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ARTICLE INFO ABSTRACT

Clear cell renal cell carcinoma (ccRCC), the most common histologic subtype of RCCs, demonstrates a wide
spectrum of morphologic features (i.e., low-grade spindle cell, syncytial giant cells, and mucin-producing cells).
However, papillary growth pattern in ccRCCs is rather a rare finding, which can present challenges in differential
diagnostic work up. The aim of this study was to investigate ccRCCs with predominant papillary features from
morphologic, immunohistochemical and molecular genetic perspectives.

23 clear cell renal cell carcinomas with papillary architecture were selected. Tumors were evaluated mor-
phologically, immunohistochemically, and molecularly by next-generation sequencing (NGS). The diagnosis of
MiT family translocation RCC was excluded by TFE3 immunohistochemistry.

Mean age of patients was 65.2 years (range 42-81 years), and 19/23 were male. Tumor size ranged from 1.6
to 12.8 cm (median 6.5 cm). At a median follow-up of 2.5 years (range 1.5-9 years), 2 patients (8.7%) died of
disease, 2 developed metastasis. Areas of papillary pattern accounted for approximately 40-100% of the tumor.
CK7 was negative in non-papillary areas in majority of cases (20/23, 87%), and was only focally positive in 3/23
cases (13%). In papillary areas, AMACR was positive/focally positive in 17/23 (73.9%) cases and in the non-
papillary areas it was positive/focally positive in 22/23 (95.6%) cases. CAIX was mainly negative in both non-
papillary and papillary areas (15/23 [65%] and 16/23 [69.5%], respectively). Molecular analysis of 15 ana-
lyzable cases revealed the most frequently mutated gene to be VHL (in 9 cases), followed by PRBM1 (in 2 cases)
and 29 other different mutations in various genes.

Papillary growth pattern in ccRCC is not an uncommon situation. Papillary RCC with clear cells and MiT
family (TFE3) translocation RCCs are the major differential diagnostic considerations in such scenarios. Our NGS
molecular analysis supported classifying such tumors as a morphologic variant of ccRCC.
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1. Introduction phenomenon in ccRCCs with various morphologic features such as low-

grade spindle cell, syncytial giant cells, and mucin-producing cells [2-

Clear cell renal cell carcinoma (ccRCC) is the most common subtype
of RCCs, representing approximately 65-70% of all adult renal carci-
nomas [1]. ccRCCs are architecturally and cytologically diverse in-
cluding solid, alveolar, acinar, cystic growth patterns of neoplastic cells
with clear and/or eosinophilic cytoplasm. High-grade ccRCCs usually
composed of mixed neoplastic cells with clear and eosinophilic cyto-
plasm. In fact, tumor heterogeneity is a well-documented and known

5]. The presence of mixed morphologic components in renal neoplasms
in general and in ccRCCs in particular can be puzzling in routine
practice, which can potentially lead to misdiagnosis [6].

It is well-known that ccRCCs can present with papillary archi-
tectural growth pattern although rarely. A number of studies since early
1990s studied and reported RCCs with clear cells and papillary features
[7-10]. This finding is not rare and certainly can pose diagnostic
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Table 1
Clinicopathologic data on patients with clear cell renal cell carcinoma with papillary architecture.
Case Papillary (%) Classic clear cell (%) Necrosis (%) No. block Gender Age Size (cm) + pTNM Grade Follow up (mon)
1 100 0 0 2 F 57 6 T3aNxMx 3 2yrs AW, then LF
2 80 15 5 2 M 77 5.2 T1b 3 LF
3 60 40 0 3 M 62 8 T3a 3 3yrs WA
4 70 30 0 2 M 74 7.5 T2NxM1* 3 1.5 yrs DOD
5 85 0 40 2 M 54 6.5 T1bNxMx 4 2.3yrs poD"
6 75 25 0 2 M 76 3.3 Tla 3 5yrs AW
7 60 40 5 10 M 42 7.5 T3aNx 4 1.5yrs AW
8 70 20 10 6 F 81 4.5 T3aNOMx 3 AW 2years
9 85 10 15 2 M 81. 7 T3b 3 LF
10 90 5 5 5 M 76 5,5 pT1b 2 LF
11 60 40 0 2 M 54 3 Tla 3 LF
12 60 20 20 6 M 64 8 T3bNOMx 4 6 yrs AW, then LF
13 40 60 0 4 M 61 3.5 Tla 2 9yrs AW
14 80 10 10 4 M 68 4 T1b 3 LF
15 95 5 0 4 F 58 4 pT1b 1 9yrs AW®
16 70 25 5 3 M 48 9 pT3b 3 LF
17 70 30 3 1 M 69 3 pTla 3 LF
18 80 20 0 1 M 56 1.6 pTla 2 5yrs AW®
19 100 0 0 1 M 67 8 pT2a 2 2years AW’
20 75 5 50 2 M 67 12.5 pT3 2 2.5yrs AW, then DotD!
21 70 30 0 1 F 65 4.5 pT1b 3 LF
22 50 50 10 11 M 74 8 pT3a 3 LF
23 60 20 20 5 M 63 12.8 pT3a 3 LF

DotD = dead of other disease, DOD = dead of disease, AW = alive and well, LF = lost to follow up, M = male, F = female, + = largest diameter, yr = year,
yrs = years.
@ Meta to lung, vertebra.
b Meta to brain, lung, lymph nodes, liver.
Treated for breast carcinoma.
Myocardial infarct.
¢ Followed for cataract.
f Surgery for cataract.
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challenge in limited samples (i.e., renal core biopsies). The differential 2.1. Immunohistochemical studies

diagnosis would include two main RCC subtypes, namely papillary RCC

and ccRCC with papillary features. The recent 2016 WHO (World The immunohistochemical study was performed using a Ventana
Health Organization) classification included RCCs with clear cell fea- Benchmark XT automated stainer (Ventana Medical System, Inc.,
tures such as clear cell papillary RCC and MiT family translocation Tucson, AZ, USA). Immunochemical studies were carried out using a

carcinomas (namely Xp11.2) [1]. This differential diagnosis can have panel of antibodies including CK7 (OV-TL12/30, monoclonal,
potential therapeutic implications and as such it would be crucial to DakoCytomation, Carpinteria, CA, 1:200), racemase/AMACR (P504S,
arrive in accurate diagnosis. monoclonal, Zeta, Sierra Madre, CA, 1:50), vimentin (D9, monoclonal,

The purpose of this study was to investigate ccRCCs with pre- NeoMarkers, Westinghouse, CA, 1:1000), carbonic anhydrase IX
dominant papillary features from morphologic, immunohistochemical (rhCA9, monoclonal, RD systems, Abingdon, GB, 1:100), TFE3 (poly-
and molecular genetic perspectives. It is our hope that findings of this clonal, Abcam, Cambridge, UK, 1:100), and CD10 (monoclonal 56C6,

study will shed light on better understanding of such neoplasms. Leica, Newcastle, UK, 1:20). Appropriate positive and negative controls
were used.

2. Materials and methods 2.2. NGS mutation analysis

An institutional Ethics Review was obtained for the study. Cases A panel of 271 cancer related genes (Comprehensive Cancer Panel,
were selected and retrieved by searching both in-house and consulta- Qiagen, Hilden, Germany) was used to analyze tumor tissue samples.
tion files of Charles University Hospital, Plzen, Czech Republic, and the The samples were isolated using macro dissection from FFPE blocks.
Royal Columbian Hospital, University of British Columbia, Canada. DNA was isolated using Qiagen DNA mini kit, and 250 ng of DNA was

Of 543 ccRCCs searched, 23 were selected which included ccRCCs used to construct the library. The QIAseq technology applies unique
with prominent papillary architecture (more than 40%). All cases were Molecular Identifiers (UMI) for more specific allele frequency de-
reviewed by two urologic pathologists (R.A. and O.H.). One or multiple termination as well as PCR error reduction. Technical duplicates and
blocks/slides were available for review in all cases (ranging from 1 to positive controls were used to establish quality control of the analysis
11). Clinicopathologic and follow-up data were collected using medical parameters. Library was sequenced on Illumina's Nextseq 500, aiming
chat review and contacting primary consulting pathologists in all cases. at average coverage 350 x after deduplication of molecular identifiers
The diagnosis of MiT family translocation RCC was excluded by TFE3 to detect 10% allele frequency with 95% sensitivity. Variants were
immunohistochemistry. called using Qiagen's proprietary pipeline. Subsequently the variants

Tissues for light microscopy were fixed in 4% formaldehyde and were filtered using the calculated limit of detection for each sample.
embedded in paraffin using a routine procedure. 5um thick sections Furthermore the variants were annotated using The Genome
were cut from the tissue blocks and were stained with hematoxylin and Aggregation Database (GnomAD) [11] for population statistics and
eosin. ClinVar database [12] for the relationships among variations and

phenotypes. Variants more frequent than 0.001% in the GnomAD da-
tabase were excluded as well as known benign variants according to the
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Fig. 1. a. Clear cell renal cell carcinoma with prominent papillary pattern.
b. Clear cell renal cell carcinoma with areas of compressed papillary structures.

ClinVar database. The remaining subset was checked visually, and
suspected artefactual variants were excluded.

3. Results

Table 1 presents clinical and demographic information on 23 pa-
tients including 19 males and 4 females. Patient's age ranged from 42 to
81 years (mean 65.2, median 65 years). Tumor size varied from 1.6 to
12.8 cm (mean 6.3, median 6.5 cm). Follow up data (1.5-9 years, mean
3.9, median 2.5 years) were available in 13 of 23 patients. Eleven pa-
tients were staged as pT1, 2 patients pT2, and 10 patients pT3. Me-
tastases were documented in 2 cases. Two patients died of disease (1.5
and 2.3 years after diagnosis).

Gross description was available in 13 cases, showing yellow golden
masses with regressive changes, hemorrhages and foci of firm gray
tissue on cut surface. Necrotic areas were present in 12 cases, ranging
from 5 to 50% of the total tumor volume.

Microscopically, all tumors showed majority of neoplastic cells with
predominantly clear cytoplasm, arranged mainly in alveolar, nested,
and trabecular patterns, separated by fibrovascular septae. Areas of
papillary pattern accounted for approximately 40-100% of the tumor
(Fig. 1a-b). Papillae were lined by clear and/or eosinophilic neoplastic
cells (Fig. 2a-b). Foamy macrophages were not observed. The ISUP/
WHO histologic grade ranged 1-4 (Fig. 3a—c).

Results of immunohistochemical examination are summarized in
Table 2. CK7 was negative in non-papillary areas in majority of cases
(20/23, 87%), and was only focally positive in 3/23 cases (13%). In
papillary areas, AMACR was positive/focally positive in 17/23 (73.9%)
cases and in the non-papillary areas it was positive/focally positive in
22/23 (95.6%) cases. CAIX immunohistochemical stain was mainly
negative in both non-papillary and papillary areas (15/23 [65%] and
16/23 [69.5%], respectively). On the other hand, vimentin was posi-
tive/focally positive in most cases in both non-papillary and papillary
areas (20/23 [87%] and 18/23 [78.3%], respectively). CD10 im-
munohistochemical stain was consistently positive (either focal or dif-
fuse) in non-papillary area (23/23, 100%), and similarly it was positive
in 22/23 (95.6%) cases in the papillary area. TFE3 was negative in all
23 cases.

Fifteen of 23 samples were successfully sequenced (met the quality
control standards) and as a result, a total of forty mutations were fil-
tered (Table 3). Most frequently mutated gene was VHL (in 9 cases)
followed by PRBM1 (in 2 cases) and 29 other different mutations in
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various genes. Some samples with low DNA quality had unfavourable
ratio of sequenced reads to UMI's and as such the limit of detection was
increased. The details are listed in Table 4.

4. Discussion

ccRCC usually shows a solid, alveolar or acinar growth pattern,
composed of clear or eosinophilic neoplastic cells. Tumor heterogeneity
in renal neoplasms is a well-documented fact [6,13]. ccRCC, the most
common subtype of RCCs, are no exception and can exhibit great
variability in both architectural growth patterns and morphologic fea-
tures. The morphologic features of ccRCCs can also be dependent on the
tumor grade, with higher tumor grades demonstrating a mixture of
clear cells and neoplastic cells with eosinophilic granular cytoplasm. In
fact, our group recently described a rare subset of high grade ccRCCs
with prominent emperipolesis [14]. These tumors showed focal pseu-
dopapillary features with large cells with bizarre nuclei and eosino-
philic rhabdoid-like cytoplasm [14]. In recent years, a number of rare
morphologic variants of ccRCCs have been described, including mucin-
secreting ccRCC, ccRCC with low-grade spindle cell proliferation,
ccRCC with syncytial giant cell component, and ccRCCs with prominent
emperipolesis [2,4,5,14,15].

From architectural point of view, although ccRCCs usually present
in a solid growth pattern, cystic changes can frequently be seen. ccRCC
with true papillary architecture is a rather rare variant but has pre-
viously been described [7-10,16]. According to the most recent World
Health Organization (WHO) Classification of Genitourinary tumors,
“focal” papillary areas can be seen in ccRCCs [17]. In reality, we and
others have noticed that ccRCCs can have rather large papillary areas
with well-formed true papillae [7-10,16]. In fact, the papillary area
could constitute a substantial portion of the tumor as it is the case in our
study with ccRCCs demonstrating between 40 and 100% papillary
areas. This can simply present a diagnostic challenge in routine prac-
tice, particularly in limited samples, with the current understating that
ccRCCs can have “focal” papillary areas [17]. The two most common
differential diagnoses of RCCs with papillary architecture and clear cell
morphology would include MiT family (TFE3) translocation RCC, and
clear cell papillary RCC. Other rather less frequent differential diag-
noses would include collision tumors, fumarate hydratase-deficient
RCCs, and RCCs with leiomyomatous stroma [18]. It would be expected
that such tumors might have been classified as PRCC, collision tumors,
or even unclassified in the past [9,10]. However, with the current
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Fig. 2. a. Clear cell renal cell carcinoma with papillary pattern and extensive foci of necrosis.
b. Clear cell renal cell carcinoma with papillary architecture and small foci of necrosis.

Fig. 3. a. Cytological features are identical to clear cell renal cell carcinoma, however demonstrating papillary architecture.
b. Clear cell renal cell carcinoma with papillary features showing grade 1 nuclear grade.
c. Clear cell renal cell carcinoma with papillary features showing grade 3 nuclear morphology.
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Results of immunohistochemistry on clear cell renal cell carcinoma with papillary architecture.

Case CK7-cc CK7-Pap AMACR-cc AMACR-Pap CAIX-cc CAIX-Pap Vim-cc Vim-Pap CD10-cc CD10-Pap TFE3 cc/Pap
1 Neg. Neg. Neg. Focal pos. Neg. Neg. Focal pos. Focal pos. Pos. Pos. Neg.
2 Neg. Neg. Neg. Focal pos. Neg. Neg. Focal pos. Focal pos. Pos. Pos. Neg.
3 Neg. Neg. Focal pos. Pos. Pos. Pos. Pos. Focal pos. Pos. Pos. Neg.
4 Neg. Focal pos. Neg. Focal pos. Neg. Neg. Focal pos. Focal pos. Pos. Pos. Neg.
5 Neg. Neg. Focal pos. Pos. Neg. Neg. Focal pos. Focal pos. Focal pos. Focal pos. Neg.
6 Neg. Neg. Focal pos. Focal pos. Neg. Neg. Focal pos. Focal pos. Pos. Pos. Neg.
7 Neg. Neg. Focal pos. Focal pos. Focal pos. Focal pos. pos. Pos. Pos. Pos. Neg.
8 Focal pos. Neg. Pos. Pos. Neg. Neg. Focal pos. Focal pos. Pos. Pos. Neg.
9 Neg. Neg. Pos. Pos. Focal pos. Neg. Focal pos. Neg. Pos. Pos. Neg.
10 Neg. Neg. Focal pos. Focal pos. Neg. Neg. Focal pos. Focal pos. Pos. Pos. Neg.
11 Focal pos. Neg. Pos. Focal pos. Neg. Neg. pos. Focal pos. Pos. Focal pos. Neg.
12 Focal pos. Pos. Focal pos. Focal pos. Neg. Neg. Neg. Neg. Focal pos. Pos. Neg.
13 Neg. Neg. Focal pos. Focal pos. Pos. Pos. Pos. Pos. Pos. Pos. Neg.
14 Neg. Neg. Pos. Pos. Neg. Neg. pos. Neg. Pos. Pos. Neg.
15 Neg. Neg. Focal pos. Focal pos. Neg. Neg. Focal pos. Focal pos. Pos. Neg. Neg.
16 Neg. Neg. Focal pos. Focal pos. Neg. Neg. Neg. Neg. Pos. Pos. Neg.
17 Neg. Neg. Focal pos. Focal pos. Pos. Pos. Focal pos. Focal pos. Pos. Focal pos. Neg.
18 Neg. Neg. Neg. Focal pos. Neg. Neg. Pos. Pos. Pos. Pos. Neg.
19 Neg. Neg. Focal pos. Pos. Neg. Neg. Neg. Neg. Pos. Pos. Neg.
20 Neg. Neg. Pos. Pos. Neg. Neg. Focal pos. Focal pos. Pos. Focal pos. Neg.
21 Neg. Focal pos. Focal pos. Focal pos. Focal pos.” Focal pos.” Pos. Pos. Pos. Pos. Neg.
22 Neg. Neg. Neg. Neg. Pos. Pos. Pos. Pos. Pos. Pos. Neg.
23 Neg. Neg. Neg. Focal pos. Pos. Pos. Pos. Pos. Pos. Focal pos. Neg.

cc = classic clear cell area, Pap = papillary area, Neg. = negative, Pos. = positive, CAIX = carbonic anhydrase 9, vim = vimentin.

2 Artefact/fixation.

Table 3
Summary of molecular genetic findings on analyzable clear cell renal cell car-
cinoma with papillary architecture.

Case HCCP # mutations LOD 95
1 NA NA

2 7 0.1301
3 5 0.0949
4 5 0.1881
5 4 0.2144
6 1 0.3418
7 NA NA

8 0 0.1961
9 1 0.4606
10 NA NA

11 0 0.5108
12 NA NA

13 3 0.1197
14 1 0.4389
15 NA NA

16 2 0.192
17 3 0.192
18 2 0.1675
19 5 0.0575
20 1 0.1843

HCCP # mutations — human comprehensive cancer panel result with number of
detected variants, LOD 95 — average 95th percentile estimated minimum de-
tectible allele fraction, NA not analyzable.

knowledge and available ancillary testing such tumors can hopefully be
correctly diagnosed.

MiT family (TFE3) translocation RCCs, mostly tumors associated
with Xp11.2 translocation, demonstrate variable morphological fea-
tures. These tumors are mostly arranged in papillary architecture with
large, weakly eosinophilic or clear neoplastic cells with occasional
psammoma bodies and eosinophilic hyaline nodules.
Immunohistochemically, these tumors express TFE3 protein, albeit
TFE3 break-apart fluorescence in situ hybridization assay is the most
reliable method of detection [18]. Clear cell papillary RCC, the other
main differential diagnosis, is easily recognizable morphologically, in-
cluding tubopapillary architecture, variable presence of leiomyomatous
stroma, “shark smiles,” and apical “blister” feature and low-grade
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basally located nuclei. Unlike ccRCCs which are mostly CK7 negative/
focally positive, these tumors are strongly and diffusely positive for CK7
[18].

Earlier studies including Fuzesi et al. [16] analyzed 3 cases of PRCC
with clear cell morphology, using classic cytogenetics (standard G-
banding techniques), which demonstrated loss of terminal 3p chromo-
somal segments with no trisomy 17 observed. Subsequently, Salama
et al. [7] used fluorescence in situ hybridization (FISH) and micro-
satellite analysis to determine the genetic alterations in 7 malignant
renal tumors with papillary architecture and extensive clear cell
change. The authors concluded that because such tumors showed mo-
lecular changes identical to ccRCCs, such neoplasms should be classi-
fied as ccRCC [7]. Most recently, Jia et al. [19] examined 13 cases of
RCCs with clear cytoplasm, high-grade nuclear features, and prominent
papillary architecture from Memorial Sloan Kettering Cancer Center
and TCGA papillary RCC public databases. The authors reported that
molecular analysis of 8 cases revealed a VHL mutation and concurrent
3p loss in 7 of 8 cases, while no trisomy 7/17 or MET mutations were
found. They concluded that molecular analysis of such neoplasms with
clear cytoplasm and prominent papillary architecture showed char-
acteristic molecular features of ccRCC and supports their classification
as a rare morphologic variant of ccRCC.

In our study, the samples analyzed by NGS Comprehensive cancer
panel showed large variety of variants with mostly unknown patho-
genicity (Table 4). Most frequently mutated gene was VHL (in 9 cases)
followed by PRBM1 (in two cases) and 29 other different mutations in
various genes. Five of the most commonly mutated genes in ccRCCs
including VHL, PRBM1, PTEN, PIK3CA, and KDM5C, were mutated in
our study group [20]. It should be noted that most of the low frequency
samples were filtered out due to the insufficient limit of detection,
which was caused by low quality of source DNA of many samples. The
somatic status of the variants was confirmed by comparing tumor to
normal tissue pairs. Of note, some variants had no known clinical im-
plication/interpretation. Our molecular genetic findings are compatible
with prior studies, particularly with Jia et al. [19], in which such tu-
mors share characteristic molecular features of ccRCC and that they are
best classified as a rare morphologic variant of ccRCC.
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5. Conclusion

Papillary growth pattern in ccRCC is not uncommon and in fact it
can constitute a substantial portion the tumor. Papillary RCC with clear
cells and MiT family (TFE3/XP11.2) translocation RCCs are the major
differential diagnostic considerations, which can be resolved with help
of IHC and basic FISH testing. Our NGS molecular analysis supported
classifying such tumors as a rare variant of ccRCC.
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