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Microangiopathy in Patients on Cyclosporine Prophylaxis Who Developed Acute
Graft-Versus-Host Disease After HLA-Identical Bone Marrow Transplantation

By E. Holler, H.J. Kolb, E. Hiller, W. Mraz, W. Lehmacher, B. Gleixner, Ch. Seeber, U. Jehn,
H.H. Gerhartz, G. Brehm, and W. Wilmanns

Severe microangiopathy has been reported as a rare com-
plication of cyclosporine A (CsA) prophylaxis in allogeneic
bone marrow transplantation (BMT). We found morpholog-
ical and biochemical changes indicative of generalized
endothelial damage in 49 of 66 allogeneic marrow graft
recipients receiving cyclosporine, but none in 11 patients
treated with methotrexate for prophylaxis of graft-v-host
disease (GVHD). Changes occurred after engraftment of
bone marrow and consisted of intravascular hemolysis
with red cell fragmentation and de novo thrombocytopenia.
They were preceded by a decrease in activated partial
thromboplastin time and fibrinogen indicating activation of

CUTE graft-v-host-disease (aGVHD) is still a major
risk in allogeneic bone marrow transplantation (BMT)
and contributes to about 15% of transplant-related deaths in
spite of the prophylactic use of immunosuppressive agents.'
When cyclosporine A (CsA) was introduced for prophylaxis
of aGVHD, several centers reported a beneficial effect of
CsA on survival rates. Randomized trials comparing metho-
trexate (MTX) and CsA, however, were not able to confirm
a significant reduction of the incidence of aGVHD or an
improvement of survival.? Recently the combination of short-
term MTX with long-term CsA has been shown to be
superior to prophylaxis with CsA alone.’

In addition, the use of CsA has been accompanied by a
series of novel side effects that were not seen in historical
controls receiving MTX prophylaxis."* A high incidence of
renal and vascular side effects has been observed in patients
with bone marrow grafts, as well as in recipients of other
organ transplants.>” Chronic vascular CsA toxicity is asso-
ciated with thrombotic microangiopathy’: A minority of
patients with renal ‘or bone marrow transplants developed
severe and fatal syndromes resembling thrombotic thrombo-
cytopenic purpura (TTP).>!" The pathogenesis of microan-
giopathic lesions, however, is still controversely discussed:
Enhancement of CsA toxicity by immune mechanisms as
vascular rejection in kidney transplants® and acute graft-
v-host reactions in HLA mismatched BMT'? has been postu-
lated.
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coagulation. Endothelial damage as the central lesion of
microangiopathy was confirmed by a simultaneous
increase of factor VIl related antigen. Severe microangi-
opathy was observed in ten patients and was fatal in seven.
Risk factor analysis revealed a highly significant associa-
tion of microangiopathy with severity of acute GVHD
(aGVHD) (P < .001) and use of CsA prophylaxis (P < .001).
Our data suggest endothelial damage as a result of cellular
activation and subsequent release of cytokines in the
course of aGVHD, which is not inhibited by CsA prophylax-
is.

© 1989 by Grune & Stratton, Inc.

CsA has been used in our bone marrow transplant unit
since 1984 and was combined with a short course of MTX in
most patients following allogeneic BMT. We repeatedly
observed clinical and biochemical changes indicative of
microangiopathy in patients receiving HLA identical bone
marrow grafts. Clinical courses, risk factors, and indicators
were, therefore, analyzed in 66 patients treated with CsA (53
patients in combination with short-term MTX), in 11
patients receiving MTX prophylaxis only, and in two recip-
ients of syngeneic transplants. The data suggest a major
pathophysiological role of aGVHD in the development of
microangiopathy.

MATERIALS AND METHODS

Patients. Patients were admitted for a variety of hematological
disorders or malignancies at various stages of their disease. Patient
characteristics are summarized in Table 1. Patients with leukemia
and refractory anemia with excess of blasts (RAEB) were condi-
tioned with total body irradiation (single dose of 9.4 Gy or fraction-
ated with 4 Gy on three consecutive days at a dose rate of 4.5
c¢GY /min) or busulphan 4 mg/kg on four consecutive days followed
by cyclophosphamide between 120 mg/kg and 200 mg/kg over two
to four days. Patients with severe aplastic anemia were treated with
total lymphoid irradiation instead of total body irradiation. Seventy-
seven patients received allogeneic HLA identical, and two syngeneic
bone marrow grafts from sibling donors. All consecutive patients
surviving at least 3 weeks after BMT and showing signs of engraft-
ment were included in the analysis. Nineteen patients had major and
another 17 patients minor ABO or Rh blood group incompatible
grafts. Procedures and attendant risks were fully explained to
patients, donors, and relatives. All patients and donors gave written
informed consent.

Prophylaxis and treatment of GVHD. Prophylaxis of GVHD
was performed by MTX in 11 patients according to the Seattle
protocol,'’ and 66 patients received CsA. CsA was administered
intravenously (V) by continuous infusion from day — 1 until day 28.
It was started with 10 mg/kg on day —1, followed by 5 mg/kg/d
from day O until day 4, and 3 mg/kg/d from day S until day 28. CsA
was then administered orally (12 mg/kg/d in two divided doses). In
53 patients CsA was combined with a short course of IV MTX (15
mg/m?on day 1, 10 mg/m? on days 3 and 6). CsA dose was adjusted
to plasma levels of 150 to 200 ng/mL in the first 2 to 3 months after
BMT and then gradually reduced.

Acute GVHD was graded according to clinical and biochemical
criteria''"* and confirmed by biopsy in a minority of patients.

Blood, Vol 73, No 7 (May 15), 1989: pp 2018-2024


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on April 13, 2016. For personal use only.

MICROANGIOPATHY IN PATIENTS ON CYCLOSPORINE

2019

Table 1. Characteristics of Patients and Frequency of Microangiopathic Changes

Patients with
Total No. Microangiopathy
of Patients N (%) P
Sex
Female 30 19 61
Male 49 30 63 NS
Age
<20yr 16 8 50
<35 yr 44 28 64 NS
35-50 yr 19 13 68
Diagnosis
Acute leukemias 43 28 65
Chronic myeloid leukemia 25 15 60 NS
SAA 8 3 38
RAEB 3 3 100
Stage of disease
Good risk 60 41 68
Bad risk 19 8 42 NS
ABO/Rh incompatibility
Absent 43 29 67
Major or minor 36 20 56 NS
Pretransplant conditioning regimen
ST8I 10 2 20
FTBI 56 40 71 NS*
TU 7 3 43
Busulphan 6 4 67
Prophylactic immunosuppression
None (syngeneic) 2 (V] (o]
MTX 1 (o] (o]
CsA 1 7 64 <.001
CsA (+MTX) 55 42 76
Viral infections (HSV, CMV)
Documented by cultures 29 18 62 NS
Absent 50 37 74
Maximal overall aGVHD
O 32 13 41
>I-l 28 21 75 <.01
I, v 19 15 79
Maximal aGVHD of liver
0-1 48 25 52
>I-l 20 16 80 NS
m, v 10 7 70

Abbreviations: good risk, acute leukemias 1st or 2nd remission, chronic myeloid leukemia chronic phase, SAA and RAEB untransfused; bad risk, all
other conditions. STBI, single dose; FTBI, fractionated total body irradiation; TLI, total lymphoid irradiation.

Statistical analysis was performed by Pearson chi-square statistics.

*STBI seems to be associated with less microangiopathic changes (P < .05), however eight of these patients received MTX-prophylaxis as well.

Patients with aGVHD grade 1l or more were treated with predniso-
lone (2 to 3 mg/kg/d). Corticosteroid treatment was reduced (10%
of dosage every three days) as soon as progression of aGVHD
stopped. Postmortem necroscopy sections and liver biopsies were
performed in fatal courses.

Measurement of CsA levels. CsA plasma levels were assayed
twice weekly by radioimmunoassay'® using a polyclonal antibody
(Sandoz, Basel) that recognizes both unmodified CsA and metabo-
lites. EDTA was used as anticoagulant for samples, and before
separation of plasma whole blood was equilibrated at 37°C for 60
minutes. During the 1V period samples were drawn by peripheral
vein puncture while CsA was continuously infused by a right atrial
Hickman catheter. When CsA was switched to oral application, 12
hour trough samples were collected. For statistical analysis mean
CsA levels were calculated for a 14-day period preceding occurrence
of microangiopathy or maximal elevation of serum lactate dehydro-

genase activity (LDH). Thirteen patients had to be excluded from
this analysis because of incorrect drawing of samples.

Clinical and biochemical data. Clinical and biochemical data
were retrospectively analyzed. Microangiopathy was defined by
simultaneous occurrence of intravascular hemolysis characterized
by appearance of schistocytes in peripheral blood smears and de novo
thrombocytopenia. Intravascular hemolysis was diagnosed when a
simultaneous rise of serum LDH activity (>250 U/L) and reticulo-
cytes was associated with a decrease in hemoglobin levels. To
exclude other causes of elevation of LDH, hemolysis was confirmed
by LDH isoenzymes and/or determination of haptoglobin levels.
Immune hemolysis could be excluded by a negative Coomb’s test in
62 of 66 patients receiving CsA prophylaxis. Extent of de novo
thrombocytopenia was calculated as percentual decrease of platelet
counts from maximal counts observed after engraftment to minimal
counts occurring at the time of hemolysis. Monocyte counts were
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determined by leukocyte counts and differentiation of peripheral
blood smears. To characterize hemostaseological changes activated
partial thromboplastin time (aPTT, reference interval 30 to 40
seconds), fibrinogen, prothrombin time, and antithrombin I1I levels
were analyzed. Factor VIII related antigen (FVIIIR:Ag) was deter-
mined by a sensitive microELISA method in 30 patients receiving
CsA prophylaxis.'® Renal function was described by maximal serum
creatinine.

Statistical analysis. The results are described by means and
standard deviation of maxima or minima, for nonsymmetric vari-
ables medians and range are reported. For statistical evaluation
groups were formed according to clinical criteria in CsA-treated
patients. Differences between the groups were analyzed by Wilcoxon
tests for metric or ordinal data and by Pearson chi-square analysis
for nominal data. Correlations were calculated by Spearmans rank
correlation coefficients. Multivariate risk factor analysis in CsA-
treated patients included stratification for confounding variables
and calculation of chi-square using Mantel-Haenszel statistics as
well as multiple linear regression.

RESULTS

Clinical symptoms and relevance of microangiopathic
changes in patients receiving CsA prophylaxis. After
engraftment of bone marrow reproducible patterns of clini-
cal, hematological, and biochemical changes indicating
microangiopathy were found. Changes consisted of pro-
longed or de novo anemia in spite of high reticulocyte counts,
occurrence of fragmented RBCs in peripheral blood smears,
and a de novo drop of platelet counts. These patterns were
frequently associated with deterioration of preexisting renal
impairment and hypertension and detectable in a total of 49
patients (74%) receiving CsA prophylaxis. Eighteen patients
required de novo transfusions of packed RBCs or platelets
due to hemolytic anemia and thrombopenic purpura. Ten of
these patients suffered from severe microangiopathy resem-
bling TTP. Clinical symptoms included excessive hyperten-
sion, hemorrhagic diathesis, increase of body weight by
interstitial edema, azotemia or renal failure, and mental
changes like confusion. They were associated with signs of
aGVHD. Seven patients finally died during the course of
their disease with multi-organ failure acquiring fungal infec-
tions.

Hematological, biochemical, and hemostaseological
changes indicating microangiopathy. For statistical analy-
sis patients receiving CsA prophylaxis were grouped accord-
ing to clinical severity of microangiopathy as indicated in
Table 2. The most significant parameters associated with
microangiopathy were elevation of LDH activity, schistocyte
counts, thrombocytopenia, and elevation of FVIIIR:Ag.
Maximal creatinine levels were not different in patients
without and with slight to moderate microangiopathy. This
reflects preexisting renal impairment that was worsened by
microangiopathy in patients with TTP like changes. Hemo-
staseological changes included shortening of aPTT and a
decrease of fibrinogen to subnormal levels. As prothrombine
time and antithrombin 111 levels remained in a normal range
in all patients our data indicate activation of coagulation in
the course of microangiopathy, which is different from
advanced disseminated intravascular coagulation.

Time course of microangiopathy. Microangiopathy
always started after engraftment with maximal hemolysis
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occurring between 21 and 172 days (median, 61 days) and
minimal platelet counts between 19 and 140 days (median,
63 days) after BMT. While aPTT and fibrinogen were in a
normal range during bone marrow aplasia both parameters
decreased after engraftment simultaneously with occurrence
of first microangiopathic changes. This decrease was asso-
ciated with an increase in monocyte counts, and there was a
highly significant correlation of the time of maximal mono-
cyte counts with the time of minimal aPTT and fibrinogen
(P < .001, Fig 1).

Time course of microangiopathy is best reflected by
elevation of FVIIIR:Ag levels (Fig 2): A significant rise
could be observed from pretransplant normal levels
(106 + 18%) to a plateau of 172 + 23% one day after
starting CsA prophylaxis. This plateau remained stable until
engraftment (median, day 19) and was followed by a subse-
quent rise in FVIIIR:Ag depending on severity of microan-
giopathy. In contrast, long-term survivors (more than 9
months after BMT) treated with comparable doses of CsA
for chronic GVHD had FVIIIR:Ag levels in the range of
patients during bone marrow aplasia (152 + 38%, n = 15,
data not shown). These patients never developed signs of
more severe microangiopathy.

Risk factors of microangiopathy. Patient characteris-
tics revealed no influence of age, sex, diagnosis, stage of
disease, pretransplant conditioning regimens, frequency of
major or minor blood group incompatibility, and incidence of
viral infections (herpes- or cytomegaloviruses) on develop-
ment of microangiopathy (Table 1). Use of CsA and
aGVHD turned out to be the only significant risk factors in
this univariate analysis.

Microangiopathy was not at all observed in patients
receiving MTX prophylaxis or syngeneic transplants. Nine
of 11 patients treated with MTX had elevated levels of LDH
associated with a minor drop in hemoglobin, but fragmented
RBC’s were virtually absent in these patients as well as other
indicators of microangiopathy (Table 3). Hemolysis might
be explained by a higher incidence of blood group incompati-
bility in these patients (n = 6).

Absence of microangiopathy in patients receiving MTX
prophylaxis allowed multivariate analysis of risk factors only
in patients receiving CsA. Variance analysis of patients
suffering from various degrees of microangiopathy showed a
tendency to higher CsA levels in patients with severe micro-
angiopathy (P < .05) but a strong correlation of microangi-
opathy with severity of aGVHD (P < .001). Correlation of
microangiopathy with CsA levels beyond therapeutic range
(>200 ng/mL), however, was not significant in chi-square
analysis: Microangiopathy occurred in 18 of 25 patients with
CsA levels below 200 ng/mL and in 24 of 28 patients with
levels beyond this range (72% v 85%, not significant). In
contrast 29 of 31 patients with aGVHD grade 11 or more
suffered from microangiopathy while symptoms were absent
in 15 of 35 patients without aGVHD or aGVHD grade |
(43% v 94%, P < .001 in chi-square statistics). For multivari-
ate analysis this correlation was stratified for confounding
variables using a Mantel-Haenszel statistic: Age, sex, diag-
nosis, stage of disease, pretransplant conditioning regimens,
major of minor blood group incompatibility, addition of
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Table 2. Clinical Relevance of Microangiopathy and Associated Biochemical, H logical, and Hemostaseological Changes in 66
Patients Receiving CsA Prophylaxis

Severity of
Microangiopathy Absent Mild Moderate Severe
N 13 31 8 10
LDH (U/L) 211 LA 372 NS 473 eee 1,379
(35) (109) (189) (721)
Fragmented RBCs (%) 0.2 bl 0.9 . 2.0 . 4.6
(0.3) (0.5) (1.1) (2.2)
Decrease of platelet counts (%) 20 e 45 * 64 NS 77
(25) (15) (17) (10)
Maximal creatinine (umol/L) 107 NS 133 NS 109 oo 277
(19) (40) (13) (145)
Minimal aPTT (sec) 30 NS 28 . 24 NS 26
(5) (4) (2) (4)
Minimal fibrinogen (g/L) 2.3 . 1.6 . 1.4 NS 1.1
(0.9) (0.8) (0.3) (0.3)
Prothrombine time (%) 96 NS 96 NS 98 NS 87
(11) (9) (4) (11)
Antithrombine 11l (%) 97 NS 105 NS 109 NS 102
(22) (16) (18) (21)
Maximal F Vlll-related Ag (%) 207 . 269 b 466 . 642
(77) (60) (63) (143)
n 12 8 6 4

Microangiopathy was graded according to clinical symptoms: mild, biochemical and hematological signs; moderate, patients requiring transfusions

due to hemolysis and thrombopenia; severe, TTP-like changes.

Mean and standard deviation of parameters are shown. FVIIIR:Ag was analyzed in 30 patients as indicated by n. Groups were compared by Wilcoxon
tests, and statistical differences between the groups are indicated: *, P < .05; **, P < .01, *** P < .001.

short-term MTX to CsA, CsA levels, and presence or
absence of viral infections did not influence the strong
association of microangiopathy with severity of aGVHD (P
always <.01). This was also confirmed by multiple linear
regression.

d after BMT 400

Attempts of prevention and treatment in patients suffer-
ing from microangiopathy. As revealed by our analysis,
microangiopathy could not be prevented by addition of
short-term MTX to CsA nor by increasing CsA doses to
control aGVHD. In addition, treatment of patients with
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Time course of microangiopathy as indicated by FVIIIR:Ag levels. Thirty patients were analyzed. x, patients without

microangiopathy (n = 12); @, patients with slight microangiopathy (n = 8); O, patients with moderate and severe microangiopathy
(n = 10). Mean and SE are shown. Statistical analysis was performed by t test for days 30, 60, 90, and 150 after BMT: Differences were

significant for day 60 (P < .05) and for day 90 (P < .001).

corticosteroids had no influence on severity of microangiopa-
thy as all patients with aGVHD grade II or more received
prednisolone. In patients with severe microangiopathy treat-
ment was attempted by reduction or discontinuation of CsA
(n = 9), long-term oral dipyridamole (n = 4), infusions of
fresh frozen plasma (n = 8), continuous infusion of prosta-
glandin El1 (n = 3), or plasmapheresis (n = 3). However,
improvement of microangiopathy could not be related to any
of these attempts.

DISCUSSION

Our data reveal a high incidence of microangiopathic
lesions in patients receiving HLA identical bone marrow

Table 3. Absence of Microangiopathic Changes in Patients
Receiving MTX Prophylaxis as Compared
With CsA-Treated Patients

MTX CsA P
LDH (U/L) 472 591 NS
(79) (74)
Decrease of platelets (%) 9.8 52.0 <.001
(4.6) (3.1)
Maximal creatinine (umol/L) 84 154 <.001
(9) (13)
Fragmented RBCs (%) Absent 2.0 —
(0.3)
Minimal fibrinogen (g/L) 2.4 1.6 <.05
(0.3) (0.1)
Minimal aPTT (sec) 39.2 27.3 <.001
(2.4) (0.6)

All patients showing elevation of LDH (>250 U/L) were compared
(MTX n = 9, CsA n = 49). Mean + SE are shown. Statistical analysis
was performed by t tests.

grafts and CsA prophylaxis or treatment. Microangiopathy
could be graded from mild or asymptomatic lesions to severe
and lethal courses, and its overall frequency is higher than
reported by others.”® Endothelial damage could be demon-
strated as the central lesion by determination of FVIIIR:Ag
levels.'” Elevation of FVIIIR:Ag has been attributed to CsA
nephrotoxicity in renal transplant patients.'® This toxicity
was shown to be mediated by inhibition of prostacyclin
synthesis in endothelial cells,'*?® which is a potent inhibitor
of coagulation on endothelial surfaces. Thus CsA might
cause vascular nephrotoxicity and further microangiopathic
changes as also postulated for BMT recipients. Enhancement
of microangiopathy by CsA and the exclusive occurrence of
microangiopathy in CsA-treated patients in our study might
therefore be explained by defective endothelial protection
against further damage.

Our data show generalized endothelial damage distinct
from isolated nephrotoxicity and do not allow interpretation
of microangiopathy as a consequence of CsA toxicity. Corre-
lation of development and severity of microangiopathy with
severity of aGVHD indicate pathophysiological mechanisms
associated with aGVHD. This correlation could be explained
by altered hepatic methobolism of CsA in the course of
hepatic GVHD.? However severe microangiopathy with
lethal outcome also occurred in four patients without any
evidence of hepatic aGVHD. There are two other complica-
tions of BMT associated with endothelial damage: Veno-
occlusive disease (VOD) and “endothelial leakage syn-
drome.” FVIIIR:Ag levels have been reported to be elevated
in patients with VOD.? Differential diagnosis of VOD by
clinical criteria is difficult, especially with regard toaGVHD
or drug toxicity of liver but usually this complication starts
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within the first 2 weeks after BMT and is not accompanied
by intravascular hemolysis.> In addition postmortem liver
biopsies failed to show VOD in patients suffering from severe
microangiopathy. Endothelial leakage syndrome is a pulmo-
nary complication reported in HLA mismatched BMT using
CsA prophylaxis'? and usually occurs during bone marrow
aplasia. Though it might result from a similar pathophysiol-
ogy it is different from microangiopathy observed in our
study as our patients received HLA-matched bone marrow
grafts and developed endothelial lesions after engraftment.
Endothelial damage might also be mediated by irradiation
of cytotoxic drugs.? Risk factor analysis, however, revealed
no difference in pretransplant conditioning regimens. Thus
in our view aGVHD remains the most significant risk factor
for microangiopathy. The biphasic increase in FVIIIR:Ag
levels with a second rise following engraftment and the
temporal coincidence of peak monocyte counts with activa-
tion of coagulation further suggest microangiopathy as a
result of cellular activation in the course of aGVHD. Partici-
pation of mononuclear cells with macrophage activity would
fit with present pathophysiological models: Endothelial cells
synthesize thromboplastin after stimulation with a variety of
agents including monocyte derived interleukin-1 (IL-1),?%
tumor necrosis factor (TNF),” and interferon gamma
(IFNg) released by activated lymphocytes.® In addition,
monocytes themselves secrete thromboplastin after stimula-
tion with IFNg®* and CsA has been reported to increase
monocyte thromboplastin synthesis.’' Preliminary results of
experiments performed in our laboratory confirm thrombo-
plastin release by activated monocytes. In a mixed lympho-
cyte culture system, allogeneic response could be monitored
by determination of thromboplastin activity in supernatants.
This response was completely abrogated by removal of
monocytes from responder cells using immunorosetting.
Based on our observations the pathogenesis of microangi-
opathy might result from activation of lymphocytes in the
course of aGVHD with subsequent stimulation of monocytes

2023

by IFNg. These in turn secrete cytokines such as TNF and
IL-1 causing endothelial damage associated with activation
of coagulation and development of microangiopathic lesions.
Activation of these mediators is consistent with reported data
on restoration of lymphokine production after BMT. While
interleukin-2, (IL-2) production is suppressed in short-term
patients® and CsA is known to inhibit lymphokine release®
high IFNg levels have been observed early after BMT and in
patients suffering from aGVHD under CsA prophylaxis.* In
addition, monocyte functions and IL-1 production have been
shown to be restored as soon as 30 days after BMT.”

A second pathway reflecting direct interaction of lympho-
cytes and endothelial cells seems possible as endothelial cells
are able to express class Il antigens after stimulation with
IFNg and TNF*? and thus might represent targets for
aGVHD. However, this pathway should be observed in
patients receiving MTX prophylaxis as well.

In our view exclusive occurrence of microangiopathy in
patients with CsA prophylaxis calls for reevaluation of the
role of CsA beyond defective endothelial repair. Our data
suggest an altered pathophysiology of aGVHD in these
patients as compared with patients receiving MTX prophy-
laxis. While MTX exerts its immunosuppressive action by a
cytotoxic effect on graft-v-host reactive cells CsA is known to
inhibit 1L-2 production and responsiveness in in vitro sys-
tems. The proliferative response of activated cells, however,
can easily be restored in the presence of CsA by addition of
exogenous IL-2 in a mixed lymphocyte culture system.”’ In
addition in vivo assays showed no effect of CsA on early
activation of T cells by alloantigens.*® As suggested by these
observations and our analysis CsA might fail to inhibit
activation of graft-v-host reactive cells in vivo and allow
subsequent release of cytokines and development of microan-
giopathy. In our view more attention should be drawn to
these interactions that might offer new diagnostic and thera-
peutic strategies in patients suffering from aGVHD.

REFERENCES

1. Gratwohl A, Speck B: Bone marrow transplantation with
cyclosporine. Prog Allergy 38:404, 1986

2. Deeg HJ, Storb R, Thomas ED, Flourny N, Kennedy MS,
Banaji M, Appelbaum FR, Bensinger W1, Buckner CD, Clift RA,
Doney K, Fefer A, McGuffin R, Sanders JE, Singer J, Stewart P,
Sullivan KM, Witherspoon RP: Cyclosporine as prophylaxis for
graft-versus-host disease: A randomized study in patients undergo-
ing marrow transplantation for acute nonlymphoblastic leukemia.
Blood 65:1325, 1985

3. Storb R, Deeg HJ, Whitehead J, Appelbaum F, Beatty P,
Bensinger W, Buckner D, Clift R, Doney K, Farewell V, Hansen J,
Hill R, Lum L, Martin P, McGuffin R, Sanders J, Stewart P,
Sullivan K, Witherspoon R, Yee G, Thomas ED: Methotrexate and
cyclosporine compared with cyclosporine alone for prophylaxis of
acute graft versus host disease after marrow transplantation for
leukemia. N Engl J Med 314:729, 1986

4. Ringden O: Cyclosporin in allogeneic bone marrow transplan-
tation. Transplantation 42*:445, 1986

5. Mihatsch MJ, Thiel G, Ryffel B: Morphology of cyclosporine
nephropathy. Prog Allergy 38:447, 1986

6. Biggs JC, Atkinson K, Hayes J, Ralston M, Concannon AJ,
Dodds AJ: After allogeneic marrow transplantation cyclosporin A is
associated with faster engraftment, less mucositis, and three distinct

syndromes of nephrotoxicity when compared to methotrexate.
Transplant Proc 15:1487, 1983

7. Hows JM, Chipping PM, Fairhead S, Smith J, Baughan A,
Gordon-Smith EC: Nephrotoxicity in bone marrow recipients
treated with cyclosporin A. Br J Haematol 54:69, 1983

8. Shulman H, Striker G, Deeg HJ, Kennedy M, Storb R,
Thomas ED: Nephrotoxicity of cyclosporine A after allogeneic
marrow transplantation—glomerular thromboses and tubular
injury. N Engl J Med 305:1392, 1981

9. MacKenzie JC, Lumley HS, Hughes RG, Leigh M, Clink
HM, Kay HEM, Powles RL: Hemolytic uracmic syndrome in bone
marrow transplantation. Exp Hematol 11:18, 1983 (abstr) (suppl
13)

10. VanBuren D, VanBuren CT, Flechner SM, Maddox AM,
Verani R, Kahan ED: De novo hemolytic uremic syndrome in renal
transplant patients immunosuppressed with cyclosporine. Surgery
98:54, 1984

11. Kwaan HC: Miscellaneous secondary thrombotic microan-
giopathy. Semin Hematol 24:141, 1987

12. Powles R, Pedrazzini A, Crofts M, Clink H, Millar J, Bhattia
G, Perez D: Mismatched family bone marrow transplantation.
Semin Hematol 21:182, 1984


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on April 13, 2016. For personal use only.

2024

13. Storb R, Thomas ED: Graft-versus-host disease in dog and
man: The Seattle experience. Inmunol Rev 88:215, 1986

14. Thomas ED, Storb R, Clift RA, Fefer A, Johnson FL,
Neiman PE, Lerner KC, Glucksberg H, Buckner D: Bone marrow
transplantation. N Engl J Med 292:832, 1975

15. Donatsch P, Abisch E, Homberger M, Traber R, Trapp M,
Voges R: A radioimmunoassay to measure cyclosporin A in plasma
and serum samples. J Immunoassay 2:19, 1981

16. Ness PM, Perkins HA: A simple enzyme-immunoassay
(EIA) test for factor Vlll-related antigen (VIIIAGN). Thromb
Haemost 42:848, 1979

17. Jaffe EA: Endothelial cells and the biology of factor VIII. N
Engl J Med 296:377, 1977

18. Brown Z, Neild GH, Willoughby JJ, Somia NV, Cameron
SJ: Increased factor VIII as an index of vascular injury in cyclospo-
rine nephrotoxicity. Transplantation 42:150, 1986

19. Neild GH, Rocchi G, Imberti L, Fumagalli F, Brown Z,
Remuzzi G, Williams DG: Effect of cyclosporin on prostacyclin
synthesis of vascular tissues in rabbits. Transplant Proc 15:182,
1983

20. Boogaerts MA, Tricot G, Westelinck K, Verwilghen RL:
Cyclosporin syndrome post bone marrow transplantation: Interfer-
ence with vascular prostacyclin production. Blood 64:210, 1984

21. Yee GC, Kennedy MS, Storb R, Thomas ED: Effect of
hepatic dysfunction on oral cyclosporine pharmacokinetics in mar-
row transplant patients. Blood 64:1977, 1984

22. Rio B, Andren G, Nicod A, Arrago GP, Dutrillaux F,
Samama M, Zittoun R: Thrombocytopenia in venoocclusive disease
after bone marrow transplantation or chemotherapy. Blood 67:1773,
1986

23. McDonald GB, Sharma P, Matthews DE, Shulman HM,
Thomas ED: The clinical course of 53 patients with venoocclusive
disease of the liver after bone marrow transplantation. Transplanta-
tion 39:603, 1985

24. Allen JB, Sagerman RH, Stuart MJ: Irradiation decreases
vascular prostacyclin formation with no concomitant effect on
platelet thromboxane production. Lancet 2:1193, 1981

25. Ball HA, Machin SJ: The hemostatic function of the vascular
endothelial cell. Blut 55:71, 1987

26. Bevilacqua MP, Pober JS, Majeau GR, Cotran RS, Gim-

HOLLER ET AL

brone MA: Interleukin 1 (IL1) induces biosynthesis and cell surface
expression of procoagulant activity in human vascular endothelial
cells. J Exp Med 160:618, 1984

27. Billian A: Gamma interferon: The match that lights the fire.
Immunol Today 9:37, 1988

28. Goldal KS: Thromboplastin synthesis in endothelial cells.
Hemostasis 14:378, 1984

29. Lyberg T: Clinical significance of increased thromboplastin
activity on the monocytes surface—a brief review. Hemostasis
14:400, 1984

30. Gezcy CL: Induction of macrophage procoagulant by prod-
ucts of activated lymphocytes. Hemostasis 14:400, 1984

31. Carlsen E, Conrillon Mallet A, Prydz H: Effect of cyclosporin
A on procoagulant activity in mononuclear blood cells and mono-
cytes in vitro. Clin Exp Immunol 60:407, 1985

32. Brkic S, Tsoi M, Mori T, Lachmann L, Gillis S, Thomas ED,
Storb R: Cellular interactions in marrow grafted patients. Normal
interleukin 1 and defective interleukin 2 production in short term
patients and in those with chronic graft versus host disease. Trans-
plantation 39:30, 1985

33. Hess AD, Colombani M: Ciclosporin—mechanisms of action:
In vitro studies. Prog Allergy 38:198, 1986

34. Koscielnak E, Bruchelt G, Trenner J, Uchanska-Ziegler B,
Dopfer R, Vallbracht A, Niethammer D: Kinetics of restoration of
interferon production after bone marrow transplantation in man.
Bone Marrow Transplant 1:379, 1987

35. Baldwin WM III: The symbiosis of immunocompetent and
endothelial cells. Immunol Today 3:267, 1982

36. Pobers JS, Collins T, Gimbrone JR, Cotran RS, Gitlin JD,
Fiers W, Clayberger C, Krensky AM, Burakoff S, Reiss C: Lympho-
cytes recognize human vascular endothelial and dermal fibroblast
IA antigens induced by recombinant interferon. Nature 305:726,
1983

37. Hess AD, Tutschka PJ, Santos GW: Effect of cyclosporine on
the induction of cytotoxic T lymphocytes: Role of interleukin 1 and
interleukin 2. Transplant Proc 15:32, 1983

38. Kroczek A, Black CDV, Barbet J, Shevach EM: Mechanism
of action of cyclosporine in vivo-I. Cyclosporine A fails to inhibit T
Lymphocyte activation in response to alloantigens. J Immunol
11:3597, 1987


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on April 13, 2016. For personal use only.

43(“-1 Y Of A/{ ®
(¥
] O O 1989 73: 2018-2024
L »
et )

Microangiopathy in patients on cyclosporine prophylaxis who developed
acute graft-versus-host disease after HLA-identical bone marrow
transplantation

NERICAN
030198

E Holler, HJ Kolb, E Hiller, W Mraz, W Lehmacher, B Gleixner, C Seeber, U Jehn, HH Gerhartz and G
Brehm

Updated information and services can be found at:
http://www.bloodjournal.org/content/73/7/2018.full.html

Articles on similar topics can be found in the following Blood collections

Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests

Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints

Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society of
Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.


http://www.bloodjournal.org/content/73/7/2018.full.html
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
http://www.bloodjournal.org/site/subscriptions/index.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml



