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ABSTRACT

Background: We aimed to review systematically the literature on locoregional recurrence rates in
patients with HPV-positive and -negative oropharyngeal squamous cell carcinoma (OPSCC).
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Methods: PubMed and Embase databases were systematically searched using key words such as
human papillomavirus, oropharyngeal squamous cell carcinoma with local, regional, and locore-
gional recurrence.

Results: Nine studies (2974 patients with known HPV-status, 59% HPV-positive) were included. Among
the HPV-positive and -negative patients, 69% and 58% had lymph node metastasis at diagnosis. At a
median time to recurrence ranging from 8.4 to 13.2months among the included studies, we found
that a weighted average of 9% and 26% for HPV-positive and -negative patients experienced locore-
gional recurrence. Overall, the median follow-up time ranged from 21 to 83 months among the
included studies.

Conclusion: Recurrence rates for HPV-positive and -negative OPSCC patients were 9% and 26%,
respectively, equating to an almost three times higher rate of locoregional recurrence among HPV-

negative patients compared to HPV-positive patients.

Introduction

In recent decades, the incidence of oropharyngeal squamous
cell carcinoma (OPSCC) has been increasing, especially the
HPV-positive type compared to the HPV-negative [1-4]. The
HPV-positive tumors have proved to be a subtype with dis-
tinct molecular and clinical features [5,6]. HPV-negative
patients are more likely to have a significant history of smok-
ing and high alcohol intake as opposed to HPV-positive
patients [7]. Furthermore, HPV-positive patients tend to be
younger, male, with higher income and higher education [8].
Patients with HPV-positive OPSCC have also shown better
prognosis and survival rates compared to the HPV-negative
patients, regardless of treatment regimen [9-11].

Further, patients who are positive for both HPV-DNA and
p16 (HPV-DNA+/p16+) have shown a significantly better
overall survival rate compared to HPV-DNA-/p16+, or HPV-
DNA+/p16- patients, who may be considered HPV-positive in
studies using either HPV-DNA or p16 status solely when
defining HPV-status [12]. Referring to a recent systematic
review, the risk of distant progression was lower in HPV-posi-
tive patients compared to HPV-negative patients [13]. The
rate of locoregional recurrences in the two groups has not
yet been fully explored. This study aimed to systematically

review the literature on locoregional recurrence rates in
patients with HPV-positive and -negative OPSCC.

Material and methods

PubMed and Embase databases were systematically searched
by one author (J.A.) and last updated on 25 June 2019. We
searched for studies evaluating the rate of local and regional
recurrence among OPSCC patients with known HPV-status.

The main keywords used in the search strategy were
human papillomavirus, oropharyngeal squamous cell carcin-
oma, local, regional, locoregional, and recurrence. Language
restriction to English was imposed, and studies were
limited to human studies. See Supplementary for the full
search strategy.

Inclusion criteria were studies that included both HPV-
positive and -negative OPSCC patients and the reported rate
of locoregional recurrence after the primary cancer in rela-
tion to HPV status. Articles that determined HPV-status based
on anything other than tumor tissue (e.g., oral rinses) and
studies with a cohort of fewer than 100 patients with known
HPV status were excluded.

We collected information on the total number of patients,
number of HPV-positive and -negative patients, number of
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locoregional recurrences within each group, N-stage, T-stage,
treatment modalities, median follow-up time, and time
to recurrence.

Results

The literature search generated 1652 articles, of which nine
[14-22] were included (Figure 1). In total, the cohort con-
sisted of 3668 patients (range: 121-1244 patients per study)
treated for primary OPSCC, of which HPV status was known
for 2974 patients. HPV-positive patients numbered 1740
(58.5%), and 1234 patients (41.5%) were HPV-negative. At
diagnosis, 1206 HPV-positive patients (82.6%) and 710 HPV-
negative patients (70.6%) had lymph node metastases (>NT1).
Of the HPV-positive patients, a weighted average of 55.9%
and 43.9% had T-stages 1-2 and 3-4, respectively. For the
HPV-negative patients, the weighted average was 35.8% and
60.7%. The 7th edition of the UICC tumor classification was
used in all studies.

One-hundred fifty-nine HPV-positive patients and 318
HPV-negative patients experienced locoregional recurrence,
corresponding to a weighted average of 9.1% and 25.8%,
respectively. Median follow-up time was 49.3 months (range:
1.2-126 months) (Table 1).

Three studies [15,18,20] reported the median time to
recurrence. One study found that the median time to recur-
rence was 1.1years and 0.9 years for HPV-positive and -nega-
tive patients, respectively. The two other studies did not
differentiate between HPV-positive and -negative patients
and found the overall median time to recurrence was
8.4 months and 9 months.

The definition of HPV status varied between the studies.
Three studies based it on a combination of p16 and HPV-
DNA, two studies solely on p16, one study solely on HPV16-
DNA, one study solely on E6/E7 viral protein, and one study
based it on a combination of HPV-DNA and E6/E7 mRNA.
One study did not specify their definition of HPV-positivity
(Table 1).
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Figure 1. PRISMA flow chart. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred reporting items for systematic reviews and meta-analy-
ses: the PRISMA statement. PLoS Med. 2009;6(7): e1000097. doi:10.1371/journal.pmed1000097.
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Common for all studies was that treatment was per-
formed independently of HPV status. The most common
treatment modality used by the included studies was pri-
mary radiotherapy with or without concomitant chemother-
apy (Table 1). Four studies reported recurrence rates for
local and regional recurrence specifically (Table S1).

Treatment

Discussion

ST or RT or CRT or surgery + CRT
Surgery £ RT=CT or RT£CT
Surgery or RT or ICT

surgery +RT or RT£CT

ST

T
RT+CT
CRT

In this systematic review, we found that HPV-positive
patients have a considerably lower rate of locoregional
recurrence compared to HPV-negative patients.

This correlates well with the findings of O’'Rorke et al. [23]
on survival and recurrence in their review and meta-analysis
comparing HPV-positive and -negative HNSCCs. They found
that HPV-positive OPSCC patients were 63% less likely to
experience a cancer recurrence than HPV-negative patients.

The HPV-positive group had a higher rate of N-site meta-
stases at diagnosis (82.6%) compared to the HPV-negative
(70.6%). Despite this, HPV-negative patients had a higher
rate of locoregional recurrences. This correlates with the
notion that HPV-positive tumors more frequently present
with advanced overall tumor stage due to increased nodal
involvement than HPV-negative tumors, yet they prove to
have a better outcome [24,25].

There could be several reasons why HPV-negative
patients have a higher rate of recurrence than HPV-positive
patients. HPV-positive OPSCC patients are more likely to be
younger at diagnosis and less likely to be smokers or have
excessive alcohol intake leading to less comorbidity [9].
These factors could, by themselves, have a positive influence
on prognosis, since older age, smoking, and alcohol nega-
tively impact outcome [26,27]. Smoking has a negative
impact on progression and survival for OPSCC patients
regardless of HPV-status. A prior study found that there was
a tendency for smoking with a low number of pack-years to
have a larger negative impact on HPV-negative patients
compared to HPV-positive, in relation to high numbers of
pack-years, where there was no difference [7].

Nevertheless, it seems that HPV-positive cancers are bio-
logically distinct from their HPV-negative counterparts, which
could explain the difference in prognostic outcomes despite
the same treatment [28]. The Cancer Genome Atlas Network
has made a comprehensive genome characterization of
HNSCCs, which shows that HPV-positive tumors present with
widely  different  DNA-alterations than  HPV-negative
tumors [29,30].

The precise mechanisms underlying the differences in
treatment response remain unknown. The favorable out-
come associated with HPV-positive OPSCC could be tied to
an increased sensitivity of virus-related cancers to radiation-
or chemotherapy, attributed to the likely preserved expres-
sion of functional p53 [31-34]. It should be considered that
treatment types differed between studies in this review.
However, despite the theoretically (assumed) higher radio
sensitivity, it is shown that prognosis for HPV-positive and
-negative cases is independent of treatment modality. Sinha
et al. found that overall survival was higher for HPV-positive

Definition of
HPV-status
HPV DNA PCR and E6/E7 mRNA

N/D
HPV DNA (PCR) and p16 IHC

E6 and E7 viral protein
HPV16 DNA (PCR)

HPV DNA PCR and p16 IHC
HPV DNA (ISH) and p16 IHC

p16 IHC
p16 IHC

time (range)

83 months (77-93)¢
82 months (68-86)"

36 months

Median follow up
3-5 years

20.8 months (5.8-63)

43 months (1.4-126)
4.9years (0.1-10.1)

3.9 years

26.7 months
3.9 years

44 (80)
N/D
N/D

147 (59)
N/D

63 (51)
N/D

19 (79)
N/D

273 (43)

60.67%

No. of HPV —
patients with T3-T4
at time of diagnosis (%)

No. of HPV —
N/D
N/D

101 (41)
N/D
N/D
N/D
5(21)
N/D

117 (48)

35.78%

patients with T1-T2
at time of diagnosis (%)
11 (20)

T-stage

No. of HPV +
28 (51)
N/D
N/D
47 (51)
N/D
167 (44)
N/D
33 (34)
N/D
275 (44)
43.86%

patients with T3-T4
at time of diagnosis (%)

No. of HPV +
patients with
T1-T2 at time of
diagnosis (%)
28 (49)
N/D
N/D
45 (49)
/D
N/D
N/D
64 (66)
N/D
137 (56)
55.92%

ST: sequential therapy (i.e., induction chemotherapy followed by chemoradiotherapy); RT: radiotherapy; CT: chemotherapy; CRT: chemoradiotherapy; ICT: induction chemotherapy; N/D: no data.

Patients classified with equivocal HPV-status (i.e., HPV DNA+/p16- or HPV DNA-/p16+) are included as HPV-negative in these figures
PHas been calculated with weight based on the total number of patients with known HPV-status.°Has been calculated with weight based on the total number of HPV-positive patients.

9Has been calculated with weight based on the total number of HPV-negative patients.

Table 1. Continued.
Lacau St. Guily et al.
de Veij Mestdagh et al.
O'Sullivan et al.
Bledsoe et al.

Evans et al.

Weighted average
N/D: no data.
®HPV-positive patients.
fHPV-negative patients.

Author
Posner et al.
Sher et al.
Jouhi et al.
Gronhoj et al.
Total (%)
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compared to HPV-negative patients, irrespective of the treat-
ment type (surgical/non-surgical) [35]. Therefore, the better
prognosis and treatment outcomes could be attributed to
other factors.

Factors like immune surveillance of virus-specific tumor
antigens, like high CD8+ T-cell infiltration, and lack of field
cancerization may contribute to the better treatment out-
come of HPV-positive OPSCC’s overall survival and prognosis
[36-39]. Further, one study found that HPV-positive tumors
were not correlated with perineural invasion (PNI) or perivas-
cular invasion (PVI), which have been reported as independ-
ent predictors of poor survival [40]. It was also found that
HPV-driven tumors display a cohesive invasion pattern at the
leading edge of the tumor [41]. This might offer an explan-
ation for their improved clinical outcomes, despite the asso-
ciation with lymph node involvement [25].

Classification of HPV status varied between the articles
included in this review. It should be considered that with
such different classifications of HPV-positivity, some false-
positives could have been included in the results. Correct
classification of HPV-status is important, since HPV-DNA-/
p16+ and HPV-DNA+/p16- tumors have a worse survival
rate compared to HPV DNA+/p16 +[12,42,43].

To rule out false positives, algorithms that combine com-
plementary assays can be used for HPV-detection. One algo-
rithm, a three-step technique, could be used to overcome
conflicting results between two tests [44]. First, p16 IHC is
used to rule out all HPV negative cases, followed by HPV-ISH
on the p16+ cases, to rule out false negatives. For the
p16+/HPV ISH- cases, PCR-analysis could be performed to
determine the presence or absence of HPV-DNA [45-47].
Nevertheless, RNA-ISH for E6/E7 mRNA, the gold standard for
HPV-testing, is the most accurate method for HPV-detection
since it confirms HPV-transcriptional activity, although it is
technically demanding and not routinely available. However,
there remains no consensus for HPV-testing in OPSCC, and
practices are highly variable [46-48].

In conclusion, we found that HPV-negative OPSCC
patients have an almost three times higher rate of locore-
gional recurrence compared to HPV-positive, despite less
nodal involvement at the time of diagnosis.
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