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Abstract
In 2011, a new classification of lung adenocarcinoma was published. Since then there have been multiple studies regarding
observer variability in predominant subtype determination, with levels of agreement generally in the weak to moderate
range. In the 2011 and subsequent WHO 2015 classification, a recommendation was also made to visually assess and record
the percentage of each subtype in 5% increments. The present study was initiated to determine the reproducibility of such
gestalt assessments and to compare these data to a formal morphometric assessment. Five experienced pathologists reviewed
multiple single images of 25 adenocarcinomas, taken at 2× and 10×, and estimated the percentage of lepidic, acinar,
papillary, micropapillary, and solid components in 5% increments. After 2 months all the pathologists again reviewed the
same images presented to them in a different order. We found that there was poor reproducibility within observers at 2×
power using a 5% evaluation, but that this improved using 10% or 25% cutoffs. Use of 10× magnification allowed weak to
moderate reproducibility at 5% increments, and this was again improved using 10% or 25% cutoffs. Correlation with
morphometric assessment was poor except for the papillary and micropapillary subtypes. Differences among pathologists
were generally low except for the acinar and, to a lesser degree, lepidic subtypes, which showed a wide spread of data. When
estimating tumor subtype proportions, use of a 10× objective, and utilization of 10% or preferably 25% cutoffs provides a
greater degree of consistency than a 5% cutoff.

Introduction

The International Association of the study of lung cancer
2011 classification of pulmonary adenocarcinoma [1]
recommended that a diagnosis of pulmonary adenocarci-
noma should not only include a listing of the predominant
pattern, but that the percentage of each subtype should be
visually be estimated in increments of 5%. The 2015
WHO monograph [2] also makes this recommendation and

reiterates the importance of recognition of minor subtypes.
However, even reproducibility of determination of the
predominant subtype has shown only weak to moderate
agreement among pathologists [3–6]. Although it may be
important to recognize the presence of minor subtypes,
there have been little data to indicate that such a practice,
and in particular use of a 5% increment, is reproducible
within or among pathologists. The present study has been
designed to investigate this issue.

Methods

Ethics approval was received from the University of
British Columbia and the Vancouver General Hospital.
Twenty-five invasive, nonmucinous adenocarcinomas of
lung were chosen from the surgical pathology archives of
Vancouver General Hospital. There were no minimally
invasive adenocarcinomas in the study. From each case, two
slides containing tumor were selected and photographs
taken for evaluation. Five experienced pathologists were
included in the study. In order to reduce training bias, none
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of the pathologists, who work in three separate countries,
trained together, nor did any one pathologist train any of
the others.

Definitions for each tumor pattern were first reviewed
using the criteria set out in the summary article by Travis
et al. [7]. In the first experiment, each observer examined
two photographs of each case taken using a 2× objective
with a field diameter of 10.5 mm. The fields to be photo-
graphed were selected using a number from the top left
hand X- and Y-axes of the microscope stage obtained from
a random number generator. The 50 photographs were
arranged randomly. Each pathologist provided an overall
visual percentage estimation, in 5% increments, of the
proportions of the different variants of adenocarcinoma:
lepidic, acinar, papillary, solid, and micropapillary. Per-
centage of the variant types was calculated using the
combined data for each case.

In the second part of the study, each slide was placed on
the microscope stage and co-ordinates around the tumor
were obtained on the X- and Y-axes of the stage encom-
passing the area previously photographed at 2× power. Five
sets of nonoverlapping co-ordinates were obtained for each
case using stratified random sampling by taking the total
number of fields on the slide divided by 5 to get the sam-
pling period; a random number was used within the first
period to select the starting point and then each additional
field was incremented by the sampling period. These areas
were then identified using a 10× objective magnification
(field diameter 2.1 mm), photographed, and the randomly
arranged 125 images supplied to each of the participating
pathologists who again made a visual estimate of the per-
cent of each histologic subtype. Percentage of the variant
types was calculated using the combined data for each case.

After 2 months, the images were recoded and the process
was repeated. The code was then broken, and data were
arranged to determine the final percentages of each subtype
for each case as indicated by each pathologist.

In a third part of the study, using a morphometric grid
with 35 equally spaced points, one pathologist (J.L.W.)
utilized the 10× photographs and categorized the subtypes
at each point. These data were then combined for each case
and analyzed as to percent of subtype in each case.

As a subsidiary question, the data were examined to
determine agreement in the predominant pattern of the
adenocarcinomas.

Statistical consultation was obtained prior to data ana-
lysis (see Discussion). Using the STATA statistical analysis
system (StataCorp LLC USA), we determined the intra-
pathologist agreement for each pathologist on each of the
two data sets by dividing these data into 5, 10, and 25%
bins using the Kappa analysis function. Agreement between
the morphometric data and the visual scoring was analyzed
only for JLW. Agreement in predominant pattern was

assessed by Cohen’s kappa analysis. An agreement of less
than 40% was judged as minimal, 40–59% weak, 60–79%
moderate, and 80–100% strong. The basis of these terms is
derived from kappa usage.

To demonstrate the degree of inter-pathologist agree-
ment, we utilized the second set of scores in each of the data
sets and calculated all of the differences for each of the 25
cases. Specifically the data from each pathologist was
subtracted from those of each of the other pathologists.
These data were then graphed as histogram (see
Discussion).

Results

Intrapathologist agreement

These data are shown in Tables 1 and 2 for 2× and 10×
photographs. On low power evaluation (2× objective), a 5%
cutoff provided only minimal to moderate agreement. This
improved by approximately 10% using 10% bins, and an
additional 10–20% using 25% bins. Agreement was best for
papillary and micropapillary subtypes and worst for acinar
subtype. We tested for an “outlier” pathologists, but no one
pathologist had consistently different responses or less
reproducibility that any other.

Analysis of the 10× photographs (Table 2) showed a
generally weak to moderate degree of agreement using 5%
cutoffs, which improved approximately 10% using 10%
bins. Additional improvement in agreement was obtained
using 25% bins for the lepidic, acinar, and solid subtypes.

Table 3 shows agreement between 2× and 10× analysis
of photographs. Using 5% cutoff bins, there was only weak

Table 1 Intrapathologist agreement at 2× power using various
percentage cutoffs

5% Bins (%) 10% Bins (%) 25% Bins (%)

Lepidic 37 47 69

Acinar 18 26 46

Papillary 67 79 92

Micropapillary 66 74 85

Solid 48 53 70

Table 2 Intrapathologist agreement at 10× power using various
percentage cutoffs

5% Bins (%) 10% Bins (%) 25% Bins (%)

Lepidic 58 67 82

Acinar 22 29 61

Papillary 78 90

Micropapillary 66 80

Solid 48 56 65
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agreement for subtypes except for papillary and micro-
papillary which showed a moderate degree of agreement.
This improved only slightly using 10% bins, but there was
an approximately 30% increase in agreement using 25%
cutoffs; papillary and micropapillary subtypes were all
within a 25% range so additional improvement was not
obtained for these subtypes.

Agreement with morphometric analysis

Table 4 shows the agreement between visual and morpho-
metric scoring. Acinar subtype had an extremely weak
degree of agreement at 5% cutoff which improved only to a
moderate level even at 25% cutoff bins. Papillary and
micropapillary subtypes had a reasonably strong degree of
agreement even at 5% bins. Lepidic and solid subtypes
obtained strong agreement only with 25% bin cutoffs.

Differences among pathologists

Figures 1–5 show histograms of the differences among
pathologists for each subtype in both 2× and 10× photograph
analysis. With a 2× objective, for all subtypes except acinar,
differences among pathologists were generally modest, but
there were also some very large differences. These differences
were especially marked for the acinar variant and remained
even with a 10× objective (see Discussion). Considerable
differences were present for the lepidic variant even with 10×
objective (see Discussion). However, papillary and micro-
papillary variants showed only small degrees of differences at
10×, and differences were diminished in the solid subtype.
Agreement in predominant pattern was weak at both low
(kappa 0.35) and high (kappa 0.25) objective powers. At low

power, the discrepancies are most obvious between acinar and
solid patterns. In five cases one or more pathologists had a
discordant predominant pattern between these two subtypes.
Similar findings regarding discrepancies between solid and
acinar pattern were present at high power, but there were also
variations in lepidic and acinar pattern with a single (but not
always the same) pathologist differing in 6 six cases.

Discussion

Since the report of the 2011 IASLC pulmonary adeno-
carcinoma classification [1], a number of articles have been
published regarding assessment of patterns [7], and the
reproducibility of such assessments [3–5]. Reproducibility
of determination of the predominant pattern on H&E stains
ranges from a kappa of 0.25–0.77 using H&E only, findings
recapitulated in the present study. A recent study [6] has
suggested that this can be improved using a combination of
immunohistochemistry and mucin stains. The studies by
Thunnissen et al. [3] and Warth et al. [4, 5] noted that
determination of a predominant pattern was easier for

Table 3 Intrapathologist agreement between 2× and 10× power using
various percentage cutoffs

5% Bins (%) 10% Bins (%) 25% Bins (%)

Lepidic 35 44 71

Acinar 15 24 45

Papillary 67 77

Micropapillary 65 78

Solid 48 56 70

Table 4 Agreement with morphometric analysis using various
percentage cutoffs

5% Bins (%) 10% Bins (%) 25% Bins (%)

Lepidic 40 44 72

Acinar 4 24 44

Papillary 88 88

Micropapillary 72 72

Solid 48 56 64

Fig. 1 Differences in percent scores of all pathologists for lepidic
pattern at 2× (a) and 10× (b) objective powers
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lepidic and acinar patterns, and most difficult for papillary
and micropapillary patterns, however, our study showed a
better degree of agreement on the proportion of these latter
two patterns indicating that they are less prone to an alter-
nate interpretation (see below). However, since these pat-
terns were the predominant pattern in only a minority of our
samples, we cannot make this assertion with exactitude. Our
study suggests that determination of predominant pattern is
most difficult between acinar and solid patterns, a difference
which may reflect the difficulties in assigning a major pat-
tern to cribriform variant.

The determination of patterns appears to be important
prognostically since the different histological subtypes
conferred different patient outcomes (reviewed in [8].
For example, it has been recently shown [9] that micro-
papillary and solid variants had a greater recurrence rate and
a poorer overall survival when they were the predominant
patterns, and even a small amount of micropapillary pattern
appears to have a negative effect upon overall survival [10].

In the original 2011 classification [1] a recommendation
was introduced to provide a gestalt percentage of the types
of patterns using 5% increments, although it was also noted

that this recommendation was weak and based on low-
quality evidence. Our present study was performed to
determine whether such a visual process was reproducible
within and among pathologists at either a low (2×) or
medium (10×) objective, and whether the results would
correlate with a morphometric determination.

Our data show that intrapathologist agreement is weak
using a 2× objective and better using a 10× objective
analysis. There is a generally weak to moderate degree of
agreement using the recommended 5% cutoffs; agreement
was best for the papillary and micropapillary variants.
However, agreement improved considerably using 10%
bins and generally improved further using 25% bins.
Surprisingly, we found that the least degree of agreement
was present for the acinar and lepidic subtypes, suggesting
that, on individual fields, it may be difficult to differentiate
acinar subtype from lepidic; this issue probably arises from
differences in whether one views areas with acinar glands
and surrounding scars as lepidic tumor (i.e., Noguchi type
B) or invasive acinar adenocarcinoma. This problem may,
theoretically, be accentuated when assessing minimally
invasive tumors; this is beyond the scope of the present

Fig. 2 Differences in percent scores of all pathologists for acinar
pattern at 2× (a) and 10× (b) objective powers

Fig. 3 Differences in percent scores of all pathologists for papillary
pattern at 2× (a) and 10× (b) objective powers
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study, since we did not include minimally invasive tumors
in the analysis. Acinar, and to a lesser extent lepidic var-
iants also had the greatest degree of difference among the
pathologists.

One could ask why we chose to utilize percent agreement
tables and histograms to display our data rather than the
commonly utilized kappa statistic. For intrapathologist
agreement, it is important to recognize that at 5% cutoffs,
there were 20 potential bins and at 10% there were 10 bins,
and therefore percent agreement avoids problems related to
data skew. The other advantage of the histograms is that
they show degrees of difference among pathologist and
are thus able to summarize an easy-to-interpret quantity
(how (dis-)similar are the two observations), whereas the
kappa value is an abstraction that does not provide infor-
mation on how often observations are similar.

Our study results are not surprising when considering
that reproducibility of dominant type only shows only a
weak-to-moderate agreement. However, it does indicate that
subtype fraction analysis is possible, but is probably best
performed with 10–25% bin cutoffs, with the greatest
accuracy using 25% bins. A study by Smits et al. [11] has

also found very low reliability when determining the per-
centages of tumor population for molecular analysis using
5% cutoffs in tissue samples. One might ask whether formal
morphometric analysis would be more accurate, but mor-
phometric analysis is not generally appropriate for other
than research studies, and does not provide any additional
information. Indeed the same difficulty in definitively
determining acinar subtype appears to be present here using
morphometric analysis.

In summary, this study has shown that determination of
lung adenocarcinoma patterns according to the percentage of
each subtype improves with larger cutoffs. Use of 5% cutoffs
produces only weak to moderate reproducibility, and 10% or
25% subtype estimates appear to provide more accurate data.
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Fig. 4 Differences in percent scores of all pathologists for micro-
papillary pattern at 2× (a) and 10× (b) objective powers

Fig. 5 Differences in percent scores of all pathologists for solid pattern
at 2× (a) and 10× (b) objective powers
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