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Abstract

The morphologic spectrum of type 1 papillary renal cell carcinoma (PRCC) is not well-defined, 

since a significant proportion of cases have mixed type 1 and 2 histology. We analyzed 199 

cases of PRCC with any (even if focal) type 1 features, with a median follow-up of 12 years, 

to identify clinicopathological features associated with outcome. Ninety-five tumors (48%) of the 

cohort contained some type 2 component (median amount: 25%; IQR: 10%, 70%). As a group 

they showed high rates of progression-free (PFS) and cancer-specific survival (CSS). Tumor size, 

mitotic rate, lymphovascular invasion, sarcomatoid differentiation, sheet-like architecture, and lack 

of tumor circumscription were significantly associated with CSS (p≤0.015) on univariate analysis. 

While predominant WHO/ISUP nucleolar grade was associated with PFS (p=0.013) and CSS 
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(p=0.030), the presence of non-predominant (<50%) nucleolar grade did not show association with 

outcome (p=0.7). PFS and CSS showed no significant association with the presence or the amount 

of type 2 morphology. We compared the molecular alterations in paired type 1 and type 2 areas 

in a subset of 22 cases with mixed type 1 and 2 features and identified 12 recurrently mutated 

genes including TERT, ARID1A, KDM6A, KMT2D, NFE2L2, MET, APC, and TP53. Among 78 

detected somatic mutations, 61 (78%) were shared between the paired type 1 and type 2 areas. 

Copy number alterations, including chromosome 7 and 17 gains, were similar between type 1 and 

2 areas. These findings support that type 2 features in a PRCC with mixed histology represent 

either morphologic variance or clonal evolution. Our study underscores the notion that PRCC with 

any classic type 1 regions is best considered as type 1 PRCC and assigned the appropriate WHO/

ISUP nucleolar grade. It provides additional evidence that type 2 PRCC as a separate category 

should be re-assessed and likely needs to be abandoned.
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Introduction

Papillary renal cell carcinoma (PRCC), accounting for approximately 15% of renal epithelial 

malignancy, was first described as a distinct subtype of renal cell carcinoma (RCC) in 

1976 by Mancilla-Jiminez et al (1). In this study, the authors reported lower pathological 

stages and better 5-year-survival for PRCC compared to non-PRCC. These observations 

were validated in further studies (2–8) which examined the prognostic significance of 

tumor morphotype, mostly reporting that PRCC had a better prognosis (80–90% 5 year 

CSS) as compared to other types of RCC with the exception of chromophobe RCC. 

However, some researchers have observed 5-year CSS as low as 50% (9) and 61% (3) for 

PRCC. Furthermore, a lack of independent association with outcome between the common 

histological types of RCC has been reported in multivariate analyses (10, 11). The issue is 

further complicated by the concept of two distinct morphological subtypes of PRCC, type 

1 and type 2, which are claimed to be different in their clinical behavior and cytogenetic 

profile, with type 1 PRCC tending less often to present with locally advanced disease and 

with lower rates of metastases than type 2 PRCC (12, 13). However, several studies have 

challenged this subtyping scheme as an independent prognostic factor (14–16). Despite 

being adopted by the World Health Organization (WHO) classification of renal tumors 

since 2004, this subtyping scheme remains controversial, with growing molecular evidence 

demonstrating that type 2 PRCC is genetically a heterogeneous group which includes other 

distinct entities (17). Moreover, PRCC with mixed or overlapping features of type 1 and 

type 2 are frequently encountered (18), suggesting that there is considerable variation in the 

morphologic spectrum of type 1 PRCC that has not been adequately addressed, adding to the 

difficulty in accurately classifying these tumors.

Here we conducted a single-institution study of nearly two hundred consecutive cases of 

PRCC with any prototypical type 1 components, with the longest clinical follow-up to date, 

to further refine the morphologic and molecular spectrum, identify features associated with 
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aggressive behavior, and better define the long-term clinical course of true PRCC. We also 

investigated the molecular alterations in tumors with mixed type 1 and type 2 histologic 

features to explore the biological relationship between these two elements.

Materials and methods

Case selection

The WHO classification of renal tumors describes two morphological subtypes of PRCC, 

namely, type 1 and type 2 (19, 20). Per this description, type 1 tumors are composed 

of papillae lined by cells with low grade nuclei, scant clear to amphophilic cytoplasm, 

arranged in a single layer while type 2 tumors contain pseudostratified cells with abundant 

eosinophilic cytoplasm and often, higher nuclear/nucleolar grade. After Institutional 

Review Board (IRB) approval, a clinical database search was undertaken to identify 

all nephrectomies performed at the Memorial Sloan Kettering Cancer Center (MSKCC) 

between 1995 and 2008 with a final diagnosis of PRCC. This time period was selected to 

ensure a large number of cases with prolonged clinical follow up. From all such cases where 

slides and blocks could be obtained, a thorough review was performed to identify cases with 

at least focal classic type 1 areas. Cases with type 2 features were included if any amount 

of clearly identifiable type 1 areas were present. Cases with histologic features raising 

suspicion for recently recognized entities with papillary architecture such as MiT family 

translocation RCC and FH-deficient RCC were not included in the study. This histologic 

review identified 201 patients with tumors fulfilling the morphologic inclusion criteria. For 

patients with multiple papillary RCCs resected at the same time, the largest tumor was used 

for histologic and survival analyses. Two patients with metastasis at initial presentation were 

excluded. Thus, a total of 199 patients were included in the study.

Clinicopathologic assessment

Clinical and follow-up information was obtained from prospectively maintained institutional 

databases or electronic medical records documenting age, gender, type of surgery (partial 

or radical nephrectomy), and vital status at follow-up. Gross pathology reports provided 

data regarding tumor size, laterality, focality, and location in the kidney. Pathological tumor 

stage (pT) was assigned according to the eighth edition of the American Joint Committee on 

Cancer (AJCC) cancer staging manual (21). All cases that did not exhibit straightforward, 

well defined morphological features were reviewed by three urological pathologists to 

reach a consensus. In each case, the following histopathologic features were evaluated by 

dedicated genitourinary pathologists.

Type 2 features.—The presence or absence of type 2 features, as previously stated, were 

recorded. In tumors with mixed histology characterized by the presence of type 2 features, 

this was quantified as a percentage of tumor area. In addition, nuclear pseudostratification, 

stressed as a primary characteristic separating type 1 and type 2 tumors (22) was 

independently noted and quantified.

Tumor grading.—The WHO/ISUP grading system, which is mainly based on nucleolar 

grade, as well as the nuclear grade based on the Fuhrman grading system were used to 
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evaluate tumor grade. Both the highest grade, as observed in at least two high power 

microscopic fields, and the predominant grade, as the most prevalent (≥ 50%) grade, were 

documented.

Mitotic count.—After review of each slide, the areas with maximum mitotic activity were 

chosen, and the mitotic count was documented as the number of mitotic figures per 10 

high-power fields.

Lymphovascular invasion (LVI).—This was annotated as absent or present when the 

tumor involved vascular structures with the exclusion of the renal vein, its segmental 

branches, and the inferior vena cava.

Cytoarchitectural features.—The architecture was captured as papillary, tubulo-

papillary, sheet-like, or sarcomatoid and quantified when more than one type was present. 

In particular, sheet-like pattern was defined as areas of the tumor where discrete papillary 

or tubulopapillary architecture was replaced by contiguous growth of tumor cells that either 

represented tightly packed back-to-back papillary structures or a solid growth that lacked 

intervening vascular structures. Evaluated cytological features included the amount (scant 

vs moderate-abundant) and tinctorial qualities (clear vs eosinophilic-amphophilic) of the 

cytoplasm.

Other features.—Multiple other parameters including the presence and amount of tumor 

circumscription, presence, extent, and invasion of tumor capsule, necrosis, siderophages, 

psammoma bodies, foamy macrophages, and fibrosis were also assessed. The presence of 

concurrent papillary adenoma(s) was recorded.

Molecular analysis

All archival slides from tumors with mixed type 1 and type 2 features were reviewed to 

select a subset of cases (n=22) that had discrete areas of type 1 and type 2 morphology 

and sufficient tumor quantity for molecular analysis. DNA was extracted from the macro-

dissected formalin-fixed paraffin-embedded (FFPE) tissue samples of paired type 1 and type 

2 tumor areas as well as the matched normal kidney using QIAamp DNA FFPE Tissue 

Kit according to the manufacturer’s instructions. The total 66 DNA samples from these 22 

cases were analyzed using our institutional sequencing platform MSK-IMPACT®, a version 

consisting of hybridization-capture of 468 cancer-associated genes and concordant tiling 

of heterozygous single nucleotide polymorphisms across the genome (23) (Supplementary 

Table 1). Somatic mutations were called after private germline single-nucleotide variants 

(SNVs) detected in the paired normal sample were appropriately filtered out. The functional 

impacts of detected mutations were categorized as oncogenic/likely oncogenic and variants 

of unknown significance (VUS) using OncoKB (http://oncokb.org), a precision oncology 

knowledge base maintained at MSKCC (24). Copy number analysis was conducted using 

FACETS (v0.5.6), an algorithm that allows detection of allele-specific copy-number events 

as well as deconvolution of the relative tumor/normal abundances in the sample (i.e. 

purity). Arm-level events were defined as copy-number changes occurring in a segment that 

comprised at least 50% of the chromosomal arm (25). In order to estimate the fraction of the 
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genome with copy-number alterations (CNAs), which is known to be a surrogate of genomic 

instability, we followed an approach similar to the one described by Endesfelder et al. (26). 

Segments with a copy-number log ratio above or below 0.2 were considered to be altered. 

The length of the CNA segments was then compared against the total chromosomal length 

and this value was averaged across all the autosomal chromosomes (N=22 autosomes).

Statistical analyses

To determine if any of the measured clinical and pathological characteristics were associated 

with cancer-specific survival or progression-free survival, univariate Cox proportional 

hazards regression was employed. We visualized disease-specific survival and progression-

free survival for the entire cohort using Kaplan-Meier curves. Patient disease-specific 

survival was determined from the date of surgery until death from papillary renal cell 

carcinoma or death from other cause or until the most recent patient contact while 

progression-free survival was determined from date of surgery until the date of recurrence 

or until the most recent patient contact. There were 4 patients who had a second surgery 

up to 11 months after the first surgery to remove a second to remove a smaller PRCC 

tumor in the contralateral kidney. In these cases, we only analyzed data from the first 

nephrectomy and defined progression-free and cancer-specific survival from the date of 

their first nephrectomy. All tests were two-sided and a pre-rejection α<0.05 was used to 

define statistical significance. Analyses were performed using Stata 15 (Stata Corp., College 

Station, TX) or R platform v3.5.0.

Results

The pertinent clinicopathological characteristics are detailed in Table 1. Among the 199 

patients, 133 (67%) underwent a partial nephrectomy. Multiple PRCC were detected in 28 

patients, 14 of whom had bilateral disease. There were 95 patients (48%) whose tumors 

contained some type 2 morphology component, the amount of which ranged from 1% to 

98%, with a median of 25% (IQR: 10%, 70%) (Fig. 1A–1C). At least partial encapsulation 

was observed in 159 (80%) tumors, and 82 (41%) showed capsular invasion (Fig. 1D). 

While the predominant growth pattern was papillary and tubulopapillary as expected, 

sarcomatoid differentiation was seen in 4 (2%) tumors and sheet-like architecture was 

present in 11 (5.5%) cases (Fig. 1E–1F). Microscopic necrosis was identified in 124 (63%) 

cases with a median of 4% (IQR 0, 15) tumor area. Mitotic counts of ≥ 1/10 high power 

fields (HPF) were seen in 48 (24%) of tumors, ranging from 1 to 24 (median, 2/10HPF). 

Lymphovascular invasion was present in 6 (3%) patients. A majority of tumors showed a 

predominant WHO/ISUP grade of 1 or 2 [grade 1, n=120 (60%), grade 2, n=61 (31%)] and 

the remaining 18 (9%) were predominantly grade 3. Meanwhile, the distribution of tumors 

with any amount of highest nucleolar grade was as follows: grade 1, 34 (17%), grade 2, 81 

(41%), grade 3, 80 (40%), and grade 4, 4 (2%).

Ten patients developed metastasis and died of disease and 14 recurred. The median follow-

up time among those who did not die of disease was 12.0 years (IQR: 8.6, 14.3). Figures 

2A and 2B display the overall Kaplan-Meier curves for progression-free survival and cancer-

specific survival outcomes, respectively. The estimated probability of recurrence at 15 years 
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of follow-up was 8% (95% CI 5%, 13%) and for cancer-specific death was 6% (95% CI 3%, 

10%).

Table 2 summarizes the results of the univariate Cox regression analysis. We found 

no evidence that either presence of type 2 morphology or the percentage of type 2 

morphology was associated with progression-free survival or cancer-specific survival 

rates (p=0.2 and 0.4 for presence, p=0.084 and 0.15 for percentage). On the other 

hand, tumor size >7 cm, pathologic stage pT3, LVI, and predominant WHO/ISUP grade 

3 were all significantly associated with progression-free and cancer-specific survival. 

Additionally, measured as continuous variables, mitotic rate (≥ 1/10HPF), and percentages 

of sarcomatoid differentiation, sheet-like architecture, and circumscription were also found 

to be significantly associated with progression-free and cancer-specific survival (Table 

2). All 6 patients who had LVI died of disease (HR=114; 95% CI 28, 472; p<0.0001). 

Interestingly, the highest WHO/ISUP grade did not show a significant association with either 

progression-free or cancer-specific survival (p=0.3 and 0.7, respectively). Similarly, tests for 

association between the highest Fuhrman nuclear grade and either outcome did not meet 

conventional levels of significance (p=0.10 and p=0.069, respectively). Multivariate analysis 

could not be performed in our cohort due to the low rates of adverse events.

Among the cases with mixed type 1 and type 2 morphology, we identified a subset 

of 22 cases with distinct type 1 and type 2 areas and performed macro-dissection and 

paired comparison of molecular alterations (Supplementary Table 2). In total, 78 somatic 

mutations of 54 genes were identified in these 44 samples, including 12 genes that were 

recurrently mutated in at least 2 patients (Fig. 3A). TERT promoter mutation was the most 

common mutation, detected in 9 samples from 5 (23%) cases. Aside from MET activating 

mutations (2/22, 9%), a known driver mutation in PRCC, other recurrently mutated genes 

ARID1A, KDM6A, KMT2D, NFE2L2, APC, TP53, and LATS1, were implicated in histone 

methylation, SWI/SNF complex, response to oxidative stress, and other cancer-related 

pathways. Importantly, 61 of 78 (78%) detected mutations were shared between the paired 

type 1 and type 2 areas. The remaining 17 mutations were private, with 8 in type 1 areas and 

9 in type 2 areas (Fig. 3B).

The copy number alterations observed in both type 1 and type 2 areas were comparable 

to those of The Cancer Genome Atlas (TCGA) results in type 1 PRCC (17, 27). Gains of 

chromosomes 7 and 17 were the most frequent arm-level alterations, followed by gains 

of chromosomes 12, 16, and 20. A significant subset (~40%) of cases also harbored 

chromosome 3 gain. Overall, the copy number alterations observed in type 1 and type 

2 areas were very similar (Fig. 3C), and there was no significant difference between the 

fractions of copy number altered chromosomal regions detected between type 1 and type 2 

areas (Supplementary Fig 1).

At the individual case level, in all except one case in which no somatic mutations were 

detected, 1 to 7 shared mutations were found between distinct regions of type 1 and type 

2 (Fig. 4). Despite the morphologic difference between type 1 and type 2 areas, identical 

somatic mutations were detected in 11 (50%) cases and differed only by one mutation in 

another 6 (27%) (Fig. 3A). Interestingly, two pathogenic TP53 mutations were found in the 
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analysis as a private mutation only in type 2 areas (Fig. 4D). One case harbored KRAS 
G12V activating mutation in both type 1 and type 2 areas (Fig. 5).

Discussion

Renal tumors with papillary architecture were first documented by Pierre Rayer in 1842 

(28). However, it was not until 1976 that Mancilla-Jiminez et al (1) described PRCC as a 

group of tumors with distinct morphology and clinical behavior. More than a decade later, 

at a consensus meeting held at Heidelberg, Germany, involving urologists, pathologists, and 

geneticists, based on evidence collected from several studies published in the intervening 

years (4, 12, 29–32), PRCC was formally adopted as a subtype of renal carcinoma in a 

classification scheme that included clear cell, chromophobe, collecting duct and unclassified 

renal cell carcinomas (33). Later that year, another workgroup meeting took place at 

Rochester, USA, under the auspices of the Union Internationale Contre le Cancer (UICC) 

and the American Joint Committee on Cancer (AJCC) (34) adapted the classification 

guidelines proposed at the Heidelberg conference. The proposals put forth by the Heidelberg 

and Rochester groups on the classification of renal cell tumors, was the basis of the 

2004 WHO classification of renal tumors (19). PRCC has since then been established as 

the second most common subtype of renal carcinoma and several studies have shown its 

clinical behavior to be less aggressive than clear cell renal cell carcinoma but worse than 

chromophobe carcinoma (2, 3, 5, 6, 8, 10, 11, 34–36).

It was also increasingly recognized that tumors with papillary architecture exhibited 

heterogeneity in both morphological features and clinical behavior. As described in the 

2004 WHO classification of renal tumors (35), the classic features of PRCC consist of 

papillary cores lined by a single layer of small cuboidal cells with small oval bland nuclei, 

inconspicuous nucleoli, scant pale cytoplasm, and a lack of mitotic activity. Additional 

features include a tubulopapillary architecture, foamy macrophages in the papillary cores, 

edema and psammoma bodies as well as frequent hemorrhage, necrosis, and cystic 

degeneration. However, nuclear pseudostratification, moderate to abundant eosinophilic 

cytoplasm, and higher nuclear grade with prominent nucleoli were identified in some 

papillary tumors that in general also lacked edema, foamy macrophages, and psammoma 

bodies. While earlier studies (1, 4, 29) included these features as part of the spectrum of 

papillary carcinomas, Delahunt et al (12) were the first to categorize PRCC into type 1 

and type 2, with the former referring to tumors with classic features and the latter to the 

eosinophilic, pseudostratified entities. In a report of 105 papillary carcinomas, they found 

significant differences between the two types by univariate analysis with type 2 tumors 

exhibiting larger size, higher pathologic stage, and higher nuclear grade. In a subsequent 

study by the same authors (13), a comparative survival analysis of 50 type 1 and 16 type 

2 tumors with a 5-year follow-up period was performed. Multivariate analysis showed 

tumor type and stage were significant predictors of survival while nuclear grade was 

not. However, details on the categorization of tumors with mixed morphology as well as 

cut-off points for typing such tumors were not specified. Following these formative works, 

several authors investigated the prognostic significance of subtyping PRCC. However, no 

definite conclusion could be drawn from several multivariate survival analyses (14–16, 

37, 38). Allory et al (37) and Pignot et al (38) in agreement with Delahunt et al (12, 
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13) demonstrated the significance of tumor type as a predictor of overall survival while 

concluding nuclear grade was not. In contrast, the work of other researchers including 

Mejean et al (14), Gonterro et al (9), Klatte et al (15), Antonelli et al (39) and Sukov et al 

(16), could not validate these findings in studies that had greater case numbers and follow up 

intervals. On the other hand, the percentages of type 1 vs. type 2 tumors in these reported 

cohorts exhibited a broad range (type 1 PRCC 31%−76%), suggesting interobserver viability 

and differences in criteria used for subtyping. Meanwhile, it also remained unclear how to 

apply subtyping criteria in PRCC with mixed type 1 and type 2 histology, which represented 

a significant portion of PRCC (18).

At the molecular level, early studies by Kovacs et al (29, 31, 40) showed PRCC is 

characterized by gains of chromosome 7 and 17, loss of Y chromosome (in men), as well 

as frequent additional trisomies of 12, 16, and 20. Subsequent studies largely confirmed 

these findings, but also revealed variable results when comparing cytogenetic aberrations 

between type 1 and type 2 tumors, with type 2 tumors often showing less prevalence 

of trisomy 7/17 and more complex cytogenetic abnormalities (39–45). While it is known 

that hereditary PRCC, a rare predisposing disorder associated with activating germline 

mutations of MET gene, exhibits type 1 features (46), somatic MET mutations occur only 

in 13–15% of sporadic cases (47, 48). Importantly, of increasing relevance in recent years 

is the discovery of RCCs with prominent papillary architecture and type 2 features but 

harboring distinct genetic alterations that warrant their unique categorization in the current 

classification scheme. Studies of PRCC in the past certainly included these entities as type 

2 PRCC, which possibly contributed to data set contamination and skewed prognostic data. 

These recently recognized entities include FH-deficient RCC or hereditary leiomyomatosis 

and renal cell carcinoma syndrome (HLRCC)-associated RCC when characterized by 

germline FH aberrations, MiTF altered RCCs, ALK translocation associated RCC, tuberous 

sclerosis complex (TSC) associated RCC, and other rare types of RCC with papillary 

architecture. The recent comprehensive molecular characterization of PRCC by TCGA 

further demonstrated the molecular heterogeneity in type 2 tumors while revealing a nearly 

universal gain of chromosomes 7 and 17 and less frequent gain of chromosomes 2, 3, 12, 

16, and 20 in morphologically defined type 1 cases (17). Among the type 2 and unclassified 

(type unspecified) tumors examined in the TCGA PRCC study, aside from cases harboring 

specific molecular alterations (e.g. FH mutation, TFE3/TFEB fusion, etc.) that indicate 

distinct molecular subtypes, it is interesting to note that some remaining tumors shared 

copy number and/or other molecular features found in type 1 PRCC, while others not. 

The molecular evidence of heterogeneity in morphologically defined type 2 PRCC strongly 

supports a need to reassess the clinical value of subtyping in the context of contemporary 

classification systems and to better delineate the morphologic spectrum of PRCC.

To evaluate the long-term clinical course of true PRCC in light of the prevailing 

uncertainties of type 2 morphology, we selected cases with clearly identifiable type 1 

features as described in the methods section. This inclusion criterion was based on 

the premise that the presence of prototypical morphology, even if focal, defines tumor 

classification, an approach commonly applied in the diagnosis of clear cell RCC and classic 

chromophobe RCC. For PRCC, we hypothesized that classic type 1 histology is the low 

grade and prototypical morphology of a broader morphologic spectrum of PRCC that can 
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include type 2 features. This study design allowed us to assess the prognostic values of type 

2 features as compared to other clinicopathologic parameters in a large cohort of PRCC with 

long follow-up data and likely similar pathogenesis. To test this hypothesis, we also aimed 

to understand the biological relationship between these two types of morphologies in cases 

with mixed features.

Our analysis of 199 consecutive cases with at least focal classical PRCC type 1 features 

showed very low (8% and 6% respectively) estimated probabilities for recurrence and 

cancer-specific death at 15 years of follow-up. When defined as such, our finding 

suggests PRCC has a prognosis comparable to the reported 5-year survival rates of 

chromophobe RCC (80% – 100%) (49). Furthermore, we observed a lack of significant 

association between the presence or amount of type 2 features and survival parameters 

even with a median follow-up of 12 years. We found nearly half the cases in the 

present study demonstrating mixed type 1 and type 2 features in varying proportions. 

In a majority of these cases, as well as in other cases containing areas that did not 

meet the complete definitional criteria of type 2, a spectrum of morphological features 

could be identified, including type 1 areas that exhibited varying amounts of eosinophilic 

cytoplasm, unclassifiable areas containing high grade monolayered nuclei or low grade 

pseudostratified cells with abundant eosinophilic cytoplasm and several such combinations. 

Furthermore, high grade nuclei were also observed in several tumors that would otherwise 

be considered type 1 based on architecture, cytoplasm, stratification, and stromal features. 

Delahunt and colleagues (12, 13) who originally proposed subtyping, have also stressed in 

a more recent publication (49) that the classification of PRCC as type 1 or type 2 should 

primarily be based on the presence or absence of pseudostratification of tumor nuclei due to 

morphological overlap between the two types. However, we did not find sufficient evidence 

to suggest that the percentage of pseudostratified nuclei was associated with progression-

free or cancer-specific survival (p = 0.8 and 1 respectively).

To investigate the biological relationship between morphologically distinct type 1 and type 

2 regions in a given tumor, we subjected spatially separate type 1 and type 2 regions from 

22 cases with mixed morphology to a targeted NGS platform and interrogated alterations in 

468 cancer-related genes, including a vast majority of those implicated in the pathogenesis 

of RCC. The recurrently mutated genes we detected in this subset of cases are in line 

with the TCGA results, except for the TERT promoter mutations, an alteration that was 

not analyzed in the TCGA KIRP study (17). The mutation analysis demonstrated largely 

shared somatic mutations between distinct regions of type 1 and type 2 features, with 78% 

of detected mutations shared between the paired regions. Interestingly, not only are these 

paired regions clonally related (all shared some mutations), the frequencies of most recurrent 

mutations were also similar in type 1 and type 2 areas, suggesting that type 2 areas may 

represent a morphologic spectrum rather than a later stage of the tumor progression, at least 

in some cases. However, both TP53 pathogenic mutations found in this analysis were a 

private mutation of the type 2 area, consistent with it being a later molecular event of clonal 

evolution that could theoretically drive tumor progression and lead to decreased survival in 

PRCC (27). Several recent studies of clear cell RCC suggested TERT promoter mutations 

may define a small subset of tumors with aggressive behavior (50, 51). Although 3 of these 

5 patients harboring TERT promoter mutations died of disease during the follow-up period, 
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additional studies are required to clarify the clinical significance of this alteration. One case 

in our cohort harbored a shared KRAS activating mutation in the paired type 1 and 2 areas, 

concurrent with a shared NFE2L2 (also known as NRF2) mutation and a private ARID1A 
mutation (type 2 area). This case did not exhibit the morphology of papillary renal neoplasm 

with reverse polarity, a group of tumors frequently harbor KRAS mutations and also may 

have been referred to in the literature as “oncocytic low-grade papillary RCC” and “type 4 

PRCC” (52–56).

The copy number alterations observed in this subset of PRCC were also similar to those of 

TCGA results in type 1 PRCC, with gains of chromosomes 7 and 17 being most common, 

followed by less frequent gains of chromosomes 12, 16, 20, and 3. Furthermore, most of 

these copy number alterations were shared by the distinct type 1 and type 2 pairs in a given 

case. Taken together, although the molecular analysis we conducted was limited to a targeted 

panel of 468 of commonly mutated cancer-related genes, our results support that PRCC with 

mixed type 1 and type 2 features, despite the presence of type 2 morphology in varying 

proportions, is molecularly consistent with a single tumor type with either morphologic 

variability or clonal evolution. This finding is in line with some previous studies that 

demonstrated cytogenetic/molecular overlap or clonal evolution between the type 1 and type 

2 morphology (44, 45, 57).

We also evaluated in detail the prognostic value of a range of clinicopathologic parameters 

in this cohort. Tumor grading in PRCC has been a controversial issue until the more recent 

adoption of the 4-tiered WHO/ISUP grading system (58). As the cases in our study were 

graded at the time of clinical diagnosis using the criteria proposed by Fuhrman et al (59), 

we included both Fuhrman and WHO/ISUP grading system to assess their performance in 

this cohort with long follow-up. We also compared the highest vs. the predominant grade 

in the analysis. The current study showed that a predominantly high grade (grade 3) in 

both WHO/ISUP and Fuhrman grading systems is significantly associated with PFS and 

CSS[(p = 0.010, 0.004) and (p = 0.013, 0.030) respectively] while less-than-predominant 

high grade nucleolar and nuclear features were not. The latter non-predominant high grade 

features were often associated with cytoplasmic eosinophilia, with hemorrhage, degenerative 

type necrosis and abundant cytoplasmic hemosiderin deposition. We speculate whether these 

changes may induce nuclear and nucleolar changes as a reactive phenomenon. It is also 

noteworthy that in several cases, the transition from type 1 to type 2 areas appeared to be 

closely related to zones of hemorrhage and degenerative changes (Fig. 1B). We did not find 

a significant prognostic impact associated with the presence or amount of hemosiderin-laden 

tumor cells.

It should be noted that despite the overall favorable prognosis, some PRCC with type 1 

morphology, behave aggressively, as evidenced by the ten cases of tumor related mortality in 

our cohort. Although we did not perform multivariable analysis owing to the low event rate, 

several parameters, in addition to tumor size and predominant nuclear and nucleolar grade, 

were significantly associated with PFS and CSS by univariate analysis. In agreement with 

other studies that showed association of higher tumor stage with adverse clinical outcome (9, 

13, 14, 16, 37, 38, 60, 61), we found pathologic stage 2 and 3 had cancer-specific mortality 

rates significantly greater than pT1 (p = 0.034 and 0.0003 respectively). Microvascular 
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invasion has been shown to predict PRCC survival by few authors (14, 38, 60). We observed 

a significant association between microvascular invasion and cancer-specific survival (p 

= <0.0001). Of note, all 6 patients with microvascular invasion in our cohort died of 

disease. The presence of tumor capsular invasion had a higher risk of progression (p = 

0.044) and lack of tumor circumscription showed a significant association with PFS and 

CSS (p = 0.03 and p = 0.0002 respectively). In line with two recent studies that showed 

solid architecture or sheet-like growth as a significant prognostic indicator of PRCC (61, 

62), we found the presence of sheet-like growth pattern was also associated with both 

outcome measures (p = 0.015 for PFS and p = 0.005 for CSS). Aside from the solid/

sheet-like growth pattern, hobnail, micropapillary, and microcystic features have also been 

identified to be of prognostic significance and often co-occur (61, 62). These histologic 

features represent important histologic patterns to be further validated for their independent 

prognostic values. Moreover, increased mitotic activity is not a prominent feature of PRCC, 

with only isolated reports demonstrating prognostic relevance of tumor proliferation as 

measured by Ki67 activity (9, 13). However, when present (≥ 1/10HPF), mitotic rate was 

significantly associated with survival (p = <0.0001). In our study, the average mitotic rate 

was 5.45 /10 HPF among those who recurred versus 0.43 /10 HPF in those who did not 

recur. Another morphological feature in PRCC that is uncommonly described and worth 

mentioning is the presence of low grade spindling of the tumor cells. Low grade spindling 

is seen in some cases of type 1 PRCC (63), and in our series did not demonstrate adverse 

prognostic significance (data not shown). It is important not to associate this finding with 

true sarcomatoid change. Unlike the latter, low grade spindling demonstrates papillary 

growth pattern with minimal nuclear atypia. True sarcomatoid change was, as expected, 

significantly associated with adverse clinical outcome (p = <0.0001). Although tumor 

necrosis has been shown to have prognostic significance in clear cell RCC, most studies 

have concluded that it does not have the same predictive value in PRCC (2, 12, 37). 

However, two recent reports have observed otherwise (60, 64). Some authors have reported 

lack of tumor macrophages (37, 38, 65) and increase in stromal fibrosis (37) to be associated 

with adverse clinical behavior in PRCC. Although we could not demonstrate significant 

association between fibrosis and tumor behavior, the lack of macrophages or foam cells 

appeared to be significantly associated with cancer specific survival in our cohort (p = 

0.029). It is worth noting that given the long follow-up period of the study, we included 5 

cases of PRCC that were smaller than 1.5 cm (range 1.0–1.4 cm), which would not have met 

the new size criterion defined by the 2016 WHO classification (58). The inclusion of these 

small tumors did not change the results of the association analysis.

As we focused on investigating PRCC with at least focal type 1 morphologic features, one 

limitation of our study is that we did not examine cases with pure type 2 or other unusual 

features but exhibiting papillary architecture. Although many of these may indeed represent 

cases distinct from PRCC, some currently recognized variants of PRCC, such as papillary 

renal neoplasm with reverse polarity and Warthin-like PRCC (56), were not included in the 

analysis. It is notable that this study contained almost half the tumors with variable type 2 

features, some with the proportion approaching 100%. All the tumors, however, were true 

papillary RCC as defined by the 4th edition of the WHO classification.
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In summary, we present a comprehensive clinicopathological and molecular analysis of a 

large series of PRCC diagnosed and treated at a single institution with long-term clinical 

follow-up. Although limited by low event rate, univariate analysis showed predominant 

high WHO/ISUP grade 3 is significantly associated with clinical outcome, but focal high 

grade features are not. In addition, larger tumor size, higher pathologic stage, increased 

mitotic activity, microvascular invasion, sarcomatoid and sheet-like architectures appear to 

be significantly associated with outcome in type 1 PRCC. We conclude that PRCC with any 

component of type 1 morphology, regardless of the presence or amount of type 2 features 

(up to 98% in this study), have excellent long-term clinical outcomes. Molecular study 

of a subset of cases with mixed features revealed type 2 areas largely shared molecular 

alterations with type 1 areas, supporting the paradigm that type 2 histologic features likely 

represent either morphologic variability or clonal evolution in type 1 PRCC. It also supports 

the fundamental hypothesis of our study and reiterates the notion that PRCC with any classic 

type 1 regions is best classified as type 1 PRCC and assigned the appropriate WHO/ISUP 

nucleolar grade. Finally, it provides further evidence that tumors previously classified as 

type 2 papillary RCC are a heterogeneous group of neoplasms rather than an entity and 

that some represent high grade variants of type 1 papillary RCC. It is understandable why 

the Genitourinary Pathology Society (GUPS) (56) has recommended its removal from the 

classification of renal tumors, a recommendation that the World Health Organization is 

likely to follow in its forthcoming edition.
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Figure 1. 
Representative H&E images of the papillary renal cell carcinoma included in the study. 

(A) Classic type 1 histology. (B) Intermixed type 1 and type 2 areas associated with 

hemorrhage and necrosis, some pseudostratified eosinophilic cells in type 2 areas show 

marked hemosiderin deposition. (C) Intermixed low grade type 1 area transitioning into type 

2 area with higher nuclear grade. (D) Capsular invasion. (E) Sheet-like growth pattern. (F) 

Sarcomatoid differentiation.
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Figure 2. 
(A) Probability of a recurrence with 95% confidence interval (grey lines) of the papillary 

renal cell carcinoma cohort. (B) Probability of cancer-specific mortality with 95% 

confidence interval (grey lines) of the papillary renal cell carcinoma cohort.
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Figure 3. 
Molecular analysis of 22 cases of papillary renal cell carcinoma with mixed type 1 and type 

2 histology. (A) Somatic mutations identified in the paired type 1 and type 2 areas. Mutated 

genes are listed on the left and denoted by individual rows. Paired samples from type 1 

and type 2 areas of individual tumors are presented as columns and labeled at the bottom 

(T1-type 1; T2-type 2). Number of mutations detected in each sample (top) and number of 

cases with non-silent mutations detected on individual genes (right side) are listed. (B) Venn 

diagram depicting the numbers of shared and private mutations detected. (C) Frequency of 
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copy number changes (gain-red; loss-blue) across chromosomes 1–22 in type 1 and type 2 

areas.
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Figure 4. 
Representative histologic images and molecular alterations from distinct type 1 and type 2 

areas of PRCC with mixed histology. (A) Case RCJ_19, (B) Case RCJ_6, (C) Case RCJ_10, 

(D) Case RCJ_3. The genes with pathogenic or likely pathogenic mutations are in bold font.
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Figure 5. 
Representative histologic images and molecular alteration from type 1 and type 2 areas of 

one PRCC case (RCJ_7) with KRAS activating mutation. (A) Type 1 area, (B) Type 2 area, 

(C) Somatic mutations and chromosomal copy number alterations detected. The genes with 

pathogenic or likely pathogenic mutations are in bold font.
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Table 1:

Patient clinicopathologic characteristics. Values are displayed as median (interquartile range) or frequency 

(percentage).

CHARACTERISTICS N=199

Age at Nephrectomy 65 (55, 71)

Gender

  Male 162 (81%)

  Female 37 (19%)

Tumor Size (cm) 3.5 (2.5, 5.1)

Pathologic Stage (pT 2010)

  1 163 (82%)

  2 15 (7.5%)

  3 21 (10.5%)

Type 2 Morphology

  Present (n) 95 (48%)

  % when present 25 (10, 70)

Nuclear Pseudostratification

  Present (n) 129 (65%)

  % when present 20 (10, 60)

Abundant Eosinophilic and/or Amphophilic Cytoplasm

  Present (n) 139 (70%)

  % when present 35 (10, 65)

Mitosis

  Mitotic rate ≥ 1/10 HPF 48 (24%)

  Mitotic rate when ≥ 1/10 HPF 2 (1, 3)

Necrosis 4 (0, 15)

  Present (n) 124 (62%)

  % when present 10 (5, 31)

Sarcomatoid Differentiation

  Presence (n) 4 (2%)

  % when present 7.5 (5, 10)

Sheet-like Architecture

  Presence (n) 11 (5.5%)

  % when present 10 (5, 12.5)

LVI 6 (3%)

Highest WHO/ISUP Grade

 1 34 (17%)

 2 81 (41%)

 3 80 (40%)

 4 4 (2%)

Predominant WHO/ISUP Grade

 1 120 (60%)
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CHARACTERISTICS N=199

 2 61 (31%)

 3 18 (9%)

Highest Fuhrman Nuclear Grade

 1 45 (23%)

 2 107 (54%)

 3 43 (21%)

 4 4 (2%)

Predominant Fuhrman Nuclear Grade

 1 119 (60%)

 2 75 (37.5%)

 3 5 (2.5%)

Capsular Invasion 82 (41%)

Circumscription (%) 100 (80, 100)

Tumor Siderophages (%) 1 (0, 5)

Fibrosis (%) 5 (2, 10)

Macrophage (%) 20 (5, 40)

Papillary Adenoma(s) in Adjacent Renal Parenchyma 77 (39%)
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Table 2.

Univariate Cox proportional hazards regression to determine factors associated with progression-free survival 

and cancer-specific survival.

Progression-Free Survival Cancer-Specific Survival

Predictor Hazard Ratio 95% CI p-value Hazard Ratio 95% CI p-value

Age at Nephrectomy 1.07 1.01, 1.13 0.022 1.10 1.02, 1.18 0.013

Tumor Size ≤ 7 cm Ref. . . Ref. . .

  > 7 cm 5.19 1.73, 15.5 0.003 8.29 2.40, 28.7 0.001

Pathologic Stage pT1 Ref. . . Ref. . .

    pT2 3.30 0.68, 15.9 0.14 6.89 1.15, 41.3 0.034

    pT3 6.45 2.05, 20.3 0.001 14.1 3.36, 58.9 0.0003

Presence of Type 2 Morphology 2.00 0.67, 5.98 0.2 1.64 0.46, 5.81 0.4

Type 2 Morphology (%) (per 10% increase) 1.01 1.00, 1.03 0.084 1.01 1.00, 1.03 0.15

Nuclear Pseudostratification (%) 1.00 0.99, 1.02 0.8 1.00 0.98, 1.02 1

Abundant Eosinophilic and/or Amphophilic Cytoplasm 
(%)

1.01 1.00, 1.03 0.084 1.02 1.00, 1.04 0.064

Mitotic Rate (/10 HPF) 1.38 1.20, 1.59 <0.0001 1.33 1.21, 1.47 <0.0001

Necrosis (%) 1.01 0.99, 1.03 0.2 1.02 1.00, 1.04 0.12

Sarcomatoid Differentiation (%) 1.08 1.04, 1.12 <0.0001 1.10 1.05, 1.15 <0.0001

Sheet-like Architecture (%) 1.09 1.02, 1.16 0.015 1.10 1.03, 1.18 0.005

LVI 118 31, 445 <0.0001 114 28, 472 <0.0001

Highest WHO/ISUP
Grade 1–2 Ref. . . Ref. . .

Grade 3–4 1.81 0.63, 5.21 0.3 1.33 0.39, 4.60 0.7

Predominant WHO/ISUP
Grade 1–2 Ref. . . Ref. . .

Grade 3 4.34 1.36, 13.9 0.013 4.48 1.16, 17.3 0.030

Highest Fuhrman Nuclear
Grade 1–2 Ref. . . Ref. . .

Grade 3–4 2.43 0.84, 7.02 0.10 3.16 0.91, 10.9 0.069

Predominant Fuhrman Nuclear
Grade 1–2 Ref. . . Ref. . .

Grade 3 7.13 1.59, 31.9 0.010 9.49 2.01, 44.8 0.004

Capsular Invasion 3.30 1.03, 10.5 0.044 3.06 0.79, 11.8 0.11

Circumscription (%) 0.98 0.96, 0.99 0.003 0.97 0.95, 0.99 0.0002

Tumor Siderophages (%) 1.02 0.98, 1.05 0.4 0.94 0.83, 1.06 0.3

Fibrosis (%) 1.02 0.98, 1.05 0.4 1.03 1.00, 1.06 0.092

Macrophage (%) 0.97 0.94, 1.00 0.058 0.91 0.84, 0.99 0.029
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