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Neck Surgery, Ohio State University Wexner Medical Center, Ohio State University, Columbus,
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In the recent years, the prevalence of HPV-positive oropharyngeal squamous

cell carcinoma (OPSCC) has increased significantly. Currently, nearly 80-90%

of all oropharynx tumors are HPV-positive. In addition, it is now recognized that

HPV-positive tumor status is associated with good prognosis and improved

response to chemoradiation. However, within this setting, there are still

patients with HPV-positive OPSCC who will experience recurrence. With the

increasing incidence of HPV-mediated OPSCC, recurrent HPV disease is also

becoming more prevalent and there is an increasing need to understand the

unique presentation and treatment of recurrent HPV-mediated disease. In this

review, we will discuss epidemiology of recurrent HPV-positive OPSCC, role of

surgical salvage, re-irradiation, and the role of upcoming novel treatments and

immunotherapy. Historically, recurrent oropharyngeal disease has been

associated with poor prognosis and high morbidity. However, recent

advances have transformed the landscape for salvage treatment of HPV-

mediated OPSCC. Liquid biomarkers offer potential for early detection of

recurrence, robotic techniques may reduce morbidity of surgical salvage,

improvements in re-irradiation approaches reduce toxicities, and novel

immune based therapies on the horizon are offering promising results. These

advances combined with the improved prognosis of HPV-positive disease offer

to transform our approach to recurrent disease of the oropharynx.

KEYWORDS

oropharyngeal cancer (OPSCC), recurrent disease, surgical salvage, immunotherapy,
human papillomavirus (HPV), head neck squamous carcinoma
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Introduction

Despite the improved prognosis conferred by human

papillomavirus (HPV)-positive tumor status, recurrences and

distant failures still occur in this population with progression free

survival of 72-74% at 3-years (1, 2). Recurrence rates in HPV-

positive oropharyngeal squamous cell carcinoma (OPSCC)

patients are about half that of HPV-negative patients, with

respect to both locoregional and distant failure. Results from

RTOG 0522 showed that in HPV-positive compared to HPV-

negative patients, 3-year locoregional failure rates were 17.3% vs

32.5% (P <.001) and distant metastatic rates were 6.5% vs. 17.0%

(p=.005) (2). Recurrences tend to occur later in HPV-positive

patients (3), but regardless of HPV-tumor status a majority of

recurrences occur within 2 years of primary treatment (3–5).

Patterns of recurrence with regard to local, regional and distant

sites do not differ significantly byHPV status (3, 4, 6).With regard to

distant progression, the lung is the most common site of distant

metastasis for both HPV-positive and HPV-negative patients (3–5,

7). Somestudieshavedescribedunusualpatternsofdistantmetastatic

disease in HPV-positive OPSCC, including unusual sites such as

brainmetastases (8), and disseminatedmetastases tomultiple organs

sites (9, 10). However, recent evidence has not confirmed unusual

metastatic disease patterns specific to the HPV-positive population

(3–5, 7). Distant recurrences do occur later inHPV-positive OPSCC

(3, 5), though the longer overall survival of HPV-positive patients

may contribute to development these late recurrences (6, 11).

Smoking status and greater disease burden at the time of

primary treatment are the main risk factors for recurrence in

HPV-positive disease (1). Ang et al. recognized early on the

impact of smoking history on HPV-positive disease, defining an

intermediate risk group to include HPV-positive patients with >10

pack year smoking history (1). Subsequent studies have confirmed

the increased risk of recurrence for smokers in this population (12).

In prior studies, AJCC 7th edition stage was not independently

associated with progression free survival in either p16-positive and

p16-negativeOPSCCpatients (13).However, larger primary tumor

burden, especially T4 disease, has been associated with increased

risk for recurrence (14–16).High-risknodal features have also been

associatedwith riskof recurrence anddistantprogression including

presence of N3 disease, extra nodal extension (ENE), and

retropharyngeal adenopathy (16–18).
Detection of recurrent disease

Recommended schedule of surveillance for oropharyngeal

cancer does not currently differ by HPV status (19). One study

demonstrated that recurrent HPV-positive disease was mainly

diagnosed by imaging compared to HPV-negative disease which

was mainly diagnosed through physical examination (3). As

discussed above, patterns of recurrence generally do not differ
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betweenHPV-positive andHPV-negative disease, withmajority of

recurrences occurring within 2 years. However, recurrences may

occur later inHPV-positive patients, and there is some evidence for

late distant metastasis. Given these findings, some advocate for

extended surveillance of HPV-positive patients.

Recently there has been increasing interest in the use of HPV

DNA (primarily HPV-16) as a biomarker of treatment response and

recurrent disease. Early studies established the relationship between

detectable serum or saliva HPV DNA with increased risk for

recurrent disease (20). In a prospective study of 396 patients, oral

rinseswere able todetectHPVDNAin80%ofHPV-positivepatients

at diagnosis, and persistent HPV detection after treatment was

significantly associated with decreased recurrence free and overall

survival (21). HPV protein (E6 & E7) antibody levels have also been

proposed as a biomarker for monitoring disease. These antibody

levels have been shown to decrease in both serum and saliva after

treatment (22, 23). The biomarker with that has now been most

studied is HPV cell free or circulating tumor (ct) DNA.

Improvements in PCR techniques including digital droplet PCR

and next generation sequencing have facilitated high sensitivity of

these assays (24). For HPV-positive patients, HPV ctDNA can be

detected at diagnosis in about 65-90%ofpatients (24).While patients

with higher TNM stage are more likely to have detectable HPV

ctDNAat baseline (25, 26), ctDNAcan also be detected in early stage

disease (27). In these patients, there is a rapid decline in ctDNA after

both surgical treatment (28) and primary chemoradiation (29).

Those with persistent HPV ctDNA after treatment were more

likely to have adverse pathologic features, and increased risk for

recurrence (28, 29). A recent study of 1076 patients evaluated

circulating HPV-DNA serially after definitive therapy. In patients

who were otherwise without evidence of disease, of those with

positive HPV ctDNA, 93% were identified to have occult

recurrence (30). ctDNA has also been proposed as an adjunct to

post-treatment imaging for evaluation of treatment response (31).

Theutility of ctDNAfordetectionof residual or recurrent diseasehas

also been demonstrated in HPV associated cervical cancer (32) and

anal squamous cell carcinoma (33). While additional clinical

validation is needed prior to incorporation to clinical practice to

augment surveillance of HPV-positive disease, early results are

promising (Table 1). Additional studies are also needed to better

understand patients who do not have detectable HPV ctDNA at

baseline, the role of ctDNA levels at the time of diagnosis, the role of

ctDNA for early diagnosis and screening, and how to integrate these

tests into current surveillance practices.
Considerations for management of
recurrent disease

After recurrence, HPV-positive patients still demonstrate

improved outcomes compared to their HPV-negative

counterparts (3–5, 7, 42, 56). Other factors that contribute to
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improved overall survival include longer disease free interval and

lower disease burden at time of recurrence (3, 57, 58). Treatment

of recurrent disease with surgical salvage with or without

adjuvant therapy when feasible, is associated with significant

improvement in survival after both locoregional and distant

recurrence (3, 4, 7, 57, 59, 60). The retrospective nature of

salvage surgery studies should be recognized, where patients

with localized disease burden and higher performance status are

more likely to be selected for surgical salvage. In addition, the

recent FDA approval of immunotherapy for treatment of

recurrent metastatic head and neck cancer may change the

landscape of systemic treatment options in the future.

A summary of salvage treatment options is detailed in Table 2.

Surgical salvage

In cases of recurrent OPSCC, surgical salvage with curative

intent should be offered when feasible. Historically, recurrent
Frontiers in Oncology 03
oropharyngeal disease has been associated with poor prognosis

with lower rates of survival and higher rates of surgical

complication compared to other head and neck subsites (57,

61, 62). In this context, surgical salvage was often considered

unacceptably morbid for minimal benefit. In one case series of

patients treated with surgical salvage for OPSCC did show

improved survival, however, 46% experienced post-operative

complications and 67% of patients developed another

recurrence at a median of 8 months (57). However, the

improved prognosis of increasingly prevalent HPV-positive

disease has significantly improved overall survival for

recurrent OPSCC. One meta-analysis demonstrated an

increase in 5-year overall survival for recurrent OPSCC from

18% to 51% in patients treated before and after 2000 (63).

Concurrently, advancements in minimally invasive transoral

robotic techniques have reduced surgical morbidity through

minimally invasive approaches (64, 65). With these changes in

the modern era, surgical salvage has fallen back into favor.
TABLE 1 HPV ctDNA clearance and recurrence detection in OPSCC.

Study n Main findings

Damerla et
al, 2019
(27)

97 HPV ctDNA was detectable in 93% of patients, including those with low volume disease (T1-2, or single node disease). ctDNA was rapidly cleared
from majority of patients by week 7 of CRT

Chera et
al, 2019
(29)

103 ctDNA evaluated in patients who received primary chemoradiation. All patients with favorable clearance (>200 copies/mL at baseline) and >95%
clearance had no persistent or recurrent disease. Those without rapid clearance had adverse clinical risk factors (T4, >10 pack years) and higher rate
of persistent or recurrent disease.

O’Boyle et
al, 2022
(28)

33 Kinetics were evaluated in patients who underwent primary surgery for HPV+ OPSCC demonstrating rapid decrease of ctDNA by post operative day
(POD) 1. Those with elevated ctDNA on POD1 were more likely to have high risk pathologic features

Berger et
al, 2022
(30)

1076 Multi-institutional retrospective assessment of cell-free tumor tissue modified (TTMV)-HPV DNA following definitive therapy. 80 patients had
positive test upon surveillance. Of these, 21 had clinically detected recurrence. Of remaining 59 patients, 93% were subsequently confirmed to have
recurrence.
TABLE 2 Salvage treatment options.

Surgical Salvage
Locoregional disease Associated with improved survival in retrospective studies [2yr OS 78.9%] (3); TORS assisted surgery and free flap reconstruction may

improve functional outcomes (34)

Distant metastasis Can be considered for solitary metastasis, with associated improvement in survival [2yr OS 86.5%] (3, 7)

Radiation
Locoregional disease Re-irradiation with IMRT (35, 36), proton (37, 38) and SBRT (39, 40) provide promising locoregional control and tolerable toxicity [2 yr

LRPFS 30.9-52%; 2yr OS 54.6-69%]; Advantage of surgical resection prior to re-irradiation are not clearly established

Distant metastasis SBRT can be considered for solitary or oligometastatic disease with up to 75% response rate (41) and over 50% 2-yr OS in those without LR
recurrence (35);

Systemic therapy: For patients with unresectable disease, without re-irradiation options or distant metastasis
Cytotoxic chemotherapy EXTREME regimen (cetuximab, platinum, 5-FU) previous standard of care (42)

Immune checkpoint
inhibition (anti-PD1/
PDL1)

Pembrolizumab or Nivolumab, now approved for first line treatment of recurrent/metastatic HNSCC (43, 44). Improved response in PD-L1
expressing tumors (45–47), HPV not clearly associated with response (48, 49). Some patients may have sustained responses
May be combined with chemotherapy (platinum & 5-FU) (50)
May be combined with cetuximab based on antibody dependent cellular toxicity (51)

Novel immune based
therapies under
investigation

Therapeutic HPV vaccines targeting E6/E7 antigens may be combined to boost response to anti-PD1 therapies (52)
Engineered T-cells expressing HPV-16 E7 TCR (53)
Other immune based targets to be combined with anti-PD1 therapy: TIGIT, CD47, LAG3, KIR (54, 55)
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Multiple retrospective studies have demonstrated the significant

survival benefit associated surgical salvage with 5-year survival

rates of 43-49% compared to 16% for non-surgical therapy (62,

66, 67). Ability to achieve negative margins is one of the most

important predictor of surgical salvage success (59, 67–69).

TORS for recurrent oropharyngeal disease has been

associated with decreased post-operative complications,

including lower long-term tracheostomy and feeding tube

dependence (34, 70). White et al. performed a multi-

institutional matched analysis comparing TORS-assisted

salvage surgery compared to open surgery and found that

TORS-assisted surgery reduced tracheostomy use, feeding tube

use, and reduced hospital length of stay. In addition, TORS-

assisted surgery in this study was also associated with improved

oncologic outcomes with decreased positive margins and

improved recurrence free survival (34). Multiple case series

have demonstrated feasibility of TORS assisted surgical salvage

in the oropharynx, which may include free flap reconstruction

with TORS assisted flap inset (64, 65, 70).

A patient’s burden of recurrent disease and functional status

play an important role in selecting patients most likely to benefit

from surgical salvage. As previously discussed, selection for

surgical salvage should foremost consider ability to achieve

negative margins (57–60, 67–69). Other markers of aggressive

tumor behavior such as short disease free interval or persistence,

lymphovascular invasion and positive cervical nodal recurrence

portend worse survival following salvage (57, 59, 71, 72). In

addition, older patient age and laryngopharyngeal dysfunction

are significant negative predictors of survival in the salvage

setting (57, 72). Heft Neal et al. proposed a classification

system which predicted survival following salvage surgery for

recurrent oropharyngeal cancer following radiation. Class I

patients (disease free interval > 2 years) had the highest five-

year overall survival at 47% compared with 0% of Class III

patients with short disease free interval of <2 years and

laryngopharyngeal dysfunction (72). Other studies have also

demonstrated that G-tube dependence is associated with

decreased overall survival after surgical salvage (71, 73).

Given that patients with advanced primary disease are more

likely to recur, 90-95% of patients who recur will have received

prior radiation either in the primary or adjuvant setting (3, 59).

In this setting, regional or free flap reconstruction of surgical

defects are recommended for reconstruction to reduce risk of

fistula and prevent vessel exposure (62, 64, 74). Free tissue

transfer significantly reduces morbidity and major

complications in salvage laryngeal surgery (75, 76) and has

similarly been employed in salvage oropharyngeal surgery to

bring vascularized tissue to the irradiated wound bed with high

success rates (62). One of the most common reconstructive

strategies involves an L-shaped soft tissue template as described

by Chepeha et al. (77) Common donor sites include the radial

forearm, anterolateral thigh, and lateral arm. The authors

describe the three fundamental goals of primary oropharyngeal
Frontiers in Oncology 04
reconstruction: obliteration of the oropharynx, preservation of

nasopharyngeal competence, and maintenance of base of tongue

mobility (77). In the surgical salvage oropharyngectomy, where

greater wound contraction is encountered, free tissue transfer

plays a vital role in achieving these reconstructive principles.

TORS techniques can assist with free flap inset, with vessel

anastomosis performed in an open neck (78). In addition to free

tissue transfer, use of the submental island flap has also been

described after TORS (79). These techniques require specialized

expertise and equipment; however, with appropriate patient

selection they can reduce surgical morbidity (34, 70). These

minimally invasive approaches are not always feasible, and

patients with more extensive disease, severe trismus or

requiring bony resection will require open resection. In the

setting of prior radiation and when free flap reconstruction is

required, tracheostomy and feeding tube placement are routinely

utilized in conjunction with salvage surgery (57, 62, 70). Most

patients can achieve decannulation and oral diet by six-months

after surgery, but these rates are lower in those undergoing open

surgery and in those with greater disease burden (57, 71).

Isolated neck recurrence may provide greater chance at

complete resection of recurrent disease, however nodal

recurrence is associated with high rates of further recurrence

and metastasis (61, 73). Prior studies including all head and neck

subsites have demonstrated that salvage neck dissection was

associated with improved survival compared to non-surgical

treatment (80). However, risk of recurrence after salvage neck

dissection was greater when the neck was previously

dissected (81).

For patients with resectable recurrence after prior radiation

treatment, there is strong evidence that adjuvant therapy

following salvage surgery reduces progression free survival and

is recommended by NCCN guidelines (19, 82). OPSCC patients

who experience recurrence are at high risk for developing second

recurrence (68), and use of postoperative radiation is associated

with improved survival after surgical salvage (72).

Reconstruction in salvage surgery for recurrent local or neck

disease can assist in reducing morbidity of re-irradiation in the

adjuvant setting by providing vascularized tissue coverage (83).
Re-irradiation

For patients with unresectable disease or who are unable to

undergo surgical resection, re-irradiation with or without

chemotherapy is an option that has historically demonstrated

limited benefit for non-nasopharyngeal sites, and carries high

rates of toxicity (35, 61). Trials combining chemotherapy with

hyper-fractionated reirradiation for recurrent head and neck

cancer had fairly low overall survival (15.2% at two years),

although patients with longer disease free interval had better

outcomes (84). Advancements in radiation therapy technology

have improved outcomes. Patients receiving intensity modulated
frontiersin.org
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radiation therapy (IMRT) in the re-irradiation setting

demonstrate improved locoregional control (52% vs 20% at 2

years), and patients who underwent gross total resection also

trended towards improved locoregional control (35). While

salvage surgery has been associated with improved progression

free survival (36), the advantages of surgical resection prior to re-

irradiation have not been universally reported when compared

to re-irradiation with curative intent (85). Re-irradiation with

proton therapy has also recently demonstrated promising

locoregional control results (68% locoregional control at 1

year) with tolerable toxicity profiles (37, 38). Additionally,

stereotactic body radiotherapy (SBRT) has also demonstrated

comparable disease control in the recurrent setting, with

improved outcomes in HPV-positive patients (39, 40).
Distant metastasis

When distant metastasis occurs, generally systemic

treatment options are favored. However, one recent study

demonstrated increased survival associated with surgical

salvage for distant metastases from OPSCC, with an increase

of median survival from 12.5 to 35 months (3). A majority (87%)

of patients were HPV-positive, and surgery included lung nodule

resection, mediastinal lymphadenectomy, hepatectomy and

craniotomy. Another review of OPSCC patients with distant

metastases demonstrated significantly improved 3-year disease

specific survival (40% vs 8%) in patients receiving curative

therapy (surgery with negative margins or definitive radiation)

for distant disease compared to palliative systemic treatment (7).

For patients with oligometastatic lung disease, SBRT has shown

up to 75% response rates (41) and over 50% 2-year overall

survival in those without locoregional recurrence (35). While

these retrospective studies are inevitably subject to selection bias,

they still support the potential survival benefit that surgery and

definitive radiation can offer select OPSCC patients with limited

distant metastases.
Systemic therapy

For patients who do not have surgical or re-irradiation

options, systemic chemotherapy regimens are the mainstay for

recurrent metastatic head and neck cancer. The EXTREME

regimen including cetuximab, platinum and 5-fluorouracil (5-

FU) had been the standard treatment regimen for the past

decade (42, 86). The EXTREME regimen demonstrated

median overall survival of 12.6 months for p16+ patients and

9.7 months for p16- patients; both groups benefited from the

addition of cetuximab to platinum/5-FU (42). Recently, the

advent of immunotherapy through anti-PD1/PDL1 checkpoint

inhibition has provided promising new options. For patients

refractory to platinum therapy or cetuximab, overall response
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rates were 13-18% and overall survival was significantly

improved for pa t i en t s r e ce i v ing immunothe rapy

(pembrolizumab or nivolimab) compared to standard

chemotherapy (43, 44). Subgroup analysis demonstrated

higher response rates in patients whose tumors expressed PD-

L1, irrespective if this was on cancer or stromal cells (45–47).

Despite, having on average a higher rate of immune cell

infiltrate, the impact of HPV tumor status on immunotherapy

response rate has not been clearly established, with some studies

showing higher response rates in HPV-positive patients (48) and

others showing greater survival benefit for HPV-negative

patients (49). With the establishment of anti-PD1 agents in

platinum refractory disease, pembrolizumab was tested either as

monotherapy or in combination with chemotherapy (platinum

and 5-FU) in patients with recurrent disease who were treatment

naïve (87) . Compared to the EXTREME regimen,

pembrolizumab monotherapy improved overall survival in

patients whose tumors expressed PDL1 and pembrolizumab

with chemotherapy improved overall survival in all patients,

irrespective of tumor PDL1 expression. Nonetheless, higher

tumor PDL1 expression was associated with a greater benefit

in both pembrolizumab-containing treatment arms further

establishing this a predictive biomarker. It is also notable that,

in long-term follow up, approximately 25% of subjects treated

with pembrolizumab on either arm were alive suggesting that

there is long-term benefit to immunotherapy (50).

In an effort to integrate the potential benefit of T cell

stimulation via PD1 blockade and antibody dependent cellular

cytotoxicity of IgG1 antibodies, Sacco et al. combined

pembrolizumab and cetuximab in recurrent/metastatic

HNSCC patients who were refractory to or poor candidates

for platinum (51). This doublet regimen proved to be

remarkably active with an objective response rate of 45% and

median overall survival of 18 months, regardless of HPV status.

The activity of PD1/EGFR inhibition has been confirmed by two

independent subsequent studies and now represents a treatment

option for patients who are not good candidates for platinum-

based therapy in the recurrent/metastatic setting (88, 89).

Specific therapies for HPV related HNSCC are also being

developed taking advantage of the unique antigens of a virally

induced malignancy. These include therapeutic HPV vaccines

and engineered T cells. Several therapeutic HPV vaccines are

being tested in clinical trials with early promising results. For

instance, ISA101b is a synthetic long peptide vaccine targeting

HPV-16 E6 and E7 antigens which demonstrated an objective

response rate in HPV-related oropharynx cancer of 33% in

combination with nivolumab (52). This vaccine is currently

being evaluated in a randomized study of cemiplimab, an anti-

PD1 antibody, with or without ISA101b.

Cloning the T cell receptor (TCR) for a given HPV antigen

and HLA type has introduced the possibility of engineering T

cells to express the relevant TCR. These strategies have been

tested in clinical trials using HPV-16 E6 and E7 TCRs.
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Interestingly, a clinical trial of an HPV-16 E7 TCR recently

demonstrated a 50% response rate in refractory tumors (53).

While this activity is promising, analysis of tumor biopsies at

progression revealed emergence of resistance through loss of

HPV-16 antigen presentation; a consequence that TCR

strategies will need to overcome to demonstrate long-

term benefit.

In this evolving field, novel combinations are under study that

attempt to leverage the benefits demonstrated with anti-PD1

blockade including adding agents that target TIGIT, CD47, and

LAG3 (54). Furthermore, applications for immunotherapy will

continue to transformtreatmentoptions forpatientswith recurrent

disease such as considerations for neoadjuvant immunotherapy

before salvage surgery, or maintenance immunotherapy after

salvage treatment. Promising results have been obtained

administering neoadjuvant and adjuvant nivolumab and

lirilumab, an anti-KIR antibody, in patients with recurrent and

resectable HNSCC with 1-year disease-free and overall survival of

55% and 85%, respectively (55). These will need to validated in

randomized studies but provides encouragement for improved

outcomes in these difficult to treat patients.
Conclusions

Although HPV-mediated OPSCC is associated with

improved prognosis and decreased rates of recurrence,

recurrent disease still occurs. With the increasing incidence of

HPV-mediated OPSCC, recurrent HPV disease is also becoming

more prevalent and there is an increasing need to understand the

unique presentation and treatment of recurrent HPV disease.

Recurrences in HPV-positive patients may occur later, and

patients may have improved outcomes after recurrence

compared to HPV-negative counterparts. Emerging data

demonstrates that detection of recurrences may be aided by

evaluation of circulating tumor HPV DNA. Surgical salvage is

the preferred treatment when feasible, and robotic approaches

can decrease morbidity. New advances in re-irradiation and
Frontiers in Oncology 06
immune based therapies are offering promising results for this

patient population.
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35. Vermorken JB, Psyrri A, Mesıá R, Peyrade F, Beier F, de Blas B, et al. Impact
of tumor HPV status on outcome in patients with recurrent and/or metastatic
squamous cell carcinoma of the head and neck receiving chemotherapy with or
without cetuximab: retrospective analysis of the phase III EXTREME trial. Ann
Oncol Off J Eur Soc Med Oncol (2014) 25(4):801–7. doi: 10.1093/annonc/mdt574

36. Zafereo ME, Hanasono MM, Rosenthal DI, Sturgis EM, Lewin JS, Roberts DB,
et al. The role of salvage surgery in patients with recurrent squamous cell carcinoma of
the oropharynx. Cancer (2009) 115(24):5723–33. doi: 10.1002/cncr.24595

37. Agra IMG, Carvalho AL, Ulbrich FS, de Campos OD, Martins EP, Magrin J,
et al. Prognostic factors in salvage surgery for recurrent oral and oropharyngeal
cancer. Head Neck (2006) 28(2):107–13. doi: 10.1002/hed.20309

38. Su W, Rajeev-Kumar G, Kang M, Posner M, Liu JT, Westra W, et al. Long-
term outcomes in patients with recurrent human papillomavirus-positive
oropharyngeal cancer after upfront transoral robotic surgery. Head Neck (2020)
42(12):3490–6. doi: 10.1002/hed.26396

39. Patel SN, Cohen MA, Givi B, Dixon BJ, Gilbert RW, Gullane PJ, et al.
Salvage surgery for locally recurrent oropharyngeal cancer. Head Neck (2016) 38
Suppl 1:E658–664. doi: 10.1002/hed.24065

40. Ho AS, Kraus DH, Ganly I, Lee NY, Shah JP, Morris LGT. Decision making
in the management of recurrent head and neck cancer. Head Neck (2014) 36
(1):144–51. doi: 10.1002/hed.23227

41. Kostrzewa JP, LancasterWP, IseliTA,DesmondRA,CarrollWR,Rosenthal EL.
Outcomes of salvage surgery with free flap reconstruction for recurrent oral and
oropharyngeal cancer. Laryngoscope (2010) 120(2):267–72. doi: 10.1002/lary.20743

42. Jayaram SC, Muzaffar SJ, Ahmed I, Dhanda J, Paleri V, Mehanna H.
Efficacy, outcomes, and complication rates of different surgical and nonsurgical
treatment modalities for recurrent/residual oropharyngeal carcinoma: A systematic
review and meta-analysis. Head Neck (2016) 38(12):1855–61. doi: 10.1002/
hed.24531

43. Genden EM, Park R, Smith C, Kotz T. The role of reconstruction for
transoral robotic pharyngectomy and concomitant neck dissection. Arch
Otolaryngol Head Neck Surg (2011) 137(2):151–6. doi: 10.1001/archoto.2010.250

44. Ghanem TA. Transoral robotic-assisted microvascular reconstruction of the
oropharynx. Laryngoscope (2011) 121(3):580–2. doi: 10.1002/lary.21428

45. Kano S, Homma A, Hayashi R, Kawabata K, Yoshino K, Iwae S, et al. Salvage
surgery for recurrent oropharyngeal cancer after chemoradiotherapy. Int J Clin
Oncol (2013) 18(5):817–23. doi: 10.1007/s10147-012-0449-x

46. Nichols AC, Kneuertz PJ, Deschler DG, Lin DT, Emerick KS, Clark JR, et al.
Surgical salvage of the oropharynx after failure of organ-sparing therapy. Head
Neck (2011) 33(4):516–24. doi: 10.1002/hed.21480
frontiersin.org

https://doi.org/10.1007/s11060-013-1075-9
https://doi.org/10.1016/j.oraloncology.2012.07.015
https://doi.org/10.1016/j.ijrobp.2010.08.031
https://doi.org/10.1016/j.oraloncology.2015.10.016
https://doi.org/10.1016/j.oraloncology.2015.10.016
https://doi.org/10.1158/1078-0432.CCR-09-2350
https://doi.org/10.1158/1078-0432.CCR-09-2350
https://doi.org/10.1093/jnci/djn011
https://doi.org/10.1002/lary.20533
https://doi.org/10.1177/0194599814535183
https://doi.org/10.1016/j.radonc.2015.06.006
https://doi.org/10.1016/j.oraloncology.2017.09.014
https://doi.org/10.1016/j.oraloncology.2017.09.014
https://doi.org/10.1002/cncr.31944
https://doi.org/10.6004/jnccn.2020.0031
https://doi.org/10.6004/jnccn.2020.0031
https://doi.org/10.1001/jamaoto.2014.1338
https://doi.org/10.1001/jamaoncol.2019.0439
https://doi.org/10.1158/1940-6207.CAPR-15-0299
https://doi.org/10.1158/1940-6207.CAPR-15-0299
https://doi.org/10.3233/CBM-160071
https://doi.org/10.1016/j.oraloncology.2022.105776
https://doi.org/10.1002/cncr.29538
https://doi.org/10.1002/cncr.29538
https://doi.org/10.1002/ijc.32804
https://doi.org/10.1200/PO.18.00276
https://doi.org/10.1002/cncr.34109
https://doi.org/10.1158/1078-0432.CCR-19-0211
https://doi.org/10.1016/j.ijrobp.2021.12.016
https://doi.org/10.1002/ijc.33287
https://doi.org/10.1158/1078-0432.CCR-21-0625
https://doi.org/10.1158/1078-0432.CCR-21-0625
https://doi.org/10.1158/1078-0432.CCR-18-0922
https://doi.org/10.1158/1078-0432.CCR-18-0922
https://doi.org/10.1093/annonc/mdu167
https://doi.org/10.1093/annonc/mdt574
https://doi.org/10.1002/cncr.24595
https://doi.org/10.1002/hed.20309
https://doi.org/10.1002/hed.26396
https://doi.org/10.1002/hed.24065
https://doi.org/10.1002/hed.23227
https://doi.org/10.1002/lary.20743
https://doi.org/10.1002/hed.24531
https://doi.org/10.1002/hed.24531
https://doi.org/10.1001/archoto.2010.250
https://doi.org/10.1002/lary.21428
https://doi.org/10.1007/s10147-012-0449-x
https://doi.org/10.1002/hed.21480
https://doi.org/10.3389/fonc.2022.966899
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Guo et al. 10.3389/fonc.2022.966899
47. Jones AS, Bin Hanafi Z, Nadapalan V, Roland NJ, Kinsella A, Helliwell TR.
Do positive resection margins after ablative surgery for head and neck cancer
adversely affect prognosis? a study of 352 patients with recurrent carcinoma
following radiotherapy treated by salvage surgery. Br J Cancer (1996) 74(1):128–
32. doi: 10.1038/bjc.1996.327

48. Joseph AW, Guo T, Hur K, Xie Y, Yin L, Califano JA, et al. Disease-free
survival after salvage therapy for recurrent oropharyngeal squamous cell
carcinoma. Head Neck (2016) 38 Suppl 1:E1501–1509. doi: 10.1002/hed.24268

49. White H, Ford S, Bush B, Holsinger FC, Moore E, Ghanem T, et al. Salvage
surgery for recurrent cancers of the oropharynx: comparing TORS with standard
open surgical approaches. JAMA Otolaryngol– Head Neck Surg (2013) 139(8):773–
8. doi: 10.1001/jamaoto.2013.3866

50. Dean NR, Rosenthal EL, Carroll WR, Kostrzewa JP, Jones VL, Desmond RA,
et al. Robotic-assisted surgery for primary or recurrent oropharyngeal carcinoma.
Arch Otolaryngol Head Neck Surg (2010) 136(4):380–4. doi: 10.1001/
archoto.2010.40

51. Goodwin WJ. Salvage surgery for patients with recurrent squamous cell
carcinoma of the upper aerodigestive tract: when do the ends justify the means?
Laryngoscope (2000) 110(3 Pt 2 Suppl 93):1–18. doi: 10.1097/00005537-
200003001-00001

52. Heft Neal ME, Brennan J, Haring CT, Brenner JC, Worden F, Swiecicki P,
et al. Predictors of survival in patients undergoing oropharyngeal surgery for
cancer recurrence after radiation therapy. Eur Arch Oto-Rhino-Laryngol Off J Eur
Fed Oto-Rhino-Laryngol Soc EUFOS Affil Ger Soc Oto-Rhino-Laryngol - Head Neck
Surg (2020) 277(7):2085–93. doi: 10.1007/s00405-020-05913-z

53. Sweeny L, Rosenthal EL, Clemons L, Stevens TM, Cook McIntosh ER,
Carroll WR. Outcomes after surgical salvage for recurrent oropharyngeal
squamous cell carcinoma. Oral Oncol (2016) 60:118–24. doi: 10.1016/
j.oraloncology.2016.07.006

54. Paleri V, Drinnan M, van den Brekel MWM, Hinni ML, Bradley PJ, Wolf
GT, et al. Vascularized tissue to reduce fistula following salvage total laryngectomy:
a systematic review. Laryngoscope (2014) 124(8):1848–53. doi: 10.1002/lary.24619

55. Fung K, Teknos TN, Vandenberg CD, Lyden TH, Bradford CR,Hogikyan ND,
et al. Prevention of wound complications following salvage laryngectomy using free
vascularized tissue.Head Neck (2007) 29(5):425–30. doi: 10.1002/hed.20492

56. Microvascular committee of the American academy of otolaryngology-head
& neck surgery*. salvage laryngectomy and laryngopharyngectomy: Multicenter
review of outcomes associated with a reconstructive approach. Head Neck (2019)
41(1):16–29. doi: 10.1002/hed.25192

57. Chepeha DB, Sacco AG, Erickson VR, Lyden T, Haxer M, Moyer J, et al.
Oropharyngoplasty with template-based reconstruction of oropharynx defects. Arch
Otolaryngol Head Neck Surg (2009) 135(9):887–94. doi: 10.1001/archoto.2009.130

58. Gorphe P, Temam S, Moya-Plana A, Leymarie N, Kolb F, Bout-
Roumazeilles A, et al. Indications and clinical outcomes of transoral robotic
surgery and free flap reconstruction. Cancers (2021) 13(11):2831. doi: 10.3390/
cancers13112831

59. Holcomb AJ, Richmon JD. Transoral robotic salvage oropharyngectomy
with submental artery island flap reconstruction. Head Neck (2021) 43(2):E13–9.
doi: 10.1002/hed.26543

60. Deschamps DR, Spencer HJ, Kokoska MS, Spring PM, Vural EA, Stack BC.
Implications of head and neck cancer treatment failure in the neck. Otolaryngol–
Head Neck Surg Off J Am Acad Otolaryngol-Head Neck Surg (2010) 142(5):722–7.
doi: 10.1016/j.otohns.2010.01.026

61. Wong LY, WeiWI, Lam LK, Yuen APW. Salvage of recurrent head and neck
squamous cell carcinoma after primary curative surgery. Head Neck (2003) 25
(11):953–9. doi: 10.1002/hed.10310

62. Janot F, de Raucourt D, Benhamou E, Ferron C, Dolivet G, Bensadoun R-J,
et al. Randomized trial of postoperative reirradiation combined with chemotherapy
after salvage surgery compared with salvage surgery alone in head and neck
carcinoma. J Clin Oncol Off J Am Soc Clin Oncol (2008) 26(34):5518–23.
doi: 10.1200/JCO.2007.15.0102

63. Paderno A, Piazza C, Bresciani L, Vella R, Nicolai P. Microvascular head
and neck reconstruction after (chemo)radiation: facts and prejudices. Curr Opin
Oto laryngo l Head Neck Surg (2016) 24(2) :83–90 . doi : 10 .1097/
MOO.0000000000000243

64. Lee N, Chan K, Bekelman JE, Zhung J, Mechalakos J, Narayana A, et al.
Salvage re-irradiation for recurrent head and neck cancer. Int J Radiat Oncol Biol
Phys (2007) 68(3):731–40. doi: 10.1016/j.ijrobp.2006.12.055

65. Spencer SA, Harris J, Wheeler RH, Machtay M, Schultz C, Spanos W, et al.
Final report of RTOG 9610, a multi-institutional trial of reirradiation and
chemotherapy for unresectable recurrent squamous cell carcinoma of the head
and neck. Head Neck (2008) 30(3):281–8. doi: 10.1002/hed.20697

66. Lee HI, Kim JH, Ahn SH, Chung E-J, Keam B, Eom K-Y, et al. Re-irradiation
for recurrent or second primary head and neck cancer. Radiat Oncol J (2021) 39
(4):279–87. doi: 10.3857/roj.2021.00640
Frontiers in Oncology 08
67. Takiar V, Garden AS, Ma D, Morrison WH, Edson M, Zafereo ME, et al.
Reirradiation of head and neck cancers with intensity modulated radiation therapy:
Outcomes and analyses. Int J Radiat Oncol Biol Phys (2016) 95(4):1117–31.
doi: 10.1016/j.ijrobp.2016.03.015

68. Phan J, Sio TT, NguyenTP, Takiar V, GunnGB, GardenAS, et al. Reirradiation
of head and neck cancers with proton therapy: Outcomes and analyses. Int J Radiat
Oncol Biol Phys (2016) 96(1):30–41. doi: 10.1016/j.ijrobp.2016.03.053

69. Romesser PB, Cahlon O, Scher ED, Hug EB, Sine K, DeSelm C, et al. Proton
beam reirradiation for recurrent head and neck cancer: Multi-institutional report
on feasibility and early outcomes. Int J Radiat Oncol Biol Phys (2016) 95(1):386–95.
doi: 10.1016/j.ijrobp.2016.02.036

70. Vargo JA, Ward MC, Caudell JJ, Riaz N, Dunlap NE, Isrow D, et al. A multi-
institutional comparison of SBRT and IMRT for definitive reirradiation of
recurrent or second primary head and neck cancer. Int J Radiat Oncol Biol Phys
(2018) 100(3):595–605. doi: 10.1016/j.ijrobp.2017.04.017

71. Davis KS, Vargo JA, Ferris RL, Burton SA, Ohr JP, Clump DA, et al.
Stereotactic body radiotherapy for recurrent oropharyngeal cancer - influence of
HPV status and smoking history. Oral Oncol (2014) 50(11):1104–8. doi: 10.1016/
j.oraloncology.2014.08.004

72. Bonomo P, Greto D, Desideri I, Loi M, Di Cataldo V, Orlandi E, et al.
Clinical outcome of stereotactic body radiotherapy for lung-only oligometastatic
head and neck squamous cell carcinoma: Is the deferral of systemic therapy a
potential goal? Oral Oncol (2019) 93:1–7. doi: 10.1016/j.oraloncology.2019.04.006

73. Vermorken JB, Mesia R, Rivera F, Remenar E, Kawecki A, Rottey S, et al.
Platinum-based chemotherapy plus cetuximab in head and neck cancer. N Engl J
Med (2008) 359(11):1116–27. doi: 10.1056/NEJMoa0802656

74. Ferris RL, Blumenschein G, Fayette J, Guigay J, Colevas AD, Licitra L, et al.
Nivolumab for recurrent squamous-cell carcinoma of the head and neck. N Engl J
Med (2016) 375(19):1856–67. doi: 10.1056/NEJMoa1602252

75. Cohen EEW, Soulières D, Le Tourneau C, Dinis J, Licitra L, Ahn M-J, et al.
Pembrolizumab versus methotrexate, docetaxel, or cetuximab for recurrent or
metastatic head-and-neck squamous cell carcinoma (KEYNOTE-040): a
randomised, open-label, phase 3 study. Lancet Lond Engl (2019) 393
(10167):156–67. doi: 10.1016/S0140-6736(18)31999-8

76. Bauml J, Seiwert TY, Pfister DG, Worden F, Liu SV, Gilbert J, et al.
Pembrolizumab for platinum- and cetuximab-refractory head and neck cancer:
Results from a single-arm, phase II study. J Clin Oncol Off J Am Soc Clin Oncol
(2017) 35(14):1542–9. doi: 10.1200/JCO.2016.70.1524

77. Ferris RL, Blumenschein G, Fayette J, Guigay J, Colevas AD, Licitra L, et al.
Nivolumab vs investigator’s choice in recurrent or metastatic squamous cell
carcinoma of the head and neck: 2-year long-term survival update of CheckMate
141 with analyses by tumor PD-L1 expression. Oral Oncol (2018) 81:45–51.
doi: 10.1016/j.oraloncology.2018.04.008

78. Emancipator K, Huang L, Aurora-Garg D, Bal T, Cohen EEW, Harrington
K, et al. Comparing programmed death ligand 1 scores for predicting
pembrolizumab efficacy in head and neck cancer. Mod Pathol Off J U S Can
Acad Pathol Inc (2021) 34(3):532–41. doi: 10.1038/s41379-020-00710-9

79. Mehra R, Seiwert TY, Gupta S, Weiss J, Gluck I, Eder JP, et al. Efficacy and
safety of pembrolizumab in recurrent/metastatic head and neck squamous cell
carcinoma: pooled analyses after long-term follow-up in KEYNOTE-012. Br J
Cancer (2018) 119(2):153–9. doi: 10.1038/s41416-018-0131-9

80. Wei W, Ji M, Wu CP, Yang X. p16 status and choice of chemotherapy in the
KEYNOTE-040 study. Lancet Lond Engl (2019) 394(10206):1321–2. doi: 10.1016/
S0140-6736(19)31261-9

81. Burtness B, Harrington KJ, Greil R, Soulières D, Tahara M, de Castro G,
et al. Pembrolizumab alone or with chemotherapy versus cetuximab with
chemotherapy for recurrent or metastatic squamous cell carcinoma of the head
and neck (KEYNOTE-048): a randomised, open-label, phase 3 study. Lancet Lond
Engl (2019) 394(10212):1915–28. doi: 10.1016/S0140-6736(19)32591-7

82. Burtness B, Rischin D, Greil R, Soulières D, Tahara M, de Castro G, et al.
Pembrolizumab alone or with chemotherapy for Recurrent/Metastatic head and
neck squamous cell carcinoma in KEYNOTE-048: Subgroup analysis by
programmed death ligand-1 combined positive score. J Clin Oncol Off J Am Soc
Clin Oncol (2022), JCO2102198. 40(21):2321–32 doi: 10.1200/JCO.21.02198

83. Sacco AG, Chen R, Worden FP, Wong DJL, Adkins D, Swiecicki P, et al.
Pembrolizumab plus cetuximab in patients with recurrent ormetastatic head and neck
squamous cell carcinoma: an open-label, multi-arm, non-randomised, multicentre,
phase 2 trial. Lancet Oncol (2021) 22(6):883–92. doi: 10.1016/S1470-2045(21)00136-4

84. Chung CH, Li J, Steuer CE, Bhateja P, Johnson M, Masannat J, et al. Phase II
multi-institutional clinical trial result of concurrent cetuximab and nivolumab in
recurrent and/or metastatic head and neck squamous cell carcinoma. Clin Cancer
Res Off J Am Assoc Cancer Res (2022) 28(11):2329–38. doi: 10.1158/1078-
0432.CCR-21-3849

85. Kao H-F, Liao B-C, Huang Y-L, Huang H-C, Chen C-N, Chen T-C, et al.
Afatinib and pembrolizumab for recurrent or metastatic head and neck squamous
frontiersin.org

https://doi.org/10.1038/bjc.1996.327
https://doi.org/10.1002/hed.24268
https://doi.org/10.1001/jamaoto.2013.3866
https://doi.org/10.1001/archoto.2010.40
https://doi.org/10.1001/archoto.2010.40
https://doi.org/10.1097/00005537-200003001-00001
https://doi.org/10.1097/00005537-200003001-00001
https://doi.org/10.1007/s00405-020-05913-z
https://doi.org/10.1016/j.oraloncology.2016.07.006
https://doi.org/10.1016/j.oraloncology.2016.07.006
https://doi.org/10.1002/lary.24619
https://doi.org/10.1002/hed.20492
https://doi.org/10.1002/hed.25192
https://doi.org/10.1001/archoto.2009.130
https://doi.org/10.3390/cancers13112831
https://doi.org/10.3390/cancers13112831
https://doi.org/10.1002/hed.26543
https://doi.org/10.1016/j.otohns.2010.01.026
https://doi.org/10.1002/hed.10310
https://doi.org/10.1200/JCO.2007.15.0102
https://doi.org/10.1097/MOO.0000000000000243
https://doi.org/10.1097/MOO.0000000000000243
https://doi.org/10.1016/j.ijrobp.2006.12.055
https://doi.org/10.1002/hed.20697
https://doi.org/10.3857/roj.2021.00640
https://doi.org/10.1016/j.ijrobp.2016.03.015
https://doi.org/10.1016/j.ijrobp.2016.03.053
https://doi.org/10.1016/j.ijrobp.2016.02.036
https://doi.org/10.1016/j.ijrobp.2017.04.017
https://doi.org/10.1016/j.oraloncology.2014.08.004
https://doi.org/10.1016/j.oraloncology.2014.08.004
https://doi.org/10.1016/j.oraloncology.2019.04.006
https://doi.org/10.1056/NEJMoa0802656
https://doi.org/10.1056/NEJMoa1602252
https://doi.org/10.1016/S0140-6736(18)31999-8
https://doi.org/10.1200/JCO.2016.70.1524
https://doi.org/10.1016/j.oraloncology.2018.04.008
https://doi.org/10.1038/s41379-020-00710-9
https://doi.org/10.1038/s41416-018-0131-9
https://doi.org/10.1016/S0140-6736(19)31261-9
https://doi.org/10.1016/S0140-6736(19)31261-9
https://doi.org/10.1016/S0140-6736(19)32591-7
https://doi.org/10.1200/JCO.21.02198
https://doi.org/10.1016/S1470-2045(21)00136-4
https://doi.org/10.1158/1078-0432.CCR-21-3849
https://doi.org/10.1158/1078-0432.CCR-21-3849
https://doi.org/10.3389/fonc.2022.966899
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Guo et al. 10.3389/fonc.2022.966899
cell carcinoma (ALPHA study): A phase II study with biomarker analysis. Clin
Cancer Res Off J Am Assoc Cancer Res (2022) 28(8):1560–71. doi: 10.1158/1078-
0432.CCR-21-3025

86. Sousa LG, Rajapakshe K, Rodriguez Canales J, Chin RL, Feng L, Wang Q,
et al. ISA101 and nivolumab for HPV-16+ cancer: updated clinical efficacy and
immune correlates of response. J Immunother Cancer (2022) 10(2):e004232.
doi: 10.1136/jitc-2021-004232

87. Nagarsheth NB, Norberg SM, Sinkoe AL, Adhikary S, Meyer TJ, Lack JB,
et al. TCR-engineered T cells targeting E7 for patients with metastatic HPV-
Frontiers in Oncology 09
associated epithelial cancers. Nat Med (2021) 27(3):419–25. doi: 10.1038/s41591-
020-01225-1

88. Mei Z, Huang J, Qiao B, Lam AKY. Immune checkpoint pathways in
immunotherapy for head and neck squamous cell carcinoma. Int J Oral Sci (2020)
12(1):16. doi: 10.1038/s41368-020-0084-8

89. Hanna GJ, O’Neill A, Shin KY, Wong K, Jo VY, Quinn CT, et al.
Neoadjuvant and adjuvant nivolumab and lirilumab in patients with recurrent,
resectable squamous cell carcinoma of the head and neck. Clin Cancer Res Off J Am
Assoc Cancer Res (2022) 28(3):468–78. doi: 10.1158/1078-0432.CCR-21-2635
frontiersin.org

https://doi.org/10.1158/1078-0432.CCR-21-3025
https://doi.org/10.1158/1078-0432.CCR-21-3025
https://doi.org/10.1136/jitc-2021-004232
https://doi.org/10.1038/s41591-020-01225-1
https://doi.org/10.1038/s41591-020-01225-1
https://doi.org/10.1038/s41368-020-0084-8
https://doi.org/10.1158/1078-0432.CCR-21-2635
https://doi.org/10.3389/fonc.2022.966899
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Current perspectives on recurrent HPV-mediated oropharyngeal cancer
	Introduction
	Detection of recurrent disease
	Considerations for management of recurrent disease
	Surgical salvage
	Re-irradiation
	Distant metastasis
	Systemic therapy

	Conclusions
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




