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Abstract
Objective: The aim of this study was to investigate risk factors for cytomegalovirus (CMV) infection, effect of viral reactivation on hematopoietic
stem cell transplantation (HSCT) and efficacy of preemptive treatment using a lower dose valganciclovir for the first time.
Material and Method: The data of 447 patients who underwent HSCT for malignant and non-malignant hematological disorders at a single
center from September 2009 to December 2016 were retrospectively evaluated in this study. DNA levels of CMV were routinely tested two days
per week for the first 24 months following HSCT, and in case of clinical suspicion after 24 months using the Quantitative Real-Time quantitative
polymerase chain reaction (RT-PCR).
Results: Ninety (54.2%) allogeneic transplant patients, and forty one (14.6%) autologous transplant patients had CMV reactivation. There was
a statistically significant increase in CMV reactivation in the non-myeloablative (NMA) allogeneic transplant group compared to the myeloablative
(MA) group at a value of 150-1000 copies/mL CMV-PCR (p= 0.002). Acute/chronic Graft Versus Host Disease (GVHD) were observed in 30 of
allogeneic HSCT patients. 29 of these patients (96.6%) had CMV antigenemia. There was a significant association between the development of acute/
chronic GVHD, and CMV viremia (p= 0.001). The patients without CMV antigenemia had a higher incidence of mortality at first 100-day, and 365-day
in allogeneic transplant group (p= 0.022, p= 0.024, respectively). The 5-year overall survival (OS) rate was 61% in the viremia group, and 62% in the
non-viremia group. There was no statistically significant difference between the two groups in terms of 5-year OS (p= 0.551). In patients receiving
a lower dose of 900 mg/day valganciclovir treatment due to viremia, CMV disease did not develop and no adverse effect that required the drug to
be discontinued was observed.
Conclusion: The results conducted that development of GVHD was associated with CMV viremia. Early and late mortality rate were higher in the
patients without CMV antigenemia. However; CMV reactivation had no impact on patients’ survival post allogeneic and autologous HSCT. Also, this
was the first study that conducted preemptive treatment approach in the CMV viremia using a lower dose valganciclovir is safe and effective in HSCT.
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Introduction

Cytomegalovirus (CMV) reactivation and infection are
major complications and associated with increased overall
mortality after hematopoietic stem cell transplantation (HSCT)
[1]. The incidence of CMV infection increases with the intensity
and duration of immunosuppression, and approaches 70% in
allogeneic transplant recipients. 50% of allogeneic transplant
patients developed culture proven CMV infection [2]. Risk factors
for CMV reactivation identified such as CMV seropositive donor,
type of coditioning regimen, use of T cell depletion, and graftversus-host disease (GVHD) [3]. Although this complication
still remains an important cause of morbidity and mortality in
patients undergoing HSCT, the availability of effective antiviral
drugs and the implementation of preemptive threapy have led to
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dramatic improvements in patient outcomes [4]. For an effective
preemptive treatment, quick and sensitive diagnostic methods
that will detect CMV infection are needed. Quantitative real
time polymerase chain reaction (RT-PCR) has replaced the lowsensitivity CMV pp65 antigenemia test in the determination of viral
load during diagnosis. However, with regard to the preemptive
treatment decision, there exists no international standardized
viral load threshold value. In the literature, various values ranging
between 150-5000 copies/ml have been suggested as the viral
load threshold to initiate preemptive treatment [5]. Ganciclovir
and its pro-drug valganciclovir are being used as the first line
treatment in CMV infection. The fact that valganciclovir can be
taken orally and possesses an efficacy comparable to ganciclovir
shows that it can constitute a good alternative to ganciclovir. The
recommended dose of valganciclovir in preemptive therapy is
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2x900 mg/day [6, 7]. In this study we used a dose of 900 mg/day
as preemptive treatment with valganciclovir.
In this retrospective study, we analyzed the records of 442
patients to determine the incidence of and the risk factors for
CMV infection in transplant patients, effects of viral reactivation
on HSCT, and the efficacy of preemptive treatment using a lower
dose valganciclovir for the first time.

Patients and Methods
Patient population

A total of 447 patients, including 166 patients who underwent
Myeloablative (MA) and non-Myeloablative (NMA) allogeneic
HSCT and 281 patients who underwent autologous HSCT due
to malignant and non-malignant hematological disorders at
Gaziantep University Bone Marrow Transplantation Centre
between September 2009 and December 2016 were included
in the study. Of patients who underwent allogeneic HSCT, 86
received transplants due to a diagnosis of acute myeloid leukemia
(AML), 44 due to Acute Lymphoblastic Leukemia (ALL), 9 due to
Non-Hodgkin Lymphoma (NHL), and 27 due to Aplastic Anemia
(AA); whereas 91 patients underwent autologous HSCT due to a
diagnosis of NHL and 179 due to Multiple Myeloma. Demographic
characteristics, underlying diseases, CMV states, conditioning
regimens, CMV reactivation and outcomes, symptoms associated
with CMV infection, treatment modalities, and survival states
were obtained from patient files and carefully recorded. Patient
data were presented retrospectively.

CMV antigenemia assay

DNA levels of CMV were routinely tested two days per week
for the first 24 months following HSCT, and in case of clinical
suspicion after 24 months using the Real-Time quantitative
polymerase chain reaction (RT-PCR) (COBAS AmpliPrep/COBAS
TaqMan, Roche Molecular Systems, Inc. USA) method. Detection
of CMV PCR values higher than 150 copies/ml in whole blood
at least once was considered CMV viremia. Severity of CMV
viremia was evaluated under three groups based on the serum
CMV PCR values: Mild viremia was accepted as 150-1500 copies/
ml, moderate viremia as 1000-10000 copies/ml, and severe
viremia as more than 10000 copies/ml. CMV monitorization was
continued for two months following negative CMV PCR results.

Pre-emptive therapy

Of the patients detected to have CMV antigenemia, eight
were administered 1x5 mg/kg/day iv Ganciclovir once every
12 hours and 70 were administered 900 mg/day Valganciclovir.
For 12 patients with positive CMV DNA levels, the treatment was
initiated with Ganciclovir and continued with Valganciclovir.
The preemptive treatment was concluded in patients who
demonstrated two subsequent negative CMV PCR results.

Statistical analysis

The chi-square test was used in the comparison of CMV
viremia with clinical parameters, and the Log Rank test in the
comparison of overall survival and clinical parameters. The
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Fischer’s exact test was utilized where necessary. The Median test
was used in the comparison of quantitative data across groups.
Moreover, logistic regression models of Odds ratio (OR) and 95%
confidence intervals (CI) were also calculated. OR (95% CI) was
adjusted for age and gender. A p value below 0.05 was considered
statistically significant. Numbers, percentages, medians, means,
and standard deviations of the data were computed. SPSS 11.5
(SPSS Inc., Chicago, IL, USA) package program was used in the
analysis of data.

Results

Patients
Clinical and demographic characteristics of the patients
have been presented in Table 1. A median of 6.5x106 (range
4-15x106) CD34+ stem cells were infused in allogeneic HSCT,
whereas a median of 8x106 (range 3-24 x106) CD34+ stem
cells were infused in autologous HSCT. Of patients who received
an allogeneic HSCT from a matched sibling/relative donor, 70
received a conventional MA conditioning regimen and 96 an
NMA regimen. Peripheral blood stem cells were used as the
graft source in all patients. The median age of the 166 patients
who underwent an allogeneic HSCT (101 male/65 female) was
29 (range 15-60 years), and the median age of the 281 patients
who underwent an autologous HSCT (160 male/121 female) was
54 (range 17-76 years). Median follow-up time was 23 months
(range 3-84 months) for the allogeneic transplant group and 28
months (range 3-88 months) for the autologous transplant group
(Table 1).

CMV antigenemia

The median time of initial detection of serologic CMV PCR
positivity in the post transplant period was day 33 for the
allogeneic HSCT patient group (range 1-465 days) and day 12 for
the autologous transplant group (range 3-55 days). The incidence
of CMV viremia was 54.2% across allogeneic transplant patients
and 14.6% in the autologous HSCT group. Of the patients who
demonstrated CMV PCR positivity, 68.7% (90 patients) were in
the allogeneic transplant group (44 MA HSCT and 46 NMA HSCT
patients), whereas 41 (31.3%) were in the autologous transplant
group. Of patients who received an allogeneic transplant, 28.3%
manifested mild and 23% manifested moderate CMV viremia. In
the autologous transplant group, 60.9% patients demonstrated
mild viremia (Table 1).

Clinic effects of CMV viremia on Allogeneic HSCT

At levels of 150-1000 copies/ml, serum CMV PCR levels
were determined to be significantly higher for patients who
received an NMA conditioning regimen compared to those who
received an MA HSCT regimen (p= 0.002) (Data not shown).
Despite serologic CMV positivity, systemic CMV infections were
encountered in only two (1.2%) allogeneic HSCT patients and
in the form of CMV colitis. In allogeneic transplant patients;
the median time of thrombocyte engraftment was day 16 for
the group detected to have viremia (range 12-63 days) and the
median time of neutrophil engraftment was day 15 (range 1121), whereas for the CMV PCR negative group, the median time
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Table 1: Baseline characteristics of patients undergoing hematopoietic stem cell transplantation
Number of patients
Age at diagnosis*
Male/female
Diagnosis

Neutrophil engraftment*
100-day mortality%

AML

86

11

CMV PCR 10^3-4 (peak)
CMV PCR >10^3

(peak)

CMV PCR > 10^4

(peak)

CMV infection
Follow-up time*
Death %

44
-

179

96

-

70

Melphalan

-

R/BEAM
days
days

days

-

91

BuCyc

MM

160/121

9

27

Five-year overall survival %

CMV PCR 150-10^3 (peak)

101/65

AA

365-day mortality%
Post transplant
CMV PCR (+) first day*

281

54 (17-76)

Bu/CycFuATG

Thrombocyte engraftment *

Autologous HSCT

166

29 (15-60)

NHL

CD34 x10^6/kg*

Allogeneic HSCT

years
ALL

Conditioning regimen
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-

6.5 (4-15)

15 (10-21)
16 (12-68)
13 (7.8%)

-

11

179

38/91

8 (3-24)

11 (9-21)
12 (9-61)
14 (5%)

29 (17.5%)

29 (10.3%)

33 (1-465)

12 (3-55)

61

59

copies/mL

47 (28.3%)

25 (8.9%)

copies/mL

43 (30.6%)

16 (5%)

copies/mL
copies/mL
months

38 (23%)

14 (4.3%)

5 (7.6%)

2 (0.7%)

23 (3-84)

28 (3-88)

2 (1.2%)
52

-

74

: Log rank test, @: Fisher’s Exact Test, *: median, #Median test, CMV: cytomegalovirus, AML: Acute myeloid leukemia, ALL: Acute lymphoblastic
leukemia, NHL: Non-Hodgkin lymphoma, AA: Aplastic Anemia, MM: Multiple myeloma, BuCyc: busulfan, cyclophosphamide; Bu/CycFuATG:
busulfan, cyclophosphamide, fludarabine, anti-thymocyte globulin; R/BEAM: Rituximab/carmustine, etoposide, cytarabine, melphalan, allogeneic
HSCT: Allogeneic hematopoietic stem cell transplantation, Autologous HSCT: Autologous hematopoietic stem cell transplantation
&

of thrombocyte engraftment was day 15 (range 10-62 days) and
the median time of neutrophil engraftment was day 15 (range
10-21). When allogeneic HSCT patients with and without CMV
viremia were compared, CMV positivity was found to have no
effect on thrombocyte and neutrophil engraftment (p= 0.905,
p= 0.479, respectively). T-cell depletion was done with antithymocyte globulin (ATG) in 50 patients with viremia and 46
patients without viremia. When the two groups were compared;
it was found that the use of ATG in the conditioning regimen
was not a predisposing factor for developing CMV viremia (p=
0.533). 30 allogeneic HSCT patients manifested acute/chronic
Graft Versus Host Disease (GVHD). 29 of these patients (96.7%)
demonstrated CMV viremia, while one (3.3%) did not. A strong
statistical relationship was determined between CMV viremia
and acute/chronic GVHD (p= 0.001) (Table 2).

In the allogeneic transplant group; mortality was encountered
in three patients with CMV viremia (3.3%) in the early period
(first 100 days) and 10 patients (11.1%) in the late period
(365-day-mortality), whereas across CMV PCR negative patients,
it was encountered in 10 (13.2%) in the early period and in
19 (25%) in the late period. An evaluation of the relationship
between CMV PCR status and mortality revealed that mortality
rate in the early and late periods were significantly higher for
CMV negative patients (p= 0.022, p= 0.024, respectively). Fiveyear overall survival was similar for the viremia and CMV negative
groups with respective rates of 61% and 62%, and no statistically
significant difference was found between the two groups in terms
of 5-year OS (p= 0.551) (Table 2) (Figure 1).
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Table 2: CMV viremia in patients who underwent allogeneic hematopoietic stem cell transplantation and its relationship with clinical results
CMV viremia >150 copies/mL

CMV viremia (-)

90

76

Number of patients
Age at diagnosis*
Male/female
Neutrophil engraftment*
Thrombocyte engraftment*
ATG use

years

29 (15-60)

32 (17-57)

days

15 (11-21)

15 (10-21)

0.479#

50 (56%)

46 (60.55)

0.533@

days

Acute/Chronic GVHD

Immunosuppressive use

CSA or MMF
CSA₊PRD

CSA₊MMF

CSA₊MMF₊PRD
Antiviral treatment
Antiviral treatment time*
100-day mortality%

P value

Ganciclovir

52/38

16 (12-63)
29 (96.7%)
54/6
19

70/6

0.001@

8

days

23 (10-75)

Five-year overall survival %

1 (3.3%)

0.905#

3
12

365-day mortality%

15 (10-62)

8

Ganciclovir→Valganciclovir
Valganciclovir

49/27

70

3 (3.3%)

10 (13.2%)

0,022@

61

62

0.551&

10 (11.1%)

19 (25%)

0.024@

Log rank test,*: median, #: Median test, @Fisher’s Exact Test, CMV: cytomegalovirus, ATG: anti-thymocyte globulin, GVHD: graft versus host disease,
CSA: Cyclosporine, MMF: mycophenolate mofetil, PRD: prednisolone
&

engraftment was day 12 for the group without viremia (range
9-61 days) and the median time of neutrophil engraftment was
day 11 (range 10-21), whereas for the CMV-positive group, the
median time of thrombocyte engraftment was day 13 (range
9-61 days) and the median time of neutrophil engraftment was
day 11 (range 9-21). CMV viremia was found to have no effect on
engraftment time (p= 0.452, p= 0.866, respectively).

Figure 1: The relationship between CMV values and total overall survival in patients who underwent allogeneic HSCT
Allogeneic HSCT: Allogeneic Hematopoietic Stem Cell Transplantation,
CMV: Cytomegalovirus

Clinic effects of CMV viremia on Autologous HSCT

In the autologous transplant group, 41 patients (14.6%) were
detected to have CMV viremia. The median time of thrombocyte

The conditioning regimens of four autologous HSCT patients
with CMV viremia and 37 without viremia involved Rituximab.
When the groups with and without CMV viremia were compared
with regard to Rituximab use; it was found that Rituximab use was
not a risk factor for CMV viremia (p= 0.474). Two patients with
CMV viremia received ganciclovir and 34 received valganciclovir
therapy. In five cases, the treatment was initiated with ganciclovir
and continued with valganciclovir. Patients with CMV viremia
received parenteral/oral antiviral therapy for a median of 14
days (range 10-55 days). No symptoms of active infection were
encountered in patients detected to have viremia. Mortality was
encountered in two patients with CMV viremia (4.9%) and 12
patients without viremia (5%) in the early period. Late-term
mortality was encountered in four patients in the CMV positive
group (9.6%) and 25 patients in the negative group (10.4%).
CMV viremia did not have a significant relationship with early or
late mortality (both, p>0.05). 5-year OS was 66% for the viremia
group and 56% for the group without viremia. CMV reactivation
following autologous transplant was found to have no effect on
patient survival (p= 0.660) (Table 3).
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Table 3: CMV viremia in patients who underwent autologous hematopoietic stem cell transplantation and its relationship with clinical results
CMV viremia > 150 copies/mL

CMV viremia (-)

41

240

Number of patients
Age at diagnosis*
Male/female
Neutrophil engraftment*
Thrombocyte engraftment*

Antiviral treatment

Years

55 (20-66)

53 (17-76)

days

11 (9-21)

11 (10-21)

0.866#

4 (9.8%)

37 (15.4%)

0.474@

12 (5%)

1.000@

56

0.660&

days

Rituximab use

Ganciclovir

27/14

13 (9-61)
2

Ganciclovir→Valganciclovir
Antiviral treatment time*

Valganciclovir
days

100-day mortality%
365-day mortality%

*: median, : Median test,

Discussion

@:

CMV reactivation and infection constitute one of the significant
causes of morbidity and mortality after HSCT. Studies report
variable results with regard to the incidence of CMV viremia in
transplant patients. George et al. determined the incidence of
viremia as 39.1% and the incidence of disease as 13% in allogeneic
transplant patients who were treated with a 60% MA and 40%
Reduced-Intensity Conditioning (RIC) conditioning regimen [8].
Boeckh et al. reported the incidence of CMV disease in allogeneic
transplant patients as 17.8% [9]. The prevalence of CMV viremia
in allogeneic HSCT patients is higher compared to the autologous
transplant group (1). In the literature, CMV viremia incidence
rates following autologous transplant were usually reported as
30-40%. For their 136 autologous transplant patients, Rossini et
al. reported the incidence of viremia as 29.4% and the prevalence
of CMV infection as 4.4% [10]. Another study reported a CMV
viremia incidence of 39.6% [11]. On the other hand, Al-Rawi et
al. reported a lower viremia incidence of 17.8% with the use of
prophylactic anti-viral medication [12]. Studies have reported
a significant decrease in CMV-related morbidity and mortality
in the recent years due to use of prophylactic and preemptive
therapies (4). While some studies have reported a decrease in the
incidence of viremia and the frequency of infections with the use
of prophylactic anti-virals [13], some have reported no effect on
incidence, though with lower levels of CMV PCR positivity (12). In
this study; the incidence of CMV viremia in allogeneic transplant
patients was determined to be higher than that reported in many
studies in the literature (54.2%) while the incidence of CMV
disease was lower (1.2%), whereas, it was determined to be lower
in autologous transplant patients (14.6%). The high incidence of
CMV viremia may be connected to the low socio-cultural levels of
the local people and lack of hygiene; however, the low incidence

12 (9-61)

0.452#

34

14 (10-55)
2 (4.9%)

Fisher’s Exact Test, : Log rank test, CMV: cytomegalovirus
&

133/107

5

4 (9.6%)

Five-year overall survival %
#

P value

66

25 (10.4%)

1.000@

of CMV disease despite seropositivity suggests that valganciclovir
is effective as a preemptive treatment.

The role of immunosuppressive, which is used for T cell
depletion in allogeneic HSCT, as risk factors for CMV viremia, is
disputed. Certain studies showed increased CMV reactivation due
to the use of ATG for T cell depletion [14, 15]. Using RIC HSCT,
Alemtuzumab, and Acute GVHD have been identified as risk
factors for CMV viremia (13). While some studies reported lower
CMV incidences in patients treated with an NMA conditioning
regimen [16-18], others have mentioned increased incidence
rates [19]. On the other hand, Oh and colleagues did not determine
a relationship between CMA viremia and the use of NMA or MA
conditioning regimens [20]. In our study, 76 patients received an
MA and 90 an NMA conditioning regimen. 31 patients (34.4%)
who received an NMA conditioning regimen demonstrated
significantly higher rates of weak CMV PCR positivity compared
to MA transplant patients and this situation may be linked to
the remaining infected lymphocytes in the NMA conditioning
regimen. T cell depletion was done using ATG in six MA patients
and in all NMA patients. Of the 96 total patients where ATG was
used, 50 demonstrated CMV viremia, while 46 did not. ATG use
was not determined to be a risk factor for CMV viremia (p= 0.533).
GVHD is considered the most prominent cause of morbidity
and mortality after HSCT. Even in fully HLA matched transplants,
its incidence is approximately 30% despite immunosuppressive
treatment [21]. Valadkhani et al. determined an acute GVHD
incidence of 71% and a grade II-IV acute GVHD incidence of 57%
in allogeneic transplant patients. 14% of patients with GVHD of
Grade 2 or higher demonstrated high levels of CMV positivity;
having GVHD of Grade 2 or higher was identified as a strong risk
factor for CMV infections (p= 0.035) [22]. Similarly, Lin et al.
reported that the presence of acute GVHD of Grade 3 or higher
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resulted in a 2.98-fold increase in CMV reactivation (19). Broers
et al. identified symptomatic CMV disease as an independent
risk factor for acute GVHD, but did not determine a significant
relationship between chronic GVHD and CMV reactivation [23].
In light of current data, the relationship between CMV and GVHD
can be best described as bidirectional. While GVHD and its
treatment increase the risk of a CMV infection, based on current
data, the presence of a CMV infection may in turn be connected
to developing GVHD [24]. In our study, 30 allogeneic transplant
patients manifested GVHD. Of these, 29 (96.7%) had viremia. In
accordance with the literature, our results confirm that GVHD is a
strong risk factor for CMV viremia (p= 0.001).

When the effects of CMV viremia during the transplantation
process are considered, the analyses reveal that there is no
consensus in the literature on its relationship with mortality and
total overall survival (OS). George et al. defined CMV viremia as
a risk factor that negatively affects five-year-OS (13). Another
study reported viral load, CMV-specific T cell immune failure,
and lymphopenia as a cause of mortality in the late period
(9). Lin et al. reported that CMV viremia was not a factor that
affected mortality and survival (19). In our study, mortality
was encountered in three (3.3%) allogeneic transplant patients
with CMV viremia in the early period and in 10 (11.1%) in the
late period, whereas it was encountered in 10 (13.2%) without
viremia in the early period and in 19 (25%) in the late period.
In allogeneic HSCT patients, early and late term mortality was
determined to be significantly lower in the group with CMV
viremia (p= 0.022, p= 0.024, respectively). Results of the study
suggest that this is connected to the activation of the immune
system by CMV-specific T cells.
In the recent years, developing treatment strategies to prevent
complications related to CMV viremia and infection have become
a popular research topic across Bone Marrow Transplantation
centers. In a study that compared low-dose valganciclovir (900
mg/day) prophylaxis to 1800 mg/day valganciclovir preemptive
treatment, valganciclovir prophylaxis was not determined to be
superior to the preemptive treatment strategy. The same study
determined an increase in the use of hematopoietic growth factor
in the patient group that received valganciclovir prophylaxis (12).
Another study found that long-term use of antiviral medications
increased mortality caused by reasons other than relapse due
to drug-induced neutropenia, and recommended the use of
preemptive treatment instead of prophylaxis as antiviral therapy
(23). Preemptive treatment with ganciclovir is associated with
an increase in the risk of neutropenia, thrombocytopenia, and
invasive aspergillus, and this restricts its use [25]. Compared to
ganciclovir, valganciclovir appears to be a more favorable option
in preemptive treatment with its oral use and lower side effect
profile. The recommended dose for preemptive treatment is 2x900
mg/day (10). In our study, patients with CMV PCR levels higher
than 150 copies/ml either received 900 mg/day valganciclovir or
5 mg/kg ganciclovir twice per day as preemptive treatment. 70 of
the 90 allogeneic HSCT patients with CMV viremia and 34 of the
40 autologous transplant patients only received valganciclovir
therapy at low doses. In our study, the durations of preemptive
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treatment that the patients received were median 23 days (range
10-75 days) in the allogeneic HSCT group and median 14 days
(range 10-55 days) in the autologous HSCT group, with required
treatment times comparable to those in the literature. In our
study, a lower dose of 900 mg/day was preferred in preemptive
treatment with valganciclovir compared to other studies in the
literature and this provided an effective treatment. Patients who
received valganciclovir did not manifest cytopenia and renal
toxicity that would require the medication to be stopped. This
situation may be explained by the lower Valganciclovir dosage
preferred in preemtpive treatment. It was found that the two
patients who manifested CMV disease had received ganciclovir,
whereas the patients who had received valganciclovir did
not develop CMV disease. Valganciclovir appears to be more
advantageous than other anti-CMV agents due to its oral use, not
requiring hospitalization, and consequently, leading to decreased
risk of nosocomial infection. This is the first study in the literature
that has administered preemptive treatment with a low 900 mg/
day dose of valganciclovir.
In summary, CMV reactivation still appears to be a
significant problem, especially after allogeneic HSCT. This study
determined the use of an NMA conditioning regimen prior to
the transplantation and the presence of acute/chronic GVHD as
strong risk factors for CMV reactivation. CMV viremia decreases
early and late mortality, however, has no effect on patient survival
after transplant. In preemptive treatment, administering a lower
dose Valganciclovir to the transplant patients appears to be an
effective and safe treatment approach.
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