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HPV-negative Squamous Cell Carcinomas of the Cervix
With Special Focus on Intraepithelial Precursor Lesions

Sigrid Regauer, MD,* Olaf Reich, MD,t and Karl Kashofer, PhD*

Abstract: Recently, the World Health Organization (WHO)
recognized human papilloma virus (HPV)-independent invasive
cervical squamous cell carcinoma (SCC) without recognizing the
existence of precursor lesions. This is a detailed characterization
of 3 preinvasive lesions and 6 invasive SCC negative for HPV-
DNA (32 genotypes), HPV-mRNA (14 genotypes) and genomic
HPV sequencing. We evaluated histologic features, expression of
pl6™4 p353 CK7, and CK17, aberrations in 50 cancer genes
and chromosomal copy number variations. HPV-negative pre-
invasive lesions were extensive basaloid or highly differentiated
keratinizing intraepithelial proliferations of 3 to 20 cell layers
thickness, partly with prominent cervical gland involvement.
Overall, 2/3 intraepithelial lesions and the in situ component of 1/
6 SCC showed p16™4? block staining, while 1/6 in situ compo-
nent revealed heterogenous p16™54? staining. All invasive com-
ponents of keratinizing SCC were pl6™**-negative. Preinvasive
and invasive SCC showed inconsistent CK7 and CK17 staining.
Nuclear p53 overexpression was restricted to the 7TP53 gene
mutated SCC. The highly vascularized peritumoral stroma
showed a dense inflammatory infiltrate including plasma cells
and intratumoral and peritumoral eosinophilic granulocytes.
Inconsistent somatic gene mutations (PIK3CA, STK11, TP53,
SMARC?2B, and GNAS) occurred predominantly in nonhotspot
locations at low mutational frequency in 3/6 SCC. Consistent
aberrations included the pathogenic (angiogenic) germline poly-
morphism Q472H in the KDR gene (7/9 patients), and chro-
mosome 3q gains (4/9 patients). In conclusion, HPV-negative
intraepithelial cervical precancerous lesions exist, either as highly
differentiated keratinized intraepithelial proliferations reminis-
cent of differentiated vulvar intraepithelial neoplasia, or un-
differentiated basaloid intraepithelial lesions with occasional
pl6™42 plock staining resembling high-grade squamous intra-
epithelial lesion. Gains of chromosome 3q, angiogenic germline
variants the inflammatory infiltrate may contribute to pro-
gression of HPV-negative cervical carcinogenesis.
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F or decades transforming human papilloma virus (HPV)
infections were considered the causal factor for cervical
squamous cell carcinomas (SCC).!> HPV high-grade E6
and E7 oncogene-mediated cell cycle disruptions lead to
development of high-grade squamous intraepithelial lesion
(HSIL) with cytoplasmic accumulation/overexpression of
pl6™4  Progression to invasive and metastatic cervical
SCC is enhanced by genetic abberations, most importantly
activating PIK3CA (driver) gene mutations.>* For the first
time in 2020, the existence of HPV-independent invasive
cervical cancers was recognized by the World Health Or-
ganization (WHO).> Data on this entity are scarce, even in
specialized centers with 3 invasive SCC reported in a
Swedish patient cohort® and 12 invasive SCC in a Cata-
lonian population.” Isolated HPV-negative precursor le-
sions, however, were not identified in these studies, nor in
the US-based Athena Trial or another large study of over
500 patients.®? The WHO therefore did not recognize pre-
cursor lesions for HPV-negative SCC. Some authors even
doubt the existence of intraepithelial precursor lesions. We
reported recently—without further detailed documentation
—preinvasive lesions negative with 3 different HPV tests in
a series of 474 cone specimens.!’ In the meantime, we
identified 3 cervical precursor lesions without associated
invasive SCC and 6 additional invasive SCC which are
negative for HPV-DNA of 32 HPV genotypes and mRNA
of 14 HPV high-risk genotypes. Here, we report for the first
time detailed histomorphologic and immunohistochemical
characteristics of HPV-negative precursor and invasive le-
sions including analysis of actionable somatic gene muta-
tions in hotspot regions of 50 cancer-related genes and
whole-genome chromosomal copy number variations. Spe-
cial focus was placed on characterization of the preinvasive
in situ components of invasive SCC.

MATERIALS AND METHODS

HPV Testing

Three different HPV tests were performed for each
patient. Pretreatment liquid-based cytology specimens
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(Roche HPV assay; Roche Molecular Systems, Pleas-
anton, CA) were subjected to the Aptima HPV Assay
(which detects E6/E7 mRNA; Hologic) and the Cobas
HPV test (Roche HPV assay, which detects HPV-DNA;
Roche Molecular Systems). These tests detect 14 high-risk
HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, and 68). After surgical treatment, HPV genotyping
was performed on microdissected formalin-fixed and
paraffin-embedded lesional tissue. The CHIPRON
HPV3.5LCD-array (CHIPRON GmbH, Berlin, Ger-
many) detects DNA of 32 HPV subtypes. These include
HPV high-risk subtypes 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, and 59; HPV low-risk subtypes 6 and 11; probably
carcinogenic HPV subtype 68; possibly carcinogenic HPV
subtypes 26, 53, 66, 67, 70, 73, and 82, and the following
not classified subtypes 42, 44, 54, 61, 62, 72, 81, 84, 90,
and 91. The SPF10 primer set amplifies a 65 bp region in
the L1 open reading frame of the HPV genome. DNA was
extracted on a Maxwell, MDx Research System (Prom-
ega, Fitchburg, WI). The CHIPRON system includes in-
ternal hybridization controls and additional beta-globin
spots to ascertain amplificability of extracted DNA as well
as absence of polymerase chain reaction inhibitors. All
assays were performed alongside a known positive and a
known negative sample. All lesions were stained with
antibody to p63 as marker of squamous differentiation,
antibody to p16™ " as surrogate marker for transforming
HPYV infections, and antibodies to p53, CK7, and CK17.

A superficial biopsy of the HPV-negative well-dif-
ferentiated SCC of patient #7 was initially misdiagnosed
as extensive HSIL only at an outside institution which
resulted in imiquimod treatment for several months. Only
repeat biopsies and conization for persistent disease 1 year
later allowed correct diagnosis and revision of initial di-
agnosis. This erroneously diagnosed HSIL is 1 of the 2
HPV-negative precursor lesions reported previously in
Reich et al.!”

Mutational Analysis

Next-generation sequencing (NGS) libraries for
mutational screening were prepared using the AmpliSeq
library kit 2.0 (Thermo Fisher Scientific) and the Ion
Ampliseq Cancer Hotspot Panel V2 (Cat Nr: 4475346)
primer pool covering hotspot mutations in 50 genes im-
plicated in cancer. Sequencing was done on an Ion S5XL
benchtop sequencer (Thermo Fisher Scientific) to a length
of 200 bp and initial data were analyzed using the Ion
Torrent Suite Software Plug-ins (Thermo Fisher Scientific,
open source, GPL, https://github.com/iontorrent/). Briefly,
this included base calling, alignment to the reference ge-
nome (HG19) using the TMAP mapper and variant call-
ing by a modified diBayes approach taking into account
the flow space information. The following genes were
analyzed: ABL1, AKTIl, ALK, APC, ATM, BRAF,
CDHI, CDKN2A, CSF1R, CTNNBI, EGFR, ERBB2,
ERBB4, EZH2, FBXW7, FGFR1, FGFR2, FGFR3,
FLT3, GNAIL, GNAQ, GNAS, HNF1A, HRAS, IDH],
IDH2, JAK2, JAK3, KDR, KIT, KRAS, MET, MLHI,
MPL, NOTCHI1, NPMI1, NRAS, PDGFRA, PIK3CA,
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PTEN, PTPN11, RBI, RET, SMAD4, SMARCBI,
SMO, SRC, STK11, TP53, and VHL. Proper polymerase
chain reaction amplification of all amplicons and even
distribution of NGS reads was documented in coverage
analysis and plots of each sample. Called variants were
annotated using open source software ANNOVAR!! and
SnpEff.!2 All coding, nonsynonymous mutations were
further evaluated and visually inspected in IGV (www.
broadinstitute.org/igv/) and variant calls resulting from
technical read errors or sequence effects were excluded
from the analysis. Germline variants were classified as
“common genetic variants” with an allele frequency > 3%.
in the 1000 Genomes Project database (Annovar
1000g2015aug dataset). All variants with a mutational
allelic frequency (MAF) < 3% were classified as “rare
genetic variants.” ClinVar database entries were accessed
and reviewed for all rare genetic variants (www.ncbi.nlm.
nih.gov/clinvar/). Rare germline variants were additionally
cross-checked in data from a control group of 160 patients
with HPV-induced HSIL and invasive SCC from our
archives.

Chromosomal copy number variations were de-
termined by low-density whole-genome sequencing. Li-
brary preparation was performed using the NEBNext Fast
DNA Library Prep Set for Ion Torrent (New England
Biolabs) from 50ng DNA according to manufacturer’s
recommendations, and sequencing was done on Ion Tor-
rent SSXL to a depth of ~5 million reads per sample.
Sequence data was aligned to the reference genome (hgl9)
and copy number variations were called using the bio-
conductor package CNAnorm.!? In addition, all NGS
reads from this library were processed using the PathSeq!*
pipeline of the GATK, version 4.1.0'3 to detect unknown
pathogen and HPV genomic sequences.'® Institutional
review board approval was obtained on November 27,
2018 (31-049 ex 18/19).

RESULTS

The average age of the 9 patients was 47 years
(range: 36 to 65y). In all, 3/9 patients had an intra-
epithelial precursor lesion without associated invasive
SCC (patient #1 to #3; Figs. 1, 2A-D), 1/9 patients had a
pTlal invasive SCC (patient #4; Figs. 2E-H), and 5/9
women had a widely invasive SCC without metastases
(patient #5 to #9; pT1b [n=2], pT2a [n=2], pT3b [n=1],
Figs. 3, 4). All lesions were negative for DNA of 32 HPV
genotypes and mRNA of 14 HPV genotypes. Analysis of
all NGS reads for the presence of pathogens revealed only
known contaminants. Genomic HPV sequences were
absent in all samples except for a single read from the
El region of the HPV genome in the pTlal SCC
(patient #4).

The intraepithelial lesions, the pTlal SCC and 1
pT1b SCC were diagnosed on abnormal cytology smears
and biopsy, and treated with cone excisions. The main
symptom of widely invasive SCC was bleeding. Definitive
treatment of the 2 pTlb SCC was hysterectomy and
lymphadenectomy; the remaining 4 patients underwent
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FIGURE 1. HPV-DNA and mRNA negative intraepithelial precursor lesions. Patient #1: A, HPV-negative precursor lesion without
maturation or koilocytic changes of around 10 cell layers thickness involving the surface epithelium and the glands. B, Corre-
sponding immunohistochemical stain with antibody to p16™*? reveals block staining/p16™ overexpression. C, A different area
of the HPV-negative precursor lesion resembling a thin HSIL with 5 cell layers thickness. D, A small early precursor lesion arises
directly from reserve cells within a deeply located cervical gland. Patient #2: A precursor lesion of around 10 cell layers thickness
extends along the surface (E) and shows no staining with antibody to p16™** (F). G, This HPV-negative precursor lesion is CK7
negative. Please note the strong staining of tall columnar endocervical cells. H, CK17 expression in the basal and suprabasal cell
layers.
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FIGURE 2. Patient #3: HPV-DNA and mRNA negative intraepithelial precursor lesion. A, The initial biopsy showed isolated strips of dysplasia
involving the full thickness of the epithelium. The HPV-negative precursor lesion shows a uniform proliferation of basaloid keratinocytes with
loss of polarity, no maturation or koilocytic changes, and an occasional mitosis. B, Immunohistochemical block staining of all cells including
the basal cells with antibody to p16™2. C, The full extent of the precursor lesion becomes evident in the cone specimen. There is extensive
gland involvement high up in the endocervical canal. Also note that the intraepithelial precursor lesions extend along glands deep into the
stroma. D, High power view of the intraglandular squamous precursor lesion. Patient #4: pT1al SCC, HPV-DNA and mRNA negative, single
HPV16 NGS read (E1). E, The cone specimen of the pT1al SCC shows (similar to C) an extensive involvement of glands with a sharp transition
from stratified squamous epithelium to in situ lesion. * indicates high power view in (F) and —indicates high power view in (G). F, An area of
superficial invasion with keratinizing histology (indicated with * in E), accompanied by a lymphohistiocytic inflammatory infiltrate. G, An area
of superficial invasion featuring basaloid histology (indicated with — in E), accompanied by a dense lymphohistiocytic inflammatory infiltrate,
shows p16™“? staining. H, The invasive basaloid SCC features numerous microvessels in the tumor stroma.
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FIGURE 3. Patient #6: pT2a SCC with GNAS mutation; dead of disease. A, A bland inconspicuous in situ component overlies a highly
keratinized SCC. B, Other preinvasive areas were > 10 cell layers thick bland undifferentiated proliferations with extensive intra-
epithelial edema, and prominent subepithelial blood vessels. Patient #7: SCC with 4 different specimens; PIK3CA and STK11
mutations, dead of disease. C, The initial biopsy contained small, isolated, CK17-positive strips of full-thickness precursor lesion <9
cell layers thick. D, Admixed with large fragments of highly differentiated, keratinized intraepithelial proliferation. E, The cone
specimen obtained 1 year after the first biopsy and after several months of Imiquimod therapy revealed an extensive full-thickness
intraepithelial proliferation. There was a basaloid proliferation in lower cell layers contrasting the abortive maturation in the
superficial half to the epithelium and premature squamatization featuring a keratin pearl in the mid-portion with ample pink
cytoplasma of the preinvasive lesion. F, In other areas, the intraepithelial lesions were extremely thick with a predominant highly
atypical basal and suprabasal proliferation, with largely maintained “normal” superficial maturation featuring parakeratosis. Note
the sharp transition/border between nontumorous, atrophic squamous epithelium and the in situ carcinoma. Patient #8: pT3b
SCC. G, Biopsy material of a partly keratinizing SCC with isolated strips of flat bland and atrophic appearing squamous intra-
epithelial in situ component with hemorrhage. H, The invasive SCC shows no p16™“? staining. The isolated strips of intraepithelial
proliferations showed patchy heterogenous p16™** staining in the superficial cell layers with sparing of basal cells. This staining
does not represent overexpression.
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missense mutation). A, There is a sharp and abrupt transition between nontumorous glycogenated squamous epithelium and
intraepithelial precancerous lesion. B, The basal and suprabasal proliferation has a high mitotic index. Premature squamatization
with large cells with ample pink cytoplasm in suprabasal cell layers is prominent. Parakeratosis is present. This histology is
reminiscent of differentiated vulvar intraepithelial neoplasia. C, Nuclear p53 staining in basal and suprabasal keratinocytes of
precursor lesion and invasive SCC. D, The invasive SCC and stroma were densely infiltrated by eosinophilic granulocytes. Patient
#5: pT1b SCC. E, The in situ component of the partly keratinizing pT1b SCC showed a proliferation of basal and suprabasal cells
with partly premature squamatization and superficial squamous maturation with focal parakeratosis. F, The invasive SCC features
numerous eosinophilic granulocytes in the peritumoral stroma.
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staging lymphadenectomies and received standard che-
moradiation therapy. Two patients progressed despite
chemoradiation therapy and died of extensive local pelvic/
abdominal disease within 24 and 36 months after initial
diagnosis, but they had no lymphatic or hematogenous
metastases (Table 1).

INTRAEPITHELIAL PRECURSOR LESIONS
WITHOUT INVASIVE SCC

Primary diagnoses were made on biopsy specimens,
but the full extent of the precursor lesions was appreciated
only in the cone specimens. The HPV-negative precursor
lesions occurred throughout the entire transformation
zone, partly deep inside the endocervical canal. The pre-
cursor lesions involved the surface epithelium (Figs. 1A—
D), but also extended deep into the cervical glands
(Figs. 1A-C, patient #1; Figs. 1D-F, patient #2), partly
inside the endocervical canal (Figs. 1D, 2C; patient #3).
Epithelial thickness ranged from 3 to 20 cell layers, but
was typically around 10 cell layers (Figs. 1A-H, 2A). The
undifferentiated proliferation with loss of polarity, nuclear
atypia and numerous mitoses was indistinguishable from
HPV-associated basaloid HSIL on conventional HE-
histology. All precursor lesions showed nuclear p63
expression. One precursor lesion was CK7 negative
(Fig. 1G), an inhomogeneous focal CK7 and CKI17
staining was observed in 2/3 precursor lesions (Fig. 1H).
In all, 2/3 HPV-negative intraepithelial lesions revealed a
homogenous diffuse pl6™** block staining in all
dysplastic ~ cells  includin basal  keratinocytes,
indistinguishable from pl6™* overexpression in HPV-
induced HSIL (Figs. 1B, 2B). Nuclear p53 staining of
individual basal nuclei corresponded to wild-type p53
protein. Somatic gene mutations in hotspot regions of 50
cancer genes were absent, but 1/3 precursor lesions had a
gain of chromosome 3q.

INVASIVE KERATINIZING SCC

Superficially Invasive SCC

The pTlal SCC (Figs. 2E-H; patient #4) was the
only case which demonstrated a single read of HPV16 El
DNA after of HPV sequencing. It arose in an extensive,
p63-positive, CK7-negative intraepithelial lesion > 10 cell
layers thick with pl6™“** block staining that involved
predominantly endocervical glands (Fig. 2E). Multiple
foci of invasion were identified; some were keratinized
(Fig. 2F), but the majority revealed basaloid histology
(Fig. 2G). The stroma had a dense lymphocyte-dominated
inflammatory infiltrate with plasma cells and occasio-
nal stromal eosinophilic granulocytes. The stroma was
highly vascularized with numerous small blood vessels,
particularly around the basaloid invasive foci (Fig. 2H).
Somatic gene mutations in hotspot regions of the analyzed
50 genes were absent, but gains of chromosome 3q were
present.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Invasive Keratinizing SCC>pT1b

All 5 widely invasive HPV-negative keratinizing
SCC were diagnosed on biopsy material. The extensive
invasion, however, was not appreciated in 2 patients, who
underwent cone excisions before definitive treatment. For
the remaining 3 SCC, biopsy material only was available
for analysis (Fig. 2C, patient #5; Fig. 2D, patient #6). All
invasive cancer components were p63-positive and
pl6™*4@_negative keratinizing SCC without glandular
differentiation. The dense inflammatory infiltrate fea-
tured lymphocytes and plasma cells, and in 3/5 SCC
numerous stromal and/or intratumoral eosinophilic
granulocytes. Numerous subepithelial microvessel were
present in the stroma of 4/5 SCC. In situ components were
observed in all invasive SCC. In diagnostic biopsies they
were present occasionally as isolated strips admixed with
fragments of invasive SCC (Figs. 2A, B, 3C, D, 3G, D,
H). In cone excisions, a sharp and abrupt transition
between nonsquamous glycogenated epithelium and
intraepithelial cancer was observed (Fig. 4A). In situ
components/precursor lesions showed heterogenous his-
tology. The majority were full-thickness basaloid
intraepithelial proliferations with loss of polarization,
nuclear atypia, and mitotic activity with an epithelial
thickness between 5 and 10 cell layers. Occasionally, the
in situ component appeared flat and atrophic. Other
precursor lesions (Figs. 3C-F, 4A-F) were highly
differentiated and keratinizing, and resembled the HPV-
negative precursor lesion in vulva, the differentiated
intraepithelial neoplasia. They featured an atypical
proliferation of basal and suprabasal keratinocytes,
numerous mitoses, and premature squamatization.
Superficial squamous maturation was largely maintained
but featured parakeratosis and hyperkeratosis (Fig. 4).
The in situ components—with the exception the TP53
gene mutated SCC with nuclear p53 overexpression—
revealed “wild-type” p53 staining. Inconsistent CK7
staining was observed in 1/5 SCC, and CK 17 expression in
3/5 SCC. Only 1/5 invasive SCC showed inhomogeneous
p16™44 staining in the in situ component in superficial cell
layers only with sparing of the basal cell layers (Fig. 3H,
patient #8).

Genetic Aberrations

Somatic gene mutations were identified in 3/6 widely
invasive SCC (2 pT1b SCC and 1 pT2a SCC). One SCC
(patient #9) revealed concomitant somatic mutations in
the TP53 gene (G154S; uncertain significance) and the
SMARCB2 gene (R377H; likely pathogenic). The second
SCC (patient #5) with 2 biopsies obtained within 3 weeks
revealed identical mutations in the GNAS gene (S848C;
likely pathogenic). The third SCC (patient #7) with 4 bi-
opsies featured inconsistent PIK3CA gene mutations at
low allelic frequency in the hotspot location E545K in the
initial biopsy, and in the hotspot location E542K in 1/3
follow-up biopsies with a concomitant mutation in the
STK11 gene. Two patients with the somatic gene muta-
tions died due to complications of extensive pelvic disease
without lymphatic or hematogenous metastases. Three
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TABLE 1. HPV-negative Precursor Lesions and Invasive SCC

Diagnosis
Age at at 1° HPV Somatic Copy
Patient Diagnosis Present- Reads in ) Gene Germline Number Follow-
# ) ation Histology NGS  pl6™4*  p53 Mutations  polymorphisms  Variations up  Figures
1 36 Precursor Mostly thick 0/ Positive WT None Heterozygote:  Gain Alive  Figs.
lesion precursor 8045213 PIK3CA: 1p21.2- 54mo 1A-D
lesion > 10 cell NM_006218: 36.31
layers, adjacent exon7:c.A1173G: Gain 3q
to thin lesions p-I1391M
3-5 cell layers Heterozygote: KIT:
thick; involving NM_000222:
surface and exonlO:c.
glands opening Al1621C:p.
M3541L
Homozygote:
KDR:
NM_002253:
exonll:c.
Al1416T:p.Q472H
Heterozygote:
TP53:
NM_000546:
exon4:c.C215G:p.
P72R
2 41 Precursor 5-9 cell layers 0/ Negative ~ WT None Homozygote:  None Alive Figs.
lesion thick; 8556339 TP53: 46mo 1E-H
predominatly NM_000546:
on the surface exond:c.C215G:p.
epithelium; P72R
pseudokoilocy-
tosis; dense
inflammation
3 42 Precursor > 10 cell layers; 0/ Positive WT None Heterozygote:  None Alive  Figs.
lesion* extensive gland 7279989 KIT: 109mo 2A-D
involvement; NM_000222:
scant in- exonlO:c.
flammatory Al1621C:p.
infiltrate M541L
Heterozygote:
KDR:
NM_002253:
exonll:c.
A1416T:p.Q472H
Heterozygote: APC:
NM_000038:
exonlé6:c.
C4073T:p.
A1358V*
Heterozygote:
TP53:
NM_000546:
exon4:c.C215G:p.
P72R
4 36 SCC Invasive SCC: 1/ Positive WT None Heterozygote:  Gain 3q Alive  Figs.
pTlal; Keratinizing 2339548 KDR: Loss 13 105mo 4E, F
conization and basaloid, NM_002253:
highly exonll:c.
vascularized Al1416T:p.Q472H
stroma, dense Homozygote: TP53:
lymphocyte NM_000546:
predominant exon4:c.C215G:p.
inflammation P72R
In situ component: Heterozygote:
Mostly JAK3:
basaloid NM_000215:
exonlé6:c.
G2164A:p. V7221
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TABLE 1. (continued)

Diagnosis
Age at at 1° HPV Somatic Copy
Patient Diagnosis Present- Reads in ) Gene Germline Number Follow-
# y) ation Histology NGS  pl6™4*  p53 Mutations  polymorphisms Variations up  Figures
5 41 SCCpT1- Invasive SCC: 0/ Negative ~ WT None Heterozygote:  None Alive  Figs.
bl; pNO; Keratinizing, 4068826 KDR: 49mo 2A-D
biopsy highly vascu- NM_002253:
larized, dense exonll:c.
inflammation A1416T:p.Q472H
with plasma cells Homozygote: TP53:
and eosinophilic NM_000546:
granulocytes exon4:c.C215G:p.
In situ component. P72R
Reminiscent of
d-VIN
6 46 SCC pT2a; Invasive SCC: 0/ Negative ~ WT GNAS: Heterozygote:  Gain 9 DOD  Figs.
pNO; 2 Keratinizing; 3917528 NM_000516: KDR: Loss 19p 24mo 3A,B
different highly vascu- exon8:c. NM_002253:
biopsies larized; dense C614G:p. exonll:c.
inflammation; S205C; A1416T:p.Q472H
intratumoral MAF 25%  Heterozygote:
and stromal TP53:
eosinophilic NM_000546:
granulocytes exon4:c.C215G:p.
In situ lesion: P72R
Undifferentiated,
spongiotic
7 57 Invasive  Invasive SCC: 0/ Negative ~ WT PIK3CA: Homozygote:  Gain 3q DOD  Figs.
SCCt with ~ Well- 3943267 NM_006218: TP53: Loss 4pl5.  36mo 3C-F
in situ differentiated, exonlO:c. NM_000546: 2-16.3
compo- keratinizing G1633A:p. exond:c.C215G:p. Gain
nent; In situ component: E545K; P72R 10p12.31-
biopsy; Basaloid and MAF 5%f% 15.3
2017 keratinizing
SCC in situ
SCC pT2a; Invasive SCC: 0/ Negative ~ WT PIK3CA: Homozygote:  Gain 3q
pNO; Mostly basaloid 9090654 NM_006218: TP53:
coniza- in glands; with exon 10: c. NM_000546:
tion; predominant G1624A:p.  exond:c.C215G:
2018 In situ component: E542K; p-P72R
basaloid and MAF17%
keratinizing STKI1I:
NM_000455:
exonl: c.
G97C:p.
E33Q MAF
11%
SCC pT2a; Invasive SCC: 0/ Negative ~ WT None Homozygote:  Gain 3q
pNO: 2 Partially 13381574 TP53: Loss
separate keratinizing; NM_000546: 4pl5.2-
biopsies,  highly exon4:c.C215G:p.  16.3
1 before  vascularized P72R Gain 10p13-
and 1 stroma, dense 15.35
after inflammation
coniza- with stromal
tion eosinophilc
granulocytes
In situ component:
Partly basaloid,
partly keratiniz-
ing
8 60 Pre- Thin atrophic 5 0/ Positive WT None Heterozygote: Gain Alive  Figs.
invasive cell layers 7364806 KDR: 3q22.1-29 14mo 3G, H
component thick, analyzed NM_002253: Gain 8q
of pT3b separately from exonll:c.A1416T:p. Gain 22
SCC; pNO;  invasive Q472H
biopsy component Homozygote: TP53:

NM_000546:exon4:
c.C215G:p.P72R

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved. www.ajsp.com | 9

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Regauer et al

Am | Surg Pathol » Volume 00, Number 00, Il Hl 2021

TABLE 1. (continued)

Diagnosis
Age at at 1° HPV Somatic Copy
Patient Diagnosis Present- Reads in ) Gene Germline Number Follow-
# y) ation Histology NGS  pl6™4*  p53 Mutations  polymorphisms Variations up  Figures
Invasive Partly keratiniz- 0/ Negative ~ WT None Heterozygote: Gain Figs.
component  ing, well-vascu- 3758039 KDR: 3q22.1-29 3G, H
SCC pT3b; larized stroma, NM_002253: Gain 8q
biopsy scant in- exonll:c. Gain 22
flammation Al416T:p.
Q472H
Homozygote:
TP53:
NM_000546:
exon4:c.
C215G:p.P72R
9 65 SCC pTlb; Invasive SCC: 0/ Negative Nuclear TP53: Heterozygote: None Alive  Figs.
pNO; Well-differ- 4307023 pS3  NM_000546: Notch: 2mo 4A-D
biopsy entiated, kera- over- exon 5, NM_017617:
tinizing dense expres- G145S; exon 34:
inflammation sion MAF 10% T2466M
with intra- SMARCBI: Heterozygote:
tumoral and NM_003073: KDR:
stromal eosino- exon 9, NM_002253:
philic gran- R377H; exonll:c.
ulocytes MAF 5% Al416T:p.
In situ component: Q472H
Reminiscent of Heterozygote:
d-VIN TP53:
NM_000546:
exon4:c.
C215G:p.P72R

*Previously reported in Reich et al.!?
+Previously reported as HSIL in Reich et al.!?

1° indicates primary; DOD, indicates dead of disease; d-VIN, differentiated vulvar intraepithelial neoplasia; WT, “wild-type” staining of p53.

SCC were devoid of somatic gene mutations, but 2 of
these 3 SCC featured complex chromosomal copy number
variations.

GERMLINE VARIANTS IN PREINVASIVE LESIONS
AND INVASIVE SCC

All patients carried possibly pathogenic germline
variants in 1 to up to 4 different genes. The common
germline variants in the TP53, KDR, and KIT genes oc-
curred at higher percentages in our patient cohort when
compared with the general population according to the
dbSNP (www.1000genomes.org). The germline variant
P72R in the TP53 gene was present in all patients with an
overall MAF of 72% (4 homozygous, 5 heterozygous pa-
tients) compared with 54% in the general population. The
pathogenic Q472H polymorphism in the kinase insert
domain receptor (KDR) gene, which is encoded by vas-
cular endothelial growth factor (VEGF) 2, occurred in 7/9
(78%) women. The MAF of 50% (1 patient with homo-
zygous and 6 patients with heterozygous polymorphisms)
was higher than the 21% in the control group of HPV-
induced HSIL/invasive SCC and the 21% in the general
population (please note the wide range of this germline
variation in the general population: 9% in African

10 | www.ajsp.com

American; 13% in white Americans; 47% in Asian pop-
ulations; details see 1000Genomes Project database; www.
1000genomes.org). The M541L variant in the KIT gene
with was detected in 2/3 patients with preinvasive lesions
with a MAF of 12.5% versus 6.45% in the general
population. Rare germline variants were detected in the
JAK3 gene (V722]) in the patient with the pTlal SCC
(MAF of 6% vs. 0.36%) and in the APC gene in the pre-
viously reported patient with a preinvasive lesion. Patient
#9 carried a NOTCH variant (T2466M) which is likely
benign and described with very low frequency in healthy
adults (8/98176 alleles in the genomAD database of the
European [non-Finnish] population).

DISCUSSION

In 2020 the WHO officially acknowledged the
existence of HPV-independent invasive cervical SCC.
HPV-independent precursor lesions, however, were not
included, since none had been described yet. In this paper,
we present a detailed first description of HPV-negative
high-grade cervical precursor lesions without invasive
SCC. HPV-negativity was defined as lack of both, DNA
of 32 HPV subtypes and E6/E7 mRNA of 14 HPV sub-
types, and additionally by the absence of HPV sequences
in WGS reads.!® Our cases are thus different from HPV-

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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HPV-negative Cervical Precursors and SCC

independent SCC that contained HPV-DNA but did not
express HPV transcripts.!” All lesions in this study arose
within the metaplastic squamous epithelium of the trans-
formation zone with an abrupt transition between pre-
cursor lesion and squamous epithelium of the exocervix.
The majority resembled thick and thin HPV-induced
HSIL as defined by the WHO,!® but some cervical pre-
cursor lesions were highly keratinized proliferations akin
to differentiated vulvar intraepithelial neoplasia . Some
preinvasive HPV-negative lesions featured diffuse block
staining/overexpression of pl16™4 reminiscent of trans-
forming HPV-infection after HPV-E7 oncogene-induced
inactivation of the retinoblastoma (Rb) protein pathways.
The keratinized HPV-negative invasive SCC showed a
strikingly vascularized stroma with a dense inflammatory
infiltrate, partly with numerous stromal and intratumoral
eosinophilic granulocytes. All invasive SCC lacked
pl6™5** staining, contrasting reports about p16™%* block
staining of the invasive components in 8/12 HPV-in-
dependent SCC.7 p16™4? block staining in our study was
unrelated to somatic gene mutations or germline poly-
morphisms in the Rb gene, or the CDKN2A gene on
chromosome 9p21.3, which encodes for p16™ ¢ A dis-
rupted p16™**-CDK4/6-Rb axis is a common pathway of
numerous cancers. Defective Rb-signaling and G1/S
checkpoint regulation'® may be related to chromosomal
copy number variations (eg, loss of chromosome 13, or
gain of chromosome 9) or hypermethylation of the
pl6™** promoter?® and the CDKN2A gene. Other ex-
planations for aberrantly elevated pl6™** include
production of an abnormal Rb protein as shown in a
HPV-negative cervical cancer cell line,?! or cellular re-
action to DNA damage, production of oxygen species,
telomere erosion, stalled replication forks (for review, see
the study by Burd et al*?). Cellular stress during tissue
injury may also account for occasional patchy and het-
erogenous pl6™<*? staining.

In contrast to HPV-induced cervical SCC,2*?* con-
sistent activating somatic gene mutations appear irrelevant in
HPV-negative squamous cervical carcinogenesis. Low allelic
frequency of gene mutations indicates tumor heterogeneity.
Activating GNAS gene mutations are common in invasive
mucinous cervical adenocarcinomas? and glandular endo-
cervical hyperplasia,”> but are exceptionally rare in HPV-
induced cervical SCC and absent in HPV-negative SCC.
Similarly, tumor suppressor gene mutations appear irrelevant
in the development of HPV-negative cervical SCC. TP53
gene mutations reported in HPV-negative cervical cell lines’!
likely were owed to karyological instability due to continued
passages of cultured cells. Chromosomal aberration, how-
ever, can substitute for gene mutations,?® 28 similar to HPV-
induced carcinogenesis, where gains of 3q with subsequent
activation of TERC and PIK3 pathways are considered early
events in carcinogenesis.”-

Due to the small number of HPV-negative cervical
precancers and invasive SCC in our study and in general,
many unanswered questions remain with respect to the cel-
lular origin and triggers for initial abnormal proliferation, as
well as the natural course of HPV-negative SCC including

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

drivers of progression. The contribution of the inflammatory
infiltrate to HPV-negative squamous carcinogenesis needs
further investigation. Particularly eosinophilic granulocytes
have been linked to unfavorable prognosis,®!3? probably due
to their role in tumor angiogenesis via VEGF production.??
The pathogenic germline variant Q472H in the KDR gene
can also enhance proliferation, migration and sprouting of
tumoral endothelial cells via increased VEGF-2 receptor
phosphorylation and VEGF secretion. This angiogenic
germline variant conferred significantly higher tumor micro-
vessel densities and higher serum VEGF levels in melanoma
patients®* possibly making these patients eligible for anti-
angiogenesis treatment such as targeted VEGF receptor 2
inhibition. Progressive local pelvic and abdominal disease,
however, may be the result of a growth advantage of small
tumor cell clones with activating somatic gene mutations or
chromosomal aberrations.

We demonstrate in this paper for the first time, that
HPV-negative cervical precursor lesions exist. All HPV-
negative invasive cervical SCC had clearly identifiable in-
traepithelial precursors, either highly differentiated and
keratinized proliferations reminiscent of differentiated vul-
var intraepithelial neoplasia, or undifferentiated basaloid
proliferations reminiscent of HSIL with occasional diffuse
block staining of p16™?. Finding an appropriate new ter-
minology for these extremely rare HPV-negative precursor
lesions, however, proves difficult. They are not classifiable
according to the Lower Anogenital Squamous Terminology
(LAST) Standardization Project for HPV-Associated
Lesions.>> In analogy to terminology of vulvar carcino-
genesis, HPV-independent or differentiated cervical intra-
epithelial neoplasia may be an appropriate nomenclature.

It is unclear at this moment, what implications, if
any, result from missing one of these rare cases in routine
surgical pathology. Lack of information on the natural
course of HPV-negative precursor lesions and SCC, and
the lack of specific therapy options do not warrant auto-
matic HPV genotyping on basaloid pl6™“** over-
expressing cervical intraepithelial proliferations. Further
workup may be indicated, however, for the readily rec-
ognizable highly differentiated intraepithelial precursor
lesions or keratinizing SCC, as presence of mutations in
tumor suppressor genes may render these SCC less sensi-
tive to chemoradiation therapy. Overall, the oncogenic
triggers remain elusive, but dense inflammatory infiltrates
and the pathogenic germline variant Q472H in the KDR
gene may contribute to tumor angiogenesis and pro-
gression of HPV-negative cervical carcinogenesis.
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