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Abstract The incidence of cytomegalovirus (CMV)
reactivation/disease after autologous stem cell transplant
(ASCT) is much lower than that after allogeneic stem cell
transplantation. With the recent use of rituximab during cancer
chemotherapy or conditioning regimens prior to transplanta-
tion, there has been an increasing concern of opportunistic
infections including CMV. In the present study, we reviewed
the patients undergoing ASCT from December 2007 to
December 2013 to identify those developing CMV reactiva-
tion/disease. Out of the 978 patients who underwent ASCT at
the Karmanos Cancer Institute, 239 patients were tested for
symptomatic CMV reactivation based on clinical suspicion.
Of'the tested patients, 7/239 (2.9 %) were documented to have
CMYV reactivation within 90 days of ASCT. The median time
to develop CMV viremia was 32 days from transplantation.
Of'the 239 patients tested, CMV viremia was detected in 3 out
of 72 patients who received rituximab as compared to 4 out of
167 patients who did not. Three of these seven viremic pa-
tients were treated with anti-viral drugs; viremia resolved in all
patients at a median of 24 days. Three patients were found to
develop other bacterial and/or fungal infections following
CMYV viremia. Two of the seven patients died during 1-year
follow-up, due to primary disease progression or Candida
sepsis. None of the patients developed proven tissue-
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invasive CMV disease. The study did not evaluate the inci-
dence of asymptomatic CMV infection/reactivation. Despite
prior publications based on limited data, rituximab does not
appear to contribute to an increased frequency of symptomatic
CMV reactivation following ASCT.
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Introduction

The incidence of cytomegalovirus (CMV) reactivation after
autologous stem cell transplantation (ASCT) has been report-
ed (49 %) to be much lower than that reported following
allogeneic transplantation (21-38 %) [1]. There are reports
of CMYV infection/disease following ASCT, along with high
rates of mortality primarily due to CMV pneumonia [2—6].
However, most of this information is from the era prior to
novel chemotherapeutic agents. In recent years, with changing
chemotherapeutic regimens, available information is limited
on the clinical progression and implications of CMV reactiva-
tion after ASCT. One of the recent changes has been the ex-
posure to rituximab during cancer chemotherapy or condition-
ing regimen.

Rituximab is an anti-CD20 monoclonal antibody that in-
duces complement mediated and antibody dependent cellular
toxicity. It has known efficacy in non-Hodgkin’s lymphoma
(NHL) [7] and also used as preparative regimen with BEAM
(carmustine, etoposide, cytarabine, and melphalan) prior to
autologous transplant [8]. There have been reports of in-
creased CMYV reactivation attributed to the use of rituximab
during the peri-transplantation period [9—-11].

The aim of our study is (1) to estimate the burden and
determine the characteristics of CMV infection and disease
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after ASCT in recent years and (2) to assess the effect of
exposure to rituximab in the occurrence of CMV infection/
disease after ASCT.

Material and methods

Medical records at the Karmanos Cancer Center were
searched for occurrence of CMV infection/disease during the
90-day post-transplantation period in patients undergoing
ASCT between December 2007 and December 2013. Data
of those detected to have CMV viremia by polymerase chain
reaction (PCR) within 90 days of ASCT were analyzed.
Demographic characteristics, transplant data, and disease out-
comes were obtained in all patients.

None of the patients underwent routine surveillance for
CMV. Symptoms/signs suggestive of CMV reactivation/infec-
tion/disease prompted the clinician to obtain serum CMV
PCR test. Most common reasons for serum CMV PCR test
included fever not responding to first line antibiotics and per-
sistent respiratory or gastrointestinal symptoms of unclear eti-
ology. None received anti-CMV drugs prior to transplantation.

Standard statistical methods were used to compare vari-
ables if needed using SPSS version 21 (IBM, Armonk, NY,
USA). Chi square test or Fischer’s exact test were used to
compare categorical variables as appropriate.

Definitions

CMV Isolation of virus or detection of viral proteins
infection: or nucleic acid in blood or tissue specimen.
CMV Histologically proven end-organ disease with
disease: CMV infection.

Death was attributed to CMV if there was evidence of
autopsy proven organ damage by CMV.

Exposure to rituximab was considered positive if the drug
was used as a part of the primary treatment for malignancy or
in the conditioning regimen prior to transplantation.

Neutrophil engraftment was defined as the time to the first
of the three consecutive days, in which absolute neutrophil
count was >0.5 x 10”/1.

The study was approved by the Institutional Review Board
at Wayne State University and Karmanos Cancer Center,
Detroit, MI.

Results
A total of 978 patients underwent ASCT during the study
period. Underlying malignancy was multiple myeloma in 601

patients, NHL in 251 patients, Hodgkin’s disease (HD) in 96
patients, and acute myeloid leukemia (AML) in four patients.
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Other malignancies included breast cancer in 4, testicular can-
cer in 9, and amyloidosis in 21 patients. Pre-transplant data are
summarized in Table 1.

Most patients were undergoing first stem cell transplanta-
tion. About one quarter (24 %) of patients were exposed to
rituximab. Fifty-seven percent patients were CMV seroposi-
tive. With antibiotic-refractory fever, CMV PCR was tested in
239 patients within 90 days of ASCT. CMV reactivation was
clinically not suspected in the remaining patients. Hence, they
were not tested. CMV PCR was positive in blood in 7 patients
(<1 % of'total 978, 2.9 % of patients tested for CMV). Of these
seven patients, three patients had received rituximab prior to
ASCT during induction or preparative regimen. The remain-
ing four did not receive rituximab prior to ASCT.

CMYV viremia was detected at a median 32 days from
ASCT (range, 18-44 days). Four of the seven CMV PCR
positive patients had multiple myeloma, 2 had NHL and 1

Table 1 Patient data
Characteristic Number (%)
Total ASCT 978
Gender
Male 570 (58)
Female 408 (42)
Median age in years, range 58, 18—
79 years
Malignancy
MM 593 (61)
NHL 251 (26)
HD 96 (10)
Others 38 (4)
Number of transplant
First 903 (92)
Second 75 (8)
CMYV serostatus prior to transplant
Positive 558 (57)
Negative 420 (43)
Exposure to R prior to ASCT in total 978 patients
Induction regimen 214 (22)
Conditioning regimen 206 (21)
Exposure (induction or preparative or both) 236 (24)
No exposure to R 742 (76)
Number of patients tested for CMV reactivation 239 (24)

Exposure to R prior to ASCT in 239 pts tested for CMV  N=239 (%)

Induction regimen 70 (29)
Conditioning regimen 58 (24)
Exposure (induction or preparative or both) 72 (30)
No exposure to R 167 (70)

ASCT autologous stem cell transplant, MM multiple myeloma, NHL non-
Hodgkin’s lymphoma, D Hodgkin’s disease, CMV cytomegalovirus, R
rituximab, pts patients
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had HD. All seven patients who developed CMV viremia
were seropositive prior to ASCT; CMV reactivation occurred
after neutrophil engraftment in all cases. Details of the CMV
reactivation are summarized in Table 2. One of the patients
(#6, Table 2) developed fever and shortness of breath; bron-
choalveolar lavage was positive on direct immunofluores-
cence assay for CMV, which was confirmed by culture.
Treatment was initiated with intravenous ganciclovir for
“CMYV pneumonitis.” However, after 14 days, treatment was
aborted and alternative diagnosis was sought due to no im-
provement in symptoms and low clinical suspicion.

Of these seven patients, three developed other bacterial or
fungal infections (Table 3) within 60 days of CMV viremia
detection. One of the patients (#2) grew Aspergillus niger and
methicillin-resistant Staphylococcus aureus (MRSA) in spu-
tum prior to CMV detection in blood. Two patients died with-
in 30 days of detection of CMV viremia; deaths were attrib-
uted to primary disease progression and septic shock from
candidemia.

Discussion

Nearly one thousand patients undergoing autologous stem cell
transplantation were included in the present study; <1 % of the
patients were detected to have CMV reactivation. However,
not all patients were routinely tested. Of the 239 patients tested
for CMV reactivation, 2.9 % developed CMV reactivation.

A total of 72 patients out of 239 received rituximab prior to
ASCT. Three of the 72 patients (4.2 %) that received rituxi-
mab prior to ASCT and 4 out of 167 patients (2.4 %) never
exposed to rituximab prior to ASCT developed CMV viremia
after ASCT (Fischer’s exact p value=0.34). Rituximab does
not appear to be a significant risk for symptomatic CMV re-
activation. Asymptomatic CMV reactivation however may
have occurred; since CMV PCR was not routinely done in
the entire population, the current study did not address this
issue.

The United States Food and Drug Administration first ap-
proved rituximab, a monoclonal antibody directed against
CD20 antigen on B-lymphocytes, in 1997 for treatment of
B-cell NHL. It has since been used as a single agent and in
combination for treatment of multiple hematological malig-
nancies and rheumatologic disorders in addition to preparative
regimen with BEAM prior to bone marrow transplant.
However, there has been an increasing concern of rituximab
adversely affecting immunity due to the effect on B cells,
among other mechanisms [12]. Among opportunistic patho-
gens, CMV reactivation has been attributed to rituximab ex-
posure in the post-transplantation period [9—11]. Overall there
is limited data on CMV reactivation/disease in the ASCT set-
ting in the era of rituximab. In a small study of 46 ASCT
recipients, the risk to develop CMV infection was 18 % in

Table 2  Data on patients with CMV Viremia

Treatment

viremia (days) instituted

Time to detection Highest level of Duration of

Preparative Prior exposure to R Exposure to

regimen

Case# Age in years Underlying Number of transplant Disease status

viremia

steroids in the previous of CMV viremia
(days) from ASCT (copies/

90 days from CMV

detection

at ASCT

at transplant/ malignancy

gender

milliliter)

95
5
2
9

33,100

600
800
724

34
18
44
32

Y
N
N
Y

R-BEAM
CY-TBI
Melphalan
R-BEAM

Relapse
Refractory
Progressive
Complete

remission

Refractory

74
24

250
250

33
18
22

z >

Y
N
N

R-BEAM
BEAM

Partial remission

HD
MM

47M
62/M

57M

5
6
7

1707

Progressive disease Melphalan

MM

CMYV cytomegalovirus, ASCT autologous stem cell transplant, R rituximab, F female, M male, NHL non-Hodgkin’s lymphoma, MM multiple myeloma, HD Hodgkin’s disease, R rituximab, BEAM

carmustine etoposide cytarabine melphalan, CY Cyclophosphamide, 7BI total body irradiation, Y yes, N no, G ganciclovir, F foscarnet
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Table 3  Outcome of patients with CMV viremia

Case Age/ Treatment Duration of Response Co-infection Death/days after CMV ~ Cause of 1 year
# gender treatment detection death follow-up
(days)
1 64/M None - Viremia resolved in None N/A - N.K
95 days
2 S9/F G 4 Treatment stopped as ~ None® Y/19 Disease Deceased
repeat CMV PCR progression
was negative,
viremia resolved in
5 days
3 67/F G,F 14,9 Viremia resolved in Candida in Y/28 Septic shock  Deceased
26 days BAL, urine,
blood.
E.fecium in
blood
4 70/M G 14 Viremia resolved in C. diff, VREin N.K - N.K
9 days urine
5 47/M None - Viremia resolved in None N/A - Alive, stable discase
5 days
6 62/M G 14 No improvement in TB N/A - Alive, occipital
symptoms with G tubercular
granuloma
7 57/M None - Viremia resolved in None N/A - Alive, disease
24 days progression

Developed Aspergillus niger and methicillin-resistant Staphylococcus infection in sputum 10 and 5 days, respectively, prior to detection of CMV

M male, F female, G ganciclovir, F' foscarnet, BAL bronchoalveolar lavage, E.fecium Enterococcus fecium, C.diff Clostridium difficile, VRE
vancomycin-resistant Enterococcus, TB tuberculosis, N/4 not applicable, N.K not known, Y yes

rituximab-exposed patients, compared to 0 in controls
(p=0.04). Risk for CMV disease was 12 % vs. 0, respectively
[11]. Similarly, in the study by Al-Rawi et al., at a single center
that included 210 patients, CMV reactivation rate after ASCT
was 18 % [13]. Routine surveillance of CMV antigen detec-
tion in blood was used as the method of detection. The major-
ity of patients received anti-CMV therapy, and none devel-
oped symptomatic CMV infection.

Underlying malignancy in patients detected with CMV vi-
remia was multiple myeloma in four out of seven patients in
our study. Three of these were treated with bortezomib-based
regimens and all four were treated with immunomodulators as
a part of the regimen. Recent report from the Rome Transplant
Network has indicated a higher risk of CMV reactivation in
patients of multiple myeloma treated with bortezomib-based
regimens though, as mentioned in the study, this might be the
result of increased testing in patients receiving bortezomib
[14]. The drug is known to increase susceptibility to viral
infections due to decreased number and function of natural
killer cells and CD8+/CD4+ T cells. Multiple myeloma pa-
tients also have innate immunosuppression as a result of their
underlying disease.

Our study included 903 patients undergoing first ASCT
and 75 patients undergoing second ASCT for relapsed or pro-
gressive underlying malignancy (none of them were planned
tandem transplants). Four patients out of these 903 (0.4 %) and
three out of the 75 (4 %) developed reactivation of CMV after
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transplant (Fischer’s exact test p value=0.01; chi square
0.006). Previously, there have been single center studies in
patients undergoing tandem transplants for multiple myeloma.
Kim et al. identified CMV reactivation more common in recip-
ients of tandem transplant as compared to single transplants
[15]. However, Marchesi et al. did not show increased risk of
CMV reactivation with tandem ASCT [16]. More studies are
needed to study the effect of second and tandem transplants in
the occurrence of CMV reactivation after ASCT. All patients
who were detected with CMV viremia were seropositive prior
to ASCT (7/553), a known risk factor for CMV infection/
disease [3, 4].

Not all patients with viremia were treated with anti-viral
agents. The viremia resolved in a median of 24 days (range, 5—
95 days) in all seven patients, with or without treatment. No
patients had serious clinical sequela from CMYV reactivation.
Two died within 30 days of detection of CMV viremia, the
causes of death were progression of primary disease and septic
shock from candida infection. There does not appear to be any
benefit of anti-CMV therapy in such ASCT patients, particu-
larly with low-grade CMV viremia. A few patients developed
bacterial or fungal infection soon after CMV detection and
one patient had Aspergillus and MRSA in respiratory samples.
Presence of other infections may simply be a consequence of
immune suppression due to CMV reactivation.

Our study reviewed 978 ASCT patients over a period of
6 years. Based on clinical suspicion, 239 (20 % of total) were
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tested for symptomatic CMV reactivation post-ASCT. The
limitation of this retrospective study is that the CMV PCR
testing was not routinely performed in all patients. Hence,
asymptomatic CMV reactivation may have been missed in this
study. It must be pointed out that asymptomatic CMV reacti-
vation in this population may not be of clinical significance.

Conclusion

Symptomatic CMV infection/reactivation remains uncommon
in the autologous transplantation setting. Use of rituximab
prior to ASCT in induction or conditioning regimens does
not increase the risk of symptomatic CMV reactivation/dis-
ease. In addition, in individuals with low-grade CMV viremia
after auto transplantation, therapy against CMV does not ap-
pear to be necessary.
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