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ABSTRACT

Although there is currently no consensus regarding the treatment of steroid-refractory acute graft-versus-host disease (GvHD) after
hematopoietic stem cell transplantation (HSCT), antithymocyte globulin (ATG) is one of the most widely used immunosuppressive
drugs in this setting. We retrospectively summarized our transplant center’s experience with 35 steroid-resistant acute GvHD patients
who were treated with three different ATG preparations. Severe (grade llI-IV) acute GvHD was observed either during the posttrans-
plantation period (n= 32) or after donor lymphocyte infusion (n= 3). For secondary treatment of acute GvHD, rabbit Jurkat cell line-
reactive ATG (ATG Fresenius®) (n= 22), rabbit thymus cell-reactive ATG (Thymoglobulin®) (n= 9) or equine antilymphocyte globulin
(ALG) (Lymphoglobulin®) (n= 4) was administered at a dose of 2-10 mg/kg/day for five consecutive days. The median time from the
diagnosis of acute GvHD to the first day of infusion of ATG or ALG was 15 days (3-70 days). An overall response was observed in 15
patients (42%), with similar response rates among patients treated with any of the three ATG preparations. The overall survival (OS) of
the patients did not increase in any treatment group, though the severity of GvHD and the disease status before HSCT were shown
to negatively impact OS. Although responses could be achieved in steroid-refractory acute GvHD using rabbit or horse ATG, survival
rates did not increase because of high mortality rates due to infection during treatment.
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OzET

Steroide Direncli Akut Graft Versus Host Hastaliginin Tedavisinde Antilenfosit / Timosit Globulin: Bir Merkezdeki 20
Yilik Deneyim

Hematopoetik kdk hiicre nakli (HKHN) sonrasi gelisen steroide direngli akut graft versus host hastaligi (GVHH) tedavisinde, gtinimuzde
Uzerine uzlasma olmamasina ragmen antitimosit globulin (ATG) bu durumda genis capli olarak kullanilan immtnsUpresif ilaglardan
biridir. Ug farkli ATG formu ile tedavi edilen 35 steroide direngli akut GVHH hastasi hakkinda nakil merkezimizin tecriibesini geriye déniik
olarak 6zetledik. Ciddi (derece 3-4) akut GVHH nakil sonrasi ddnemde (n= 32) veya donér lenfosit inflizyonundan sonra (n= 3) gézlendi.
Akut GVHH’nin ikincil tedavisinde tavsan Jurkat hiicre dizisi reaktif ATG (ATG Fresenius®) (n= 22), tavsan timus hucresi reaktif ATG
(Thymoglobulin®) (n= 9) veya at antilenfosit globulin (ALG) (Lymphoglobulin®) (n= 4) ardisik 5 gin boyunca 2-10 mg/kg/gtin dozunda
uygulandi. Akut GVHH tanisindan ATG veya ALG’nin ilk inflzyon gintine kadarki ortanca stre 15 (3-70) gindU. Toplam yanit 15 (%42)
hastada gdzlenirken, ¢ ATG formunun herhangi biri ile tedavi ediimis hastalar arasinda benzer yanit oranlar vardi. Hastalarin toplam
sagkalimi (TS) hicbir tedavi grubunda artmazken, GVHH’nin ciddiyeti ve HKHN 6ncesi hastalik durumu TS'yi negatif etkiledi. Steroide
direncli akut GVHH’de at veya tavsan ATG kullanimi ile yanit elde edilmesine ragmen, tedavi sirasindaki infeksiyona bagl yiksek mor-
talite oranlar nedeniyle sagkalm artmadi.

Anahtar Kelimeler: Antitimosit globdlin, Antilenfosit globulin, Akut graft versus host hastalig
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INTRODUCTION

Graft-versus-host disease (GvVHD) can be defined
as an immune-mediated posttransplant compli-
cation resulting from the recognition of donor T
cells in an immunosuppressed recipient. In par-
ticular, induction of tissue damage and cytokine
production by a conditioning regimen promotes
the activation of antigen-presenting cells and the
proliferation of donor T cells. Alloreactive T cells
expand and migrate to target tissues such as the
liver, skin and gut.'? These tissues are responsible
of clinical symptoms and outcome of GvHD pa-
tients and GvHD is graded by the involvement of
these tissues. Grade II-IV acute GVHD is observed
in approximately 40% of HLA-identical sibling
transplants and in up to 80% of unrelated donor
transplants.** However, the mortality rate among
patients with severe (grade III-IV) acute GvHD
can range from 70-100%.°

Corticosteroids remain the first-line treatment for
acute GVHD.® The use of systemic corticosteroids
is recommended as an initial therapy for grade II-
IV GvHD6. For the treatment of steroid-refractory
acute GvHD, second-line options may include an-
tithymocyte globulin (ATG), extracorporeal pho-
topheresis (ECP), mycophenolate mofetil (MMF),
anti-tumor necrosis factor-a (anti-TNF-a), mam-
malian target of rapamycin (mTOR) inhibitors and
interleukin-2 receptor antibodies.*® According to
treatment guidelines, ATG use in cases of steroid-
refractory acute GvHD is at the discretion of the
treating physician.® There is also no defined supe-
rior therapy in steroid-refractory acute GvHD.

To prevent GvHD, ATG and antilymphocyte
globulin (ALG) have been used in conditioning
regimens for approximately 30 years to prevent
GvHD.’ A meta-analysis revealed that the occur-
rence of reported cases of grade II-IV GvHD was
lower in patients who received ATG.'°

Both rabbit ATG (Thymoglobulin®) and horse
ALG (Lymphoglobulin®) have been used to treat
steroid-refractory acute GVHD in various studies.
Additionally, ATG Fresenius® is a purified rabbit
anti-human T lymphocyte immunoglobulin that
has been widely used as part of conditioning regi-
mens and is also preferred as a second-line agent
for acute GvHD treatment. Unfortunately, the opti-
mum type and dose of ATG are not standardized."
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Our single-center retrospective study, which was
approved by the institutional ethical committee,
aimed to analyze the response rates of steroid-re-
fractory acute GvHD patients treated with different
ATG preparations and the impacts of these treat-
ments on overall survival (OS).

PATIENTS and METHODS

The database of the Ankara University Faculty of
Medicine Stem Cell Transplantation Unit was ret-
rospectively analyzed between 1992 and 2012. In
this time period allogeneic stem cell transplanta-
tion was performed to 828 patients, 377 patients
of them were diagnosed with acute GvHD and
treated with i.v, oral or local steroid. In total, 35
patients had steroid refractory acute GVHD and re-
ceived ATG as a second-line treatment for severe
(grade III-IV) acute GVHD. These 35 patients were
included in the study. In total, 32 of the patients
were diagnosed with severe acute GVHD in the 100
days after transplantation, and 3 patients were di-
agnosed with severe acute GVHD after donor lym-
phocyte infusion (DLI).

The Glucksberg system is used to grade the sever-
ity of acute GvHD.'>!* A 1-2 mg/kg/day i.v. corti-
costeroid treatment was the initial treatment for all
acute GVHD patients in the current study. Patients
were considered refractory to the first-line steroid
treatment if GVHD progression was noted within
3 days of treatment or if a response could not be
achieved within 7 days.> Our institutional policy
for the treatment of steroid-refractory acute GVHD
was ATG. Therefore, there was no other drug
which was approved by local insurance agency.
Moreover, ATG must be imported by commercial
companies and sometimes was not commercially
available in these 7 days. Hence, we gave ATG
treatment when it was available. An addition, we
performed i.v. ATG treatment in patients having
steroid refractory acute GvHD diagnosis after a
skin test with ATG to check for allergic or other
adverse reactions and infused minimally in 6 hours
via a central vein.

For secondary treatment of acute GvHD, rabbit
Jurkat cell line-reactive ATG (ATG Fresenius®),
rabbit thymus cell-reactive ATG (Thymoglobu-
lin®) or equine antilymphocyte globulin (ALG)
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(Lymphoglobulin®) was administered at a dose of
2-10 mg/kg/day for five consecutive days. Physi-
cian choice and commercial availability were the
main factors dictating the ATG dose and type,
respectively. Physician also performed and regu-
lated ATG treatment according to patients’ clinical
conditions. During ATG treatment, we have given
prophylactic platelet transfusion in non-bleeding
patients having lower platelet count than 30 x10%/1.
Also, red blood cell transfusions have been per-
formed if a patient has hemoglobin levels less than
7 g/dl (or less than 10 g/dl in patients with cardiac
dysfunction).

We defined the response to ATG treatment as over-
all response which includes partial and complete
response. We did not evaluate separately each re-
sponse subtype. We defined overall response as
any significant improvement in patients’ symptoms
related to GvHD.

Conditioning Regimen

The most frequently used myeloablative condition-
ing regimen consisted of cyclophosphamide (CY)
(120 mg/kg i.v.) in combination with busulfan
(BU) (3.2 mg/kg i.v. or 4 mg/kg p.o. x 4 days) or
CY (60 mg/kg x 2 days) in combination with frac-
tionated total-body irradiation (12 Gy).

Reduced-intensity conditioning regimens were
fludarabine (FLU) based and included FLU (30
mg/m? i.v. X 5 days) in combination with Melpha-
lan (70 mg/m?d i.v. x 2 days) and FLU (30 mg/m?
x 6 days) in combination with CY (60 mg/kg x 2
days).

GVHD prophylaxis consisted of methotrexate
(MTX) at 15 mg/m? on day +1 and 10 mg/m? on
days +3 and +6 (and additionally on day +11 for
unrelated donor alloHCT) and daily cyclosporine
(CSA) from day -1 (or -3 in for unrelated donor
alloHCT) to day +180.

Donor Selection and Stem Cell Source

Donors were selected as this order. The first op-
tion was well-matched sibling donor. If a recipi-
ent did not have any well-matched sibling donor,
other potential donors were searched, including
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non-sibling well-matched other relatives, unrelat-
ed well-matched donors, partially matched donors.
The HLA match status was defined using refined
HLA-matching criteria. Well-matched cases had
no identified HLA mismatch, and they had inform-
ative data at 6 loci or had allele matching at HLA-
A, HLA-B, and HLA-DRBI1. Partially matched
cases had a defined, maximum one locus mismatch
and/or missing HLA data.

Stem cells were derived from bone marrow or
peripheral blood according to physician or donor
choice.

Prophylactic Treatment

Patients received infectious prophylaxis, includ-
ing acyclovir, fluconazole, and trimethoprim sul-
famethoxazole, along with all conditioning regi-
mens. In addition, antibacterial prophylaxis was
administered via ciprofloxacin in myeloablative
regimens. During ATG treatment, iv prophylactic
ganciclovir was also administrated at a dose of 5
mg/kg/day, 5 days.

Statistics

Numeric variables are represented as the median
(range). Although categorical variables were com-
pared by the Chi-square test or Fisher’s exact test,
the non-parametric Mann-Whitney U test was used
for non-categorical variables.

OS was calculated from the date of allogeneic
transplantation to the date of exitus or last control
day. We taken into account all death reasons when
calculating OS. OS duration distributions were es-
timated using the Kaplan-Meier method and com-
pared using the log-rank test.

All reported p values were two sided, and p< 0.05
was considered significant. Statistical analysis was
performed using SPSS 16.0 software.

RESULTS

The patient and donor characteristics are provided
in Table 1. The median age of the patients was 33
years (17-54). Patient diagnoses included acute
leukemia (n= 17), chronic myeloid leukemia (n=
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Table 1. Patients’ and Donors’ Characteristics

n= 35, (%)

Recipients’ age
<18 years 108
> 18 years 34 (97)

Recipients’ gender
Male 23 (66)
Female 12 (34)

Conditioning regimen intensity
Myeloablative 31 (89)
Reduced intensity 4 (11)

Stem cell source
Bone marrow 8 (23)
Peripheral blood 27 (77)

Immunosupression
CSA+MMF 5(14)
CSA+Mtx 30 (86)

Diagnosis
Acute leukemia 17 (48)
Chronic myeloid leukemia 12 (34)

Bone marrow failure 4(12)
Multiple myeloma 2 (6)

Disease status before transplantation
Remission 19 (54)
Relapse/refractory 16 (46)

Donors’ age
<18 years 3(9)
> 18 years 32 (91)

Donors’ gender
Male 16 (46)
Female 19 (54)

Sex match
Female donor, Female recipient 6(17)
Female donor, Male recipient 6(17)
Male donor, Male recipient 10 (29)

Male donor, Female recipient 13 (37)

Donor relation + HLA match
Matched sibling 32 (91)
Matched related (other) 108
Matched unrelated 108
Mismatched unrelated 108

CSA: Cyclosporine A, HLA: Human Leukocyte Antigen,

MMEF: Mycophenolate mofetile, Mtx:Methotrexate

12), bone marrow failure (n= 4) and multiple my-
eloma (n= 2). Most patients (n= 31) received my-
eloablative conditioning regimens, and four were
treated with reduced-intensity conditioning regi-
mens. All but four patients received cyclosporine A
plus methotrexate for GvHD prophylaxis. The ma-
jor stem cell source was peripheral blood (Table 1).

Gastrointestinal system involvement was observed
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Table 2. GvHD involvement patterns

GIS stage Liver Skin Final

stage stage stage grade
Stage 0 8 17 0 0
Stage 1 3 5 13 0
Stage 2 4 4 12 0
Stage 3 9 3 6 14
Stage 4 16 6 4 21

GIS: Gastrointestinal System, GvHD: Graft versus Host Dis-
ease

in 32 patients, and liver GVHD was observed in 18.
All patients had skin involvement. All patients had
a total Glucksberg score of grade III or IV (Table
2).

For secondary treatment of acute GVHD, ATG Fre-
senius (n= 22), Thymoglobulin (n= 9) or Lympho-
globulin (n=4) was administered at a dose of 2-10
mg/kg/day for five consecutive days. The median
total dose of ATG Fresenius and Thymoglobulin
was same and 50 mg/kg (10-50). The median to-
tal dose of Lymphoglobulin was 45 mg/kg (20-50).
The median time between the diagnosis of acute
GvHD and the first day of ATG infusion was 15
days (3-70 days).

An overall response was observed in 15 patients
(42.8%); 50% of responses were observed in the
ATG Fresenius group; 22%, in the thymoglobulin
group; and 50%, in the ALG group. Response rates
were similar among the three ATG preparations.
The OS of all patients was 5.5 months, and the OS
of the patients who received ATG Fresenius, thy-
moglobulin, or ALG was 3.9 months, 3.4 months
and 7.2 months, respectively.

A univariate analysis was conducted to determine
which parameters impacted OS (Table 3). OS was
not affected by the patients’ responses to any of the
ATG preparations. GVHD severity and disease sta-
tus before hematopoietic stem cell transplantation
(HSCT) were shown to negatively impact survival.
Survival graphs based on the ATG preparation,
the acute GVHD grade, the response status and the
ATG start time are displayed in Table 4 and Figures
1, 2, 3 and 4, respectively.
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Table 3. Univariate Analysis of Patients for Overall Survival
1 year survival Median p
%= SD, months month
Diagnosis
Acute leukemia 11.8+7.8 3.8 0.52
Others 22.2+9.8 5.6
Disease statement before Tx
Remission 31.6+10.7 5.6 0.01
Relapse/refractory 0.0+£0.0 2.9
Stem cell source
Peripheral blood 14.8+6.8 6.9 0.70
Bone marrow 25.5+15.3 3.8
Recipient gender
Male 17.4+7.9 6.4 0.93
Female 16.7+10.8 3.4
Recipient age
<35 years 20.0£8.9 6.4 0.24
35 years or more 13.3+8.8 3.8
Time from diagnosis to Tx
1 year or less 23.1£8.3 55 0.11
>1 year 0.0+0.0 3.8
Donor gender
Male 12.5+8.3 3.8 0.66
Female 21.1+£9.4 585 0.66
Sex Match
Female to Female 16.7£15.2 3.4 0.93
Female to Male 16.7£15.2 3.4
Male to Male 10.0+£9.5 6.4
Male to Female 23.1+11.7 5.6 0.93
Conditioning regimen type
Ablative 19.4+7.1 6.5 0.35
Reduced intensity 0.0+0.0 3.8
Immunosupression
CSA+MTX 20.0+7.3 6.5 0.19
CSA+MMF 0.0+0.0 3.8
Acute GvHD grade
Grade Il 35.7+12.8 9.7 0.001
Grade IV 4.8+4.6 3.4
CMV reactivation
No 12.5+8.3 3.3 0.21
Yes 21.1+£9.4 6.4
ATG subtype
Fresenius 13.6+7.3 3.9 0.79
Others 23.1+11.7 5.5
ATG response
No 15.8+8.4 3.4 0.26
Yes 18.8+9.8 6.9
ATG starting time from acute GvHD
3-7 days 40.0+21.9 11.5 0.15
>8 days 14.8+6.8 3.8
ATG: Antithymocyte Globulin, CSA:Cyclosporine A, GvHD: Graft versus Host Disease, MMF:Mycophenolate mofetile, Mtx:Methotrexate
Tx: Transplantation

The rates of life-threatening bacterial or fungal in-
fection after ATG administration were not signifi-
cantly different among the three ATG preparations.
In ATG-responsive patients (n= 15), the causes
of death included bacterial or fungal infection in
10 patients, primary disease relapse in 2 patients,
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chronic GVHD in 2 patients and gastrointestinal
bleeding in 1 patient. In the nonresponsive group
(n= 20), 19 patients were not able to receive any
other treatment for acute GvHD and died from
bacterial or fungal infections with complications
of acute GvHD. Only one patient having acute
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Table 4. Comparison of ATG subtypes
ATG Fresenius Others P
n (%) n (%)
Total GvHD grade
Grade 3 10 (46) 4 (31) 0.49
Grade 4 12 (54) 9 (69)
Disease status before Tx
Remission 12 (54) 7 (54) 1.0
Relapse/refractory 10 (46) 6 (46) 1.0
ATG overall response
No 11 (50) 9 (69) 0.31
Yes 11 (50) 4 (31)
Infections after response
Yes 9(82) 2 (50) 0.5
No 2(18) 2 (50)
ATG: Antithymocyte Globulin, GvHD: Graft versus Host Disease, Tx: Transplantation

GvHD could get another therapy and the patient
responded to intrahepatic arterial steroid treatment
and is still alive.

DISCUSSION

Despite advances in GvHD prophylaxis, acute
GvHD remains one of the major causes of mor-
bidity and mortality in allogeneic HSCT. Although
steroids have been accepted as a standard first-line
treatment for acute GvHD, no second-line treat-
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ment option has been found to be more effective
than another in treating steroid-refractory acute
GvHD patients. Both rabbit and horse ATG have
been studied for the treatment of these patients.
The number of patients in our study might appear
to be small; however, to our knowledge, our study
is one of the most comprehensive studies in the lit-
erature.

In one of the largest GVHD studies, horse ATG was
used in 79 steroid-refractory acute GVHD patients.
The overall response rate was 54%, but complete
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Figure 1. Comparison of patients’ overall survival treated with
ATG fresenius and others

OS= Overall survival
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Figure 2. Comparison of patients’ overall survival having
grade 3 and 4 acute GvHD

OS= Overall survival
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Figure 3. Comparison of Patients’ Overall Survival According
to ATG Response Statue: Response and Non-Response

remission on the 28th day of treatment was ob-
served in only 20% of the patients.® In another
study with horse ATG, overall improvement was
observed in 30% of the patients, yet 90% of them
died within a median of 40 days of ATG treatment
due to complications such as infection or relapse.'*
McCaul et al. treated patients with rabbit ATG (thy-
moglobulin) and achieved 59% overall and 31%
complete response rates.'> Van Lint et al. compared
rabbit ATG and higher methylprednisolone doses
in patients who had not responded after 5 days of
the standard 2 mg/kg/day methylprednisolone dose
and found similar response rates.'® These studies
include more unrelated transplantation than ours.
However, the OS of our patients was lower than
reported studies. This result was most likely ob-
served because our study included higher-grade
(Grade III-IV) GVHD patients. Therefore there is
a delay between the diagnosis of acute GvHD and
starting ATG due to commercial availability in our
country. This aspect may play a role in low OS
rates. Figure 4 may suggest that time may play a
role in this issue but it might not reach significant
level due to less number of patients.

ATG Fresenius, a polyclonal antiserum against the
Jurkat cell line, has been widely used in condition-
ing regimens, but large-series studies of its impact
on steroid-refractory acute GVHD have been lack-
ing. The results of treatment with ATG Fresenius
have been described in only small series of GVHD
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Figure 4. Comparison of Patients’ Overall Survival According
to ATG Starting Day: Within 7 days and More

patients.” Remberger et al. used five different ATG
preparations, including ATG Fresenius, with poor
outcomes.” Our study used three different ATG
preparations: horse ATG, rabbit ATG and ATG
Fresenius. We reported a 42% overall response
rate in all patients, including 50% with ATG Frese-
nius treatment, 22% with thymoglobulin and 50%
with ALG. The response rates in our study were
not found to be significantly different among the
groups.

The impact of ATG on steroid-refractory acute
GvHD can differ according to the involved or-
gan. The skin has been shown to be the most re-
sponsive organ in prior studies.”®!” In contrast to
the skin, liver and gastrointestinal involvement in
acute GVHD responds weakly to ATG treatment.
In our study, all patients had skin involvement. We
did not evaluate organ responses, but the overall
response rate was 42% across all patient groups.

Unfortunately, the response to ATG treatment was
not in agreement with the long-term survival rates
and the 1-year survival range of 12-34% previous-
ly reported in different studies of acute GvHD pa-
tients.”!!” Macmillan et al. found that the factors
associated with better survival included an earlier
onset of acute GVHD, use of non-T-cell-depleted
grafts and a shorter time from initial treatment to
ATG administration.® In our study, OS was 5.5
months for all patients, 3.9 months for those treated
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with ATG Fresenius, 3.4 months for thymoglobulin
and 7.2 months for ALG, and OS did not vary with
the ATG administration time.

The severity of GvHD and the disease status be-
fore HSCT were the only factors associated with
survival in our study. OS was not affected by the
patients’ responses to any ATG preparation. De-
spite the response rates, complications related to
ATG treatment could result in poor patient out-
comes. Increased infection rates are one of the
major complications of ATG treatment, and most
deaths in previous studies were infection related.'
In our study, 10 of 15 responsive patients and 19 of
20 nonresponsive patients died due to infections,
and we did not observe a difference in infection
rates among the three different ATG preparations.
We did not evaluate the ATG response type, includ-
ing partial and complete responses; we only evalu-
ated the overall response. However, we can state
that although patients can achieve a response with
ATG treatment, it may not affect OS in steroid-
refractory acute GvHD patients due its infectious
complications.

The treatment doses of ATG preparations differ ac-
cording to the source. Horse ATG has been mostly
administered at 10-15 mg/kg/day for five consecu-
tive days.®!* Arai et al. used an every-other-day
dose schedule for 7 consecutive days to decrease
the complication rates in their study.'” Rabbit ATG
doses differed in previous studies, including 6.25
mg/kg/day for 10 days and 2.5 mg/kg/days for 4-6
consecutive days.'>'® One limitation in our study
was that patients received ATG Fresenius and thy-
moglobulin at doses similar to those used for horse
ATG due to physician choice or adverse effects.
Although ATG Fresenius has been used at 10-20
mg/kg/day for 3 days in conditioning regimens,
there is no standard approach for dosing in steroid-
refractory acute GVHD cases.

In conclusion, we retrospectively reviewed the
results of patients with steroid-refractory GvHD
using three different ATG preparations and could
not identify a significant advantage of using one
preparation over another in terms of response, sur-
vival or side effects and we may state that ATG for
steroid refractory acute GVHD is not an effective
treatment and other therapies may be used instead.
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