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Upon completion of this activity you will be able to:

e predict situations where rapid onsite evaluation (ROSE) is likely to be
effective.

e define adequacy and diagnostic yield.

e identify factors that cause variation in fine-needle aspiration cytology
adequacy rates.

e describe the deficiencies of single-cohort studies of ROSE
performance.

Abstract

Rapid onsite evaluation (ROSE) has the potential
to improve the adequacy rates of fine-needle aspiration
(FNA) cytology. Studies have obtained variable results
on the influence of ROSE. We conducted a systematic
review and meta-analysis of studies on the influence
of ROSE on FNA adequacy. We synthesized evidence
across all anatomic locations. We only included studies
that contained a control arm and compared cohorts
with ROSE against cohorts without ROSE at a single
location. We screened 2,179 studies and identified 25
studies that met our inclusion criteria. On average,
ROSE improves the adequacy rate by 12%, but there
was considerable variability across studies. The
adequacy rate with ROSE depends on the non-ROSE
adequacy rate. Sixty-five percent of the variability
in the adequacy rate with ROSE was found to occur
because of differences in the adequacy rate without
ROSE. Studies with high non-ROSE adequacy rates
showed low improvement after ROSE was implemented.
Studies must account for the effect of the non-ROSE
adequacy rate to determine the effect of ROSE on FNA
adequacy rates.
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Fine-needle aspiration (FNA) is a well-established proce-
dure that is commonly used for investigating lesions at many
anatomic locations. It is regarded as safe and accurate and has
a low complication rate. The adequacy rate is a key aspect
of FNA performance. Adequacy is defined in 2 ways: on a
per-pass basis and a per-case basis. Adequacy is generally
reported on a per-case basis. Sampling for a case is considered
adequate if at least 1 adequate sample is obtained.

It is important to distinguish adequacy from diagnostic
yield and accuracy. Diagnostic yield refers to the rate at
which a diagnosis is made (per slide or per case) and is dis-
tinct from adequacy. Adequacy measures whether a sample
provides sufficient material for a diagnosis. Accuracy refers
to the correspondence between cases for which a diagnosis
was rendered (nondiagnostic cases are excluded) and a gold
standard (histopathology or clinical follow-up). Adequacy is
necessary but not sufficient for diagnosis. Diagnostic yield
and accuracy are more directly related to patient outcomes
than adequacy; however, these concepts are less directly
related to sampling performance because they depend on
the performance of both sampling (adequacy rate) and inter-
pretation (rate of inconclusive samples, accuracy). Thus,
adequacy is a more direct measure of sampling performance
than diagnostic yield or accuracy.

Studies have shown wide variation in adequacy rates
across different study sites. Variation in adequacy most likely
occurs because of the fact that FNA is a complex multistep
process, and many factors have the potential to affect the
overall diagnostic yield.! Adequacy rates can be affected by
the number of needle passes,”* the needle type and size,>®
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aspirator experience,”!? and the use of rapid onsite evaluation
(ROSE) on aspirate specimens.!!!2

ROSE has significant potential to improve adequacy
rates; however, ROSE is significantly costly, and many sites
do not have access to a cytopathologist to implement ROSE.
Thus, it is important to quantify the influence of ROSE and
to determine the circumstances under which ROSE is likely
to increase adequacy. Studies on the influence of ROSE are
complicated by the site-to-site variation in adequacy that can
mask the effect of ROSE. Numerous studies have examined
the effect of ROSE on FNA specimen adequacy; however,
most studies report on the performance of a single cohort at a
single study site. As we will show, it is difficult to distinguish
the influence of ROSE from other factors in a single cohort
design. In contrast, studies that compare the performance of
2 cohorts, with and without ROSE, at a single study site are
much more likely to isolate the effect of ROSE from other
factors that ordinarily vary from site to site.

To our knowledge, the literature on the influence of
ROSE on FNA adequacy has never been reviewed. We there-
fore conducted a systematic review and meta-analysis based
on high-quality studies with head-to-head comparisons of 2
cohorts (with and without ROSE). We aimed to determine
the influence of ROSE on the adequacy and diagnostic yield
of FNA from lesions in various anatomic sites and to identify
factors that influence ROSE.

Materials and Methods

Literature Search

We followed the guidelines for systematic reviews of
diagnostic accuracy studies.'>!* We searched the MEDLINE
and EMBASE databases on November 6, 2011, using the
following search string: “needle biopsy” AND “assessment
or onsite OR on-site or immediate or rapid”/title or abstract.
We used no restrictions on language or period of study. We
included studies from all anatomic locations.

Only studies comparing either adequacy or diagnostic
yield between 2 cohorts (with ROSE vs without ROSE) at a
single site were eligible for inclusion to increase the overall
rigor of our study. Our objective was to synthesize evidence
from high-quality studies. Although single-cohort studies are
more frequently published, 2-cohort studies provide much
higher-quality evidence on the influence of ROSE because
they minimize the effect of site-to-site differences in adequacy
and isolate the incremental influence of ROSE. Aside from
the requirement for 2 cohorts at a single site, no restriction on
study design was used.

The titles and abstracts of the resulting set of studies were
independently screened by 2 authors (B.L.W. and R.L.S.),
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and discrepancies were resolved by a third author (L.J.L.).
Screening was performed in 2 stages. In the first stage, we
included studies that reported any outcome (eg, accuracy,
adequacy, cost, and complication rate) associated with ROSE.
We screened studies a second time to exclude those that did
not involve a comparison of 2 separate arms (with ROSE
vs without ROSE) at a single institution. A citation search
(“forward search”) and reference search (“backward search”)
was conducted using Scopus on February 6, 2012 (updated
May 22, 2012). Duplicates were removed, and the titles and
abstracts of these additional studies were screened for poten-
tially relevant studies. Full-text articles were then obtained
for all potentially relevant studies. Studies from this set were
included if they contained data comparing the 2 cohorts, with
and without ROSE, at a single study site.

Data Extraction

Each of the included studies was independently assessed
by 2 authors (R.L.S. and L.J.L.) using a standardized data
extraction form. Discrepancies were resolved by discussion.
Where possible, we formed homogeneous cohorts from stud-
ies that obtained data from multiple anatomic locations or that
used different methods.

Statistical Analysis

Statistical calculations were performed using Stata 12
software (Stata, College Station, TX). Meta-analysis of
adequacy was completed using a random effects model as
implemented in the metan routine defined in Stata. Tests for
heterogeneity were conducted using the inconsistency statis-
tic.!> Meta-regression analysis was performed using metareg
in Stata. Statistical tests were conducted at the 5% signifi-
cance level. Changes in adequacy were expressed in terms of
the risk difference (RD), which is the difference between the
adequacy rate with ROSE and the adequacy without ROSE.

Analysis of Risk Difference

We used metaregression to analyze the effect of the initial

adequacy rate:

IEquation 10

RD; =« + o, + BX;

where RDij = the predicted RD for tissue type i, fori=2 ...
9, and study, j; K = a constant corresponding to the baseline
RD (breast); o, = the effect of each tissue type, i, fori=2 ...
9, on the RD relative to breast (i = 1); X, = the non-ROSE
adequacy rate for study, j; and 3 = the coefficient of the non-
ROSE adequacy rate.

This model accounts for the possible effect of tissue type
and the initial adequacy rate on the RD. Statistical tests were
performed to determine whether the non-ROSE adequacy
rate had an effect on the RD (ie, H,: B = 0 ). We also tested
whether the RD varied by tissue type (H,: o. = ocj) .
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Results

Literature Search

We obtained 2,179 unique studies from the initial search
of MEDLINE and EMBASE. Screening of abstracts and
titles provided a set of 73 potentially relevant studies EFigure
11. Citations and references of the set of potentially relevant
studies provided an additional 1,031 studies, which were
screened for relevancy and provided 2 additional studies. A
secondary screen of the 73 potentially relevant studies yielded
25 studies with a total of 12,407 cases that met our inclusion
criteria,>-11,16-40

Several studies reported subgroups from different ana-
tomic locations or that had been sampled using different
methods. These were separated into distinct data sets. For
example, pancreas data were extracted from the studies by
Klapman et al'' and Saleh and Khatib.3? The Ghofrani et al2®
data were separated into data sets corresponding to ultra-
sound-guided and palpation-guided FNA. This produced a
total of 31 data sets.

Characteristics of Included Studies

All included studies compared 2 cohorts, with and with-
out ROSE, at a single site. Nineteen of the 25 studies were

Scopus citation | | Scopus reference
search search

(n = 330) (n = 701)

Screen of
(Ex:nuggg) < titles and

abstracts

conducted in the United States ETable 11. The included stud-
ies used 3 main types of designs: prospective randomized tri-
als (n = 5), retrospective “before and after” studies in which
ROSE was allocated by period (n = 5), and retrospective
studies in which the allocation of ROSE was not specified (n
=15). Eight of the 21 studies specified the number of pathol-
ogists involved in the study and whether the pathologists in
the ROSE and non-ROSE cohorts were the same. None of
the studies specifically mentioned whether the pathologist
making the final diagnosis was blinded to the initial assess-
ment of adequacy by ROSE. Fifteen of the 25 studies used
pathologists or cytopathology fellows as ROSE assessors, 3
studies used cytotechnicians, and 5 studies did not specify
the type of assessor. Nine of the 25 studies specified criteria
for adequacy.

Effect of ROSE on Adequacy

The results of the meta-analysis are presented in ITable
21. On average, ROSE was associated with a 12% improve-
ment (95% confidence interval [CI] 0.08-0.16) in adequacy
rate (P <.001). Lung (RD =0.18, P <.001), soft tissue (RD =
0.14, P =.02), head and neck (RD = 0.20, P <.001), thyroid
(RD =0.10, P = .02), and lymph node (RD =0.12, P =.007)
all showed statistically significant improvement in adequacy

MEDLINE| | EMBASE
(n=832) | |(n=1,482)

L
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studies
(n =2,179)

I
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titles and
abstracts
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(n=2,108)

n=71)
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—

(n=73)
Final Excluded
evaluation (n =48)

l
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(n =25)

IFigure 10 Flow diagram for literature search.
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after implementation of ROSE. ROSE was not associated
with improvement in studies on the breast (RD = 0.06, P =
.28), pancreas (RD = 0.08, P = .14), and mediastinum (RD =
.04, P = .57) or in studies reporting results aggregated from
several different anatomic locations (RD = 0.11, P = .11).
ROSE was associated with a decrease in adequacy rate in 2
of 31 data sets and, in each of these cases, the decreases were
small (.01 and .04) and not statistically significant.

Heterogeneity was noted to be statistically significant in
the overall average RD (I> = 93.2%; P <.001). With the excep-
tion of head and neck studies, heterogeneity in each of the
subgroups was statistically significant. We investigated the
adequacy rate without ROSE as a potential source of hetero-
geneity. We plotted the RD against the non-ROSE adequacy
rate BFigure 20. Meta—regression analysis BTable 30 showed
that the non-ROSE adequacy rate was negatively correlated
with the RD (¢ = -9.2; P < .001). Meta—regression analysis
showed that the adequacy rate without ROSE accounted for
65% of the between-study heterogeneity. Our model shows a
good fit between the actual and predicted RD BFigure 31.

The influence of ROSE varied by anatomic location (a in
Table 3). ROSE had very little effect on adequacy in breast,
mediastinum, and soft tissue, but the effect on other tissues
was significant. We designated these as low and high ROSE
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“impact” groups (Table 3). On average, the improvement
in adequacy was 14 percentage points greater in the “high-
impact” group relative to the “low-impact” group (95% CI =
9.6%-19.1%, P < .001).

Variation in the Initial (Non-ROSE) Adequacy Rate

The non-ROSE adequacy rate varied from 44% to 100%
IFigure 41. The non-ROSE adequacy rate showed significant
heterogeneity in each tissue group except for head and neck
ITable 41. Meta-regression analysis showed that the variation
among tissue groups was not significant (P = .56).

Discussion

To our knowledge, this is the first study to synthesize the
evidence for the effect of ROSE on FNA adequacy. We found
that, on average, ROSE improves the per-case adequacy rate
by about 12%. After adjusting for the non-ROSE adequacy
rate, ROSE had a statistically significant effect on adequacy
in all 9 types of tissue (Table 3). These results were obtained
from high-quality studies (ie, those having a comparison arm)
and used data from 25 different studies and 9 different ana-
tomic locations. Thus, our results have broad applicability.

(Table 10
Characteristics of Included Studies

Study Design Assessors
Study No. Location Prosp Rand ROSE Allocation No. Same? Type®  Adequacy Defined?
Akalin et al®® 160 USA 0 0 BA 2 Yes NS No
Azabdaftari et al'® 144 USA 0 0 NS NS NS 0,2 No
Cleveland et al® 487 USA 0 0 NS 4 Yes 0 No
Davenport'’ 207 USA 0 0 NS NS NS 1 Yes
Diette et al'® 204 USA 1 0 NS NS NS NS No
Dray et al'® 1213 NZ 0 0 BA 2 Yes 1 Yes
Eisele et al*? 884 USA 0 0 NS NS NS 0,1 Yes
Ghofrani et al?® 1502 USA 0 0 NS NS NS NS No
Hamill et al2! 720 NZ 0 0 NS NS NS 1 No
Iglesias-Garcia et al'? 182 Spain 0 0 NS NS NS 1 No
Jing et al?* 1588 USA 0 0 NS 7 Yes 1 Yes
Klapman et al'! 243 USA 0 0 NS 1 Yes 1 No
Kucuk et al?® 143 Turkey 0 1 Random 1 Yes 1 No
Lachman et al?® 331 USA 0 0 BA NS NS 0 No
Moberly et al?” 274 USA 0 0 NS 3 Yes 1 No
O'Malley et al?® 121 USA 0 0 NS NS NS 1 No
Padhani et al?® 80 USA 1 1 Random NS NS 1,2 No
Raab et al®! 1176 USA 0 0 BA NS NS NS Yes
Redman et al32 693 USA 0 0 NS NS NS 0,1 Yes
Saleh and Khatib33 396 USA 0 0 BA NS NS 1 No
Santambrogio et al3* 220 Italy 1 1 Random NS NS 1 No
Trisolini et al®® 189 Italy 1 1 Random NS NS 1 Yes
Virayavanich et al3® 299 USA 0 0 NS NS NS NS Yes
Yarmus et al®” 68 USA 1 1 Random 1 Yes 1 No
Zhu and Michael®® 883 USA 0 0 NS NS NS 1,2 Yes

BA, Before and after; NS, not specified; NZ, New Zealand; Prosp, prospective; Rand, randomized; ROSE, rapid onsite evaluation.
2 Whether the same assessors made the final diagnoses in both arms of the study (ROSE and non-ROSE).

b Assessor types: 0 = technologist, 1 = pathologist, 2 = fellow.
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(Table 20
Meta-Analysis of Adequacy With and Without ROSE
95% CI for RD Adequacy Rate
Tissue Study RD LCL UCL With ROSE Without ROSE Heterogeneity
Lung Davenport'’ 0.38 0.26 0.50 0.82 0.44 12=73.8%; P=.001
Diette et al'8 0.31 0.19 0.43 0.82 0.50
Saleh and Khatib33 0.16 0.03 0.30 0.82 0.66
Padhani et al?® 0.09 -0.11 0.29 0.79 0.70
Kucuk et al?® 0.15 0.04 0.25 1.00 0.85
Santambrogio et al3* 0.12 0.06 0.18 1.00 0.88
Yarmus et al®” 0.06 -0.08 0.19 0.94 0.88
Subgroup average 0.18 0.10 0.27 P < .001
Multiple Saleh and Khatib33 0.26 0.13 0.39 0.73 0.48 I2=83.8%; P < .001
Azabdaftari et al'6 0.10 -0.06 0.26 0.84 0.74
Klapman et al' 0.10 -0.05 0.24 0.87 0.77
Lachman et al?® 0.00 -0.01 0.01 1.00 1.00
Subgroup average 0.11 -0.02 0.24 P=.11
Breast Dray et al'® 0.14 0.09 0.20 0.77 0.63 12=80.8%: P=.006
Hamill et al?! 0.00 -0.07 0.07 0.70 0.69
Akalin et al®® 0.01 -0.10 0.13 0.84 0.83
Subgroup average 0.06 -0.05 0.16 P=.28
Soft tissue Virayavanich et al®® 0.14 0.02 0.25 0.77 0.63 NA
Subgroup average 0.14 0.02 0.25 0.84 0.83
Head and neck Moberly et al?’ 0.24 0.12 0.37 0.86 0.81 12=0.0%; P=.500
Eisele et al*? 0.20 0.15 0.25 0.91 0.71
Subgroup average 0.20 0.16 0.25 P < .001
Pancreas Saleh and Khatib33 0.01 -0.32 0.35 0.67 0.65 12=75.1%; P=.007
Klapman et al’ 0.20 0.06 0.34 0.93 0.73
Iglesias-Garcia et al'? 0.12 0.04 0.19 0.99 0.87
Cleveland et al® 0.01 -0.07 0.05 0.99 1.00
Subgroup average 0.08 -0.02 0.19 P< .14
Thyroid Jing et al?4 0.28 0.25 0.32 0.94 0.66 12=96.3 %; P < .001
Zhu and Michael38 0.26 0.21 0.31 0.94 0.68
O'Malley et al?® 0.04 -0.19 0.1 0.76 0.80
Moberly et al?’ 0.06 -0.12 0.23 0.86 0.81
Ghofrani et al?0 0.10 0.04 0.16 0.93 0.83
Raab et al®’ 0.04 0.01 0.07 0.96 0.92
Ghofrani et al?® 0.03 -0.01 0.06 0.95 0.93
Redman et al*? 0.02 -0.03 0.07 0.96 0.94
Subgroup average 0.10 0.01 0.19 P=.02
Mediastinum Trisolini et al®® 0.04 -0.09 0.16 0.79 0.75 NA
Subgroup average 0.04 -0.09 0.16 P=.57
Lymph node Cleveland et al® 0.12 0.03 0.20 0.96 0.84 NA
Subgroup average 0.12 0.03 0.20 P=.007
Overall Total 0.12 0.08 0.16 P < .001 12=93.2%; P < .001

CI, confidence interval; I?, inconsistency statistic (percentage of total variation that can be attributed to between-study variation); LCL, lower confidence limit; NA, not available;
RD, risk difference (adequacy with ROSE — adequacy without ROSE); ROSE, rapid onsite evaluation; UCL, upper confidence limit.

We found significant heterogeneity in our results and
showed that the non-ROSE adequacy rate is a significant
source of heterogeneity. Thus, the non-ROSE adequacy
rate is an important confounder. This result is not surprising
because studies with high non-ROSE adequacy rates have
little opportunity for improvement. Thus, the improvement
in adequacy will be small when the non-ROSE adequacy rate
is high. In contrast, sites with low non-ROSE adequacy rates
have significant opportunity for improvement. We found
that the non-ROSE adequacy rate accounted for 61% of the
between-study variability. This is an important finding. Previ-
ous studies on the effect of ROSE have shown considerable
variability in adequacy rates. Our study shows that the non-
ROSE adequacy rate is an important source of variability,
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and the results of ROSE studies cannot be compared without
knowledge of the non-ROSE adequacy rate. Our study is the
first to identify this confounder and to adjust for this factor in
our estimates of the effect of ROSE.

The studies included in our analysis compared 2 cohorts
at a single site. The 2-cohort design is superior to a single-
cohort design because it potentially controls for many site-
specific factors and reduces variation; however, such designs
can still suffer from bias. The method of allocation is a poten-
tial source of bias because certain types of cases might be allo-
cated to ROSE or to certain ROSE assessors. The studies in
this group used 3 different approaches for allocation of ROSE
to cases: randomization, before and after, and nonspecified
allocation as determined by retrospective case review.
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Study ID RD (95% CI)
Lung 1
Yarmus et al®’ B e —— 0.06 (-0.08, 0.19)
Padhani et al?® L 0.09 (~0.11, 0.29)
Santambrogio et al** — 0.12 (0.06, 0.18)
Kukuc et al*® —_—— 0.15 (0.04, 0.25)
Saleh and Khatib® —:+— 0.16 (0.03, 0.30)
Diette et al'® | —_— 0.31 (0.19, 0.43)
Davenport' 1 ——&— 0.38 (0.26, 0.50)
Subtotal (I2 = 73.8%, P = .001) J|‘ 0.18 (0.10, 0.27)
Multiple :
Lachman et al*® * ! 0.00 (-0.01, 0.01)
Klapman et al' ——+}— 0.10 (-0.05, 0.24)
Azabdaftari et al'® s pamme. Se— 0.10 (-0.06, 0.26)
Saleh and Khatib® | —— 0.26 (0.13, 0.39)
Subtotal (I? = 83.8%, P <.001) <¢ 0.11 (-0.02, 0.24)
1
Breast 1
Hamill et al*! —_— ! 0.00 (-0.07, 0.07)
Akalin et al*® — ! 0.01 (-0.10, 0.13)
Dray et al™® —— 0.14 (0.08, 0.20)
Subtotal (I> = 80.8%, P = .006) 0.06 (-0.05, 0.16)
1
Soft tissue :
Virayavanich et al*® —_—— 0.14 (0.02, 0.25)
Subtotal I’ 0.14 (0.02, 0.25)
Head and neck :
Eisele et al*® | —— 0.20 (0.15, 0.25)
Moberly et al”’ :—+— 0.24 (0.12, 0.37)
Subtotal (I2 = 0.0%, P = .500) , 0.20 (0.16, 0.25)
1
Pancreas !
Cleveland et al® — -0.01 (-0.07, 0.05)
Saleh and Khatib® - 0.01 (-0.32, 0.34)
Iglesias-Garcia et al'? —_— 0.12 (0.04, 0.19)
Klapman et al"! — 0.20 (0.06, 0.34)
Subtotal (1> = 75.1%, P = .007) el 0.08 (-0.02, 0.19)
1
Thyroid :
O’Malley et al® S o m— -0.04 (-0.19, 0.11)
Redman et al*? —— 0.02 (-0.02, 0.07)
Ghofrani et al® T | 0.03 (-0.01, 0.06)
Raab et al”' - 0.04 (0.01, 0.07)
Moberly et al*” —— 0.05 (-0.12, 0.23)
Ghofrani et al*® —— 0.10 (0.04, 0.16)
Zhu and Michael®® : —— 0.26 (0.21, 0.31)
Jing et al* | - 0.28 (0.25, 0.32)
Subtotal (I2 = 96.3%, P <.001) o 0.10 (0.01, 0.19)
1
Mediastinum :
Trisolini et al*® —_— 0.04 (-0.09, 0.16)
Subtotal —~——— 0.04 (-0.09, 0.16)
1
Lymph node :
Cleveland et al® —_—— 0.12 (0.03, 0.20)
Subtotal ’. 0.12 (0.03, 0.20)
Overall (1> = 93.2%, P <.001) ‘ 0.12 (0.08, 0.16)
1
1
[ [ [ [ [ [ [ [

-03 -02 -01 00 01 02 03 04 05
Favors no ROSE Favors ROSE

IFigure 20 Forest plot of included studies. The figure shows the risk difference (RD; change in adequacy rate due to rapid onsite
evaluation [ROSE]) for individual studies and subgroups of studies based on anatomic site. Cl indicates confidence interval;
squares, the RD estimate for each study; lines, 95% Cls; and diamonds, estimates for the subgroup and overall summary
estimates. The diamonds are centered on the estimate and the width is equal to the 95% Cl. |2 is the inconsistency statistic,
which measures the percentage of total variability that can be attributed to between-study variation. The analysis is unadjusted
for initial adequacy rate.
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(Table 30
Meta-Regression Results for Risk Difference®
Coefficient 95% CI
Equation Factor Symbol Value ROSE Impact Lower Upper tb P
Non-ROSE adequacy rate, X| B -0.67 -0.82 -0.51 -8.91 <.001
Tissue effects
Breast o, 0.00 Low Reference
Pancreas Oy 0.14 High 0.05 0.23 3.26 .004
Lung 0y 0.14 High 0.07 0.22 3.78 .001
Lymph node o, 0.15 High 0.02 0.28 2.42 .02
Thyroid O 0.14 High 0.07 0.21 4.07 <.001
Multiple Olg 0.12 High 0.03 0.20 2.81 .01
Mediastinum o, 0.01 Low -0.15 0.16 0.12 .90
Soft tissue Olg 0.03 Low -0.12 0.18 0.44 .66
Head and neck Olg 0.15 High 0.05 0.24 3.28 .004
Constant K 0.53 0.40 0.65 9.00 <.001

ClI, confidence interval; ROSE, rapid onsite evaluation.

2 The influence of each tissue type on the risk difference (RD) is shown. The coefficients correspond to Equation 1 in the text. The values of the coefficients indicate the relative
effect of each factor on the RD (a) as determined by Equation 1. For example, assuming a non-ROSE adequacy rate of 0.76 (X = 0.76), the predicted RD for pancreas (o = 0.14)
would be calculated using Equation 1: RD =k + .+ BX = 0.53 + 0.14 - 0.67(0.76) = 0.16. The coefficients for tissue effects (o) are expressed relative to breast, which is used

as a reference.
b Student ¢ statistic.
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IFigure 30 Change in adequacy rate. The figure shows the
predicted vs actual change in adequacy rate. The change

in adequacy rate or risk difference (RD) was obtained from
the meta—regression analysis using the parameters in Table
3 (predicted RD = 0.53 - 0.67a + X, where o is the actual
risk difference and X is an adjustment factor for the specific
tissue). Each number corresponds to a specific study. The
actual number corresponds to the tissue type in that study
as indicated in the legend. The dashed line shows perfect
correlation between the actual and predicted change in RD.

Random allocation of the intervention (ROSE) is the best
design because the effects of case complexity, operator skill,
and other unknown factors are distributed equally between
study arms. Unfortunately, most studies did not provide a
detailed description of the randomization procedure. For
example, was both the intervention and the pathologist ran-
domized or only the intervention?

The before-and-after design compares performance
during 2 different periods. In this design, ROSE is used
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IFigure 40 Correlation of adequacy rate with and without
rapid onsite evaluation (ROSE). The figure shows the
correlation between the risk difference and the adequacy rate
without ROSE. Each circle represents a study. The size of the
circle is proportional to the study size. The dashed line shows
the best-fit line.

for all cases in the study period and not used at all in the
control period. The validity of this approach rests on the
assumption that no other significant changes occurred
during that period (eg, changes in personnel, case mix,
allocation, or technology). Changes in such confounders
can lead to bias in a single study; however, it is likely that
the direction and magnitude of this type of bias would vary
across studies and not present a significant threat to bias in
a meta-analysis.

© American Society for Clinical Pathology

Zzoz ¥snbny |z uoisenb Aq 26659/ 1/00€/€/6€ |L/a1o1e/dofe/woo dno-olwepede)/:sdiy Woly papeojumoq



Anatomic Pathology / OriciNaL ARTICLE

OTable 40
Initial (Non-ROSE) Adequacy Rates by Tissue

Non-ROSE Adequacy Rate Heterogeneity
Tissue AVG LCL UCL I? P
Breast 0.69 0.66 0.71 87.6 <.001
Pancreas 0.82 0.76 0.88 71.9 0.03
Lung 0.72 0.68 0.75 94.6 <.001
Lymph node 0.84 0.76 0.92 NA NA
Thyroid 0.88 0.87 0.89 97.7 <.001
Multiple 0.64 0.57 0.70 89.7 <.001
Mediastinum 0.75 0.67 0.83 NA NA
Soft tissue 0.63 0.53 0.73 NA NA
Head and neck 0.71 0.67 0.74 2.7 31
Overall 0.83 0.82 0.84 96.4 <.001

AVG, average; I2, inconsistency statistic; LCL, lower confidence limit; NA, not calculable due to small sample size; ROSE, rapid onsite evaluation; UCL, upper confidence limit.

In many studies, the interventional allocation was
determined by retrospective review. In this design, it is
unclear how ROSE is allocated to cases. Although there is
a “control arm,” it is not clear whether the control arm is a
true comparator. For example, ROSE may be assigned to
difficult cases and not used in situations in which adequacy
rates are typically high. Although this is the weakest design,
it was the most frequently used design in our set of studies.
This design presents a threat to bias; however, it is difficult
to predict the direction and magnitude.

Our set of studies showed considerable heterogeneity
in the non-ROSE adequacy rate (Figure 3). The reason for
this heterogeneity is unclear. The studies showed much
more within-tissue heterogeneity than between-tissue het-
erogeneity (Table 4). The reason for this heterogeneity
is unclear but could be caused by different definitions of
adequacy. Only a few of the included studies provided
criteria for adequacy and, consequently, it was not pos-
sible to test whether definitions of adequacy contributed to
heterogeneity.

In conclusion, our study showed that ROSE improves the
adequacy rate across a wide range of tissue types and that the
non-ROSE adequacy rate is an important confounder. Non-
ROSE adequacy varies significantly among institutions. Stud-
ies need to account for the effect of the non-ROSE adequacy
rate when reporting the influence of ROSE.
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