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ABSTRACT: Recently, a novel classification for pulmonary adenocarcinomas (ADCs) was published,

the cornerstone of which is the quantification of growth patterns. Data on reproducibility in the routine

diagnostic setting are lacking.

100 constitutive cases of lung ADC resection specimens from our archives were classified

independently by five pulmonary pathologists and two residents according to the International

Association for the Study of Lung Cancer/American Thoracic Society/European Respiratory

Society classification.

The most frequent predominant pattern in our cohort was solid (37%), followed by acinar (35%),

lepidic (20%), papillary (5%) and micropapillary (3%). k-values for the denomination of the

predominant pattern revealed substantial agreement for pulmonary pathologists (k50.44–0.72)

and fair agreement for residents (k50.38–0.47). Interobserver variability was significantly higher

in cases with higher slide numbers (p50.028) and was considerably reduced after training.

Intraobserver variability was low (k50.79–0.87). Papillary and micropapillary patterns were the

most complicated patterns to evaluate, while evaluation of lepidic and solid tumour growth was

straightforward.

Our data imply that the novel classification of pulmonary ADC is applicable with acceptable

interobserver variability if performed by specifically trained pathologists. Additional efforts are

needed to harmonise the application of this novel and clinically important classification scheme of

pulmonary ADC.
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P
ulmonary carcinomas are very frequent
neoplasms, and the leading cause of cancer
deaths for both sexes in the western world

[1]. Of these, the most prevalent tumour type is
adenocarcinoma, accounting for approximately
half of all lung cancers.

In pulmonary tumours, as well as in all other
neoplasms, a reliable estimation of patient survival
probability is crucial, since the selection of conven-
tional therapy regimens administered in the pallia-
tive or adjuvant setting is largely based on the risk
that the patient will die of his disease in a given
time-frame. The cornerstone of clinical survival
estimation in lung neoplastic disease is stage
categorisation. Recently, the staging system of lung
neoplasms has been revised and extended to
include additional pulmonary tumour entities
now comprising squamous cell carcinoma (SCC),

adenocarcinoma (ADC) and pulmonary carcinoids,
as well as several rare types of non-small cell lung
cancer [2]. In addition, molecular alterations that
may predict response to certain drugs have been
introduced into clinical decision making. This
comprises factors like EGFR mutations (for erloti-
nib, gefitinib) or EML4–ALK translocations [3–5].
Additional clinically applicable prognosticators or
response predictors for pulmonary SCC and ADC
have not been established. A myriad other sug-
gested prognostic and predictive markers have not
made it into the clinic yet [6] for practical, financial,
technical or scientific reasons.

Tumour grade as determined by the pathologist
on the basis of conventional histology is a reliable
predictor of survival in a broad variety of solid
human tumour entities. In some of these entities,
such as breast cancer, prostate cancer or sarcoma,
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standardised grading strongly influences clinical decision
making [7–9].

In contrast, in the last decades, grading in lung cancer has largely
been performed without internationally accepted criteria and
without any clinical impact. However, an increasing number of
groups is working on this issue [5, 10]. Recently, on the basis of
some novel data obtained by these groups, an international
multidisciplinary expert panel of the International Association
for the Study of Lung Cancer (IASLC), the American Thoracic
Society (ATS), and the European Respiratory Society (ERS) has
proposed a novel classification system for ADC, which is based
on the evaluation of tumour architecture and is intended to allow
for standardised tumour grading [10]. The core of this novel
classification is a categorisation of pulmonary ADCs according
to their predominant growth pattern. The independent prog-
nostic impact of this classification across all tumour stages has
subsequently been confirmed by us and others in large ADC
cohorts from Europe, Australia and the USA [11–14]. Thus,
grading of pulmonary ADC on the basis of the predominant
pattern will very probably enter clinical decision making in the
near future. However, prior to the application of this classifica-
tion in the daily clinical routine, it is mandatory to corroborate
that this classification can be reliably and reproducibly utilised
under real-life conditions by different evaluators beyond a well-
defined study setting. Data on that issue, however, are currently
lacking. Therefore, in the present study, we assessed intra- and
interobserver variability in pulmonary ADC pattern recognition
under routine diagnostic conditions. To do so, we randomly
selected 100 ADC cases from our archives and performed a
comprehensive round-robin test with seven pathologists with
different levels of lung pathology training from three German
institutions.

MATERIAL AND METHODS

Tissue
100 cases of randomly selected pulmonary ADC were eval-
uated. All tumours were surgically removed at the Thoracic
Hospital of the University of Heidelberg (Heidelberg, Germany)
in 2008. Of the respective cases, all slides processed for routine
diagnosis were reviewed by all participants. To focus on the
pattern issue, specific subtypes of pulmonary ADC, e.g. invasive
mucinous ADC, were excluded.

Reviewers
A total of seven reviewers took part in the study. All were
provided with the novel IASLC/ATS/ERS classification [10]
without further discussion. All reviewers were blinded to the
results of the other reviewers. Three of the reviewers (A. Warth,
W. Weichert and P.A. Schnabel) were pathologists from the
University Hospital in Heidelberg with ample expertise in
pulmonary pathology (o5 yrs of continuous diagnostic work in
this field). In addition, two expert pulmonary pathologists from
other German high-volume centres were included (A-C. von
Brünneck, Charité University Hospital, Berlin; I. Petersen,
University Hospital Jena). The remaining two evaluators (B.
Goeppert and A. Stenzinger) were pathologists in training with
a certain expertise in general surgical pathology but with no
special training in pulmonary pathology. Two of the evaluators
(A. Warth and W. Weichert) assessed the whole slide set a

second time to probe for intraobserver variability. The time
elapsed between both evaluations was .1 month.

After the first round of evaluations, the two non-pulmonary
pathologists (B. Goeppert and A. Stenzinger) took part in a
training session during which both attended the re-evaluation of
the whole slide sets of all 100 cases by either A. Warth or W.
Weichert. After 1 week, both pathologists in training undertook
a second solitary independent evaluation round.

Evaluation
All haematoxylin and eosin slides sampled from the primary
tumours were evaluated. Lymph node or distant metastases
were not included. Tumour architecture was classified as
lepidic, acinar, papillary, micropapillary or solid according to
the respective guidelines of the IASLC/ATS/ERS (fig. 1) [10].
Quantification was performed in 5% increments as recom-
mended. Tumours were categorised according to the pattern
with the highest percentage. In addition, a consensus categor-
isation of the predominant pattern was determined. To do so,
the mean percentages per pattern were calculated for every case
from the evaluation data of the five pulmonary pathologists.
Subsequently, a consensus predominant pattern was assigned
to each case on the basis of these data.

Statistical analysis
For the comparison of percentages of growth patterns, Pearson’s
correlation was used. The significance of differences in correlation
coefficients between patterns was calculated by an ANOVA. For
the comparison of k-values between slide number sub-groups,
the Mann–Whitney U-test was applied. All statistics and graphs
were calculated with PASW 19 (IBM, Ehningen, Germany) and
GraphPad Prism 4.03 (GraphPad Software, La Jolla, CA, USA).

RESULTS
Pattern frequency and slides
For the calculation of the number of tumour-containing slides
only those slides that contained .10% tumour tissue were
counted. Hence, a mean number of four tumour-bearing slides
were available per case (range 1–12). The distribution of slide
numbers bearing tumours per case is given in figure 2.

Correlation of pattern percentages
By calculating the mean overall frequency of patterns assigned by
the five pulmonary pathologists, we found that the most frequent
pattern in our cohort was acinar (32.9%), followed by solid
(30.2%), lepidic (19.5%), papillary (10.4%) and micropapillary
(7.1%) (fig. 2). When the correlation coefficients for the percen-
tages per pattern were compared between pulmonary patholo-
gists, we found considerable variations in dependability of the
respective patterns (fig. 3). Correlation coefficients for pattern
percentage between pulmonary pathologists were highest for the
solid pattern (0.86) followed by the lepidic (0.78), acinar (0.61),
micropapillary (0.60) and papillary (0.58) patterns. The differences
in correlation coefficients between patterns were statistically
significant (p,0.001). Correlation coefficients of the pathologist-
in-training pattern percentages with the consensus frequency
were considerably lower. Again, the correlation coefficient was
highest for the solid pattern (0.64), followed by lepidic (0.50),
acinar (0.46), papillary (0.42) and micropapillary (0.29). After
training, correlation coefficients for the residents’ pattern percen-
tages with the consensus improved to values comparable to those
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FIGURE 2. Frequency of patterns and number of slides. a) Mean frequency

of patterns calculated from the evaluations of five pulmonary pathologists. b)

Frequency of predominant consensus patterns. c) Number of slides containing

.10% tumour for all cases.
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d) e)
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FIGURE 1. Exemplary photomicrographs of pulmonary adenocarcinoma (ADC) growth patterns. a–d) Haematoxylin and eosin and e) periodic acid–Schiff-stained

pulmonary ADC with a) lepidic, b) acinar, c) papillary, d) micropapillary and e) solid growth patterns depicted. Original magnification 406.
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of the pulmonary pathologists. Again, agreement for the solid
pattern was highest (0.92), followed by lepidic (0.80), micro-
papillary (0.78), papillary (0.70) and acinar (0.65).

Comparison of the most prominent pattern
The most frequent predominant consensus pattern was solid
(37%), followed by acinar (35%), lepidic (20%), papillary (5%) and
micropapillary (3%) (fig. 2). k-values for the predominant pattern
for pulmonary pathologists from one institution (three compar-
isons) ranged between 0.51 and 0.72, and indicated moderate-
to-substantial agreement. When predominant patterns were
compared for all pulmonary pathologists, this resulted in k-
values between 0.44 and 0.72. For the comparison of the

predominant pattern as evaluated by the untrained pathologists
with the consensus of the pulmonary pathologists, k-values were
somewhat lower, and ranged between 0.38 and 0.47. However,
after a training session, k-values were elevated to 0.51 and 0.66
respectively. Repeated evaluation by the same reviewers resulted
in very high k-values of 0.79 and 0.87 (fig. 4), respectively.

Dependence of predominant pattern evaluation from the
number of slides per case
To investigate whether k-values for the predominant pattern
were dependent on the number of slides evaluated, we created
sub-groups of our cohort with one group containing those cases
with one to three slides (n553) and another group containing
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FIGURE 3. Pearson’s correlation coefficients for pattern evaluation. Mean¡SD of Pearson’s correlation coefficient is depicted separately for all patterns and evaluator groups.
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FIGURE 4. k-values for the evaluation of the predominant pattern. a) k-values are depicted separately for all evaluator groups; b) dependence of k-values of pulmonary

pathologists on the number of tumour-containing slides per case. SI: single institution.
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the cases with four to 12 slides (n547). Interestingly, k-values
for pulmonary pathologists were significantly worse (p50.029)
in the group with the high number of slides (mean 0.48)
compared with the group with the low number of slides (mean
0.58) (fig. 4).

Discrepancies in the evaluation of selected patterns
To elucidate which were the most critical patterns to evaluate,
we investigated how often disagreements in predominant
patterns were observed between pulmonary pathologists for
every possible combination. We found an agreement for the
predominant pattern in a mean of 66 out of 100 cases. The most
frequent absolute disagreement was between acinar and solid
pattern with a mean of 13.1 cases, followed by the papillary/
acinar (mean 5.3 cases) and lepidic/acinar (5.0 cases) combina-
tions. Mean case numbers for lepidic/papillary, micropapillary/
acinar and micropapillary/solid were 3.9, 3.0 and 1.1, respec-
tively. Disagreement for the lepidic/micropapillary and lepidic/

solid combinations was relatively rare (mean case numbers 0.3)
(fig. 5).

Consequently, the absolute number of disagreed cases (10
comparisons between five pulmonary pathologists) was high-
est in those showing the acinar pattern (n5264), followed by
solid (n5154), papillary (n5108), lepidic (n598) and micro-
papillary (n554) patterns (fig. 6).

Since the number of misclassifications is clearly biased by the
overall frequencies in which the respective patterns can be
observed, we then normalised the frequency of misclassifications
per pattern. To do so, we calculated the number of disagree-
ments for every pattern by summing up all disagreed cases in
which the respective pattern was involved and divided this
number by the number of cases classified as predominant for this
pattern according to the consensus and by the number of
possible comparisons (n510). This allowed us to come up with a
number of disagreed cases per predominant case per compar-
ison for every pattern. This calculation showed that, in relative
terms, indeed the most difficult patterns to evaluate were
papillary (2.16) and micropapillary (1.8), followed by acinar
(0.71), lepidic (0.49) and solid (0.44) (fig. 6).

DISCUSSION
The novel IASLC/ATS/ERS classification of pulmonary ADC
[10] has been shown by us and others to have a strong and
significant impact on overall, disease-specific and disease-free
survival across all tumour stages [11, 13–15]. However, the
question of the reproducibility of the identification of these
patterns has not yet been addressed.

By performing a round-robin test under real-life conditions, we
demonstrate that a reliable and reproducible pattern classifica-
tion in lung ADC is possible. Agreement on the predominant
growth pattern is moderate-to-good between pulmonary
pathologists. Agreement on patterns was somewhat poorer for
pathologists without pulmonary expertise in our study, but can
be considerably improved by training; this argues in favour of
training sessions for those pathologists not very accustomed to
pulmonary pathology, in order to achieve better agreement.

While some groups have assessed the interobserver variability
in the delineation of interstitial lung disease [16], diagnostic
interobserver studies on lung neoplastic disorders are very
scarce. One study focusing on the delineation of benign (scar
lesion or reactive atypia) and malignant lesions of the lungs
(variants of adenocarcinomas and squamous carcinomas
including precursor lesions) by pulmonary pathologists
reported k-values of 0.65 and 0.81 (after training) [17]. For the
delineation of small cell and large cell pulmonary carcinomas a
k-value of 0.4 has been reported [18]. To our knowledge, no
other studies on the reproducibility of the IASLC/ATS/ERS
classification have been published, which would potentially
allow for data comparison. However, comparable studies have
been published for interobserver studies on Gleason grading of
prostatic adenocarcinomas by expert and general pathologists.
In these studies, k-values were strikingly similar to those found
by us for pulmonary ADC [19–23].

Intraobserver variability in our study was quite low. However,
since this has not been investigated before, this should be
confirmed by other studies.
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FIGURE 5. Mean number of cases with agreement/disagreement. Mean

frequency of correct classifications and misclassifications for all possible pattern

combinations from the evaluations of five pulmonary pathologists. Error bars

represent SD.
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Unfortunately, in our dataset, k-values decreased with increas-
ing numbers of evaluated slides. Of course, increasing the
number of analysed slides reveals more of the heterogeneity of
pulmonary ADC and renders the evaluation of the predominant
pattern by percentage more difficult. However, it is believed that
accuracy of pattern classification increases when more tissue is
investigated and, indeed, the number of patterns identified is
dependent on the number of tumour-bearing slides available per
case [13]. Because disagreement for the predominant pattern also
increases with increasing slide numbers in some cases, it remains
to be agreed upon which is the optimal number of slides to
investigate and how to surgically dissect lung cancer specimens.
However, we believe that the reproducibility of pattern
classification in the high slide number sub-group will also
increase as experience in this type of classification mounts and
pathologists become more accustomed to this method.

The highest absolute numbers of cases with disagreement were
those involving acinar, solid and lepidic patterns; however,
these were also the predominant patterns with the highest
frequency. Solid and lepidic patterns can be classified very
reliably and the acinar pattern can be classified with moderate
reliability. Nevertheless, the somewhat high overall rate of
acinar/solid disagreements is alarming since prognosis and
maybe even response to therapy might be considerably different
in the two groups. We could recently provide first evidence that
patients with predominant solid ADC might profit exception-
ally from adjuvant radiotherapy. Furthermore, survival differ-
ences between stage I and stage II ADC and the risk of
metastatic spread are significantly affected by the predominant
pattern, which may also influence the choice of adjuvant
chemotherapeutic treatment regimens in the future [13]. The
same holds true for the relevant number of misclassified cases
involving the lepidic pattern. Here again, the delineation is
important since patients with lepidic predominant tumours
have been shown to have a very good survival if compared to all
other cases of ADC [11–14].

The absolute numbers of misclassified cases were medium or
low for the papillary and micropapillary pattern, respectively.
However, the normalised rate of misclassifications for these quite

rare predominant growth patterns was highest for all patterns. If
present in pulmonary ADC, papillary and micropapillary
structures are often admixed in the same tumour area. While
both patterns per se reached a fair interobserver agreement, a clear
separation and definition of both patterns as the predominant one
was one of the more complicated issues in this study. This
underscores that this pattern combination is especially challen-
ging to classify. These difficulties might also, at least partly,
account for the striking differences in pattern frequencies for
papillary and micropapillary predominant cases in the studies
already published on this topic [11–14]. Taken together, the novel
IASLC/ATS/ERS classification of pulmonary ADC is applicable
with acceptable interobserver variability which is comparable to
the interobserver variability of histomorphology-based classifica-
tion schemes of other tumour entities already used in clinical
decision making. A more precise definition of papillary and
micropapillary criteria as well as more detailed criteria to
separate acinar and solid pattern tumours may be helpful to
reach an even better interobserver agreement. Additional efforts
are needed to harmonise the application of this novel and
clinically important classification scheme of pulmonary ADC.
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