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Protein Phosphatase Magnesium-Dependent 1δ (PPM1D) Expression 
as a Prognostic Marker in Adult Supratentorial Diffuse Astrocytic and 

Oligodendroglial Tumors

Hui Jeong Jeong · Chang Gok Woo1 
Bora Lee2 · Shin Kwang Khang 
Soo Jeong Nam · Jene Choi

Department of Pathology, Asan Medical Center, 
University of Ulsan College of Medicine, Seoul; 
1Department of Pathology, Chungbuk National 
University Hospital, Chungbuk National University 
College of Medicine, Cheongju; 2Department of 
Biostatistics, Clinical Trial Center, Soonchunhyang 
Medical Center, Bucheon, Korea

Background: Protein phosphatase magnesium-dependent 1δ (PPM1D) is a p53-induced serine/
threonine phosphatase, which is overexpressed in various human cancers. A recent study report-
ed that a mutation in the PPM1D gene is associated with poor prognosis in brainstem gliomas. In 
this study, we evaluated the utility of PPM1D as a prognostic biomarker of adult supratentorial 
diffuse astrocytic and oligodendroglial tumors. Methods: To investigate PPM1D protein expres-
sion, mRNA expression, and copy number changes, immunohistochemistry, RNAscope in situ 
hybridization, and fluorescence in situ hybridization were performed in 84 adult supratentorial diffuse 
gliomas. We further analyzed clinical characteristics and overall survival (OS) according to PPM1D 
protein expression, and examined its correlation with other glioma biomarkers such as isocitrate 
dehydrogenase (IDH) mutation, and p53 expression. Results: Forty-six cases (54.8%) were PPM1D-
positive. PPM1D expression levels were significantly correlated with PPM1D transcript levels (p = 

.035), but marginally with PPM1D gene amplification (p = .079). Patients with high-grade gliomas 
showed a higher frequency of PPM1D expression than those with low-grade gliomas (p < .001). 
Multivariate analysis demonstrated that PPM1D expression (hazard ratio [HR], 2.58; p = .032), age 
over 60 years (HR, 2.55; p = .018), and IDH1 mutation (HR, 0.18; p = .002) were significantly inde-
pendent prognostic factors; p53 expression had no prognostic significance (p = .986). The patients 
with tumor expressing PPM1D showed a shorter OS (p = .003). Moreover, patients with tumor 
harboring wild-type IDH1 and PPM1D expression had the worst OS (p < .001). Conclusions: Our 
data suggest that a subset of gliomas express PPM1D; PPM1D expression is a significant marker 
of poor prognosis in adult supratentorial diffuse astrocytic and oligodendroglial tumors.

Key Words: PPM1D; IDH1; Mutation; Diffuse astrocytic and oligodendroglial tumors; Supratentorial 
gliomas; Molecular marker
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▒ ORIGINAL ARTICLE ▒

Gliomas are the most common tumors of the brain and spinal 
cord, and account for the majority of brain cancer-related deaths.1,2 
Molecular-profiling studies have reported characteristic genetic 
alterations related with different gliomas. These biomarkers 
were subsequently incorporated in the 2016 World Health 
Classification (WHO) Classification of Tumours of the Central 
Nervous System (revised 4th edition).3-9 Mutations in the isoci-
trate dehydrogenase 1 (IDH1) and IDH2 genes occur in 70%–
80% of grade II/III gliomas and most secondary glioblastomas.10 
Co-deletion of 1p/19q is typically related with tumors of the 
oligodendroglial lineage and is closely associated with IDH 
mutations.11 Alterations in the p53 and its pathway genes occur in 
78% of glioblastomas, and are thought to promote progression 
to high-grade malignancy.12,13

Protein phosphatase magnesium-dependent 1δ (PPM1D), 

also known as wild-type p53-induced phosphatase 1, is a member 
of the protein phosphatase type 2C and p53 target gene family 
and occurs in response to various stresses.14-18 Activated PPM1D 
directly dephosphorylates Chk1, Chk2, p38 mitogen-activated 
protein kinase, uracil DNA glycosylase, MDM2, H2AX, and 
p53, suggesting that it acts as a homeostatic regulator.19-22 The 
PPM1D gene is frequently amplified/overexpressed in various 
human cancers, all of which rarely carry a p53 mutation.23-29 
Recent studies have reported C-terminal truncating alterations 
in the PPM1D gene, which enhance the functional ability of 
PPM1D. PPM1D mutation was identified in 18.2% of pediatric 
brainstem gliomas, which were mutually exclusive with p53 
mutations detected in 57.6% of the same tumors. Moreover, 
PPM1D mutation was known to be associated with poor prog-
nosis in pediatric brainstem gliomas.30-32
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In this study, we intended to evaluate the utility of PPM1D 
expression as a prognostic biomarker of adult supratentorial diffuse 
astrocytic and oligodendroglial tumors. Other clinical character-
istics were also analyzed to explore the relationship between the 
tumors and PPM1D expression. Moreover, we investigated 
brain lower grade gliomas (WHO grade II and III) from The 
Cancer Genome Atlas (TCGA) data to clarify the clinical effects 
according to the genetic alterations of PPM1D.

MATERIALS AND METHODS

Patients

We retrospectively reviewed data for 109 patients diagnosed 
with diffuse astrocytic and oligodendroglial tumors according to 
the 2016 WHO Classification of Tumours of the Central Nervous 
System (revised 4th edition) from August 2013 to July 2015 
from the archives of the Department of Pathology at Asan 
Medical Center. Eighty-four patients were enrolled after excluding 
four cases of adult or pediatric brainstem glioma, one case of 
adult cerebellar glioma, and 20 cases without sufficient tissue. 
The medical records of 84 patients were reviewed, including 
sex, age, tumor locations, diagnoses, molecular parameters, 
treatments, and survival outcomes. This study adhered to the 
guidelines established by the Declaration of Helsinki and was 
approved by the Institutional Review Board of Asan Medical 
Center (2015-0151). Informed consents were obtained from all 
individual participants included in the study.

 
Tissue microarray construction and immunohistochemistry 

Tissue microarrays (TMAs) consisting of two cylindrical cores 
(3-mm) from formalin-fixed, paraffin-embedded tissues obtained 
from surgically resected or stereotactic biopsy specimens were 
constructed using a Quick-Ray Manual Tissue Microarrayer 
(UT06, Unitma, Belrose, NSW, Australia). Immunohistochem-
istry (IHC) of 4-μm paraffin section of TMA blocks was per-
formed using a Benchmark automatic immunostaining device 
(Ventana Medical Systems, Tucson, AZ, USA). The slides were 
incubated with primary antibodies against PPM1D (1:100, 
2804D1a, Abcam, Cambridge, UK) and p53 (1:1,500, DO.7, 
DAKO, Glostrup, Denmark). IHC for PPM1D was scored as 
follows: 0, no reactivity or nuclear and cytoplasmic reactivity in 
less than 5% of the tumor cells; 1, reactivity in 5% to less than 
one-third of the tumor cells; 2, reactivity in one-third to two-
thirds of the tumor cells; and 3, reactivity in more than two-
thirds of the tumor cells.33 Immunopositivity was determined 
to optimize the cutoff point for patient survival to dichotomize 

the PPM1D expression data using the X-Tile software.34 Scores 
of 0 and 1 indicated negative results, and scores of 2 and 3 indi-
cated positive results. p53 immunoreactivity was also scored 
using this method.

IDH1 sequencing

The genomic region spanning codon 132 of IDH1 was ampli-
fied using the polymerase chain reaction with the following 
primer set: 5'-TGAGAAGAGGGTTGAGGAGTTC-3' (for-
ward) and 5'-CACATACAAGTTGGAAATTTCTGG-3' (reverse). 
The genomic region was then sequenced with the forward primer 
using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems, Foster, CA, USA).

RNAscope in situ hybridization

PPM1D transcript was measured with the RNAscope assay 
using the Hs-PPM1D probe (602231; Advanced Cell Diagnostics, 
Hayward, CA, USA). Hybridization signals were amplified and 
visualized with the RNAscope 2.5 HD reagent kit-RED 
(322350, Advanced Cell Diagnostics). PPM1D mRNA mole-
cules, shown as red spots, were quantified via light microscopy 
by manual counting. The signals per cell were divided into four 
groups according to the manufacturer’s semi-quantitative scoring 
guideline: score 0, no staining or less than 1 dot in 10 cells; 
score 1, 1–3 dots in a cell; score 2, 4–9 dots in a cell; and score 
3, ≥10 dots in a cell or the presence of gene clusters in ≥ 10% of 
the tumor cells. Based on a cutoff value of 1.5 determined by 
using the X-Tile software, scores of 2 and 3 were considered to 
indicate high PPM1D mRNA expression, and scores of 0 and 1 
indicated no and low PPM1D mRNA expression, respectively.

Fluorescence in situ hybridization 

Copy number status of the PPM1D gene was evaluated via 
fluorescence in situ hybridization (FISH) using the HYBrite 
denaturation/hybridization system (Abbott Molecular, Chicago, 
IL, USA). The PPM1D FISH probes in red and chromosome 
17 control probes (CEP17) in green were purchased from Empire 
Genomics (Buffalo, NY, USA). Specimens that showed a 
PPM1D/CEP17 ratio ≥ 3 were considered positive for PPM1D 
amplification, and those with a PPM1D/CEP17 ratio > 1 but < 3 
in ≥ 10% of tumor cells were defined as relative copy gain.

Statistical analysis 

The independent t test, chi-square test, and Fisher exact test 
were carried out to assess the association between PPM1D protein 
expression and clinicopathological characteristics. To determine 
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the relationships among PPM1D alterations, we conducted a 
chi-square test and Fisher exact test. The Cox proportional haz-
ards regression model was used to assess the dependency of sur-
vival duration on predictor variables. To estimate survival rates 
and compare survival distribution, we used the Kaplan-Meier 
method and log-rank test, respectively. All statistical analyses 
were performed using the R software (ver. 3.3.2, the R Founda-
tion for Statistical Computing, Vienna, Austria). Any p-value < 

.05 was assumed to indicate a statistically significant difference.

RESULTS

Clinicopathological characteristics of the patients

A total of 84 patients with adult supratentorial diffuse astro-
cytic and oligodendroglial tumors were analyzed. The clinico-
pathological findings are summarized in Table 1. The 84 cases 
consisted of 26 glioblastomas, IDH-wildtype (31.0%), 16 ana-

plastic oligodendrogliomas, IDH-mutant and 1p/19q-codeleted 
(19.0%), 12 oligodendrogliomas, IDH-mutant and 1p/19q-
codeleted (14.3%), and 10 diffuse astrocytomas, IDH-mutant 
(11.9%). The majority (89.7%, 61/68) of the patients with 
high-grade gliomas or diffuse astrocytomas (IDH-mutant and 
wildtype) underwent surgery with adjuvant chemotherapy or 
chemoradiation therapy. Those with oligodendrogliomas, IDH-
mutant and 1p/19q-codeleted were treated with surgery without 
any additional therapy (100%, 12/12). Over half of the enrolled 
patients showed PPM1D expression (54.8%, 46/84) and p53 
expression (54.8%, 46/84) in IHC. Among the 36 patients 
(42.9%) with IDH1 mutations, 35 had R132H mutation and 
1 had R132S mutation.

Clinicopathological characteristics according to PPM1D 
protein expression

IHC for PPM1D was performed in 84 cases of adult diffuse 

Table 1. Baseline characteristics of the enrolled patients

Variable Total (n = 84) PPM1D (–)  (n = 38) PPM1D (+)  (n = 46) p-value

Age, median (range, yr) 51 (20–83) 45 (26–76) 52 (20–83) .255
Sex .327
   Male 48 (57.1) 19 (50.0) 29 (63.0)
   Female 36 (42.9) 19 (50.0) 17 (37.0)
Site .165
   Frontal lobe 41 (48.8) 20 (52.6) 21 (45.7)
   Temporal lobe 27 (32.1) 8 (21.1) 19 (41.3)
   Parietal lobe 12 (14.3) 8 (21.1) 4 (8.7)
   Occipital lobe 4 (4.8) 2 (5.3) 2 (4.3)
Diagnosis < .001
   Diffuse astrocytoma, IDH-mutant 10 (11.9) 9 (23.7) 1 (2.2)
   Diffuse astrocytoma, IDH-wildtype 2 (2.4) 2 (5.3) 0 (0)
   Oligodendroglioma, IDH-mutant and 1p/19q-codeleted 12 (14.3) 9 (23.7) 3 (6.5)
   Anaplastic astrocytoma, IDH-mutant 3 (3.6) 1 (2.6) 2 (4.3)
   Anaplastic astrocytoma, IDH-wildtype 7 (8.3) 3 (7.9) 4 (8.7)
   Anaplastic oligodendroglioma, IDH-mutant and 1p/19q-codeleted 16 (19.0) 4 (10.5) 12 (26.1)
   Glioblastoma, IDH-mutant 5 (6.0) 3 (7.9) 2 (4.3)
   Glioblastoma, IDH-wildtype 26 (31.0) 6 (15.8) 20 (43.5)
   Oligodendroglioma, NOS 2 (2.4) 1 (2.6) 1 (2.2)
   Anaplstic oligodendroglioma, NOS 1 (1.2) 0 (0) 1 (2.2)
Treatment .156
   Surgery 20 (23.8) 12 (31.6) 8 (17.4)
   Surgery with CTx and/or RTx 62 (73.8) 26 (68.4) 36 (78.3)
   CTx and/or RTx 2 (2.4) 0 (0) 2 (4.3)
p53 expression < .001
   Negative 38 (45.2) 26 (68.4) 12 (26.1)
   Positive 46 (54.8) 12 (31.6) 34 (73.9)
IDH1 mutation .062
   No 48 (57.1) 17 (44.7) 31 (67.4)
   Yes 36 (42.9) 21 (55.3) 15 (32.6)

Values are presented as number (%).
PPM1D, protein phosphatase magnesium-dependent 1δ; IDH, isocitrate dehydrogenase; NOS, not otherwise specified; CTx, chemotherapy; RTx, radiotherapy.
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astrocytic and oligodendroglial tumors (Fig. 1A). The relation-
ships between PPM1D expression and clinicopathological char-
acteristics are summarized in Table 1. The patients’ characteristics 
were not significantly different according to PPM1D expression 
except for the diagnosis. High-grade gliomas showed a higher 
frequency of PPM1D expression than low-grade gliomas 
(70.2% vs 16.7%, p < .001). In terms of molecular profiles, p53 
expression showed a positive correlation with PPM1D expression 
(p < .001). There was a marginally negative relationship between 
PPM1D expression and IDH1 mutation (p = .062). 

Relationships between PPM1D expression and its genetic 
alterations

To assess the relationships between PPM1D expression, 
mRNA levels, and DNA copy-number alterations, RNAscope 
in situ hybridization, and FISH were conducted. Informative re-
sults were obtained in 77 cases. Thirty-five cases (45.5%, 35/77) 
were classified as demonstrating high PPM1D mRNA levels 
(Fig. 1B). There was a significant correlation between PPM1D 
protein expression and PPM1D mRNA expression (p = .035) 

(Table 2). Patients with PPM1D expression were found to have 
higher PPM1D mRNA expression than those without PPM1D 
expression (58.5%, 24/41 vs 31.4%, 11/35; p = .026). A large 
number of cases involving PPM1D positivity (90.2%, 37/41) 
showed mRNA expression (low or high expression), and over half 
of the cases (58.5%, 24/41) presented high PPM1D mRNA levels. 
The level of PPM1D positivity in the high PPM1D mRNA 
group was significantly higher than that in the low/no PPM1D 
mRNA group (68.6%, 24/35 vs 40.5%, 17/42; p = .026).

Of the cases examined using FISH analyses, 11 (14.3%) 
showed PPM1D gene amplification and four (5.2%) demonstrat-
ed relative copy gain (Fig. 1C). The majority of the cases with 
PPM1D gene amplification exhibited PPM1D positivity (81.8%, 
9/11). The proportion of PPM1D positivity in the PPM1D 
amplification group was higher than that in the PPM1D non-
amplification/relative copy gained group with borderline signifi-
cance (81.8%, 9/11 vs 48.5%, 32/66; p = 0.053). However, there 
was a marginal correlation between PPM1D expression and 
PPM1D gene amplification (p = .079). 

Table 2. Correlation between PPM1D protein expression and genetic variables of PPM1D

PPM1D gene Total (n = 84) PPM1D (–) (n = 38) PPM1D (+) (n = 46) p-value

mRNA expression .035
   No 13 (16.9) 9 (25.0) 4 (9.8)
   Low 29 (37.7) 16 (44.4) 13 (31.7)
   High 35 (45.5) 11 (30.6) 24 (58.5)
   NA 7 2 5
DNA alteration .079
   No 62 (80.5) 31 (86.1) 31 (75.6)
   Relative copy gain 4 (5.2) 3 (8.3) 1 (2.4)
   Amplification 11 (14.3) 2 (5.6) 9 (22.0)
   NA 7 2 5

Values are presented as number (%).
PPM1D, protein phosphatase magnesium-dependent 1δ; NA, not available.

Fig. 1. A representative case of high-grade glioma. (A) Protein phosphatase magnesium-dependent 1δ (PPM1D) staining shows a high per-
centage of cells with positive protein expression in both the nucleus and cytoplasm in the anaplastic oligodendroglioma. (B) RNAscope in 
situ hybridization analysis shows positive expression of PPM1D shown as red dots. (C) Fluorescence in situ hybridization shows amplified 
PPM1D gene copies as red spots. 
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Prognostic significance of PPM1D positivity in patients with 
supratentorial diffuse astrocytic and oligodendroglial tumors

Age, diagnosis, IDH1 mutation, and PPM1D expression 
were significant predictors of survival in univariate Cox propor-
tional hazard regression analyses (Table 3). The patients aged 
over 60 years presented an increased risk of poor prognosis (hazard 
ratio [HR] 3.97; 95% confidence interval [CI], 1.86 to 8.46; p < 

.001). Those diagnosed with glioblastoma, IDH-wildtype 
showed the worst prognosis (HR, 8.28; 95% CI, 1.71 to 40.01; 
p = .008). PPM1D expression was significantly associated with 
decreased survival (HR, 3.35; 95% CI, 1.42 to 7.90; p = .005), and 
survival in PPM1D-positive patients was significantly shorter 
than in PPM1D-negative patients (median overall survival [OS], 

21 months [95% CI, 19 to not reached] vs not reached; p = 

.003) (Fig. 2A). Mutant IDH1 was a significant protective factor 
when compared with wild-type IDH1 (HR, 0.14; 95% CI, 0.05 
to 0.38; p < .001), and the patients with mutant IDH1 showed 
significantly longer OS from the initial diagnosis (median OS, 
102 months [95% CI, 102 to not reached] vs 19 months [95% 
CI, 14 to not reached]; p < .001) (Fig. 2B). In multivariate anal-
yses, age (> 60 years) (HR, 2.55; 95% CI, 1.17 to 5.55; p = 

.018), PPM1D positivity (HR, 2.58; 95% CI, 1.08 to 6.17; p = 

.032), and IDH1 mutation (HR, 0.18; 95% CI, 0.06 to 0.53; p = 

.002) were independent prognostic factors (Table 3). Thus, the 
prognostic significance of PPM1D protein expression was further 
analyzed. Patients with mutant IDH1 and PPM1D-negative 

Table 3. Cox proportional hazard regression analysis for overall survival of the patients with supratentorial glioma

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (yr)
   ≤ 60 1 (Reference) 1 (Reference)
   > 60 3.97 (1.86–8.46) < .001 2.55 (1.17–5.55) .018 
Sex
   Female 1 (Reference) -
   Male 1.03 (0.49–2.15) .949 - -
Site
   Frontal lobe 1 (Reference) -
   Temporal lobe 1.81 (0.79–4.14) .161 - -
   Parietal lobe 2.76 (0.94–8.01) .064 - -
   Occipital lobe 0.86 (0.11–6.64) .885 - -
Diagnosis
   Diffuse astrocytoma, IDH-mutant 1 (Reference)  -
   Diffuse astrocytoma, IDH-wildtype - - - -
   Oligodendroglioma, IDH-mutant and 1p/19q-codeleted - - - -
   Anaplastic astrocytoma, IDH-mutant 1.83 (0.16–20.31) .621 - -
   Anaplastic astrocytoma, IDH-wildtype 1.10 (2.07–58.12) .005 - -
   Anaplstic oligodendroglioma, IDH-mutant and 1p/19q-codeleted 2.43 (0.43–13.63) .312 - -
   Glioblastoma, IDH-mutant - - - -
   Glioblastoma, IDH-wildtype 8.28 (1.71–40.01) .008 - -
Treatment
   Surgery 1 (Reference)
   Surgery + CTx and/or RTx 3.16 (0.95–10.52) .060 - -
   CTx and/or RTx 18.75 (2.91–121.04) .002 - -
PPM1D expression
   Negative 1 (Reference)  1 (Reference)
   Positive 3.35 (1.42–7.90) .005 2.58 (1.08–6.17) .032 
p53 expression
   Negative 1 (Reference) 1 (Reference)
   Positive 2.06 (0.96–4.43) .064 1.01 (0.43–2.34) .986 
IDH1 mutation
   No 1 (Reference) 1 (Reference)
   Yes 0.14 (0.05–0.38) < .001 0.18 (0.06–0.53) .002 

HR, hazard ratio; CI, confidence interval; IDH, isocitrate dehydrogenase; CTx, chemotherapy; RTx, radiotherapy; PPM1D, protein phosphatase magnesium-
dependent 1δ.
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(IDH1mut/PPM1D-negative) tumors had the best OS, whereas 
patients with wild-type IDH1 and PPM1D expression (IDH1wt/
PPM1D-positive) showed the worst OS (p < .001) (Fig. 2C).

DISCUSSION

Histologic diagnosis and grading were the gold standard for 
diagnosing gliomas. Recently, the well-established molecular 
markers, IDH and 1p/19q, were incorporated in the 2016 
WHO classification.7 In the present study, we explored the effect 
of PPM1D expression and its association with other molecular 
markers, including IDH and p53. To our knowledge, this is the 
first study regarding PPM1D expression in supratentorial diffuse 
astrocytic and oligodendroglial tumors. Patients with PPM1D-
positive tumors had significantly worse OS than those without 
PPM1D-expressing tumors (p = .003) (Fig. 2A); in terms of 
prognostic utility, PPM1D expression was found to be comparable 
to IDH mutation status. 

Genetic alterations of PPM1D are observed in various tumors, 
and are significantly associated with poor prognosis.23-29 Our 
data showed that overexpression of p53 and that of PPM1D 
were positively correlated (p < .001) (Table 1). The results were 
in contrast to our expectation because p53 mutation and 
PPM1D overexpression were exclusively detected in tumors. 
p53 mutation status rather than p53 protein expression is clearly 
associated with poor prognosis in malignant gliomas.35,36 In our 
study, PPM1D positivity was significantly correlated with its 
mRNA transcript levels (p = .035) and marginally associated 

with PPM1D gene amplification (p = .079). The degree of 
PPM1D-positivity in the PPM1D amplification group was 
greater than that in the PPM1D non-amplification/relative 
copy gained group (81.8% vs 48.5%, p = .053) (Table 2). Based 
on the data, we believe that PPM1D protein expression (55%, 
46/84) may be increased by mRNA upregulation and DNA 
amplification of the PPM1D gene rather than functional wild-
type p53 in this cohort. Recently, Zhang et al.32 reported that 
p53 (58%, 19/33) and PPM1D (18%, 6/33) mutations demon-
strate a mutually exclusive pattern in brainstem gliomas; more-
over, OS rates are similar in patients with p53-mutated gliomas 
and those with PPM1D-mutated gliomas. The genomic land-
scape of supratentorial diffuse astrocytic and oligodendroglial 
tumors could be different from that of brainstem gliomas, which 
have two main driver mutations, p53 and PPM1D, in the absence 
of PPM1D overexpression. PPM1D mutation is very rare in 
gliomas arising outside the brainstem.32,37 Our data suggest 
that PPM1D expression in supratentorial diffuse astrocytic and 
oligodendroglial tumors may have similar effects as PPM1D mu-
tations in brainstem gliomas, resulting in stabilized and extended 
phosphatase activities of PPM1D. 

In our study, multivariate analysis for OS according to vari-
ous clinical and molecular parameters revealed that PPM1D is 
a significant molecular marker (HR, 2.58; p = .032) together 
with IDH1 mutation (HR, 0.18; p = .002). In accordance with 
previous studies,38,39 our data showed that p53 overexpression 
did not have prognostic effects, per univariate (p=.064) and 
multivariate (p = .986) analyses. The results suggest that p53 

Fig. 2.  Kaplan-Meier survival curves of patients with supratentorial diffuse astrocytic and oligodendroglial tumors. (A) Comparison of patients 
with protein phosphatase magnesium-dependent 1δ (PPM1D) expression and those without PPM1D expression. (B) Comparison of patients 
with isocitrate dehydrogenase 1 (IDH1) mutation versus those with wild-type IDH1. (C) Comparison of patients with PPM1D expression versus 
those without PPM1D expression with or without an additional IDH1 mutation. Log-rank tests for a, b, and c yielded p = .003, p < .001, and p < 

.001, respectively. 
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expression did not enhance the negative prognostic effect in 
terms of survival, although we observed a positive correlation 
between PPM1D and p53 expressions. In addition, we analyzed 
mRNA expression and DNA alteration in the PPM1D gene in 
516 lower grade gliomas including grades II and III available 
for the PPM1D gene, using the cBioPortal for Cancer Genomics 
from TCGA data (Supplementary Table S1).40,41 Of the 40 cases 
with alterations, gene amplifications were found in 10 cases, deep 
deletion in 1, mRNA upregulation in 31, and mRNA down-
regulation in 2 were found (Supplementary Table S2, Supple-
mentary Fig. S1A). The patients with up-regulated PPM1D 
transcripts and/or DNA amplification had a shorter OS than 
those who did not demonstrate these alterations (p = .031) (Sup-
plementary Fig. S1B). The results further confirm that PPM1D 
expression could be a novel prognostic marker in supratentorial 
diffuse astrocytic and oligodendroglial tumors. We further char-
acterized two prognostic factors: IDH1 mutation and PPM1D 
expression (Fig. 2C). Patients with IDH1mut/PPM1D-negative 
tumors had the most favorable OS; those with IDH1wt/
PPM1D-positive tumors had the worst OS (p < .001). Consid-
ering the median OS for PPM1D-positive patients (21 months; 
95% CI, 19 to not reached) and IDH1wt patients (19 months; 
95% CI, 14 to not reached), these results suggest that PPM1D 
expression and wild-type IDH1 status seem to have an additive 
negative prognostic effect on survival in supratentorial gliomas 
and may promote tumorigenesis via different mechanisms. 

In conclusion, our results indicate that PPM1D has the potential 
to be a molecular prognostic marker of adult diffuse astrocytic 
and oligodendroglial tumors and its prediction abilities are inde-
pendent of the IDH1 and 1p19q co-deletion. Although these 
results need to be further validated, we hope to provide a basis 
for classifying this PPM1D-positive subset of gliomas and open 
up new opportunities for the treatment of such patients using 
PPM1D inhibitors. 
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Background: Perineural invasion (PNI) is widely studied in malignant tumors, and its prognostic 
significance is well demonstrated. Most studies have focused on evaluating the mural PNI (mPNI); 
however, extramural PNI (ePNI) may influence the prognosis in gastric cancer. We evaluated the 
prognostic value of ePNI compared with mPNI in gastric cancer in this observational comparative 
cross-sectional study. Methods: Seventy-three pT3 and pT4 gastric carcinomas with PNI were 
evaluated. Forty-eight (65.7%) were in the mPNI group and the remaining in the ePNI group. 
Results: Clinicopathologic characteristics between the two groups were similar, except for the 
outcomes. The 5-year disease-specific survival (DSS) rate was 64% for the mPNI group and 50% 
for the ePNI group (p = .039), a difference that did not remain significant in multivariate analysis. 
The only independent adverse prognostic factor in multivariate analysis was the presence of 
lymph node metastasis (hazard ratio, 1.757; 95% confidence interval, 1.082 to 2.854; p = .023). 
Conclusions: We demonstrated the prognostic effect of ePNI for DSS in surgically resected pT3–
pT4 gastric cancer patients. ePNI could be considered in the staging and prognostic systems of 
gastric cancer to stratify patients with a high risk of recurrence.
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▒ ORIGINAL ARTICLE ▒

Gastric cancer is the fifth most common cancer worldwide, 
with about one million new cases reported in 2012 (6.8% of 
the total).1 About 70% of cases occur in developed and developing 
countries a half of them are presented in East Asia (mainly in 
China) and twice as often in men over women. Although the 
incidence of gastric cancer has declined in recent decades, it 
remains the third leading cancer-related cause of death worldwide 
with 723,000, deaths representing 8.8% of all cancer deaths.1 
The prognosis in advanced stages of gastric cancer is poor, even 
with the use of chemotherapy or other adjuvant treatments.

Perineural invasion (PNI) is one of the pathological factors 
widely studied in malignant neoplasms with a well-established 
prognostic significance in head and neck neoplasia and prostate 
cancer.2 PNI is related to a more aggressive behavior of the neo-
plasia and poor prognosis in several malignancies.3 However, 
there is no universal definition of PNI. Several pathologists simply 
define PNI as the presence of neoplastic cells in, around or 
through the nerves, while others require the presence of tumor 
cells within any of the epineurium, perineurium, or endoneurium. 
The most accepted one was defined by Batsakis,4 defining it as 
the invasion of tumor cells in, around, and through nerves. Other 
authors define PNI according to the location of the neoplastic 

cells with regards to the layers of the nerve sheath (outer epi-
neurium, perineurium, and inner endoneurium). Liebig et al.5 
defined PNI as the presence of neoplastic cells in any three layers 
of the nerve sheath or in foci outside the nerve sheath with the 
involvement of 33% of the nerve circumference. The criterion 
of PNI defined as cancer cells inside the perineurium and sur-
rounding at least 33% of the nerve circumference showed a 
perfect interobserver concordance.

PNI was once thought to be an extension of lymphatic metas-
tasis, but recent studies have shown that lymphatic channels do 
not penetrate the layers of the nerve sheath.6-8 Studies on prostate 
and pancreatic cancer showed that in PNI there is an interaction 
of reciprocal neurotrophic factors between the neoplastic cells 
and the nerves, like nerve growth factor (NGF), brain-derived 
neurotrophic factor, neurotrophin 3, and neurotrophin.9,10 Okada 
et al.11 reported that exogenous NGF leads to a dose-dependent 
increase in matrix metalloproteinase 2 expression and invasion 
in neoplastic cells of the pancreas. 

In a systematic review and meta-analysis of 30,590 cases on 
PNI in gastric cancer, Deng et al.12 found PNI as an independent 
predictor of recurrence, as well as to affecting disease-free survival 
and overall survival in patients with gastric cancer undergoing 
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curative resection. Although most authors focus their attention 
on evaluating mural perineural invasion (mPNI, invasion of the 
nerve plexus in the proper muscle and submucosal muscle), there 
are studies in gastrointestinal cancers (especially colon cancer) that 
demonstrate that the PNI outside the muscular wall (extramural 
PNI [ePNI]) has a worse prognosis.13 To date, there are no studies 
subclassifying PNI into mPNI and ePNI in gastric carcinoma. 

Our goal was to confirm whether the prognosis associated 
with PNI is determined by ePNI rather than mPNI under the 
hypothesis that the patients with ePNI will show worse disease-
specific survival (DSS) than those with mPNI, in pT3–pT4 car-
cinomas in clinical stages II and III. 

 
MATERIALS AND METHODS

From the database of patients with gastric adenocarcinomas 
from 2005 to 2015 at the national referral cancer center in Mexico, 
we searched for patients who underwent curative resection of 
gastric adenocarcinoma in clinical stages II and III, with patho-
logical tumor stages pT3 and pT4 and with PNI described 
in the pathological report. Most patients at our institution were 
at stage IV disease at presentation or in poor clinical conditions 
and they did not receive surgery. In our center, the same surgical 
team performs around 30 gastric surgeries per year. Gastrectomy 
with D2 lymphadenectomy was the standard surgical procedure 
in all cases. The standard adjuvant therapy was capecitabine/
oxaliplatin in selected patients (especially in those who had 
pathological risk factors and/or low lymph node counts). Data 
on patient demographics, tumor localization, operation, and histo-
pathological study were recorded. The staging was determined 
by clinical, radiological, and histopathological data according to 
the American Joint Commission on Cancer pTNM system (7th 
edition, 2010).14

For the selected cases (n = 73), two pathologists with expertise 
in gastrointestinal pathology separately evaluated a median of five 
hematoxylin and eosin stained slides (range, 3 to 8) for evalua-
tion of PNI and other pathologic features. Each pathologist was 
blind to the patient data and the diagnosis of the other pathol-
ogist. The criterion of PNI was cancer cells inside the perineu-
roum involving at least 33% of the nerve circumference (Fig. 
1).5,15 When PNI was present in the submucosa or muscularis 
propria, the pathologist classified the case as mPNI. If the the 
tumor invaded a nerve located beyond the muscularis propria 
(subserosal tissue or adventitia), it was classified as ePNI. When 
the muscular layer could not be identified due to tumor destruc-
tion, an imaginary line was drawn between the breakpoints of 

intact muscularis propria. Discordant cases were reviewed by both 
pathologists under the same microscope for consensus. The tu-
mor was classified as intestinal adenocarcinoma when glandular 
differentiation was clearly demonstrated and as diffuse adenocar-
cinoma when there was no glandular differentiation and the tu-
mor was composed of individual cells with or without signet 
ring cells.

Statistic analysis

Data were analyzed using the Statistical Package for Social 
Sciences ver.12.0 (SPSS Inc., Chicago, IL, USA). Kappa statistic 
for interobserver concordance regarding PNI was performed 
before consensus between the pathologists. A comparison of the 
means was performed with an unpaired Student t test. Chi-
square and Fisher exact tests were performed to examine associ-
ations between categorical variables. In all cases, p-values were 
two-sided, and a statistical significance was accepted when p < .05.

Survival analysis

The primary end-point was DSS defined as cancer death, deter-
mined from the date of the first treatment, including palliative 
care (event) or last follow-up (censored). The DSS curves were 
estimated using the Kaplan-Meier method. The univariate Cox 
regression model was used to examine the association of vari-
ables with DSS. Significant characteristics in the univariate 
analysis (variables with a p < .05) were introduced into a multi-

Fig. 1. Histologic microphotography showing perineural space in-
vasion. Note that neoplastic glands invade perineurium and encas-
es at least 33% of the circumference of the nerve. 
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variate model of Cox proportional hazards in addition to age 
and sex.

This study was approved by the Institutional Review Board 

and Ethics Committe of the National Cancer Institute of Mexico 
with a waiver of informed consent because of the retrospective 
nature of the study (IRB No. CEI.16/117).  

Table 1. Clinicopathologic data comparison between 73 gastric carcinomas in pT3 and pT4 stage according perineural invasion

Variable  Intramural (n = 25) Extramural (n = 48) p-valuea

Median age (Q1–Q3 range) 56 (46–65) 58 (47–65) .783
Sex
   Female 12 (48) 23 (47.9) .617
   Male 13 (52) 25 (52.1)
pT
   pT3 15 (60) 21 (43.8) .247
   pT4a 10 (40) 24 (50)
   pT4b 0 3 (6.3)
Nodal metastasis
   N0 5 (20) 8 (16.7) .423
   N1 12 (48) 25 (52.1)
   N2 8 (32) 14 (29.2)
   N3 0 1 (2.1)
Location
   Proximal third 5 (20) 11 (22.9) .759
   Medim third 7 (28) 12 (25)
   Distal third 13 (52) 25 (52.1)
Median number of dissected lymph nodes (Q1–Q3 range) 26 (19–36) 26 (19–39) .818
Median number of positive lymph nodes (Q1–Q3 range)  7 (2–11) 10 (3–22) .933
Distant metastases  
   No 18 (72) 33 (68.8) .774
   Yes   7 (28) 15 (31.2)
Lymphovascular invasion
   No 4 (16) 7 (14.6) .872
   Yes 21 (84) 41 (85.4)
Grade
   Well differentiated 2 (8)  4 (8.3) .405
   Moderately differentiated  19 (76) 41 (85.4)
   Poorly differentiated   4 (16)  3 (6.3)
Clinical stage
   Stage II 7 (28) 10 (20.8) .770
   Stage III  11(44) 22 (45.8)
   Stage IV 7 (28) 16 (33.4)
Resection
   R0 24 (96) 44 (91.7) .487
   R1 1 (4) 4 (8.3)
Adjuvant treatment
   No  3 (12) 16 (33.3) .137
   Yes 22 (88) 32 (66.7)
Overall recurrence
   No 12 (48) 18 (37.5) .231
   Yes 13 (52) 30 (62.5)
Outcome
   Alive free of disease 9 (36) 5 (10.4) .023
   Dead with disease 6 (24) 14 (29.2)
   Alive with disease 10 (40) 22 (45.8)
   Dead without disease 0 7 (14.6)
Median follow-up (Q1–Q3 range, mo) 13 (8–51) 11 (5–19) .052
5-Year disease-specific survival (%) 64 50 .039

Values are presented as median (range) or number (%).
aChi square test or Kruskal-Wallis test.
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RESULTS

Clinicopathologic characteristics

Features of the patient cohort (n = 73) are summarized in 
Table 1. The median age was 56 years old, ranging from 46 to 
65 years. Thirty-eight patients (52%) were male and 35 (48%) 
were female. In total, 68 patients (93%) received total gastrec-
tomy and five received subtotal gastrectomy. Surgery was per-
formed by laparoscopy in 15 cases (20.5%). During the laparotomy 
or laparoscopy, 22 patients (30.1%) presented with resectable 
peritoneal, hepatic or splenic metastasis, and all of them were 
fully resected. Major complications occurred in nine patients 
(12.3%; i.e., anastomotic leakage, septicemia, dehiscence). PNI 
was verified in all cases, with a majority (65.7%) in the ePNI 
group, and the kappa statistic was 1.0 for concordance between 
observers. There was no difference in clinicopathologic features 
between the groups including pT and pN stage (Table 1). Patients 
with ePNI were less likely to be free of disease (10.4% vs 36%). 
The percentage of each histologic type of the tumor was also 
similar between the groups.

Outcome

The median follow-up time was 12 ± 24.6 months, ranging 
from 5 to 116 months. In this timeframe, 43 patients had recur-
rence (48.9%): 33 distant and 10 local. The median time to recur-
rence was 5 months, with a range from 3 to 20 months. The 
incidence of recurrence was similar between the groups. Of the 
patient cohort, 19.2% of all patients were alive and free of disease, 
27.4% died from the disease, 43.8% were alive with disease, and 
9.6% died from causes not related to gastric carcinoma. Patients 
with ePNI had a higher mortality rate than patients with mPNI 
(29.2% vs 24%) (p = .023).

Survival analysis

The 5-year DSS was 60%. Univariate analysis is summarized 
in Table 2. Lymph node metastasis, tumor stage pT4b, presence 
of ePNI and recurrence were predictors of increased mortality. 
Patients with PNI showed differences in survival between the 
groups, with 5-year DSS of 64% for 25 patients with mPNI 
compared with 50% for 48 patients in the ePNI group (p = .039) 
(Fig. 2). Among the patients in the ePNI group, 14 were dead 
of disease with a median of 16 months, and 22 patients were 
alive with disease (recurrence). The median DSS of the patients in 
the ePNI group was 16 months and for the patients in the mPNI 
group was 46 months. Most patients (74%) received adjuvant 
therapy with heterogeneous modalities for subanalysis. All patients 

with nodal metastasis, lymphovascular invasion and R1 resections 
received adjuvant therapy. R1 resections had a higher 5-year 
survival than R0 resections, which can be explained by the rate 
of adjuvant therapy in the R1 group; however, the difference 
was not statistically significant.

The only independent adverse prognostic factor identified in 
multivariate analysis was lymph node metastasis (hazard ratio, 
1.757; 95% confidence interval, 1.082 to 2.854; p = .023). The 
remaining factors including ePNI were not associated with 
poor DSS as independent factors (Table 3).

 

Table 2. Univariate analysis of 73 gastric carcinomasa

Variable
5-Year disease-

specific survival (%)
p-value

Sex
   Male 49 .591
   Female 65
Pathologic tumoral category
   pT3 67 .023
   pT4a 43
   pT4b 0
Clinical stage
   II 85

   III 36
.116

   IV 27
Lymph node metastasis
   No 90 .001
   Yes 42
Distant metastases
   No 56 .880
   Yes 46
Lymphovascular invasion
   No 90 .290
   Yes 50
Perineural invasion
   Intramural 64 .039
   Extramural 49
Grade
   Well differentiated 50 .619
   Moderately differentiated 56
   Poorly differentiated 50
Adjuvant therapy
   No 62 .713
   Yes 66
Resection
   R0 52  .783
   R1 60
Recurrence
   No 87 .007
   Yes 42

aMantel-Cox test.
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DISCUSSION

PNI has been identified in gastric cancer with a median of 
40.9% (6.8%–75.6%).12 This is the first study subclassifying 
PNI into mPNi and ePNI in gastric cancer. We found ePNI to 
be present in equal sex distribution, with a median age of 58 
years, more frequent in pT4a tumors, in patients with lympho-
vascular invasion and associated with a lower DSS compared 
with mPNI. 

In gastric cancer, the prognostic significance of PNI is clear. 
Tanaka et al.16 reported that PNI is a determinant in the prog-
nosis of advanced cancer and found that 80% of patients with 
peritoneal recurrence had PNI whereas Duraker et al.17 showed 
that PNI was present in 59.9% of patients with disease pro-
gression. Bilici et al.18 found that the mean survival of patients 
with PNI was shorter than patients without PNI (60.3 months 
vs 27.9 months, respectively). Tianhang et al.19 found a significant 
relationship between clinical stage and PNI; both were indepen-
dent prognostic factors. Finally, Selcukbiricik et al.20 and Jiang 
et al.21 demosntrated that PNI is an independent prognostic 
factor associated with tumor size (> 5 cm), lymphovascular inva-

sion, pT4 tumors, lymph node metastasis, and advanced stage.21 
However, we think that this observations are due to ePNI 

rather than mPNI based on findings like those by Ueno et al.,13 
who analyzed 364 patients with rectal cancer, dividing PNI 
into PNI-0 (absence of IPN), PN-1 (less than five PNI foci in 
the first 10 mm measured from the outer muscle layer), PN-2 
(five or more foci or 10 mm or more from the muscularis propria), 
and reported a 5-year survival of 74%, 50%, and 22%, respec-
tively. They showed that the degrees of PNI were independently 
associated with local recurrence and long-term survival regardless 
of tumor depth and lymph node metastasis.13 We applied a sim-
ilar approach to gastric cancer, demonstrating similar results; an 
independent worse DSS of patients with ePNI compared with 
those with mPNI.

The perineural space is a potential route for tumor spread in 
gastric adenocarcinoma, especially outside muscularis propria 
in patients with pT3 and pT4 tumors. While in multivariate 
analysis their association could not be demonstrated as an inde-
pendent factor for survival, it is clear that it is associated with 
lower median survival and 5-year DSS. We believe that this dif-
ference does not have significance in multivariate analysis in part 
because of the poor prognosis of these patients due to the advanced 
pathological stage and possibly inaccurate lymph node stage 
(some cases in our series had less than 25 lymph nodes in “D2” 
gastrectomy). However, in order to decrease these potential biases, 
we only used cases in pT3 and pT4 stages because these are the 
tumors that invade beyond muscularis propria. 

It is plausible that ePNI could be considered in the staging 
and prognostic systems in gastric cancer to stratify patients 
with a high risk of recurrence. Our results need to be confirmed 
in a larger series; however, this study provide us with information 
on the possibility that PNI behaves differently depending on 
how it is evaluated, which can explain the lack of consensus on 
the true prognostic value of PNI.
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Background: We aimed to determine the clinicopathological significance of the gross classifica-
tion of hepatocellular carcinoma (HCC) according to the Korean Liver Cancer Association (KLCA) 
guidelines. Methods: A retrospective analysis was performed on 242 cases of consecutively re-
sected solitary primary HCC between 2003 and 2012 at Seoul National University Bundang Hos-
pital. The gross classification (vaguely nodular [VN], expanding nodular [EN], multinodular conflu-
ent [MC], nodular with perinodular extension [NP], and infiltrative [INF]) was reviewed for all cases, 
and were correlated with various clinicopathological features and the expression status of 
“stemness”-related (cytokeratin 19 [CK19], epithelial cell adhesion molecule [EpCAM]), and epi-
thelial-mesenchymal transition (EMT)–related (urokinase plasminogen activator receptor [uPAR] 
and Ezrin) markers. Results: Significant differences were seen in overall survival (p = .015) and dis-
ease-free survival (p = .034) according to the gross classification; INF type showed the worst 
prognosis while VN and EN types were more favorable. When the gross types were simplified 
into two groups, type 2 HCCs (MC/NP/INF) were more frequently larger and poorly differentiated, 
and showed more frequent microvascular and portal venous invasion, intratumoral fibrous stroma 
and higher pT stages compared to type 1 HCCs (EN/VN) (p < .05, all). CK19, EpCAM, uPAR, and 
ezrin expression was more frequently seen in type 2 HCCs (p < .05, all). Gross classification was 
an independent predictor of both overall and disease-free survival by multivariate analysis (overall 
survival: p = .030; hazard ratio, 4.118; 95% confidence interval, 1.142 to 14.844; disease-free sur-
vival: p = .016; hazard ratio, 1.617; 95% confidence interval, 1.092 to 2.394). Conclusions: The 
gross classification of HCC had significant prognostic value and type 2 HCCs were associated 
with clinicopathological features of aggressive behavior, increased expression of “stemness”- 
and EMT-related markers, and decreased survival.
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▒ ORIGINAL ARTICLE ▒

Hepatocellular carcinomas (HCCs) vary in their macroscopic 
appearances, from well-circumscribed expansile nodules to 
those with multinodular features and irregular margins; however, 
the gross classification of HCC has not received much attention 
in the literature. Although the macroscopic classification was 
first described by Eggel in 1901 based on an autopsy series, it 
was not until the late 1980’s that the gross classification was 
proposed and adopted by the Liver Cancer Study Group of Japan 
(LCSGJ) in the General Rules of the Clinical and Pathologic 
Study of Primary Liver Cancer.1,2 Since then, there have been 
several clinicopathological studies that focused on the gross fea-
tures of HCC, mainly from Asian countries, and most studies 

have demonstrated that HCCs with single nodular morphology 
have more favorable outcomes compared with those with mul-
tinodular or infiltrative (INF) growth patterns.3-11 As the gross 
appearance of HCCs can be recognized preoperatively by imaging 
studies, it could have translational impact on clinical practice, 
such as guiding treatment decisions. However, the gross appear-
ance was only reflected in the Cancer of the Liver Italian Pro-
gram (CLIP) score (uninodular versus multinodular) which is not 
deemed suitable for the current population of HCC patients,12 
and the current widely used staging systems, such as the modified 
Union for International Cancer Control (UICC), Barcelona Clinic 
Liver Cancer (BCLC), and American Joint Committee on Cancer 
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(AJCC) TNM classifications focus on the multiplicity, size and 
vascular/bile duct invasion status of the HCCs. 

In this study, we analyzed the differences in the clinicopatho-
logical features and survival between the different gross mor-
phological types of HCC in a single cohort of surgically resected 
solitary HCCs. The gross morphology was classified according 
to The General Rules for the Study of Primary Liver Cancer 
published by the Korean Liver Cancer Association (KLCA).13 

MATERIALS AND METHODS

Patient selection and clinicopathological analysis

Two hundred and ninety-eight consecutive cases of primary 
HCCs that were surgically resected between 2003 and 2012 at 
Seoul National University Bundang Hospital, Seongnam, Republic 
of Korea were evaluated in this study. This study was approved 
by the Institutional Review Board of Seoul National University 
Bundang Hospital (IRB No. B-1708-412-304), and patient 
consent was waived due to the retrospective nature of this study. 
Clinicopathological data were analyzed by reviewing electronic 
medical records, pathology reports and glass slides, and included 
patient sex, age at operation, tumor size, gross type, histologic 

differentiation (Edmondson-Steiner grade), serum α-fetoprotein 
(AFP) levels and the pathological T and N categories according to 
AJCC TNM staging system (7th edition). The presence of intra-
tumoral fibrous stroma was also noted; we defined the presence 
of intratumoral fibrous stroma as fibrous stroma occupying more 
than 30% of the tumor area.14 Cases with multiple HCCs were 
excluded from the study, leaving a total of 242 cases for further 
analysis. Follow-up data was retrieved from the electronic medical 
records, including the status at last follow up and occurrence of 
distant or intrahepatic metastasis or local recurrence.

The gross type was determined by examining the largest 
cross section of the tumor by two pathologists (Y.L. and H.K.), 
according to the General Rules for the Study of Primary Liver 
Cancer by the KLCA (Fig. 1).13 “Vaguely nodular” (VN) type 
was defined as a nodule with indistinct margins. While VN type 
morphology is an important characteristic of early HCC,15 we 
classified HCCs as VN type purely by gross appearance, regardless 
of the tumor size and histologic differentiation status. “Expanding 
nodular” (EN) type was defined by as a round expansile nodule 
with a distinct margin. “Multinodular confluent” (MC) type was 
defined as a cluster of small and confluent nodules. “Nodular with 
perinodular extension” (NP) type was defined as an expanding 

Fig. 1. Examples of the different gross types of hepatocellular carcinoma. (A) Vaguely nodular type. (B) Expanding nodular type. (C) Multi-
nodular confluent type. (D) Nodular with perinodular extension type. (E) Infiltrative type.
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nodule similar to EN type HCCs that had extranodular growth 
in less than 50% of the tumor circumference. INF type HCCs 
showed extranodular growth in more than 50% of the tumor 
circumference. The gross types were correlated with the clinico-
pathological features of the HCCs.

Tissue microarray construction and immunohistochemistry

Two-millimeter-core tissue microarrays were constructed from 
the HCCs (Superbiochips Laboratories, Seoul, Korea), and 4 μm-
thick tissue sections obtained from the tissue microarray blocks. 
Immunohistochemical staining was performed for “stemness”-
related markers (cytokeratin 19 [CK19]; 1:100, mouse mono-
clonal, Dako, Glostrup, Denmark), epithelial cell adhesion mol-
ecule (EpCAM; 1:3,000, mouse monoclonal, Millipore, Billerica, 
MA, USA), and epithelial-mesenchymal transition (EMT)–related 
markers (urokinase plasminogen activator receptor [uPAR; 
1:40, mouse monoclonal, Abcam, Cambridge, UK] and ezrin 
[1:100, mouse monoclonal, Abcam]). Briefly, after deparaf-
finization in xylene and rehydration in graded alcohol, antigen 
retrieval was performed on tissue sections using citrate buffer (pH 
6.0) for CK19, EpCAM, and ezrin, and protease for uPAR. Incuba-
tion with primary antibodies was performed for 1 hour at room 
temperature, and with secondary antibody (EnVision kit, Dako) 
for 30 minutes. The presence of cytoplasmic expression in > 5% of 
the tumor cells was regarded as positive for CK19, ezrin, and uPAR 
expression. EpCAM was expressed in the tumor cell membranes. 

Statistical analysis

All statistical analyses were performed using SPSS ver. 19.0 K 
(SPSS Korea, Seoul, Korea). Chi-square tests and Fisher exact 
tests were performed as deemed appropriate. Survival analyses for 
overall and disease-free survivals were performed by the Kaplan-
Meier method and log-rank test. The Cox regression models 
were used for multivariate analysis. Statistical significance was 
defined as p < .05.

RESULTS

Clinicopathological characteristics according to HCC gross 
classification

The clinicopathological characteristics of the 242 cases studied 
are summarized in Table 1. The most common etiologic factor 
was hepatitis B virus (HBV) infection (171/242, 70.7%), fol-
lowed by alcohol (35/242, 14.5%), hepatitis C virus (HCV) infec-
tion (17/242, 7.0%) and combined HBV + HCV infection 
(1/242, 0.4%). The etiology was uncertain for the remainder of 

Table 1. Summary of the clinicopathological characteristics 

Characteristic No. (%) (n = 242)

Sex
   Male 181 (74.8)
   Female 61 (25.2)
Age at operation, median (range, yr) 59 (29-87)
Preoperative serum AFP level, median (range, ng/mL) 14.35 (1–40,000)
Etiology
   Hepatitis B virus (HBV) 171 (70.7)
   Alcohol 35 (14.5)
   Hepatitis C virus (HCV) 17 (7.0)
   HBV + HCV 1 (0.4)
   Uncertain etiology 18 (7.4)
Tumor size, median (range, cm) 3.0 (0.9–17.0)
   ≤ 2 52 (21.5)
   > 2 and ≤ 5 145 (59.9)
   > 5 45 (18.6)
Gross type
   Vaguely nodular 9 (3.7)
   Expanding nodular 107 (44.2)
   Multinodular confluent 78 (32.2)
   Nodular with perinodular extension 32 (13.2)
   Infiltrative 16 (6.6)
Edmondson-Steiner grade
   Grade I 2 (0.8)
   Grade II 74 (30.6)
   Grade III 142 (58.7)
   Grade IV 24 (9.9)
Microvascular invasion
   Absent 154 (63.6)
   Present 88 (36.4)
Portal vein invasion
   Absent 225 (93.0)
   Present 17 (7.0)
Cirrhosis in background liver
   Absent 109 (45.0)
   Present 126 (52.1)
Intratumoral fibrous stroma (> 30%)
   Absent 187 (77.3)
   Present 55 (22.7)
Pathologic T category (AJCC 7th edition)
   pT1 140 (57.9)
   pT2 82 (33.9)
   pT3 17 (7.0)
   pT4 3 (1.2)
Pathologic N category (AJCC 7th edition)
   pN0 240 (99.2)
   pN1 2 (0.8)
Recurrence on follow-up
   Absent 138 (57.0)
   Present 104 (43.0)
Status at last follow-up
   Alive 160 (66.1)
   Deceased of disease 19 (7.9)
   Deceased of other cause 5 (2.1)
   Follow-up loss 58 (24.0)

AFP, α-fetoprotein; AJCC, American Joint Committee on Cancer.
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patients (18/298, 7.4%). The most common gross type of HCCs 
was the EN type (107/242, 44.2%), followed by the MC type 
(78/242, 32.2%), NP type (32/242, 13.2%), INF type (16/242, 
6.6%), and the VN type (9/242, 3.7%). 

When the clinicopathological features were compared among 
the five different gross types, we found that INF type HCCs 
were associated with larger tumor size, poor histologic differen-
tiation, more frequent microvascular and portal venous invasion 
and higher pathologic T stage compared to the other gross types 
(Table 2). Large tumor size, microvascular and portal venous 
invasion and high T stage were rare or absent in VN or EN type 
HCCs. The clinicopathological features of MC and NP type 
HCCs were similar. We regrouped the five gross types into type 
1 and type 2, as previously described by Gong et al.5: type 1 
HCCs consisted of VN and EN type, and type 2 HCCs consisted 
of MC, NP, and INF types. On comparing the clinicopathological 
findings between the two types, we found that type 2 HCCs were 
more frequently larger (p < .001) and poorly differentiated (p = 

.001), and showed more frequent microvascular invasion (p < 

.001), portal venous invasion (p < .001), higher pT stages (p < 

.001), and intratumoral fibrous stroma (p < .001) compared to 
type 1 HCCs. 

Differences in expression status of “stemness”- and EMT-
related markers in HCC according to gross classification

The immunohistochemical stain results are summarized in 
Table 2 and Fig. 2. The expression of “stemness”-related markers, 
CK19 and EpCAM, was seen in 18.6% and 43.4% of HCCs, 
respectively. CK19 and EpCAM expression rates were signifi-
cantly higher in INF type HCCs compared to EN type HCCs 
(CK19, 37.5% vs 9.3%; EpCAM, 75.0% vs 34.6%). Signifi-
cant differences were seen in the frequencies of CK19 and EpCAM 
positivity between type 1 and type 2 HCCs (CK19, p = .002; 
EpCAM, p = .009). uPAR and ezrin, EMT-related markers, were 
more frequently expressed in type 2 HCCs compared to type 1 
HCCs (uPAR, p < .001; ezrin, p = .036).

Table 2. Clinicopathological features and immunohistochemical stain results according to gross type

VN
(n = 9)

EN
(n = 107)

MC
(n = 78)

NP
(n = 32)

INF
(n = 16)

Type 1
(VN, EN)
(n = 116)

Type 2
(MC, NP, INF)

(n = 126)

p-value
(type 1 vs 2)

Tumor size (> 5 cm) 0 11 (10.3) 21 (26.9) 7 (21.9) 6 (37.5) 11 (9.5) 34 (27.0) < .001
HBV etiology 5 (55.6) 73 (68.2) 58 (74.4) 21 (65.6) 15 (93.8) 78 (67.2) 94 (74.6) .207
Edmondson-Steiner grade III/IV 4 (44.4) 64 (59.8) 58 (74.4) 25 (78.1) 15 (93.8) 68 (58.6) 98 (77.8) .001
Microvascular invasion 1 (11.1) 29 (27.1) 34 (43.6) 14 (43.8) 10 (62.5) 30 (25.9) 58 (46.0) < .001
Portal vein invasion 0 0 4 (5.1) 5 (15.6) 8 (50.0) 0 17 (13.55) < .001
High T category (pT3 or pT4) 0 1 (0.9) 7 (9.0) 5 (15.6) 7 (43.8) 1 (0.9) 19 (15.1) < .001
Cirrhosis in background liver 6 (66.7) 49 (46.7) 42 (57.5) 15 (46.9) 14 (87.5) 55 (48.2) 71 (58.1) .118
Serum AFP level > 1,000 ng/mL 0 12 (13.6) 10 (14.7) 6 (20.7) 6 (37.5) 12 (12.6) 22 (19.5) .194
Fibrous stroma (> 30%) 1 (11.1) 14 (13.1) 25 (32.1) 9 (28.1) 6 (37.5) 15 (12.9) 40 (31.7) < .001
CK19 positive 2 (22.2) 10 (9.3) 20 (25.6) 7 (21.9) 6 (37.5) 12 (10.3) 33 (26.2) .002
EpCAM positive 3 (33.3) 37 (34.6) 34 (43.6) 19 (59.4) 12 (75.0) 40 (34.5) 65 (51.6) .009
uPAR positive 1 (11.1) 16 (15.2) 22 (28.2) 14 (43.8) 12 (75.0) 17 (14.9) 48 (38.1) < .001
Ezrin positive 4 (44.4) 34 (32.4) 40 (51.3) 12 (37.5) 7 (43.8) 38 (33.3) 59 (46.8) .036

VN, vaguely nodular; EN, expanding nodular; MC, multinodular confluent; NP, nodular with perinodular extension; INF, infiltrative; HBV, hepatitis B virus; AFP, 
α-fetoprotein; CK19, cytokeratin 19; EpCAM, epithelial cell adhesion molecule; uPAR, urokinase plasminogen activator receptor.

Fig. 2. Immunohistochemical stain results for stemness- and epithelial-mesenchymal transition-related markers: cytokeratin 19 (A), epithelial 
cell adhesion molecule (B), and ezrin (C).

A B C
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Fig. 3.  Kaplan-Meier curves demonstrating differences in disease-free survival and overall survival according to gross classification of hepa-
tocellular carcinoma. (A, B) Disease-free survival. (C, D) Overall survival. VN, vaguely nodular; EN, expanding nodular; MC, multinodular con-
fluent; NP, nodular with perinodular extension; INF, infiltrative.
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Table 3. Survival analysis results

Variable
Overall survival Disease-free survival

Hazard ratio 
(95% confidence interval)

p-value
Hazard ratio

(95% confidence interval)
p-value

Univariate analysis
Gross type (type 1 vs type 2)a 5.439 (1.583–18.683) .007 1.617 (1.092–2.394) .016
Tumor size (> 5 cm) 1.229 (0.407–3.712) .714 1.590 (1.013–2.495) .044
High E-S grade (III or IV) 0.636 (0.256–1.583) .331 1.054 (0.694–1.599) .805
Microvascular invasion 2.178 (0.881–5.383) .092 1.445 (0.977–2.138) .065
Portal vein invasion 5.311 (1.906–14.796) < .001 1.702 (0.858–3.376) .128
High T category (pT3 or pT4) 5.206 (1.974–13.728) < .001 1.795 (0.982–3.284) .057
Intratumoral stromal fibrosis 2.037 (0.801–5.179) .135 0.973 (0.608–1.559) .973
Multivariate analysis
Gross type (type 1 vs type 2) 4.118 (1.142–14.844) .030 1.617 (1.092–2.394) .016
Tumor size (> 5 cm) 0.586 (0.166–2.060) .404 1.303 (0.802–2.115) .285
Microvascular invasion 1.953 (0.765–4.982) .161 1.300 (0.866–1.952) .205
Portal vein invasion 1.091 (0.150–7.931) .931 0.954 (0.292–3.124) .938
High T category (pT3 or pT4) 3.173 (1.156–8.710) .025 1.462 (0.500–4.275) .487

E-S grade, Edmondson-Steiner grade.
aType 1: vaguely nodular and expanding nodular types, type 2: multinodular confluent, nodular with perinodular extension and infiltrative types.
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Survival analysis results

Of the five different gross types, the INF type demonstrated 
the worst overall survival (p = .015) and disease-free survival 
(p=.034) compared to other types (Table 3, Fig. 3). The most 
favorable outcome was seen for EN and VN types, and the sur-
vival curves for MC and NP types were in between that of EN 
and INF type HCCs. When the gross types were simplified into 
two groups, type 2 HCCs showed significantly decreased disease-
free (p = .015) and overall survival (p = .003) compared to type 1 
HCCs. Of the other clinicopathological variables, tumor size of 
larger than 5 cm was associated with a decreased disease-free 
survival (p = .041), portal venous invasion (p < .001) and higher 
pT stage (p < .001) were associated with decreased overall survival, 
and microvascular invasion was marginally associated with de-
creased disease-free and overall survivals although not statistically 
significant. 

Multivariate analysis demonstrated that gross classification 
(type 1 vs 2) was a significant independent predictor of both 
overall and disease-free survival, after adjusting for patient sex 
and age. Type 2 HCCs showed significantly decreased overall 
survival (p = .030; hazard ratio, 4.118; 95% confidence interval, 
1.142 to 14.844) and disease-free survival (p = .016; hazard ratio, 
1.617; 95% confidence interval, 1.092 to 2.394). High patho-
logic T stage also remained a significant predictive factor for 
overall survival (p = .025; hazard ratio, 3.173; 95% confidence 
interval, 1.156 to 8.710). 

DISCUSSION

In this study, we found that INF type HCCs had the worst 
prognosis out of the five different gross types, and when the 
HCCs were further grouped into types 1 and 2, gross type 2 
HCCs more frequently showed clinicopathological features of 
aggressive behavior and poor prognosis compared to type 1 
HCCs. The gross classification had a strong impact on patient 
survival; type 2 gross morphology was a significant indepen-
dent predictor of decreased overall and disease-free survivals on 
multivariate analysis. 

Our findings are similar to the results of a few previous studies. 
Increased overall and disease-free survival was noted for single 
nodular type HCCs compared to those with extranodular 
growth or MC growth patterns.6,9 Interestingly, Shimada et al.9 
analyzed small HCCs (< 3 cm) separately and found similar asso-
ciations between gross morphology and prognosis, and in another 
analysis3 on huge HCCs (> 10 cm), single nodular type HCCs 
showed more favorable outcomes compared to non-single nodular 

HCCs. Taken together, it could be suggested that the gross 
classification may be an important predictor of prognosis regardless 
of tumor size. When tumor size was entered into our multivariate 
analysis model, we found that gross type 2 was a strong inde-
pendent predictor of both overall survival and disease-free survival. 

The gross classification consists of five different morphological 
types of HCCs and clear definitions for the different types have 
been proposed in the guidelines of both the LCSGJ and KLCA. 
However, in practice, the distinction between NP, MC, and INF 
type HCCs is not always clear cut, and prone to interobserver 
variability. On the other hand, EN and VN types (known as 
“single nodular with distinct margin” and “single nodular with 
indistinct margin” types in the LCSGJ guidelines, respectively) 
are relatively easier to discriminate from the other types as they 
lack the multilobulated irregular contour. If the gross classifica-
tion is an important prognostic factor for HCC on surgically 
resected specimens, this could also be implemented in the pre-
operative evaluation of HCC patients, as the gross features can be 
determined on preoperative imaging. Therefore, it may be suffi-
cient and more practical to classify HCCs as single nodular types 
(type 1) and non-single nodular types (type 2) for guiding patient 
management strategies. Interestingly, Fu et al.4 analyzed the survival 
of patients with small HCCs (< 5 cm) treated with radiofre-
quency ablation according to the gross type on imaging, and found 
that HCCs with single nodular HCCs without extranodular 
growth or irregular margins were associated with favorable sur-
vival. 

A subset of HCCs that have morphological features consistent 
with HCC have been demonstrated to express immunopheno-
types associated with “stemness,” such as CK19, EpCAM, CD133, 
and c-kit positivity. These tumors have been associated with 
higher preoperative serum AFP levels, less frequent fibrous capsule 
formation, intratumoral fibrous stroma, frequent vascular invasion 
and poor prognosis compared to typical HCCs that do not express 
these markers.16,17 As expected, we found in this study that larger 
tumor size, poor histological differentiation, microvascular and 
portal venous invasion, intratumoral fibrous stroma, “stemness” 
and EMT-related marker expression and higher T stages were 
significantly more frequent in type 2 HCCs compared to type 1 
HCCs. Therefore, HCCs that have a solitary, well-circumscribed 
and expansile growth pattern were less likely to exhibit features 
associated with “stemness.” The higher prevalence of CK19 
expression in type 2 HCCs has been recently demonstrated by 
another group.5 

EMT refers to the process in which tumor epithelial cells lose 
their epithelial characteristics (e.g., loss of membranous E-cad-
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herin expression) and acquire mesenchymal features, facilitating 
tumor invasion and distant metastasis.18 This process has been 
described in HCCs, and HCCs expressing ezrin and uPAR have 
been associated with poor prognoses.19,20 We found in this study 
that INF type HCCs showed frequent uPAR expression (75%) 
compared to other types, especially VN and EN types which were 
uPAR positive in 11% and 15%, respectively. MC and NP 
types showed uPAR expression frequency intermediate between 
INF types and EN/VN types. In a previous study from Japan, 
E-cadherin loss was more frequently seen in single nodular with 
extranodal growth type and confluent multinodular type HCCs 
of less than 6 cm in diameter (which can be translated to NP and 
MC type HCCs according to the KLCA classification).7 Taken 
together, it could be suggested that invasiveness and metastatic 
ability of HCCs could be reflected by the gross appearance.

On examining the Kaplan-Meier curves for overall and disease-
free survival according to the five different gross types of our 
cohort, significant differences in survival were noted between 
the EN types and INF types. The MC and NP types showed 
survivals intermediate between the EN and INF types, without 
significant differences between the two types. Interestingly, 
while the VN type showed the best overall survival (no HCC-
related deaths), early recurrences were noted for two VN type 
HCCs (at 17 and 18 months) for the disease-free survival analysis. 
Although VN type morphology is a characteristic feature of 
early HCC,15 we included all cases that were macroscopically of 
VN type regardless of the histological differentiation or tumor 
size; indeed, poor histological differentiation was noted in 4/9 
(44.4%) cases and 2/9 (22.2%) cases were larger than 3 cm. 
Therefore, the VN type in this study does not refer to early HCC, 
and we grouped VN and EN types together into type 1 (single 
nodular) HCCs for analytical purposes.

Although this is not the first report on the clinicopathological 
significance of the gross classification of HCCs, this is a large-
scale cohort study of 242 surgically resected solitary HCCs using 
the definitions in the guidelines of the KLCA, and we also dem-
onstrate for the first time the associations between the different 
gross types and the expression status of “stemness”- and EMT-
related markers. A limitation of this study is that we excluded 
multiple HCCs (including multicentricity and intrahepatic me-
tastasis) from the study cohort in order to exclude cases showing 
multiple gross types in the same liver. This resulted in the lower 
percentage of cases with higher pT stage, and the exclusion of 
pT3a cases using the current AJCC staging system (seventh 
edition). Nevertheless, we demonstrate that the gross classification 
of HCCs according to the KLCA guidelines has prognostic value, 

and that gross type 2 HCCs with non-single nodular patterns are 
associated with clinicopathological features of aggressive behavior, 
increased expression of “stemness”- and EMT-related markers and 
decreased survival. Further validation would be required in inde-
pendent cohorts and also radio-pathological correlation studies 
would be needed to validate the utility of the gross classification 
in HCC patient management.
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▒ ORIGINAL ARTICLE ▒

In endometrioid carcinoma patients, International Federation of 
Gynecologists and Obstetricians (FIGO) histologic grading is very 
important in determining the treatment method and predicting 
the patient’s prognosis.1-3 Particularly, it is recommended that 
patients with FIGO stage I and histologic grade 3 endometrioid 
carcinoma undergo adjuvant radiotherapy after surgery,3 while 
patients with FIGO stage I and histologic grade 1 or 2 endome-
trioid carcinoma should be treated with surgery only. However, 
the interobserver discrepancy of this three-tiered FIGO grading 
system can pose a serious potential problem. Thus, many authors 
have used immunohistochemical (IHC) staining,4-6 genetic molec-
ular testing,7-9 and other two-tiered systems10,11 to reduce the dis-
crepancy.

Myoferlin, a protein in the cellular membrane, is involved in 
cellular regeneration after injury.12 Recent studies have reported a 
correlation between the prognosis of cancer patients and myoferlin 
expression in breast, lung, oropharyngeal, and pancreatic cancer.13-16

In this study, we used IHC staining to analyze the relationship 
between FIGO histologic grading and myoferlin expression.

MATERIALS AND METHODS

Case selection

We collected clinical data from the charts of endometrioid 
carcinoma patients treated at Gyeongsang National University 
Hospital, Jinju, Korea, between January 2002 and December 
2009. A total of 60 patients who underwent hysterectomy were 
enrolled. The tumor stage and histologic grade of each case were 
assessed using the FIGO system. All gross photographs and hema-
toxylin and eosin–stained glass slides of surgical specimens were 
reviewed by two pathologists.

This study was approved by the Institutional Review Board of 
Gyeongsang National University Hospital with a waiver of informed 
consent (IRB No. GNUH-2015-12-003).
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Tissue microarray

Tumor samples were fixed overnight in 20% neutral-buffered 
formalin and were examined grossly, dissected, and embedded in 
paraffin blocks. One or two representative blocks were selected by 
microscopic examination. One representative core (3 mm in diam-
eter) tissue was obtained from each paraffin block and arranged in 
new recipient tissue microarray blocks. Representative areas of 
the donor blocks were selected from near the invasive front.

IHC analysis

A primary antibody for myoferlin (1:100, 7D6, Abcam, Cam-
bridge, UK) was used to investigate protein expression. The IHC 
method used was described in detail in our previous report.14

The positive control for myoferlin was normal endometrial tissue. 
Tissues showing an intensity equal to or stronger than that of 
normal endometrial tissue were classified as grade 3. The IHC 
slides were scored using the three-tiered FIGO system by two pathol-
ogists.

Statistical analysis

Correlation analyses were performed using the chi-square test. 
A p-value of < .05 was considered statistically significant. All sta-
tistics were analyzed using SPSS ver. 24.0 (IBM Corp., Armonk, 
NY, USA).

RESULTS

Clinicopathological features of the patients

The clinicopathological features of 60 endometrioid carcinoma 
patients are summarized in Table 1. The mean age was 51 years. 
All patients underwent hysterectomy. Among 60 cases, 43 
(71.7%) were classified as FIGO stage Ia after surgery, whereas 40 
(66.7%) were considered FIGO histologic grade 1.

Myoferlin expression in nontumorous endometrial tissue

Nontumorous endometrial tissues were obtained from leiomyoma 
or adenomyosis patients who underwent hysterectomy. In normal 
epithelial tissues, moderate and strong myoferlin expression was 
observed. Specifically, endometrial tissue in secretory phase 
showed strong expression (Fig. 1).

Myoferlin expression in endometrioid carcinoma

The clinicopathological features of the cases included in this 
study are summarized in Table 1. Myoferlin expression in the cyto-
plasm and cellular membrane of cancer cells was observed in 58 
of the 60 patients (Fig. 1). Similarly, cytoplasmic and membra-

nous expression of myoferlin was evident in normal endometrial 
glands in proliferative and secretory phases. Forty-five patients 
(75%) exhibited strong myoferlin expression, similar to that in 
normal endometrial glands.

Correlation between myoferlin expression and FIGO 
histologic grading

The correlation is described in Table 2. In the chi-square test, 
moderate and strong myoferlin expression was observed in low-
grade endometrioid carcinoma, while there was a tendency toward 
loss of myoferlin expression in high-grade endometrioid carcinoma 
(p < .001).

Correlation between myoferlin expression and FIGO staging

The correlation is shown in Table 3. In the chi-square test, 
most patients with FIGO stage III endometrioid carcinoma exhib-
ited negative or weak myoferlin expression (+ 1). A tendency toward 
loss of myoferlin expression was also observed in late-stage endo-
metrioid carcinoma (p < .001).

DISCUSSION

Myoferlin is a little known protein. To our knowledge, this study 
is the first to identify myoferlin expression in endometrial tissue. 
Recent studies have reported that myoferlin contributes to the 
proliferation, migration, and invasion of cancer cells and is over-
expressed in several types of cancer. However, in this study, endo-
metrial cancer showed the opposite result; myoferlin expression 
was decreased in high-grade endometrioid carcinoma, probably 

Table 1. Clinical and pathological features of 60 endometrioid car-
cinoma patients

Variable No. of patients (%)

Mean age (yr) 51 (35–78)
T category
   Ia 43 (71.7)
   Ib 12 (20)
   II 3 (5)
   IIIa 1 (1.7)
   IIIb 1 (1.7)
Histologic grade
   1 40 (66.7)
   2 15 (25)
   3 5 (8.3)
Myoferlin expression
   Negative 2 (3.3)
   Weak (+ 1) 4 (6.6)
   Moderate (+ 2) 9 (15)
   Strong (+ 3) 45 (75)
Total 60
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because normal endometrial tissue undergoes a continuous cycle of 
regeneration. Moreover, myoferlin has been reported to be involved 
in cellular regeneration after injury.14 The tumorigenesis of endo-
metrioid carcinoma is associated with noncyclic continuous exposure 
to sex hormones. Our results implicate a correlation among cellular 
regeneration, hormonal effect, and myoferlin expression.

Though FIGO grading is important in guiding patient treat-
ment, the interobserver discrepancy of this three-tiered grading 
system is a potential problem. Hence, many authors have attempted 
grading using IHC staining,4-6 genetic molecular testing,7-9 other 
two-tiered systems,10,11 and curettage and cytology17 to decrease 

discrepancies.
In a previous study, Daniilidou et al.5 investigated PTEN and p53 

gene expression in endometrioid and serous papillary carcinoma 
and showed that these biomarkers contribute to accurate diagnosis 
and therapeutic decisions in relation to tumor stage and grade. In 
another notable study on the cytologic scoring of endometrioid 
carcinoma of the endometrium, Nishimura et al.17 examined 64 
cytologic samples and scored them using 10 cytology character-

A

D

C

F

B

E

Fig. 1. Myoferlin expression in nontumorous endometrial tissue in proliferative phase (A) and secretory phase (B). (C) Loss of myoferlin ex-
pression in high-grade endometrioid carcinoma. Weak (+ 1, International Federation of Gynecologists and Obstetricians [FIGO] grade 3) (D), 
moderate (+ 2, FIGO grade 2) (E), and strong (+ 3, FIGO grade 1) (F) expression of myoferlin in endometrioid carcinoma.

Table 3. Correlation between myoferlin expression and FIGO stag-
ing

T category
Myoferlin

Total
≤ + 1  ≥ + 2

Ia 1 42 43
Ib 3 9 12
II 0 3 3
IIIa 1 0 1
IIIb 1 0 1
Total 6 54

p < .001.
FIGO, International Federation of Gynecologists and Obstetricians.

Table 2. Correlation between myoferlin expression and FIGO histo-
logic grading

Histologic grade ≤ + 1 ≥ + 2 Total

1 1 39 40
2 2 13 15
3 37 2 5
Total 6 54

p < .001.
FIGO, International Federation of Gynecologists and Obstetricians.
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istics. The cytologic grade was closely related to histologic grade, 
and a high cytologic score was correlated with p53 mutation and 
myometrial invasion. The study implied that the cytologic scoring 
system for endometrioid carcinoma is useful for predicting histo-
logic grade and malignant potential of the tumor.

Guan et al.10 tried a new binary grading system for endometrial 
carcinoma and compared it with an existing binary grading system 
and FIGO grading in hysterectomy specimens. They examined 
254 hysterectomies and graded them according to the new grading 
system including architecture pattern and nuclear atypia. They 
concluded that the three-tiered FIGO grading system retained 
superior prognostic power. However, the new binary grading system 
is an attractive option due to its good reproducibility and the 
elimination of ambiguity of intermediate grades.

In the present study, we also tried to decrease discrepancies by 
determining the FIGO grade according to myoferlin expression. 
Our statistically significant (p < .001) finding was that moderate 
and strong myoferlin expression was observed in low-grade endo-
metrioid carcinoma, and loss of myoferlin expression was noted in 
high-grade endometrioid carcinoma. Here, we found that myoferlin 
could be a valuable marker for the accurate grading of uterine 
endometrioid carcinoma.

In this study, the level of myoferlin expression in endometrioid 
carcinoma was opposite that observed in other studies, suggesting 
a hidden mechanism underlying the continuous regeneration of 
tissue in the endometrium. Thus, further investigation in the role 
of myoferlin in the endometrium and in tumorigenesis of endo-
metrioid carcinoma is recommended.

This study had some limitations. The number of patients in-
volved was only 60, and the cases consisted of mostly early-stage 
endometrioid carcinoma. Therefore, further studies with larger 
sample sizes are necessary to validate the significance of myoferlin 
expression in early- and late-stage endometrioid carcinoma.

In conclusion, our study revealed that myoferlin loss is signifi-
cantly correlated with high FIGO grade of endometrioid carci-
noma. To our knowledge, this is the first report on myoferlin expres-
sion in endometrial tissue, and our results could help in the 
management of patients with endometrioid carcinoma.
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Background: Patients with resectable colorectal lung oligometastasis (CLOM) demonstrate a het-
erogeneous oncological outcome. However, the parameters for predicting tumor aggressiveness 
have not yet been fully investigated in CLOM. This study was performed to determine the prog-
nostic value of histological growth patterns in patients who underwent surgery for CLOM. Methods: 
The study included 92 patients who were diagnosed with CLOM among the first resection cases. 
CLOMs grow according to three histological patterns: aerogenous, pushing, and desmoplastic 
patterns. The growth patterns were evaluated on archival hematoxylin and eosin–stained tissue 
sections. Results: The aerogenous pattern was found in 29.4% (n = 27) of patients, the pushing 
pattern in 34.7% (n = 32), the desmoplastic pattern in 6.5% (n = 6), and a mix of two growth patterns 
in 29.4% (n = 27). The size of the aerogenous pattern was significantly smaller than that of metas-
tases with other patterns (p = .033). Kaplan-Meier analysis demonstrated that patients showing an 
aerogenous pattern appeared to have a poorer prognosis, which was calculated from the time of 
diagnosis of the CLOM (p = .044). The 5-year survival rate from the diagnosis of colorectal cancer 
tended to be lower in patients with an aerogenous pattern than in those who had a non-aeroge-
nous pattern; however, the difference was marginally significant (p = .051). In the multivariate Cox 
analysis, the aerogenous pattern appeared as an independent predictor of poor overall survival 
(hazard ratio, 3.122; 95% confidence interval, 1.196 to 8.145; p = .020). Conclusions: These results 
suggest that the growth patterns may play a part as a histology-based prognostic parameter for 
patients with CLOM.
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▒ ORIGINAL ARTICLE ▒

The term “oligometastasis” indicates an intermediate state (≤ 5 
metastases) of malignancy that lies between a localized tumor 
and widespread metastases.1 The implication of the concept of an 
oligometastatic condition is that metastatic disease may be cured 
with metastasis-directed, locally ablative therapies.2 Colorectal 
cancer (CRC) is one of the most frequently reported malignant 
tumors in a surgical series of oligometastasis,2 and early meta-
static progression of CRC may present with oligometastatic 
disease.3

The lung is the most common extra-abdominal organ of 
metastases from CRC, involved in 10%–25% of all patients with 
CRC.4,5 Evidence suggests that pulmonary metastasectomy is 
the standard therapy for patients with resectable lesions and has 
a better prognosis, with a 5-year overall survival rate of 36%–
63%.4,6 However, patients who undergo complete surgical 
resection of these lesions reveal a heterogeneous oncological 
outcome; some experience recurrent disease and die within a 
short duration after pulmonary metastasectomy, whereas other 

patients live without recurrence of disease.4-8

In previous studies, many authors have tried to clarify various 
prognostic parameters in patients undergoing pulmonary metas-
tasectomies, including the number of metastatic lesions, disease-
free interval, pretreatment carcinoembryonic antigen level, and 
degree of mediastinal lymph node involvement.5,9 However, 
factors for classifying the potential aggressiveness have not yet been 
fully evaluated in colorectal lung oligometastasis (CLOM). More-
over, little is known about the histopathological features that 
determine prognosis after pulmonary metastasectomy.10

Vermeulen et al.11 reported three histological growth patterns 
with biological differences for colorectal liver metastases: (1) a 
replacement growth pattern, where tumor cells infiltrate the liver 
cell plates by replacing the hepatocytes and co-opting hepatic 
stroma and sinusoids; (2) a pushing growth pattern, where the 
metastatic tumor expands by compression of the surrounding liver 
parenchyma with parallel running to the tumor liver interface; 
and (3) a desmoplastic growth pattern, in which the metastatic 
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tumor is separated by a fibrous rim from the liver parenchyma. 
Although the morphological classification described by Vermeu-
len et al.11 has been reported in a few studies, the prognostic signifi-
cance remains controversial in patients with colorectal liver metas-
tasis.12-15 

Furthermore, the significance of similar histological growth 
patterns has not yet been assessed in patients with CLOM. 
Therefore, we hypothesized that these histological growth patterns 
could help predict survival in patients with CLOM. This study was 
performed to determine the association of these three growth 
patterns of CLOM with standard clinicopathological parameters 
and also to determine the prognostic value of these growth patterns 
in patients who underwent surgery for CLOM.

MATERIALS AND METHODS

Patients and tissue samples

This study included 92 consecutive patients who were diag-
nosed with lung oligometastasis from colorectal adenocarcinoma 
among the first resection cases. The patients underwent curative 
lung resection for CLOM between 2004 and 2013 at Dong-A 
University Medical Center. We excluded patients who had another 
active cancer, more than five progressive metastatic sites, and a 
diagnosis of hereditary nonpolyposis CRC syndrome or familial 
polyposis. In addition, we excluded patients whose metastases 
showed a positive margin or cautery artifact due to the surgical 
procedure.12 The final sample included 57 men and 35 women, 
with ages ranging from 31 to 83 years (mean age, 60.8 years). 
For each patient, the following demographic and clinicopatho-
logical factors were collected through a review of medical records: 
age, sex, differentiation grade of the primary tumor, location of 
the primary tumor, invasion depth of the primary tumor, lymph 
node status of the primary tumor, detection timing of CLOM 
in relation to detection of the primary tumor (synchronous or 
metachronous), number of CLOMs, diameter of the largest metas-
tasis, and recurrence status. Synchronous lung metastasis had to 
be diagnosed during the diagnostic work-up or within 3 months 
following the diagnosis of CRC. CLOMs were defined as meta-
chronous when they occurred at least 3 months after the diagnosis 
of CRC.7 In patients who had undergone multiple resections for 
metastatic tumors, only the first resection was included in this 
study. The follow-up of patients began the month following 
CRC operation and ended at death or completion of follow-up 
(30 April 2017). All patients signed a written informed consent 
form to permit the use of their clinicopathological data for the 
purpose of the study. This retrospective study was approved by 

the required institutional review boards (IRB No. DAMC 15-141). 

Histopathological evaluation

The growth pattern of CLOM was evaluated on archival 4 μm 
hematoxylin and eosin (H&E)–stained tissue sections cut from 
formalin-fixed, paraffin-embedded specimens from the tumor-
lung boundary. In patients with multiple metastases, sections of 
the lesion with the largest diameter were examined. The histologi-
cal growth pattern of CLOM was characterized as the “aerogenous-
type,” the “pushing-type,” or the “desmoplastic-type,” according to 
the modified Vermeulen’s procedure.11 Briefly, in the aerogenous 
pattern, tumor clusters, nests, or single tumor cells spread into 
the air spaces in the lung parenchyma surrounding the edge of 
the tumor without destruction of the lung architecture and 
lung parenchyma, which were in close approximation, and 
showed no compression of the air spaces, desmoplastic stroma or 
inflammatory infiltrate. In the pushing pattern, the metastasis 
grew by compression of the lung parenchyma with parallel run-
ning to the tumor-lung interface without desmoplastic stroma, and 
only a mild inflammatory infiltrate. In the desmoplastic pattern, 
the metastatic tumor was separated from the lung parenchyma 
by a desmoplastic fibrous rim infiltrated with lymphocytes. There 
was no direct contact between tumor cells and lung parenchyma. 
Hence, a “mixed-type” growth pattern was defined as a histologic 
feature where at least two growth patterns existed, both patterns 
appearing in at least 20% of the tumor-lung interface.13 Mixed-
type metastases were included with a predominant primary growth 
pattern and one or two secondary growth patterns (Fig. 1). Two 
pathologists (S.Y.H. and M.S.R.) blinded to the clinicopatho-
logical information and outcome evaluated the H&E-stained 
slides of metastatic tumor nodules. The third pathologist 
(H.W.L.), who was also blinded to the clinicopathological infor-
mation and outcome, resolved any discrepancy between the first 
two pathologists. 

Statistical analysis 

Comparisons between the growth pattern and clinicopathological 
factors were analyzed using a chi-square test for proportions and 
analysis of variance (ANOVA) test for continuous variables as 
appropriate. The patient survival rate was analyzed using the 
Kaplan-Meier method, and the log-rank test was used to deter-
mine if there were any significant differences between the sur-
vival curves. All variables that revealed a statistically significant 
difference on univariate analysis were entered into the multivariate 
analysis. A p < .05 was considered statistically significant. All 
statistical analyses were performed using the Statistical Package 



http://jpatholtm.org/ https://doi.org/10.4132/jptm.2017.12.27

100     •  Yeong SJ, et al.

for the Social Sciences (SPSS) ver. 21 (IBM Co., Armonk, NY, USA).

RESULTS

Clinicopathological characteristics 

The clinicopathological characteristics of the study participants 

are summarized in Table 1. The patient population included 57 
(62.0%) men and 35 (38.0%) women with a mean age of 60.8 
years (range, 31 to 83 years). The diameter of the largest CLOM 
ranged from 0.4 to 7.0 cm, with a mean size of 1.8 cm. The 
histology of the primary tumor included 86 well- or moderately-
differentiated adenocarcinomas (93.5%) and six poorly differen-

Fig. 1. Representative histologic features of the three different growth patterns of lung oligometastasis from colorectal adenocarcinoma. (A, B) 
In the aerogenous pattern, tumor clusters, nests, or single tumor cells spread into the air spaces of the lung parenchyma surrounding the 
edge of the tumor without destruction of the lung architecture, desmoplastic stroma, or inflammatory infiltrate. (C, D) In the pushing pattern, 
the metastasis grows by compression of the lung parenchyma, running parallel to the tumor-lung interface without desmoplastic stroma, 
and with only a mild inflammatory infiltrate. (E, F) In the desmoplastic pattern, the metastatic tumor is separated from the lung parenchyma 
by a desmoplastic rim infiltrated with lymphocytes. There is no direct contact between the tumor cells and lung parenchyma.

A

C

E

B

D

F
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tiated adenocarcinomas (6.5%). Fifty-four (58.7%) patients had a 
single CLOM, while 38 (41.3%) had multiple (2 to ≤ 5 metasta-
ses) CLOMs. Twenty-four patients (26.1%) had synchronous 
CLOM, and 68 (73.9%) patients had metachronous CLOM. 
Further, 42.4% of our cases were located in the rectum, 83.7% 
had a locally advanced tumor (stage T3 or higher), and 57.6% 
demonstrated lymph node metastasis at the time of diagnosis.

Histological growth patterns

Overall, the aerogenous pattern was found in 29.4% (n = 27) 
of the CLOMs, the pushing pattern was present in 34.7% (n = 

32) of the CLOMs, the desmoplastic pattern was identified in 
6.5% (n = 6) of the CLOMs, and the mixed pattern was found in 
29.4% (n = 27) of the CLOMs (Table 1). Among the CLOMs with 
a mixed pattern, the pushing pattern (63.0%) was the most pre-
dominant, and a combination of the pushing and aerogenous 
patterns (48.2%) was the most common mixed pattern. Only one 
metastasis displayed all three growth patterns. 

Relationships between growth patterns and 
clinicopathological characteristics 

The size of the aerogenous pattern (1.49 ± 0.54 cm) was sig-

Table 1. Relationship between histological growth patterns of colorectal lung oligometastasis and clinicopathological characteristics 

Clinicopathological characteristic
Growth pattern

p-value
Aerogenous (n = 27) Pushing (n = 32) Desmoplastic (n = 6) Mixed (n = 27)

Age at CLOM (yr)
   Mean ± SD 57.63 ± 11.32 61.25 ± 10.52 69.50 ± 11.50 61.78 ± 11.30 .110a

Sex
   Male 16 (59.3) 20 (62.5) 3 (50.0) 18 (66.7) .872b

   Female 11 (40.7) 12 (37.5) 3 (50.0) 9 (33.3)
Size of CLOM (cm)
   Mean ± SD 1.49 ± 0.54 2.03 ± 1.40 2.68 ± 1.78 1.66 ± 0.59 .033a

No. of CLOMs
   Single 15 (55.6) 19 (59.4) 2 (33.3) 18 (66.7) .491b

   Multiple (2 to ≤ 5) 12 (44.4) 13 (40.6) 4 (66.7) 9 (33.3)
Detection timing of CLOM
   Synchronous 8 (29.6) 9 (28.1) 0 7 (25.9) .501b

   Metachronous 19 (70.4) 23 (71.9) 6 (100) 20 (74.1)
Frequency of CLOM 
   One time 24 (88.9) 28 (87.5) 6 (100) 22 (81.5) .635b

   More than one time 3 (11.1) 4 (12.5) 0 5 (18.5)
Location of CRC
   Colon 11 (40.7) 14 (43.8) 3 (50.0) 9 (33.3) .182b

   Rectosigmoid 1 (3.7) 8 (25.0) 0 7 (25.9)
   Rectum 15 (55.6) 10 (31.3) 3 (50.0) 11 (40.7)
Differentiation grade of CRC
   Well 15 (55.6) 21 (65.6) 2 (33.3) 12 (44.4) .570b

   Moderately 11 (40.7) 9 (28.1) 3 (50.0) 13 (48.2)
   Poorly 1 (3.7) 2 (6.3) 1 (16.7) 2 (7.4)
T category of CRC
   T1 0  1 (3.1) 0 2 (7.4) .566b

   T2 1 (3.7) 2 (6.3) 1 (16.7) 3 (11.1)
   T3 22 (81.5) 25 (78.1) 4 (66.7) 15 (55.6)
   T4 3 (11.1) 2 (6.3) 1 (16.7) 5 (18.5)
   Unknown 1 (3.7) 2 (6.3) 0  2 (7.4)
N category of CRC
   N0 8 (29.6) 14 (43.8) 1 (16.7) 11 (40.7) .617b

   N1 8 (29.6) 8 (25.0) 3 (50.0) 9 (33.3)
   N2 10 (37.0) 8 (25.0) 2 (33.3) 5 (18.5)
   Unknown 1 (3.7) 2 (6.3) 0  2 (7.4)

Values are presented as number (%) unless otherwise indicated.
CLOM, colorectal lung oligometastasis; SD, standard deviation; CRC, colorectal cancer.
aOne-way ANOVA analysis; bChi-square test.
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compared to a median survival of 64 months in patients with a 
non-aerogenous pattern, which was calculated from the time of 
diagnosis of CLOM (p = .044) (Fig. 2A). The 5-year survival 
rate calculated from the diagnosis of CRC tended to be lower in 
patients with CLOM having an aerogenous pattern than in 
those with CLOM having a non-aerogenous pattern; however, the 
difference was marginally significant (p = .051) (Fig. 2B). In the 
multivariate Cox analysis, the aerogenous pattern was associated 
with a significantly poorer survival compared to the non-aerog-
enous pattern (hazard ratio [HR], 3.122; 95% confidence interval 
[CI], 1.196 to 8.145; p = .020), as the aerogenous pattern 
appeared to be an independent prognostic factor for poor overall 
survival (Table 2). The Cox regression analysis also showed the 
effects of the specific T category of CRC (HR, 5.412; 95% CI, 
1.961 to 14.938; p = .001) and the detection timing of CLOM 
(HR, 3.008; 95% CI, 1.106 to 8.185; p = .031) on survival 
time (Table 2).

nificantly smaller than that of metastases with the pushing pattern 
(2.03 ± 1.40 cm) or the desmoplastic (2.68 ± 1.78 cm) pattern (p = 

.033). The number of CLOMs (single vs. multiple) per patient 
was not different among the growth patterns (p > .05). The detec-
tion timing (synchronous vs metachronous) and frequency (one 
time vs. more than once) of CLOM also did not show any sig-
nificant difference among the growth patterns (each p > .05). 
Although there was no significant correlation between the loca-
tion of CRC and the growth pattern, the aerogenous pattern 
seemed to occur more frequently in the rectum than the non-
aerogenous pattern, and this difference was marginally signifi-
cant (p = .058). The differentiation grade and invasion depth of the 
primary tumor (T category of CRC) and primary tumor lymph 
node status (N category of CRC) were not significantly correlated 
with the growth pattern of CLOM (each p > .05).

Survival analysis 

Of the 92 patients included, 23 (25.0%) died during follow-
up. Median survival was 61.0 months, and the median follow-
up time was 52.1 months (range, 0.2 to 155 months). When 
matched against all four growth patterns, a Kaplan-Meier analysis 
demonstrated no significant differences in overall survival accord-
ing to the four growth patterns calculated from the diagnosis of 
CLOM or CRC (data not shown). However, the difference was 
more significant when patients were divided into two groups, 
with one group including patients with metastases having an 
aerogenous pattern and the other group including those with 
metastases having a pushing, desmoplastic, or mixed pattern. 
Patients showing an aerogenous pattern appeared to have a 
poorer prognosis with a median survival time of 58 months 

Table 2. Multivariate Cox regression analysis for overall survival

Variable
Cox regression

HR 95% CI p-value

Growth pattern 
   Aerogenous 3.122 1.196–8.145 .020
   Non-aerogenous 1
T category of CRC
   T3–T4 5.412 1.961–14.938 .001
   T1–T2 1
Detection timing of CLOM
   Synchronous 3.008 1.106–8.185 .031
   Metachronous 1

HR, hazard ratio; CI, confidence interval; CRC, colorectal cancer; CLOM, 
colorectal lung oligometastasis.

Fig. 2 . Kaplan-Meier curves illustrating the overall survival of patients with colorectal lung oligometastasis (CLOM) in relation to growth pat-
terns. (A) The overall survival rate calculated from the diagnosis of CLOM shows a shorter survival time in patients with CLOM having an aer-
ogenous pattern than in those with CLOM having a non-aerogenous pattern (p = .044). (B) Although the difference was marginally significant 
(p = .051), the overall survival rate calculated from the time of diagnosis of colorectal cancer tends to show a shorter survival length in pa-
tients with CLOM having an aerogenous pattern than in those with CLOM with a non-aerogenous pattern.
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DISCUSSION

In the present study, Kaplan-Meier and Cox regression analyses 
showed the prognostic significance of the histological growth 
patterns, as the aerogenous pattern seemed to be an independent 
prognostic factor for poor overall survival. This is one of few 
works to analyze the histopathological prognostic factors for 
classifying the potential of tumor aggressiveness in CLOM after 
pulmonary metastasectomy. If the present results can be reaf-
firmed, we recommend recoding the aerogenous pattern as a 
routine prognostic biomarker in the pathology report of CLOM.

The first possible mechanism behind these findings is explained 
by the new concept of spread through air spaces (STAS). Prior to the 
definition of STAS, one early study indicated that an aerogenous 
tumor spread and free floating cell clusters from metastatic 
CRC are unfavorable prognostic features.10 In a new statement 
regarding the invasiveness of primary lung adenocarcinoma, 
STAS have been recognized as an additional pattern of tumor 
invasiveness. Although the concept of STAS is still evolving, 
STAS consists of micropapillary clusters, solid nests or single 
cells beyond the edge of the tumor into the air spaces in the sur-
rounding lung parenchyma.16 The loss of cell-to-cell adhesion 
or anchorage-independent growth of cancer cells may contribute 
to STAS.10 The presence of STAS in lung adenocarcinoma suggests 
a high risk of recurrence and invasion and is thus an important 
prognostic factor.17 We consider CLOM that has an aerogenous 
pattern to be comparable with STAS in primary lung cancer tumors. 
Although the definition of cancer infiltration into the surrounding 
lung parenchyma is different from that occurring in the liver, the 
aerogenous pattern is compatible with the replacement pattern of 
Vermeulen’s procedure.11 The second possible explanation is 
that non-aerogenous metastases offer a benefit by incorporating 
the supporting architecture endogenous to the lung, as in colorectal 
liver metastasis. At the leading edge of CLOM, direct dynamic 
interaction between metastatic tumor and host cells, mediated 
by various kinds of cytokines, chemokines, or growth factors, 
may show tumor-promoting properties.12,18,19 

Although our findings are interesting, there are several limi-
tations to the present study. First, our study is retrospective, 
and it is limited by the fact that there was variation in the treat-
ment protocol and modality before and after resection and also by 
the fact that responses to each treatment option were not evaluated 
in the survival analysis, possibly resulting in selection bias. Pre-
operative neoadjuvant therapy may also have influenced the mor-
phology of growth patterns. However, we feel these limitations 
are outweighed based on Nielsen’s opinion13 that the histologic 

findings of a growth pattern are really relevant, as the cohort 
reflects the actual patient status from a clinical point of view, 
although the survival data may not completely reflect the prog-
nostic significance of growth patterns. Second, growth patterns 
were evaluated on the basis of only one tissue section per patient 
and included only the first metastasectomy, even for patients 
with multiple metastases that took place at different times. One 
study assessed the growth pattern of recurrent liver metastases 
and reported that 27.3% of recurrent metastases showed a dif-
ferent growth pattern than the first metastasis, while 31.8% of 
recurrent metastases had a partly new growth pattern.13 Therefore, 
the growth pattern does not appear to be a host-specific feature.20 
As the metastasis advances, the morphology of the tumor-lung 
interface can change either with the accumulation of desmo-
plastic stroma or with STAS when the speed of tumor growth 
exceeds the spread rate at the invasive front, which has been simi-
larly reported in the liver.13,21 Third, a mixed-type was found in 
29.4% of cases, and the pushing growth pattern was predomi-
nant (63.0% of these cases). Moreover, 48.2% of these cases 
showed a combination of pushing and aerogenous growth pat-
terns. Regarding the idea of STAS, the quantity of the aeroge-
nous pattern might also be an important prognostic parameter.22 
However, we could not demonstrate the intermediate survival 
rates for patients with CLOM having a mixed pattern, which 
reflects a heterogeneous tumor with both an aggressive aeroge-
nous pattern and other more indolent patterns. Moreover, the 
case numbers of the combination subgroups of mixed pattern 
were too small for statistical evaluation to determine the prognos-
tic effect according to the constituent parts of growth pattern. 
Another limitation of our study was that the number of patients 
showing each growth pattern was small, especially the desmo-
plastic subgroup, as previously discussed; therefore, this study 
may have been underpowered to detect some differences. 

Despite these limitations, this study is the first to evaluate 
the histology-based prognostic factors for classifying the potential 
of tumor aggressiveness in the setting of pulmonary metastasec-
tomy for CLOM. However, the current findings must be repro-
duced, and further investigation is needed to determine the 
clinical implications and the biological mechanism of growth 
patterns of CLOM in a well-adjusted study. A concomitant study 
of diverse metastatic mechanisms, including the complicated 
interaction with the lung microenvironment, might be helpful 
to understand the significance of histologic growth patterns of 
CLOM.
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Background: Warthin-like variant of papillary thyroid carcinoma (WLV-PTC) is a relatively rare 
variant of papillary thyroid carcinoma with favorable prognosis. However, preoperative diagnosis 
using fine-needle aspiration (FNA) specimens is challenging especially with lymphocytic thyroiditis 
characterized by Hürthle cells and lymphocytic background. To determine a helpful cytological 
differential point, we compared WLV-PTC FNA findings with conventional papillary thyroid carci-
noma with lymphocytic thyroiditis (PTC-LT) and conventional papillary thyroid carcinoma without 
lymphocytic thyroiditis (PTC) regarding infiltrating inflammatory cells and their distribution. Preop-
erative diagnosis or potential for WLV-PTC will be helpful for surgeons to decide the scope of oper-
ation. Methods: Of the 8,179 patients treated for papillary thyroid carcinoma between January 
2007 and December 2012, 16 patients (0.2%) were pathologically confirmed as WLV-PTC and 
four cases were available for cytologic review. For comparison, we randomly selected six PTC-LT 
cases and five PTC cases during the same period. The number of intratumoral and background 
lymphocytes, histiocytes, neutrophils, and the presence of giant cells were evaluated and compared 
using conventional smear and ThinPrep preparations. Results: WLV-PTC showed extensive lym-
phocytic smear with incorporation of thyroid follicular tumor cell clusters and frequent histiocytes. 
WLV-PTC was associated with higher intratumoral and background lymphocytes and histiocytes 
compared with PTC-LT or PTC. The difference was more distinct in liquid-based cytology. Conclu-
sions: The lymphocytic smear pattern and the number of inflammatory cells of WLV-PTC are different 
from those of PTC-LT or PTC and will be helpful for the differential diagnosis of WLV-PTC in pre-
operative FNA.
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▒ ORIGINAL ARTICLE ▒

Warthin-like variant of papillary thyroid carcinoma (WLV-
PTC) was first described by Apel et al.1 in 1995 and named 
“warthin-like” due to the presence of abundant lymphocytes 
interspersed in oncocytic follicular epithelial cells resembling 
the warthin tumor of salivary glands. It is a relatively rare variant 
of papillary thyroid carcinoma with only 95 cases published in 
the English literature.2 This tumor expresses the product of the 
RET/PTC fusion gene, indicating that it is a variant of papillary 
thyroid carcinoma.3 WLV-PTC is a favorable prognostic vari-
ant1,3,4 although ominous behavior has also been reported.5 The 
diagnosis of WLV-PTC is relatively simple due to its characteristic 
morphology. However, preoperative diagnosis using fine-needle 
aspiration (FNA) samples is challenging because abundant 
lymphocytes and oncocytic follicular epithelial cells (Hürthle 
cells) are observed in various lesions associated with lymphocytic 
thyroiditis. In this study, we compared FNA findings of WLV-
PTC, conventional papillary thyroid carcinoma with lympho-

cytic thyroiditis (PTC-LT), and conventional papillary thyroid 
carcinoma without lymphocytic thyroiditis (PTC). The charac-
teristics of infiltrating inflammatory cells and their distribution 
were analyzed to evaluate their usefulness for differential diagnosis. 
Preoperative differential diagnosis of WLV-PTC will be helpful 
for surgeons to determine the optimal scope of operation. 

MATERIALS AND METHODS

Patients and cases

We retrieved 8,179 papillary thyroid carcinoma cases from the 
Thyroid Cancer Center database, Gangnam Severance Hospital, 
Yonsei University College of Medicine, Seoul, Korea between 
January 2007 and December 2012. Based on the final patho-
logical diagnosis, 16 patients (0.2%) were WLV-PTC including 
outside consultation cases. We were able to reexamine cytology 
slides from four of the patients. Six PTC-LT cases and five PTC 



http://jpatholtm.org/ https://doi.org/10.4132/jptm.2017.12.26

106     •  Kim J, et al.

cases were randomly selected for comparison (Table 1). Each case 
had been prepared for both conventional smear and liquid-based 
cytology (ThinPrep, Hologic, Bedford, MA, USA). The Insti-
tutional Review Board of Gangnam Severance Hospital (local IRB 
number: 3-2017-0235) approved this retrospective study and 
informed consent was waived.

Microscopic evaluation

Three slides (two conventional smears and one ThinPrep) 

were reviewed in each case. The number of background lym-
phocytes within tumor clusters as well as the number of histio-
cytes and neutrophils was counted in 10 high power fields 
(HPFs, × 200) in each sample slide. Tumor clusters composed 
of at least five tumor cells were included in this counting. The 
presence or absence of background giant cells was recorded. In 
each case, the average number of inflammatory cells per one 
HPF was recorded and separated into low and high groups for 
comparison. The cut-off points are shown in Tables 2  and 3. 

Table 1. Baseline clinicopathologic characteristics of each case

Case No. Age (yr)/Sex Tumor size (cm) Sonographic feature FNA diagnosisa Pathologic diagnosis Associated thyroiditis

1 46/F 1.0 Irregular shaped calcified nodule VI. PTC PTC-LT Present
2 45/F 0.9 Suspicious malignant nodule VI. PTC PTC-LT Present
3 46/F 0.6 Suspicious malignant nodule V. Suspicious PTC PTC-LT Present
4 53/F 0.4 Suspicious lesion VI. PTC PTC-LT Present
5 53/F 0.6 Suspicious nodule V. Suspicious PTC PTC-LT Present
6 62/F 0.4 Taller than wider hypoechoic nodule VI. PTC PTC-LT Present
7 76/F 0.5 Suspicious nodule VI. PTC PTC Absent
8 44/F 0.7 Suspicious malignant nodule V. Suspicious PTC PTC Absent
9 49/F 0.6 Suspicious lesion VI. PTC PTC Absent
10 70/M 1.0 Cancer nodule VI. PTC PTC Absent
11 57/F 0.3 Suspicious lesion VI. PTC PTC Absent
12 33/F 1.4 Suspicious nodule VI. PTC WLV-PTC Present
13 59/F 0.3 Low suspicious nodule V. Suspicious PTC WLV-PTC Absent
14 40/F 0.6 Oval shaped mass with poor enhancement V. Suspicious PTC WLV-PTC Absent
15 48/F 0.4 Suspicious nodule VI. PTC WLV-PTC Present

FNA, fine-needle aspiration; F, female; PTC, conventional papillary thyroid carcinoma without lymphocytic thyroiditis around the tumor; PTC-LT, conventional 
papillary thyroid carcinoma with lymphocytic thyroiditis around the tumor; M, male; WLV-PTC, Warthin-like variant of papillary thyroid carcinoma.
aDiagnostic categories according to the Bethesda system for reporting thyroid cytopathology.

Table 2. Comparison of inflammatory cell components among the papillary thyroid cancer groups in conventional smears

Inflammatory cell component WLV-PTC (n = 4) PTC-LT (n = 6) PTC (n = 5)
WLV-PTC vs PTC-LT 

p-value
WLV-PTC vs PTC 

p-value

Lymphocyte
   Background 38.00 (1–154) 7.50 (1–41) 14.00 (5–22) .524a .206a

      Low (≤ 30) 1 (25) 5 (83) 5 (100) .190b .048b

      High (> 30) 3 (75) 1 (17) 0 
   Within tumor 11.50 (0–51) 1.50 (0–3) 0.00 (0–2) .999a .524a

      Low (≤ 10) 2 (50) 6 (100) 5 (100) .133b .167b

      High (> 10) 2 (50) 0  0 
Histiocyte 5.00 (1–9) 1.00 (0–2) 1.00 (1–29) .999a .999a

   Low (< 1) 1 (25) 2 (33) 0 .999b .444b

   High (≥ 1) 3 (75) 4 (67) 5 (100)
Giant cell
   Absent 2 (50) 3 (50) 3 (60) .999b .999b

   Present 2 (50) 3 (50) 2 (40)
Neutrophil 3.50 (0–6) 5.00 (1–22) 4.00 (1–26) .999a .999a

   Low (≤ 10) 4 (100) 4 (67) 4 (80) .467b .999b

   High (> 10) 0 2 (33) 1 (20)

Values are presented as median (range) or number (%).
WLV-PTC, Warthin-like variant of papillary thyroid carcinoma; PTC-LT, conventional papillary thyroid carcinoma with lymphocytic thyroiditis around the tumor; 
PTC, conventional papillary thyroid carcinoma without lymphocytic thyroiditis around the tumor.
aMann–Whitney U test; bFisher exact test.
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Statistical analysis

The median number of inflammatory cells per one HPF was 
compared using the Mann-Whitney U test. Binary group dis-
tribution regarding inflammatory cell infiltration was compared 
using the Fisher's exact test. All statistical analyses were per-
formed using SPSS ver. 23.0 (IBM Corp, Armonk, NY, USA) and 
p-values less than 0.05 were considered statistically significant. 

RESULTS

The baseline clinicopathologic characteristics of each case such 
as age, gender, preoperative sonographic finding, preoperative 
FNA diagnosis, surgical pathologic diagnosis, tumor size, and 
associated thyroiditis are shown in Table 1. The WLV-PTC, 
PTC-LT, and PTC microscopic findings are shown in Fig. 1. 
Conventional smear and ThinPrep WLV-PTC samples showed 
irregular and papillary clusters with oncocytic cytoplasm and 
many lymphocytes within the tumor clusters and background 
(Fig. 1B–E) contrary to those of PTC-LT (Fig. 1G–J) and PTC 
(Fig. 1L–O) showing rare intratumoral and background lym-
phocytes. In WLV-PTC, the lymphocytic smear pattern was not 
different between the conventional and ThinPrep preparations.

The median number, range, and group distributions of inflam-
matory cells in WLV-PTC, PTC-LT, and PTC in conventional 
smears and in liquid-based smears are summarized in Tables 2 
and 3. In conventional smears, WLV-PTC showed a tendency 

for association with higher numbers of lymphocytes within tumor 
clusters and in the background compared with PTC-LT or 
PTC. WLV-PTC was significantly associated with a high number 
of background lymphocytes compared with PTC (p = .048). In 
ThinPrep preparations, WLV-PTC also showed a significantly 
higher median number of lymphocytes within tumor clusters (p = 

.008), in the background (p = .008), and was significantly asso-
ciated with higher lymphocytes within tumor clusters (p = .008) 
and the background (p = .008) compared with PTC. WLV-PTC 
showed a tendency for association with higher lymphocytes 
within tumors, in the background, and with higher histiocytes. 
WLV-PTC showed a significantly higher median number of 
histiocytes per one HPF (p = .048).

As an incidental finding, PTC-LT showed a neutrophilic 
smear with a higher median number compared with WLV-PTC 
or PTC (Tables 2, 3, Fig. 1G–J); however, the result was not 
statistically significant.

DISCUSSION

WLV-PTC is a rare variant of PTC having characteristic histo-
logic features; therefore, histologic diagnosis of this tumor is 
usually straightforward. However, preoperative diagnosis using 
conventional or liquid-based cytology techniques is complicated 
because several diseases resemble each other based on cytologic 
features. The first description of WLV-PTC cytologic features 

Table 3. Comparison of inflammatory cell components among the papillary thyroid cancer groups in liquid-based cytology (ThinPrep)

WLV-PTC (n = 4) PTC-LT (n = 6) PTC  (n = 5)
WLV-PTC vs PTC-LT 

p-value
WLV-PTC vs PTC 

p-value

Lymphocyte
   Background 38.00 (17–47) 23.50 (6–71) 4.00 (2–8) .999a .008a

      Low (≤ 10) 0 3 (50) 5 (100) .200b .008b

      High (> 10) 4 (100) 3 (50) 0 
   Within tumor 14.50 (5–22) 3.50 (0–10) 0 (0–0) .190a .008a

      Low (< 1) 0 (0) 2 (33) 5 (100) .467b .008b

      High (≥ 1) 4 (100) 4 (66) 0 
Histiocyte 11.00 (8–12) 1.50 (0–13) 1.00 (0–91) .048a .206a

   Low (≤ 10) 1 (25) 5 (83) 4 (80) .190b .206b

   High (> 10) 3 (75) 1 (17) 1 (20)
Giant cell .400b .524b

   Absent 1 (25) 0 3 (60)
   Present 3 (75) 6 (100) 2 (40)
Neutrophil 3.00 (1–12) 16.00 (1–47) 2.00 (0–10) .524a .999a

   Low (≤ 10) 3 (75) 3 (50) 5 (100) .571b .444b

   High (> 10) 1 (25) 3 (50) 0 

Values are presented as median (range) or number (%).
WLV-PTC, Warthin-like variant of papillary thyroid carcinoma; PTC-LT, conventional papillary thyroid carcinoma with lymphocytic thyroiditis around the tumor; 
PTC, conventional papillary thyroid carcinoma without lymphocytic thyroiditis around the tumor.
aMann–Whitney U test; bFisher exact test.
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Fig. 1. Microscopic findings of Warthin-like variant of papillary thyroid carcinoma (WLV-PTC), conventional papillary thyroid carcinoma with 
lymphocytic thyroiditis (PTC-LT), and conventional papillary thyroid carcinoma without lymphocytic thyroiditis (PTC). (A) Histologic findings of 
WLV-PTC. WLV-PTC is composed of atypical follicular cells with abundant oxyphilic cytoplasm and nuclear grooves (inset) showing papillary 
structures with abundant lymphoid stroma. (B, C) Conventional smear of WLV-PTC showing irregular papillary clusters and numerous lympho-
cytes in tumor clusters in the bloody background. (D, E) Inflammatory and multinucleated giant cells are rather evenly distributed and hypercel-
lular relative to the conventional smear. Intratumoral lymphocytes are easily seen. (F) Histologic findings of PTC-LT. (G, H) Conventional PTC-LT 
smear showing papillary tumor clusters without intratumoral lymphocytes, but some neutrophils seen around the tumor clusters in the lym-
phocytic background. (I, J) Peritumoral neutrophils seen in the lymphocytic background. (K) Histologic findings of PTC. (L–O) Hypercellular 
smear showing classic cytologic features of papillary carcinoma without inflammatory cells in background in both the conventional smear (L, M) 
and in ThinPrep (N, O) preparations.
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was done by Yousef et al. in 1997.6 Since then, nuclear features 
typical of PTC combined with oncocytic cytoplasm and lympho-
cytic background were considered to be the cytologic features 
of WLV-PTC. Therefore, every tumor or tumor-like condition 
having both nuclear pseudoinclusions in follicular cells and 
lymphocytic background should be included on the list of dif-
ferential diagnoses. This list includes Hashimoto’s thyroiditis, 
follicular neoplasm with oncocytic change, oncocytic variant of 
PTC,7 PTC in the background of Hashimoto’s thyroiditis, and 
tall cell variant of PTC.8 Paker et al.8 said the most important 
differential point is mixture of lymphocytes and oncocytic follic-
ular cells, tissue fragments, and papillary structures. However, 
distinguishing these diseases by cytologic examination is not 
always clear cut. Especially in liquid-based cytology, cell clusters 
are easily dissolved during preparation, which can confer further 
diagnostic difficulty.7

In this study, we selected WLV-PTC, PTC-LT, and conven-
tional PTC cases of which the diagnosis was confirmed by post-
operative pathological examination. We compared preoperative 
cytology slides and investigated whether specific clues other 
than nuclear feature and lymphocytic background could distin-
guish these diseases. We focused on the component and amount 
of background and intratumoral inflammatory cells. 

Although limitations of our study include relatively small 
WLV-PTC sample size due to the rarity of the disease, WLV-
PTC was associated with higher lymphocytes and histiocytes 
within tumor clusters and within the background as well. The 
difference was more distinct in ThinPrep preparations. 

Our investigation implies that analyzing inflammatory com-
ponents in preoperative cytologic diagnosis could be helpful in 
the differential diagnosis between WLV-PTC and conventional 
PTC without lymphocytic thyroiditis. If lymphocytes within 
tumor clusters are also considered, the preoperative diagnosis of 
this rare WLV-PTC variant is possible; however, further multi-
institutional studies including a large number of WLV-PTC 
cases will be needed.
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Background: It is difficult to correctly diagnose follicular neoplasms (FNs) on fine-needle aspira-
tion cytology (FNAC) because it shares many cytological features with other mimicking lesions. 
The aim of this study was to identify the cytological features that differentiate FNs from mimicking 
lesions. Methods: We included the cytological slides from 116 cases of thyroid FN diagnosed on 
FNAC, and included their subsequent histological diagnoses. We evaluated the cytological archi-
tectural pattern and nuclear features of the lesions according to their histological groups. Results: 
The final histological diagnoses of the 116 cases varied, and included 51 FNs (44%), 47 papillary 
thyroid carcinomas (40%) including follicular variant, and seventeen cellular nodular hyperplasias 
(15%). Regardless of the final histological diagnosis, microfollicular pattern was observed in most 
cases. On the other hand, trabecular pattern was identified in 34% of FNs, but not in any other 
lesions. Additionally, elongated nuclei and ground glass chromatin were found in only some pap-
illary thyroid carcinomas. Conclusions: This study shows that the trabecular pattern is a represen-
tative cytological feature of FNs that can be used to distinguish FNs from mimicking lesions. In 
addition, nuclear shape and chromatin pattern can be used to further confirm the diagnosis of 
FNs from mimicking lesions through FNAC.
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▒ ORIGINAL ARTICLE ▒

Fine-needle aspiration cytology (FNAC) is an accurate and 
useful method for evaluating thyroid lesions and has been adopted 
as a tool for the diagnosis of thyroid nodules prior to surgery. 
This convenient tool could be used to reduce the rate of unnec-
essary treatments, such as surgery, for benign lesions.1,2 More rapid 
and accurate diagnoses will also increase the effectiveness of treat-
ments.3 Moreover, because of the recent normalization of regular 
health checkups, the diagnosis of thyroid lesions has increased and 
FNAC is used more frequently to identify indeterminate nodules 
in the thyroid. Although FNAC is an excellent diagnostic tool for 
identifying thyroid nodules, the accuracy of diagnosis remains 
an issue in diagnosing follicular neoplasms (FNs) including follic-
ular adenoma (FA), follicular carcinoma (FC), and Hurthle cell 
carcinoma (HC) and cytologically similar lesions.

In general, FNAC diagnosis of FNs depends on highly cellular 

aspirate composed of uniform follicular cells arranged in micro-
follicular pattern and crowded clusters. However, because FNs 
display cytological features similar to other lesions including 
cellular nodular hyperplasia (NH), follicular variant of papillary 
thyroid carcinoma (FVPTC), and classic papillary thyroid carcinoma 
(PTC), correctly distinguishing FNs from these mimicking lesions 
through FNAC can be difficult. For these reasons, to correctly 
diagnose FNs in the thyroid using FNAC is a great challenge 
in clinical practice. Therefore, in this study, we investigated the 
cytological features of FNs to clearly distinguish it from other 
mimicking lesions by comparing features such as cytological 
architecture and detailed nuclear features, as well as histological 
diagnosis. 
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MATERIALS AND METHODS

We searched for cytology cases that were diagnosed as or sus-
pected to be FNs through FNAC at the Department of Pathology, 
Korea Cancer Center Hospital (KCCH, Seoul, South Korea) be-
tween January 2010 and June 2015, using the pathology data-
base of KCCH. We selected 116 cases where the thyroid was 
subsequently removed. The slides were reviewed by two pathol-
ogists and one cytotechnician.

Aspirations were performed with a 22–25-gauge needle attached 
to a 10-mL disposable syringe. The collected samples were placed 
onto slides, fixed with 95% ethyl alcohol, and stained with the 
Papanicolaou stain. Surgically resected tissues were embedded in 
paraffin, sectioned into 4-μm slices and stained with hematoxylin 
and eosin (H&E).

Diagnoses of the 116 cases through FNAC were compared 
with the histological diagnoses. The cytological analysis focused 
on both cytomorphological architecture and individual nuclear 
features. The architectural features evaluated were microfollicular 
architecture, multilayer rosettes, branching monolayer sheets, 
syncytial fragments, and trabecular pattern. Nuclear characteris-
tics were analyzed based on chromatin clearing, nuclear grooves, 
intranuclear inclusions, anisonucleosis, and nuclear shape in each 
tissue-proven diagnostic group. 

Definition of diagnostic terms 

The FNAC cases in this study belong to the diagnostic category 
IV “FN or suspicious for FN” by the Bethesda system3 which 
refers to a cellular aspirate composed of follicular cells showing 
significant cell crowding and/or microfollicular pattern without 
nuclear features of papillary carcinoma. Here, we tried to identify 
whether the diagnostic category IV by the Bethesda system is 
correlated with the histological diagnosis of FNs and, if there is a 
discrepancy, what would be helpful findings to differentiate them. 
Thus, the term “FN” in this study was used as a word collectively 
referred to as FA, FC, and HC by histological diagnosis. Therefore, 
FNs used in this study is different in meaning from the FN used 
in the Bethesda system. 

Here, the term “PTC” refers to a classic papillary thyroid car-
cinoma having papillary architecture and characteristic nuclear 
features such as chromatin clearing, nuclear grooves, and intra-
nuclear inclusions. Additionally, in the present study, FVPTCs 
were subdivided into three subgroups by the histologic exami-
nation and diagnostic criteria proposed in previous studies4,5: 
noninvasive follicular thyroid neoplasm with papillary-like nuclear 
features (NIFTP),4 invasive encapsulated follicular variant of pap-

illary thyroid carcinoma (invasive EFVPTC), and infiltrative 
FVPTC.5 We examined the difference between the subtypes of 
FVPTC. 

Statistical analysis

All statistical analyses were performed using the SPSS ver. 18 
(SPSS Inc., Chicago, IL, USA). A Pearson’s chi-square test was per-
formed to evaluate the relevance of correlation between cytological 
architecture, nuclear characteristics and categorical variables. 
For all analyses, a p-value < .05 was considered statistically sig-
nificant.

This study was approved by the Institutional Review Board 
of Korea Cancer Center Hospital with a waiver of informed 
consent (IRB number: K-1710-002007).

RESULTS

Histological correlation

Table 1 shows the final histological diagnoses for the 116 cases 
diagnosed as Bethesda diagnostic category IV, “FN or suspicious 
for FN” using FNAC. The concordance rate between preoper-
ative cytological diagnosis and histological diagnosis of FNs was 
only 44% (Table 1). Histological follow-up identified 40% of 
the cases diagnosed as FNs by preoperative cytology as FVPTC or 
PTC. The most commonly misdiagnosed lesion was FVPTC. The 
detailed results are as follows: 27 cases of FA (23%), 23 cases of 
FC (20%), one case of HC (1%), 35 cases of FVPTC (30%), 12 
cases of PTC (10%), 17 cases of NH (15%), and one case of 
Hashimoto thyroiditis (HT; 1%). The representative histologi-
cal and cytological features of the lesions are shown in Fig. 1.

Evaluation of cytological features

The aspirates of the lesions were generally cell-rich with an 

Table 1. Histological categories of 116 cases diagnosed as Bethesda 
category IV, “FN or suspicious for FN” through fine-need aspiration 
cytology

Histological diagnosis No. of cases (%)

FN FA 27 (23)
FC 23 (20)
HC 1 (1)

Non-FN FVPTC 35 (30)
PTC 12 (10)
NH 17 (15)
HT 1 (1)

FN, follicular neoplasm; FA, follicular adenoma; FC, follicular carcinoma; 
HC, Hurthle cell carcinoma; FVPTC, follicular variant of papillary thyroid car-
cinoma; PTC, classic papillary thyroid carcinoma; NH, nodular hyperplasia; 
HT, Hashimoto thyroiditis.
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abundance of follicular cell groups showing microfollicular pat-
terns, syncytial configurations, and/or abundant isolated cells, 
which was sufficient evidence to suspect FNs in FNAC smears. 

To determine cytological features unique to FNs, we evaluated 
each case in terms of both cytological architecture and nuclear 
characteristics. 

Fig. 1. Histological and cytological features of thyroid neoplasm. (A, B) Histological features of follicular adenoma. (A) The tumor is enclosed 
in a thick fibrous capsule. (B) The architectural pattern is follicular, and cells are uniform, round and dark. (C) Cytological features of follicular 
adenoma. Abundant follicular cells are seen, with little colloid. (D, E) Histological features of follicular carcinoma. (D) Vascular invasion in fi-
brous capsule of follicular carcinoma. (E) Colloid-containing well-formed follicles. (F) Cytological feature of follicular carcinoma. Note that mi-
crofollicles show three dimensional branching cellular clusters with trabecular pattern. (G, H) Histological features of follicular variant of papil-
lary carcinoma. (G) The tumor resembles follicular neoplasm. (H) Nuclei are round to ovoid, similar to follicular neoplasm but show slight 
enlargement and overlapping. (I) Cytoloigcal feature of papillary carcinoma. Monolayer branching sheet of papillary carcinoma is compared 
with three-dimensional branching cluster of follicular carcinoma. (J, K) Histological features of nodular hyperplasia. Follicles are of varying siz-
es with abundant colloid. (L) Aspirate of nodular hyperplasia shows flat sheets of uniform follicular cells and colloid.
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Cytological architecture

We reviewed the cytology smears, focusing on cytological archi-
tectures generally regarded as features of FNs such as microfollic-
ular patterns, the trabecular pattern, multilayer rosettes, branch-

ing sheets, and syncytial fragments, and analyzed the frequency 
of these findings in each histologically proven diagnosis (Table 2). 

Regardless of the final histological diagnosis, the microfollic-
ular pattern was observed in most cases (Table 2). The microfol-

Table 2. Cytological architecture on the aspirates according to histological diagnosis

Histological diagnosis 
Cytological architecture

Microfollicular pattern Multilayer rosettes Trabecular pattern Branching monolayer sheets Syncytial fragments 

FA (n = 27) 27 (100) 4 (15) 9 (33) 3 (11) 26 (96)
FC (n = 23) 23 (100) 8 (35) 8 (35) 1 (4) 22 (96)
HC (n = 1) 1 (100) 0 0 0  0
FVPTC (n = 35) 33 (94) 16 (46) 0 12 (34) 30 (86)
PTC (n = 12) 10 (83) 5 (42) 0 0  12 (100)
NH (n = 17) 17 (100) 1 (6) 0 3 (17) 11 (65)
HT (n = 1) 1 (100) 0 0 0  1 (100)
Total (n = 116) 112 (97) 34 (29) 17 (15) 19 (16) 101 (87)

Values are presented as number (%).
FA, follicular adenoma; FC, follicular carcinoma; HC, Hurthle cell carcinoma; FVPTC, follicular variant of papillary thyroid carcinoma; PTC, classic papillary thy-
roid carcinoma; NH, nodular hyperplasia; HT, Hashimoto thyroiditis.

Fig. 2. Microfollicular pattern (A–C) and multilayer rosettes (D–F) are found not only in follicular neoplasm but also in nodular hyperplasia or 
follicular variant of papillary carcinoma. (A, D) Follicular neoplasm. (B, E) Follicular variant of papillary carcinoma. (C, F) Nodular hyperplasia.
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licular pattern was found not only in FNs, but also in PTC/
FVPTC and NH. Based on this finding, PTC/FVPTC and NH 
might be mistaken for FNs through FNAC. The observation 
rates of the microfollicular pattern in each disease entity are as 
follows: 100% of FNs cases (FA, FC, and HC), 94% of FVPTC 
cases (33/35), 83% of PTC cases (10/12), 100% of NH cases, 
and 100% of HT cases (Table 2, Fig. 2A–C). These results sug-
gest that the presence of microfollicles is not specific to FNs.

The presence of the multilayer rosette, which is thought to 
be a representative cytological feature of FNs, was limited to 
15% of FA cases (4/27) and 35% of FC cases (8/23). Moreover, 
multilayer rosettes were found more frequently in FVPTC or 
PTC than in FA or FC (46% of FVPTC cases [16/35] and 42% of 
PTC cases [5/12]) in this study (Fig. 2D, E). Multilayer rosettes 
were also found in cases of NH (Fig. 2F). Based on these data, 
the presence of multilayer rosettes in thyroid FNAC smears 

Fig. 3. Different features of cell clusters in follicular neoplasm (FN), follicular variant of papillary thyroid carcinoma (FVPTC), and nodular hy-
perplasia. (A, B) Trabecular pattern in FN. (C) Branching cell sheets in FN. Branching fragments of FN show ribbon-forming overlapped follic-
ular cells. Note the three-dimensional arrangement of follicular cells of FN (C), which is contrasted with monolayer branching sheet of FVPTC 
(D). (E) Multilayered cellular ball clusters of FN show branching and trabecular pattern. (F) On the other hand, cell ball clusters in NH show no 
branching pattern with large non-branching cellular sheet in the colloid background. 
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should be considered a feature of both FNs and PTC.
Syncytial cellular fragments were common in FNs, FVPTC, 

PTC, and NH (Table 2). Interestingly, the trabecular pattern 
was exclusively observed in FNs (33% of FA cases and 35% of 
FC cases) (Table 2, Fig. 3A–C, E). In FVPTC, branching cellular 
fragments tended to appear as monolayer sheets; this is in contrast 
to the cellular overlapping observed in FNs cells (Fig. 3C, D). 
Branching monolayer sheets were more common in FVPTC (12/35 
cases, 34%) than in FNs (FA [3/27 cases, 11%], FC [1/23 cases, 
4%], and HC [0/1 case]) (Table 2). Multilayered cellular ball 
clusters were also observed in NH, but in contrast to FNs, no 
branching trabecular pattern was seen (Fig. 3E, F).

Cytological nuclear characteristics

Next, we analyzed and compared the nuclear features of each 
disease (Table 3). Chromatin clearing was observed in 86% of 
FVPTC cases (30/35) and 75% of PTC cases (9/12). In contrast, 
much lower frequencies were observed in FNs cases; only 4% of 
FA cases (1/27), 17% of FC cases (4/23), and 0% of HC cases 
(0/1) displayed chromatin clearing. The nuclei of FNs and NH 
were slightly more hyperchromatic than those of PTC or 
FVPTC, and were found to contain microgranular chromatin 
(Fig. 4). In addition, nuclear grooves were observed in all histo-
logical groups except HT, and their observation rates ranged from 
22% to 100% (Table 3, Fig. 4). Intranuclear inclusions, another 

Table 3. Cytological nuclear characteristics on the aspirates according to histological diagnosis

Histological diagnosis 
Nuclear characteristic

Chromatin clearing Nuclear groove Intranuclear cytoplasmic inclusion Anisonucleosis 

FA (n = 27) 1 (4) 11 (41) 2 (7) 7 (26)
FC (n = 23) 4 (17) 5 (22) 3 (13) 20 (87)
HC (n = 1) 0 1 (100) 0 0
FVPTC (n = 35) 30 (86) 32 (91) 17 (49) 32 (91)
PTC (n = 12) 9 (75) 4 (33) 2 (17) 10 (83)
NH (n = 17) 0 8 (47) 1 (6) 4 (24)
HT (n = 1) 0 0 0 1 (100)

Values are presented as number (%).
FA, follicular adenoma; FC, follicular carcinoma; HC, Hurthle cell carcinoma; FVPTC, follicular variant of papillary thyroid carcinoma; PTC, classic papillary thy-
roid carcinoma; NH, nodular hyperplasia; HT, Hashimoto thyroiditis.

Fig. 4. Nuclear features of follicular neoplasm (FN) and nodular hyperplasia (NH). The nuclear features of FN (A) and NH (B) are similar. Both 
have round nuclei with microgranular chromatin and nuclear grooves (arrows). However, note the difference that FN (A) shows a three-di-
mensional arrangement and slightly hyperchromatic nuclei but NH (B). NH has monolayer honeycomb sheets of follicular cells that do not 
overlap. 

A B
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nuclear characteristic of papillary carcinomas, were found in 
49% of FVPTC cases (17/35) and 17% of PTC cases (2/12), as 
well as in 7%, 13%, and 6% of FA, FC, and NH cases, respec-
tively. 

Regarding nuclear size variation, FVPTC, PTC, and FC 
showed anisonucleosis in most cases (91% of FVPTC cases 
[32/35], 83% of PTC cases [10/12], and 87% of FC cases 
[20/23]), except for FA and NH, where it was observed less fre-
quently (26% [7/27] and 24% [4/17], respectively). We no-
ticed that, in some cases, the nuclear shape was different for 
each disease. While approximately half of the FVPTC/PTC cases 
showed round-to-oval or oval-to-elongated nuclei, most FNs 
and all NH cases showed round nuclei (Figs. 4, 5). Round-to-
oval nuclei were commonly observed in FNs and FVPTC/PTC 
cases, but elongated nuclei were only observed in FVPTC cases 
(Table 4, Fig. 5). From these observations, a combination of nuclear 
shape and nuclear chromatin pattern analysis would be useful for 
differentiating between FNs and PTC/FVPTC through FNAC.

Statistical significance

Categorizing the cases into FNs and thyroid diseases other 

than follicular neoplasm (non-FN), the statistical significance of 
various variables was examined. For the cytological architecture, 
trabecular pattern (p < .001) and branching monolayer sheets (p = 

.028) were statistically associated with histological diagnosis 
FN or non-FN, respectively. On the other hand, there was no sig-
nificant correlation between histological diagnosis and other cyto-
logical architectures such as microfollicular pattern, multilayer 
rosettes and syncytial fragments (Table 5). Regarding nuclear fea-

Fig. 5. Nuclear features of follicular neoplasm (FN) and follicular variant of papillary thyroid carcinoma (FVPTC). Please note the subtle differ-
ence of nuclear shape and chromatin between follicular carcinoma (A, C) and FVPTC (B, D). (A, C) In FN, nuclei are round to ovoid and chro-
matin is finely granular rather than ground glass or vesicular pattern. (B, D) Nuclei in FVPTC are slightly elongated (arrow) and have a ground-
glass appearing chromatin pattern.
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Table 4. Analysis of nuclear shape on the aspirates according to 
histological diagnosis

Histological diagnosis Round Round-to-oval Oval-to-elongated 

FA (n = 27) 19 (70) 8 (30) 0
FC (n = 23) 21 (91) 2 (9) 0
HC (n = 1) 1 (100) 0 0
FVPTC (n = 35) 15 (43) 7 (20) 13 (37)
PTC (n = 12) 9 (75) 3 (25) 0
NH (n = 17) 16 (94) 1 (6) 0
HT (n = 1) 1 (100) 0 0

Values are presented as number (%).
FA, follicular adenoma; FC, follicular carcinoma; HC, Hurthle cell carcinoma; 
FVPTC, follicular variant of papillary thyroid carcinoma; PTC, classic papil-
lary thyroid carcinoma; NH, nodular hyperplasia; HT, Hashimoto thyroiditis.
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tures, chromatin clearing (p < .001), nuclear groove (p < .001), 
intranuclear cytoplasmic inclusion (p = .006) and anisonucleosis 
(p = .048) were statistically associated with non-FN. 

Cytological architecture and nuclear characteristics of subtypes of 

FVPTC 

We subdivided FVPTC cases into three subtypes: NIFTP, 
invasive EFVPTC, and infiltrative FVPTC. Of the 35 FVPTCs, 
NIFTP accounted for 20 cases (57%), invasive EFVPTC for 12 
cases (34%), and infiltrative FVPTC for three cases (9%). As 
shown in Table 6, there were no significant differences between 
the three subtypes in the cytological architecture and nuclear 
features, but the reliability is limited due to the small number 
of cases. 

DISCUSSION

For preoperative evaluation of thyroid nodules, FNAC is a 
valuable and reliable method for the majority of thyroid lesions. 
However, FNs and similar lesions such as FVPTC or cellular 
NH are difficult to differentiate from each other using FNAC.3 
For this reason, the Bethesda system proposed a flexible framework 
for reporting thyroid cytopathology, and the general category 
IV “FN or suspicious for a FN” was provided for follicular ade-
nomas and cytomorphologically similar lesions.3 It is convenient 
for preoperative cytological diagnosis and can lead to a defini-
tive diagnostic procedure, usually lobectomy, to identify carci-
noma. However, the general category IV includes not only FA 
and FC but also hyperplastic nodules and FVPTC,3 therefore more 
efforts needs to be made to achieve a precise diagnosis. In the 
current study, we investigated 116 cases initially diagnosed as 
Bethesda diagnostic category IV “FN or suspicious for FN” 
using FNAC, and determined the cytological features that can 
distinguish FNs from similar lesions. Based on our observations, 
we suggest that trabecular patterns and cellular overlapping of the 
branching sheets are the most clearly characteristic cytological 
features of FNs, in addition to round nuclei with a granular chro-
matin pattern. 

In this study, the FNAC-histology concordance rate for FNs 
was only 44%, and the most common erroneous diagnosis was 
FVPTC (35/116 cases; 30%), followed by NH (17/116 cases, 
15%) and classic PTC (12/116 cases, 10%). As the current study 
is a retrospective study of cases diagnosed by several pathologists, 
it has limitations of interobserver variations. 

Many studies have also revealed discrepancies between the final 
histological and initial cytological diagnoses for cases diagnosed 
as FNs using FNAC, showing a concordance rate ranging from 
32% to 62% (Table 7).6-10 Similar to our results, other studies 
reported that NH and FVPTC/PTC were most often mistaken 
for FNs by FNAC (Table 7).6-10 As FVPTC mimics FNs cytologi-
cally and architecturally, even in histological sections, it is com-
monly confused with FNs by FNAC.11-13 It might be because the 
nuclear changes in FVPTC can be more subtle than classic 
PTC.11,12,14 According to Bizzarro et al.,12 70% of noninvasive 
FVPTC cases demonstrated a nuclear size of < 20 μm, and rarely 
exhibited grooves compared to invasive FVPTCs. To overcome 
the limitations of morphology, the application of ancillary tests 
such as immunohistochemistry or molecular studies have been 
encouraged.13 However, these are not always available on aspi-
rates; therefore, the cytomorphological approach is still valuable. 

Recently, there has been a paradigm shift on the clinical sig-

Table 5. Differentiation between FN and non-FN

FN 
(n = 51)

Non-FN 
(n = 65)

χ2 p-
value

Cytological architecture
   Microfollicular pattern .071
      Present 51 (100) 61 (94) 3.251
      Absent 0 4 (6)
   Multilayer rosettes .226
      Present 12 (24) 22 (34) 1.468
      Absent 39 (76) 43 (66)
   Trabecular pattern < .001
      Present 17 (33) 0 22.037
      Absent 34 (67) 65 (100)
   Branching monolayer sheets 
      Present 4 (8) 15 (23) 4.842 .028
      Absent 47 (92) 50 (77)
   Syncytial fragments 
      Present 48 (94) 54 (83) 3.283 .070
      Absent 3 (6) 11 (17)
Nuclear characteristics
   Chromatin clearing < .001
      Present 5 (10) 39 (60) 30.584
      Absent 46 (90) 26 (40)
   Nuclear groove < .001
      Present 17 (33) 44 (68) 13.531
      Absent 34 (67) 21 (32)
   Intranuclear cytoplasmic inclusion 
      Present 5 (10) 20 (32) 7.430  .006
      Absent 46 (90) 45 (68)
   Anisonucleosis .048
      Present 27 (53) 46 (71) 3.894
      Absent 24 (47) 19 (29)

Values are presented as number (%).
FN, follicular neoplasm; Non-FN, disease other than FN. 
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nificance of noninvasive EFVPTC, and nomenclature for this 
tumor was revised as “noninvasive follicular thyroid neoplasms 
with papillary-like nuclear features (NIFTP).”4 It is because that 
noninvasive EFVPTC shows indolent behavior with a very low 

risk of adverse outcome and therefore should not be named car-
cinoma.4 By adopting this new terminology, patients with NIFTP 
only require lobectomy and can avoid unnecessary overtreatment 
such as total thyroidectomy and radioactive iodine therapy.4,15 

Table 6. Cytological architecture and nuclear characteristics of subtypes of FVPTC

NIFTP (n = 20)
Invasive EFVPTC 

(n = 12)
Infiltrative FVPTC 

(n = 3)
p-value for NIFPT 

vs infiltrative FVPTC
p-value for NIFPT 

vs infiltrative

p-value for invasive 
EFVPTC vs infiltrative 

FVPTC

Microfollicular pattern .619 .104 .038
   Present 19 (95) 12 (100) 2 (67)
   Absent 1 (5) 0 (0) 1 (33) 
Multilayer rosettes .305 .385 .605
   Present 8 (40) 6 (50) 2 (67)
   Absent 12 (60) 6 (50) 1 (33)
Trabecular pattern - - -
   Present 0 0 0
   Absent 20 (100) 12 (100) 3 (100)
Branching monolayer sheets .039 .214 .292
   Present 6 (30) 4 (33) 2 (67)
   Absent 14 (70) 8 (67) 1 (33) 
Syncytial fragments .016 .472 .448
   Present 17 (85) 10 (83) 3 (100)
   Absent 3 (15) 2 (17) 0
Chromatin clearing .059 .328 -
   Present 15 (75) 12 (100) 3 (100)
   Absent 5 (25) 0 0
Nuclear groove .876 .567 .605
   Present 18 (90) 11 (92) 3 (100)
   Absent 2 (10) 1 (8) 0
Intranuclear cytoplasmic inclusion .465 .484 .792
   Present 11 (50) 5 (42) 1 (33)
   Absent 9 (45) 7 (58) 2 (67)
Anisonucleosis .876 .567 .605
   Present 18 (90) 11 (92) 3 (100)
   Absent 2 (10) 1 (8) 0

Values are presented as number (%). 
FVPTC, follicular variant of papillary carcinoma; NIFTP, noninvasive follicular thyroid neoplasm with papillary-like nuclear feature; EFVPTC, encapsulated follicu-
lar variant of papillary carcinoma.

Table 7. Review of the literature of cytological-histological correlations in cases of diagnosed as follicular neoplasm in fine needle aspiration 
cytology

Histological diagnosis Greaves et al. (2000)6 Deveci et al. (2006)7 Wu et al. (2012)8 Faquin (2009)9 Yang et al. (2007)10

FA 25/96 (26) 145/339 (43) 35/65 (54) 88/251 (35) 109/326 (33)
FC 6/96 (6) 21/339 (6) 5/65 (8) 22/251 (9) 16/326 (5)
HA NA NA NA NA 48/326 (15)
HC NA 9/339 (3) NA NA 13/326 (4)
FVPTC 6/96 (6) 36/339 (11) 7/65 (11) 40/251 (16) 71/326 (22)
PTC 16/96 (17) 8/339 (2) 1/65 (1.5) NA NA
NH 36/96 (38) 120/339 (35) 16/65 (24) 100/251 (40) 53/326 (16)
HT 6/96 (6) NA NA NA 11/326 (3)
Other malignancy 1/96 (1) NA NA 1/251 (0.3) 5/326 (2)

Values are presented as number (%).
FA, follicular adenoma; FC, follicular carcinoma; HA, Hurthle cell adenoma; NA, not applicable; HC, Hurthle cell carcinoma; FVPTC, follicular variant of papillary 
thyroid carcinoma; PTC, classic papillary thyroid carcinoma; NH, nodular hyperplasia; HT, Hashimoto thyroiditis.
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For the cytological diagnosis regarding a new entity, NIFTP, more 
experience and consensus about NIFTP needs to be achieved for 
practical application.15 In case of NIFTP, there would be no 
clinical problem even if it is not distinguished from FA in the pre-
operative diagnosis, because both will be treated with lobectomy. 
However, in this study, there were no significant differences on 
cytological findings between NIFTP and invasive FVPTC. 
Similar results have been recently reported on cytomorphologi-
cal distinction between non-invasive and invasive EFVPTC.16 
In this context, it is imperative to make efforts to better differ-
entiate FVPTC from FNs by FNAC because invasive EFVPTC 
and NIFTP cannot be reliably differentiated preoperatively. 

As we selected the cases diagnosed as or suspected to be FNs 
by FNAC for the current study, all cases included in this study 
had moderate to high cellularity, frequently showing a well-
known microfollicular pattern.3 Usually, most PTCs contain 
some follicular structures in addition to conventional papillary 
configurations;17 therefore, it is not surprising that microfollicular 
patterns were identified in the aspirates of PTC and FVPTC. 
Furthermore, a rosette appearance with small droplets of central 
dense colloids was also observed not only in FNs, but also in 
FVPTC/PTC or NH in this study. Thus, microfollicular patterns 
and multilayer rosettes, which are generally accepted to be cyto-
logical characteristics of FNs, do not seem to be important in 
distinguishing FNs from mimicking lesions. Interestingly, the 
trabecular pattern was only found in the aspirates of FNs, although 
the positive rates were limited to 33% and 35% of FA and FC 
cases, respectively. The trabecular pattern differs from the micro-
follicular pattern and multilayer rosettes in that it has a branching 
pattern. FNs have a three-dimensional multilayered branching 
structure, which could be distinguished from the monolayer 
appearance of the branching sheets of FVPTC (Fig. 3). When 
distinguishing between NH and FNs, some multilayered cellular 
ball clusters in NH differed from the trabecular pattern of FNs 
in that no branching pattern was found. Therefore, the trabec-
ular pattern was identified as a specific feature for the differen-
tial diagnosis of FNs from mimicking lesions. Regarding cyto-
logical architecture, microfollicular patterns should no longer be 
considered important in the cytological diagnosis of FNs. Rather, 
trabecular clusters and multilayered patterns of branching cel-
lular groups are more suitable for the proper diagnosis of FNs. 

Based on our observations, the nuclear chromatin pattern and 
nuclear shape are considered to be important nuclear features 
for differential diagnosis. Because nuclear grooves were observed 
in NH or FNs as well as PTC, and because intranuclear inclu-
sions were visible in less than half of the FVPTC/PTC cases in 

this series, there was a limit to this method of distinction. On 
the other hand, the nuclear chromatin of PTC/FVPTC showed 
ground-glass or vesicular patterns, whereas that of FNs was finely 
granular and NH showed dense chromatin. Our results are sup-
ported by a recent report on the analysis of nuclear characteristics 
using nuclear morphometry and textural analysis by Deka et 
al.18 They reported that PTC cases showed the largest perimeter 
and elongation factor and heterogeneous chromatin distribution 
compared to FNs and NH. However, it is not easy to distinguish 
the nuclear chromatin pattern in each case, because FVPTC 
lacks the unequivocal nuclear features of PTC; this may prevent 
a definitive diagnosis.19-23 In addition, slightly elongated nuclei 
were found in FVPTC/PTC, but not in FNs or NH, suggesting 
that the presence of elongated nuclei in the aspirates would be 
helpful to differentiate PTC/FVPTC from FNs or NH. Thus, the 
presence of slightly elongated nuclei with chromatin clearing fa-
vors FVPTC/PTC over FNs. 

In NH, follicular cells may form large monolayers that fold 
over on themselves. However, they are contrasted that FNs have 
three-dimensional arrangement and the branching patterns. The 
large cell groups of NH did not exhibit branching patterns unlike 
FNs.10 Although the nuclear features were similar to those of 
FNs, as they showed granular chromatin patterns and occasional 
nuclear grooves, the nuclei of NH cells were slightly more hyper-
chromatic than those of FNs cells. Hence, we suggest that cyto-
architectural patterns of cell groups should be the main focus of 
differential diagnosis between FNs and NH.

In conclusion, the findings of the current study suggest that a 
combination of architectural features and nuclear characteristics 
may improve the ability of cytopathologists to differentiate FNs 
from similar thyroid lesions such as FVPTC and NH. Based on 
our data, we propose that pathologists should keep in mind that 
the most well-known cytological feature of FNs—the microfol-
licular pattern with high cellularity—is not a reliable factor in 
obtaining a definite diagnosis. Rather, the trabecular pattern 
and cell clusters with cellular overlapping should be examined, 
as they seem to be more specific to FNs. Additionally, if slightly 
elongated follicular cells and nuclear clearing are found, even in a 
small proportion of the cells, pathologists must raise the possi-
bility of FVPTC/PTC.
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Large cell neuroendocrine carcinoma (LCNEC) of the gallbladder is extremely rare and usually 
combined with other type of malignancy, mostly adenocarcinoma. We report an unusual case of 
combined adenosquamous carcinoma and LCNEC of the gallbladder in a 54-year-old woman. A 
radical cholecystectomy specimen revealed a 4.3 × 4.0 cm polypoid mass in the fundus with infil-
tration of adjacent liver parenchyma. Microscopically, the tumor consisted of two distinct components. 
Adenosquamous carcinoma was predominant and abrupt transition from adenocarcinoma to 
squamous cell carcinoma was observed. LCNEC showed round cells with large, vesicular nuclei, 
abundant mitotic figures, and occasional pseudorosette formation. The patient received adjuvant 
chemotherapy. However, multiple liver metastases were identified at 3-month follow-up. Metastatic 
nodules were composed of LCNEC and squamous cell carcinoma components. Detecting 
LCNEC component is important in gallbladder cancer, because the tumor may require a different 
chemotherapy regimen and show early metastasis and poor prognosis.
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▒ CASE STUDY ▒

Large cell neuroendocrine carcinoma (LCNEC) of the gall-
bladder is an extremely rare malignancy, comprising 2% of all 
gallbladder cancers.1 The prognosis of this tumor is poor and 
early metastasis is common.2 To date, 18 cases of gallbladder 
LCNEC have been reported.3,4 LCNEC of the gallbladder is usually 
combined with other types of malignancies, mostly adenocarci-
noma. We present an unusual case of combined adenosquamous 
carcinoma (ASC) and LCNEC of the gallbladder.

CASE REPORT

A 54-year-old woman presented with a 4-month history of 
intermittent epigastric pain. Laboratory tests revealed elevated 
serum levels of alkaline phosphatase and gamma-glutamyltrans-
ferase, up to 161 IU/L (reference range, 30 to 120 IU/L) and 81 
IU/L (reference range, 9 to 64 IU/L), respectively. The levels of 
other liver enzymes including aspartate aminotransferase, alanine 
aminotransferase, as well as total bilirubin and direct bilirubin 
levels, were within normal range. Serum carbohydrate-associated 
antigen (CA19-9) was 151.4 IU/mL (normal < 37 IU/mL), and 

α-fetoprotein and carcinoembryonic antigen were within normal 
range. Abdominal computed tomography showed a 6.9 cm mass 
in the gallbladder fundus, with direct invasion of the adjacent 
liver (Fig. 1A). Biopsy of the liver mass showed poorly differ-
entiated carcinoma with extensive squamous differentiation.

 Radical cholecystectomy was performed and gross examination 
revealed a 4.3 × 4.0 cm polypoid mass in the gallbladder fundus 
with infiltration of the adjacent liver parenchyma and multiple 
yellowish gallstones (Fig. 1B, C). An incidentally found 0.4-cm-
sized nodule was also noted in the liver. 

Microscopically, the tumor comprised two distinct components: 
ASC and LCNEC. The adenocarcinoma (AC) component of the 
ASC consisted of variable sized glands, lined by atypical colum-
nar epithelium. The squamous cell carcinoma (SCC) component 
showed atypical stratified squamous epithelium with occasional 
keratin pearls. An abrupt transition from AC to SCC was observed 
(Fig. 2A, B). In addition, there was an area of LCNEC consisting 
of round cells with large, vesicular nuclei and frequent mitotic 
figures (33/10 high-power fields). Occasional rosette formation 
was found. The tumor cells were arranged in trabecular, palisad-
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ing, or solid patterns, and mixed with an AC component in the 
periphery (Fig. 2C, D). These cells showed diffuse and strong 
positivity for synaptophysin and chromogranin, and focal positiv-
ity for CD56 immunohistochemistry (Fig. 3A–C). The Ki-67 
proliferating labeling index was 25% (Fig. 3D). The tumor was 
largely composed of ASC, and the proportion of the SCC compo-
nent was approximately 80%, whereas the area of LCNEC was 
small, constituting approximately 10% of the entire tumor. The 

gallbladder wall was mainly composed of AC components, while 
the proportion of SCC and LCNEC components increased substan-
tially as the tumor invaded into the liver parenchyma. Multifocal 
lymphovascular invasion by SCC and perineural tumor invasion 
by LCNEC were identified. Only a few foci of lymphovascular in-
vasion were observed with an AC component. Chronic cholecysti-
tis with intestinal metaplasia were identified in the remaining 
mucosa. No metastasis was present in the seven regional 

Fig. 1. Imaging and gross findings. (A) On abdominal computed tomography, the tumor of the gallbladder shows direct invasion of the adja-
cent liver. (B) On opening the gallbladder, a fungating mass is observed in the fundus. (C) The cut surface shows a relatively well-circum-
scribed, yellowish fibrotic mass, with hemorrhage and necrosis, invading the liver parenchyma.

Fig. 2. Microscopic findings. (A, B) Adenosquamous carcinoma component consisted of variable-sized glands lined by atypical columnar 
epithelium (left) and atypical stratified squamous epithelium (right). (C) Neuroendocrine carcinoma component, transition from adenocarcino-
matous component (left) and composed of large cells arranged in solid sheets (right). (D) The neuroendocrine component shows solid and 
pseudorosette patterns. 
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lymph nodes. The metastatic nodule in the liver was composed 
purely of an LCNEC component. The final diagnosis of the 
gallbladder was confirmed as combined ASC and LCNEC. The 
patient received adjuvant chemotherapy post-operatively. How-
ever, magnetic resonance imaging revealed two liver metastases at 
the 3-month follow-up. Wedge resection of the liver was per-
formed on the metastatic nodules, measuring 4.7 cm and 3.4 
cm. Microscopically, the metastatic nodules were composed 
purely of an SCC component with no AC or LCNEC compo-
nents. The patient was treated with chemotherapy (gemcitabine, 
cisplatin, and epirubicin) and radiotherapy after the operation, 
and died after 13 months from the initial diagnosis.

This study was approved by the Institutional Review Board 
of Korea University Anam Hospital, and informed consent was 
waived (ED17132).

DISCUSSION

The majority of carcinomas in the gallbladder are ACs, comprising 
up to 88%. Other carcinomas include ASC (5%), neuroendocrine 
carcinoma (NEC) (2%), SCC (1%), and undifferentiated carci-

noma (< 1%).5 Identifying the exact histologic component of 
the tumor is important because the histologic type is associated 
with patient prognosis in gallbladder cancers. ACs have a relatively 
favorable prognosis, whereas tumors with squamous or neuroen-
docrine differentiation have a poor outcome (mean survival time, 
50 vs 23 or 10 months, respectively).2,6 LCNEC has been known 
to exhibit aggressive behavior and early metastasis.4 Among the 
previously reported LCNEC cases, 53% had directly invaded the 
liver at the time of diagnosis, and 47% had been identified with 
locoregional or distant metastases involving bone, liver or lymph 
nodes.3 In this case, the tumor showed direct invasion of the 
liver parenchyma at the time of initial diagnosis and additional 
multiple liver metastases afterwards, demonstrating aggressive 
behavior.

According to the recent 2010 World Health Organization 
classification, neoplasms, morphologically composed of both 
glandular epithelial cells and neuroendocrine cells with over 30% 
of each component are described as mixed adenoneuroendocrine 
carcinoma (MANEC).7 The present case was predominantly 
composed of SCC (about 80%) and the amount of AC or NEC 
component was not enough for the criteria of MANEC.

Fig. 3. Immunohistochemical findings. Large cell neuroendocrine carcinoma component was diffusely positive for synaptophysin (A), and 
chromogranin (B), and focal positive for CD56 (C). (D) The Ki-67 proliferating index was up to 25%.
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The histogenesis of NEC in the gallbladder is still not clear, 
because neuroendocrine cells are not normally present in the 
gallbladder except for a few cells in the neck region. It has been 
postulated that they may arise from pluripotent precursor cells.8 
However, the pathogenesis of differentiation from stem cells to 
neuroendocrine cells remains unclear. Another hypothesis for 
the development of NEC of the gallbladder is through meta-
plastic change.9 Intestinal or gastric metaplasia occurs as a result 
of cholelithiasis and chronic inflammation.10 Argentaffin cells 
have been identified in the metaplastic mucosa and these cells have 
been suggested as precursors of neuroendocrine tumor in the gall-
bladder.11 Almost all previously reported gallbladder LCNECs 
described coexisting cholelithiasis with chronic cholecystitis.5 In 
this case, chronic cholecystitis with intestinal metaplasia associ-
ated with cholelithiasis was identified, which suggested a precursor 
lesion of the NEC.

It is noteworthy that metastatic nodules show two different 
histologic types. The incidentally identified, synchronous meta-
static hepatic nodule was totally composed of an LCNEC component, 
whereas the metachronous metastatic nodules were composed 
entirely of an SCC component. The metastatic potential is different 
in each type of cancer cells.12 The SCC component has higher 
proliferative activity than the AC component and more frequently 
observed in the invasive front of the tumor and in lymphovascular 
and perineural invasion in the gallbladder ASC.13 This might 
contribute to the metastatic potential and tumor progression in 
ASC.13 In the present case, the SCC component was frequently 
observed in lymphovascular invasion and caused multiple pure 
SCC metastatic nodules. Additionally, LCNEC has higher risk of 
metastasis through lymphatic invasion, compared to the AC.14 
Acosta and Wiley15 reported that the majority of lymph node 
metastases shows only NEC components in primary MANECs 
of the biliary tree. This case is consistent with previous studies 
in that the metastatic nodules were composed of either SCC or 
NEC, without an AC component, and this might contribute to the 
metastatic potential and poor prognosis of ASC and NEC of the 
gallbladder.

There are also differences in chemotherapeutic agents between 
conventional AC and combined tumor of the gallbladder. Con-
ventional AC is usually treated with gemcitabine and cisplantin, 
while combined ASC or NEC is treated with FOLFOX (leucovorin, 
fluorouracil, and oxaliplatin) or etoposide.4,16 

 This is an unusual case of LCNEC combined with ASC. The 
histologic types of the gallbladder carcinoma might contribute to 
the metastatic potential and poor prognosis. To detect an LCNEC 
or ASC component is important because the tumor may require 

a different chemotherapy regimen and show early metastasis 
with poor prognosis.
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Multiple Neuroendocrine Tumors in Stomach and Duodenum 
in a Multiple Endocrine Neoplasia Type 1 Patient

Bohyun Kim · Han-Kwang Yang1 
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A 67-year-old woman with a history of subtotal parathyroidectomy, distal pancreatectomy, and 
total splenectomy 23 years prior underwent surgical gastric resection for neuroendocrine tumors 
of the stomach and duodenum. Meticulous examination of the entire stomach and duodenum 
revealed multiple scattered, minute neuroendocrine tumors. To the best of our knowledge, this is 
the first case report of a patient diagnosed with gastroduodenal neuroendocrine tumors associated 
with multiple endocrine neoplasia type 1 (MEN 1) in whom complete histologic mapping of the 
whole gastrectomy specimen was performed. The presence of MEN 1–associated neuroendocrine 
tumors in the stomach is very rare, but should be considered in patients diagnosed with MEN 1 
who present with a new tumor in the stomach.
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▒ CASE STUDY ▒

Multiple endocrine neoplasia (MEN) is a rare, autosomal-
dominant disease caused by a genetic mutation and shows a 
familial tendency.1,2 Various kinds of endocrine glands may be 
involved in this condition. According to the affected genes and 
the distribution of neuroendocrine tumor-involved organs, 
MEN is classified into types 1, 2, 3, and 4.3 MEN 1 has a prev-
alence of 0.25% in postmortem studies, and is found in patients 
of all ages.4 MEN 1 can be diagnosed based on three different 
criteria. First, a clinical diagnosis can be made if two or more 
MEN 1–associated tumors are found. Second, a familial diagnosis 
can be made if a MEN 1 patient who has been clinically diag-
nosed has a first-degree family member with a history of MEN 
1. Finally, a genetic diagnosis can be made if a MEN 1 germ-line 
mutation is confirmed, even in the absence of clinical and bio-
chemical manifestations.5

CASE REPORT

A 67-year-old woman visited Seoul National University 
Hospital after an abnormal finding was detected on esophago-
gastroduodenoscopy (EGD) performed as part of a routine medical 
examination at another hospital. She previously underwent right 

thyroidectomy with subtotal parathyroidectomy, distal pancre-
atectomy, and total splenectomy 23 years prior. Pathological 
evaluation at that time resulted in the diagnosis of parathyroid 
gland hyperplasia, thyroid adenomatous goiter, and pancreas islet 
cell adenomas. The clinical diagnosis was MEN 1. The patient’s 
younger sister was also diagnosed with MEN 1. 

Laboratory studies from 23 years prior showed preoperative 
and postoperative serum gastrin levels of 222 and 143 ng/dL 
(normal range, < 90 ng/dL), respectively, and calcium levels of 
10.7 and 7.9 mg/dL (normal range, 8.4 to 10.2 mg/dL), respec-
tively. Thus, the patient was clinically diagnosed with MEN 1. 
One year prior, two adenocarcinoma lesions were found on the 
posterior wall of the stomach antrum, and they were successfully 
removed via endoscopic submucosal dissection.

The patient underwent EGD, which revealed a subepithelial 
mass with an approximate size of 0.5 cm in the stomach cardia 
and 1 cm sized multiple subepithelial masses in the second por-
tion of the duodenum (Fig. 1A). Biopsy was performed and 
immunohistochemical evaluation revealed tumor cells positive 
for chromogranin A, synaptophysin, and cytokeratin. The path-
ological diagnosis was neuroendocrine tumor for all lesions 
(Fig. 1B–D).
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On three-dimensional computed tomography of the stomach, 
a definite subepithelial tumor could not be observed in the 
stomach cardia, but a 6-mm-sized subepithelial tumor was found 
in the duodenal bulb (Fig. 1E). Three additional tiny, hyperen-
hanced lesions were found in the uncinate process of the pancreas. 
Considering her medical history, the possibility of the lesions 
being neuroendocrine tumors could not be excluded. No lesions 
were found in the pituitary gland or adrenal gland.

Total gastrectomy with extended resection of the proximal 
duodenum was performed. On macroscopic examination, three 
polypoid lesions were identified in the duodenum. They consisted 
of multiple polypoid submucosal nodules covered by centrally 
umbilicated hyperemic mucosa, each with a size of less than 1 
cm. Polypoid lesions were macroscopically not visible in the 
stomach cardia, where the neuroendocrine tumor was diagnosed. 
To evaluate the lesion in the stomach cardia, which was confirmed 
on EGD, and identify additional neuroendocrine lesions in the 
stomach, the entire resected specimen was subjected to a histo-
logic mapping procedure. Two hundred seventeen sections were 
mounted in 109 each formalin-fixed, paraffin-embedded blocks. 
Meticulous microscopic examination of the entire specimen 

revealed 14 neuroendocrine lesions in the duodenum and five 
neuroendocrine lesions in the anterior and posterior walls of the 
stomach cardia. Among the 14 lesions in the duodenum, 10 had 
the greatest dimension > 0.5 mm and the remaining four lesions 
represented neuroendocrine dysplasia with the greatest dimen-
sion > 150 μm but < 500 μm (Fig. 2A).6 All five lesions in the 
stomach had the greatest dimensions > 0.5 mm. Among the 19 
lesions, only three were identifiable on macroscopic examina-
tion, and these were located in the duodenum as multiple nodules. 

Microscopically, the neuroendocrine tumors in this case 
showed histopathologic features that were identical to those of 
sporadic neuroendocrine tumors. Duodenal lesions were all 
located in the mucosa or submucosa, with the greatest lesion 
being 0.8 × 0.8 × 0.3 cm in size. All lesions in the stomach were 
located in the lamina propria or submucosa, with the size of the 
greatest lesion being 0.3 × 0.2 × 0.2 cm (Fig. 2B). Immunohis-
tochemical analysis revealed that the neuroendocrine markers 
synaptophysin and chromogranin A were positive. Lymphatic 
invasion, vascular invasion, and perineural invasion were not 
observed. Thirty regional lymph nodes were identified, and 
metastasis was confirmed in one lymph node in station 3 (lymph 

Fig. 1. (A) Two subepithelial masses were found in the duodenum on esophagogastroduodenoscopy. (B) A neuroendocrine tumor with a dif-
fuse pattern. (C) Immunohistochemistry of cytokeratin. (D) Immunohistochemistry of chromogranin A. (E) Abdominal computed tomography 
reveals a 6-mm-sized nodule (arrow) in the duodenal bulb. 
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in the duodenum were also stage T1, as they invaded only the 
mucosa or submucosa and were ≤ 1 cm in size. Both could be 
staged as N1 because of regional lymph node metastasis and 
as grade 1, as they showed a Ki-67 index of < 1% and mitotic 
activity of < 1/10 high-power field (Fig. 2D).

The patient underwent follow-up abdominal computed tomog-
raphy, and a small enhanced nodular lesion in the second portion 
of the duodenum and three enhanced lesions in the uncinated 
process of the pancreas were found. The possibility of additional 
neuroendocrine tumors could not be excluded. No recurrence 
was observed at the surgery site.

The study was approved by the Institutional Review Board 
of Seoul National University Hospital (IRB No. H-1706-098-
860) and performed in accordance with the principles of the 
Declaration of Helsinki. The informed consent was waived.

DISCUSSION

MEN 1 is a rare autosomal-dominant disease caused by a 
mutation in the MEN1 gene (chromosome 11) encoding the 
tumor suppressor protein menin.7,8 MEN 1 is suspected when two 

nodes along the lesser curvature). The size of the metastatic 
lymph node was 0.4 mm (Fig. 2C). On the histologic mapping 
procedure, 16 additional lesions were found (Fig. 3).

According to the 8th edition of the TNM staging system of the 
American Joint Committee on Cancer, neuroendocrine tumors 
of the stomach were stage T1, as they invaded the lamina propria 
or submucosa and were ≤ 1 cm in size. Neuroendocrine tumors 

Fig. 2. Histologic features of neuroendocrine tumors. (A) Neuroendocrine dysplasia in the submucosal layer of the duodenum. (B) Neuroen-
docrine tumor in a ribbon-like growth pattern. (C) Metastatic lymph node in station 3. (D) Immunohistochemistry of Ki-67.

Fig. 3. Histologic mapping of the entire specimen revealed 19 neu-
roendocrine lesions in the stomach and duodenum (red, neuroen-
docrine tumor; blue, neuroendocrine dysplasia).
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or more of the most common neuroendocrine tumors (parathy-
roid tumor, pancreatic islet cell tumor, and pituitary gland tumor) 
are found. Approximately 80%–90% of patients diagnosed 
with MEN 1 show a MEN1 gene mutation.9 However a genetic 
evaluation to confirm MEN1 gene mutation was not performed 
in this patient.

The incidence of gastrointestinal neuroendocrine tumors is 
increasing, and they account for 1% of all stomach tumors.10 
Stomach neuroendocrine tumors can be subclassified into types 
I, II, and III. Type I neuroendocrine tumors accounts for 70%–
80% of stomach neuroendocrine tumors and primarily occur in 
patients with chronic atrophic gastritis, such as autoimmune 
gastritis and Helicobacter pylori–associated atrophic gastritis. Type 
III neuroendocrine tumors account for 10%–15% of stomach 
neuroendocrine tumors. These are sporadic tumors and are not 
associated with enterochromaffin cell hyperplasia. Finally, type 
II neuroendocrine tumors account for 5%–6% of stomach neu-
roendocrine tumors and are associated with MEN 1 and 
Zollinger-Ellision syndrome. In previous studies, 5%–10% of 
MEN 1 patients exhibited neuroendocrine tumors in the stomach, 
thymus, and lung. Type II neuroendocrine tumors are associated 
with hypergastrinemia, and they originate from enterochromaffin 
cells.11,12

This report described a patient with a clinical diagnosis of 
MEN 1 and neuroendocrine tumor involvement of the stomach 
and duodenum, in whom whole-stomach histologic mapping 
was performed on a gastrectomy specimen. After mapping, 
multiple small lesions were detected that had not been observed 
on prior radiologic and macroscopic examinations. 

In conclusion, we report a rare case of multiple gastric and 
duodenal neuroendocrine tumors associated with MEN 1. His-
tologic mapping was conducted using the entire resected speci-
men. This case shows that some patients with stomach neuro-
endocrine tumors associated with MEN 1 can develop multiple 
lesions in the stomach and duodenum, which can be overlooked 
on radiologic or endoscopic evaluation. Further studies are needed 
to assess the pathological characteristics of inherited stomach 
neuroendocrine tumors.
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▒ BRIEF CASE REPORT ▒

Histological transformation of adenocarcinoma such as trans-
formation into small cell carcinoma (SCC) and epithelial to 
mesenchymal transition (EMT) is one of the discovered mech-
anisms of the acquired resistance to epidermal growth factor 
receptor–tyrosine kinase inhibitor (EGFR-TKI). We report two 
cases of EGFR-TKI resistant pulmonary adenocarcinoma asso-
ciated with EMT features that showed osteosarcomatous differ-
entiation in rebiopsy specimens. 

CASE REPORT

Case 1

A 55-year-old female, non-smoker presenting chronic cough 
was found to have a mass in the right upper lobe of lung with 
disseminated intrapulmonary metastasis on computed tomog-
raphy (CT). CT-guided biopsy of the pulmonary mass revealed 
a moderately differentiated adenocarcinoma (Fig. 1A) harboring 
EGFR exon 19 deletion. The initial positron emission tomog-
raphy–CT and brain magnetic resonance imaging showed met-
astatic lesions in the left ilium and bilateral cerebral cortex. As 
first-line therapy, she received one cycle of conventional chemo-
therapy for 8 days, and then started gefitinib as second-line therapy. 
After 1 year of continuous gefitinib treatment, radiologic evalu-
ation showed a larger number of metastatic nodules in lung and 
increased extent of the left iliac metastases with extraosseous os-
sification (Fig. 2A). 

Case 2

A 58-year-old man who had undergone right upper lobectomy 
of lung was diagnosed as adenocarcinoma (Fig. 1B) with pT-
1N0M0 harboring an EGFR exon 19 deletion mutation. Three 
years after surgery, metastatic lesions were detected in the right 
lower lobe and pleura on radiologic findings. He received conven-
tional chemotherapy for 3 months, and then started gefitinib. 
After 15 months of continuous gefitinib treatment, second biopsy 
for the pulmonary lesion confirmed T790M mutation, and 
additional metastatic lesions found in T2 and T5 vertebral bodies 
(Fig. 2B) were removed by surgical curettage.

Rebiopsy of the metastatic bone lesions of these two patients 
was performed. Microscopic findings of the tumor showed ade-
nocarcinoma merging with poorly differentiated sarcomatous 
components. Remarkably, there were spindle shaped sarcomatous 
tumor cells with eosinophilic cytoplasm producing ill-defined 
pink acellular lace-like osteoid. These osteoid components were 
closely associated with the tumor cells and deposited as disorga-
nized features. The sarcomatous neoplastic cells intermingled 
with osteoid demonstrate unequivocal features of malignancy, 
which is different from reactive osteoid or callus formation (Fig. 
1C, D). EGFR mutation status was same as that of primary 
lung specimen, and immunohistochemistry showed vimentin 
expression and decreased E-cadherin. 

DISCUSSION

It is known that the resistance to EGFR-TKI is due to various 
mechanisms. Rebiopsy is usually used to detect the underlying 
molecular mechanism of resistance; however, meticulous histologic 
examination is very important to identify the change in cancer 
phenotype. Histological transformation of adenocarcinoma such 
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as transformation into SCC and EMT is one of the discovered 
mechanisms in the acquired resistance to EGFR-TKI.1 EMT is 
characterized by loss of cell adhesion and acquisition of mesen-
chymal features, showing morphological change from the epithe-
lial phenotype to the mesenchymal fibroblastoid phenotype. 
Osteosarcomatous differentiation highly represents EMT fea-
tures which may contribute to the acquired resistance to EGFR-

TKIs. To the best of our knowledge, this is the first report to 
describe pulmonary adenocarcinoma with osteosarcomatous dif-
ferentiation in rebiopsy specimens of EGFR-TKI resistant patients.

Here, we describe two cases showing osteosarcomatous differ-
entiation with sarcomatoid features after EGFR-TKI treatment. 
The malignant osteoid components were distinguished from 
destroyed and/or regenerating bone elements by their morphol-

B

Fig. 2. Radiologic findings. Case 1 (A). Pelvic magnetic resonance imaging demonstrates left iliac metastases with ossification at the extraos­
seous soft tissue (arrow). Case 2 (B). Computed tomography reveals T2 and T5 vertebral bodies metastases.

A

Fig. 1. Histologic findings. First biopsy of case 1 (A) and case 2 (B). Microscopic finding of first biopsy reveals adenocarcinoma showing 
glandular differentiation. Rebiopsy of case 1 (C) and case 2 (D). Microscopic finding shows sarcomatous tumor cells producing osteoid (as­
terisks).

A

C

B
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ogy and surrounding poorly differentiated sarcomatous cells in 
histologic findings. In addition, the ossification of extraosseous 
sites in radiologic findings is helpful. As the evaluation of meta-
static sites for rebiopsy were bone lesions in both patients, the 
tumor microenvironment may have contributed to the transfor-
mation from adenocarcinoma to osteosarcomatous phenotype.2 
A few previous studies suggested that a bone environment is 
essential for osteosarcoma development from transformed mes-
enchymal stem cells.3 Our findings suggest that the differences 
of the intrinsic nature between epithelial and osteosarcomatous 
mesenchymal cancers may be the cause of the acquired resistance 
to EGFR-TKI.4 In addition, Mink et al.5 demonstrated that the 
tumor stroma having cancer-associated fibroblast related to EMT 
plays an important role in limiting responsiveness to EGFR-
TKI. 

The phenotypic change in cancer including EMT and histo-
logical transformation has been identified as a mechanism of resis-
tance to EGFR-TKI; however, the specific underlying biologic 
mechanism remains unclear. Further investigations are needed to 
explain the mechanism of EMT and tumor microenvironment 
involved in EGFR-TKI resistance. 
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▒ BRIEF CASE REPORT ▒

Giant cell tumor of the bone is a benign but locally aggressive 
bone tumor. In recent years, denosumab, a receptor activator for 
nuclear factor-κβ ligand (RANKL) inhibitor has emerged as a 
treatment alternative, especially when surgical clearance cannot 
be obtained or for frequent recurrence. However, treatment-
related histologic changes have been rarely documented in the 
literature until recently and show substantial overlap with other 
primary tumors of bone such as low-grade central osteosarcoma, 
which can easily lead to a misdiagnosis. Here we present a typical 
case of denosumab-treated giant cell tumor of the bone confirmed 
by detection of an H3F3A (histone H3 family 3A protein) muta-
tion, which we believe is the first case report in Taiwan.

CASE REPORT

A 50-year-old female patient visited our clinic complaining of 
left knee pain that had been present for 4 months. The condition 
was aggravated during ambulation and worsened as time went 
by. There was no trauma history or any significant past medical 
history of note. She had gone to another hospital first where a 
left distal femur osteolytic tumor was found. Needle biopsy was 
performed there, and the pathology revealed giant cell tumor of 
the bone (Fig. 1A). She was then given subcutaneous injections 
of denosumab (120 mg) every 4 weeks for 3 months. Due to 
personal reasons, she visited our clinic thereafter. Magnetic reso-
nance imaging showed a 4.1-cm expansile, eccentric osteolytic 

bone tumor around the epiphysis and metaphysis of the left 
distal femur; the lesion manifested low T1 weighted image and 
T2 weighted image with strong contrast enhancement (Fig. 
1B). Relatively well-defined margins with cortical thinning 
were noted. No conspicuous tumor regression was noted, and 
the lesion was still radiologically classified as grade II using the 
Campanacci classification. After 3 months of denosumab treat-
ment, adequate curettage and adjuvant cryotherapy with liquid 
nitrogen and bone graft implantation were performed. 

A brownish circumscribed tumor, 5 cm in size, was found 
during the operation, with no soft tissue or joint involvement. 
The curettage specimen was sent for pathologic examination. 
Light microscopy showed that the tumor was composed mostly of 
woven bone, with a small amount of aggregated mononuclear 
cell foci and scattered osteoclast-like giant cells (< 10%). Com-
pared with ordinary giant cell tumors of the bone before deno-
sumab treatment (Fig. 1A), this post-treatment specimen showed 
decreased cellularity, reduced number and size of osteoclast-like 
giant cells, and abundant new bone deposition as broad, rounded 
cords, or long, curvilinear arrays (Fig. 1C, D). Only minimal 
cytological atypia and occasional mitoses were noted. Focal 
necrosis was identified. Immunohistochemically, the tumor 
cells were negative for cyclin-dependent kinase 4 (1:200, ZETA 
Corporation, Arcadia, CA, USA), and murine double minute 2 
(MDM2; 1:50, ZETA Corporation) (Fig. 1E). The genetic study 
was negative for MDM2 amplification. In addition, the H3F3A 
gene mutation was assessed with polymerase chain reaction and 
direct sequencing which showed hotspot mutation c.100G > T 
(G34W) (Fig. 1F).

After the operation, the range of motion (ROM) for the left 
knee gradually improved from partial to full ROM at 6-month 
follow-up. No evidence of tumor recurrence was noted.
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This study was approved by the Institutional Review Board 
of Kaohsiung Veterans General Hospital (IRB No. VGHKS18-
CT2-01) with a waiver of informed consent.

DISCUSSION

Giant cell tumor of the bone is composed of a proliferation of 
mononuclear cells amongst which are scattered numerous mac-
rophages and large osteoclast-like giant cells. It is thought that 
the numerous large osteoclast-like giant cells are not neoplastic 
but reactive in nature.1 These neoplastic mononuclear cells exhibit 

mutations to the H3F3A gene,2 and express high levels of 
RANKL,3 which binds to RANK, a receptor expressed on the 
surface of multinucleated osteoclast-like giant cells and their 
precursors. This results in the activation and proliferation of these 
cells, leading to bone resorption.4 Denosumab, a RANKL inhibitor, 
has been shown to retard or arrest tumor growth.5 Denosumab-
treated tumors can be devoid of giant and mononuclear cells 
and are composed of abundant woven bone and fibrous tissue. 

Wojcik et al.6 reported nine cases and demonstrated that all 
treated giant cell tumors of the bone showed marked giant cell 
depletion. A gradual decrease in stromal cellularity and increased 

H3F3A G > T mutation
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Fig. 1. (A) The typical picture of giant cell tumor before treatment shows “giant” osteoclasts with > 20 and sometimes > 50 nuclei. (B) Mag-
netic resonance imaging reveals an expansile, eccentric osteolytic bone tumor around epiphysis and metaphysis of left distal femur. (C, D) 
Compared with ordinary giant cell tumor, this case exhibits reduced number and size of osteoclast-like giant cells and also abundant new 
bone deposition, mimicking low-grade central osteosarcoma. (E) The immunohistochemical result shows negative for MDM2. (F) H3F3A 
hotspot mutation (G34W) is detected.
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new bone formation appeared to correlate with treatment. Deno-
sumab shifts the balance of physiological bone formation away 
from RANK-mediated osteoclastic bone resorption toward osteo-
protegrin-induced bone formation. However, it seems that this 
shift does not reflect terminal differentiation, as the morphology 
reverts to classic giant cell tumor histopathology upon denosumab 
therapy cessation.

The combination of relatively bland-looking tumor cells 
with minimal cytological atypia, as well as abundant new bone 
formation in curvilinear arrays within a fibrous background, 
produced a resemblance to low-grade central osteosarcoma.6 In 
addition, benign multinucleated giant cells have been reported 
in up to 36% of low-grade central osteosarcomas,7 making the 
distinction more challenging. Recently, Rekhi et al.8 also reported 
that after denosumab treatment, giant cell tumors of the bone can 
appear as low-grade osteosarcomas on histopathologic examina-
tion, but lack the clinical behavior of an osteosarcoma. 

In terms of differential diagnoses, giant cell-rich conventional 
osteosarcoma and malignancy in giant cell tumor of the bone 
are characterized by more severe cytological atypia and more 
prominent mitotic activity, which were not seen in this case. 
Low-grade central osteosarcoma was also excluded due to the lack 
of an infiltrative growth pattern and negative MDM2 amplifica-
tion. Finally, we performed a genetic test and an H3F3A hotspot 
mutation (G34W) was detected. This finding supported the 
diagnosis of giant cell tumor of the bone. 

In summary, we present a case of giant cell tumor of the bone 
with typical morphologic changes after denosumab treatment, 
including giant cell depletion and abundant new bone forma-
tion. Detection of an H3F3A hotspot mutation (G34W) also 
confirmed the diagnosis. This is the first case report in Taiwan. Be-
cause denosumab-treated tumors bear little resemblance to 
their pretreatment counterparts and have substantial histologic 
overlap with other primary tumors of the bone, it is important 
for pathologists to understand the differences between treatment-
related histologic changes and morphologic mimics. Due to the 
increasing use of denosumab in recent years, it is crucial to pay 
careful attention to the history of denosumab administration to 
avoid a misdiagnosis.
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Fine-Needle Aspiration Cytology of Carcinosarcoma in the Salivary Gland: 
An Extremely Rare Case Report
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Carcinosarcoma of the salivary gland is an extremely rare tumor that is composed of both 
malignant epithelial and mesenchymal components. Diagnosing carcinosarcoma with fine-needle 
aspiration cytology is challenging because of its overlapping cytomorphologic characteristics 
with other high-grade malignant salivary gland tumors. Among the many features, including pleo-
morphic oncocytoid epithelial components, necrotic background, and mitoses, recognizing the 
singly scattered atypical spindle cells is most essential in carcinosarcoma. We present a case of a 
66-year-old male patient with characteristic features of carcinosarcoma, who was successfully 
treated by wide local excision and subsequent radiation therapy.
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▒ CASE STUDY ▒

The term carcinosarcoma of the salivary gland, which means a 
tumor consisting of both carcinomatous and sarcomatous elements, 
was first used by King1 in 1967. The three distinct histologic 
types of malignant mixed tumor are carcinoma ex pleomorphic 
adenoma, which accounts for most malignant mixed tumors, 
metastasizing mixed tumor, and carcinosarcoma, also known as 
true malignant tumor. To the best of our knowledge, approxi-
mately 60 cases of carcinosarcomas of the salivary glands have 
been reported in the English literature. Patients with carcino-
sarcoma of the salivary gland should be considered for addi-
tional chemotherapy or radiotherapy.2 Its differential diagnosis 
is extremely important. However, making a correct diagnosis on 
an aspirated cytologic specimen is a challenge for pathologists 
because of various histologic features. Herein, we present a case of 
carcinosarcoma of the salivary gland diagnosed by preoperative 
fine-needle aspiration cytology (FNAC).

CASE REPORT

A 66-year-old man presented with a mass in the right sub-
mandibular gland that had been rapidly enlarging for several 
months. His medical history included hypertension, cardiovas-
cular attack, and unstable angina. The computed tomography 
scan showed a 5-cm-sized movable mass with sialolithiasis in 
the right submandibular area (Fig. 1A). The FNAC specimen 
contained numerous single malignant epithelial cells that had 
marked nuclear pleomorphism, increased nuclear-cytoplasmic 
ratio, and coarse chromatin pattern with prominent nucleoli 
(Fig. 1C). Additionally, a few atypical mucin-containing cells, 
reminiscent of mucoepidermoid carcinoma, were found. Abun-
dant necrotic debris and a mixture of inflammatory cells were 
scattered in the background of dispersed atypical spindle cells 
(Fig. 1D). There were sheet-like fragments, which showed 
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squamous differentiation with a few mitosis in only one out of 
ten FNAC slides (Fig. 1E). The patient underwent surgery to 
remove the mass and stones at Gyeongsang National University 
Changwon Hospital.

Overall, the cut surface showed a relatively well-circum-
scribed, ivory, heterogeneous mass that measured 5.5 × 4 cm 
and extended to the extra-parenchymal area (Fig. 1B). Micro-
scopically, the tumor was mainly composed of two components—
undifferentiated carcinoma (UC) and undifferentiated pleo-
morphic sarcoma (UPS) with a central necrosis (Fig. 1F). Under 
higher magnification, the carcinomatous component was hap-
hazardly arranged with numerous mitoses. The sarcomatous 
components were permeating to the UC (Fig. 1G). The immu-
nohistochemical findings were in a sharp contrast in these two 
components. Carcinoma cells were positive for cytokeratin (Fig. 
1H), whereas sarcoma cells were negative for cytokeratin and 
positive for vimentin (Fig. 1I). Focal areas mimicking epithelial-
myoepithelial carcinoma were observed (Fig. 1J). 

All dissected 11 lymph nodes had no metastatic focus. The 
patient was successfully managed by wide local excision and 
subsequent radiation therapy. This study was approved by the 
Institutional Review Board of Gyeongsang National University 
Changwon Hospital with a waiver of informed consent (GNUCH 
2017-09-009).

DISCUSSION

FNAC is a simple, safe, cost-effective, well-tolerated, and in 
particular, minimally invasive method.3 On average, the salivary 
gland FNAC has high specificity (97%), but the sensitivity is 
relatively low (80%).4 This means that the diagnosis on FNAC 
is very reliable, but the false-negative rate associated with FNAC 
(20%) may not be acceptable.4 FNAC determines the extent of 
surgery needed after malignant tumor is diagnosed. It helps in 
deciding whether the facial nerve can be spared during the surgery 
and therefore, it is still important.3 Diagnosing a high-grade 
salivary gland tumor, especially carcinosarcoma, on FNAC is 
challenging; thus, we should approach more systematically. 
Griffith et al.5 proposed a risk stratification of FNAC in salivary 
gland tumors, which are classified as non-neoplastic and neo-
plastic. Among the neoplastic lesions, they proposed using the 
term oncocytoid and basaloid neoplasm rather than pleomorphic 
adenoma and Warthin tumor, the two most common tumors of 
the salivary gland. They also subdivided the oncocytoid and basa-
loid groups based on their nuclear grade (as monomorphic and 
pleomorphic groups), background characteristics, and stromal 
features. The pleomorphic oncocytoid neoplasm group was 
universally high-grade malignancies (21/21) and most of these 
21 cases were of salivary duct carcinomas and several other 

Fig. 1. Computed tomography image of the patient and gross examination, fine-needle aspiration specimen, and microscopic and immuno-
histochemical findings of carcinosarcoma. (A) Computed tomography scan shows a movable mass with sialolithiasis in the right submandibular 
area. (B) A well-circumscribed, ivory, heterogeneous mass is extended to the extra-parenchymal area. (C) A single malignant epithelial cell 
with marked nuclear pleomorphism, increased nuclear-cytoplasmic ratio, coarse chromatin pattern, and prominent nucleoli. (D) Abundant 
necrotic debris and a mixture of inflammatory cells are scattered in the background of dispersed atypical spindle cells. (E) Sheet-like fragments 
show squamous differentiation with a few mitosis. (F) Tumor is mainly composed of two components-undifferentiated carcinoma and undif-
ferentiated pleomorphic sarcoma. (G) Under higher magnification, the carcinomatous component is haphazardly arranged with numerous 
mitoses and the sarcomatous components are permeating to the undifferentiated carcinoma. (H) Carcinoma cells are positive for cytokeratin. 
(I) Sarcoma cells are positive for vimentin. (J) Focal area mimicking epithelial-myoepithelial carcinoma.
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high-grade carcinoma types including three high-grade muco-
epidermoid carcinoma, one poorly differentiated carcinoma, and 
one UC.5 

Based on the criteria of abundant cytoplasm, high nuclear 
grade with pleomorphism and hyperchromasia, and increased 
mitotic activity, the “pleomorphic oncocytoid neoplasm” was 
very identical to the carcinomatous components in our case. In 
addition, some other findings were observed, including isolated 
giant cells with vesicular nuclei and macronucleoli and isolated 
atypical spindle cells with hyperchromatic nuclei. These two 
different cells were classified as atypical because they had varia-
tions in size and shape more than three times the normal.6 When 
FNAC findings were correlated with histological findings, the 
giant epithelial cells seemed to have come from the UC compo-
nent, and the atypical spindle cells, either isolated or clustered 
with epithelial cells, seemed to have been exfoliated from the 
UPS component. In histologic section, UPS and UC were inter-
mingled, showing different patterns of immunohistochemical 
staining for cytokeratin and vimentin, which is the key finding 
in confirming carcinosarcoma.

Because there were squamoid clusters without keratinization 
in the FNA specimen, mucoepidermoid carcinoma (MEC) with 
squamous elements and moderate to poorly differentiated squa-
mous cell carcinoma (SCC) were included in differential diagnosis. 
If it were MEC, there must be numerous tumor cell clusters 
due to its hard and solid consistency in high-grade types.6 Also, 
non-keratinizing, moderate to poorly differentiated SCCs usually 
exfoliate in clusters or sheets. Rapidly growing tumors like our 
case frequently produce central necrosis and often show cellular 
debris with necrotic background in their aspirates.6 In our case, 
there were plenty of individual pleomorphic cells in abundant 
necrotic background. Only up to 23 cell clusters were contained 
in 10 aspirated slides. We suggest that more aggressive tumors 
including malignant mixed tumor and carcinosarcoma must be 
considered, if there are fewer carcinomatous clusters and abundant 
individual pleomorphic cells in necrotic background. 

The sarcomatous components in our case occupied nearly 40% 
of the total tumor volume. However, these components were 
hardly seen in the FNAC. Both isolated spindle cells and sheet-
like tissue fragments were found in one out of 10 FNAC slides. 
We hypothesized that matrix-forming characteristics of carci-
nosarcoma might have affected the hypocellularity of sarcomatous 
cells in the FNAC specimen. The malignant mesenchymal elements 
of carcinosarcomas are most commonly in the form of chondro-
sarcoma.2,7,8 In the present case, however, features of chondro-
sarcoma were not observed in both cytologic and surgical speci-

mens. In addition, tumor cells in sheets were not as pleomorphic 
as the isolated atypical spindle cells in the FNAC specimen. We 
should be concentrating on the scattered atypical cells or matrix-
forming cells when we approach high-grade pleomorphic salivary 
gland tumors in FNAC. Frequently, isolated cells, which accurate-
ly reveal their characteristic morphologic features, are more im-
portant than three-dimensional clusters in cytologic specimens. 

The histogenesis and pathogenesis of the carcinosarcoma are 
still under discussion. Some authors insist that pleomorphic 
adenoma and carcinosarcomas may share a common precursor 
cell in which the myoepithelial cell is a major component in 
their development.8,9 In the present case, approximately 20% of 
the total volume of epithelial myoepithelial carcinoma-mimicking 
area was observed in the histologic specimen. However, these 
components did not show any immunoactivities for smooth 
muscle actin and S100, a marker of myoepithelial cells. Further-
more, histologic evidence of a preexisting or coexisting pleo-
morphic adenoma was not observed. These findings may indi-
rectly prove that myoepithelial cells may not be the sole origin of 
carcinosarcoma. We agree with Kwon and Gu10 that the primitive 
mesenchymal cells, which can be differentiated in diverse direc-
tions, may contribute to the development of different types of 
sarcomas in carcinosarcomas; thus, they have heterogeneous 
combinations of both epithelial and mesenchymal components.7 

Although carcinosarcoma is an extremely rare tumor, pathol-
ogists should be aware of this entity because the diagnosis of 
carcinosarcoma warrants concurrent radiation therapy extended 
to regional lymph nodes even if those lymph nodes are not 
metastatic.

We described the cytologic features of carcinosarcoma arising 
in the submandibular salivary gland. In FNAC of the salivary 
gland tumor, carcinosarcoma should be considered if atypical 
spindle cells and highly pleomorphic epithelial cells are identified 
in abundant necrotic background. 

Conflicts of Interest
No potential conflict of interest relevant to this article was 

reported.

REFERENCES

1. King OH Jr. Carcinosarcoma of accessory salivary gland: first 

report of a case. Oral Surg Oral Med Oral Pathol 1967; 23: 651-9.

2. Keh SM, Tait A, Ahsan F. Primary carcinosarcoma of the parotid 

gland. Clin Pract 2011; 1: e117.



http://jpatholtm.org/https://doi.org/10.4132/jptm.2017.07.27

Cytologic Features of Carcinosarcoma  •     139

3. Schmidt RL, Hall BJ, Wilson AR, Layfield LJ. A systematic review 

and meta-analysis of the diagnostic accuracy of fine-needle aspira-

tion cytology for parotid gland lesions. Am J Clin Pathol 2011; 136: 

45-59.

4. Schmidt RL, Hunt JP, Hall BJ, Wilson AR, Layfield LJ. A systematic 

review and meta-analysis of the diagnostic accuracy of frozen sec-

tion for parotid gland lesions. Am J Clin Pathol 2011; 136: 729-38.

5. Griffith CC, Pai RK, Schneider F, et al. Salivary gland tumor fine-

needle aspiration cytology: a proposal for a risk stratification clas-

sification. Am J Clin Pathol 2015; 143: 839-53.

6. Naib ZM. Cytopathology. 4th ed. New York: Little Brown & Com-

pany, 1996.

7. Marcotullio D, de Vincentiis M, Iannella G, Cerbelli B, Magliulo G. 

Mucoepidermoid carcinoma associated with osteosarcoma in a 

true malignant mixed tumor of the submandibular region. Case 

Rep Otolaryngol 2015; 2015: 694684.

8. Stephen J, Batsakis JG, Luna MA, von der Heyden U, Byers RM. 

True malignant mixed tumors (carcinosarcoma) of salivary glands. 

Oral Surg Oral Med Oral Pathol 1986; 61: 597-602.

9. Bleiweiss IJ, Huvos AG, Lara J, Strong EW. Carcinosarcoma of the 

submandibular salivary gland. Immunohistochemical findings. 

Cancer 1992; 69: 2031-5.

10. Kwon MY, Gu M. True malignant mixed tumor (carcinosarcoma) 

of parotid gland with unusual mesenchymal component: a case re-

port and review of the literature. Arch Pathol Lab Med 2001; 125: 

812-5.



Journal of Pathology and 

Translational Medicine

J
ournal  of  P

athology  and  T
ranslational  M

edicine
Vol. 57, N

o.6, pp 289-340, N
ovem

ber 2023

Journal of Pathology
and Translational Medicine

November 2023
Vol. 57 / No.6
jpatholtm.org
pISSN: 2383-7837
eISSN: 2383-7845

Nuclear Features of 

Follicular Patterned  

Thyroid Tumors




