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Objectives: A polymorphism in the gene encoding B-1,3-glucan synthase, the target of the echinocandin class of
antifungals, results in increased in vitro MICs of the echinocandins. This has resulted in controversy surrounding
use of the echinocandins for treatment of Candida parapsilosis candidaemia. We aimed to compare 30 day mor-
tality in adults with C. parapsilosis candidaemia treated with echinocandins versus fluconazole.

Methods: This is a retrospective observational cohort study. We used the Premier Perspective Database to identify
adult patients with C. parapsilosis candidaemia treated with only fluconazole or only an echinocandin as defini-
tive therapy. The primary outcome was 30 day mortality. Propensity scores were derived to estimate the prob-
ability the patient would have received either an echinocandin or fluconazole. Inverse probability of treatment
weighting (IPTW) was used in a weighted logistic regression to calculate odds of 30 day mortality.

Results: There were 307 unique patients with C. parapsilosis candidaemia. One hundred and twenty-six (41%)
received fluconazole and 181 (59%) received an echinocandin. Age, gender, race, year of admission, need for
ICU resources in the week prior to candidaemia onset, and receipt of vasopressors on the day of candidaemia
onset were included in the propensity score model used to calculate inverse probability of treatment weights.
Weighted logistic regression demonstrated no difference in 30 day mortality between patients receiving an
echinocandin as compared with fluconazole (OR 0.82, 95% CI 0.33-2.07).

Conclusions: Our result supports the 2016 IDSA invasive candidiasis guidelines, which no longer clearly favour
treatment with fluconazole over an echinocandin for C. parapsilosis candidaemia.

Introduction

Infections due to Candida species are associated with mortality
of around 30%. Compared with azoles and polyenes, patients
treated with echinocandins appear to have a lower risk of mortal-
ity across a range of illness severities and causative species.” This
has in part been attributed to the fungicidal activity of the echino-
candins via inhibition of B-1,3-glucan synthase, the enzyme
that catalyses the assembly of glucan, a principle component of
the fungal cell wall.? Candida parapsilosis, which accounts for

~10%-15% of invasive candidiasis,* has a polymorphism in
the fks1 gene encoding B-1,3-glucan synthase, resulting in higher
in vitro MICs of the echinocandins.? Consequently, there has been
concern about the use of echinocandins as primary therapy for
C. parapsilosis, and prior versions of the IDSA candidiasis treat-
ment guidelines recommended fluconazole over an echinocandin
for this reason.”

However, a recent observational cohort study of 103 non-
neonatal candidiasis episodes did not find a difference in clinical
failure between initial treatment with an azole versus an
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echinocandin.® Based on these new data, considered in context
of existing data,®” the 2016 IDSA invasive candidiasis guidelines
no longer clearly support fluconazole over echinocandin, though a
paucity of clinical data precludes a more definitive statement of
equivalence.® We therefore aimed to compare the effectiveness
of fluconazole with echinocandins in a US cohort of adults with
C. parapsilosis candidaemia to provide additional clinical data to
guide the choice of a definitive therapeutic agent in this clinical
setting.

Patients and methods

Data source, study design and cohort assembly

Patients were identified using The Premier Perspective™ Database (PPD,
Charlotte, NC, USA), which contains patient level and microbiological
data from 115 US hospitals. Prior to inclusion in the PPD, data supplied
from the member hospitals undergo numerous reliability and validity
checks.’ This database has previously been used for comparative effect-
iveness research.'®

We performed a retrospective observational cohort study of adult
(>17 years of age) inpatients admitted between 1 January 2009 and 31
December 2013 who had at least one blood culture positive for mono-
microbial C. parapsilosis, survived for at least 4 days after the positive
culture was obtained, and received initial definitive therapy with only flu-
conazole or only an echinocandin. Only index episodes of C. parapsilosis
candidaemia were included. Admissions originating as transfers from
other institutions were excluded.

Ethics

Institutional Review Board exemption was granted for this work.

Definitions, exposure and outcome

The primary exposure of interest was administration of at least 1 day of
definitive therapy with only an echinocandin (anidulafungin, caspofungin
or micafungin) or only fluconazole. Definitive therapy was defined a priori
as the antifungal agent the patient received on the third day after the posi-
tive blood culture was drawn. Illness severity was reflected by resource
utilization, including receipt of vasopressors on the day of candidaemia
onset as well as need for ICU resources in the week prior to candidaemia
onset. ICU level resource utilization was defined as ICD-9 procedure code
and/or billing charge for vasopressors, mechanical ventilation, haemodi-
alysis, intracranial pressure monitoring, arterial/Swan-Ganz catheter
insertion, cardiopulmonary resuscitation or defibrillation. Hospital-onset
infections were defined as those cultures drawn >3 days after admission.
Antifungal prophylaxis was defined as receipt of any antifungal agent in
the 7 days prior to the blood culture being drawn and empirical therapy
was defined as receipt of any antifungal agent on the day the blood cul-
ture was drawn and up to 2 days after. The primary outcome was 30 day
all-cause inpatient mortality. Patients discharged prior to 30 days were
coded as alive unless discharged to palliative care, in which case they
were coded as an inpatient death.

Statistical analysis

The antifungal agent administered on day 3 after the blood culture was
drawn was deemed the definitive therapy for intention-to-treat exposure
assignment for our primary analysis. As the treating clinician’s choice of
definitive therapy may be influenced by patient factors present at the
time of or prior to therapy initiation, propensity scores informed by mea-
sured baseline covariates were generated to model the probability of a
patient receiving definitive therapy with an echinocandin. The following

variables were considered for inclusion in the propensity score model:
year of admission, Charlson comorbidity index, need for ICU resources in
the week prior to candidaemia onset, vasopressor exposure on the day of
candidaemia onset, hospital-onset infection, length of stay prior to candi-
daemia onset, and receipt of antifungal prophylaxis or empirical therapy.
Age, gender, race and any variable associated with receipt of echinocandin
with P<0.10 on univariate analysis were included in the final propensity
score model.

Inverse probability of treatment weights were then calculated using
these propensity scores to reflect the inverse of the probability that the
patient would have received the treatment they ultimately did.
Weighted logistic regression using inverse probability of treatment weight-
ing (IPTW) was then used to compare 30 day mortality in patients treated
with an echinocandin versus fluconazole. All analyses were performed
using Stata 13.1 (Stata Corporation, College Station, TX, USA).

Results

Demographic and clinical data

There were 307 unique patients with C. parapsilosis candidaemia
surviving for at least 4 days after the blood culture was drawn.
Of these, 126 (41%) received fluconazole and 181 (59%) received
an echinocandin. Table 1 summarizes demographic and clinical
characteristics by treatment group.

Thirty day inpatient mortality

Overall, the crude 30 day mortality rate for this cohort of patients
with C. parapsilosis candidaemia was 9.8%. In the echinocandin
group, the mortality rate was 9.9% versus 9.5% in the fluconazole
group (OR 1.05, 95% CI 0.49-2.26).

Propensity scores derived from a multivariate model including
age, race, gender, year of admission, need for ICU resources in the
week prior to candidaemia onset, and receipt of vasopressors on
the day of candidaemia onset were used to calculate inverse
probability of treatment weights. Following IPTW, standardized
differences between treatment groups were substantially
reduced (Table 1) for those variables included in the propensity
score derivation model. Weighted logistic regression was then
performed to compare odds of 30 day mortality. There was no
statistically significant difference in 30 day mortality between
patients receiving an echinocandin as compared with fluconazole
(OR 0.82,95% CI 0.33-2.07).

Discussion

We examined the effect of fluconazole versus an echinocandin
as definitive therapy for C. parapsilosis candidaemia and found no
increase in 30 day mortality in a comparative model standardized
by IPTW. Our finding complements the earlier work of Fernandez-
Ruiz et al.,”> which showed no difference in 30 day mortality in
patients treated with either agent (OR 1.23, 95% CI 0.43-3.45).
Additionally, a pooled analysis of randomized trials evaluating vari-
ous therapeutic agents in adult candidaemia found no difference in
mortality with empirical echinocandin therapy in the subgroup of
patients with C. parapsilosis." These data suggest that, compared
with fluconazole, echinocandins are similarly effective therapy for
C. parapsilosis candidaemia with regard to overall mortality, as sug-
gested by the 2016 IDSA invasive candidiasis guidelines.®

It is notable that in the aforementioned pooled analysis the
mortality benefit observed with echinocandin therapy for other
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Candida species was not observed in the subset of patients with
C. parapsilosis.* Furthermore, echinocandin use may be asso-
ciated with persistent candidaemia compared with both flucon-
azole and amphotericin B in subgroup analyses of randomized
trials restricted to patients with C. parapsilosis.>’” Although these
analyses are underpowered to draw definitive conclusions, it does
raise the possibility that time to resolution of candidaemia is
longer in echinocandin-treated patients. Further investigation is
needed to confirm this finding and assess the ultimate impact
on morbidity and mortality. Unfortunately, evaluation of persist-
ent candidaemia was problematic in our study design because
clearance of candidaemia may have occurred prior to or soon
after definitive therapy was started on day 3 from the initial
blood culture, our a priori-defined exposure of interest. More com-
plex modelling, such as a marginal structural model, would have
allowed us to account for the effect of time-varying antifungal
therapy exposure on such an outcome, but our sample size was
insufficient to utilize this approach.'* Furthermore, the frequency
at which repeat blood cultures are obtained will vary by institu-
tion, resulting in artificial differences in duration of candidaemia.
Unfortunately, adjustment for hospital level variation in blood cul-
ture practice was not possible in this analysis given the small sam-
ple size relative to the number of institutions.

Other limitations of our analysis are worthy of specific discus-
sion. Despite utilization of IPTWs, there remains unmeasured as

well as residual confounding. One important unmeasured con-
founder is central venous catheter (CVC) management, which is
not available in the PPD. While CVC retention has been associated
with increased mortality, prior studies have also suggested that CVCs
are more often retained in patients with greater illness severities. '3
In our cohort, illness severity was greater in the echinocandin-treated
patients and thus it is expected that CVCs would be more often
retained in this group. Failure to adjust for this covariate would
therefore result in bias towards a conclusion of fluconazole
superiority.

A patient’s clinical status prior to and at the time of candidae-
mia onset may also confound the association of the initial anti-
fungal choice and subsequent mortality.>*#** Our propensity
score model incorporated utilization of specific resources (i.e.
vasoactive agents) as proxy measures to adjust for potential vari-
ation in illness severity across the two treatment groups. The
reduction in standardized differences after IPTW (Table 1) sug-
gests that this approach appropriately accounted for illness sever-
ity differences at baseline between the two treatment groups.
There was, however, residual imbalance in receipt of vasopressors
on the day of candidaemia onset, with a standardized mean dif-
ference between groups of 11.9, exceeding the conventional
threshold of <10% to be considered negligible imbalance.**
However, we would expect this imbalance to also bias towards
a conclusion of fluconazole superiority. This approach to adjusting

Table 1. Demographic and clinical characteristics by treatment group before and after IPTW

Fluconazole Echinocandin Standardized difference Standardized difference
(N=126) (N=181) before IPTW after IPTW
Age (years), median (IQR)® 60 (46, 69) 60 (50, 75) 11.4 2.4
Male, n (%)® 61 (48.4) 115 (63.5) -30.7 0.5
Black race, n (%)° 33 (26.2) 39 (21.6) -10.9 —-4.6
Need for ICU resources the week prior to 53 (42) 101 (56) 27.7 5.1
candidaemia onset, n (%)°
Need for vasopressors the day of candidaemia 28 (22) 67 (37) 32.7 11.9
onset, n (%)®
Year of candidaemia onset, n (%)° 24.6 2.7
2009 35 (55) 29 (45) — —
2010 34 (44) 43 (56) — —
2011 23 (31) 51 (69) — —
2012 17 (35) 32 (65) — —
2013 17 (40) 26 (60) — —
Charlson comorbidity score, median (IQR) 2(1,4) 2(1,4) NA NA
LOS, median (IQR), days 18 (8, 37) 21 (10, 34) NA NA
LOS prior to candidaemia onset, median (IQR), days 3 (0, 16) 5(0, 19) NA NA
Receipt of antifungal prophylaxis, n (%) 20 (15.9) 33(18.2) NA NA
Healthcare-onset candidaemia, n (%) 67 (53.2) 98 (54.1) NA NA
Empirical antifungal, n (%) 109 (86.5) 162 (89.5) NA NA

LOS, length of stay; NA, not applicable.
%Variable included in final propensity score model.
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for illness severity was selected over APACHE II scores as APACHE
IT scores are only measured during the first 24 h of ICU stay and
therefore would not have applied to a significant proportion of our
study population. Also, the PPD does not contain APACHE I scores.

Our approach of an intention-to-treat analysis based on defin-
ing ‘definitive’ therapy as the agent the patient received on the
third day after the culture was obtained assumes that the pre-
scribing clinician knew the culture was positive and the identity
of the causative organism at this time. While this assumption
has the potential to introduce misclassification, it is based on
available literature that suggests that most cultures will be posi-
tive by this timepoint.*> Additionally, our model only considers the
choice of therapy on day 3 and does not consider time-varying
antifungal therapy choices after day 3. To do so would require util-
ization of a marginal structural model, which was unfortunately
not an option in this study, given the limited sample size.**
Finally, we do not have information regarding dosing of either flu-
conazole or echinocandin, nor do we have information about
whether patients received loading doses with either agent; inad-
equate dosing could result in increased mortality in either group,
so we anticipate that this unmeasured confounding would be
non-differential and therefore bias towards the null hypothesis.

The 9.8% mortality rate in our study is significantly lower than
the 20%-25% mortality rates reported in other studies, likely due
to the exclusion of patients who died within 3 days of blood cul-
ture acquisition.” Exclusion of these patients is appropriate given
our clinical question of whether choice of definitive therapy affects
30 day mortality, though the reduced event rate resulted in a rela-
tively wide confidence interval around the point estimate (OR
0.82, 95% CI 0.33-2.07). As the lower and upper bounds of the
confidence interval range from 0.33 and 2.07 we cannot com-
pletely exclude the possibility that echinocandins are either super-
jor or inferior to fluconazole for C. parapsilosis.

In conclusion, our study provides additional comparative effect-
iveness data evaluating the use of either echinocandin or flucon-
azole in the treatment of candidaemia due to C. parapsilosis.
Noting the limitations discussed above, we found no difference in
30 day mortality between echinocandin- and fluconazole-treated
patients.

Acknowledgements

These findings were presented at ID Week 2015™, San Diego, CA, USA
(Poster 217).

Funding

This work was supported by the National Institutes of Health (T32HD060550
toK. C).

Transparency declarations

N. V. has received research support from Merck Pharmaceuticals.
T.E. Z. receives research funding from Merck Pharmaceuticals and has served
as a consultant to T2Biosystems. J. B. has received consulting fees from
Pfizer, Astellas Pharma US and Merck Pharmaceuticals. L. O.-Z. has received
consulting fees from Astellas Pharma US, Merck Pharmaceuticals, Cidara

Therapeutics and Scynexis, speaking fees from Merck Pharmaceuticals and
Pfizer, and research grants from Merck Pharmaceuticals, Pfizer and
Scynexis. P. P. has received research funding from Merck Pharmaceuticals,
Astellas Pharma US, Gilead Sciences, IMMY Diagnostics, T2 Biosystems
and Scynexis, and has served as a consultant to Scynexis, Viamet,
IMMY Diagnostics, Matinas BioPharma and T2 Biosystems. B. T. F. has
received research funding from Merck Pharmaceuticals, Pfizer and
Ansun Pharmaceuticals. K. C.: none to declare.

References

1 Andes DR, Safdar N, Baddley JW et al. Impact of treatment strategy on
outcomes in patients with candidaemia and other forms of invasive can-
didiasis: a patient-level quantitative review of randomized trials. Clin Infect
Dis 2012; 54: 1110-22.

2 Garcia-Effron G, Katiyar SK, Park S et al. A naturally occurring proline-
to-alanine amino acid change in Fks1p in Candida parapsilosis, Candida
orthopsilosis, and Candida metapsilosis accounts for reduced echinocandin
susceptibility. Antimicrob Agents Chemother 2008; 52: 2305-12.

3 Horn DL, Neofytos D, Anaissie EJ et al. Epidemiology and outcomes of
candidaemia in 2019 patients: data from the prospective antifungal ther-
apy alliance registry. Clin Infect Dis 2009; 48: 1695-703.

& Pappas PG, Kauffman CA, Andes D et al. Clinical practice guidelines for
the management of candidiasis: 2009 update by the Infectious Diseases
Society of America. Clin Infect Dis 2009; 48: 503 -35.

5 Fernandez-Ruiz M, Aguado JM, Almirante B et al. Initial use of echinocandins
does not negatively influence outcome in Candida parapsilosis bloodstream
infection: a propensity score analysis. Clin Infect Dis 2014; 58: 1413-21.

6 Mora-Duarte J, Betts R, Rotstein C et al. Comparison of caspofungin and
amphotericin B for invasive candidiasis. N Engl J Med 2002; 347: 2020-9.

7 Reboli AC, Rotstein C, Pappas PG et al. Anidulafungin versus fluconazole
for invasive candidiasis. N Engl J Med 2007; 356: 2472-82.

8 Pappas PG, Kauffman CA, Andes DR et al. Clinical Practice Guideline for
the Management of Candidiasis: 2016 Update by the Infectious Diseases
Society of America. Clin Infect Dis 2016; 62: e1-50.

9 Fisher BT, Lindenauer PK, Feudtner C. In-hospital databases. In: Strom
BL, Kimmel S, Hennessy S, eds. Pharmacoepidemiology, 5th edn.
Hoboken, NJ, USA: Wiley-Blackwell, 2013; 244-58.

10 Rothberg MB, Pekow PS, Lahti M et al. Comparative effectiveness of
macrolides and quinolones for patients hospitalized with acute exacerba-
tions of chronic obstructive pulmonary disease (AECOPD). J Hosp Med
2010; 5: 261-7.

11 Robins JM, Hernan MA, Brumback B. Marginal structural models and
causal inference in epidemiology. Epidemiology 2000; 11: 550-60.

12 Puig-Asensio M, Peman J, Zaragoza R et al. Impact of therapeutic strat-
egies on the prognosis of candidaemia in the ICU. Crit Care Med 2014; &2:
1423-32.

13 Kollef M, Micek S, Hampton N et al. Septic shock attributed to Candida
infection: importance of empiric therapy and source control. Clin Infect Dis
2012; 54: 1739-46.

14 Austin PC, Stuart EA. Moving towards best practice when using inverse
probability of treatment weighting (IPTW) using the propensity score to
estimate causal treatment effects in observational studies. Stat Med
2015; 34: 3661-79.

15 Kim SH, Yoon YK, Kim MJ et al. Clinical impact of time to positivity for

Candida species on mortality in patients with candidaemia. J Antimicrob
Chemother 2013; 68: 2890-7.

3539




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


