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Selected Summaries

Human papillomavirus and oropharyngeal
cancer: Shifting paradigms and exploring
opportunities
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SUMMARY
It has been increasingly recognized that human papillomavirus (HPV)-
associated oropharyngeal squamous cell carcinoma (OPSCC)
represents a distinct clinicopathological entity with favourable
biological behaviour. With this recent landmark report, Ang and
colleagues have added to the growing body of evidence that tumour-
HPV status is an independent prognostic factor for survival in
patients with oropharyngeal cancer. This retrospective analysis was
based on the RTOG-0129, a large prospective randomized controlled
trial designed to compare accelerated-fractionation radiotherapy
with standard-fractionation radiotherapy (with concurrent cisplatin
chemotherapy in both arms) in locoregionally advanced (stages III–
IV) squamous cell cancers of the head and neck (SCCHN). There was
no significant difference between accelerated-fractionation and
standard-fractionation radiotherapy with regard to survival outcomes.
This facilitated a post hoc subgroup analysis of tumour-HPV status
by combining data from both arms. Analysis of tumour-HPV status
was restricted to patients with OPSCC due to the low prevalence of
HPV among non-oropharyngeal sites. Biopsy specimens were
evaluated for HPV-16 deoxyribonucleic acid (DNA) with an in situ
hybridization (ISH) technique. Assessment of p16 expression, a
known biomarker of HPV-oncoprotein function, was also done.
More than 60% of the enrolled patients had OPSCC, and tumour-
HPV status could be determined in 74.6% of them. HPV-DNA was
detected in 63.8% of patients with OPSCC. Kaplan–Meier analysis
showed that HPV-positive OPSCC was associated with significantly
better overall survival and progression-free survival (p<0.001) as
compared with HPV-negative tumours. The 3-year rates of overall
survival were 82.4% (95% CI 77.2%–87.6%) in the HPV-positive
subgroup and 57.1% (95% CI 48.1%–66.1%) in the HPV-negative
subgroup, and the 3-year rates of progression-free survival were
73.7% (95% CI 67.7%–79.8%) and 43.4% (95% CI 34.4%–52.4%),
respectively. On multivariate analysis, age, race, performance status,
tumour stage, nodal stage and tobacco exposure were also significant

determinants of overall survival and progression-free survival.
However, their cumulative effect accounted for a relative difference
of 9% on survival. Even after this adjustment, patients with HPV-
positive tumours had a 58% reduction in the risk of death (hazard
ratio 0.42, 95% CI 0.27–0.66) and a 51% reduction in the risk of
relapse or death (hazard ratio 0.49, 95% CI 0.33–0.74) as compared
with HPV-negative tumours. There was no significant difference in
outcome between HPV-negative OPSCC and non-oropharyngeal
SCCHN. Tobacco smoking was independently associated with overall
survival and progression-free survival both in the subgroup of
patients with OPSCC (regardless of tumour-HPV status) and in the
entire study cohort. Recursive-partitioning analysis (RPA) classified
OPSCC patients as having low, intermediate or high risk of death
based on tumour-HPV status, pack years of smoking, and cancer
stage with estimated 3-year survival of 93%, 70.8% and 46.2%,
respectively.

COMMENT
HPV was traditionally associated with development of anogenital
cancers including cervical carcinoma. Recently, it has been
incriminated as a risk factor for a subset of SCCHN,1,2 particularly
of the oropharynx. HPV-positive head and neck cancers are
epidemiologically, clinically and molecularly distinct from HPV-
negative tumours.3 Several hypotheses including absence of field
cancerization, immune surveillance to viral-specific tumour
antigens, and an intact apoptotic response to radiation have been
proposed to explain these differences.1 Detailed analyses of
tumours for HPV-genomic DNA and viral oncogene expression
have indicated that HPV infection is most strongly associated
with OPSCC, where it is observed in 40%–60% of patients.1,4

HPV preferentially targets the specialized reticulated epithelium
lining the tonsillar crypts. After integration, it dysregulates
expression of oncoproteins E6 and E7 leading to genomic
instability. The E6 protein induces degradation of p53 through
ubiquitin-mediated proteolysis, leading to substantial loss of p53
activity. The E7 protein binds and inactivates the retinoblastoma
tumour suppressor gene product pRB, causing the cell to enter
S-phase, leading to cell-cycle disruption, proliferation and
malignant transformation.5

Several favourable prognostic factors such as younger age,
white race, better performance status, absence of anaemia, lesser
tobacco exposure, smaller primary tumours, and better response
to therapy have been associated with HPV-positivity that could
partly account for improved survival.1,6 Systematic reviews and
meta-analyses7,8 based on several retrospective case series and
few small prospective studies have consistently shown that patients
with HPV-positive OPSCC have better survival compared to
those with HPV-negative tumours. Limitations of sample size and
confounding effects of known prognostic factors had hitherto
precluded robust conclusions in this regard. This is the first report
to establish tumour-HPV status as a strong and important prognostic
factor in oropharyngeal cancers independent of the smoking
status. Although, tobacco smoking also independently impacted
upon outcome, the magnitude of tobacco effect was similar for
patients with HPV-positive and negative cancers. From a clinical
viewpoint, the most useful information from this study could be
the ability to accurately classify OPSCC patients as having low,
intermediate or high risk of death based on tumour-HPV status
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(positive v. negative), pack-years of smoking (<10 v. >10 years),
nodal stage (N0–N2a v. N2b–N3), and tumour stage (T2–T3 v.
T4). Nonetheless, this RPA classification would need to be
further validated in a large prospective dataset before being
adopted in routine clinical practice.

Despite demonstrating tumour-HPV status as an independent
determinant of survival, this study has its share of limitations.
Determination of HPV status was not part of the original protocol;
consequently patients were not a priori stratified on HPV status.
In view of the retrospective nature of analysis, selection bias
cannot be completely ruled out. Stratification defined on nodal
status initially was modified inexplicably during analysis. All
oropharyngeal cancers were lumped together, which is
inappropriate, as tonsillar primary tumours are more likely to be
HPV-associated compared with other subsites in the oropharynx.1,2

Post-test reliability of the questionnaire for recording life-time
tobacco exposure was not done. Although the most optimal
method of HPV detection is yet to be defined, polymerase chain
reaction-based methods are generally considered modestly superior
to the ISH technique used in this study. There is emerging
evidence that viral burden (HPV copy number) may correlate with
response to treatment.9 However, there was no attempt to quantify
the viral load in this study.

Indian perspective
To apply the findings of this report and its implications on clinical
practice and future research in the Indian context provides unique
challenges and opportunities. As per recent estimates,10 over
45 000 patients are detected annually in India with pharyngeal
cancers. However, this is much less than around 70 000 new cases
of oral cancer diagnosed annually. In the oral cavity, gingivo-
buccal cancers predominate due to the widely prevalent habit of
putting tobacco and betel quid in the gingivo-buccal sulcus for
prolonged periods.

OPSCCs constitute a substantial proportion of head and neck
cancers and are generally treated with non-surgical approaches,
mostly definitive chemoradiotherapy. In the largest retrospective
study11 involving 627 patients with oropharyngeal cancer treated
at a comprehensive cancer centre in India, >80% patients were
associated with long term tobacco abuse and 86% presented in
advanced stages. Unfortunately, HPV status was not assessed in
this study, thus limiting its utility and generalizability. Lack of an
organized HPV screening programme, resource constraints (trained
manpower and infrastructure), and inadequacies of cancer registries
have precluded accurate estimation of countrywide HPV
prevalence and its type distribution in site-specific cancers.12

Studies on tobacco-induced oral cancers suggest widespread
geographical variation13 in the prevalence of HPV infection
within India. The first study14 on HPV infection in 91 oral cancers
from Indian betel quid chewers reported the presence of HPV
DNA in 74% of patients, of which 41% had multiple HPV
subtypes. In another report15 involving long term betel quid
chewers (100 oral cancer patients and 80 oral pre-malignant
lesions), the prevalence of high risk HPV infection was significantly
higher in pre-malignant lesions (34%) as compared to oral cancers
(15%), prompting the authors to hypothesize that HPV-16 infection
may be a vital early event in the development of potentially
malignant oral lesions, but is not necessary in progression to frank
invasive cancer.

Nagpal et al.16 analysed tumour samples from 110 oral cancer
patients highly addicted to betel quid and tobacco chewing for
high risk HPV and its association with known polymorphism.

HPV-16, HPV-18 and co-infection was detected in 22.7%, 14.5%
and 10% patients, respectively with an overall high risk HPV
prevalence of 33.6%. In another study17 involving 110 fresh oral
tissue biopsies, HPV infection (exclusively HPV-16) was seen in
27% of patients with oral cancers. In an international multicentric
case–control study18 evaluating the association between markers
of HPV infection and cancers of the oral cavity and oropharynx,
HPV-DNA was detected in biopsy specimens of 3.9% and 18.2%
of patients with oral and oropharyngeal cancers, respectively. On
restricting the analysis to Indian patients,13 HPV-DNA was detected
in only 3.1% specimens.

Tobacco, alcohol, micronutrient deficiency, poor oral hygiene,
and genetic susceptibility continue to remain important risk
factors in the aetiopathogenesis of SCCHN that can far outweigh
the impact of HPV co-infection. Change in the sexual behaviour
and pattern with early age at first intercourse, multiple sexual
partners, orogenital sex, and genital warts have considerably
increased HPV exposure in the younger population consequently
increasing the risk of HPV-related cancers including OPSCC.19

Conclusion
HPV-associated OPSCC represents a unique clinicopathological
entity with favourable biological behaviour. Nevertheless, post hoc
subgroup analysis as in this study should be considered exploratory
warranting further research. Future clinical trials should stratify
patients with oropharyngeal cancers based on tumour-HPV status.
Smoking and tobacco exposure may modify recurrence patterns
and survival outcomes of HPV-positive tumours that need to be
accounted for in the trial design. Validation of the proposed RPA
classification could allow offering less intensive treatment to the
low risk OPSCC subgroup, thereby reducing acute and late morbidity
without compromising survival. Alternatively, patients at high risk
of dying could be investigated for further treatment intensification
including the appropriate use of molecularly targeted novel
therapeutics. Mature understanding of HPV-induced carcinogenesis
including complex interaction of HPV infection with inter-
connecting molecular genetic pathways could provide deeper insights
into optimizing strategies for prevention and treatment.
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Treatment for acute anterior cruciate ligament tears

Frobell RB, Roos EM, Roos HP, Ranstam J, Lohmander LS.
(Department of Orthopedics, Clinical Sciences Lund, Lund
University, Lund, Sweden; and the Institute of Sports Science and
Clinical Biomechanics, University of Southern Denmark, Odense,
Denmark.) A randomized trial of treatment for acute anterior
cruciate ligament tears. N Engl J Med 2010;363:331–42.

SUMMARY
This randomized controlled trial addresses a controversial topic: The
management of anterior cruciate ligament (ACL) injuries in active
young adults. The research hypothesis was whether a strategy of
structured rehabilitation along with early ACL reconstructive surgery
was superior to a strategy of structured rehabilitation with delayed
ACL reconstruction offered to patients who continue to have
symptomatic knee instability. One hundred and twenty-one patients
with complete ACL ruptures who had similar pre-injury activity
levels were randomized to two groups: Group 1 (n=62) received
structured rehabilitation with an early ACL reconstruction within 10
weeks and group 2 (n=59) received structured rehabilitation with
optional delayed ACL reconstruction in those who remained
symptomatic. The primary outcome variable was the change from
baseline to 2 years in the average score on 4 subscales of the Knee
Injury and Osteoarthritis Outcome Score (KOOS)—pain, symptoms,
function in sports and recreation, and knee-related quality of life
(KOOS4; range of scores, 0 [worst] to 100 [best]). Secondary
outcomes included results on all 5 KOOS subscales, the Medical
Outcomes Study 36-Item Short-Form Health Survey, and the score
on the Tegner Activity Scale.

The KOOS4 at 2 years showed similar improvement in both the
groups, 39.2 points for those assigned to rehabilitation with early
ACL reconstruction and 39.4 for those assigned to rehabilitation with
optional delayed reconstruction (absolute between-group difference,
0.2 points; 95% confidence interval 6.5–6.8; p=0.96 after adjustment
for the baseline score). Only 23 of 59 patients (39%) opted for
delayed ACL reconstruction after a mean of 11.6 months. The

objective outcome measures such as Lachman test, pivot shift test and
KT-1000 arthrometer assessment, however, showed inferior results
in group 2. The authors concluded that rehabilitation with early ACL
reconstruction is not superior to rehabilitation with optional ACL
reconstruction and surgical intervention could be avoided in a
significant proportion of patients by adopting the latter strategy.

COMMENT
The rationale for reconstruction of the ACL is that the natural
history of untreated complete injuries of the ligament has been
suggested to be the progression of symptomatic instability leading
to recurrent injury, damage to the menisci and the articular
cartilage, and osteoarthrosis.1–3 How to select patients who are
likely to benefit from ACL reconstruction is still a dilemma faced
by orthopaedic surgeons while dealing with an acutely injured
ACL in active young adult patients. It has been suggested—
although a high level of evidence is lacking—that not all patients
who have injured their ACL are likely to progress to symptomatic
ACL deficiency and hence a large number of patients might be
subjected to unnecessary surgical interventions.4–6 On the other
hand, the indications and guidelines for advising ACL
reconstruction are relatively easier in patients with chronic ACL
deficiency when symptomatic knee instability as experienced by
the patient and a positive pivot shift test on clinical examination
justify reconstruction of the ACL.

This study provides level 1 evidence to support the commonly
held belief that not all acutely injured active young adult patients
with complete ACL tears require reconstruction. The study
emphasizes that a supervised physiotherapy protocol may help
stabilize a significant proportion of unstable knees with acute
ACL injury in young and active patients and hence obviate the
need for surgical intervention. The study is a well conducted
randomized clinical trial with sufficient power and is an important
contribution to the literature on controversies related to ACL
injury and its treatment.

Eligible subjects had rotational trauma to a previously uninjured
knee within the preceding 4 weeks, ACL insufficiency was
determined by clinical examination and proven on MRI. The
major exclusion criteria were a total collateral ligament rupture
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