently, five other patients
newly developed MRSA events over the next 4 weeks

(Figure 1), while the mudmcc ol MRSA detection of

SCT ward had remained at one or two cases per

month (mean 0.8 /month, range 0- 2 /month, SD 0.61,
Figure 2). Among these five cases, three (cases 4, S,
and 6) had been admitted to the SCT ward directly
from the ouipatient clinic without a past history of
MRSA infection. The other two cases {(cases 2 and 3)
were transferred from other wards after the adinssion
of case I, and MRSA was isolated prior to transfer 1o
the SCT ward (Figure 1). Since, in these 1wo cases.
MRSA was identified again in different site in SCT
with different drug-sensitivity profile (data not shown)
from a previous strain, we included these {wo cases
in the analysis. There were no other patients who
were previously identified with MRSA infection or

colonization.

Tracing Procedure

The transmission, if any, appeared to take a ran-
dom pattern, as illustrated in Figure- 1. Ta better
evaluate whether the transmission pattern was direct
or indirect, we identified the layout of the pmcmq
bed assignments. This revealed that there were nei-

American Jowrnal of Hemaology 1301 10100210
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Case 8
Case 1
—— (Case 5

Case 2

Case 4

Case /

Case 3

0.01

Case 6

Fig. 4. AFLP pattern of isolated MRSA. AFLP analysis was
performed for the same six isolates {case 1 to 6) described
in Figure 4. Gene polymorphism showed same result of sim-
ilarity as PFGE pattern had already indicated, i.e., cases 3
and 6 had the same polymorphism pattern and the others
were different strains. The mutual relation of gene polymor-
phism is presented in the dendrogram and relatedness is
indicated by the length of line. The scale bar drawn in the
lower part indicated 1.0 % relatedness.

ther overlaps nor coexistence with preceding pa-
tients, except that cases | and 3 used the same room
on different days without an overlap.

PFGE and AFLP Assays of MRSA Isolates

PFGE analysis of the six MRSA strains isolated
(Figure 3) showed that two strains (cases 3 and 6)
were indistinguishable - and therefore considered to
be derived rom the same isolate, while the remain-
ing lour cases (cases 1. 2, 4, and 5) were considered
to have different stramns. Seven epidemiologically
different isolutes. 1.e., two strains jsolated [rom
another ward at different times (cases 7 and 8) and
five strains isolated from another hospital (cases 9
1o 13) were used as in-hospital and extra-hospital
controls. respectively. The results were confirmed
by AFLP analyses as a dendrogram shown in
Fioure 4,

American Journal of Hemarology 101 10100201k

DISCUSSION®

The spread of MRSA in highly protected care
units, including ICU |19] and neonatal 1CU [20], is
a well-known major complication in compromised
patients. Although few reports have been published
on the outbreak of MRSA in a SCT unit, a continu-
ous rise in the incidence of hospital-acquired MRSA
infection [21] should influence the incidence of
MRSA infection in SCT recipients |22]. Collin et al.
reported that the incidence of multidrug resistant
S. aureus was 15% 1in isolates from BMT patients
with blood stream infection in 1991 1997 |23]. Pro-
longed neutropenia has been found to be a risk fac-
tor for the development of infectious complications
i SCT recipients |24}, Since the outbreak of MRSA
among immunocompromised patients can’ greatly
affect their mortality, appropriate methods for infec-
tion control arc strongly warranted. The Consensus
Panel’s guidelinies for preventing the spread of
MRSA recommend contact premulions'.md the 1s0-
lation of mfecled or colonized patients in. a single
room or cohort, grouping them erumphually

~with designated slllfllS] Also, since MRSA coloni-

zation precedes infection because of inpatient cir-
cumstances and rather strong treatments [25.26]. a
local control is very important for controlling MRSA
outbreak in selected circumstances such as SCT
ward in which many immum')compmmiscd patients
are taken care of.

In this report, we descrnibed an MRS/\ outbreak
in the SCT ward during a limited period of 4 weeks.
Initially, we suspected that all MRSA infections
were caused by a single source, such as highly con-
taminated stool. However, unexpectedly, no direct
contact was identified among patients and stafl who
were involved in their care. The transmission of
MRSA mostly occurs through direct person-to-per-
son contact, and transmission from the environment
is extremely rare in places where strict precautions
are taken and carelul decontamination procedures
are used. Hence. we undertook a molecular epidem-
iological analysis to critically examine the suspected
break in our procedure. We found that four of the
six isolates were genetically different. and our Infec-
tion Control Team concluded that horizontal trans-
mission was unlikely, ‘Nevertheless, the  interest
raised with this event resulted in further cnforce-
ment of essential precautions against droplets and
contact.and the elimination oi new MRSA cases Im
stibsequent months.

Although our abservation was well anticipatéd. n
that molecular typing techniques are effective in the
dingnosis and tracking of MRSA, the results are still
unique, since they highlight the value of these meth-
ods over clinical judgment in a critical care situation
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with highly immunocompromised patients. Since the
molecular typing properties of MRSA are very simi-

lar

in Japan, especially in the local areas |27, we

focused on the genetic event detected by molecular
typing and diagnosed those differences as different
strain from outbreak. Thus, this report should be
helpful for evaluating whether the routine applica-
tion of these measures should be critically consid-
ered in the assessment of outbreak.

REFERENCES

9.

10,

Crossley K. Loesch D, Landesman B, Mead K, Chern M. el al.
An outhreak of infections caused by strains of Staphviococcns
anrens resistant (o methicillin and aminoglycosides. 1. Clinical
studics. J Infect Dis 1979:139:273- 279, :

Scheckler WE, Brimhall D, Buck AS, Farr BM, Friedman C,

et al. Reyuirements for infrastructure and essential activities of

infection control and epidemiology in hospilals: a consensus
panel report. Society for Healtheare Epidemiology of America.
Infect Coutrol Hosp Epidemiol 1998:19:114 -124.

. Strausbaugh LY, Jacobson C. Sewell DL, Potler S, Ward TT.

Methicithin-resistant Staphylococens anrens in extended-care fa-
cililies: experiences in a Veterans' Affairs nursing home and a
review of the literature. Infect Control Hosp Epidemiol 1991:12:
3645, ,

Prevost G. Jauthac B, Piemont Y. DNA fingerpriniing by
pulsed-ficld gel clectrophoresis is more effective than ribotyping
in distinguishing among methicillin-resistant Staphivlococens air-
cus isolates. J Clin Microbiol 1992:30:967-973.

Blumberg HM. Rimland D. Kichlbauch JA, Terry PM. Wachs-
muth IK. Epidemiologic typing of Staphviococens anrens by DNA
restriction fragment length polymorphisms of tTRNA genes: eluci-
dation of the clonal nature of a group of bacteriophage-nontype-
able. ciprofloxacin-resistant, methicillin-susceptible S. anrens iso-
lates. J Clin Microbiol 1992:30:362- 369.

. ovan Belkum A, Bax R. Pecrbooms P, Goessens Wi, van Lecu-

wen N, et al. Comparison of phage tvping and DNA fingerprinting
by polymerase chain reaction for discrimination of  methicillin-
resistit. Srapivlococens anrens strains. 1 Clin: Microbiol 1993:31:
798 803 o
fchivama S, Ohta M. Shimokata. K. Kato N, Takeuchi J.
Genomic DNA fingerprinting by pulsed-fickd gel electrophoresis
as an epidemiological marker for study of nosocomial infections
caused by methicilin-resistnt Staphylococens arens. 1 Clin Micro-
biol 1991:29:2690 -2698.

Bannerman T, Hancock GA. Tenover 1°C. Miller JM. Pulsed-
ticld gel electrophoresis as a replacement for hacleriophage typing
of Stapliviococens anrens. 1 Clin Microbiol 1995;33:551 -555.
Tenover I°C, Arbeit RD, Goering RV, How (o select and inter-
pret molecukir stram typing methods for epidemiological studies
of bacterial infections: a review for healtheare epidemiologists.
Molecalar Typing Working Group of the Socicty for Health-
care Epidemiology of America. Infeet Control Hosp Epidemiol
1997:18:426 439, . :

Shopsin B, Kreiswirth BN, Molecular epidemiology ol methi-
cllin-resistant Staphyvlovoceus anrens. Fmerg Infect Dis 2000:7:
323 326,

Vos P. Hogers R. Blecker M. Reijans M, van de Tee' T, et al.
AT P a new technigue for DNA fingerprinting. Nucleie Acids
Res [995:23:4407 4414,

12

15

16,

19.

20.

. Wenzel RP. Reagan DR, Bertino JS, Jr..

- van den Braak N, Simons G. Gorkink R, Reijans M, Eadie K,

et al. A new high-throughput AFLP approach for identitication
of new genctic polymorphism in the genome of the clonal micro-
organism Mycobacteriun tuberenlosis. J Microbiol Methods 2004:
S6:49 -62.

. Grady R, Blanc D, Hauser P, Stanley J. Genotyping of Luro-

pean isolates of melhicillin-resistant Staphylococens wirens by
fluorescent  amplified-fragment length polymorphism analysis
(FAFLP) and pulsed-ficld gel electrophoresis (PFGE) typing.
J Med Microbiol 2001;50:588 -593.

. Fang FC. McClelland M, Guiney DG, Jackson MM. Har(stein

Al et al. Value of moleculiar epidemiologic analysis in a noso-
comial methicillin-resistant  Staphylococeus  aurens  outhreak,

~J Am Med Assoc 1993:270:1323 - 1328,

Yoshida T, Kondo N, Hanifah YA, Hiramatsu K. Combined
use of ribotyping. PIFGE 1yping and 18431 typing in the dis-
crimination of nosocomial strains of methicillin-resistant Srapfy-
Incocens avrens. Microbiol Immunol 1997:41:687 - 695,

Tenover IFC, Arbeit RD, Goering RV, Mickelsen PA. Murray
BI et al. Interpreting chromosomal DNA restriction patterns
produced by pulsed-field gel electrophoresis: criteria for bacte-
rial strain (yping. J Clin Microbiol 1995;33:2333-2339.

. Tenover FC. Arbeit R, Archer G, Biddle !, Byrne S, et al.

Comparison of traditional and moleculir methods of typing iso-
lates of Staphyviococens airens. 1 Clin Microbiol 1994;32:407- 415,
Baron ). Arias K.
Methicillin-resistant Szaphvilococeus anrens outbreak: a consen-
sus panel’s definition and management guidelines. Am 1 Infect
Control 1998:26:102- 110.

Mulligan ME. Murray-lLeisure KA, Ribner BS, Sundiford 11C.
John JF. ot al. Methicillin-resistant Srapliylovocens aurens: a
consensus review of the microbiology. pathogenesis, and epi-
demiology with implications for prevention and management.
Am ) Med 1993:94:313-328.

Regev-Yochay G, Rubinstein FE. Barzilui A, Carmeli Y. Kuing 1.
et al. Methicillin-resistant Staphylococens aurens in neonatal
intensive care unit. Emerg Infect Dis 2005:11:453- 456,

. Peacock JE. Jr. Marsik FJ, Wenzel RP. Methicillin-resistant

Staphvlococens anrens: itroduction and spread within a hospi-
tal. Ann Intern Med 1980:93:526- 532,

220 Kato N. Tanaka J, Mori A, Tutumi Y. Yonezaumi M. ct al.

26.

The risk of persistent carriage of methicillin-resistant Siaplivio-
cocens aurens i hematopoietic siem cell transplantation. Am

- Hematol 2003:82:3140- 312,
. Collin BA. Leather 111, Wingard JR. Ramphal R. Evolution.

incidence, and susceptibility of bacterial hloodsiream isolates
from 519 bone marrow fransplant patients. Clin Infect Dis
200133947 953, :

Ninin E, Milpied N, Morcau P, Andre-Richet B, Morineau N.
et al. Longitudinal study of bacterial. viral, and Tungal infec-
tions i adult recipients of bone marrow transplants. Clin Infect
Dis 200):33:41-47.

. Pujol M. Pena €. Pallares R, Aviza ), Avats ), et al. Nosocomial

Staphylococens anrens bacteremia among nasal carriers of methi-
cillin-resistant and  methicillin-susceptible strains. Am ] Med

1996:100:509- 516,

Davis KA, Stewart 11 Crouch K. Florez CE. Hospenthal
DR, Methicillin-resistant Staphylococens awrens (MRSA) naves
colonization at hospital admission and its effect on subsequent
MRSA infection. Clin Infect Dis 2004:39:776- 782 )

Kikuchi K. Takahashi N, Piao C. Tatsuka K. Nishida 11, e al.
Molecukwr epidemiology of methicillin-resistant. Skopdiviacoecus

“anrens strains causing neonatal toxic shock syndrome-tike exan-

thematous disease in neonatal and perinatal wands. J Clin Micro-
biol 2003:41:3001 3006 :

American Journal of Hennatology DOL H.1002 a0



Int J Clin Oncol (2006) 11:156-158
DOI 10.1007/510147-005-0556-z

© The Japan Society of Clinical Oncology 2006

CASE REPORT

Osamu Imataki - Atsushi Makimoto - Rie Kojima
Michiyo Sakiyama - Ako Hosono - Yoichi Takaue

Intensive multimodality therapy including paclitaxel and reduced- mtensﬂy
allogeneic hematopoietic stem cell transplantatlon in the treatment of
adrenal cancer with multiple metastases

Received: August 8, 2005 / Accepted: December 15, 2005

Abstract Adrenocortical carcinoma is a rare malign-
ancy in adolescents and young adults. The prognosis of
unresectable/metastatic adrenocortical carcinoma remains
very poor because the rarity of the tumor has made it diffi-
cult to establish treatment guidelines, and diagnosis and the
resultant treatment can be greatly delayed. We treated a 24-
year-old woman who was diagnosed with adrenocortical
carcinoma of the right adrenal gland which extended to the
inferior vena cava. Although she underwent surgical resec-
tion of the extensive tumor as the primary treatment, the
disease recurred in the lung and liver as multiple metastases
shortly after surgery. She received intensive multimo-
dality therapy, including chemotherapy with paclitaxel,
ifosfamide, and cisplatin (TIP regimen), embolization of
the feeding arteries, and proton irradiation for the liver
mass. Finally, she underwent reduced-intensity allogeneic
hematopoietic stem cell transplantation from an HLA 1-
locus-mismatched sibling donor. A prolonged survival of 39
months after the onset of the disease was achieved. Al-
though this experience is limited, we suggest that TIP che-
motherapy was effective for adrenocortical carcinoma, and
a graft-versus-tumor effect after reduced-intensity stem cell
transplantation may have contrlbuted to the prolonged
survival.

Keywords Allogeneicstem cell transplantation (allo-SCT) -
Reduced-intensity stem ' cell transplantation (RIST)
Adrenocortical carcinoma (ACC) - Graft-versus-tumor
{GVT) reaction - Graft-versus-host disease'(GVHD)
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Introduction

Adrenocortical carcinoma (ACC) is a rare neoplasm with
an incidence of approximately 0.5-2.0 per million per year.'
The sex ratio is 2.5, with greater female involvement. Pa-
tients typically present with endocrine symptoms caused by
the excessive production of hormones by the tumor, and
abdominal symptoms including fullness, tenderness,

-nausea, and vomiting. It has been reported that tumor

reduction contributes to long-term survival, and whenever
possible radical surgery is recommended for all patients,
including those with recurrent disease. More than three-
forth of these patients have a functioning tumor indepen-
dent of their clinical manifestations, and this suggests that
early resection of the tumor could lead to a better chance of
survival. However, in those without these early clinical
manifestations, complete surgical resection becomes diffi-
cult or 1mp0551ble since the diagnosis is delayed. The
reported median survival time was 14.5 months, with a sig-
nificantly lower survival in those aged 40 years or more, or
those who had distant metastasis at the time of diagnosis.’
Although it has been reported that chemotherapy with
mitotane (o,p-DDD, 1,1-dichlorodiphenyl-dichloroethane)
could contribute to longer survival in an adjuvant setting,”
the optimal therapeutic approach for those with systemic
disease has not yet been established. Hence, an accumula-
tion of experience is urgently required to identify an effec-
tive multidisciplinary strategy. :

We describe here a patient with advanced ACC who was
treated very intensively with radical resection of the pri-
mary tumor, followed by a combination of chemotherapy
consisting -of paclitaxel, ifosfamide, and cisplatin (TIP) for
lung metastases, a combination of arterial embolization
and proton irradiation therapy for liver metastases,.and
allogeneic stem cell transplantation (SCT) with a reduced
intensity regimen (RIST) S
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Fig 1. Abdominal echography at diagnosis showing a large right-side
adrenal tumor with intravascular extension and massive liver metasta-
sis. IVC, inferior vena cava .

Tumor

Tricaspid
valve

Fig 2. Cardiac echography showing a polypoid lesion in the right ven-
tricle through the tricuspid valve during the diastolic phase. RV, right
ventricular; LV, left ventriqular .

Case report -

A 24-year-old woman developed general fatigue and amen-
orrhea in January 2000, and a giant. tumor in the right adre-
nal gland was disclosed in October 2000 by evaluation,
including ultrasound echography and computed tomogra-
phy (CT). The liver mass extended into the inferior vena
cava (IVC) and caused thrombi and mass lesion in the right
atrium (Fig. 1); Cardiac echography revealed direct inva-
sion of the cardiac tricuspid valve by the tumor that origi-
nated from the’abdomen (Flg 2). A systemic survey using
CT stanning disclosed no other. distant metastatic lesion.
The patient underwent complete surgical resection of the
tumor under support with an extracorporeal circulation de-
vice. A pathological diagnosis of adrenocortical carcinoma
was established, and the production of androgen was con-
firmed by an elevated serum level of androgen.
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Four months after surgery, the patient had tumor recur-

" rence with multiple liver and lung méetastases detected by a
. follow- -up CT examination. Because the lesions grew rap-

idly, in April 2001 she began to receive chemotherapy
which consisted of paclitaxel (TXL, 175mg/m’, day 1),
ifosphamide (IFM, 1200mg/m’, days 2-6), and cisplatin
(CDDP, 20mg/m?, days 2-6), i.., the “TIP regimen,” every
3-4 weeks. After 3 courses of TIP chemotherapy, lung
lesions showed complete remission (CR), while liver
metastases remained stable. For liver lesions, the patient

.underwent a transarterial -embolism (TAE) .procedure

using a mixture of L1p10d01 and falmorubicin following
transarterial infusion (TAI) of cisplatin (CDDP) and mito-
mycin C (MMC). A total of 3 TAE/TAI procedures
were performed up to August 2001, when all therapies
were suspended owing to the development of severe
myelosuppression. In November 2001, when the liver mass
started to increase in size, 60 Gy proton-beam irradiation
was administered concurrently with each course of TIP che-
motherapy and TAE.

In April 2002, the patient decided to partlclpate in a
phase I trial of RIST for refractory solid tumors, which was
approved by our institutional review board (IRB), in the
expectation of a powerful graft-versus-tumor (GVT) effect.
Prior to the patient’s registration on the trial, the medical
team held a thorough discussion with the patient and .
her family regarding possible treatment options such as
mitotane. Because of the lack of evidence.of curability with
the mitotane therapy, the patient did not decide to receive
mitotane. She therefore chose the option to receive RIST
from an HLA 1-locus-mismatched brother under sufficient
informed consent (recipient’s HLA typing: A33, A24, B60,
B52, DR12, and DR2; donor’s HLA typing: A33, Al1, B60,
B52, DR12, and DR2). The RIST regimen consisted of
fludarabine (30 mg/m’ for 6 days), busulfan (4 mg/kg/day for
2 days) and antithymocyte globulin (25mg/m? for 2: days).
At the time of RIST, her disease was CR in the lung, while
the liver lesion was not evaluable because of the earlier
intensive local treatments. A combination of cyclosporine
(3mg/kg) and methotrexate (10mg/m” on day 1, and 7mg/
m’ on days 3 and 6) was administered for graft-versus-host
disease (GVHD) prophylaxis. The early course after RIST
was uneventful except for transient neutropenic fever for 4
ddys, which was successfully treated with antimicrobial
therapy. Hematopoietic engraftment was observed on day
13. On day 33 after RIST, the patient developed grade 1,
stage II, skin GVHD, which resolved spontaneously in 3
weeks. The dose of cyclosporine was gradually tapered until
it was discontinued on day 80, while the serum androgen
level decreased remarkably between day 60 and day 150.
The relationship between the occurrence of GVHD and
tumor response is illustrated in Fig. 3. Although a CT scan
examination on day 90 confirmed PD in the lung lesions, the
tumors appeared to be slowly progressive. Thereafter, the
patient maintained a relatively high performance status
with indolent tumors until April 2003, when she suddenly
experienced ‘serious hematemesis. A Upper gastrointest-
inal endoscopy revealed extensive mucosal -damage
disproportionally located in the lesser curvature, which ap-
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"Fig 3. Clinical course of transplantation. The serum level of testoster-
one (normal range 10-60ng/dl) as a tumor marker continued to de-
crease’ after the ocurrence of acute graft-versus-host disease. White
blood cell count (WBC) and platelets (plr) slowly increased after he-
matopoietic engraftment, which was observed at day 13. Chimerism
achieved 100% donor type at 30 days after SCT and continued to keep
100% donor type. CRP, C-reactive protein

pears secondary to proton irradiation. The patient experi-
enced a silent perforation of the gastric -wall resulting
panperitonitis the next day, which led to her death 12
months after transplantation. Necropsy was not approved.

Discussion

The prognosis of localized ACC primarily -depends on
the histology* and tumor size,” and there have been reports
on the value of radical tumor resection and the efficacy
of mitotane therapy.’ In contrast, no effective therapy
has been reported for patients with distant metastases or
unresectable tumor, and the reported median survival pe-
riod is 8 months.® Here, we report the case of a patient who

had an extended tumor and survived 39 months after the .

onset of the disease, which was -much longer than the re-
ported median value. In addition, this patient maintained a
high performance status and qualified daily life for 9 months
after progression until the day before her death, although
the tumor recurred shortly after RIST.

We believe that three factors may have contributed to
this patient’s ability to achieve a durable asymptomatic
period. First, the TIP regimen, which has been shown to be
effective for germ cell tumors and other types of endocrine
tumor as a salvage chemotherapy,’ might also be effective
for ACC. Considering the lack of adequate therapeutic op-
tions, we feel that even this limited single-patient experi-
ence could still be of value for future evaluations. Second,
this patient underwent an experimental RIST procedure
from a partially HLA-mismatched sibling as a final consoli-

dation therapy, as part of clinical trials in patients with
various types of solid tumor. Clinical studies that have been
reported to date provide proof-of-principle that allogeneic
T cells can induce clinically relevant GVT effects in solid
tumors, including renal cell carcinoma (RCC)® and oth-
1s.”'% It is widely accepted that the GVT effect is closely
associated with GVHD. Hence, it is possible that the GVT
effect may be enhanced by selecting a mismatched graft.
Although this patient had no measurable lesions at the time
of RIST, the decrease in the serum level of androgen be-
tween day 60 and day 150 when GVHD: emerged and the
indolent course of tumor progression after RIST might be
considered evidence of a GVT. effect. Third, this patient
received intensive procedures for local tumor control, in-
cluding extensive primary tumor resection, TAE/TAI, and
proton:beam irradiation, which may have made the tumor
more sensitive to a GVT effect, as previously suggested."
In summary, successful allogeneic SCT requires a highly
integrated program of donor selection, preparative regi-
men, and management of GVHD. Nevertheless, it is pos-
sible that the combination of TIP chemotherapy, intensive
local tumor controls, and a GVT effect may have contrib-
uted to the prolonged survival of this patient.
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Background: Patients who exhibit gastrointestinal (Gl) involvement due to graft-versus-
host disease (GVHD) after allogeneic hematopoietic stem cell transplantation (SCT) are often
recommended to withhold oral intake (NPO) to avoid further damage to the Gl mucosa. How-
ever, it is possible that continuing oral intake could be beneficial in many patients compared
to total parenteral nutrition (TPN).

Objective: The primary objective of this prospective study was to evaluate whether programmed
step-ladder oral dieting (enteral nutrition; EN) is feasible and beneficial for these patients.

Methods: A total of 18 pahents who exhibited Gl-acute GVHD (stage | to Il gut GVHD) after
SCT received an EN dieting program, and changes in clinical and laboratory parameters were
compared {o those in a control cohort of 17 patients who were placed on NPQ with TPN.
Patients with GVHD were included prospectively and those with intestinal bleeding/obstruc-
tion, severe pancreatitis, and cytomegalovirus enterocolitis were excluded.

Results: None of the patients in the EN group experienced significant adverse events, including
exacerbation of G symptoms. Although there was no statistically significant ditference in the voi-
ume or frequency of diarrhea or the time to complete dietary recovery, parameters including body
weight and serum levels of total protein and albumin tended to improve faster in the EN group.

Conclusion: The EN diet is safely applicable to patients suffering from Gl involvement by
GVHD. Am. J. Hematol. 81:747-752,2006. © 2006 Wiley-Liss, Inc.

Key words: graft-versus-host disease (GVHD); enteral nutrition; immunonutrition

INTRODUCTION

Graft-versus-host discase (GVHD) 15 a major
complication of allogeneic hematopoictic stem cell
transplantation (SCT) that influences the ultimate
prognosis of patients [1]. Gut involvement due to
GVHD particularly impairs the host nutritional status
and QOL due to long-lasting diarrhea and anorexia.
Hence, eifective supportive care of patients suffering
from GVHD should include attention to intense nutri-

.tonal support and bone mineral retention, since many

receive concomitant steroid therapy. Additionally. nor-
mal intestinal architecture and functions are required
to prevent biliary stasis, retarded bowel movement.
bacterial translocation, and resultant systemic infec-
tion {2.3). With the development of gut GVHD. pa-
© 2006 Wiley-Liss, Inc.

tients are often recommended to withhold oral intake
(NPO. “bowcl rest™) to avoid further damage to the
gastrointestinal (G1) mucosa. However, this raiscs a
serious concern since NPO care can induce atrophic
deficit of the Gl mucosa and resultant dysfunction
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TABLE |. Grade of Programmed EN Dieting

Nultritive value

Siep Staple food (form ol rice) Side dishes (approved loods and cuisines)
0 ) Liguid Juice (without grain. without ovanges), electrolylic 500 2000 m}
; supplement solution )
I Liquid Wiater gruel, starch gruel. clear soup. consonune, Calories 300 350 keal
juice. miso soup Protein 5-7 p

Far15-2 ¢
Dietary fiber 15 g

2 . Mush Potato, vegetables. canned fruits. vegetable juices, Calories 600-650 keal

noodles, tolu, whitelish Protein 20-25 2 -

Fat 5-8 ¢
Diewary fiber 1.5-8 ¢

3 Rice grnet Egps. breads. banana. apple Cadories 900 - 1600 keal
Protein 30-35 g
Fat 10-13 p

) Diciary fiber 89 ¢
4 Boiled rice Blue-skinned fish. oil (~ 3 2 day) Calories 1200- 1306 keal
' Protein 40-45 g

Fau 15-20 ¢
Dietary fiber 9-10-g

5 Bailed rice Chicken dow Fat). yogurt. oil {~ 8 giday) Calories 1500 1600 kea)

Protein 60 65 ¢
Fat 30-35 ¢
Dietary fiber 12--13 g

Note: A patient-oriented stepped-up dicting prograon was gradually applied over six steps that varied with regard 10 the solidity. intensity. and aceept-

whility by the patient.

of the GI system. Morcover, it has recently been re-
ported that enteral nutritton (EN) was more effective
than parenteral nutrition for the nutritional support of
patients with an injured intestine due to trauma or an
invasive operation [4.5). Taken together. these findings
suggest that the current patient management proccdure
that includes the interruption of oral feeding to enforce
“bowel rest”™ in SCT patients suffering from GVHD
should be critically reevaluated. IFurthermore, EN, if
tolerable. may be a preferred route for maintaining
digestive and absorptive function as intact as possible.

In those suffering from Gl involvement of GVHD.
such evaluation becomes more complex since diarrhea
is very often multifactorial and includes secretory dys-
function, osmeotic factors, and rapid passage. Hence.
the establishment of a standard care procedure remains
very difficult. To address these concerns, we conducted
a controlled cohort study to evaluate the benefit of dil-
ferent nutritional support measures for patients suffer-
ing from acute gut GVHD after SCT. ‘Our clinical
hypothesis was that a programmed and controlled
scheduled oral nutritional support with EN i$ beneli-
cial Tor patients who have mild to moderately progress-
ing acute symptoms of gut GVHD,

PATIENTS AND METHODS
Patients A

Seventy patients who were treated at the National
Cancer Center Hospital from January 2001 to December
Americin Jowinal of Hematology DOT 1030020k

2003 and who developed G} symptoms by GVHD
were involved in this prospective study. Forty among
those eligible patients met the following inclusion
criteria: (i) pathologically diagnosed GVHID with biop-
sied specimens. (i) presented symptoms within 100 days
after SCT. and (iii) clinically diagnosed as stage 1 to 111
aut GVHD and grade 11 to Hlacute GVHD decording
to the clinical grading criteria [6,7]. Patients who had
intestinal tract bleeding. intestinal obstruction, or severe
pancreatitis were excluded from this analysis, since these
pathophysiologies are considered contraindications lor

EN. Additionally, patients with pathologically diagnosed

cytomegalovirus enterocolitis were also excluded. "and
thus a total ol 35 patients were left for this study.

Methods

In the study periods. two different nutritional in-
tervention procedures were applied; patients who de-
veloped gut GVHID before July 2002 (n = 17) were
treated with NPO and total parenteral nutrition
(TPN) (C group). while the remaining patients who
developed gut GVHD after July 2002 (n = 18) were
treated by programmed GVHD dieting intervention
(EN group). The patients were consecutively regis-
tered to our database at National Cancer Center Hos-
pital..and this prospective study was approved by the
IRB. The programmed LN dieting consisted of six
steps with regard to solidity, intensity. and acceptabil-
ity for intestinal digestion. as shown in Table 1. Each
food and nutrient was made more solid and dense
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In a step-up manner. after the confirmation of stable
symptoms that lasted lor a minimum of 3 days. Fach
step of programmed EN dieting was suitably stepped
down when imtolerance or exacerbation of gut GVHD
symptoms developed. Patients were made NPO with
the appearance of significant abdominal symptoms
(nausea. vomiting, and abdominal pain). Patients in
the EN group only received oral intake without
enteral tube feeding. On the other band, the patients
in group C were adequately allowed to eat accord-
ing to. their symptoms with TPN.

We evaluated “time to complete dictary recovery.
which was defined as the duration from the start of
nutritional management (stopping oral intake or start
of programmed EN dicting) to the restoration of a
normal diet with the recovery of nutritional parame-
ters. Nutritional parameters evaluated iii this study in-
cluded (1) clinical symptoms, including volume and
{requency of diarrhea, and body weight and (2) labora-
tory data. including total serum protein and albumin.
Body mass index (BMI1) was calculated as BMI
theight (m)) /hody wt (l\

»

Statistical Analys;s

Our clinical hypothesis was that a programmed and
controlled schedule of nutritional support with oral
intake (EN dieting) could be elfective in the support of
patients suffering from acute gut GVHD with mild to
moderately progressing sympmms We evaluated “the
time, to complete dictary recovery,” which was defined
as the duration from the start of natritional manage-
ment (stopping oral intake or sturt of EN dieting) to
tlhvc recovery to normal diet. various enteral symptoms,
and nutritional parameters. The time to complete diet-
ary recovery is shown with a time—event cumulative
curve. and the log-rank test was used to mmpd:
groups C and LN, Nutritional parameters are given
as the mean of each gr oup by time course. and the
data in groups C and EN were compared by an
analysis ol varance (ANOVA) A P value of less
than 0.05 was considered significant.

RESULTS
Patients’ Characteristics

The patients’ clinical backgrounds are summarized
in"‘Table 11, which shows that there are no essential
differences between groups C and EN. Older patients
tended 1o receive a reduced-intensity nwnmn more
often than a convu]llmml regimen.

Safety of Programmed EN Dieting

. Throughout the study. no severe adverse events as-
sociated with nutritional [intervention were observed.

-non-Fodgkin lvmphoma: ATL.
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TABLE II. Patients’ Characteristics

EN group ¢ group

W = 1) (N =17
Ape median (range) 332260 3 (23 69
Sex male-fenmale 12:6 1473
Discase
AMI. 6 S
‘MDS 3 2
“ALL 4 2
CML k] 1
NITL. | 2
ATL ] [
Sotid 1umaors : 0 1
Transphiniation source
BM 1 3
PBSC 17 14
Transplintation regimen
Conventional ) 5. 7
Reduced intensity 13 10
Donor 11LA fyping '
Full match . 4 B}
I 1ocus mismarich 4 : 0
2 toct mismaich 0 3
GVIID prophylaais
CSP alone 10 8
CSP o+ MTN . 6 4
CSP 1 ATG 2 2
Others (] 3
G GVHD stage
) . 3 9
2 7 3
3 6 S
GVHD . grade .
n . L 6 . 8
] 12 .9
Onset day of 2ot GVHD gmean of day) 74 g
Note: Patients who underwent SCT and developed gut GVTID were

enrolled in this study. Patients who developed gt GVHD belore July
2002 (0 = 17) were treated with no ora) intake (€ aroup). while the IIN
group {n = 18) was treated by progriommed GVID dicting. AMI. acute
myelogencous leuhemin: MDS. myelodysplasiic éyndrome: ALLL
lymphaoblastic leukemin: CMIL. chronic myelogencous Jeuhemia:
adult, T-cell leukemia: BM,
PBSC. peripheral blood stem cell; CSP. udu\pmmc \l]\
ater ATG. anti-thymaocyte glolin. '

acute
NI .
bonemiurron:
methotrex-

indicating that our procedure with gradual stepped-
up or -down dicting was safe. No severc infectious
episodes were observed in L.l(h group. EN dieting
had to be terminated carly in- 2 of 18 cases due to
prolonged Gl symptoms and anccrhmion of an un-
derlying malignant disorder. ‘There were 4 censored
cases in group C, mainly due to recurrence of the
basic mahignant disorder.

Efficacy of Programmed EN Dieting

Although there was a wide variation in cach pa-
tient in diarrhea volume and frequency of diarrhea.
we adapted, ANOVA 1o evaluate whether there 1s &
statistucally significant difference between the two groups

American Journal of Hematology DO 10.10027ah
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Fig. 1. Changes. in mean volume and frequency of diar-

rhea. No difference was observed between the C and EN
groups in the time-course of diarrhea as evaluated by vol-
ume (P = 0.16) (a) and frequency (P = 0.06) (b)._

(7 = 0.76 and 0.06, respectively. Figure la and b).
The mean body weight values in each group were
compared by considering the absolute changes after
adjusting by the value at the initial evaluation. In
comparing the two groups, the decrease in -body
weight after the start of - nutritional management
was more obvious in group C than'in group EN but
this difference was not statistically significant (P =

0.09), since therc was a wide interpatient varation.:

On the other hand. the change in BMI] was signifi-
cantly different between the two groups (Figure 2.
£ < 0.001). :
Nutritional status was also estimated by labora-
tory parameters. including serum levels of total pro-
tein and albumin (Alb), which were determined as

absolute changes by adjusting by the value at the

American Journal of Hemarology DOL 10.100270jh

Change of body mass index
*EN ‘ ‘ + C group da)’
] 8 15 22 29
.23 : .
g P < 0.001
SN
2
o 2l
3
E
)
g 19
=)
17 i 1 [ 1 )]

Fig. 2. Changes in BMI. The mean changes in BMI, with
the first evaluation as a control, were compared between
the two groups. A slower decrease in body weight tended
to be observed in the EN group, while patients retained
their BMI significantly better in the EN group than in the C
group (P < 0.001). BMI was calculated as BMI = (height
(m)}*/body wt (kg).

Changes of serum albumin level
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~—  growp |
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day

Fig. 3. Changes in albumin as nutritional parameter. One ot
the nutritional parameters, albumin (Alb), was evaluated be-
tween the C and EN groups. In the EN group, patients main-
tained significantly more stable levels of Alb (P<0.001).

first. evaluation at the starting point of nutritional
management, and a - significantly slower decrease
was noted in the EN group (P < 0.001) (Figure 3).
These nutritional parameters remained higher in
group EN than in group C. During the study
period. no patient actually met with stopping rules
mentioned above and consequently, the total num-

ber of days for NPO was not evaluated. The time to. -

complete dietary recovery was compared between.
the two groups. While 38 days were required for the
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Fig. 4. Time to complete dietary recovery. The number of
days required for return to a normal diet was 38 days in
group C, while it was 31 days in group EN, with no statis-
tically significant difference (P = 0.09).

recovery to a normal diet in group C. 31 days were
required in group EN (Figure 4).

DISCUSSION

Since Weisdor! et al. reported that central vénous
parenteral nutritional support improved long-term
survival n patients who underwent bone marrow
transplantation (BMT) [8], intravenous TPN has
been widely used in SCTI. However, it has not yet
been confirmed which- procedure, enteral or paren-
teral nutrition. can provide more effective and safer
nutritional support. In this study. we considered
that the patients in the EN group may have pre-
served nutritional parameters better than the other
group and ate sooner, although no differences were
found in the time to complete dietary recovery. A
chnical study group at Johns Hopkins Unjversity
randomhized BMT patients into two groups to re-
ceive different types of nutritional support, TPN or
ILN. and they did not observe any differences in
nutritional parameters between the two groups Y]
In their study, patients who received TPN were al-
lowed to cat anything they liked. while those with
EN had few chances to reccive TPN treatment.
Moreover. those who had been receiving TPN were
allowed to take oral intake and thus were not on
strict. NPO. Additionally. m our study. the two
groups of patients were evaluated in different study
periods, and there was a significant difference in the
modality of the supportive measures. ‘Fhese points
miake a direet and strict comparison between the TPN
and LN groups very difficult and unrehable. These

biases, which are inherent to studies in this field, also
existed in our study. which might explain why we failed
to detect significant differences in clinical benefits.
- We used to routinely advise patients to stop oral
mtake with the development of gut GVHD. There-
after, they were encouraged to drink or eat gradu-
ally, since it has been suggested that inadequate
nutritional support further deteriorates gut GVHD
symptoms. To establish clearly defined  subjective
guidelines, we conducted this interventional cohort
study. We found that both controlled and uncontrolled
EN can be administered safely. Since the time to com-
plete dictary recovery was almost comparable in the
two groups, the results suggest that any EN program
is acceptable and does not harm or degrade the QOL
of patients sulfering from GVHD. If this is confirmed,
a restricted dict would not be necessary for those with
moderately symptomatic gut GVHD. Nevertheless,
the evaluation of nutritional parameters in this study
suggested that controlled EN did a better job of main-
taining body weight and serum nutritional status,
compared to the results in the NPO group. The ran-
dom administration of food intake may be inadequate
compared to scheduled dicting. which attempts a grad-
val build-up of intestinal mucosa by the comprehen-
sive supply of nutrients including glucose. protein, fat,
fiber, etc. This may have a secondary advantage of
keeping the mucosal barrier intact and preventing
bacterial transtocation through the GI tract.
Nevertheless, since the cause of diarrhea is multifac-
torial. it is inherently difficult to asscss the effective-
ness of and standardize nutritional intervention proce-
dures. In the literature, four pathologies have been
reported to be contraindications for EN since they
cuuse undesirable bowel movement, i.e., presence of
gastrointestinal bleeding; intestinal obstruction, severe
pancreatitis. and intestinal perforation. The patho-
physiology of diarrhea associated with gut GVHD in-
cludes osmotic and secretory diarrhea. Hypertonic EN
is considered to further deteriorate symptoms of diar-
rhea. Hence. it is reasonable to suggest that dietary
féods in LN adequately maintiin an isotonic status as
well as nutritional status to improve immunologic
function. An intact GI system is. vital for maintain-
ing normal immune functions, and a novel concept
of nutritton support, “immunonutrition.” has been in-
troduced. which focuses on.the maintenance -of the
comprehensive biological protection system .against
external pathogens to maintain normal immune func-
tion [10]. Clinical benefits of immunonutrition, includ-
ing improvement of nutritional parameters, decreased
risk of infection, and shorter duration of hospital-
ization. have been reported in patients in the periop-
cration period and in those who required care in the
1CU [11,12]. However, currently a precise evaluation
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of the cfficacy of each component of immunonutri-
tional agents is difficult [13], and controversy still

exists regarding the value of immunonutrition alter

SCT. This study did not evaluate this proposed im-
munonutrition, aid to accomplish this in SCT prac-
tice, prospective monitoring of immune. parameters
would be required.

The serum level of albumin can be significantly
affected by many variables including diarrhea asso-
ciated with GVHD and, hence, would not be a very
good marker for the evaluation of protein status in
the HSCT population. However,. in our experience,
serum albumin decreased after SCT to suggest the

possibility of the use in the estimation of patient’s:

nutrition. status at least for a short period of follow-
up, when referring to the general description in the
guideline by American Socicty for Parenteral and
Enteral Nutrition, i.e., “low serum levels indicate

which hospitalized paticnts are at increased risk of

morbidity and mortality™ [14].

In conclusion, the current study is hampered by
preexisting biases including a small number of studied
patients, a cohort analysis in dilferent periods. and a
lack of adequate measures for data evaluation. Never-
theless. it appears that patients supported by pro-
grammed EN experienced no exacerbation of gut
GVHD symptoms, with a suggested henefit of en-
hanced maintenance of nutrition status. Further study

is warranted to prospectively evaluate the value of
o-3 fatty acid,’

various nutrients including arginine.
and nucleic acid [13] and various clinical outcomes
including the cost; complications. and QOL -in .an
attempt to improve the nutritional and immune status
of transplanted patients.

Amevican Jowrial of Hemdtology DOL 10, l.()():.’_‘-":ljh-
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Desmoplastic small cell tumor of soft tlssue Molecular varlant of

EWS— WT1 chlmerlc fusion

Minoru Hamazaki,' Hajime Oklta, Jun ichi Hata,® Shin-ichi Shimizu,* Hiroshi Kobayashi,* Katsuhiko Aoki®

and Taemi Nara®

Departments of ‘Pathology, f"I?adiolo{gy and *Oncology, Shizuoka Children’s Hospital, Shizuoka, 2Departn*:ent of
Developmental Biology, National Research-Institute for Child Health and Development, *National Center for Child Health
and Development, Tokyo and *Department of Pathology, Seirei Hamamatsu General Hospital, Hamamatsu, Japan

A 7-year-old girl was hospitalized .because of a tumorous
mass in her left periorbital region. The tumor was removed
by local excision.The soft-part tumor recurred in the parotid
gland region 4 months later, and a second recurrence was
noted on the left side of the neck 3 years and 3 months
thereafter. The. patient: had not received chemotherapy or
local  irradiation. Histological and immunohistochemical
examinations of the recurrent masses revealed morpholog-
ical characteristics of small cell proliferation with desmo-
plastic stroma that were similar to those of the initial tumor.
The cellular components showed immunoreactivity for

desmin, cytokeratin, vimentin, and epithelial membrane’

antigen in part, but the cells were negative for myogenin,
CD99, and neuron-specific enolase. These findings sug-
gested a diagnosis of desmoplastic small cell tumor,
despite its extra-abdominal location. The histological diag-
nosis was confirmed by reverse transcriptase polymerase
chain reaction, which demonstrated an EWS-WT7 chimeric
fusion gene. An in-frame fusion of EWS exon 9 and WT?
exon 8 was subsequently identified by cloning and
sequencing. The chimeric fusion gene might be related to
the tissue-specific phenotype of desmoplastic small cell
tumors, although further investigation of this speculation is
necessary. '

Key words: desmoplastic small cell tumor, EWS-WT1 fusion
transcript, extra-abdominal

Desmoplastic small cell tumor (DSCT) occurs usually in the
intra-abdominal region of children or adolescents and con-
sists of proliferating smalt cells with a desmoplastic stroma.
DSCT is also characterized by the presence of an EWS-
WT1 chimeric fusion transcript, typically confirmed by
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reverse transcriptase—polymerase chain reaction (RT-PCR).
Tumors with similar - histological appearances have been
reported in other soft tissues,’ but such tumors are
extremely rare. Here, we déscribe a patient with a desmo-
plastic small cell tumor that developed primarily in the orbital
soft tissue. '

CLINICAL SUMMARY

A 7-year-old girl complained of an insidious swelling in
the soft tissue of her left upper eyelid. On hospitalization,
a reconstructed CT imade revealed a partially calcified,
low-density mass in the upper lateral aspect of the left
orbital region (Fig. 1). The mass was excised surgically. The
patient was not treated with systemic chemotherapy or local
irradiation.

Four months after the initial surgery, a local recurrence
was detected in the left periorbital region. A CT image
revealed an irregular mass, measuring 26 x 20 mm in great-
est diameter, with central low-density and calcified foci; the
mass was located near the upper aspect of the left parotid
gland (Fig. 1). Systemic gallium citrate scintigraphy demon-
strated an abnormally localized accumulation at the mass
lesion, but no distant metastases were noted. The local tumor
was completely re-excised surgically, and the patient was
carefully followed thereafter. Chemotherapy or irradiation
was not performed.

Three years and 3 months later, at the age of 11 years, the
patient was again hospitalized because of a second recur-
rence in her left lower neck region. CT showed a tumorous
lesion located between the left lower margin of the parotid
gland and the piriform fossa. The main cervical recurrent
tumor and nodal metastases were removed. The tumorous
tissue weighed 38.9 g in total. The patient has been followed
for 8 months and has shown no signs of local recurrence,
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Figure 1 Radiologica! appearance. (a) The initial tumor ‘mass
(arrow) is visible in the left upper lateral aspect of the orbital region
as a partially calcified, low-density mass on a CT image. (b) CT of
the first recurrence showing an irregular mass (arrow) with a central
low-density area near the upper aspegt of the teft parotid gland.

~although the possibility of future recurrence cénnof be ruled
out. a

PATHOLOGICAL FINDINGS

A conventional morphological examination was performed
using formalin-fixed . paraffin sections stained with HE.
Histological examination of the primary tumor suggested
an epithelial neoplasm, like a lacrimal gland carcinoma or
an adenoid cystic carcinoma, or a_rhabdomyosarcoma or
metastasis of an abdominal tiimor. The first recurrent tumor
was characterized by conspicuously atypical small cell

proliferation, forming solid cellular nodules or trabecular,

basalioid epithelial lesions, and was accompanied by prom-
inent interstitial fibrous intervention (Fig. 2). The tumorous
tissue was intermingled with the ducts of the parotid gland,
and the tumor itself was located adjacent to the serous

acini of the parotid gland. The second recurrent main tumor

exhibited diffuse cellular proliferation but did not have a
desmoplastic stroma. The nodal metastases in the lower
portion of the left neck, however, exhibited a distinct desmo-
plastic morphology similar to that of the first recurrent

tumor. These histological findings were consistent with a
desmoplastic small cell tumor of soft tissue with divergent
differentiation, and were almost identical to those of the ini-
tial orbital tumor. '

Immunohistochemical study

The immunohistochemical investigation was performed using
formalin-fixed, paraffin-embedded tissues and the streptoa-
vidin-biotin peroxidase indirect method. Primary antibodies
were prepared against the following antigens: desmin
(clone DE-R-11, diluted 1:50; DakoCytomation, Glostrup,
Denmark), cytokeratin (AE1/AE3, diluted 1:50, proteinase
K-treated; DakoCytomation), vimentin (Vim3B4, diluted 1:50,
microwave-treated; DakoCytomation), epithelial membrane
antigen (EMA; E29, diluted 1:50; DakoCytomation), myoge-
nin (F5D, diluted 1:50, microwave-treated; DakoCytomation),
WT1 (C-19, diluted 1:50, proteinase K-treated; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), CD99 (F5D, diluted
1:50; Dakbcytbmation), sarcomeric actin (a-Sr-1, diluted
1:40; DakoCytomation), CD45 (T29/33, diluted 1:50; Dako-
Cytomation), glial fibrillary acidic protein (GFAP; 6F2; diluted
1:50, microwave-treated; ,DakoCy'tomation), neuron-specific
enolase (NSE; ‘BBS/NC/VI-H14, .diluted 1:50; Dako-
Cytomation), S-100 protein (rabbit-polyclonal, diluted 1:400;
DakoCytdmation), Ki-67 antigen (MIB-1, diluted 1:50,
microwave-treated; DakoCytomation), and - P53 (PAb240,
diluted 1:50, microwave-treated; DakoCyiomation). -

The solid areas of the first and second recurrent tumors
were positive for vimentin, but the trabeculae were negative.
In contrast, the trabecular or epithelioid components were
positive, for EMA, pr the solid cellular area was negative.
Distinct positive immunoreactivity for désmin and cytokeratin
was expressed in the cytoplasm of the small tumor cells in
both the solid cellular and trabecular architectures (Fig. 3)
No evidence of myogenin, WT1, CD99, Asarcorhéric, actin,
CD45, GFAP, NSE, or S-100 protein positivity was seen. Ki-
67 labeling index was 40-60% in the solid area of tumor and
10-20% at the trabeculae. P53 labeling index was <1-5%:

Electron microscopy -

The electron microscopy specimens were prepared using

-conventional 2% glutaraldehyde and 1% osmium tetraoxide

fixation followed by epoxy embedding. Ultrathin sections
stained with uranyl acetate and lead citrate were then
observed using a JEM 1010 transmission eleqtrbn_ micro-
scope (JEOL, Tokyo, Japan).

The tumor cells were characterized by prominent desmo-
some-type intercellular junctions with tonofilaments (Fig. 4).
A small amount of intermediate fibrils without striated muscle
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Figure 2 Histological findings. (a) Conspicuous proliferation of small atypical cells with increased mitotic flgures is apparent. A salivary gland
duct is visible at the right of the figure. (b) The tumor tissue is characterized by trabecular, epithelioid proliferation surrounded by a hyahne
basal structure, with fibrous proliferation in the interstitium.
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'F_igure 3 Immunochistochemical findings. (a) Vimentin is reactive in the cytoplasm of the tumor cells. (b) EMA is positive at the membrane
of the tumor cells, especially in the trabecular region. Immunostaining was positive for (¢} desmin and (d) cytokeratin in both solid and
trabecular portions of the tumor.
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Figure 4 Electron microscopy. The tumor cells exhibit intercellutar
desmosomes with distinct tonofilaments.

differentiation were seen in the cytoplasm. No specific neu-
rosecretory vesicle was found in the cytoplasm.

Gene analysis

Total RNA was extracted from frozen tumor tissue using an

RNeasy Kit (Qiagen, Hilden, Germany) and was reverse

transcribed to cDNA using a First-Strand cDNA synthesis Kit
(Amersham, Piscataway, NJ, USA). PCR was performed
using the following primers: EWS/WT1, ESBP1 (CGAC
TAGTTATGATCAGAGCAGT)? and 10BA (TGCTGCCTGG
GACACTGAAC); EWS-FLI1, 22.3 (TCCTACAGCCAAGCT
CCAAGTC)® and 11.3 (ACTCCCCGTTGGTCCCCTCC); and
EWS/ERG, ESBP1 and EU15 (CATGTACGGGAGGTCT
GAGGGGT).* The amplified products were run on a 2%
agarose gel. The products were then purified using
MicroSpin S§-400 Columns (Amersham) and cloned into
PGEM-T vectors via the pGEM-T Vector System (Promega,
Madison, W, USA). Sequencing of the subcloned PCR prod-
ucts was performed using a DyEnamic ET Terminator Cycle
Sequencing Kit (Amersham) with M13-40 and reverse
primers.

The aforementioned hlstologlcal diagnosis was also con-
firmed by RT-PCR of snap-frozen tumor tissues taken from
the first recurrent tumor and the second recurrent masses,
including both the solid cellular portion and the desmoplastic
portion (Fig. 5). Each tissue specimen exhibited the same
EWS-WT1 chimeric fusion (data not shown). The chimeric
transcript was finally confirmed by cloning and sequencing
of the PCR product, resulting in the identification of an in-
frame fusion of EWS exon 9 and WT7 exon 8 (Fig. 6). Neither
EWS-FLIT nor EWS-ERG chimeric transcripts associated
with the Ewmg famlly of. tumors were detected (data not
shown). . : :

600 bps —

Figure 5 Molecular analysis. Reverse transcriptase~polymerase
chain reaction of the first recurrent tumor tissue shows an in-frame
fusion of EWS and WTT in lane 2, which contains a longer band
than that of the positive desmoplastic small cell tumor (DSCT) con-
trol. A smaller product, corresponding to the fusion of EWS exon 7
to WT1 exon 8, is also visible. Lane 1, 100 bp ladder marker; lane
2, present case; lane 3, positive DSCT control lane 4, NCR-NB3
negative control neuroblastoma celi.

EWS exon 9 - WTl1 exon 8
Present case cgaggtggcttcaataagectggtg|gtgagaaaccataccagtgtgactt

Figure 6 Sequence of EWS-WTT1 junction. The fusion point of the
longer product is shown. A vertical line mdlcates the nucleotide
position of the junction.

DISCUSSION

Several epithelial neoplasms, many of which are malignant
in adults, were initially considered in the differential diagnosis
of the slow-growing tumor and repeated recurrences seen in
the present case. Several kinds of malignant small cell
tumors of soft tissues including rhabdomyosarcoma (espe-
cially alveolar type), extraskeletal Ewing sarcoma family of
tumors (ESFT),® neuroblastoma metastases, and non-
Hodgkin lymphoma (in addition to DSCT) must be ruled out
in pediatric patients. The immunohistochemical reactivity of
desmin or vimentin was not necessary to confirm a diagnosis
of rhabdomyosarcoma because myogenin, which is a myo-
genic regulatory protein, was not reactive. The absence of
CD99, CD45, NSE, S100, and GFAP reactivity enabled
ESFT, non-Hodgkin lymphoma, -and neuronal tumors to be
ruled out. Electron microscopy revealed an ‘epithelioid fine
structure with distinct desmosomes, similar to the fmdlngs for
a previously reported extra- abdomlnal DSCT.S No evidence
of intracytoplasmic neurosecretory vesicles, often seen in
neuroblastomas, or aggregates of thick myofilaments with
electron dense zones, mducatmg rhabdomyosarcoma was
found.

Another pOSSlblllty m the dlfferentlal dlagn03|s of small
round cell tumors in children is DSCT. Recently, intra-
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