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 Context.—Detection of high-risk human papillomavirus
(HR-HPV) in squamous cell carcinoma is important for
classification and prognostication. In situ hybridization
(ISH) is a commonly used HR-HPV–specific test that
targets viral RNA or DNA. The College of American
Pathologists (CAP) provides proficiency testing for laboratories performing HR-HPV ISH.
Objective.—To compare the analytical performance of
RNA- and DNA-based ISH methods on CAP HR-HPV
proficiency tests.
Design.—Data from the 2016–2018 CAP HPV ISH
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proficiency testing surveys were reviewed. These surveys
consist of well-characterized samples with known status
for HR-HPV, including 1 to 2 copies, 50 to 100 copies, 300
to 500 copies, and no copies of HR-HPV per cell.
Results.—Ninety-five participants submitted 1268 survey results from 20 cores. Overall, RNA ISH had a
significantly higher percentage of correct responses than
DNA ISH: 97.4% (450 of 462) versus 80.6% (650 of 806)
(P , .001). This disparity appears to be the consequence of
a superior sensitivity of RNA ISH compared to DNA ISH
for samples with 1 to 2 and with 50 to 100 copies of HRHPV per cell: 95.2% (120 of 126) versus 53.8% (129 of
240), P , .001, respectively, and 100% (89 of 89) versus
76.3% (119 of 156), P , .001, respectively.
Conclusions.—An assessment of CAP HR-HPV proficiency test performance indicates that RNA ISH shows
significantly higher accuracy than DNA ISH owing to
higher analytical sensitivity of RNA ISH in tumors with low
(1–2 copies per cell) to intermediate (50–100 copies per
cell) HR-HPV viral copy numbers. These data support the
use of RNA over DNA ISH in clinical laboratories that
perform HR-HPV testing as part of their testing algorithms.
(Arch Pathol Lab Med. 2020;144:344–349; doi: 10.5858/
arpa.2019-0093-CP)

H

igh-risk human papillomavirus (HR-HPV) causes HPVpositive squamous cell carcinomas (SCCs) at multiple
anatomic sites including the oropharynx, anus, and urogenital
tracts. The detection of HR-HPV in tissue samples containing
SCC can be important for their classification and prognostication. For example, the HR-HPV status of oropharyngeal
squamous cell carcinoma (OPSCC) allows this tumor to be
identified as distinct from HPV-negative OPSCC with a
favorable prognosis and with potential impact on treatment.1–4
A range of tests can be applied to detect HR-HPV in tissue
samples. Immunohistochemistry for p16 is a surrogate
marker for HR-HPV and is commonly used because of its
high sensitivity, low cost, widespread availability, and
proven prognostic utility. However, it is often used in
conjunction with HPV-specific nucleic acid tests owing to its
lower specificity.5–8 For example, the recent College of
American Pathologists (CAP) guideline for HPV testing of
head and neck carcinomas recommends performing p16
immunohistochemistry for OPSCCs, but also recommends
performing HPV-specific testing for a subset of metastatic
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p16-positive SCCs owing to the possibility of p16 overexpression unrelated to HR-HPV.9
In situ hybridization (ISH) is a frequently used HR-HPV–
specific test. Technical ISH options available in clinical
practice include targeting either viral DNA or RNA. HRHPV DNA ISH suffers from poor analytical sensitivity.7,10–12
Although the analytical validity of RNA ISH has been less
extensively studied than DNA ISH, several studies have
suggested superior analytical sensitivity and specificity.5–8
Polymerase chain reaction has also been used by some
laboratories for HR-HPV detection in tissue samples, but it
is not widely used, in part, because of expense and because
it requires more technical expertise than the other tests.7,13–15
The CAP is a well-known provider of proficiency testing
to ensure that laboratories fulfill the Clinical Laboratory
Improvement Amendments requirement of assessing analytical validity during initial development and ongoing
clinical use of various tissue-based tests. As such, the CAP
is uniquely positioned to compare the performance of
different technical approaches to clinical testing in participating laboratories from across the world. The CAP
Molecular Oncology Committee provides proficiency testing
for laboratories performing HR-HPV ISH. The objective of
the current study was to compare the analytical performance
of DNA- and RNA-based ISH methods on CAP HR-HPV
proficiency tests from 2016–2018.
MATERIALS AND METHODS
Data from the 2016–2018 CAP HPV ISH proficiency testing
surveys (Survey name: ISH) were reviewed. These surveys, offered
biannually, are composed of 1 tissue microarray with 4 cores of
formalin-fixed, paraffin-embedded tissue. The HR-HPV–positive
tissue cores are derived from xenografts of 1 of 3 cell lines with
known status for HR-HPV, including SiHa (1–2 copies of HPV-16
per cell), HeLa (50–100 copies of HPV-18 per cell), and Caski (300–
500 copies of HPV-16 per cell).16–18 The HR-HPV–negative core is
derived from a human SCC specimen that is negative for HR-HPV
by p16 immunohistochemistry, DNA ISH, and RNA ISH.
Participants were asked to perform ISH and interpret each core as
positive or negative for HR-HPV. Each participant was also asked to
describe the probe manufacturer, the probe target (DNA versus
RNA), the HPV type(s) targeted, and the controls performed by his
or her laboratory, including positive and negative tissue controls,
DNA/RNA controls, and the use of a negative control probe.
Multivariate logistic models were used to statistically analyze the
survey results and concordance rates. A concordant response was
defined as a core participant result match to the sample’s intended
HR-HPV status. The model to analyze performance differences
between RNA and DNA ISH was fit with 3 performance factors: (1)
ISH type (DNA or RNA), (2) copies/cell classification, and (3) the
interaction term to compare the performance of DNA versus RNA
ISH by the viral copies per cell. Two models to evaluate within ISH
method performance were also used. These models were fit with 2
factors: (1) copies/cell classification and (2) probe manufacturer.
The Bonferroni correction was applied to account for the
performance factors’ multiple comparisons. Sensitivity and specificity results between ISH type and performance by institution
location were analyzed by using v2 tests. A paired t test was used to
compare pairwise performance differences between laboratories
that changed from DNA to RNA ISH during the course of the
study. A significance level of .05 was used for all statistical analyses
and all analyses were performed with the SAS 9.4 software (SAS
Institute, Cary, North Carolina).
Several data adjustments were applied before the statistical
analysis. Forty-two survey results were excluded owing to a missing
ISH method or core result. An additional 10 survey results were
also excluded for HPV-18–positive cores tested with RNA or DNA
ISH probes reported to target only HPV-16. Owing to low
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Table 1. Summary of Performance Between HighRisk Human Papillomavirus (HR-HPV) RNA and DNA
In Situ Hybridization (ISH)
Performance Factor
ISH type
RNA
DNA
HR-HPV copies/cell
Negative for HR-HPV
RNA
DNA
1–2 copies/cell
RNA
DNA
50–100 copies/cell
RNA
DNA
300–500 copies/cell
RNA
DNA
a

No. of
Responses

Correct
No. (%)

462
806

450 (97.4)
650 (80.6)

117
203

116 (99.1)
199 (98.0)

126
240

120 (95.2)
129 (53.8)

89
156

89 (100.0)
119 (76.3)

130
207

125 (96.2)
203 (98.1)

P Valuea
,.001

.99

,.001

,.001

.99

Boldface indicates statistical significance.

frequency usage, Biocare Medical was classified in the ‘‘Other
(DNA)’’ group along with participants who reported ‘‘Other’’ probe
manufacturer and used DNA ISH. Similarly, RNA ISH participants
who reported ‘‘Other’’ probe manufacturer were classified in the
‘‘Other (RNA)’’ group.

RESULTS
The analysis includes results from 95 participants who
submitted 1268 survey results for 20 tissue cores in the
following 5 ISH survey mailings: 2016-B, 2017-A, 2017-B,
2018-A, and 2018-B. Across all 5 surveys, there were 6
samples with 1 to 2 copies of HR-HPV per cell, 4 samples
with 50 to 100 copies of HR-HPV per cell, 5 samples with
300 to 500 copies of HR-HPV per cell, and 5 samples that
were negative for HR-HPV. Eighty-six percent (82 of 95) of
participants were from the United States and the remaining
participants were from Brazil (4), Saudi Arabia (3), Belgium
(1), China (1), Colombia (1), Hong Kong (1), Thailand (1),
and the United Arab Emirates (1). There was no difference
in the percentage of participants who submitted the correct
response for US versus non-US participants, 86.9% (966 of
1111) versus 85.4% (134 of 157), respectively (v2 test; P ¼
.58). Of the 88 participants with an institution classification
in the CAP demographics database, 48.9% (43) were from
academic (university or teaching) institutions, 33.0% (29)
from independent/commercial reference laboratories, 12.5%
(11) from nonhospitals, and 5.7% (5) from hospital/medical
center laboratories.
The overall percentage of participants who submitted the
correct response for the 1268 proficiency testing samples
was 86.8% (1100). For the multivariate logistic model to test
factors associated with performance differences between
RNA and DNA ISH, there were statistically significant
performance differences for the ISH target (DNA versus
RNA) and HR-HPV copies/cell.
For ISH type, RNA ISH testing had a significantly higher
percentage of participants who submitted the correct response
than did DNA ISH, 97.4% (450 of 462) versus 80.6% (650 of
806) (P , .001), respectively (Figure 1; Table 1). The most
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Figure 1. Overall percentage of proficiency
testing participants who submitted the correct
response for RNA and DNA ISH for high-risk
human papillomavirus. P , .001. Abbreviation: ISH, in situ hybridization.

specific performance differences were related to the copies of
HR-HPV/cell.
The ISH method comparisons are provided in Table 1 and
graphically in Figure 2. When comparing RNA and DNA
ISH, there were significant differences in HR-HPV detection
for samples with 1 to 2 copies/cell (95.2% [120 of 126] versus
53.8% [129 of 240], P , .001, respectively) and 50 to 100
copies/cell (100% [89 of 89] versus 76.3% [119 of 156],
P , .001, respectively). There was no significant difference
between RNA and DNA ISH for samples with 300 to 500
copies of HR-HPV per cell, 96.2% (125 of 130) versus 98.1%
(203 of 207) (P ¼ .99), respectively. Likewise, there was no
significant difference between RNA and DNA ISH for
samples that were negative for HR-HPV, with negativity
rates of 99.1% (116 of 117) versus 98.0% (199 of 203)
(P ¼ .99), respectively.
There were also significant performance differences
within ISH method. DNA ISH performed significantly
better for samples with 300 to 500 copies/cell (98.1% [203
of 207]) and samples that were negative for HR-HPV (98.0%
[199 of 203]) than for samples with 1 to 2 copies/cell (53.8%
[129 of 240]), P , .001, and 50 to 100 copies/cell (76.3%,
[119 of 156]), P , .001. DNA ISH also performed

significantly better for samples with 50 to 100 copies/cell
(76.3% [119 of 156]) versus samples with 1 to 2 copies/cell
(53.8% [129 of 240]), P , .001. For RNA ISH, there were no
significant performance differences based on the samples’
HR-HPV copies/cell (P ¼ .23). The within ISH method
results are provided in Table 2.
The number of participants using each probe manufacturer during the course of the study and by proficiency test
mailing is listed in Table 3 and Figure 3, respectively.
Performance categorized by the probe manufacturer is listed
in Table 2. There were no significant performance differences between DNA-specific probe manufacturers (P ¼ .47).
Likewise, there were no significant performance differences
between RNA-specific probe manufacturers (P ¼ .42).
Overall, RNA ISH exhibited significantly higher analytical
sensitivity than DNA ISH on proficiency testing samples,
96.8% versus 74.8% (P , .001), respectively. There was no
statistically significant difference in analytical specificity
between DNA and RNA ISH testing. These results are
provided in Table 4.
During the time course of the proficiency testing used for
this study, 51 of the 95 laboratories (53.7%) used DNA
probes only, 27 (28.4%) used RNA probes only, and 17

Figure 2. Percentage of proficiency testing
participants who submitted the correct response for RNA ISH versus DNA ISH by the
HR-HPV copy number per cell. Abbreviations: HR-HPV, high-risk human papillomavirus; ISH, in situ hybridization.

346 Arch Pathol Lab Med—Vol 144, March 2020

High-Risk HPV RNA and DNA In Situ Hybridization—Keung et al

Table 2. Summary of Performance Within High-Risk
Human Papillomavirus (HR-HPV) RNA and DNA In
Situ Hybridization (ISH) Methods for Viral Copies per
Cell and Probe Manufacturer
Performance Factor
RNA ISH
HR-HPV copies/cell
Negative for HR-HPV
1–2 copies/cell
50–100 copies/cell
300–500 copies/cell
Probe manufacturerb
ACD
Ventana (RNA)
Other (RNA)b
DNA ISH
HR-HPV copies/cellc
Negative for HR-HPV
1–2 copies/cell
50–100 copies/cell
300–500 copies/cell
Probe manufacturerb
Enzo Biochem
Leica
Ventana (DNA)
Other (DNA)b

No. of
Responses

Correct
No. (%)

P Valuea
.23

117
126
89
130

116
120
89
125

(99.1)
(95.2)
(100.0)
(96.2)
.42

272
158
32

270 (99.3)
149 (94.3)
31 (96.9)

199
129
119
203

(98.0)
(53.8)
(76.3)
(98.1)

452
202
109
39

364
159
92
32

(80.5)
(78.7)
(84.4)
(82.1)

Performance Results
ISH Type

TP

TP þ FN

Sensitivity,
% (95% CI)

RNA
DNA

334
451

345
603

96.8 (94.4–98.4)
74.8 (71.1–78.2)

TN

TN þ FP

Specificity,
% (95% CI)

116
199

117
203

99.1 (95.3–99.9)
98.0 (95.0–99.5)

RNA
DNA

P Valuea
,.001

.44

Abbreviations: FN, false negative; FP, false positive; TN, true negative;
TP, true positive.
a
v2 test. Boldface indicates statistical significance.
,.001

203
240
156
207

Table 4. Analytical Sensitivity and Specificity of RNA
and DNA In Situ Hybridization (ISH) on Proficiency
Testing Samples

.47

Abbreviation: ACD, Advanced Cell Diagnostics.
a
Boldface indicates statistical significance.
b
‘‘Other (RNA)’’ includes participants using RNA ISH who reported
‘‘Other’’ probe manufacturer. ‘‘Other (DNA)’’ includes Biocare
Medical and participants using DNA ISH who reported ‘‘Other’’
probe manufacturer.
c
Negative for HR-HPV versus 1 to 2 copies/cell, P , .001. Negative for
HR-HPV versus 50 to 100 copies/cell, P , .001; 1 to 2 copies/cell
versus 50 to 100 copies/cell, P , .001; 1 to 2 copies/cell versus 300 to
500 copies/cell, P , .001; 50 to 100 copies/cell versus 300 to 500
copies/cell, P , .001.

type of control sample and/or probe in conjunction with the
assessment of clinical samples. Approximately 94% (88 of 94)
of laboratories reported using positive or negative tissue
controls, and just more than half of the laboratories (51.1%;
48) reported using a negative control probe. Of the laboratories
performing RNA ISH and DNA ISH, 54.5% (24 of 44) and
31.8% (21 of 66) reported using an RNA or DNA control
probe, respectively. There were no performance differences
based on the type of control(s) used when adjusting for the
ISH type, copies/cell, and manufacturer probe.

Abbreviation: ACD, Advanced Cell Diagnostics.
a
Each participant may have used more than 1 probe manufacturer
during the course of the study.

DISCUSSION
HPV-specific nucleic acid tests like ISH play a key role in
the detection of HR-HPV in SCC, particularly in the
resolution of a potential false-positive p16 immunohistochemical result. Importantly, the present study demonstrated that RNA ISH has significantly better overall sensitivity
than DNA ISH for the determination of HR-HPV status in
well-characterized proficiency testing samples. Our study
found that the main difference is due to its superior
analytical sensitivity in samples with low (1–2) to intermediate (50–100) HR-HPV copy numbers per cell. There was
no significant difference between the analytical sensitivity of
RNA and DNA ISH for samples with high (300–500) copy
numbers. Likewise, there were no significant differences
between the specificity of RNA and DNA ISH for HR-HPV–
negative samples.
The most likely reason for the superior performance of
RNA ISH compared to DNA ISH is the difference in the
abundance of the target nucleic acids for each assay. For
DNA ISH, samples with low viral copy numbers yield very
small punctate signals that may be easily overlooked.
Because RNA ISH targets the E6 and E7 RNA transcripts,
these nucleic acids are typically more abundant and result in
stronger, more robust signals that are more readily
identified. In addition, the technical aspects of signal
amplification used in the RNA ISH tests may play a role.
For the limited number of proficiency testing participants
who transitioned from DNA to RNA ISH during the course
of the study, the performance of each laboratory uniformly
improved in a manner consistent with the performance
differences between DNA and RNA ISH. This improvement
suggests that the inferior performance by some laboratories
is likely a consequence of the methodology used rather than
the technical expertise of the laboratory itself.
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laboratories (17.9%) changed their test methodology from
DNA to RNA ISH. In the subgroup of participants who
changed from DNA to RNA ISH, there was a statistically
significant improvement in performance with the mean
percentage of correct results increasing 11.9% (P ¼ .007; 95%
CI, 3.8–20.1; SD ¼ 15.8). There were no participants who
switched from RNA ISH to DNA ISH.
Of the 95 laboratories that participated in the ISH
proficiency test, 98.9% (94) reported performing at least 1
Table 3.

The Number of Participants Using Each
Probe Manufacturera

Probe Manufacturer
Enzo (DNA)
ACD (RNA)
Leica (DNA)
Ventana (RNA)
Ventana (DNA)
Other (DNA)
Other (RNA)

No. (%) n ¼ 115
34
25
22
16
10
4
4

(29.6)
(21.7)
(19.1)
(13.9)
(8.7)
(3.5)
(3.5)

Figure 3. Trend plot showing the number of
participants using each specific probe manufacturer by proficiency test mailing. Abbreviation: ACD, Advanced Cell Diagnostics.

Overall, 94 of 95 laboratories (98.9%) performed controls
in conjunction with clinical testing. The performance of such
controls is an accreditation requirement (CAP Checklist
Items: ANP.22964, MIC.65800, MOL.39146) and demonstrates conformance to laboratory practices associated with
high quality.19–21 The type of tissue controls and/or control
probes used, however, was variable, but this was not
associated with significant differences in performance.
Of note, there are several limitations of this study. First,
the HR-HPV–positive samples used for this study are
xenografts of cell lines and thus may not be entirely
reflective of the range of samples seen in clinical practice.
Specifically, the percentage of cases with 1 to 2 copies of
HR-HPV per cell was 30% (6 of 20) and may be dissimilar to
percentage distributions encountered in clinical practice.
While the exact percentage of SCCs with low viral copy
number is not precisely known, a study by Cerasuolo et al22
identified a wide range of low and high HR-HPV copy
numbers in both cervical SCCs and OPSCCs, highlighting
the need for assays that can accurately identify HR-HPV
across that range. Furthermore, SCCs with low viral copy
number may be just as transcriptionally active, if not more
so, than cases with high viral copy numbers, further
supporting the importance of detecting HR-HPV in these
cases.22
Another potential drawback herein is that the analytical
sensitivity and specificity calculations are based on the
proficiency testing samples and may not necessarily reflect
the sensitivity and specificity seen in clinical samples.
Moreover, the samples used for proficiency testing are of
high quality, with known specimen handling and are less
likely to be susceptible to preanalytical problems that may
affect RNA integrity, such as prolonged time to fixation and
inadequate or prolonged fixation time. Lastly, the data for
probe manufacturers are restricted in some cases by the
number of participants and may not be an adequate
representation of performance for those manufacturers.
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CONCLUSIONS
HPV ISH is an important HPV-specific test methodology
that complements p16 immunohistochemistry in the determination of HR-HPV status in patients with SCC. On CAP
proficiency tests, RNA ISH for HR-HPV exhibits significantly higher accuracy than DNA ISH, a difference
attributable to the higher analytical sensitivity of RNA ISH
in tumors with low or intermediate HR-HPV viral copy
numbers. These data support the use of RNA ISH over DNA
ISH in clinical laboratories that perform HPV-specific
testing of SCC as part of their testing algorithms.
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